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Abstract

Introduction: In this study we characterized disease progression over 48 weeks

among boys receiving deflazacort vs prednisone/prednisolone placebo arm treatment

in two recent Duchenne muscular dystrophy (DMD) clinical trials.

Methods: Ambulatory boys with DMD receiving placebo in the phase 3 ataluren

(N = 115) and tadalafil (N = 116) trials were included. The trials required at least 6 months

of prior corticosteroid use and stable baseline dosing. Associations between corticosteroid

use and 48-week changes in ambulatory function were estimated using mixed models.

Adjusted differences between corticosteroid groups were pooled in a meta-analysis.

Results: In the meta-analysis, deflazacort-treated patients vs prednisone/prednisolone-

treated patients experienced, on average, lower declines of 28.3 meters on 6-minute

walk distance (95% confidence interval [CI], 5.7, 50.9; 2.9 seconds on rise from supine

[95% CI, 0.9, 4.9 seconds]; 2.3 seconds on 4-stair climb [95% CI, 0.5, 4.1 seconds]; and

2.9 [95% CI, 0.1, 5.8] points on the North Star Ambulatory Assessment linearized score).

Discussion: Deflazacort-treated patients experienced significantly lower functional

decline over 48 weeks.
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1 | INTRODUCTION

Approximately 1 in every 5000 live male births1 is affected by

Duchenne muscular dystrophy (DMD), an inherited, X-linked disease

caused by mutations to the gene encoding dystrophin.2

The corticosteroids deflazacort and prednisone/prednisolone are

standards of care for the treatment of DMD.3 Both drugs appear to

improve muscle strength and slow disease progression,4-7 and their

increased use in early patient management is credited with changing

the natural history of the disease.6,8 Although prednisone/predniso-

lone is currently used off-label to treat DMD, deflazacort was recently

approved by the United States Food and Drug Administration for use

in patients with DMD who are 5 years or older.

As only a few studies have involved both deflazacort and predni-

sone/prednisolone-treated patients, there has thus far been limited

investigations of their comparative efficacy on functional outcomes, par-

ticularly in the context of modern supportive care, physical therapy, and

rigorous clinical trial evaluation. One recent study in the Cooperative

International Neuromuscular Research Group (CINRG) natural history

cohort9 reported a lower rate of ambulation loss among deflazacort-

treated patients in comparison to prednisone/prednisolone-treated

patients.6 However, analyses of placebo arm data from recently com-

pleted DMD clinical trials can provide additional information about the

comparative efficacy of these drugs, as patients in trial placebo arms are

required to be on stable corticosteroid dosing regimens at trial entry, and

allowed to continue using stable doses of corticosteroids for the duration

of the trial. In addition, trial patients receive a broad range of functional

assessments, allowing for a more comprehensive investigation of the

impacts of corticosteroids on different markers of disease progression.

In this study we compare disease progression rates between

patients receiving these corticosteroids in the placebo arms of two

recently concluded and independent phase 3 trials: the tadalafil DMD

trial10 and the Ataluren Confirmatory Trial in DMD (ACT DMD).11 The

aim of our study was to obtain a pooled estimate of the difference in

progression rates, over a 48-week period, between patients who were

receiving deflazacort vs prednisone/prednisolone.

2 | METHODS

2.1 | Data sources

Individual patient data were used from placebo arm patients in a

phase 3 trial of tadalafil for the treatment of DMD (NCT01865084;

data provided to the Collaborative Trajectory Analysis Project by Eli

Lilly and Company).10 Published summary data were also obtained

from placebo arm patients in a phase 3 trial of ataluren

(NCT01826487; ACT DMD).11 The trial data used in this study was

received de-identified from Eli Lilly and thus no institutional review

board approval was required for our investigation.

The tadalafil DMD trial was a randomized, double-blind, placebo-

controlled, phase 3 trial of tadalafil conducted at 63 sites in 15 coun-

tries, which enrolled ambulatory males with DMD aged 7 to 14 years

who had baseline 6-minute walk distance (6MWD) between 200 and

400 meters.10 Patients were randomly assigned to receive placebo,

low-dose tadalafil (0.3 mg/kg), or high-dose tadalafil (0.6 mg/kg) daily

for 48 weeks. A total of 116 patients were randomized to placebo and

included in the present analysis.

ACT DMD was a randomized, double-blind, placebo-controlled,

phase 3 trial of ataluren conducted at 54 sites in 18 countries, which

enrolled ambulatory males aged 7 to 16 years with nonsense mutation

DMD who had baseline 6MWD of at least 150 meters.11 Patients

were randomly assigned to receive placebo or ataluren (40 mg/kg/d)

for 48 weeks. A total of 115 patients were randomized to placebo

and included in the present analysis.

In both trials, inclusion criteria required participants to have sys-

temic deflazacort or prednisone/prednisolone use for at least

6 months before trial recruitment, with stable corticosteroid dosing

for at least 3 months before the start of treatment. Patients continued

their corticosteroid use during the trial period with stable dosing.

2.2 | Functional outcomes

Functional assessments were conducted at baseline and every

12 weeks in the tadalafil DMD trial, and every 8 weeks in ACT DMD.

Outcomes assessed in both trials included 6MWD,12 timed functional

tests (supine to stand, 4-stair climb, and 10-meter walk/run),9 and the

North Star Ambulatory Assessment (NSAA), a 17-item functional scale

specifically designed for ambulant boys with DMD.13,14 For NSAA,

the NSAA total score (range, 0–34) and the NSAA linearized score, a

transformed version of the NSAA total score (range, 0–100), based on

a Rasch analysis,15 were both calculated.

As some patients were not able to complete functional assessments

at trial visits due to disease progression, imputations of 6MWD values

and timed function test completion times were carried out in certain sit-

uations. Specifically, patients who became unable to perform a valid

6MWD from permanent loss of ambulation due to disease progression

were assigned a 6MWD of zero at all visits after the date when such an

event was reported. For ambulatory subjects who did not perform a

valid test, the 6MWD was recorded as missing. Similarly, for patients

who became unable to perform a timed function test due to disease

progression, a value of 30 seconds was assigned for each visit at which

the subject was no longer able to perform the test. For subjects who

did not perform a timed function test for other reasons, such as a bone

fracture, the relevant tests were considered as missing.

The NSAA total score in both trials was calculated as the sum of

scores on the 17 test items making up the NSAA. For this analysis, if

fewer than 13 of the 17 test items were performed for any patient,

the total score for that patient was considered as missing. If between

13 and 16 test items were performed, the total score was calculated

by rescaling the sum of the scores to reflect 17 test items, assuming

the same average scores for the missing tests (ie, multiplying the sum

of the scores in the number of test items performed by 17 / number

of test items performed).11 The NSAA linearized score was computed

in each trial based on a published scale transforming NSAA raw scores
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to NSAA linearized scores.13 No imputations were made for patients

with missing values for NSAA linearized scores.

Handling of the missing data was consistent between deflazacort-

and prednisone/prednisolone-treated patients within each trial. In

ACT DMD, multiple imputation was used to handle missing outcomes

data.16 In the tadalafil DMD trial, a complete case analysis was used.

All included patients had at least one follow-up visit with nonmissing

data for each outcome. At the visit level, the proportion of visits with

missing data was less than 4% for all outcomes, except for the

10-meter walk/run, which was missing in 14% of visits. Proportions

missing were similar between steroid groups.

2.3 | Statistical analysis

2.3.1 | Individual patient data from Tadalafil DMD
trial placebo arm

First, individual patient data from the tadalafil DMD trial placebo arm

were analyzed to estimate disease progression rates in this population.

Patients were classified as either deflazacort or prednisone/prednisolone

users based on their corticosteroid use at trial enrollment. A mixed model

with repeated-measures (MMRM) analysis parallel to that used in a recent

analysis15 of the ACT DMD placebo arm was used to model change in

functional measures in the tadalafil DMD trial placebo arm. Specifically,

the mean of the change from baseline for each functional measure at trial

visits over time was modeled as a function of visit week (12, 24, 36, and

48 weeks), corticosteroid group (deflazacort vs prednisone/prednisolone),

duration of prior corticosteroid use (≥6 to <12 months vs ≥12 months),

age (<9 years vs ≥9 years), baseline 6MWD category (≥350 meters vs

<350 meters), baseline value of the functional measure serving as the out-

come, and interactions between visit week and each other characteristic.

The covariance among patients’ repeated measures over the

48-week period was modeled using an unstructured covariance

matrix. This assumes that the variances in the outcome measure may

differ among visits, and estimates a unique correlation between every

pair of study visits. Based on the fitted model, predicted means (least-

squares means) were obtained, and an estimate of the mean and stan-

dard error of the difference in 48-week change between the

deflazacort and prednisone/prednisolone groups was calculated.

2.3.2 | Summary data from ACT DMD placebo arm

Disease progression rates among patients in the ACT DMD placebo

arm were reported in a recent trial publication.16 Estimates of the

48-week change in functional outcomes for patients in each cortico-

steroid group were extracted from this publication. Patients’ baseline

characteristics and additional information on analysis specifications

were also obtained from the ACT DMD study investigators.

2.3.3 | Meta-analysis of placebo arms

A fixed-effects meta-analysis using inverse variance weights was used

to obtain combined estimates of disease progression rates from the

tadalafil DMD trial and ACT DMD placebo arms. Pooled effect esti-

mates and 95% confidence intervals for the difference in the 48-week

change between the deflazacort and prednisone/prednisolone groups

were obtained for each functional outcome. Heterogeneity was

TABLE 1 Baseline characteristics in tadalafil DMD trial and ACT DMD placebo arms

Tadalafil DMD trial placebo arm ACT DMD placebo arm

Total
(N = 116)

Deflazacort
(N = 58)

Prednisone/
prednisolone
(N = 58)

Total
(N = 115)

Deflazacort
(N = 53)

Prednisone/
prednisolone
(N = 62)

Age (years) 9.5 (1.8)* 9.8 (2.0) 9.1 (1.4) 9.0 (1.7) 9.2 (1.7) 8.8 (1.6)

Corticosteroid duration before

baseline, months [n (%)]

6 to <12 months 14 (12.1) 6 (10.3) 8 (13.8) 19 (16.5) 7 (13.2) 12 (19.4)

≥12 months 102 (87.9) 52 (89.7) 50 (86.2) 96 (83.5) 46 (86.8) 50 (80.6)

Daily corticosteroid use [n (%)] 85 (73.3)* 50 (86.2) 35 (60.3) 84 (73.0)* 45 (84.9) 39 (62.9)

6MWD (meters) 335.0 (49.6) 343.5 (45.1) 326.5 (52.8) 362.7 (81.4) 361.3 (87.7) 363.9 (76.4)

NSAA total score 20.2 (7.1) 20.4 (6.7) 20.0 (7.4) 21.7 (8.1) 20.7 (7.1) 23.0 (9.0)

NSAA linearized score 55.9 (14.8) 56.0 (13.6) 55.7 (16.1) 60.0 (18.4) 57.2 (15.4) 63.3 (21.4)

Rise from supine (seconds) 13.3 (10.0) 13.3 (10.4) 13.2 (9.7) 9.8 (8.0) 8.7 (7.7) 10.7 (8.2)

10-meter walk/run (seconds) 6.6 (1.9) 6.6 (1.9) 6.7 (2.0) 6.8 (2.9) 6.6 (3.2) 7.1 (2.6)

4-stair climb (seconds) 7.2 (5.8) 7.1 (5.7) 7.3 (6.0) 6.5 (5.7) 6.4 (6.9) 6.5 (4.4)

Note: Characteristics are presented as mean (standard deviation), unless otherwise specified.

Abbreviations: 6MWD, 6-minute walk distance; ACT DMD, Ataluren Confirmatory Trial in Duchenne Muscular Dystrophy; DMD, Duchenne muscular

dystrophy; NSAA, North Star Ambulatory Assessment.

*P < .05 for difference between deflazacort and prednisone/prednisolone groups.
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assessed using the Cochran Q test and I2 measure. No adjustment

was applied for multiple comparisons.

2.3.4 | Sensitivity analysis

To adjust for differences in steroid regimens between the deflazacort and

prednisone/prednisolone groups, sensitivity analyses were performed for

the analyses of change in the 6MWD. In particular, the MMRM analyses

for the 48-week change in 6MWD in each trial placebo arm were

repeated with additional adjustments for the corticosteroid regimen at

baseline (categorized as daily use vs non–daily use) and the interaction

between corticosteroid regimen and visit week. The results adjusting for

corticosteroid regimen in each trial placebo arm were then pooled using

the fixed-effects meta-analysis approach just detailed.

3 | RESULTS

3.1 | Baseline characteristics

Baseline characteristics in each trial are summarized in Table 1.

Patients receiving deflazacort were, on average, slightly older than

those receiving prednisone/prednisolone. In both trial arms, the pro-

portion of patients with at least 12 months of prior corticosteroid use

and the proportion of patients receiving a daily regimen were higher

among deflazacort than among prednisone/prednisolone-treated

patients. In both trial placebo arms, mean baseline 6MWD was similar

between the deflazacort and prednisone/prednisolone groups.

Among patients on a daily dosing regimen, in the tadalafil DMD trial

placebo arm, the mean dose among prednisone/prednisolone-treated

patients was 0.579 mg/kg/d (77.2% of the recommended dose) vs

0.655 mg/kg/d (72.8% of the recommended dose) among deflazacort-

treated patients. In the ACT DMD placebo, mean doses were

0.515 mg/kg/d (68.7% of the recommended dose) and 0.695 mg/kg/d

(77.2% of the recommended dose) among prednisone/prednisolone-

and deflazacort-treated patients, respectively.16 Both trials required a

stable dose of steroids over the 6 months prior to enrollment, but did

not impose any requirements on frequency or dose.

3.2 | Disease progression outcomes in each trial

For 6MWD outcomes at week 48, average declines in deflazacort-

treated patients were approximately 25 meters less in the tadalafil

DMD trial placebo arm, and 32 meters less in the ACT DMD placebo

arm compared with prednisone/prednisolone-treated patients

(Table 2). For timed function tests, compared with the prednisone/

TABLE 2 The 48-week change in ambulatory function in deflazacort and prednisone groups in the tadalafil DMD trial and ACT DMD
placebo arms

Deflazacort
(95% CI)

Prednisone/
prednisolone
(95% CI)

Difference*
(95% CI) P value

6MWD (meters)

Tadalafil DMD trial PBO −43.2 (−75.0, −11.4) −68.0 (−98.2, −37.7) 24.8 (−7.9, 57.4) 0.14

ACT DMD PBO −39.0 (−68.9, −9.2) −70.6 (−97.2, −44.0) 31.6 (0.2, 62.9) 0.05

4-stair climb (seconds)

Tadalafil DMD trial PBO 3.8 (1.2, 6.4) 5.4 (2.9, 7.8) −1.6 (−4.2, 1.1) 0.25

ACT DMD PBO 3.8 (1.5, 6.0) 6.7 (4.7, 8.6) −2.9 (−5.3, −0.5) 0.02

Rise from supine (seconds)

Tadalafil DMD trial PBO 5.4 (2.3, 8.5) 8.8 (5.9, 11.6) −3.4 (−6.5, −0.2) 0.04

ACT DMD PBO 4.5 (2.0, 7.0) 7.1 (4.9, 9.3) −2.6 (−5.2, 0.0) 0.05

10-meter walk/run (seconds)

Tadalafil DMD trial PBO 3.4 (0.8, 6.0) 2.8 (0.2, 5.3) 0.6 (−2.0, 3.3) 0.65

ACT DMD PBO 3.2 (1.3, 5.0) 3.3 (1.6, 4.9) −0.1 (−2.1, 1.9) 0.93

NSAA total score

Tadalafil DMD trial PBO −3.4 (−5.2, −1.6) −4.6 (−6.3, −3.0) 1.2 (−0.6, 3.0) 0.19

ACT DMD PBO −3.4 (−4.8, −2.0) −4.5 (−5.8, −3.2) 1.1 (−0.4, 2.6) 0.14

NSAA linearized score

Tadalafil DMD trial PBO −8.3 (−12.6, −4.0) −11.9 (−15.8, −7.9) 3.6 (−0.9, 8.0) 0.12

ACT DMD PBO −8.2 (−10.9, −5.4) −10.6 (−13.2, −8.0) 2.5 (−1.2, 6.2) 0.19

Abbreviations: 6MWD, 6-minute walk distance; ACT DMD, Ataluren Confirmatory Trial in Duchenne Muscular Dystrophy; CI, confidence interval; PBO,

placebo; NSAA, North Star Ambulatory Assessment.

*Difference calculated as deflazacort − prednisone. Tadalafil DMD trial PBO estimates are from analyses of individual patient data. ACT DMD estimates

are extracted from published results. For both trials, differences are based on least-squares means of 48-week change from baseline obtained from mixed

model with repeated-measures analyses.
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prednisolone group, those receiving deflazacort experienced smaller

or comparable numerical declines in mean function (Table 2).

3.3 | Meta-analysis of disease progression rates

Pooled estimates from the meta-analysis gave similar results. In

pooled estimates from the meta-analysis, patients receiving

deflazacort experienced significantly lower magnitudes of decline in

function as assessed by 6MWD, rise from supine, 4-stair climb, NSAA

total score, and NSAA linearized score over 48 weeks compared with

patients receiving prednisone/prednisolone (Table 3 and Figure 1).

However, changes in 10-meter walk/run time did not differ signifi-

cantly between corticosteroid groups.

3.4 | Sensitivity analysis

The greater preservation of 6MWD among deflazacort-treated

patients was observed even after adjusting for corticosteroid regimen

in both trial placebo arms. After adjusting for regimen, declines in

average 6MWD among deflazacort-treated patients relative to pred-

nisone/prednisolone-treated patients were of a similar magnitude in

the tadalafil DMD trial placebo arm (approximately 28 meters less)

and the ACT DMD placebo arm (26 meters less). Pooling these results,

the average 6MWD declined approximately 27 meters less among

deflazacort-treated patients than among prednisone/prednisolone-

treated patients (see Table S1 online).

4 | DISCUSSION

Patients receiving deflazacort were found to experience significantly

slower rates of decline over 48 weeks than those receiving predni-

sone/prednisolone on multiple measures of ambulatory function.

Overall, the associations between steroid group and ambulatory mea-

sures were generally consistent in magnitude and direction across the

two trials described in this meta-analysis.

Recent research has sought to characterize the magnitudes of

changes in functional measures indicative of meaningful clinical benefit

for patients with DMD.13,17-19 The pooled estimate of decline in

6MWD of approximately 30 fewer meters observed in deflazacort-

treated patients in these two trials is consistent with, or exceeds, the

posited minimally clinically meaningful differences for 6MWD in

patients with DMD, which ranges between 26.4 meters and 31.7

meters.18,19 Similarly, the preservation in deflazacort-treated patients

of approximately 2 to 3 seconds on timed rise from supine and timed

4-stair climb is generally in line with distribution-based estimated mini-

mal clinically important differences (MCIDs) for these measures, which

are suggested to be around 2.2 seconds for timed 4-stair climb and

3.6 seconds for timed rise from supine.18 A statistically significant

1 point relative preservation in the raw NSAA score was seen

in deflazacort-treated patients in comparison to prednisone/

prednisolone-treated patients. However, the observed preservation of

approximately 3 more points in the linearized NSAA score with

deflazacort treatment falls short of the 10-point change that has been

suggested as clinically meaningful for this measure.13 This proposed

10-point MCID for the linearized NSAA was based on cross-sectional

data comparing patients on daily and intermittent steroid regimens

where the differences between groups ranged from 5 points (at age

9 years) to 13.4 points (at age 10 years). However, the 1-point change

on the NSAA total raw score does indicate the relative preservation of

one functional activity assessed by the NSAA, which at face value

would be meaningful to a patient. Taken together, the magnitude of

changes observed on these functional outcomes suggests that patients

receiving deflazacort in these studies experienced clinically meaningful

levels of slower disease progression on certain functional assessments.

The finding of slower disease progression among patients receiving

deflazacort is consistent with the other studies9,20,21 that directly com-

pared deflazacort and prednisone/prednisolone treatment in patients

with DMD. One randomized trial, completed in 1995, showed that both

corticosteroids were effective in preserving muscle strength relative to

placebo, over a 12-week period.20 In the trial, relative to 0.75 mg/kg/d

prednisone, 0.9 mg/kg/d deflazacort was associated with improved

muscle strength from week 12 to week 52, and numerically greater

improvements from baseline to week 52.20 Another trial of 18 patients,

completed in 2000, showed no difference in functioning between

deflazacort and prednisone patients.21 More recently, a study in the

CINRG natural history cohort9 showed both corticosteroids to be effec-

tive in preserving function relative to no treatment, but also noted

a lower rate of loss of ambulation among deflazacort-treated patients

relative to prednisone/prednisolone.6,22 Another recent investigation

of longer term glucocorticoid use in CINRG also found that deflazacort-

TABLE 3 Meta-analysis of difference* in 48-week change in ambulatory function between deflazacort and prednisone/prednisolone groups

Pooled estimate SE 95% CI P value Cochran Q I2 (%)

6MWD (meters) 28.3 11.5 (5.7, –50.9) 0.01 0.09 0.00

4-stair climb (seconds) −2.3 0.9 (−4.1, −0.5) 0.01 0.54 0.00

Rise from supine (seconds) −2.9 1.0 (−4.9, −0.9) <0.01 0.13 0.00

10-meter walk/run (seconds) 0.2 0.8 (−1.4, 1.8) 0.85 0.18 0.00

NSAA total score 1.2 0.6 (−0.01, 2.3) 0.05 0.01 0.00

NSAA linearized score 2.9 1.5 (0.1, 5.8) 0.04 0.14 0.00

Abbreviations: 6MWD, 6-minute walk distance; CI, confidence interval; NSAA, North Star Ambulatory Assessment; SE, standard error.

*Difference calculated as deflazacort − prednisone.
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treated patients, in comparison to prednisone/prednisolone-treated

patients, demonstrated an approximately 2-year delay in median age at

loss of ability to stand from supine, a 2.7-year delay in median age at

loss of ambulation, and a 2.7-year delay in age at loss of hand-to-mouth

function (defined as transition to a Brooke upper extremity function

score of ≥5).6

There are several functional attributes and immunological effects

that are the basis for the differential efficacy of deflazacort in

F IGURE 1 Forest plot shows differences in 48-week change in ambulatory function between the prednisone and deflazacort groups.
Abbreviations: 6MWD, 6-minute walk distance; ACT DMD, Ataluren Confirmatory Trial in Duchenne Muscular Dystrophy; NSAA, North Star
Ambulatory Assessment; PBO, placebo
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comparison to prednisone. In a study of corticosteroid alterations of

immune response to dystrophin in patients with DMD, Flanigan et al

showed that deflazacort has a greater impact on decreasing

interferon-gamma levels than prednisone.23 This effect on interferon-

gamma leads to multiple immunomodulatory effects, including modu-

lation of JAK–STAT pathways, nuclear factor-κB levels, cytokine

production, T-cell differentiation, and a shift from a proinflammatory

(M1) macrophage phenotype to a phenotype associated with repair

and healing (M2, especially M2c).23-26 Deflazacort also affects multi-

ple gene expression pathways in DMD, including those involved in

the activation of satellite cells, myogenesis, regeneration,

adipogenesis, muscle growth, and tissue inflammation. Deflazacort

upregulates CDH15, C-MET, DLK1, FGF2, IGF1R, MYF5, MYF6, MYOD,

and PAX7 expression toward normal values, and downregulates CD68,

MYH8, and TNF-α toward normal ranges.27

In terms of chemical attributes affecting bioavailability, deflazacort

is a prednisolone analog with an oxazoline group at carbon 17 and has

reduced lipid solubility vs prednisolone. Deflazacort is 40% protein

bound and has no affinity for corticosteroid binding globulin (tran-

scortin) and binds to plasma protein and blood cells instead, crossing

the blood–brain barrier in very low concentrations in comparison to

prednisone and prednisolone.28 As DMD progresses and the muscle

tissue is replaced by fat, more prednisone or prednisolone would be

expected to be taken up in the fatty tissues, whereas relatively more

deflazacort would be bioavailable to target muscle fibers. This may

explain the relative functional preservation in skeletal muscle end-

points with deflazacort. In addition, less deflazacort crosses the

blood–brain barrier, which may impart an advantage with regard to

behavioral side effects. With the approval and development of addi-

tional therapies for DMD, combination therapy with corticosteroids

and dystrophin-producing therapies, such as antisense oligonucleo-

tides (eteplirsen), nonsense mutation read-through mechanisms

(ataluren), and potential other mechanisms, including gene therapies

under development, warrants further study, as there is potential for

additive benefits from different mechanisms of action.

An important strength of the meta-analysis presented here is that

it is based on data from two large, modern, high-quality phase 3 clinical

trials in DMD, both of which used standardized and validated clinical

endpoints to assess functional change over time. In addition, consis-

tent statistical approaches were used to measure average change in

functioning over time in both studies.

This study also has some important limitations. As corticosteroid

assignment was not randomized, results may be confounded by

unobserved baseline differences between the deflazacort and predni-

sone/prednisolone groups. Nonetheless, adjustments were made for

observed differences such as corticosteroid duration, corticosteroid

regimen, age, and baseline 6MWD; the smaller declines observed in

deflazacort patients in the respective trial populations were robust to

these adjustments. As deflazacort was not commercially available in

the United States until 2017, it is possible that, over the time frame of

these trials, deflazacort use in the United States would have been

more prevalent among patients from higher socioeconomic status

(SES) families, who would generally be expected to have access to

better supportive care. As markers of SES were not available in this

study, an adjustment for this potential confounding factor could not

be carried out. However, in both trials, patients from the United States

made up a relatively small proportion of all placebo arm patients (28%

and 32% of all patients in ACT DMD and tadalafil DMD trial placebo

arms, respectively), and it appears unlikely that differences in these

relatively small subsets of the population would be large enough to

explain the overall consistent treatment benefit seen in the popula-

tion. In general, deflazacort and prednisone/prednisolone use varied

by region, and region-specific differences in patient care may also

have contributed to the observed differences in disease progression.

Future analyses of pooled individual patient data will be able to inves-

tigate possible region-specific differences, as well as other possible

subpopulation differences in treatment patterns and outcomes.

Second, these analyses reflect differences over a 48-week time

horizon in a clinical trial setting; comparative effectiveness over longer

periods of use in natural history settings warrant further study.

Although recent studies in the CINRG cohort have suggested long-term

benefit of deflazacort on preservation of functional abilities,6,22 further

analyses in other natural history cohorts will be useful to confirm these

findings, more precisely quantify long-term functional benefit, and

inform decisionmaking on the trade-off between functional improve-

ment and the risk of side-effects associated with each corticosteroid.

As uncertainty still remains about the efficacy of specific corticoste-

roid regimens, a variety of dosing regimens are used in practice.29 Dif-

ferences in dosing regimens were present within the corticosteroid

groups in our study as well. Daily dosing regimens were more common

in the deflazacort group in both studies, perhaps reflecting differences

in tolerability between these steroids. In ACT DMD, 84% of

deflazacort-treated patients and 64% of prednisone/prednisolone-

treated patients were on a daily regimen at baseline, compared with

86% of deflazacort-treated patients and 60% of prednisone/predniso-

lone-treated patients in the tadalafil DMD trial. However, declines in

6MWD remained lower among deflazacort-treated patients even after

adjusting for differences in steroid regimen. Absolute daily doses were

lower in prednisone/prednisolone-treated patients, probably because

the starting dose for this cohort of patients was lower (0.75 mg/kg/d)

compared with the deflazacort group (0.9 mg/kg/d). However, the per-

centage of the recommended starting dose was actually higher for pred-

nisone/prednisolone than deflazacort in the tadalafil study, but lower

for prednisone/prednisolone in the ACT DMD study. Thus, dose reduc-

tions due to adverse events would not be a plausible explanation for

the consistently lower rates of clinical progression favoring deflazacort

across both studies.

No significant heterogeneity was detected across the two trials,

supporting the use of a fixed-effects meta-analysis to pool the

included data. However, with only two trials included, our study may

not represent the variability in steroid associations that may be

observed among a larger number of trials or data sources.

Last, this meta-analysis pertains to only efficacy measures

reported from the two trials in an ambulatory population. Although

there are long-term reports of upper limb functional preservation in

deflazacort-treated patients relative to prednisone/prednisolone
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treatment, upper limb and pulmonary endpoints were not assessed in

these two trials conducted in ambulatory patients. Finally, the under-

lying clinical trials were not designed to systematically measure

adverse effects of specific corticosteroid regimens.

Ongoing clinical trials, such as the Finding the Optimum Regimen

for DMD (FOR DMD) trial (clinicatrials.gov identifier: NCT01603407),

may provide definitive evidence for the efficacy of specific dosing regi-

mens in the younger 4- to 7-year-old populations of children with

DMD. Although this randomized clinical trial will yield valuable data

from previously steroid-naive patients, it may require longer follow-up

or an older population of patients with DMD, as assessed in the long-

term natural history studies, to compare the relative long-term efficacy

between deflazacort and prednisone, as these younger populations in

the FOR DMD trial have less fatty replacement of muscle.

Combining individual patient data from the placebo arms of the mul-

tiple recently completed phase 2 and 3 trials in DMD10,11,30,31 may be

valuable in facilitating more granular assessments of the comparative

efficacy of deflazacort and prednisone/prednisolone dosing regimens

currently used in clinical practice. In the interim, the present meta-

analysis of summary data from two recent, high-quality, phase 3 trial

placebo arms complements the evidence supporting differences in func-

tional change associated with steroid type in modern clinical practice.
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