Supplementary materials 5: Rationale for each health state and definitions
Health states were chosen to satisfy the following criteria:
· A change in health state represents a change in quality of life and/or resource cost/use
· The proposed health states make clinical sense and accurately describe DMD
· Outcomes commonly collected in clinical trials can be mapped onto the health states.
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Clinical opinion has been sought throughout the project to understand clinically significant milestones, to check assumptions, and to validate the proposed model:
· An initial advisory board took place on 01/11/2018 with two neurologists, one nurse, one patient advocate, and three mothers of individuals with DMD
· Follow-up questions were discussed with two clinicians on 21/01/2019
· The final health state proposal was circulated in March/April 2019 to twenty clinicians. Six replied (predominantly EU/UK based) with different specialisms (e.g., physiotherapist, endocrinologist). 
The feedback given strongly influenced the health state definitions developed. Feedback from Duchenne UK, Project HERCULES vendors and sponsors has also been incorporated.
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A review of outcomes in clinical trials was performed to identify which clinical outcomes were most commonly collected. 
Measures of ambulatory function
The most commonly recorded ambulatory outcomes were: 
· Time to stand from supine
· Six Minute Walking Test (6MWT)
· Time to walk/run 10 m
· Time to climb four stairs
· North Star Ambulatory Assessment (NSAA).
A review of best practices in collecting functional outcome data in DMD considered all of the above as commonly collected ambulatory measures (1). The only other measure mentioned in the review was sit-to-stand.
Measures of upper body function
The most common upper body outcomes were:
· Quantitative Muscle Testing (QMT)
· Performance of Upper Limb (PUL)
· Brooke score for upper extremity.
Although QMT was the most frequent outcome reported, it can be measured in different muscles, whilst PUL and Brooke assess hand-to-mouth function.
Measures of respiratory function
The most common respiratory outcome was:
· Forced Vital Capacity (FVC).
Forced Expiratory Volume in 1 second (FEV1), Maximum Inspiratory Pressure (MIP), Peak Expiratory Flow (PEF) and Maximum Expiratory Pressure (MEP) were also quite common.
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The rationale for health state definitions
Ambulatory health states
The review of clinical outcomes in trials suggested that the 6MWT, Timed Functional Tests (TFTs), and NSAA were the most commonly collected measures. Clinical opinion suggested that it was the ability to perform a functional test that was important, not the time taken, or the distance covered. The ability to stand from supine, to climb four stairs, and to walk/run 10 m were therefore selected as the key ambulatory measures to consider in the model.
The 6MWT was not selected, despite being the most prevalent primary outcome in ambulatory clinical trials. This was because it was the ability to walk that was important and this is captured by the ability to walk/run 10 m. Unlike the 6MWT, the walk/run 10 m test is routinely collected in UK clinical practice, is often used to define whether a patient is ambulatory in the clinical setting (2), and is abundantly available in the D-RSC data. 
The time to climb four stairs was also not included. This test is not routinely collected in UK practice and there can be greater variability in administration of the test in terms of step height and the techniques allowed (i.e. whether patients are allowed to hold onto rails or use their hands to get up the stairs). 
Therefore, a decision was made to include stand from supine and walk/run 10 m tests in the ambulatory health state definitions. Function is lost in a predictable order: the ability to stand from supine is lost first and the ability to walk/run 10 m is lost last (3, 4). The “Early Ambulatory” state was therefore defined as being able to stand from supine and being able to walk/run 10 m. The “Late Ambulatory” state was defined as not being able to stand from supine, but still being able to walk/run 10 m.


The transfer state
There is a transitional phase after the patient has lost the ability to walk/run 10 m, where they can support their own weight to facilitate transfers, for example between wheelchair and toilet. This ‘transfer’ stage has been included to address the significant change in resources and caregiver burden when patients exit this state. 
To limit the total number of health states in the model, only one measure was used to describe the transfer state. The loss of the ability to remain standing was chosen because it was considered a more clinically significant milestone than sit-to-stand, as it is associated with a greater burden on caregivers and resource use/costs. 
The transfer state was defined as no longer being able to walk/run 10 m, but still being able to stand (NSAA score of 1 or 2).
Non-ambulatory health states
It has been noted in the literature that upper limb and respiratory function provide critical information for the non-ambulant phase (2).
Upper limb function
The review of clinical outcomes in trials suggested that QMT, PUL, and Brooke were the most commonly collected upper body measures. Clinical opinion was that QMT is measured in different muscles and is a measure of muscle strength rather than functional ability, as such, this measure was discounted for use in health state definitions. 
The PUL is increasingly superseding the Brooke score. However, both measures capture hand-to-mouth function and the use of fine motor skills, and the Brooke score was the only upper body measure available in the D-RSC dataset.
Both loss of hand-to-mouth function and fine motor skills can be determined from the Brooke score. However, loss of hand-to-mouth function was chosen as the only milestone to represent upper body function for the following reasons:
· In the interest of parsimony and limiting the number of non-ambulatory states (respiratory milestones took precedence as ventilation was deemed more clinically important than upper body function)
· Hand-to-mouth function was more prevalent in the functional scales compared to fine motor skills (3, 5, 6)
· Initial data exploration showed very few patients recorded a Brooke score of 6 (indicating that fine motor skills had been lost). It was expected that this was, in part, due to patients having died before reaching this milestone. Conversely, considerably more patients were expected to lose hand-to-mouth function (as this milestone is achieved first).
A Brooke score of ≤4 was used to define (unweighted) hand-to-mouth function. This was chosen over a cut off of ≤3 as it was felt this better represented the ability to self-feed and reflected the threshold suggested in the literature (3, 7).
Respiratory function
FVC was the most commonly collected respiratory measure in trials. Although other measures were also collected, data were only available for FVC in the D-RSC dataset. Race, age, and height were also collected, so these data could be converted to FVC percent predicted (FVC%).
Clinicians felt that the most important respiratory milestones were initiation of night-time and full-time ventilation, and as such, both were considered within the health state definitions. 
Recent guidelines have suggested an FVC% score of <50% is an indication to begin nocturnal ventilation (8). Unpublished work suggested that PEF (or PEF%p) may have provided a more discriminatory cut point, however, PEF data were not available in the D-RSC dataset.
No FVC or FVC% threshold has been suggested for full-time ventilation (8), as this transition is seen as a natural progression from nocturnal ventilation. An FVC% value of <30% has frequently been associated with more severe pulmonary insufficiency and has been considered as an important milestone to reach (9-11).
In the absence of PEF and ventilator data, the FVC% cut off value of <50% was used to indicate nocturnal ventilation and <30% was used to indicate full-time ventilation. 
Order of loss of function
It was unclear whether patients would lose hand-to-mouth function or would have FVC% <50% first. As such, we allowed for either milestone to occur first in the model. We assumed that patients would only go on to have FVC% <30% after the patient has lost hand-to-mouth function and achieved FVC <50%. 
Health state definitions
Table 1 provides the definition of health states in the DMD natural history model.
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	Health state
	Definition

	1
	Early Ambulatory

	The patient can stand from supine and can walk/run 10 metres

	2
	Late Ambulatory

	The patient can no longer stand from supine but can still walk/run 10 metres

	3
	Transfers

	The patient can no longer walk/run 10 metres but can still (remain) standing for 3 seconds (NSAA score of 1 or 2)

	4
	Hand-to-mouth function
No ventilator
	The patient can no longer (remain) standing for 3 seconds (NSAA score of 0)
The patient has hand-to-mouth (Brooke score ≤4)
The patient is not on a ventilator (FVC% ≥50%)

	5
	No hand-to-mouth function
No ventilator
	The patient has no hand-to-mouth (Brooke score >4)
The patient is not on a ventilator (FVC% ≥50%)

	6
	Hand-to-mouth function
Night-time ventilation
	The patient has hand-to-mouth (Brooke score ≤4)
The patient is on night-time ventilation (30%≤FVC%<50%)

	7
	No hand-to-mouth function
Night-time ventilator
	The patient has no hand-to-mouth (Brooke score >4)
The patient is on night-time ventilation (30%≤FVC%<50%)

	8
	Full-time ventilator
	The patient is on full-time ventilation (FVC%<30%)

	
	Death
	


Abbreviations: FVC%, Forced Vital Capacity percent predicted; NSAA, North Star Ambulatory Assessment.
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