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PROJECT HERCULES: ESTIMATING LIFE-EXPECTANCY FOR PATIENTS WITH DUCHENNE MUSCULAR
DYSTROPHY USING INDIVIDUAL PATIENT DATA EXTRACTED FROM THE PUBLISHED LITERATURE
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Results

Figure 1

About Duchenne
Duchenne Muscular Dystrophy (DMD) is a rare
progressive disease that is often diagnosed in
early childhood, and results in significantly
reduced life expectancy. The disease almost
always affects boys, and there is no current cure.

Data Sources
Of 368 “hits” identified in PubMed up until January
2019, 12 publications were found to meet the
inclusion criteria and provided data on 2,161
patients, of whom 932 had died.

About Project HERCULES
Project HERCULES is an international multistakeholder collaboration led by Duchenne UK
that is developing disease-level tools and evidence
to support HTA and access decisions for new
treatments for Duchenne Muscular Dystrophy.
Figure 1: Kaplan-Meier curve of DMD survival in all studies.

About The Research
Due to the rarity of DMD, both the research
literature and patient numbers are limited. In
order to be able to fully characterise the natural
history of DMD as part of Project HERCULES,
appropriate estimates of the life-expectancy of
patients with DMD are crucial.

Methods
Literature Review
A review of the published literature was
undertaken in January 2019 by searching PubMed
for publications including a reference to DMD as
well as different key terms. Animal studies were
excluded. The identified publications were then
searched for Kaplan-Meier (KM) survival curves
containing age as a time-scale, of sufficient quality
to digitise and reporting the numbers at risk
within each curve.
Data Extraction
The extracted curves were then digitised using
WebPlotDigitizer [1] and individual patient data
(IPD) estimated via the Guyot algorithm [2] and
implemented using the ipdfc command [3] in
Stata. The cohorts were pooled into one dataset.
Analysis
A piecewise-exponential (PWE) survival model
with 5-year interval lengths was fitted using
mestreg in Stata, with a frailty term following a
N(0, θ) distribution to account for between-study
heterogeneity. Analysis was adjusted for the
period in which each study cohort was observed,
stratified into three categories; pre 1990 (before
the use of steroids became convention), 19902010, and post 2010 (when international
guidelines on treatment standardisation had been
published). The length of interval was chosen as a
trade-off between sufficiently capturing the
disease trajectory and avoiding over-reliance on
the limited data sources.

Table 1
Table 1: Mortality rates (expressed as deaths per 1,000
person-years) in 5-year piecewise exponential model,
stratified by cohort and with a Normal frailty term.
Deaths per
Age band
1,000 PYs
0-5
0.2

SE

Lower CI

Upper CI

0.0002

0

1

5-10

1

0.0004

0

2

10-15

23

0.006

14

39

15-20

152

0.038

93

248

20-25

220

0.056

134

363

25-30

226

0.061

134

383

30-35

206

0.060

116

367

35-40

193

0.065

99

374

40-45
771
0.266
391
1517
Treatment
Hazard
SE
Lower CI
Upper CI
cohort
ratio
Pre 1990 [reference] [reference] [reference] [reference]
1990-2010

0.221

0.023

0.180

0.271

Post 2010
Frailty
term

0.170

0.139

0.034

0.845

Estimate

SE

Lower CI

Upper CI

0.572

0.255

0.238

1.371

θ

Figure 2

Life Expectancy
Median age at death was 23.3 years (95% CI: 22.6
to 24.0 years) with only 24.5% alive by age 40 (95%
CI: 21.5% to 27.5%), as Fig. 1 shows. Fig. 2 shows
the predicted survival probabilities from the 5-year
PWE model, stratified by cohort and overlaid on
KM survival curves, indicating that the model fits
well to the extracted data.
Mortality Rates
Table 1 demonstrates an increase in mortality of
DMD patients as they age, with just 1 death per
1,000 person-years (PYs) for patients aged 5-10
compared to around 200 deaths for 20-40 year
olds, and 771 deaths for patients over 40. Table 1
also indicates significantly reduced mortality rates
(i.e. increased life-expectancy) in more recent
patient populations, reflecting changes in
treatment practices.
Between-Study Heterogeneity
As the identified publications come from many
different countries and were published over a wide
time period, it is unsurprising that there was a
large amount of variance (θ = 0.57, 95% CI 0.241.37) between studies, necessitating a frailty term.

Conclusion
This study provides estimates of the life
expectancies and mortality rates of DMD, a rare
disease with limited research. In the absence of
large-scale prospective cohort studies or trials
reporting mortality data for patients with DMD,
extraction of IPD from the literature provides a
viable alternative to estimate life-expectancy for
this patient population. Further research
comparing these estimates to population-level
data, for example using Clinical Practice Research
Datalink (CPRD) in the UK, is warranted in order to
assess both possible selection effects and the
tailoring of results to a specific jurisdiction.
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