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Cardiorespiratory complications have a major impact
on survival of patients with Duchenne muscular
dystrophy (DMD). Along with anticipatory
cardiorespiratory care,”” long-term corticosteroids
(CSs)” have prolonged patients’ survival™” and
delayed cardiomyopathy.®® Although the rate of
progression of cardiomyopathy in CSs-naive patients
is known, the extent of protection provided by CSs is
debated, and the difference of the two regimens is
unknown.

The role of steroids on DMD respiratory function is
also an unresolved issue. Previous studies have reported
a similar respiratory decline in CSs-treated and
CSs-naive patients,” '' and in patients treated with
different steroid treatments'’; others have shown that
boys with DMD treated with CSs aged 7 to 18 years
maintained higher FVC % predicted than age-matched
CSs-naive boys'>'* and reached FVC < 50% predicted
and absolute FVC < 1 L later."”

ABBREVIATIONS: CS = corticosteroid; DMD = Duchenne muscular
dystrophy; HR = hazard ratio; IQR = interquartile range; LVFS% = left
ventricular fractional shortening; LoA = loss of ambulation; NIV =
noninvasive ventilation
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CSs regimens most commonly used are daily and
intermittent (most patients 10 days on/10 days off; in the
past also 10 days on/20 days off). The intermittent
regimen was proposed to limit the severity of chronic
CSs-related side effects.

We hypothesized that the two mostly used CSs,
deflazacort and prednisolone, administered
intermittently or daily, would differentially affect the
cardiorespiratory progression (FVC % predicted and
left ventricular shortening fraction [LVES%]) and the
age to meaningful cardiorespiratory end point
(FVC < 1 L, NIV requirement, and LVFS% < 28%)
in a large UK pediatric cohort of DMD. We
additionally hypothesized that the cardiorespiratory
progression and the age at cardiorespiratory end
point would be different in CSs-treated and CSs-
naive patients.

Methods

Study Design

This was a retrospective study of pediatric patients with DMD (< 18
years of age) followed at the Dubowitz Neuromuscular Centre, Great
Ormond Street Hospital, London, England, from May 2000 to June
2017. We included patients whose parents consented to the
NorthStar database. UK national Ethics Committee and Institutional
Review Board approved the NorthStar UK Network for data
collection and the conduct of research studies within the network.

Patients enrolled in any interventional clinical trials were excluded.
Patients in the Heart Protection Trial' ™'’ were further excluded
from the cardiac analyses (e-Fig 1).

Patients Characteristics and Genotyping Information

All information was collected from medical records. The first visit
recorded for each patient at the enrollment of the study was defined
as baseline. Clinical visits were carried out every 6 months from 5
years of age onward. Lung function was performed at every visit,
whereas echocardiogram was performed yearly. Height was assessed
standing for ambulant patients, or calculated from arm span in
nonambulant patients. Ambulatory status was recorded at each visit.
Loss of ambulation (LoA) was the inability to walk independently
for 10 m. Scoliosis was defined as a Cobb angle > 20°' from spine
radiograph. Age at time of scoliosis surgery was collected. None of
the patients enrolled were on ventilator support (noninvasive
ventilation [NIV]) at baseline until the time to the primary
respiratory end point. No patients were on any cardiac medication at
the baseline visit. Dystrophin (DMD) gene mutations were analyzed
by multiplex ligation-dependent probe amplification, polymerase
chain reaction, or direct sequencing. We stratified patients based on
their lack of dystrophin isoforms. Dp427, produced in skeletal and
cardiac muscle, is affected by all mutations. The shorter isoforms are
produced by promoters spread along the DMD gene. Patients
carrying mutations in exons 1 to 79, 30 to 79, 45 to 79, 56 to 79,
and 63 to 79, respectively, lack Dp427, Dp260, Dp140, Dpl16, and
Dp71. Dpll6 is expressed in cardiac muscle and peripheral

1820 and Dp71 is expressed in lung, skeletal, and cardiac

nerve,
muscle besides the brain and kidney.”' ™" Cardiorespiratory
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progression was analyzed in patients lacking Dp71 and Dp116'’ and in
patients amenable to exon 44, 45, 51, or 53 skipping.*® >’

CSs Regimens

CSs-naive patients had never received CSs therapy. CSs-treated
patients took either daily or intermittent CSs (10 days on/10 days
off) for > 1 month. CSs consisted of prednisolone 0.9 mg/kg or
deflazacort 0.75 mg/kg. The CSs dose was collected throughout the
study period for all visits. There was a slight difference in the
management of CSs throughout the study. CSs dose was adjusted for
weight and tapered down when patients reduced their ability to walk
up to a minimum dose of prednisolone 0.3 mg/kg and deflazacort
0.4 mg/kg. The boys who had mixed steroids or regimens were
defined as switchers. For these patients, we explored two CSs and
regimens definitions to compare daily vs intermittent. As per
previous work by Ricotti et al,*® we have defined, for each patient,
either patients’ treatment at study baseline or the majority CSs
regimen they were treated with. We have considered for each patient
the total duration of the observation and considered the regimen he/
she was treated with for = 60% observation time. Results were
similar, and we have presented the most clinically relevant majority
treatment, defined as CS-daily and CS-intermittent. Patients’
treatment was labeled as deflazacort or prednisolone based on the
majority CS. Patients whose CSs information was missing were
called not known. They were excluded from the CSs regimens
comparison. For patients who stopped CSs during the study, only
data prior to stopping were included.

Respiratory Status Outcomes

Spirometry was performed in a seated position according to European
Respiratory Society/American Thoracic Society guidelines.” Absolute
FVC in liters was collected, and FVC % predicted was calculated
according to reference data.”

We considered age when FVC % predicted < 50% as the main
respiratory end point,' and age to absolute FVC < 1 L and
requirement of NIV as secondary end points. Absolute FVC < 1 L is
known to predict nocturnal hypoventilation.”"**

The yearly progression of FVC % predicted and FVC and the time to
clinically meaningful respiratory end points were compared between
CSs regimens and between the CSs-treated and CSs-naive groups.

Cardiac Status Outcomes

The LVFS% was used for cardiac progression analysis. LVFS% was
defined as the change in diameter of the left ventricle between the
contracted and relaxed states.”> LVES% was used as more easily
available and less prone to interscorer variability than the Simpson

left ventricular ejection fraction in patients with DMD with a poor
echogenic window.”*

We considered as the onset of cardiomyopathy as the main cardiac end

276
277
278

point, defined as LVFS < 28%. This threshold has been previously @79

considered as clinically meaningful in several studies focused on
cardiac function in DMD and other muscular dystrophies.”**

The yearly progression of LVFS% and the time to cardiomyopathy
were compared between CSs regimens and between CSs-treated and
CSs-naive groups.

We recorded the use and the age at the start of ACE-inhibitors and
beta-blockers. They were started by the cardiology team based on
patients’ cardiac function and clinical symptoms (e-Appendix 1).

Statistical Analysis

Characteristics of the sample are presented as mean £ SD or median
(range or interquartile range [IQR]) for skewed data and frequency
(%) for categorical data.

For LVFS% and FVC % predicted, we describe the longitudinal
trajectories and estimate the mean annual change using mixed effects
regression models, accounting for the longitudinal data and age at
baseline. Models were fitted including patient as a random effect and
CSs regimen (intermittent or daily) and treatment (deflazacort or
prednisolone) as fixed effects, using an unstructured correlation
matrix. For FVC % predicted, we considered the decline after the
age of 9 years onward because respiratory capacity continues to
increase until up to this age. We compared rates of decline between
CSs regimens in a separate set of models according to patients’
amenability to exon 44, 45, 51, and 53 skipping, using appropriate
interaction terms. Results are presented as mean annual change, or
difference in mean annual change between subgroups, with 95% Cls.

Using Kaplan-Meier analysis, we estimated the median age at which
clinically meaningful end point occurred: LoA, scoliosis, NIV,
cardiomyopathy (LVFS < 28%), FVC % predicted < 50%, and FVC <
1 L. We used Cox regression analysis to investigate whether the average
age at which these events occurred varied according to majority CSs
and regimen through the inclusion of an interaction term, and hazards
ratios (HRs) with 95% Cls are presented. We compared the estimated
age at respiratory and cardiomyopathy end point by Dp71 and Dp116
isoform deficiency. The proportional hazards assumption was checked
for all Cox models, by inspection of log-log plots and formal testing of
Schoenfeld residuals. We present estimated median time to event only
where this assumption was unclear.

All analyses were conducted in Stata v15 (StataCorp) with significance
level of P < .05.

Results
Study Population

There were a total of 270 patients, with a mean of
eight visits per patient. The mean age at the baseline
visit was 6.2 + 2.3 years; the mean follow-up time
was 5.6 £ 3.5 years. Seventy-seven boys (29%)
transitioned to adult care, and 36 (13%) were lost to
follow-up. Seven boys (2%) died (cardiomyopathy:

n = 1, after general anesthesia: n = 1, no
information: n = 5), with a mean age of 16.5 £+ 3.8

years. At the time of death, three patients had stopped
CSs and four were still CSs treated (CSs daily: n = 2,

CSs intermittent: n = 2) (Table 1).

At the baseline visit, 263 boys (97%) were ambulant,
with a mean age of 6.0 = 2.1 years. Seven patients
(3%) were nonambulant, with a mean age of 11.5 +
2.9 years. At the last assessment, 140 patients (52%)
were ambulant. The median age at LoA was 12.1 years
(IQR, 4.5) in the whole population, 12.5 years
(IQR,5.7) in the CSs-daily group, 12.0 years (IQR, 4)
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TABLE 1 ] Clinical and Genetic Features of the Study Population (N = 270) and Cardiac Cohort (n = 229)
Total Population Cardiac Cohort”
Feature No. or No. (%) Mean Age + SD (y) No. or No. (%) Mean Age + SD (y)
Age at diagnosis 255 4.5+ 2.3 216 44+ 2.4
Age at first visit 270 6.2 +2.3 229 6.2 +2.3
Age at last visit 270 12.1 + 4.0 229 11.9 +4.2
Age at starting CSs 248 6.2 +1.7 208 6.3+1.8
CSs regimen (= 60% treatment)
Daily 66 (25) 58+1.4 52 (23) 58+1.5
Intermittent® 182 (67) 6.4 +1.8 156 (68) 6.4 + 1.8
Naive 22 (8) 21 (9)
Deflazacort (= 60% treatment) 36 (12.3) 43 (17.1)
Prednisolone (= 60% treatment) 204 (69.6) 166 (65.9)
CSs regimen and compound (n = 240)
Daily deflazacort 14 (4.8) 14 (5.6)
Intermittent deflazacort 22 (7.5) 29 (11.5)
Daily prednisolone 50 (17.1) 38 (15.1)
Intermittent prednisolone 154 (52.6) 127 (50.4)
Stopped steroids 38 (13) 33 (13)
Daily 5 2
Intermittent 32 30
Not known 1 1
Steroid switchers
Daily to intermittent 0 (0)
Intermittent to daily 39 (12.5) 89 +2.2
Amenable to exon skipping
Exon 44 20 (7.4) 16 (7.0)
Exon 45 23 (8.5) 21 (9.2)
Exon 51 29 (10.7) 24 (10.5)
Exon 53 21 (7.8) 20 (8.7)
Mutations leading to lack of Dys isoforms
Dp427 270 (100) 229 (100)
Dpl16 28 (10) 27 (18)
Dp71 18 (7) 18 (8)

CS = corticosteroid.

“Cardiac cohort: patients in the Heart Protection Trial were excluded from the overall population for cardiac progression analyses.

PIntermittent regimen: 10 days on/10 days off CSs.

in the CSs-intermittent group, and 10.5 years (IQR,
2.1) in the CSs-naive group. The CSs-naive group lost
ambulation at a similar age of the CSs-daily (P = .09)
and CSs-intermittent (P = .34) groups. Fifty-seven
patients (21%) had scoliosis. Five had scoliosis already
at baseline, and 52 developed scoliosis throughout the
study. The median age of scoliosis was 17.1 years in
the whole population, 17.1 years in the CSs-treated
group, and 13.9 years in the CSs-naive group (P =
.18) (e-Fig 2, Table 2).

CSs Duration and Regimens

Sixty-six of 270 patients (24%) were in the CSs-daily
group, 182 (67%) were in the CSs-intermittent group,
and 22 (8%) were in the CSs-naive group. In the cardiac
cohort, 52 of 229 patients (23%) were in the CSs-daily
group, 156 (68%) were in the CSs-intermittent group,
and 21 (9%) were in the CSs-naive group.

Thirty-seven boys (14%) stopped CSs (median age,
10.1 years; IQR, 5), including five in the CSs-daily
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441 TABLE 2 | Ambulatory Status and Scoliosis of the Study Population (N = 270) 496

44§ Variable No. (%) Mean Age + SD (y) 42;
44 4
444 Ambulatory status 499
445 Ambulant at baseline 263 (97.4) 6.0 +£2.1 500
446 Not ambulant at baseline 7 (2.6) 11.5+ 2.9 501
447 Variable No./Total No. (%) Median Age at LoA (IQR) (y) 2©2
448 503
449 Not ambulant at last follow-up 128/268 (47.8) 12.1 (10.0-14.5) 504
450 Daily 28/65 (43.1) 12.5 (10.0-15.7) 505
451 Intermittent 88/181 (48.6) 12.0 (10.0-14.0) 506
452 Naive 12/22 (54.6) 10.5 (9.1-11.2) 507
453 Scoliosis at baseline 4/269 (1.5) 13.1 (1.0) 508
454 509
455 Variable No./Total No. (%) Median (IQR) 510
456 Scoliosis 57 (21.1) 17.1 (13.77) 511 28
457 Daily 7/66 (10.6) 512
458 Intermittent 44/182 (24.2) 15.5 (13.5%) 513
459 Naive 6/21 (28.6) 13.9 (12.77) 514
460 Scoliosis surgery 16/269 (5.9) 515
1 1

::2 Daily 1/66 (1.5) ;S
463 Intermittent 15/182 (8.2) 518
464 Naive 0/21 (0) 519
465 Median age to events was estimated by Cox regression. Corticosteroid treatment: regimen used for = 60% total corticosteroids treatment duration. IQR = 520 g9
466 interquartile range; LoA = loss of ambulation. 521
467 *Not possible to estimate. 522
468 523
469 group and their reasons were unavailable and 32 in because of BP increase; information was missing for ),
470 the CSs-intermittent group. One stopped because of the remainder. In the cardiac cohort, 33 patients 525
471 behavioral issues, one because of weight gain, and one stopped CSs. 526
472 527
473 528
474 A FVC % decline by steroid regimen B Fractional shortening decline by steroid regimen 529
475 1507 __ 50+ 530
476 3 s 531
477 .25 IE’ 40 A 532

@ 100 c
478 B 2 533
479 3 2 30 534

= [

S e
480 S ol 5 535
481 o S 201 536
482 C g 537
483 T 538
484 ot : : : : : : : : : - 539
485 © 8.00 10.00 12.00 14.00 16.00 18.00 0.00 5.00 10.00 15.00 20.00 540
486 5 Age (y) Age (y) 541

87 2 2
ZBZ& § —— Regimen = Daily ---- Regimen = Intermittent — —- Regimen = Naiive ?:3
o8
489 -§ Figure 1 — A-B, Slopes of annual respiratory and cardiac progression according to corticosteroids (CSs) regimen. A, FVC % predicted decline in CSs- a4
490 daily, CSs-intermittent, and CSs-naive patients with Duchenne muscular dystrophy (DMD). Linear population average model of respiratory function 545
491 progression expressed as FVC % predicted according to CSs regimen after the age of 9 y. In the whole population, FVC % predicted declined linearly by €46
> 6.1% per year (95% CI, —6.6 to —5.6). FVC % predicted declined by 4.7% per year (95% CI, —6.6 to —2.8) in the CSs-naive group. There were no

49 differences in the yearly rate of decline between CSs-naive and CSs-treated patients (P = .15). B, Left ventricular shortening fraction (LVFS%) decline in 547
493 CSs-daily, CSs-intermittent, and CSs-naive patients with DMD. Linear population average model of cardiac function progression expressed as LVFS 548
494 % according to CSs regimen. In the whole population, LVFS% declined by 0.67% (95% CI, 0.55-0.79) per year. CSs-naive boys had an LVFS% decline of 549
495 1.17% per year (95% CI, —1.55 to —0.79). Patients on any CSs progressed by 0.53% per year (95% CI, —0.67 to —0.40), slower than CS-naive patients 550

(P < .01). There was no difference in daily and intermittently treated patients (P = .59).
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Two-hundred and four of 270 patients (75%) were on
prednisolone; 36 (13%) were on deflazacort for =
60% of treatment. Twenty-five patients switched
compounds, all from prednisolone to deflazacort.

Respiratory Status

Progression of FVC % Predicted and FVC: FVC

% predicted slowly increased with age and then started
declining linearly from 9 years of age. In the whole
population, the yearly decline was by 6.1% per year
(95% CI, 5.6-6.6). The CSs-daily group had the fastest
FVC % predicted decline of 6.9% per year (95% CI, —7.7
to —6.0). These patients progressed by an extra 1% per
year compared with the majority intermittent-CSs
group. There was no difference between regimens (P =
.27) (Fig 1A).

Data on absolute FVC progression according to CSs
treatment are shown in e-Appendix 1. In the whole
population, the mean age at peak FVC % predicted
before declining was 9.7 £ 3.4 years. It was similar
between regimens and in the CSs-treated group vs the
CSs-naive group. Conversely, the peak FVC % predicted
value before the decline was significantly higher in the
CSs-daily group (90.8%) than the CSs-intermittent
group (83.9%, P < .01). The FVC % predicted, being
affected by patients” height, was significantly higher in
the CSs-daily group than the CSs-intermittent group,
unlike absolute FVC. Because the CSs-daily group
experienced a more severe height restriction (up to

1.8 cm per year””) compared with the CSs-intermittent

A Age at FVC % < 50%
1004 -- e — o

ﬂ 77777%‘_\‘_\‘
c X
[T L.—
'..38 75 i
o v L
TR ‘
co 50 + L.,
22 \
5
85 254
o3
o

0-l T T T T T

4 6 8 10 12 14
Age (y)

group,”” their FVC % predicted may be artifactually
higher.

The CSs-naive group had a FVC % predicted decline of
4.7% per year (95% CI, 2.8-6.6), not different than the
CSs-treated group (P = .15), but the CSs-treated group
peaked up to a significantly higher FVC % predicted
than the CSs-naive group (68.9%, P < .01).

Age at Respiratory End Points: Fifty-two patients fell to
FVC % predicted < 50%. Twelve were in the CSs-daily
group, 34 were in the CSs-intermittent group, and six
were in the CSs-naive group. The median age at FVC
% predicted < 50% was similar (P = .86) between
regimens (16.1 years in the CSs-daily group and 16.3
years in the CSs-intermittent group). The median age at
FVC % predicted < 50% was significantly lower (P =
.04) in those treated with deflazacort than those treated
with prednisolone (15.4 vs 16.8 years, respectively; HR,
2.3; 95% CI, 1.03-5.31) (e-Fig 3A, Fig 2).

Absolute FVC fell < 1 L in 11 patients (4%): two of 66
(3%) were the CSs-daily group, six of 182 (3%) were in
the CSs-intermittent group, and three of 22 (14%) were
the CSs-naive group. In the CSs-daily and CSs-

intermittent groups, FVC fell < 1 L after 18 years of age.

Twenty of 270 patients (7%) required NIV. Five of 66
were in the CSs-daily group, 12 of 182 were in the CSs-
intermittent group, and three of 22 were in the CSs-
naive group. Less than 25% of patients on any CSs
regimen required NIV by 18 years of age (Fig 3).
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Figure 2 - A-B, Time to respiratory failure defined as FVC % predicted < 50% according to CSs regimen and compound. A, Time to reach FVC
% predicted < 50% according to regimen. Median age at FVC % predicted < 50% was 13.2 y in CSs-naive patients. It was lower than CSs-daily (16.1 y,
P <.01) and CSs-intermittent (16.3 y, P = .001) patients. Age at FVC % predicted < 50% was similar between the two CSs regimens (P = .86). B, Time
to reach FVC % predicted < 50% according to CSs compound. The median age at FVC % predicted < 50% was significantly lower (P = .04) in those
treated with deflazacort compared with prednisolone (15.4 vs 16.8 y, respectively; hazard ratio, 2.3; 95% CI, 1.03-5.31). See Figure 1 legend for

expansion of abbreviation.
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677 'g_ Figure 3 - A-B, Time to respiratory clinically meaningful end points, absolute FVC < 1 L, and NIV requirement according to CSs regimen. A, Time to
678 reach absolute FVC < 1 L. Eleven of 270 patients (4%) had absolute FVC < 1 L. Two of 66 patients (3%) were in the CSs-daily group, six of 182
7 patients (3%) were in the CSs-intermittent group, and three of 22 patients (14%) were in the CSs-naive group. CSs-naive patients reached absolute
679 FVC < 1 L at a median age of 17 y, earlier than those in the CSs-daily (P = .04) and CSs-intermittent (P = .01) groups who fell < I L after 18 y. B,
680 Time to NIV requirement. Twenty of 270 patients (7%) required NIV. Five of 66 patients (8%) were in the CSs-daily group, 12 of 182 (7%) were in the
68 CSs-intermittent group, and three of 22 (14%) were in the CSs-naive group. CSs-naive boys required NIV at a median age of 15.7 y, whereas < 25% of
1 patients on any CSs regimen required NIV at 18 y of age. NIV = noninvasive ventilation. See Figure 1 legend for expansion of other abbreviation.
682
683
684 The CSs-naive group reached FVC % predicted < Fig 4). The CSs-naive group developed cardiomyopathy
685 50% at a median age of 13.2 years and FVC < 1L ata at 13.9 years of age (HR, 2.2; 95% CI, 1.1-4.6), earlier
686 median age of 17 years, significantly earlier (P < .01 and (P < .05) than the CSs-treated group (see e-Appendix 1
687 P < .05, respectively) than the CSs-treated group. The for further details on cardiac medications).
688 CSs-naive group required NIV at a median age of 15.7 Genot Shenotvoe Correlati
689 years, earlier than the CSs-treated group. enotype/Phenotype Correlation
690 Children amenable to exon 44 skipping had a slower
691 Cardiac Status respiratory decline (4.5% per year) than patients not
692 o .
693 Progression of LVFS%: Two-hundred and twenty-nine amenable to skipping of exon 44 (P < .05). Respiratory
694 patients were included. The yearly decline of LVES% was decline was not different in patients amenable to skip 45,
695 0.67% per year (95% CI, 0.55-0.79; P < .001) in the 51, and 53 compared with the remaining patients. There
696 whole population adjusted for age at baseline. Cardiac was no difference in decline of cardiac function
697 function decline was not different between CSs regimens according to amenability to skip of any exon.
698 (P = .59) (Fig 1B). Eighteen (7%) and 28 (10%) patients had mutations
699 . L.
00 LVES% yearly decline was 1.17% per year (95% CI, 0.79- causing Dp71 and Dp116 shorter dystrophin isoform
“o1 1.55) in the CSs-naive group and 0.53% per year deficiency. FVC % predicted < 50%, absolute FVC < 1
702 (95% CI, 0.40-0.67) in the CSs-treated group (P < .01). L, age at NIV, and cardiomyopathy were similar in
203 patients lacking Dp71 and Dp116 isoforms compared
o4 Age at Cardiomyopathy: Sixty patients (22%) had with the patients expressing them.
cardiomyopathy (LVES% < 28%), six had it already at
7% baseline and 54 developed it during the study. T
206 ‘ as;mgsand . eve opzll uring ! ecssu y. Ten were Discussion
in the s-dal roup, were 1n the s-intermittent A .
707 . B . CSs are the current standard mutation-independent
708 group, and nine were in the CSs-naive group. The ) X
. . . treatment for DMD. The impact of CSs regimen and
709 median age at cardiomyopathy was 16.6 years in the . . ..
. . compounds on long-term cardiorespiratory function is
710 CSs-treated group, and this was similar between
. . . unknown.
711 regimens (P = .45). The median age at cardiomyopathy
712 for patients on prednisolone was 16.6 years. Less than In a previous study, the comparison between deflazacort
713 25% patients on deflazacort had cardiomyopathy by 18 and prednisolone on respiratory function in 60 patients
P yopathy by p piratory p
714 years of age (HR, 0.74; 95% CI, 0.27-2.08). Age was not  with DMD (5-24 years of age) found no differences in
75 different (P = .57) according to CSs treatment (e-Fig 3B,  yearly progression of FVC % predicted according to
chestjournal.org 7

FLA 5.6.0 DTD m CHEST3136_proof ® 5 July 2020 m 5:56 am W EO: CHEST-19-2891

716
717

718
719

720
721

722
723
724
725
726
727
728
729
730
731

732

33

734
735

736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751

752

753

754
755

756
757

758
759
760
761

762
763
764
765
766
767
768
769
770

~N



http://chestjournal.org

771
772
773
774
775
776
777
778
779
780
781
782
o
78&
788
783
78%
785
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
807
808
809
810
811
812
813
814
815
816
817
818
819
820
821
822
823
824
825

A Age at cardiomyopathy
-, 100 1
8E
g a
g2 %]
55
cB 501 i
S8
€
23 254
© £
n_ —
; 0-I T T T T T T
4 6 8 10 12 14 16
Age (y)

B Age at cardiomyopathy
5, 100 A
25
cw
28 751
T >
Qg |
N (e} —_————
53 50
ow
£ O
8% 25-
58
aE
; 0-I T T T T T
4 6 8 10 12 14
Age (y)

—— Regimen = Daily
— — Regimen = Naive

---- Regimen = Intermittent

—— Steroids = Deflazacort ---- Steroids = Prednisolone

—-—- Steroids = None

Figure 4 - A-B, Time to cardiomyopathy defined as left ventricular shortening fraction < 28% according to CSs regimen and compound. A, Age at
onset of cardiomyopathy according to regimen. Median age was 13.9 y in CSs-naive boys and 16.6 y in CSs-treated boys (P < .05). There were no
differences in age at cardiomyopathy between CSs regimens (P = .45). B, Age at onset of cardiomyopathy according to CSs compound. The median age
at FVC % predicted < 50% was not different according to CSs treatment (P = .57). The median age at cardiomyopathy for patients on prednisolone

was 16.6 y. Less than 25% patients on deflazacort had cardiomyopathy by 18 y of age (hazard ratio, 0.74; 95% CI, 0.27-2.08). Patients who started
ACE-inhibitors (four of 82) and beta-blockers (three of 37) prior to the onset of cardiomyopathy were included. See Figure 1 legend for expansion of Q31

abbreviation.

treatment.'” Other studies have instead focused on the
impact of CSs on delaying respiratory deficiency compared
with no treatment, providing controversial results. The
respiratory decline in DMD seems in fact affected by
variables only partially addressed by CSs, as age,
ambulation, and additional comorbidities (poor
swallowing and ineffective cough) affecting intrinsically the
lung. In the placebo arm of the DELOS trial, nonambulant
CSs-naive patients with DMD (n = 33; mean age, 15
years) had a similar FVC % predicted decline > 8% over 1
year as those on previous CSs.”* In 91 nonambulant men
with DMD (mean age, 16.8 years), respiratory function
declined at a similar rate in CSs-treated and CSs-naive
patients.'’ In younger patients with DMD, instead, CSs
positively acted on lung function by reaching higher peak
FVC % predicted than CSs-naive patients before the onset
of respiratory decline. In 397 patients with DMD 7 to > 20
years of age, the FVC % predicted remained significantly
higher in boys treated with CSs than CSs-naive patients at
all ages. We can postulate that CS’s positive effect on
diaphragmatic function led to greater lung function.”
Although in the age range of 7 to 10 years, FVC

% predicted declined slower in the CSs-treated group than
the CSs-naive group (0.69% vs 5.9%, respectively); FVC
% predicted yearly progression was similar in boys 10 to 18
years of age (5.44% vs 6.06%, respectively)."” All these
results suggest that CSs delay the onset of respiratory
decline and the achievement of respiratory milestones
(FVC < 1 L) but do not slow down its progression once
decline has started.”"”

Because the standards of care for DMD have changed in
the last years and virtually no CSs-naive patients exist
anymore, the main aim of our work was to identify the
impact of different CSs regimens and compounds on
yearly FVC % predicted progression. In the population,
patients with CS-daily-treated DMD reached a peak
FVC % predicted 10% higher than the CS-intermittent
group and 22% higher than the CSs-naive group
predicted before the decline (e-Fig 4). CSs-daily and
CSs-intermittent groups led to a similar extent of delay
in FVC % predicted < 50% and in NIV requirement of,
respectively, 3 and > 2 years compared with the CSs-
naive group. In addition, our results show that patients
on deflazacort reached FVC % predicted < 50% over 1
year earlier than those on prednisolone (15.4 vs 16.8
years, respectively). Previous reports on ambulation and
timed motor outcomes, carried out over a shorter period
and/or on younger patients, found a more preserved
function in DMD treated with deflazacort.”®*” Our data
suggest that deflazacort is effective on respiratory
function in the short/medium term but that its long-
term efficacy might be inferior compared with
prednisolone in the late stages, probably as a result of the
more severe growth restriction induced by this drug.

The existing studies on cardiac function in DMD have
demonstrated the beneficial role of daily CSs over no
treatment. A cross-sectional study demonstrated
significantly higher LVFS% in CSs-treated (n = 48)

vs age-matched CSs-naive boys with DMD (n = 63).”
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Daily CSs significantly reduced LVFS% decline over 5
years in CSs-treated (n = 14) vs CSs-naive (n = 23) boys
with DMD.” CSs duration delayed cardiomyopathy in
DMD by 4% per year (n = 462).° Finally, daily CSs
treatment was associated with fewer heart failure-related
deaths (0% vs 22%) and a slower LVFS% decline
(—0.32% vs —0.65%) in 63 CSs-treated vs 23 CSs-naive
patients with DMD.” CSs duration was associated with
lower age-related fibrosis at cardiac MRL.*' In 174 boys
with DMD, cardiomyopathy was associated with age and
clinical stage, but not with CSs treatment.** Our long-
term data on a wide DMD population confirm the
cardioprotective effect of CSs,”” adding that CSs,
particularly daily, delayed the onset of cardiomyopathy
through slowing down cardiac decline. To our
knowledge, our findings showed for the first time that
the cardioprotective effect was longer-lasting in CSs-
daily vs CSs-intermittent patients and that, in contrast
with respiratory data, patients on deflazacort developed
cardiomyopathy later than those on prednisolone (> 18
vs 16.6 years). CSs-naive boys with DMD developed
cardiomyopathy significantly younger than CSs-treated
boys (13.9 vs 16.6 years, respectively).

These results support the administration of CSs after
LoA in DMD. However, the side effects caused by the
prolonged use of CSs reported by other studies within
the UK NorthStar Network should not be
underestimated. Daily CSs had stronger effects than
intermittent CSs on ambulation, but negatively affected
behavior, growth, and BML* Similarly, CSs-daily
patients with DMD (deflazacort) had a significantly
higher bone fractures rate than CSs-intermittent
patients. Of note, vertebral fractures further affect
height.**

Long-term cardiorespiratory trajectories according to
amenability to exon skipping have implications for
ongoing trials and will help the design of future
studies. Patients amenable to exon 44 skip have better

walking distance and slower decline than others,”
25,27

and
lose ambulation later. We demonstrate for the first
time that these patients also have a slower respiratory
function decline (P < .05). There were no significant
differences in time to cardiomyopathy or respiratory
failure in boys lacking Dp71 (6%) or Dpll6 (9%)
compared with those expressing them. We had
hypothesized that a Dp71 deficiency could have a
protective role in dystrophic heart, and previous
studies have suggested a protective role of Dpl16
deficiency. The overexpression of AAV-mediated
Dp71 worsened mdx mouse phenotype by competing

with utrophin in its binding to dystrophin-associated
protein complex.”” The previously reported protective
role of Dpl16 deficiency on heart function in 181
boys with DMD was not supported by our results on
a wider cohort."”

In the population, 10.6% of CSs-daily patients,
24.2% of CSs-intermittent patients, and 27.3% of CSs-
naive patients developed scoliosis. The small numbers
of events did not allow a time-to-event analysis. The
percentage of scoliosis in the CSs-naive patients is
lower than previously reported*® because of our more
stringent definition. Most CSs-naive patients were
enrolled in the first 5 years of the study. A more
proactive indication to spinal surgery and the
availability of new techniques in recent years may
explain why in the cohort none of the CSs-naive
patients underwent surgery by 18 years of age.

Our long-term real-world data are novel and were
collected over > 5 years in a single center within the
NorthStar UK database. The only ongoing randomized
trial, the FOR-DMD,*” will address the question of
which regimen is more effective. Patients were enrolled
at 4 to 7 years of age. They could still be too young to
reach cardiorespiratory end point.

The main limitations of this study are its retrospective
and monocentric design. The imbalance in the cohort
sample size, with lower numbers of CSs-naive boys,
might have affected our results. We have included
assessments only conducted in a single tertiary site by
the same highly skilled operators to limit the risk of bias,
which is however inevitable. The collection of long-term
data over 17 years was potentially affected by changes in
the standard of care in DMD. In the most recent 7 years
of study, CSs were stopped after LoA in 14% vs 42% in
the previous 7 years. When we ran sensitivity analyses
adjusting for date of visit in the mixed models, this had
minimal, nonsignificant impact on estimated coefficients
of interest; therefore, we presented results for models
without this factor. The use of the CSs regimen
administered over most of the study to minimize the
weight of switchers has previously proven effective.””
The use of arm span used as surrogate of height after
LoA could have affected the FVC % predicted at the
time point of switch. However, the results on FVC
absolute matched with those of FVC % predicted. The
use of cardiac medications could have potentially
influenced the cardiac progression, but > 90% of
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cardiomyopathy.

chestjournal.org

FLA 5.6.0 DTD m CHEST3136_proof ® 5 July 2020 m 5:56 am W EO: CHEST-19-2891

990



http://chestjournal.org

991
992
993
994
995
996
997
998
999

1001
1002
1003
1004
1005
1006
1007

22,1008
1009
1010
1011
1012
1013
1014
1015
1016

Q191017
1018
1019
1020
1021
1022
1023
1024

Interpretation

Our data confirm the long-term beneficial effect of
corticosteroids on respiratory and cardiac function in 270
patients with DMD, irrespective of regimen. CSs-daily-
treated DMD reached a significantly higher FVC

% predicted than CSs-intermittent-treated DMD before
decline, but a similar yearly FVC % predicted decline.
There was no difference in the age at clinically

1000 meaningful respiratory thresholds (FVC % predicted <

50% and NIV requirement) according to CSs regimen.

group.

The CSs-daily and CSs-intermittent groups had a similar
rate of cardiac decline that resulted in a delayed onset of
cardiomyopathy (2.7 years) compared with the CSs-naive

Further work is needed to evaluate the differential role of
CSs in older nonambulant patients, particularly in view of
the evidence for their positive effects on cardiac function.
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