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Abstract 

Background: There are currently no pharmacological therapies to address the intellectual disability associated with 
Down syndrome. Excitatory/inhibitory imbalance has been hypothesized to contribute to impairments in cogni‑
tive functioning in Down syndrome. Negative modulation of the  GABAA‑α5 receptor is proposed as a mechanism to 
attenuate GABAergic function and restore the excitatory/inhibitory balance.

Methods: Basmisanil, a selective  GABAA‑α5 negative allosteric modulator, was evaluated at 120 mg or 240 mg BID 
(80 or 160 mg for 12–13 years) in a 6‑month, randomized, double‑blind, placebo‑controlled phase II trial (Clematis) 
for efficacy and safety in adolescents and young adults with Down syndrome. The primary endpoint was based on a 
composite analysis of working memory (Repeatable Battery for the Assessment of Neuropsychological Scale [RBANS]) 
and independent functioning and adaptive behavior (Vineland Adaptive Behavior Scales [VABS‑II] or the Clinical 
Global Impression‑Improvement [CGI‑I]). Secondary measures included the Behavior Rating Inventory of Executive 
Functioning‑Preschool (BRIEF‑P), Clinical Evaluation of Language Fundamentals (CELF‑4), and Pediatric Quality of Life 
Inventory (Peds‑QL). EEG was conducted for safety monitoring and quantitatively analyzed in adolescents.

Results: Basmisanil was safe and well‑tolerated; the frequency and nature of adverse events were similar in bas‑
misanil and placebo arms. EEG revealed treatment‑related changes in spectral power (increase in low ~ 4‑Hz and 
decrease in high ~ 20‑Hz frequencies) providing evidence of functional target engagement. All treatment arms had a 
similar proportion of participants showing above‑threshold improvement on the primary composite endpoint, evalu‑
ating concomitant responses in cognition and independent functioning (29% in placebo, 20% in low dose, and 25% 
in high dose). Further analysis of the individual measures contributing to the primary endpoint revealed no difference 
between placebo and basmisanil‑treated groups in either adolescents or adults. There were also no differences across 
the secondary endpoints assessing changes in executive function, language, or quality of life.
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Background
Down syndrome (DS), the triplication of whole or 
part of chromosome 21, is the most common identifi-
able cause of intellectual disability with an incidence 
of 1 in 650 to 1 in 1000 live births per year world-
wide [1, 2]. Among several co-occurring conditions, 
DS is associated with a unique cognitive and adap-
tive behavior profile [3, 4], which is of primary con-
cern to many caregivers. Since more individuals 
with DS are active members of the community due 
to increased life expectancy, improving functional 
potential through development of pharmacotherapies 
may address these unmet needs. There is currently no 
therapeutic option available to treat the associated 
intellectual disability.

Although the etiology of the cognitive disability in 
people with DS remains unclear, cellular and anatomi-
cal abnormalities in the prenatal and perinatal forebrain 
and cerebellum suggest that early brain development 
is altered in individuals with DS [5–7]. Similar brain 
abnormalities have been described in mouse models of 
DS, such as the Ts65Dn which is the best characterized 
model [8–10]. Studies have suggested that the major 
functional defect in the postnatal Ts65Dn brain may be 
an imbalance between excitatory and inhibitory circuits 
[11–13]. Chronic treatment with selective  GABAA-α5 
negative allosteric modulators (NAMs)—such as α5IA 
[14], RO4938581 [15], and basmisanil [16]—improved 
synaptic plasticity and rescued cognitive and behavio-
ral deficits in Ts65Dn mice, without inducing anxiety 
or convulsions, side effects observed with non-selective 
 GABAA NAMs [17, 18]. Inhibition of  GABAA-α5 recep-
tors may represent an attractive mechanism to enhance 
cognition in individuals with DS.

Basmisanil (RO5186582, RG1662) is a potent NAM, 
which combines both binding and functional selectiv-
ity at  GABAA-α5 subunit-containing receptors and has 
been shown to improve cognition in rats and monkeys 
[19].  GABAA-α5 hippocampal receptor occupancy 
between 30–65% was required for efficacy in preclini-
cal studies [16, 19]. Basmisanil has shown a favorable 
safety and tolerability profile over a broad range of 
doses in healthy volunteer studies (BP25611 [Clinical-
Trials.gov: NCT01667367], WP28214 [NCT01684891]; 
BP25129 [EudraCT: 2009-016097-33], WP25366 

[2010-021554-19]), and in adults with DS (BP25543 
[NCT01436955], BP25611 [NCT01667367]).

Given the absence of any effective therapy for the 
intellectual disability associated with DS, the support-
ive 5-week safety and tolerability profile established in 
individuals aged 18–30 years with DS (BP25543; Addi-
tional file  1) and the potential added benefit of earlier 
intervention, we aimed to assess the efficacy of extended 
basmisanil dosing on cognition and adaptive behavior in 
both adolescents and young adults with DS.

Methods
Participants
Male and female participants (12–30 years) with DS 
(standard trisomy 21, Robertsonian translocation, isoch-
romosome 21, with reciprocal translocation, or mosai-
cism) were included. Minimum verbal abilities were 
required to participate in the study, as defined by a mini-
mum raw score of 7 for adults, or 4 for adolescents, on 
the Clinical Evaluation of Language Fundamentals Pre-
school-2 (CELF-P) Word Classes subtests [20]. The IQ of 
participants was assessed at baseline only using the non-
verbal Leiter 3 test [21].

Individuals with a diagnosis of autism spectrum dis-
order, major depressive disorder, a history of infantile 
spasms or epileptic encephalopathy, or a history of sei-
zures within 2 years prior to the screening visit were not 
included in the trial. Participants consented or assented 
to participate, and written informed consent was 
obtained from their caregiver.

Study design
BP27832 (Clematis) was a randomized, double-blind, pla-
cebo-controlled, multi-country phase II study to investi-
gate the efficacy and safety of basmisanil in adults (18–30 
years) and adolescents (12–17 years) with DS (Additional 
file 2). The study was registered on December 31, 2013, 
at clini caltr ials. gov as NCT02024789, approved by local 
ethics committees, and conducted in accordance with 
the principles of the “Declaration of Helsinki” and Good 
Clinical Practice. A Roche-independent safety commit-
tee was responsible for the monitoring of safety data on 
a regular basis.

Eligible participants were randomized in a 1:1:1 ratio 
to receive either tablets of placebo, low or high dose of 

Conclusions: Basmisanil did not meet the primary efficacy objective of concomitant improvement on cognition and 
adaptive functioning after 6 months of treatment, despite evidence for target engagement. This study provides key 
learnings for future clinical trials in Down syndrome.

Trial registration: The study was registered on December 31, 2013, at clinicaltrials.gov as NCT02024789.
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basmisanil, twice daily (BID) over 6 months (26 weeks). 
The low dose of basmisanil was 120 mg and the high 
dose was 240 mg, except for participants below 14 years 
where the low dose was age-adjusted to 80 mg and the 
high dose to 160 mg. Dose selection was based on an 
integrated evaluation of pharmacokinetics (PK), phar-
macodynamics, PET (BP25611; Additional file  1), and 
safety data from prior clinical studies with basmisanil 
in healthy volunteers and adults with DS, coupled with 
preclinical safety and efficacy data. The aim was to have 
two effective dosing regimens: the low dose targeted 
exposures that would result in receptor occupancy in all 
individuals above a minimum threshold of 60% expected 
to be required for efficacy based on preclinical models of 
DS [19]; the high dose was selected to reach exposures 
predicted to maintain receptor occupancy above a near-
maximal threshold (> 90%).

Primary and secondary efficacy
Efficacy assessments were performed at baseline  and 
after 3 and 6 months of treatment. The primary effi-
cacy analysis assessed the proportion of participants 
who showed improvement above pre-defined thresholds 
(i.e., above-threshold improvement) on a composite end-
point, concomitantly evaluating cognition and adaptive 
functioning, after 6 months of treatment. Above-thresh-
old improvement on the composite endpoint was defined 
as (1) a relevant increase in raw scores from baseline in 
at least two out of three tasks from the Repeatable Bat-
tery for the Assessment of Neuropsychological Status 
([RBANS]; at least 2 points for list learning and 1 point for 
list recognition and list recall); and (2) either an increase 
from baseline in the Vineland Adaptive Behavior Scales-
II (VABS-II) composite standard score of ≥ 7 or a Down 
syndrome-specific Clinical Global Impression-Improve-
ment (DS-CGI-I) score of ≤ 3 (minimally improved). The 
DS-CGI-I evaluation was based on scoring DS-specific 
anchors: communication/speech, activities of daily living, 
social functioning, and stubbornness/non-compliance 
(Additional file  3). The RBANS thresholds were identi-
fied based on the variability of each endpoint observed at 
baseline in the observational study, conducted in a com-
parable population in terms of average age and IQ [22]. 
They correspond to an effect size of approximately 0.3, 
i.e., 30% of the standard deviation observed in baseline 
raw scores for each task. These RBANS thresholds were 
then discussed in an advisory board meeting, with clini-
cians and clinical research experts in neurodevelopmen-
tal disorders and DS, to qualitatively assess the clinical 
meaningfulness of these changes. The selected thresh-
olds were considered adequate across the age range if 
concomitant improvements could be observed on global 
functioning measures of established clinical relevance 

such as the CGI or the VABS. The secondary efficacy 
analyses evaluated change from baseline scores on each 
of the individual measures contributing to the composite 
endpoint, (RBANS learning, recognition and recall tasks 
raw scores; VABS-II composite standard score; DS-CGI-
I score). Treatment effects on VABS-II domain standard 
scores (communication, daily living skills, and socializa-
tion), language (word classes tasks of Clinical Evalua-
tion of Language Fundamentals-version 4 [CELF-4] raw 
scores), executive function (Behavior Rating Inventory of 
Executive Function Preschool [BRIEF-P] raw scores), and 
global quality of life (Pediatric Quality of Life Inventory 
[PedsQL] raw scores) were also evaluated.

Statistical analysis of efficacy endpoints
Fifty subjects per treatment group provide a power of 
80% to detect a difference between each active dose and 
placebo when the frequency of participants with above-
threshold improvement is 30% on active dose and 5% on 
placebo. This calculation was based on the two-sided χ2 
test with continuity correction and significance declared 
at the two-sided 2.5% level to maintain the overall 5% 
level study-wise (as per Bonferroni adjustment for multi-
ple comparisons).

The proportion of participants with above-threshold 
improvement was analyzed by means of a logistic regres-
sion model. This included treatment and visit and treat-
ment by visit interaction, age, sex, and IQ at baseline as 
covariates, participant as repeated effect. The selected 
covariates were defined a priori in a statistical analysis 
plan, as sex and age may have an impact on drug phar-
macokinetic properties, and age and IQ are expected to 
influence cognition, language, and adaptive behavior in 
individuals with DS. For all endpoints normally distrib-
uted a mixed model analysis of variance was applied to 
change from baseline scores, where applicable, with base-
line, age, sex, and IQ at baseline as covariates, treatment 
and treatment by visit interaction, with visit as repeated 
measurements and participant as random. Inferential 
findings are provided for descriptive purposes only and 
without any confirmatory meaning. Multiple endpoints 
and multiple treatment comparisons were analyzed; 
however, due to the exploratory nature of the study, mul-
tiplicity was not statistically adjusted for, and the risk of 
false positive results should be taken into consideration 
in the interpretation of the results.

Pharmacokinetic assessments
Blood samples were collected for determination of 
plasma concentrations of basmisanil. Concentrations 
were measured by a specific liquid chromatography-mass 
spectrometry/mass spectrometry method. The following 
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time points were included prior to dosing to assess 
trough concentrations of basmisanil at weeks 2, 6, and 12.

Safety assessments
Safety surveillance of participants included adverse event 
(AE) reporting, physical examinations, vital signs includ-
ing 12-lead ECG recordings, clinical chemistry, hema-
tology, and urinalyses. Comorbidities were monitored, 
such as ADHD (Conner’s questionnaire); sleep prob-
lems (Children’s sleep habits questionnaire); anxiety and 
depression (ADAMS questionnaire). As per regulatory 
guidance, suicidality monitoring was implemented using 
the pediatric and adult C-SSRS version.

EEG assessments
EEG recordings were primarily included to monitor the 
emergence of epileptiform abnormalities in adolescents 
and participants with a medical history of epilepsy, to 
confirm the favorable safety profile of basmisanil previ-
ously established in adults with DS (without a medi-
cal history of epilepsy, study BP25543). A 30-min EEG 
recording was performed at baseline (pre-dose), week 2, 
and week 20. Recordings from adolescents were used for 
the exploratory quantitative EEG analyses reported here. 
The exploratory quantitative analyses of the EEG data 
were restricted to spectral power, which provides a mac-
roscopic measure of synchronized neuronal activity. No 
assumptions were made about spectral or spatial proper-
ties of possible treatment effects. The statistical analysis 
accounted for multiple comparisons across frequencies 
and electrodes using a cluster randomization approach.

To test for a PK-PD relationship we performed non-
parametric correlations (Spearman rank correlation; 
one-tailed test, i.e., testing for a positive correlation for 
theta-band power and negative correlation for beta-band 
power) between individual measured trough exposure 
levels and theta and beta-band EEG power from the iden-
tified clusters both measured at week 2. Although the 
EEG was recorded 4–5 h post administration, and the PK 
sample before administration, the measured trough con-
centrations at steady state are considered as a reasonable 
proxy for the individual basmisanil concentration at the 
time of the EEG recording. For this analysis we used all 
dosed participants but only included participants with a 
PK sample and an EEG recording at week 2 (n = 37, low 
dose: n = 14, high dose: n = 23). Full details on the EEG 
acquisition and analysis can be found in Additional file 4.

Results
Enrollment
Between May 5, 2014, and October 1, 2015, 170 partici-
pants were randomized across 30 sites. For adults, the 
majority were recruited at US (60%), French (20%), and 

Spanish (13%) sites. For adolescents, the majority were 
recruited at Spanish (42%) and US (31%) sites.

A total of 155 participants (91%) completed the study 
and were included in the analysis (Fig.  1). The propor-
tion of participants who discontinued study medication 
prematurely was higher in the high-dose arm (8/57, 14%) 
than in placebo (3/58, 5.2%) and low-dose (3/55, 5.5%) 
arms. Withdrawals were mostly driven by non-safety-
related reasons (placebo: 3/3; low dose: 2/3; high dose: 
5/8). The majority of deviations to the protocol were 
assessments being performed outside the defined visit 
window due to scheduling issues. Seven participants 
were excluded from the efficacy analysis population (six 
did not meet CELF-P inclusion criterion, one had < 80% 
compliance rate to study medication).

Participants’ demographics and baseline characteris-
tics were similar across arms (Table  1). Approximately 
two-thirds of the study population were taking concomi-
tant therapies; the most prescribed treatments across all 
groups were analgesics/non-steroidal anti-inflammatory 
drugs (17–31%), corticosteroids (3–19%), and penicillin 
drugs (9–18%).

Primary efficacy: composite endpoint analysis at 6 months
The findings of the study indicate lack of treatment 
effects on the primary endpoint. The proportion of par-
ticipants with above-threshold improvement on the com-
posite endpoint at 6 months was not different between 
basmisanil-treated groups and placebo (p = 0.262; 
Fig.  2A). Subgroup analyses by age (Fig.  2B), or by sex, 
language (English-speaking countries, Rest of the World), 
functioning level (IQ < 50, ≥ 50), and expressive abilities 
based on CELF−P score at screening (adolescents < 7 or 
≥ 7; adults < 10 or ≥ 10) also showed lack of a treatment 
effect (data not shown).

At 3 months there was no statistically significant dif-
ference in improvement overall (Fig. 2C), however, in the 
adolescents (Fig. 2D) a higher proportion of participants 
with above-threshold improvement was observed in 
both basmisanil-treated groups compared to the placebo 
group, with a nominal p-value of p = 0.043 at the high 
dose (low dose, nominal p-value: p = 0.063).

Additionally, no differences in the proportion of par-
ticipants with above-threshold improvements were 
detected between placebo and basmisanil-treated groups 
on any of the individual components of the composite 
endpoint (RBANS, VABS-II and DS-CGI-I; Additional 
file 5).

Secondary efficacy outcome measures
There were no statistically significant differences 
between placebo and basmisanil-treated groups in sec-
ondary outcome measures evaluating changes from 



Page 5 of 14Goeldner et al. Journal of Neurodevelopmental Disorders           (2022) 14:10  

baseline (Table 2) in cognition (RBANS), adaptive behav-
ior (VABS-II composite), language (CELF-4), executive 
function (BRIEF-P), or global quality of life (PedsQL). 
In both basmisanil and placebo groups, small improve-
ments were observed in RBANS list learning, BRIEF-P 
and PedsQL (Table 2), as well as in the VABS-II domain 
scores of socialization, communication, and daily liv-
ing skills (Additional file 6). Nearly all participants were 
able to reach CELF-4 Word Class 2 level and no improve-
ments in receptive or expressive language abilities were 
observed over 6 months across treatment arms (Table 2).

Exploratory qEEG in adolescents
The baseline EEG power spectrum was characterized 
by a marked absence of an alpha peak, which is the 
most prominent feature of typical developing indi-
viduals, and exhibited a prominent peak in the theta 
frequency range around 4 Hz (Additional file  7: panel 
B). In response to basmisanil, relative spectral power 

at lower frequencies (~ 4-Hz, theta-frequency range) 
increased while relative power at higher frequencies 
(~ 20-Hz, beta-frequency range) decreased compared 
to baseline, but spectral power remained unchanged 
for placebo (Fig.  3A). Absolute power also revealed 
an increase in the theta- and decrease in the beta-fre-
quency range in response to basmisanil (Additional 
file  7: panel G). These qualitative observations were 
confirmed by statistical analysis using cluster-rand-
omization that accounted for multiple testing across 
all electrodes (n = 19) and frequencies (2–32 Hz). The 
analysis identified two clusters, i.e., differences between 
the combined dose groups and placebo that extended 
across frequencies and electrodes. A “positive cluster” 
in the theta-frequency range (power increase for dose 
groups relative to placebo, p = 0.022) and a “negative 
cluster” in the beta-frequency range (power decrease 
for dose groups relative to placebo, p = 0.0007; Addi-
tional file 7: panel B-E).

Fig. 1 Participant disposition (CONSORT diagram)
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Table 1 Baseline characteristics

Abbreviations: ADAMS Anxiety, Depression and Mood Abnormalities, CELF Clinical Evaluation of Language Fundamentals, CGI Clinical Global Impression, SD standard 
deviation
a A granule formulation was available for individuals with difficulties swallowing tablets (assessed in comparative bioavailability study WP28978 [NCT02194244])
b IQ assessed by Leiter International Performance Scale-revised: a non-verbal intelligence test

Placebo Basmisanil

120 mg (80 mg) 240 mg (160 mg)

n = 58 n = 55 n = 57

Age (years)

 Mean ± SD 18.7 ± 5.2 18.3 ± 4.9 18.7 ± 5.4

 Median 18.0 17.0 17.0

 Minimum to maximum 12–30 12–28 12–29

 12–17 years: n (%) 28 (48%) 28 (51%) 29 (51%)

 18–30 years: n (%) 30 (52%) 27 (49%) 28 (49%)

Sex

 Males: n (%) 33 (57%) 32 (58%) 38 (67%)

 Females: n (%) 25 (43%) 23 (42%) 19 (33%)

Ethnicity

 Hispanic or Latino: n (%) 11 (19.0%) 13 (23.6%) 10 (17.5%)

 Not Hispanic or Latino: n (%) 38 (65.5%) 35 (63.6%) 39 (68.4%)

 Unknown: n (%) 9 (15.5%) 7 (12.7%) 8 (14.0%)

Race: n (%)

 American Indian or Alaska Native 1 (1.7%) 0 0

 Asian 1 (1.7%) 1 (1.8%) 0

 Black or African American 0 2 (3.6%) 0

 Multiple: White/Asian 2 (3.4%) 0 0

 White 45 (77.6%) 44 (80.0%) 49 (86.0%)

 Unknown 9 (15.5%) 8 (14.5%) 8 (14.0%)

Formulationa

 Granules: n (%) 10 (17%) 10 (18%) 12 (21%)

 Tablets: n (%) 48 (83%) 45 (82%) 45 (79%)

CGI-severity

 Mean ± SD 3.7 ± 1.0 3.8 ± 0.9 3.9 ± 0.9

 Median 4.0 4.0 4.0

 Minimum to maximum 1–5 1–5 1–6

 ≤ 3: n (%) 18 (31%) 16 (31%) 12 (22%)

 > 3: n (%) 40 (69%) 36 (69%) 43 (78%)

CELF-4 (word classes 1): mean ± SD

 Receptive 15.2 ± 4.3 15.2 ± 3.9 14.7 ± 4.9

 Expressive 9.7 ± 5.4 9.6 ± 4.2 9.8 ± 5.1

CELF-4 (word classes 2): mean ± SD

 Receptive 3.5 ± 4.1 2.98 ± 3.4 2.8 ± 3.2

 Expressive 1.8 ± 2.3 1.4 ± 1.7 1.5 ± 1.9

Anxiety/mood (ADAMS): mean ± SD

 Depressed mood 2.5 ± 2.9 2.1 ± 2.0 2.5 ± 3.1

 Anxiety 2.6 ± 2.3 2.5 ± 2.5 2.6 ± 2.9

 Manic/hyperactive 3.2 ± 2.4 4.0 ± 3.1 3.1 ± 2.8

 Obsessive/compulsive 1.9 ± 2.0 1.9 ± 1.8 1.7 ± 1.8

 Social avoidance 3.8 ± 3.9 4.3 ± 3.7 3.8 ± 3.9

IQb

 Mean ± SD 52.8 ± 13.6 55.2 ± 14.6 55.6 ± 13.9

 Median 49 53 57

 Minimum to maximum 32–93 32–93 32–80
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For further characterization of the theta- and beta-band 
effects we extracted signal power from the “centers” of 
these clusters as pharmacodynamics parameter (Fig. 3B, C): 
power change from baseline (mean ± sem) and effect size 
for theta: 9.2±1.46%, d’ = 0.94; and beta: − 13.4±1.92%, d’ 
= − 1.04. These values are subject to a positive selection 
bias and should be considered as upper bounds.

There was no difference between the low or high dose 
(theta: p = 0.27, beta: p = 0.99; Fig. 3B, C). The EEG effects 
appeared weaker for week 20 compared to week 2. The decline 
was significant for the theta-band (p = 0.041, uncorrected for 
multiple testing) but not for the beta band (p = 0.27).

Neither the theta-band nor the beta-band EEG phar-
macodynamic effects correlated with exposure (theta: 

rho = 0.217, p = 0.1; beta: rho = − 0.168, p = 0.16; n 
= 37). Numerically, the correlations were in the expected 
direction (positive for theta power, negative for beta) but 
lacked significance.

Pharmacokinetics
Comparable trough exposures were observed for the 
high dose between adults and adolescents aged 14–17 
years (Additional file 8, Table 1). The low dose in adoles-
cents aged 12–17 and the high dose in 12–13-year-olds 
resulted in lower exposures than adults. Overall, compa-
rable average trough exposures were observed between 
adults and all adolescents (12–17 years) for the 

Fig. 2 Percent of participants with above‑threshold improvement on the composite endpoint. A Primary efficacy endpoint after 6 months 
of treatment. Percent of participants with above‑threshold improvement: B by age group (adolescents, adults) after 6 months of treatment; 
C combined age group after 3 months of treatment; D by age group (adolescents, adults) after 3 months of treatment. Above‑threshold 
improvement on the composite endpoint was defined as having (1) a relevant increase in raw scores from baseline in at least two out of three tasks 
from the Repeatable Battery for the Assessment of Neuropsychological Status ([RBANS]; ≥ 2 points for list learning, ≥ 1 point for list recognition, ≥ 
1 point for list recall); and (2) either an increase from baseline in the Vineland Adaptive Behavior Scales‑II (VABS II) composite score of ≥ 7 or a Down 
syndrome‑specific Clinical Global Impression‑Improvement (DS‑CGI‑I) ≤ 3 (minimally improved). Efficacy assessments were performed at baseline 
and after 3 and 6 months of treatment. Statistics: *p < 0.05 vs. placebo‑treated group
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age-adjusted high doses, while differences were noted 
for the age-adjusted low doses, which resulted in slightly 
lower exposures in adolescents. Overall, the measured 
trough concentrations remained stable (Additional file 8, 
Table  3) and adherence to study medication was high 
throughout the study.

Predicted receptor occupancy
The low and high doses provided high predicted receptor 
occupancies of 83% and 92%, respectively, in the overall 
population (Additional file  8, Table  2), indicating a lack 
of separation of the two selected doses. At the high dose, 
the average predicted receptor occupancy at trough was 
comparable between adolescents (92%) and adults (93%). 
At the low dose, lower receptor occupancy was noted in 
adolescents (77%) compared to adults (87%) (Additional 

file  8, Table  1). There were no relevant differences in 
exposure or receptor occupancy between participants 
with and without above-threshold improvement (data 
not shown).

Safety
The frequency and nature of AEs were similarly distrib-
uted among placebo and basmisanil-treated participants 
(Table  3). There were no treatment-emergent epilepti-
form abnormalities noted during EEG monitoring in any 
participant.

Five serious AEs, reported in five participants, were 
considered not related to treatment (Table  3), and one 
event (altered state of consciousness) led to study with-
drawal. In addition, non-serious AEs in three participants 
resulted in study withdrawal. Overall, the number of 

Table 2 Change from baseline scores at 3 and 6 months

See Additional file 12 for “change from baseline” scores by age group and time point

Abbreviations: BRIEF-P Behavior Rating Inventory of Executive Function-Preschool, CELF Clinical Evaluation of Language Fundamentals, PedsQL Pediatric Quality of Life 
Inventory, RBANS Repeatable Battery for the Assessment of Neuropsychological Status, SD standard deviation, VABS-II Vineland Adaptive Behavior Scales-II
a Negative change = improvement

Assessment Time point 
(month)

Placebo 120 (80) mg 240 (160) mg

Mean ± SD n Mean ± SD n p Mean ± SD n p

RBANS
 List learning 3 1.5 ± 5.2 54 2.3 ± 5.4 47 0.69 1.0 ± 5.12 48 0.86

6 3.1 ± 6.1 51 2.7 ± 6.2 47 0.56 2.4 ± 4.8 44 0.76

 List recall 3 0.5 ± 2.8 53 0.2 ± 2.2 47 0.49 0.4 ± 2.5 48 0.98

6 0.3 ± 2.4 51 0.2 ± 3.1 47 0.98 ‑0.1 ± 2.4 44 0.83

 List recognition 3 0.0 ± 2.9 53 1.1 ± 2.3 47 0.09 0.8 ± 4.2 48 0.26

6 1.2 ± 3.2 51 1.4 ± 3.1 47 0.75 1.8 ± 3.9 44 0.29

VABS-II
 Composite score 3 1.6 ± 5.0 53 0.98 ± 4.6 46 0.60 1.02 ± 3.7 47 0.62

6 2.4 ± 10.2 50 2.0 ± 4.02 46 0.79 2.02 ± 4.6 43 0.72

CELF-4 (word classes 1)
 Receptive 3 − 0.2 ± 3.7 54 − 0.5 ± 4.1 47 0.74 1.1 ± 2.8 48 0.09

6 0.8 ± 3.6 51 − 0.07 ± 3.4 46 0.28 1.5 ± 3.6 44 0.31

 Expressive 3 0.5 ± 3.8 54 0.6 ± 3.9 47 0.79 1.2 ± 3.2 48 0.22

6 0.9 ± 3.1 51 0.3 ± 3.8 46 0.34 1.3 ± 3.1 44 0.54

CELF-4 (word classes 2)
 Receptive 3 0.1 ± 2.1 51 − 0.2 ± 2.0 43 0.23 0.0 ± 2.1 43 0.60

6 − 0.3 ± 3.6 47 0.0 ± 3.1 41 0.99 0.2 ± 2.3 40 0.52

 Expressive 3 0.2 ± 1.5 51 − 0.07 ± 1.1 43 0.14 0.2 ± 1.5 43 0.99

6 0.1 ± 2.4 47 − 0.07 ± 1.4 41 0.41 0.2 ± 1.6 40 0.78

BRIEF-Pa

 Global executive composite 3 − 4.1 ± 12.3 53 − 6.6 ± 12.7 47 0.48 − 5.2 ± 11.6 48 0.75

6 − 4.1 ± 12.2 51 − 7.8 ± 12.6 46 0.16 − 7.9 ± 12.7 42 0.10

PedsQL
 Total scale score 3 0.9 ± 14.0 54 2.7 ± 15.3 48 0.75 3.9 ± 12.1 45 0.19

6 1.7 ± 12.7 47 5.6 ± 12.5 46 0.31 3.5 ± 9.7 41 0.46
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participants withdrawn from treatment due to AEs was 
low and did not point to a particular AE pattern (high-
dose group [n = 3]: combination of “headache, nausea, 
vomiting” with treatment stop on study day 113; “sleep 
apnea syndrome” with treatment stop on day 45; and 
“nightmares” with treatment stop on day 98; low dose 
group [n = 1]: “altered state of consciousness” with treat-
ment stop on day 60; placebo group: no subject with-
drawn due to AE).

Vital sign monitoring did not reveal changes in 
heart rate and blood pressure (Additional file 9). QTcF 
analyses in ECG monitoring did not reveal an alert of 
relevant QTc prolongation (Additional file  10). Moni-
toring of co-occurring symptoms did not reveal nota-
ble changes as summarized in Additional file  11 and 
there was no signal on suicidality risk associated with 
basmisanil treatment.

Discussion
Clematis was the first phase II trial performed in the 
DS population with a compound specifically designed 
to address excessive inhibition in limbic brain areas, 
hypothesized to contribute to the intellectual disabil-
ity associated with DS [14, 15]. Overall, the findings of 
this study indicate that 6 months of treatment with the 
 GABAA-α5 receptor NAM basmisanil was safe and well-
tolerated, but did not reveal any effects of treatment on 
primary and secondary measures of efficacy, suggesting 
it did not improve cognition or functioning in adults and 
adolescents with DS. The observed basmisanil exposures 
were stable and marginally lower in the adolescents. 
Although the exposures remained within the predicted 
range from the population PK model, both doses resulted 
in high average predicted receptor occupancy which 
did not clearly separate (low dose: 83% and high dose: 

Fig. 3 Quantitative EEG. A Change in EEG spectral power (average across week 2 and week 20 visits relative to baseline) for dosed (red) and the 
placebo (gray) groups. B, C Effects of assessment time‑point (week 2 vs. week 20) and dose (low dose vs. high dose) for signal power extracted from 
the centers of the clusters identified in 1.2.3 (theta cluster, frequency range [3 bins]: ~ 3.5–4.5 Hz, electrodes: F3, Fz, F4, T7, T8, P7, P8, O1, O2; beta 
cluster, frequency range [3 bins]: ~ 19–22.5 Hz, electrodes: Fz, Cz). The top plots indicate the electrodes used for each extraction of signal power. The 
numbers at the base of the bars indicate the number of participants entering the analyses
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92%) and could thus be expected to be efficacious. The 
lack of differentiation between doses limits meaning-
ful interpretations of dose-dependent treatment effects 
from both safety and efficacy perspectives in the overall 
population. In adolescents, there was a higher proportion 
of participants showing improvement on the primary 
endpoint after 3 months of treatment (nominal p-value 
< 0.05 at the high dose). This effect was not maintained 
after 6 months of treatment despite stable exposures and 
was not reflected in any of the secondary measures. The 
absence of differences in exposure-response relationships 
between participants with and without above-threshold 
improvements, across ages and doses (data not shown), 
corroborate a true lack of effect of basmisanil.

The primary endpoint was designed to capture poten-
tial improvements in intellectual functioning from 
multiple perspectives by combining direct measures 
of cognition (RBANS memory tasks), clinician ratings 
(DS-CGI-I), and caregiver-reported measure (VABS-II). 
These measures were selected based on their suitability 
for the population, reliability, stability over time, and fea-
sibility of implementation, as previously determined in 
a 6-month observational study with a comparable study 
design and population [22, 23]. In the current study, the 
stability over time of most measures was not replicated; 
improvements were observed across  placebo and treat-
ment arms over 6 months on multiple variables includ-
ing the VABS-II composite scores, DS-CGI-I, BRIEF-P, 
and PedsQL. The changes observed in this study, as 
compared to low natural improvement seen on the same 
measures in our previous non-interventional trial, may in 

part be attributed to the great anticipation of a potential 
therapeutic option among the DS community involved in 
this first large international clinical trial. The impact of 
treatment expectancy in clinical trials in pediatric neu-
rodevelopmental disorders has been widely described, 
especially for caregiver-reported scales, and remains a 
key challenge for drug development [24, 25].

These changes were more pronounced in the adoles-
cent population and are in line with published placebo 
response rates of 10–30% described in DS [26] and other 
neurodevelopmental conditions with intellectual disabil-
ity, such as Fragile X syndrome or autism spectrum dis-
order [27]. In order to better control such effects, other 
researchers included regular cognitive training in both 
treated and placebo cohorts, with a run-in period, during 
a 6-month clinical trial in adults with DS [28].

The threshold for improvement on the primary com-
posite endpoint combined improvements on RBANS 
memory tasks and global functioning on either the 
VABS-II or the DS-CGI-I. Because the DS-CGI-I anchors 
were mainly derived from the VABS-II domains, DS-
CGI-I scores may not be independent of the caregiver 
perception captured by the VABS-II. The increases over 
time in VABS-II scores observed across groups may 
reflect treatment expectancy effects and directly (or 
indirectly via the DS-CGI-I) drive improvements on the 
primary endpoint. The composite endpoint is a multidi-
mensional measure which increases the complexity of the 
analysis and interpretation and requires consistent effects 
to reach statistical significance. The choice of a compos-
ite endpoint, although a high bar objective, is unlikely to 

Table 3 Adverse events by treatment group

Adverse events (in more than 5% of participants) Placebo 120 mg (80 mg) 240 mg (160 mg)
n % n % n %

Infections and infestations 32 55.2 24 43.6 24 42.1

Gastrointestinal disorders 18 31.0 12 21.8 15 26.3

Nervous system disorders 14 24.1 13 23.6 13 22.8

Investigations 12 20.7 5 9.1 6 10.5

Skin and subcutaneous tissue disorders 8 13.8 6 10.9 6 10.5

Psychiatric disorders 5 8.6 6 10.9 8 14.0

General disorders and administration site conditions 5 8.6 7 12.7 6 10.5

Respiratory, thoracic, and mediastinal disorders 4 6.9 7 12.7 2 3.5

Musculoskeletal and connective tissue disorders 2 3.4 5 9.1 5 8.8

Eye disorders 4 6.9 3 5.5 1 1.8

Injury, poisoning and procedural complications 0 0 4 7.3 3 5.3

Serious adverse events n n n
Suicidal ideation 1 1

Altered state of consciousness 1

Skin laceration 1

Salmonellosis 1
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have masked effects as no beneficial treatment effects 
were detected on any of the individual components of 
the primary endpoint. Consistent with these findings, the 
analysis of secondary outcome measures did not show 
any beneficial effects of basmisanil over placebo after 6 
months of treatment. Importantly, scores from the direct 
performance-based evaluations of cognition assessing 
memory (RBANS) and language (CELF), thought to be 
less sensitive to treatment expectancy bias, remained 
generally stable across age and treatment groups over 
the 6-month study duration, with the exception of the 
RBANS learning task. The small improvements observed 
in RBANS learning are in line with previous data from 
our observational study [22] and possibly reflect proce-
dural learning due to repeated administration. Overall, 
this suggests that improvements in the placebo group are 
unlikely to have generally obscured treatment effects in 
the study. Of note, almost all participants were able to 
reach the second level of the CELF-4 and no floor effect 
was observed, suggesting that the CELF-4 word classes 
task can be used in future clinical trials with adults and 
adolescents with DS.

Exploratory quantitative analysis of EEGs recorded in 
adolescents was performed to test for effects on brain 
function. The absence of an alpha peak in the baseline 
EEG power spectrum is in line with previous findings in 
adults with DS reporting a shift to lower frequencies [29–
31]. The basmisanil-induced pharmacodynamic effects, 
i.e., an increase in theta power (~4 Hz), and a decrease 
in beta power (~20 Hz) confirm the spectral signature of 
basmisanil that we have found previously in healthy vol-
unteers [19] and demonstrate brain circuit engagement. 
In particular, EEG power in the beta frequency range has 
been linked to  GABAA function through pharmacology 
[32, 33], in rare genetic conditions involving CNVs [34, 
35] and SNPs in  GABAA receptor genes [36, 37], and in 
modeling studies [38, 39]. Correlation analyses with indi-
vidual basmisanil concentration did not reveal a signifi-
cant dose dependence but were in the expected direction. 
The lack of a significance PK-PD relationship may relate 
to the overall high receptor occupancy (> 77% for all 
dose x age groups) where little dynamic range of the EEG 
PD effect may be expected, and to a limited sample size 
(Additional file 8: Table 1). In sum, the observed changes 
in the EEG in response to basmisanil can be considered 
evidence of functional target engagement.

While basmisanil exposure remained stable, the EEG 
effect in lower frequencies was weaker at week 20 com-
pared to week 2, while remaining significantly higher 
than at baseline. The decrease in EEG power at lower 
frequencies may indicate compensatory or adaptive neu-
ronal mechanisms that could result in tolerance. Toler-
ance is a well-described phenomenon for non-selective 

 GABAA receptor positive allosteric modulators after 
long-term use [40]. However, it is important to point out 
that the beta-band EEG effect, with an established link 
to  GABAA function did not significantly decline over 
time and no withdrawal effects were observed when the 
administration of basmisanil was stopped. Finally, there is 
no preclinical evidence suggesting that α5 subtype-selec-
tive compounds, such as basmisanil, lead to tolerance 
[41]. Tolerance to the effects of basmisanil is unlikely to 
underlie the lack of efficacy in this study.

Some study limitations should be noted. The detection 
of significant treatment effects of basmisanil may have 
been limited by the small sample size. Indeed a poten-
tial selection bias cannot be controlled for, albeit random 
treatment group assignment. Cognitive and behavioral 
measurements were not assessed during the first month 
of treatment; we are therefore unable to interpret poten-
tial improvements in relation to the early pharmacody-
namic EEG changes observed. This would have also been 
helpful to interpret the trend observed after 3 months in 
adolescents, as well as the trends observed after 5 weeks 
of treatment on the RBANS tasks in a small exploratory 
phase IB trial in young adults with DS (BP25543; Addi-
tional file 1).

The detection of treatment effects of basmisanil may 
also have been hampered by the timing of the phar-
macological intervention. Key brain development pro-
cesses such as synaptogenesis and pruning [42] occur 
in early development before the age of 12 years. Modu-
lation of  GABAA-α5 receptors may therefore be more 
impactful during earlier stages of neural development, 
before long-term consequences of and adaptations to 
altered GABAergic inhibition have shaped brain func-
tion. Although our study did not demonstrate any evi-
dence of age-dependent effects, a potential beneficial 
effect of basmisanil prior to the adolescent period can-
not be fully excluded.

It is also conceivable that selective modulation of the 
 GABAA-α5 receptor subtype or the maximal inhibi-
tory effect of basmisanil on chloride channel current (~ 
40%) [19] may not be sufficient to restore the excitatory/
inhibitory imbalance hypothesized to underlie the cog-
nitive profile of DS [15]. Alternatively, the “excitation/
inhibition imbalance” working hypothesis may be inva-
lid. Indeed, it relies solely on findings from the Ts65Dn 
mouse model of DS which has limitations with regards 
to predictive and translational relevance [43], and there 
is currently no clinical evidence of enhanced inhibition 
in individuals with DS. Since human chromosome 21 has 
approximately 200–300 genes, other pathways including 
metabolic pathways are likely involved [44]. Future trials 
may consider targeting more than one pathway at a time 
to maximize therapeutic potential.
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Conclusions
Here we have described some of the challenges, and 
potential strategies to address them, from the perspective 
of investigators experienced with research in this popula-
tion [45]. The low drop-out rate of around 9% illustrates 
the high dedication and motivation from the study par-
ticipants and their caregivers. Standardization of scale 
administrations combined with high-quality and con-
sistent training among the different sites and countries 
allowed us to achieve overall good quality of the data 
collected with moderate-to-low variability, consistent 
with what has been previously reported for DS or other 
conditions with intellectual disability. Independent of the 
negative outcome of the Clematis study, the learnings on 
outcome measures and feasibility of conducting inter-
national trials in DS, advocacy group relationships, and 
health authorities’ interactions, provide key information 
to support future clinical trials in DS and other popula-
tions with intellectual disabilities.
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