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ABSTRACT
Background: Sarcopenia is a progressive muscle disorder that may lead to mobility disability. No pharmaceutical interventions 
are currently available, and treatment relies on physical exercise and nutrition. The aim of SARA-INT was to investigate whether 
BIO101 (20-hydroxyecdysone), an activator of the MAS receptor, is safe and improves muscle function and physical performance 
of community dwelling older sarcopenic patients.
Methods: SARA-INT was a randomised three-arm interventional study (BIO101 175 mg bid /350 mg bid/placebo) with a planned 
6-month treatment (up to 9 months in 50 subjects). Eligibility criteria for sarcopenia were meeting FNIH criteria for sarcopenia 
and Short Physical Performance Battery (SPPB) score ≤ 8/12 in men and women aged ≥ 65 years. Primary endpoint was the 
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change from baseline (CFB) in gait speed (GS) measured by 400-m walking test (400MWT), secondary endpoints being CFB in 
other physical performance tests.
Results: A total of 233 participants were randomised (mean age 75.5 ± 7.12; 54.3% female), of whom 232 and 156 were included 
in the full analysis set (FAS) and per-protocol (PP) populations, respectively. Due to COVID-19 pandemic, 55% of on-site end-
of-treatment efficacy assessments were lost, reducing the studies' power. In the primary analysis (mix of 6/9 months), BIO101 
350 mg bid treatment after 6/9 months was associated with an improvement in the 400MWT of 0.07 m/s versus placebo in the FAS 
population (not significant) and of 0.09 m/s in the PP population (p = 0.008). BIO101 350 mg bid treatment effect on the 400MWT 
GS was also observed in pre-defined subpopulations at higher risk of mobility disability (0.0474 m/s for slow walkers, 0.0521 m/s 
for obese and 0.0662 m/s for chair stand sub-score ≤ 2 from SPPB in the FAS population), with a trend for a dose response. BIO101 
showed a good safety profile at both doses (number of subjects with related treatment emergent adverse events (TEAEs) of 13 
(16.0%), 10 (13.3%) and 10 (13.5%) in the placebo, 175 mg and 350 mg BIO101 groups, respectively).
Conclusions: After 6 to 9 months of treatment, BIO101 350 mg bid showed strong trends consistent with a clinically relevant 
effect on the 400MWT GS, close to the minimal clinically important difference (MCID) in sarcopenia (0.1 m/s). This was also 
shown in predefined subpopulations at higher risk of mobility disability. BIO101 showed a good safety profile. Taken together, ef-
ficacy and safety data of this Phase 2 trial encourage us to pursue further development of BIO101 for the treatment of sarcopenia.

1   |   Introduction

1.1   |   Sarcopenia

Sarcopenia is a muscle disorder characterised by a progressive 
loss of muscle mass and function, usually beginning to develop 
by the fifth decade. Optimal care for people with sarcopenia is 
essential because this condition has high personal, social and 
economic burdens when untreated. In terms of human health, 
sarcopenia increases the risk of falls and fractures; impairs abil-
ity to perform activities of daily living; is associated with cardiac 
disease, respiratory diseases and cognitive impairment; leads 
to mobility disorders; and contributes to lowered quality of life, 
loss of independence and need for long-term care placement and 
death. It is recognised as one of the five pillars of frailty [1].

In 2016, the Center for Disease Control and Prevention established 
an ICD-10-CM code for sarcopenia (ICD10-CM diagnosis code 
M62.84), thereby providing its recognition as a clearly defined dis-
ease and for separate reporting and data collection. Depending on 
the cut-offs employed, sarcopenia prevalence in 60–70-year-olds 
was reported as 5% to 13%, while the prevalence ranged from 11% 
to 50% in people >80 years. The number of people around the world 
aged ≥ 60 years was estimated at 600 million in the year 2000, a 
figure that is expected to rise to 1.2 billion by 2025 and 2 billion by 
2050. Even with a conservative estimate of prevalence, sarcopenia 
affects > 50 million people today and will affect > 200 million in 
the next 40 years [2]. According to the World Health Organization 
(WHO) in 2009, the estimated direct healthcare cost attributable to 
sarcopenia in the United States in 2000 was USD 18.5 billion [3]. In 
2014, the Foundation for the National Institute of Health (FNIH) 
developed a definition based on a meta-analysis of 11 clinical stud-
ies and 26 725 participants (mean age: 75.2 ± 6.1 years in men and 
78.6 ± 5.9 years in women) [4]. This definition considered cut-off 
values for weakness of grip strength, <26 kg for men and <16 kg for 
women, and for low lean mass, appendicular lean mass adjusted 
for body mass index (ALM/BMI) < 0.789 for men and < 0.512 for 
women [4]. For the purpose of the reported interventional clinical 
trials, these cut-offs seemed suitable to identify sarcopenia as they 
take into account BMI.

1.2   |   Current Status of Interventions 
for Sarcopenia

Several classes of medicines have been evaluated with different 
mechanisms of action, for example testosterone [5] and selective 
androgen receptor modulators (SARMS) [6, 7] and drugs that 
target the myostatin/activin pathway (activin receptor agonists, 
myostatin or activin inhibitors [8, 9], skeletal muscle fast tropo-
nin activators). While some of these drugs have been effective 
in improving muscle mass and/or strength, clinically relevant 
improvements in physical performance has not been shown [10]. 
As of today, no pharmacological treatment has been approved 
for sarcopenia with only exercise and nutritional interventions 
showing some efficacy [11–13].

1.3   |   Drug Candidate BIO101

BIO101 is a drug candidate containing 20-hydroxyecdysone 
(20E) purified at ≥ 97% as the active pharmaceutical ingredient. 
BIO101 targets the Mas receptor (MasR), on the protective arm 
of the renin angiotensin system (RAS) [14], where natural ligand 
is angiotensin 1–7. In pharmacological studies performed in 
C2C12 myotubes, BIO101 demonstrated EC50 values for fusion 
index, number of nuclei per myotube and myotube diameter of 
0.75, 0.55 and 0.34 μM, respectively [15]. In human myocytes, 
BIO101 at 1 μM induced a hypertrophy with an increase in fusion 
index, in myotube sectional area and in number of nuclei per 
myotube [15]. The dose of 350 mg bid was selected as the highest 
dose to be tested in the Phase 2 study based on the results of a 
Phase 1 study in adult (≥ 18 years) including older (≥ 65 years) 
healthy volunteers showing a good safety and pharmacokinetic 
profile without effect on blood pressure [16] or other identified 
adverse drug reactions [17]. The dose of 175 mg bid was selected 
as second dose, a dose that was anticipated to be safe and well 
tolerated. In the present Phase 2 randomised trial, we evaluated 
the safety and efficacy of BIO101 for treating age-related sarco-
penia including sarcopenic obesity and assessed its efficacy on 
gait speed (GS) and other physical performance measures in at-
risk older adults living in the community.
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2   |   Material and Methods

2.1   |   Study Design and Procedure

SARA-INT was a randomised, double-blind, placebo-controlled 
study, with a planned treatment period of 26 weeks. Participants 
were randomly assigned (1:1:1) to receive orally BIO101 175 mg 
bid, BIO101 350 mg bid or placebo (Figure 1a) and were assessed 
regularly (Table S1). Owing to our concern for the safety of our 
older patients, clinic closures due to COVID-19 pandemic com-
promised the on-site visits of participants and an extension of 
treatment up to 39 weeks was proposed to participants who were 
participating in the treatment period on the date of 20 March 
2020, aiming to obtain sufficient efficacy data.

Participants were randomised using an automated system that 
assigned participants to treatment arms with sex and center as 
stratification factors. All participants, investigators and sponsor 
representatives associated with the study were masked to the 
treatment allocation.

Site's institutional review boards/ethics committees ap-
proved the study protocol and amendments. The study was 

conducted in accordance with the International Council for 
Harmonization (ICH) guidelines for Good Clinical Practice 
and the Declaration of Helsinki. The study was registered in 
ClinicalTrials.gov (NCT 03452488) and EU Clinical trials regis-
ter (EudraCT 2017-003932-35). All participants provided written 
informed consent before randomisation.

2.2   |   Participants

Participants were community-dwelling individuals aged 65 
and older suffering from sarcopenia, defined as having a Short 
Physical Performance Battery (SPPB) [18] score of 8 or below; 
low appendicular lean mass (ALM) assessed by dual-energy X-
ray absorptiometry (DXA), following the cut-off of the FNIH 
sarcopenia project [4]: ALM/BMI < 0.789 in males and 0.512 in 
females, or ALM < 19.75 kg in males and <15.02 kg in females, as 
measured by DXA scan and ability to complete the 400MWT in 
less than 15 min without sitting, stopping for more than 1 min, 
receiving help from another person or using a walker, and who 
reported a loss of physical function over the last 6 to 12 months. 
Main exclusion criteria were the concomitant use of anabolic 
drugs, erythropoietin or corticosteroids, diagnosis of major 

FIGURE 1    |    Study design and patient disposition. (a) Initial study design, including a screening period (up to 8 weeks, study intervention (26 weeks) 
and safety follow-up of 6 weeks. (b) Patients disposition. EoT, end-of-treatment visit; FAS, full analysis set; PD, protocol deviation; PP, per protocol. 
After the COVID-19 pandemic started, participants still active in the study have been proposed to increase their participation duration up to 9 months.

http://ClinicalTrials.gov
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psychiatric disorders, severe arthritis, cancer requiring active 
treatment, lung disease requiring regular use of oxygen, severe 
cardiovascular disease, Parkinson's disease, renal disease re-
quiring dialysis, active signs or symptoms of gallbladder/biliary 
disease. Participants were advised on proper nutrition and ex-
ercise and asked to avoid a sedentary lifestyle and encouraged 
to perform at least 30 min of physical activity (e.g., walking, 
gardening, light exercise) per day, at least 5 days per week. The 
compliance with this advice was not monitored.

2.3   |   Study Endpoints

The primary endpoint was the change from baseline (CFB) in 
GS in the 400MWT, with the primary analysis at month 6/9. 
This test was performed at each clinical trial site. The subjects 
walked 400 m on a 20-m walking course (20 laps of 20 m) follow-
ing a 2-min warm-up with standard encouragement from the 
trial team. Instructions were to walk at their usual pace.

The two key secondary endpoints were (1) CFB of patient-
reported quality of life (PF-10 domain of the self-administered 
SF36 questionnaire at Months 3, 6 and/or end of study [EoS]) and 
(2) CFB of handgrip strength (HGS) using a Jamar dynamome-
ter. Grip strength was measured as the highest value of three 
assessments for both hands and recorded in kilograms (NIHR 
Southampton procedure) at baseline and Month 6 or EoS.

Other secondary and exploratory efficacy endpoints were SPPB 
(total score, sub-scores [4-m walking test, repeated chair stands 
and standing balance] and GS from the 4-m walking test in 
meter per second; lean mass measured with DXA scans; dis-
tance walked during the 6-min walk test, and other physical 
performance tests [Stair climb power test (time to climb a series 
of 10 stairs], knee extension [isometric knee extension torque 
measured by a Biodex System isokinetic dynamometer chair], 
data not shown) and questionnaires (Pepper Assessment Tool 
for Disability [PAT-D], Sarcopenia Quality of Life [SarQoL] and 
Test SIO Disabilità Obesità Correlata [TSD-OC] for obese pa-
tients) (Table S1).

2.4   |   Sample Size Calculation

Initially, the sample size was calculated for a comparison test 
at a 0.05 two-sided significance level, a power of 80%, to detect 
a difference of 0.05 m/s between active groups and placebo on 
the CFB in the 400MWT GS at 6 months, with a standard devia-
tion (SD) of 0.13 (estimated from the VIVE2 trial [19]. However, 
preliminary analysis from observational trial data (SARA-OBS, 
with approximately 105 completers, submitted elsewhere), sug-
gested that the study population with similar eligibility criteria 
deteriorated by 0.05 m/s on the 400MWT in 6 months, with a SD 
of the CFB of 0.20. This led to recalculation with an expected im-
provement in BIO101-treated group of 0.05 m/s as CFB, a power 
of 80% to detect a substantial difference of 0.10 m/s (minimal 
clinically important difference—MCID) [20, 21] between ac-
tive groups and placebo on CFB in 400MWT GS at 6 months; 64 
subjects/group were needed, giving a sample size of 231 subjects 
with 20% provision for premature withdrawals or lost-to-follow 
up. Of note, the intermediate data review of the observational 

study used for the power calculation were used before database 
lock and proper data cleaning.

2.5   |   Statistical Analysis

A mixed-effects model repeated measurement (MMRM) model 
with fixed factors of treatment, centres, baseline score and sex 
was used (in SAS v9.3) to estimate the CFB of the 400MWT GS 
at Month 6/9 between each active arm and the placebo group 
(after adjustment for multiplicity due to the two doses of active 
treatment by the Hochberg procedure). Imputation models were 
used for missing data using multiple imputation (MI) for par-
ticipants without on-site visit data due to COVID-19 pandemic 
and its related restrictions and adjusted Bayesian imputation for 
non-completers who failed to complete the 400MWT. Details 
are provided in supplemental information.

The key secondary endpoints (CFB in HGS and Physical 
Function Domain [PF-10] sub-score of the SF-36) were analysed 
with the same strategy as the primary endpoint (i.e., using a 
MMRM to estimate the difference in CFB at Month 6/9 between 
each active group and placebo). Trial populations were safety 
population (randomised participants who had received at least 
one dose, analysed as treated), the full analysis set (FAS) popu-
lation (all randomised participants who took at least one dose of 
BIO101 or placebo and not withdrawn within the first week after 
randomisation (analysed as randomised), and the per-protocol 
(PP) population, consisting of FAS subjects who did not have a 
major protocol deviation related to noncompliance with study 
drug administration.

Predefined subgroup analyses were performed on participants 
with a low GS at baseline (GS ≤ 0.8 m/s in a 4-m walk test from 
SPPB); sarcopenic obesity (defined as having body fat mass 
> 25% in men and > 35% in women); chair stand sub-score ≤ 2 
from SPPB.

Safety analyses and impact of COVID-19 pandemic are de-
scribed in the Supplemental information.

3   |   Results

3.1   |   Baseline Characteristics and Patients 
Disposition

A total of 1227 subjects were screened, and 999 were excluded as 
screen failure; 233 (19.0%) subjects were randomised (Figure 1b) 
in 12 clinical centres in United States and Belgium. Most com-
mon screen failure reasons were failing an inclusion criterion 
(769 subjects), mostly SPPB total score (n = 539 subjects, 70%) and 
DXA (n = 252 subjects, 33%) and meeting an exclusion criterion 
(169 subjects). The majority of randomised subjects were female 
(119; 51.3%). The mean (SD) age was 76.0 (6.9) years. The base-
line characteristics were similar across treatment groups. The 
mean (SD) BMI was 28.4 (5.9); the mean 400MWT GS was 0.83 
(0.22) m/s, and the mean PF-10 score was 51.3 (25.5) (Table 1). 
There were no major differences between treatment groups at 
baseline in terms of medical history (data not shown). From the 
233 randomised subjects, 203 (87.1%) completed the trial. The 
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most common reasons for discontinuation from the study were 
AEs (11; 4.7%), withdrawn consent (8; 3.4%) and other reasons 
(4; 1.7%) (Figure 1b).

3.2   |   Primary Endpoint 400MWT Gait Speed

After 6 months, observed 400MWT GS in the FAS population sug-
gested a deterioration in the placebo group only, with the change 
from baseline being −0.023 (0.128) m/s. At M6, the observed 
difference between treatment arms and placebo was 0.037 and 
0.086 m/s for the 175- and 350-mg BIO101 groups, respectively. 
The observed difference between treatment arms and placebo 
was 0.045 and 0.066 m/s for 175 and 350 mg BIO101, respectively, 
at M6/M9. In the PP population, the observed difference between 
treatment arms and placebo was −0.019 and 0.102 m/s for 175 
and 350 mg BIO101, respectively, at M6 and 0.019 and 0.078 m/s 
for 175 and 350 mg BIO101, respectively, at M6/M9 (Figure S1).

The primary analysis included an adjusted Bayesian imputation 
for missing data, with a constraint that imputed values were 
< 0.44 m/s for the CFB of 400MWT GS. Missing data from pa-
tients who were not allowed to have on-site visit due to COVID-
19-related clinic closures were handled similarly. In the primary 
analysis of 400MWT GS in the FAS, the least square (LS) mean 

(SE) difference to placebo in change from baseline to Month 6/9 
was 0.036 (0.031) m/s and 0.039 (0.030) m/s in the 175-and 350-mg 
BIO101 groups, respectively (p = 0.2437 and p = 0.2000, respec-
tively). Missing data from patients who were not allowed to have 
on-site visit due to COVID-19-related restriction were handled 
similarly. It was unforeseen and did not reflect adequately the 
walking ability of the subjects. New statistical analyses of CFB 
in 400MWT GS were conducted for subjects with baseline value, 
based on adjusted Bayesian imputation for non-completers who 
failed to perform the test and MI for subjects without data of on-
site visit were applied: The LS mean (SE) difference to placebo 
in CFB to Month 6 was 0.012 (0.031) m/s and 0.069 (0.040) m/s 
in the 175- and 350-mg BIO101 groups, respectively (p = 0.6920 
and p = 0.0850, respectively) in the FAS population (Figure 2a). 
Similar results were obtained in the PP population (Figure 2b).

Predefined subgroups (4-m GS ≤ 0.8 m/s, chair stand ≤ 2, obese) 
showed a potential treatment effect in the PP population at M6, 
see Table 2. In the subgroup with low GS, the LS mean (SE) dif-
ference versus placebo in CFB to Month 6 was −0.040 (0.056) m/s 
and 0.075 (0.049) m/s in the 175- and 350-mg BIO101 groups, re-
spectively (p = 0.4706 and p = 0.1395, respectively) (Table 2 and 
Figure  S2). Overall, treatment was a significant factor in the 
MMRM analysis (p = 0.0154); however, centre and baseline were 
significant factors too (p = 0.0005 and p = 0.0108, respectively).

TABLE 1    |    Baseline characteristics of the full analysis set population.

Placebo 
(N = 81)

175 mg BIO101 
(N = 75)

350 mg BIO101 
(N = 76) Total (N = 232)

Age in years (SD) 75.5 (7.12) 76.2 (7.10) 76.3 (6.38) 76 (6.86)

Age group 65–75 (%) 41 (50.6) 35 (46.7) 35 (46.1) 111 (47.8)

Age group +75 (%) 40 (49.4) 40 (52.3) 41 (53.9) 121 (51.2)

% Male 45.7 50.7 50 48.7

% Female 54.3 49.3 50 51.3

Height in cm (SD) 162 (9.91) 164 (8.43) 163 (10.49) 163 (9.64)

Weight in kg (SD) 74 (16.89) 75 (18.45) 78 (23.20) 76 (19.61)

BMI in kg/m² (SD) 28 (5.26) 28 (5.76) 29.2 (6.66) 28.3 (5.91)

Gait speed from 400MWT, in m/s (SD) 0.847 (0.21) 0.81 (0.22) 0.824 (0.21) 0.827 (0.22)

Patients with sarcopenic obesity (%) 58 (71.6) 53 (70.7) 57 (75) 168 (72.4)

SPPB total score (SD) 6.5 (1.3) 6.5 (1.3) 6.4 (1.4) 6.5 (1.3)

PF-10 from SF-36 (SD) 53.1 (26.91) 50 (25.99) 50.5 (23.76) 51.3 (25.54)

CIRS (SD) 7.9 (4.46) 8.3 (4.59) 8.3 (3.76) 8.2 (4.28)

PAT-D (SD) 1.81 (0.66) 1.77 (0.72) 1.84 (0.65) 1.81 (0.67)

SF-MNA (SD) 12.8 (1.40) 12.8 (1.39) 12.9 (1.42) 12.8 (1.40)

Study drug exposure in days (SD) [a] 171.1 (74.4) 173.3 (79.3) 170 (69.3) 171.5 (74.3)

Compliance in % (SD) [b] 94.9 (17.0) 100.4 (14.5) 95.9 (15.4) 97 (15.8)

Note: Sarcopenic obesity was defined as percentage of body fat mass of > 25% in men and > 35% of total body weight in women. [a] Extent of exposure (days) = date 
of last dose − date of first dose + 1 based on the number of subjects in the safety population; [b] Compliance (%) = 100 × [(total number of capsules dispensed) − (total 
number of capsules returned)]/(total number of capsules planned to be taken per day × duration of study drug exposure in days). Percentages (%) were based on the 
number of subjects in the safety population.
Abbreviations: 400MWT, 400 m walking test; BMI, body mass index; CIRS, Cumulative Illness Rating Scale; PAT-D, Pepper Assessment Tool for Disability; PF-10, 
physical function sub-score of SF-36; SD, standard deviation; SF-36, Short Form 36; SF-MNA, Short Form -Mini Nutritional Assessment; SPPB, Short Physical 
Performance Battery.
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In the subgroup with chair stand sub-score of ≤ 2 in SPPB, the LS 
mean (SE) difference compared with placebo in CFB to Month 
6 was −0.025 (0.053) m/s and 0.090 (0.044) m/s in the 175- and 
350-mg BIO101 groups, respectively, statistically nominally 
significant for the latter (p = 0.6355 and p = 0.0492, respec-
tively) (Table  2). In the subgroup with sarcopenic obesity, the 
LS mean (SE) difference versus placebo in CFB to Month 6 was 
−0.068 (0.044) m/s and 0.057 (0.037) m/s in the 175- and 350-mg 
BIO101groups, respectively (p = 0.1278 and p = 0.1268, respec-
tively) (Table 2). Overall, treatment was a significant factor in the 
MMRM analysis (p = 0.0037); however, centre and baseline were 
significant factors too (p = 0.0012 and p = 0.0417, respectively).

3.3   |   Secondary Endpoints

No significant differences between treatment arms and placebo 
for the secondary endpoints were observed: For the PF-10 sub-
score from SF-36 questionnaire, all groups increased their scores 
of 7.1 to 7.3; the LS mean (SE) difference to placebo in CFB to 
Month 6/9 was −0.2 (3.30) and −0.2 (3.25) in the 175- and 350-
mg BIO101 groups, respectively, which was not statistically signif-
icant (p = 0.9408 and p = 0.9485, respectively). In HGS at Month 
6/Month 9, the CFB in the dominant hand was −0.709 (1.102), 
−1.601 (1.173) and 0.590 (1.067) in the placebo, 175- and 350-mg 
BIO101 groups, respectively; the LS mean (SE) difference from 
placebo in CFB to Month 6/9 was −0.892 (1.381) and 1.298 (1.404) 

in the 175-mg and 350-mg BIO101 groups, respectively, which was 
not statistically significant (p = 0.5200 and p = 0.3577, respectively) 
(Table 3). Similar results were observed at Month 6 only (data not 
shown); none of these differences was statistically significant.

Regarding other physical performance assessments, the LS 
mean (SE) difference to placebo at Month 6/9 in the distance 
walked during the 6-min walking distance (6MWD) test was 
2.714 m (18.300) and 25.607 m (17.982) in the 175- and 350-mg 
BIO101 groups, respectively (p = 0.8824 and p = 0.1578, respec-
tively). Other assessments did not demonstrate any difference 
between treatment arms and are summarised in Table 3. The LS 
mean (SE) difference to placebo at Month 6 in the GS from the 
4-m walk test from SPPB in the PP population was 0.011 (0.067) 
and 0.134 (0.074) m/s in the 175- and 350-mg BIO101groups, re-
spectively (p = 0.8747 and p = 0.0745, respectively) (Figure 3).

3.4   |   Safety Data

Overall, the number of subjects with AEs was 52 (64.2%), 51 
(68.0%) and 44 (59.5%) in the placebo, 175- and 350-mg BIO101 
groups, respectively (Table 4). Of those, there were two treatment-
related serious adverse events (SAEs) in one subject in the placebo 
group; no subjects died during the treatment period; however, 
two subjects died outside the treatment period (one each with 
brain tumour and SARS CoV-2 infection). Overall, there were 
eight (9.9%), 12 (16.0%) and eight (10.8%) subjects with treatment-
emergent adverse events (TEAE) that led to discontinuation 
from the trial in the placebo, 175- and 350-mg BIO101 groups, 
respectively. The TEAEs, treatment-related TEAEs, SAEs and 
AESI are summarised in Table  4. Of note, no subjects experi-
enced any treatment-related AESI. A summary of related TEAEs 
by SOC and preferred term is provided in Table S2. Overall, the 
proportion of subjects with related TEAEs (in the opinion of the 
investigator at site) was 13 (16.0%), 10 (13.3%) and 10 (13.5%) in 
the placebo, 175- and 350-mg BIO101 groups, respectively. Most 
common were TEAEs of the System Organ Class (SOC) gastro-
intestinal disorders, 3 (3.7%), 4 (5.3%) and 5 (6.8%) subjects in the 
placebo, 175-mg and 350-mg BIO101 groups, respectively, fol-
lowed by musculoskeletal and connective tissue disorders in two 
(2.5%), four (5.3%) and two (2.7%) subjects, respectively (Table 4).

3.5   |   Impact of COVID-19-Related Restrictions on 
Study Conduct

On-site evaluations of participants (55%) from 16 March 2020 
were lost. Sensitivity analyses for end-of-study before or after 16 
March 2020 were performed and did not highlight any signifi-
cant impact on evolution of the participants nor effect of BIO101 
treatment, in both the FAS and PP population.

4   |   Discussion and Conclusions

4.1   |   Results

Overall, the clinical trial results were consistent in suggesting a 
dose-related improvement in the physical performance assess-
ments (400MWT, 6MWD, 4-m GS from SPPB, HGS), despite the 

FIGURE 2    |    Change from baseline in 400MWT gait speed (SE), 
based on multiple imputation for subjects without on-site visit data at 
Month 6 and adjusted Bayesian imputation for non-completers at Month 
6. (a) Full analysis set. (b) Per protocol population. LS, least square; SE, 
standard error.
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TABLE 3    |    Summary of statistical analyses of secondary endpoints with change from baseline at M6/M9 in the FAS population.

M6/9 in FAS 
population

Placebo 
(N = 81)

175 mg BIO101 
(N = 75)

350 mg BIO101 
(N = 76)

PF-10 from SF-36 
mean (SD)

Number of subjects with M6/M9 33 33 37

LS mean CFB M6/9 (SE) 7.3 (2.50) 7.1 (2.64) 7.1 (2.51)

LS mean difference vs placebo −0.2 (3.30) −0.2 (3.25)

p-value 0.9408 0.9485

HGS dominant 
hand

Number of subjects with M6/M9 33 33 37

LS mean CFB M6/9 (SE) −0.709 (1.1024) −1.601 (1.1731) 0.590 (1.0668)

LS mean difference vs placebo (SE) −0.892 (1.3807) 1.298 (1.4037)

p-value 0.5200 0.3577

ALM Number of subjects with M6/M9 26 26 28

LS mean CFB M6/9 (SE) −0.276 (0.3176) −0.283 (0.3307) 0.068 (0.2822)

LS mean difference vs placebo (SE) −0.007 (0.3859) 0.344 (0.4096)

p-value 0.9859 0.4040

ALM/BMI 
calculated (kg)

Number of subjects with M6/M9 26 26 28

LS mean CFB M6/9 (SE) −0.001 (0.0101) −0.010 (0.0112) 0.007 (0.0097)

LS mean difference vs Placebo (SE) −0.009 (0.0131) 0.008 (0.0130)

p-value 0.4721 0.5554

400MWT test 
response

Number of responders with M6/M9 4 9 11

Number of nonresponders with M6/M9 77 66 65

Adjusted OR (95% CI) (vs placebo) [a] 2.57 (0.75–8.82) 3.15 (0.95–10.43)

p-value [a] 0.1321 0.0603

6MWD Number of subjects with M6/M9 33 33 37

LS mean CFB M6/9 (SE) −9.879 (13.6981) −7.166 (14.7976) 15.728 (13.4459)

LS mean difference vs placebo (SE) 2.714 (18.2999) 25.607 (17.9817)

p-value 0.8824 0.1578

SPPB total score Number of subjects with M6/M9 36 39 42

LS mean CFB M6/9 (SE) 1.1 (0.35) 1.0 (0.35) 0.9 (0.33)

LS mean difference vs placebo (SE) −0.1 (0.47) −0.2 (0.46)

p-value 0.8127 0.6663

SarQoL Number of subjects with M6/M9 45 48 51

LS mean CFB M6/9 (SE) 14.66 (2.017) 10.81 (2.074) 10.00 (1.979)

LS mean difference vs placebo (SE) −3.85 (2.559) −4.67 (2.521)

p-value 0.1348 0.0666

Note: Analysis was based on mixed-effect model for repeated measurements (MMRM) with treatment, visit, center, gender, and treatment * visit as fixed effects and 
baseline value as a covariate. The baseline value was defined as the last observation prior to or on the date of the first dose of study drug. Month 6/Month 9 data come 
from Month 6, but Month 9 value was used if Month 6 was missing. For the 400MWT test response, a responder was defined as an improvement (increase) of 0.1 m/s 
or more in 400MW gait speed test compared with baseline. A nonresponder was defined as a subject that was not a responder. Subjects with a missing value at the 
visit and/or missing baseline value were considered as nonresponders. The multiplicity issue due to the two doses of active treatment addressed using the Hochberg 
procedure. Percentages (%) were based on the number of subjects in the full analysis set. [a] Logistic regression using response (Y/N) as a response variable and 
treatment, gender and country as factors, and baseline score as covariate.
Abbreviations: 400MWT, 400 m walking test; 6MWD, 6-min walking distance; ALM, appendicular lean mass; BMI, body mass index; CI, confidence interval; HGS, 
hand grip strength; LS, least square; OR, odds ratio; PF-10, physical function sub-score of SF-36; SarQol, Sarcopenia Quality of Life questionnaire; SE, Standard Error; 
SF-36, Short Form 36; SPPB, Short Physical Performance Battery.
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lack of statistical significance of most of the tests. The 400MWT 
is a well-established assessment for sarcopenia, and GS from 
400MWT has also been shown to correlate with mortality [22]. 
This distance corresponds to a quarter mile, representing the 
minimal distance to walk for a senior living autonomously in the 
community, used in self-reported measures of mobility disability. 
Inability to complete this test in 15 min is accepted as an early 
clinical manifestation of the disability cascade [23, 24]. Improving 
the GS may reduce or delay the disability cascade. Of note, the 

deterioration of the GS in the placebo group is very similar to the 
data obtained from an observational study (−0.027 [0.171] m/s, 
published elsewhere). Trends observed in muscle strength might 
be promising as well, as HGS was also associated with disabil-
ity [25], falls, self-reported mobility limitation, hip fractures and 
mortality [26]. Limitations in the analysis of this endpoint relate 
to the high variability observed. Of note, no eligibility criterion 
was applied to muscle strength for this study. The relatively short 
duration of treatment (6 to 9 months) may also explain the lack of 
amplitude. Taken globally, and despite the unavailability of half 
of the end of treatment assessments due to COVID-19, these data 
suggest a potential effect of BIO101 350 mg bid.

Due to the interference of pandemic on the clinical operation 
flow and daily activities of older patients, it is difficult to con-
sider the adequacy of a 6-month treatment versus a longer du-
ration. The possibility to extend the active treatment beyond 
6-month should be considered when discussing the design 
of Phase 3 confirmatory studies in the target indication (age-
related sarcopenia).

An additional consideration for a Phase 3 study is the selection 
of a sensitive secondary endpoint that reflects the patient's view 
about a potential improvement.

Interestingly, subgroup analysis on the primary endpoint select-
ing the most frail subjects (chair stand ≤ 2, 4-m GS < 0.8 m/s, 
sarcopenic obesity) suggests that BIO101 could be effective in 
the most frail population of sarcopenic patients.

FIGURE 3    |    Change from baseline in 4-m gait speed at Month 6 
based on multiple imputation in the PP population. Missing data are 
imputed using multiple imputation. Analysis is based on mixed-effect 
model for repeated measurements (MMRM) with treatment, visit, cen-
ter, gender, and treatment * visit as fixed effects and baseline value as a 
covariate. LS, least square; SE, standard error.

TABLE 4    |    Summary of adverse events in the safety population.

Number of AEs/subjects with 
AEs

Placebo (N = 81)
175 mg BIO101 

(N = 75)
350 mg BIO101 

(N = 74) Overall (N = 230)

AEs n (%) AEs n (%) AEs n (%) AEs n (%)

Subjects with any TEAE 107 48 (59.3) 101 45 (60.0) 70 38 (51.4) 278 131 (57.0)

Subjects with any treatment-
related TEAE

24 13 (16.0) 15 10 (13.3) 16 10 (13.5) 55 33 (14.3)

Subjects with any treatment-
Rrelated serious TEAE

2 1 (1.2) 0 0 0 0 2 1 (0.4)

Number of TEAEs with maximum severity

Mild 58 27 (33.3) 52 23 (30.7) 40 24 (32.4) 138 74 (32.2)

Moderate 27 12 (14.8) 21 9 (12.0) 19 11 (14.9) 65 32 (13.9)

Severe 13 9 (11.1) 15 13 (17.3) 4 3 (4.1) 32 25 (10.9)

Subjects with any SAEs 15 10 (12.3) 14 10 (13.3) 4 4 (5.4) 33 24 (10.4)

Subjects with any serious TEAE 13 9 (11.1) 14 10 (13.3) 2 2 (2.7) 29 21 (9.1)

Subjects with any treatment-
emergent adverse event of 
special interest (AESI)

12 7 (8.6) 11 8 (10.7) 11 8 (10.8) 34 23 (10.0)

Subjects with any serious AESI 2 1 (1.2) 1 1 (1.3) 0 0 3 2 (0.9)

Subjects with any TEAE leading 
to treatment discontinuation

8 (9.9) 12 (16.0) 8 (10.8) 28 (12.2)

Note: n = number of subjects in the specified category; N = group number. Percentage (%) based on the number of subjects in the safety population. TEAE were defined 
as any event that started on or after the first dose date of study drug up to the last dose date + 6 weeks (date of first randomized study medication intake ≤ AE onset 
date ≤ last dose date + 6 weeks).
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Of note, no impact of BIO101 on lean mass was observed. 
The value of lean mass as measured with DXA has been 
debated since the beginning of the SARA-INT study, with 
its low correlation with functional decline and poor health 
outcomes [27–29]. A proposal endorsed by leading experts 
in the field and incorporated in today's disease definition no 
longer features reduced muscle mass as diagnostic criterion 
[27]. Instead, the D3 creatine dilution assay, a more recent 
method for a muscle mass estimation, appears to be better 
associated with physical performance and muscle strength 
[26, 30–32], and thus may represent a more relevant measure 
of muscle mass for the next steps of the clinical development 
of BIO101.

To our knowledge, there is no report of efficacy on physical perfor-
mance from clinical trials targeting sarcopenia using a pharma-
ceutical alternative [10]. The few clinical trials targeting sarcopenic 
population failed to show an effect on muscle strength and physi-
cal performance (Selective Androgen Receptor Modulator [SARM] 
[7]; Angiotensin Converting Enzyme Inhibitor [Perindopril] [33]; 
Bimagrumab [monoclonal antibody blocking activin receptor type 
IIA and IIB [9]]). Only Vitamin D administered with proteins 
seemed to be beneficial for physical performance [34]. Targeting 
a broader population, the ENRGISE study compared losartan 
and fish oil treatment versus placebo in older population with 
self-reported mobility limitation, low GS and low-grade chronic 
inflammation [35]. Neither losartan nor fish oil treatments over 
12 months had an effect on 400MWT GS on this trial population, 
which was not selected based on any sarcopenia criteria. Only a 
nominally significant improvement in muscle power was observed 
in the highest dose enobosarm group compared with placebo in 
healthy elderly volunteers [6].

On the other hand, the LIFE study and its pilot study LIFE-P 
proposed an intervention based on physical exercise target-
ing older adults at risk of mobility disability selected based on 
their SPPB total score only, without any other eligibility crite-
rion related to sarcopenia. In the LIFE-P study, participants 
with a SPPB total score of nine and below following an inter-
vention based on physical exercise showed a difference in their 
400MWT GS compared with the health education control arm 
of 0.03 m/s at 6 months and 12 months after randomisation [36]. 
The SPRINTT trial (Sarcopenia & Physical fRailty IN older peo-
ple: multi-component Treatment strategies) targeted physically 
frail and sarcopenic older adults. The data suggested a signif-
icant difference between multidomain intervention of lifestyle 
education for participants having a SPPB score of 3 to 7 at base-
line (odds ratio of persistent mobility disability 0.79 [95% CI 0.62 
to 1.01], p-value of 0.06). This was consistent with the subgroup 
analysis in the SARA-INT trial that highlighted the potential 
beneficial effect of an intervention on the most severe sarcope-
nic subgroups. In the subgroup with SPPB 3–7 in SPRINTT, the 
HGS showed a statistically significant difference between in-
tervention arms only in females 24 months after randomisation 
(effect size [95% CI] of 0.9 [0.1 to 1.6], p-value of 0.028), whereas 
no difference was detected in males [37]. In the SARA-INT trial, 
no difference was detected between sexes, and no statistically 
significant difference was detected between 350 mg bid and pla-
cebo even if numerically similar to the SPRINTT population, 
suggesting a lack of power to detect an effect of BIO101 on mus-
cle strength in this trial.

4.2   |   Safety

Overall, BIO101 was well tolerated and most TEAEs were mild, 
without any noticeable difference in TEAEs, related TEAEs 
or SAEs between treatment groups. BIO101 at the two doses 
showed a very good safety profile up to 9 months of administra-
tion, supporting longer exposure to the candidate drug in fur-
ther steps of its clinical development.

4.3   |   Clinical Development

Taken globally and despite the unavailability of 55% of the end-
oftreatment assessments due to COVID-19, although this study 
did not meet its primary outcome, it fell just short of the MCID 
in the PPl analysis, and thus, these data suggest a potential effect 
of BIO101 350 mg bid on physical performance of sarcopenic in-
dividuals. Interestingly, subgroup analysis on the primary end-
point selecting the most frail subjects (slow walkers with 4-m 
GS ≤ 0.8, chair stand sub-score from SPPB ≤ 2) suggested that 
BIO101 could be of particular interest in the most frail popu-
lation of sarcopenic patients. This is consistent with the latest 
definitions of sarcopenia [27, 38, 39] and their overlap with phys-
ical frailty [1]. The results obtained encourage us to pursue the 
clinical development of BIO101 in sarcopenia.

4.4   |   Limitations

A limitation of the study lies on the evolution of the cutoff ap-
plied to define the target population. We followed the definitions 
focusing on lean mass and physical function (FNIH [4], EWSOP 
[40]), with restriction to a more vulnerable population using a 
lower SPPB cutoff (SPPB score ≤ 8). This was recently recom-
mended by other consortia [38, 39]. The evolution of the cutoff 
applied might be taken into consideration when compared with 
other interventional studies.

Compliance with nutritional and exercise advice was not mon-
itored, and exercise advice given may not have been feasible 
during the Covid-19 containment, which may have impacted 
variability; nevertheless, the placebo-controlled design ensured 
that this did not bias the results.

4.5   |   Impact COVID-19

COVID-19 restrictions had a critical impact on clinical assess-
ments for 55% of randomised patients (hold of on-site visits 
started on 16 March 2020). It was unforeseen and the primary 
analysis using adjusted Bayesian imputation for missing data did 
not reflect adequately the walking ability of the subjects. Also, 
the unforeseen severity and duration of the restrictions leading 
to a very different social context on the one hand and the differ-
ence of treatment duration M6/M9 on the other hand led to more 
variability. This led to an updated strategy for the final analysis 
and to the conduct of some post hoc analyses, including using a 
different imputation model based on the reason for missing data 
(MI when no on-site visit due to COVID-19/adjusted Bayesian 
imputation for non-completer during on-site visits). This loss 
greatly reduced the study's power and impacted the ability to 
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detect the hypothesised treatment effect. Besides the loss of ef-
ficacy evaluation, sensitivity analyses performed on the impact 
of COVID-19 (before/during COVID-19 outbreak) did not yield 
any impact of COVID-19 or its related restriction on the physical 
performance of this population. This may be explained by the 
low number of observations, the duration of follow-up but also 
the high variability of local, US state and national recommenda-
tions in 2020.

Acknowledgements

The authors thank Pr. Marco Pahor, Dr Lance A Rudolph, Dr E. 
Michael Lewiecki and Dr. Sara Espinoza for their contribution in data 
acquisition.

Conflicts of Interest

R.A.F. is partially supported by the US Department of Agriculture 
(USDA), under agreement No. 58-8050-9-004, and by the NIH Boston 
Claude D. Pepper Center (OAIC; 1P30AG031679). Any opinions, find-
ings, conclusions, or recommendations expressed in this publication 
are those of the authors and do not necessarily reflect the view of the 
USDA. R.A.F. reports grant support from Lonza, Biophytis, National 
Institutes of Health and USDA; scientific advisory board membership 
for Biophytis, Amazentis, Inside Tracker, Rejuventate Biomed and 
Aging in Motion; and consultancies for Embion, Biophytis, Amazentis, 
Pfizer, Nestle and Rejuvenate Biomed. Y.R. reports support from 
CHU Toulouse, University Paul Sabatier and INSERM CERPOP1295 
(employee), to be a shareholder of SARQOL SPRL, a spin-off of the 
University of Liege; consultancy fees from Longeveron, to be a Scientific 
Advisory Board member to Biophytis; and have received honoraria for 
lectures for Pfizer. OB reports to be stakeholder of SARQOL SRL, a spin-
off of the University of Liege in charge of the interest of the SarQoL 
and reports consulting or lecture fees (in the last 5 years) from Amgen, 
Aptissen, Biophytis, IBSA, Mylan, Novartis, Nutricia, Orifarm, Sanofi, 
UCB and Viatris. D.T.V. is on the scientific advisory board for Biophytis 
SA. E.G. reports consulting or lecture fees (in the last 5 years) from 
Amgen, Nutricia, Orifarm and UCB. I.B. reports to be stakeholder of 
SARQOL SRL, a spin-off of the University of Liege in charge of the in-
terest of the SarQoL. M.M.D., M.D., D.B., S.B.K., N.M., J.M.C., K.C., 
D.M.B., M.P.G., P.P., S.S.M., K.R., R.P. and J.K. declare that they have 
no competing interests. J.M. is the President of the Scientific Advisory 
Board of Biophytis SA. P.D., R.L., C.T., W.D., R.V.M. and S.V. are em-
ployees of Biophytis SA. C.M., S.D.S. and S.A. are former employees of 
Biophytis SA.

References

1. N. Tavassoli, A. Piau, C. Berbon, et  al., “Framework Implementa-
tion of the INSPIRE ICOPE-CARE Program in Collaboration With the 
World Health Organization (WHO) in the Occitania Region,” Journal of 
Frailty & Aging 10 (2021): 103–109.

2. V. Santilli, A. Bernetti, M. Mangone, and M. Paoloni, “Clinical Defi-
nition of Sarcopenia,” Clinical Cases in Mineral and Bone Metabolism 
11 (2014): 177–180.

3. I. Janssen, D. S. Shepard, P. T. Katzmarzyk, and R. Roubenoff, “The 
Healthcare Costs of Sarcopenia in the United States,” Journal of the 
American Geriatrics Society 52 (2004): 80–85.

4. S. A. Studenski, K. W. Peters, D. E. Alley, et al., “The FNIH Sarco-
penia Project: Rationale, Study Description, Conference Recommenda-
tions, and Final Estimates,” Journals of Gerontology. Series a, Biological 
Sciences and Medical Sciences 69 (2014): 547–558.

5. P. J. Snyder, S. Bhasin, G. R. Cunningham, et al., “Lessons From the 
Testosterone Trials,” Endocrine Reviews 39 (2018): 369–386.

6. J. T. Dalton, K. G. Barnette, C. E. Bohl, et al., “The Selective Androgen 
Receptor Modulator GTx-024 (Enobosarm) Improves Lean Body Mass 
and Physical Function in Healthy Elderly men and Postmenopausal 
Women: Results of a Double-Blind, Placebo-Controlled Phase II Trial,” 
Journal of Cachexia, Sarcopenia and Muscle 2 (2011): 153–161.

7. D. A. Papanicolaou, S. N. Ather, H. Zhu, et al., “A Phase IIA Random-
ized, Placebo-Controlled Clinical Trial to Study the Efficacy and Safety 
of the Selective Androgen Receptor Modulator (SARM), MK-0773 in 
Female Participants With Sarcopenia,” Journal of Nutrition, Health & 
Aging 17 (2013): 533–543.

8. M. Saitoh, J. Ishida, N. Ebner, S. D. Anker, and S. Von Haehling, 
“Myostatin Inhibitors as Pharmacological Treatment for Muscle Wast-
ing and Muscular Dystrophy,” JCSM Clinical Reports 2, no. 2 (2017): 10.

9. D. Rooks, J. Praestgaard, S. Hariry, et al., “Treatment of Sarcopenia 
With Bimagrumab: Results From a Phase II, Randomized, Controlled, 
Proof-Of-Concept Study,” Journal of the American Geriatrics Society 65 
(2017): 1988–1995.

10. Y. Rolland, C. Dray, B. Vellas, and P. D. S. Barreto, “Current and In-
vestigational Medications for the Treatment of Sarcopenia,” Metabolism 
149 (2023): 155597.

11. C. M. Nascimento, M. Ingles, A. Salvador-Pascual, M. R. Cominetti, 
M. C. Gomez-Cabrera, and J. Viña, “Sarcopenia, Frailty and Their Pre-
vention by Exercise,” Free Radical Biology and Medicine 132 (2019): 
42–49.

12. E. Cereda, R. Pisati, M. Rondanelli, and R. Caccialanza, “Whey Pro-
tein, Leucine- and Vitamin-D-Enriched Oral Nutritional Supplementa-
tion for the Treatment of Sarcopenia,” Nutrients 14 (2022): 1524.

13. F. M. Martínez-Arnau, R. Fonfría-Vivas, C. Buigues, et al., “Effects 
of Leucine Administration in Sarcopenia: A Randomized and Placebo-
Controlled Clinical Trial,” Nutrients 12 (2020): 932.

14. R. Lafont, M. Serova, B. Didry-Barca, et al., “20-Hydroxyecdysone 
Activates the Protective Arm of the RAAS via the MAS Receptor,” Jour-
nal of Molecular Endocrinology 68 (2022): 77–87.

15. M. Serova, B. Didry-Barca, R. Deloux, et  al., “BIO101 Stimulates 
Myoblast Differentiation and Improves Muscle Function in Adult and 
old Mice,” Journal of Cachexia, Sarcopenia and Muscle 15 (2024): 55–66.

16. W. Dioh, C. Tourette, S. Del Signore, et  al., “A Phase 1 Study for 
Safety and Pharmacokinetics of BIO101 (20-Hydroxyecdysone) in 
Healthy Young and Older Adults,” Journal of Cachexia, Sarcopenia and 
Muscle 14 (2023): 1259–1273.

17. S. M. Lobo, G. Plantefève, G. Nair, et  al., “Efficacy of Oral 
20-Hydroxyecdysone (BIO101), a MAS Receptor Activator, in Adults 
With Severe COVID-19 (COVA): A Randomized, Placebo-Controlled, 
Phase 2/3 Trial,” eClinicalMedicine 68 (2024): 102383.

18. J. M. Guralnik, E. M. Simonsick, L. Ferrucci, et al., “A Short Physical 
Performance Battery Assessing Lower Extremity Function: Association 
With Self-Reported Disability and Prediction of Mortality and Nursing 
Home Admission,” Journal of Gerontology 49 (1994): M85–M94.

19. R. A. Fielding, T. G. Travison, D. R. Kirn, et al., “Effect of Structured 
Physical Activity and Nutritional Supplementation on Physical Func-
tion in Mobility-Limited Older Adults: Results From the VIVE2 Ran-
domized Trial,” Journal of Nutrition, Health & Aging 21 (2017): 936–942.

20. S. Perera, S. H. Mody, R. C. Woodman, and S. A. Studenski, “Mean-
ingful Change and Responsiveness in Common Physical Performance 
Measures in Older Adults,” Journal of the American Geriatrics Society 
54 (2006): 743–749.

21. D. E. Alley, G. E. Hicks, M. Shardell, et al., “Meaningful Improve-
ment in Gait Speed in Hip Fracture Recovery,” Journal of the American 
Geriatrics Society 59 (2011): 1650–1657.

22. A. B. Newman, E. M. Simonsick, B. L. Naydeck, et  al., “Associa-
tion of Long-Distance Corridor Walk Performance With Mortality, 



12 of 12 Journal of Cachexia, Sarcopenia and Muscle, 2025

Cardiovascular Disease, Mobility Limitation, and Disability,” Jama 295 
(2006): 2018–2026.

23. R. A. Fielding, B. Vellas, W. J. Evans, et al., “Sarcopenia: An Un-
diagnosed Condition in Older Adults. Current Consensus Definition: 
Prevalence, Etiology, and Consequences. International Working Group 
on Sarcopenia,” Journal of the American Medical Directors Association 
12 (2011): 249–256.

24. Y. M. Rolland, M. Cesari, M. E. Miller, B. W. Penninx, H. H. Atkin-
son, and M. Pahor, “Reliability of the 400-M Usual-Pace Walk Test as 
an Assessment of Mobility Limitation in Older Adults,” Journal of the 
American Geriatrics Society 52 (2004): 972–976.

25. J. Sallinen, S. Stenholm, T. Rantanen, M. Heliövaara, P. Sainio, and 
S. Koskinen, “Hand-Grip Strength cut Points to Screen Older Persons at 
Risk for Mobility Limitation,” Journal of the American Geriatrics Society 
58 (2010): 1721–1726.

26. P. M. Cawthon, T. Manini, S. M. Patel, et al., “Putative Cut-Points 
in Sarcopenia Components and Incident Adverse Health Outcomes: An 
SDOC Analysis,” Journal of the American Geriatrics Society 68 (2020): 
1429–1437.

27. S. Bhasin, T. G. Travison, T. M. Manini, et al., “Sarcopenia Definition: 
The Position Statements of the Sarcopenia Definition and Outcomes Con-
sortium,” Journal of the American Geriatrics Society 68 (2020): 1410–1418.

28. T. M. Manini, S. M. Patel, A. B. Newman, et al., “Identification of 
Sarcopenia Components That Discriminate Slow Walking Speed: A 
Pooled Data Analysis,” Journal of the American Geriatrics Society 68 
(2020): 1419–1428.

29. L. A. Schaap, A. Koster, and M. Visser, “Adiposity, Muscle Mass, and 
Muscle Strength in Relation to Functional Decline in Older Persons,” 
Epidemiologic Reviews 35 (2013): 51–65.

30. A. J. Cruz-Jentoft and A. A. Sayer, “Sarcopenia,” Lancet 393 (2019): 
2636–2646.

31. W. J. Evans, M. Hellerstein, E. Orwoll, S. Cummings, and P. M. Caw-
thon, “D3-Creatine Dilution and the Importance of Accuracy in the As-
sessment of Skeletal Muscle Mass,” Journal of Cachexia, Sarcopenia and 
Muscle 10 (2019): 14–21.

32. J. Zanker, S. Patel, T. Blackwell, et al., “Walking Speed and Mus-
cle Mass Estimated by the D3-Creatine Dilution Method Are Import-
ant Components of Sarcopenia Associated With Incident Mobility 
Disability in Older Men: A Classification and Regression Tree Analy-
sis,” Journal of the American Medical Directors Association 21 (2020): 
1997–2002.e1.

33. LACE study group, M. Achison, S. Adamson, et al., “Effect of Perin-
dopril or Leucine on Physical Performance in Older People With Sarco-
penia: The LACE Randomized Controlled Trial,” Journal of Cachexia, 
Sarcopenia and Muscle 13 (2022): 858–871.

34. S.-H. Cheng, K.-H. Chen, C. Chen, W.-C. Chu, and Y.-N. Kang, 
“The Optimal Strategy of Vitamin D for Sarcopenia: A Network Meta-
Analysis of Randomized Controlled Trials,” Nutrients 13 (2021): 3589.

35. M. Pahor, S. D. Anton, D. P. Beavers, et al., “Effect of Losartan and 
Fish oil on Plasma IL-6 and Mobility in Older Persons. The ENRGISE 
Pilot Randomized Clinical Trial,” Journals of Gerontology: Series A: Bio-
logical Sciences and Medical Sciences 74 (2019): 1612–1619.

36. The LIFE Study Investigators, *See Appendix for List of LIFE Study 
Investigators“Effects of a Physical Activity Intervention on Measures 
of Physical Performance: Results of the Lifestyle Interventions and In-
dependence for Elders Pilot (LIFE-P) Study,” Journals of Gerontology 
Series A: Biological Sciences and Medical Sciences 61 (2006): 1157–1165.

37. R. Bernabei, F. Landi, R. Calvani, et al., “Multicomponent Interven-
tion to Prevent Mobility Disability in Frail Older Adults: Randomised 
Controlled Trial (SPRINTT Project),” BMJ 377 (2022): e068788.

38. A. J. Cruz-Jentoft, G. Bahat, J. Bauer, et  al., “Sarcopenia: Revised 
European Consensus on Definition and Diagnosis,” Age and ageing 16 
(2018): 31.

39. J.-Y. Reginster, C. Beaudart, N. Al-Daghri, et  al., “Update on the 
ESCEO Recommendation for the Conduct of Clinical Trials for Drugs 
Aiming at the Treatment of Sarcopenia in Older Adults,” Aging Clinical 
and Experimental Research 33 (2021): 3–17.

40. A. J. Cruz-Jentoft, J. P. Baeyens, J. M. Bauer, et  al., “Sarcopenia: 
European Consensus on Definition and Diagnosis: Report of the Euro-
pean Working Group on Sarcopenia in Older People,” Age and Ageing 
39 (2010): 412–423.

Supporting Information

Additional supporting information can be found online in the 
Supporting Information section.


	BIO101 in Sarcopenic Seniors at Risk of Mobility Disability: Results of a Double-Blind Randomised Interventional Phase 2b Trial
	ABSTRACT
	1   |   Introduction
	1.1   |   Sarcopenia
	1.2   |   Current Status of Interventions for Sarcopenia
	1.3   |   Drug Candidate BIO101

	2   |   Material and Methods
	2.1   |   Study Design and Procedure
	2.2   |   Participants
	2.3   |   Study Endpoints
	2.4   |   Sample Size Calculation
	2.5   |   Statistical Analysis

	3   |   Results
	3.1   |   Baseline Characteristics and Patients Disposition
	3.2   |   Primary Endpoint 400MWT Gait Speed
	3.3   |   Secondary Endpoints
	3.4   |   Safety Data
	3.5   |   Impact of COVID-19-Related Restrictions on Study Conduct

	4   |   Discussion and Conclusions
	4.1   |   Results
	4.2   |   Safety
	4.3   |   Clinical Development
	4.4   |   Limitations
	4.5   |   Impact COVID-19

	Acknowledgements
	Conflicts of Interest
	References


