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Database

D-RSC has created an integrated database of patient- level
data collected in DMD clinical trials
The database currently contains 14 clinical datasets (Table 1)
that may be made available to the broader community to the
extent permitted by the owners of each contributing dataset.
Data exceeds HIPAA “Safe Harbor” standards and is mapped
to CDISC standards, making it ready for regulatory
submissions.

Proposed Context of Use for Platform
General Description: A disease progression model-based CTS
tool designed to optimize clinical trial enrichment and design of
studies to investigate efficacy of potential therapies for DMD.
Measurements of DMD disease progression will be based on
changes in a series of endpoints – velocities of completion of the
supine-stand test, 4-stair climb test, 10-meter walk/run test and
30-foot walk/run test, forced vital capacity, North Star
Ambulatory Assessment and the transition between scores in
the Brooke scale.

Target Population for Use: Individuals with DMD 4 years or older
(endpoint-dependent) regardless of stage of disease.

Stage of Drug Development for Use: All clinical efficacy
evaluation stages of drug development in DMD, including early
efficacy, proof-of-concept, dose-ranging, and registration
studies.

Intended Application: To help inform, through simulations, the
definition of inclusion/exclusion criteria, enrichment strategies,
stratification approaches, timing and selection of clinical
assessments, trial duration and sample size for studies
evaluating therapeutic candidates for DMD.
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The Duchenne Regulatory Science Consortium (D-RSC) at the Critical Path Institute was set up to develop tools to accelerate therapy development for Duchenne muscular dystrophy (DMD).  
D-RSC will provide the Duchenne drug development ecosystem with: 

o A CDISC (Clinical Data Interchange Standards Consortium) standard for Duchenne, which defines the regulatory-acceptable format, structure and terminology used in databases 
from clinical studies, enabling comparison between datasets. Available at https://www.cdisc.org/standards/therapeutic-areas/duchenne-muscular-dystrophy/duchenne-muscular-
dystrophy-therapeutic-area.

o An integrated database bringing together disease natural history data from multiple sources using the standard –available for analysis by the community to the extent permitted by 
the owners of each dataset.  [Currently includes 14 datasets, 7 can be shared]

o Clinical trial simulation tool developed from mathematical models of disease progression for submission to the regulatory authorities as a fit-for-purpose tool – which will be 
available to the community when qualified; potentially other regulatory-endorsed drug development tools.

The Critical Path Institute is a non-profit organization that specializes in forming public-private partnerships to develop drug development tools, and work towards qualification/endorsement of 
such tools with the regulatory authorities (e.g. FDA, EMA).  Each consortium is advised by an FDA liaison to ensure that products of the consortia are suitable for qualification

Table 1. Studies Included in the analysis dataset from the 
Integrated D-RSC Data Platform.  The database also includes data 
from Duchenne Connect, Leiden and  Summit Plc, which are not 
included in the analysis set.  FVC: Forced Vital Capacity, NSAA: 
Northstar ambulatory index, sd: standard deviation.

Plan for Model Development

• Letter of Intent to FDA Fit-for-Purpose pathway was
filed February 2019

• Agree on statistical analysis plan w. regulators- June
2019

• Develop models – By 2020
• Regulatory submission and more interactions, 2020
• Consider additional data and variables for modeling –

ongoing.

Next Steps  

Identify mathematical functions that describe changes over years 
of age for each of the measures

Describe the progression of DMD over years of age as 
measured by:

BrookeFVCNSAAVelocity 
climb

Velocity 
walk-
run

Incorporate two levels of random effects: 
between-individual variability (BIV) and residual variability (RV)

Perform simulation-
based diagnostics 

Bring all models together into a multivariate model of DMD 
progression (data permitting)

Perform simulation-
based diagnostics 

Incorporate a third level of random effects: between-study 
variability (BSV) (data permitting)

Perform model 
validation

Incorporate candidate covariates:
Steroids (current, past, never; deflazacort and prednisone), 

mutation group, age, race, BMI

Perform simulation-
based diagnostics 

stratified by relevant 
covariates 

Perform simulation-
based diagnostics 

stratified by relevant 
covariates 

Understanding of the trajectory of DMD progression over 
years of age and its predictors

Final multivariate or univariate DMD progression 
model(s)
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Figure 1. Flow chart describing process of development 
of clinical trial simulation platform

Changes in endpoints with time

Figure 2. Distribution of endpoints over time.  

Graphs show the distribution of endpoint measurements with 
age of patient across all studies. Units for dependent variables: 
Brooke = points; FVC = liters; NSAA = points; Velocity climb = 
1/second; Velocity stand = 1/second; Velocity walk-run = 
meter/second.  Open circles are observed data, and lines are 
LOESS (locally weighted scatterplot smoothing) smooth.  
Vertical dotted blue lines are for reference and correspond to 
4 and 20 years old

Preliminary Models

Summary of Covariate Data

Figure 3. Example of preliminary models – quadratic functions 
for velocity of completion of timed functional tests..
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Graphs show how a quadratic function would describe the 10m 
walk/run, supine-stand and 4 stair climb data in the D-RSC database.  
The blue line is the function, and the dots are individual observations.

Graphs show the relationship between the measurement predicted 
by the quadratic function correspond to actual observations.

Deviation from the predicted velocity showing that these models 
have reasonable predictive value.  However, we will test more 
complex model forms before selecting the best model for each 
endpoint.

Study
(Assigned ID)z Type of data

No. 
individua
ls

No. obs. Age range 
(years) 

Follow up 
in years 
(mean, sd)

Dependent variables

UC Davis
(DMD-1000) Natural history 60 527 4, 31 3.3, 3.1 Brooke, FVC, velocity 

climb, stand, walk-run
UC Davis 2
(DMD-1000A) Clinical Study 24 226 4, 14 0.8, 0.5 Brooke, velocity climb, 

stand, walk-run
CCHMC
(DMD-1002) Clinical 96 1697 4, 17 6, 2.1 FVC, NSAA, velocity climb, 

stand, walk-run

CINRG DNHS
(DMD-1003) Natural history 440 11475 4, 34 4.5, 2.8

Brooke, FVC, NSAA, 
velocity climb, stand, walk-
run

Santhera
(DMD-1004)

Placebo arm of 
trial 34 392 10, 19 1, 0.2 Brooke, FVC

Lilly
(DMD-1005)

Placebo arm of 
trial 116 2556 7, 15 0.9, 0.1 FVC, NSAA, velocity climb, 

stand, walk-run
CHOP
(DMD-1006) Clinical 42 79 5, 24 1, 1 FVC

Imaging DMD
(DMD-1007) Natural history 91 738 5, 18 1.9, 1.3 Velocity climb, stand, 

walk-run
PTC 007
(DMD-1009)

Placebo arm of 
trial 57 1515 5, 16 0.9, 0 Velocity climb, stand, 

walk-run
PTC 020
(DMD-1010)

Placebo arm of 
trial 115 3023 7, 15 0.9, 0.1 NSAA, velocity climb, 

stand, walk-run
CINRG steroid
(DMD-1011) Clinical trial 64 1982 4, 12 1, 0.3 Brooke, FVC, velocity 

climb, stand, walk-run

Figure 4. Example of 
what final simulation 
tool might look like.  

Age 
Range 
(years)

Height 
Range 
(cm)

Weight 
Range 

(kg)

BMI 
Range 

(kg/m-2)
Race (%) Mutation (%) Steroid use 

(%)

Prednisone or 
Deflazacort (of 
steroid users)

4,34 93, 190 12, 160 9.3, 56.4

Asian (8.9), 
White (58.9), 
Other (6.6), 
Unknown 

(0.9), Missing 
(24.8)

del_3-7 (0.9), dup (4.1), 
skip_44 (2.3), skip_45  (4.7), 
skip_51 (6.8), skip_53 (3.3), 
small_mut (1.9), stop (19.8), 
a_other_del (7.3), missing 

(48.8)

steroid naïve: 
29%, current 
steroid user: 

69%, past 
steroid use: 

2%

Prednisone: 49%, 
Deflazacort: 46%, 
Other/unknown:  

5%

Table 2. Summary of the data on the selected covariates in the 
database.  The covariates of interest include age, body mass index (BMI), 
race, mutation group and steroid use. 
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