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Introduction
•	 Corticosteroids are recommended as standard of care for patients with Duchenne muscular dystrophy (DMD). 

However, behavioural adverse effects during systemic corticosteroid therapy are common and well documented.1

•	 Behavioural problems are a known feature in DMD, and corticosteroids can exacerbate these challenges.2 These 
adverse changes in behaviour can lead to treatment discontinuation and can have a substantial negative impact on 
patient and parent quality of life.3,4

•	 Vamorolone, a novel dissociative corticosteroid with a chemical structure distinct from classic corticosteroids,  
was recently approved for the treatment of DMD by the FDA (in patients aged ≥2 years) and EMA (in patients aged 
≥4 years).5–8

	 –	�It was approved on the basis of the pivotal VISION-DMD study (VBP15-004, NCT03439670), which met the primary 
endpoint of improved time to stand (TTSTAND) velocity with vamorolone 6.0 mg/kg/day vs placebo (p=0.002) at  
24 weeks of treatment and showed a manageable safety and tolerability profile.

•	 Here we report the frequency of behavioural problems observed with vamorolone vs prednisone, compared with 
placebo, in the VISION-DMD study using the Personal Adjustment and Role Skills Scale, 3rd edition (PARS III), a 
validated index of youth psychosocial adjustment in DMD.

Methods
•	 VISION-DMD was a randomised, double-blind Phase 2b study that enrolled male participants aged 4 to <7 years at 

baseline with centrally confirmed DMD who could walk independently without assistive devices and were able to 
complete the TTSTAND test without assistance in <10 seconds.

•	 In the first part of the study, participants were randomised to receive daily doses of vamorolone 2.0 or 6.0 mg/kg/day, 
prednisone 0.75 mg/kg/day, or placebo for 24 weeks.

•	 The frequency of behavioural problems was recorded at Week 24. This analysis included 118 participants in the 
safety population.

•	 PARS III is a questionnaire that was completed by parents and consists of 28 items that measure psychosocial 
functioning in six subscales (peer relations, dependency, hostility, productivity, anxiety/depression and withdrawal).

•	 In order to define clinically relevant worsening on the PARS III, VISION-DMD data were normalised as z-scores using 
a previous study of 287 boys with DMD (aged 5–18 years) by Hendriksen et al 2009.9

	 –	� Z-scores were calculated as ([Mean – Score]/standard deviation [SD]), where ‘Mean’ and ‘SD’ values correspond 
to the Hendriksen study, and ‘Score’ corresponds to the value from VISION-DMD.

	 –	� Clinically relevant worsening was defined as a shift from normal adjustment score (z-score <1) at baseline to 
abnormal adjustment score (z-score ≥1) at Week 24. 

Results
•	 Adverse events of special interest (AESIs) included abnormal behaviour, aggression, agitation, anger, anxiety, 

behaviour disorder, emotional disorder, initial insomnia, insomnia, irritability, mood alterations, mood swings, 
personality change, poor quality sleep, psychomotor hyperactivity, skin laceration and sleep disorder.

•	 Moderate or severe clinically relevant AESIs and behavioural problems were more frequent in the prednisone 
group (22.6%) than the placebo group (3.4%). One patient on prednisone discontinued due to a severe behavioural 
adverse event. Vamorolone showed no moderate or severe clinically relevant behavioural AESIs (Table 1).

•	 After 24 weeks, the probability of having experienced at least one behavioural AESI was lowest in the placebo group, 
followed by vamorolone 2.0 mg/kg/day, vamorolone 6.0 mg/kg/day, and prednisone (Figure 1).

•	 Prednisone treatment showed the largest proportion of patients with clinically relevant worsening (>20% of 
patients) in three of the PARS III subscales: hostility, dependency and productivity (Figure 2).

	 –	� Clinical worsening in hostility was seen in 26.1% of patients in the prednisone group, 15.4% in the vamorolone  
6.0 mg/kg/day group, 9.1% in the vamorolone 2.0 mg/kg/day group, and 8.0% in the placebo group.

	 –	� In the prednisone group, clinical worsening in dependency was seen in 24.0% and clinical worsening in 
productivity was seen in 26.9% compared with <10% in any other group.

•	 Clinical worsening in anxiety and depression was observed in a similar number of patients in both the vamorolone 
6.0 mg/kg/day group and the prednisone group. However, a larger proportion of patients experienced clinically relevant 
worsening of withdrawal symptoms with vamorolone 6.0 mg/kg/day (12.5%) compared with prednisone (3.8%).

Conclusions
•	Vamorolone 6.0 mg/kg/day was associated with an increase in mainly mild behavioural AESIs compared with 

placebo, but with a lower frequency and severity of behavioural AESIs reported compared with prednisone.
•	PARS III subscales showed a reduced risk for psychosocial adjustment in hostility, dependency and productivity 

with vamorolone compared with prednisone. However, with vamorolone 6.0 mg/kg/day, the risk for anxiety and 
depression was similar to prednisone, and there was a higher risk for withdrawal symptoms.

•	Overall, these results align with adverse event data, suggesting vamorolone has a lower risk for developing behaviour 
problems affecting the psychosocial adjustment of children with DMD compared with prednisone.

•	Limitations include small sample sizes and a potential bias in parent and child reports. The PARS III data relied  
solely on parent reports, which may have been influenced by parental stress and/or emotional factors.  
Additionally, because our PARS III data are cross-sectional, we were limited in our ability to examine change over 
time, such as age. 
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Table 1. Frequency of AESIs and clinically relevant AESIs (behavioural problems)

Placebo  
(N=29)

Pred 0.75 mg/kg/day 
(N=31)

Vam 2.0 mg/kg/day  
(N=30)

Vam 6.0 mg/kg/day  
(N=28)

Preferred term n (%; EAIR)‡ f (rate)§ n (%; EAIR)‡ f (rate)§ n (%; EAIR)‡ f (rate)§ n (%; EAIR)‡ f (rate)§

Total AESIs 
(behavioural problems) 4 (13.8; 0.34) 5 (0.38) 10 (32.3; 0.99) 16 (1.14) 5 (16.7; 0.43) 5 (0.37) 6 (21.4; 0.53) 9 (0.70)

Total clinically relevant 
AESIs*,† (behavioural 
problems)

1 (3.4; 0.08) 1 (0.08) 7 (22.6; 0.59) 8 (0.57) 0 0 0 0

   Abnormal behaviour 1 (3.4; 0.08) 1 (0.08) 0 0 0 0 0 0

   Aggression 0 0 2 (6.5; 0.15) 2 (0.14) 0 0 0 0

   Behaviour disorder 0 0 1‖ (3.2; 0.07) 1 (0.07) 0 0 0 0

   Emotional disorder 0 0 1 (3.2; 0.07) 1 (0.07) 0 0 0 0

   Mood swings 0 0 1 (3.2; 0.07) 1 (0.07) 0 0 0 0

   Personality change 0 0 1 (3.2; 0.07) 1 (0.07) 0 0 0 0

   �Psychomotor 
hyperactivity 0 0 1 (3.2; 0.07) 1 (0.07) 0 0 0 0

   Sleep disorder 0 0 1‖ (3.2; 0.07) 1 (0.07) 0 0 0 0

One patient had a skin laceration. Subsequent review of this case confirmed that this was due to a fall, and not related to behavioural problems. Therefore, this patient was not included 
in Table 1.
*Chi-square p-value for patient counts: vamorolone 6.0 mg/kg/day vs prednisone, p=0.0074; vamorolone 6.0 mg/kg/day vs placebo, p=0.3215; prednisone vs placebo, p=0.0294. 
†Clinically relevant AEs were either at least moderate in severity or leading to withdrawal from study or serious event.
‡EAIR was calculated as number of patients reporting the event at least once divided by total time spent (time to first occurrence or total treatment time for patients not experiencing the 
event in question) at risk for the event to occur. EAIR was annualised.
§The rate of AEs was calculated as events per patient per year of exposure. 
‖One patient experienced both behaviour disorder and sleep disorder.
AE, adverse event; AESI, AE of special interest; EAIR, exposure-adjusted incidence rate; f, event count; N/n, patient count; Pred, prednisone; Vam, vamorolone.

Figure 1. Kaplan–Meier curves of time to first onset of 
behavioural AESIs

Figure 2. Proportion of patients with clinically relevant 
worsening in PARS III adjustment at Week 24

Patients without any AESI in the respective category are censored at the date of the  
last dose of study medication. AESI, adverse event of special interest; Pred, prednisone; 
Vam, vamorolone.

PARS III baseline scores missing from one patient in the placebo group; therefore, N=117. 
Normal PARS III baseline scores were reported in most patients (>85% across subscales). 
PARS III, Personal Adjustment and Role Skills Scale, 3rd edition; Pred, prednisone;  
Vam, vamorolone.
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