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AC advisory committee
AE adverse event
AST aspartate aminotransferase 
BLA biologics license application
BPCA Best Pharmaceuticals for Children Act
BRF Benefit Risk Framework
BMD Becker Muscular Dystrophy
CBER Center for Biologics Evaluation and Research
CDER Center for Drug Evaluation and Research
CDRH Center for Devices and Radiological Health
CDTL Cross-Discipline Team Leader
CFR Code of Federal Regulations
CSR Clinical Study Report
CK Creatine Kinase
CMC chemistry, manufacturing, and controls
COSTART Coding Symbols for Thesaurus of Adverse Reaction Terms
CRF case report form
CRO contract research organization
CRT clinical review template
CSR clinical study report
CSS Controlled Substance Staff
DMC data monitoring committee
DMD Duchenne Muscular Dystrophy
ECG electrocardiogram
eCTD electronic common technical document
ETASU elements to assure safe use
FDA Food and Drug Administration
FDAAA Food and Drug Administration Amendments Act of 2007
FDASIA Food and Drug Administration Safety and Innovation Act
GCP good clinical practice
GRMP good review management practice
ICH International Conference on Harmonization
IND Investigational New Drug
ISE integrated summary of effectiveness
ISS integrated summary of safety
ITT intent to treat
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LDH Lactate Dehydrogenase
MedDRA Medical Dictionary for Regulatory Activities
MRC Medical Research Council
mITT modified intent to treat
NCI-CTCAE National Cancer Institute-Common Terminology Criteria for Adverse Event
NDA new drug application
NME new molecular entity
OCS Office of Computational Science
OPQ Office of Pharmaceutical Quality
OSE Office of Surveillance and Epidemiology
OSI Office of Scientific Investigation
PBRER Periodic Benefit-Risk Evaluation Report
PD pharmacodynamics
PI prescribing information
PK pharmacokinetics
PMC postmarketing commitment
PMR postmarketing requirement
PP per protocol
PPI patient package insert
PREA Pediatric Research Equity Act
PRO patient reported outcome
PSUR Periodic Safety Update report
REMS risk evaluation and mitigation strategy
SAE serious adverse event
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SD standard deviation
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TEAE treatment emergent adverse event
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Benefit-Risk Summary and Assessment

Deflazacort (EMFLAZA) is an inactive, ester pro-drug which is metabolized rapidly to the active
drug 21-desacetyldeflazacort (21-desDFZ).  Deflazacort is a glucocorticoid, a class of corticosteroid, that is currently used in multiple foreign 
countries for its anti-inflammatory and immunosuppressive effects. 

Duchenne muscular dystrophy (DMD) is a progressive, X-linked recessive muscle disorder that leads to loss of ambulation, cardiac and 
respiratory failure, and death typically by 30 years of age.  The disease affects approximately 1 in 3600-6000 male births and has a prevalence 
of approximately 1 in every 7,250 males aged 5 – 24 years (Romitti et al., 2015).  

Treatment has been limited to corticosteroids and supportive care.  One drug, eteplirsen, was approved by the FDA via the accelerated 
approval pathway for the treatment of patients with DMD caused by mutations that are amendable to exon 51 skipping in 2016 based on an 
increase in muscle dystrophin.  The clinical effectiveness of eteplirsen has not been established.
  

Evidence from clinical trials indicates that deflazacort improves the muscle strength of DMD patients, slows the loss of strength over time, and 
improves the ability to accomplish tasks related to activities of daily living such as standing up, walking, and climbing stairs.   Less clear evidence 
suggests that deflazacort may also delay the loss of the ability to walk.  The clinical studies reviewed did not provide any evidence for or against 
a change in the longevity of DMD patients treated with deflazacort.

Deflazacort carries the many risks associated with the class of corticosteroids, including Cushing syndrome and potentially life-threatening 
adrenal crisis if treatment is stopped suddenly.   The most commonly observed (≥ 10%) adverse events associated with the use of deflazacort in 
clinical studies were Cushingoid (59%), erythema (35%), hirsutism (34%), weight increased (27%), headache (25%), nasopharyngitis (22%), 
central obesity (22%), pollakiuria (13%), increased appetite (12%), abdominal pain (11%), constipation (11%), upper respiratory tract infection 
(11%), and influenza (11%).  The adverse event that caused the most patients to stop taking deflazacort was weight gain. Increased weight 
could further limit mobility in DMD patients.

As with other corticosteroids, patients treated with deflazacort appear to be more susceptible to infectious disease due to immunosuppression, 
as indicated by the increased rates of upper respiratory tract infections and influenza in the deflazacort arms of the clinical studies.  One study 
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patient treated with deflazacort developed a life-threatening encephalitis with psychotic symptoms.  

Corticosteroids are known to cause elevations in blood pressure.  Although there did not appear to be a trend toward hypertension in the 
studied patients, one deflazacort study patient had an urgent hypertensive crisis.

Potentially severe psychiatric adverse reactions may occur with systemic corticosteroids.  A range of psychiatric adverse events were reported 
at a greater rate in the deflazacort groups compared to placebo:  abnormal behavior (6.8% vs. 4.9% placebo), irritability (5.1% vs. 3.3% 
placebo), aggression (4% vs. 1.6% placebo), psychomotor hyperactivity (4% vs. 1.6% placebo), affect lability (2.3% vs. 0% placebo), and mania 
(0.6% vs. 0% placebo).  

There are case reports in the medical literature of toxic epidermal necrolysis (TENS), a life-threatening skin condition, related to deflazacort 
use.  Although this condition was not seen in the clinical studies of deflazacort, treatment with deflazacort should be stopped if signs of TENS 
develop.

The conclusion of this review is that substantial evidence of clinical efficacy has been established for the treatment of DMD with deflazacort.  
Although deflazacort, like other corticosteroids, has numerous potential adverse effects, the potential benefit of improved quality of life 
through increased strength and mobility for DMD patients outweighs the risks given the severely debilitating and terminal nature of the 
disease.  Patients and their physicians should monitor side effects during treatment and taper the deflazacort dose slowly if the side effects 
become intolerable.

Dimension Evidence and Uncertainties Conclusions and Reasons 

Analysis of 
Condition

 Duchenne muscular dystrophy (DMD) is a progressive, X-linked recessive 
muscle disorder that leads to loss of ambulation, cardiac and respiratory 
failure, and death typically by 30 years of age.  The disease affects 
approximately 1 in 3600-6000 male births and has a prevalence of 

DMD is a terminal disease that progressively 
weakens and immobilizes children and young 
adults.  Death usually results from cardiac and 
respiratory complications.
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Dimension Evidence and Uncertainties Conclusions and Reasons 

approximately 1 in every 7,250 males aged 5 – 24 years (Romitti et al., 
2015).  

Current 
Treatment 

Options

The current standard of care is corticosteroids (glucocorticoids such as 
prednisone, prednisolone, and deflazacort) with supportive care such as such 
as assisted ventilation and physiotherapy.  Deflazacort is not currently 
available for sale in the United States.  One drug, eteplirsen, was approved by 
the FDA via the accelerated approval pathway for the treatment of patients 
with DMD mutations that are amendable to exon 51 skipping in 2016.  

The risks of chronic corticosteroid use include Cushing syndrome, increased 
infections, diabetes, delayed puberty, behavioral changes, obesity, cataracts, 
osteoporosis, and increased frequency of long bone and vertebral fractures.

Patients suffering from DMD face a terminal 
prognosis.  There is an unmet need for 
effective treatments for DMD. 

Benefit

Deflazacort (EMFLAZA) is an inactive, ester pro-drug which is 
metabolized rapidly to the active drug 21-desacetyldeflazacort (21-
desDFZ).  Deflazacort is a glucocorticoid, a class of corticosteroid, that 
is currently used in multiple foreign countries for its anti-
inflammatory and immunosuppressive effects. 

Clinical trial evidence indicates that deflazacort improves the muscle 
strength of DMD patients.   In a 12-week double-blind placebo-control 
study, mean muscle strength increased slightly (~2-3%) in both the 0.9 
and 1.2 mg/kg/day deflazacort groups compared to a small (<1%) 
decrease in strength in the patients who received placebo.  There was 
a statistically significant difference in the change in muscle strength 
score from baseline to week 12 n favor of the two deflazacort groups 

Based on the clinical study results, deflazacort 
can improve DMD patients’ quality of life by 
improving muscle strength, increasing the ease 
of daily tasks such as standing up, walking, and 
climbing stairs, and possibly delaying the loss 
of the ability to walk.
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Dimension Evidence and Uncertainties Conclusions and Reasons 

(0.9 mg/kg/day: p = 0.0173; 1.2 mg/kg/day: p = 0.0003) compared to 
placebo.  For both deflazacort doses, the muscle strength continued 
to trend upwards beyond the 12-week placebo-control period to 
study completion at 52 weeks, at which time there was an 
approximate 5% improvement in strength compared to baseline for 
both deflazacort doses.  

There is nominally significant evidence that deflazacort also reduces 
the time it takes for DMD patients to stand up (p = 0.0018, 0.0002 for 
deflazacort 0.9 and 1.2mg/kg versus placebo, respectively), walk 30 
feet (p < 0.0001 for both deflazacort 0.9 and 1.2mg/kg), and climb 
four stairs (p < 0.0001 for both deflazacort 0.9 and 1.2mg/kg).  

In a second double-blind placebo-control study of deflazacort 2mg/kg 
taken every other day, mean strength decreased by approximately 2% 
over 12 months in the deflazacort group compared to an approximate 
4% decrease in strength in the placebo group.  Strength assessments 
performed following 6 months and 12 months showed nominally 
significant  between-treatment differences in change from baseline 
between the placebo and 2mg/kg alternating day deflazacort groups 
of  6.97 (95% CI [1.24, 12.69], p = 0.0192) and 8.53 (95% CI [2.75, 
14.32], p = 0.0056), respectively.

Nominally significant evidence also suggests that deflazacort may 
delay the loss of the ability to walk in DMD patients (median of 63.0 
months for the deflazacort group versus 31.9 months for placebo, p = 
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Dimension Evidence and Uncertainties Conclusions and Reasons 

0.0052).  

Risk

Deflazacort carries the multiple risks associated with the class of 
corticosteroids, including Cushing syndrome and potentially life-
threatening adrenal crisis if treatment is stopped suddenly. 

The most commonly observed (≥ 10%) adverse events associated with 
the use of deflazacort in clinical studies were Cushingoid (59%), 
erythema (35%), hirsutism (34%), weight increased (27%), headache 
(25%), nasopharyngitis (22%), central obesity (22%), pollakiuria (13%), 
increased appetite (12%), abdominal pain (11%), constipation (11%), 
upper respiratory tract infection (11%), and influenza (11%).

A range of psychiatric adverse events were reported at a greater rate in the 
deflazacort groups compared to placebo:  abnormal behavior (6.8% vs. 4.9% 
placebo), irritability (5.1% vs. 3.3% placebo), aggression (4% vs. 1.6% 
placebo), psychomotor hyperactivity (4% vs. 1.6% placebo), affect lability 
(2.3% vs. 0% placebo), and mania (0.6% vs. 0% placebo).  

There are case reports in the medical literature of toxic epidermal necrolysis 
(TENS), a life-threatening skin condition, related to deflazacort use.  This 
condition was not seen in the clinical studies of deflazacort.

Although deflazacort, like other 
corticosteroids, has numerous potential 
adverse effects, the potential benefit for DMD 
patients outweighs the risks given the terminal 
nature of the disease. 

Reference ID: 4042733



Clinical Review
Rainer W. Paine, MD, PhD
NDA 208684 & 208685
Emflaza, deflazacort

21

Dimension Evidence and Uncertainties Conclusions and Reasons 

Risk 
Management

Corticosteroids, including deflazacort, have many potential adverse 
effects, such as potentially life-threatening adrenal crisis if treatment 
is stopped suddenly.  Product labeling should include both the 
adverse events seen in deflazacort clinical studies as well as warnings 
based on the known risks associated with the class of corticosteroids.

Patients and their physicians should monitor 
side effects during treatment and taper the 
deflazacort dose slowly if the side effects 
become intolerable.  The risks associated with 
deflazacort use can be addressed through the 
use of clear labeling, as has been the case for 
corticosteroids approved for numerous other 
conditions in the US.
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(OATP1B1,
OATP1B3) and
substrate
(OATP1B1,
OATP1B3, OAT1,
OAT3 and OCT2)
assays

(substrate
assay)
0.4 μM to 100 
μM,
at 6 
concentrations
using a 3-fold
dilution scheme
(inhibition 
assay)

with human
SLC
transporters

2 or
20 minutes,
37°C
Inhibition
assay: 2, 3 or
5 minutes,
37°C

In vitro MP-104-NC-046 In vitro UGT 
drug
inhibition assay

21-desDFZ
0.0457, 0.137,
0.412, 1.23, 
3.70,
11.1, 33.3 or 100 
μM

Recombinant
UGT enzymes

30 ± 2 minutes
(20 ± 2 minutes 
for UGT1A4),
37°C

In vitro MP-104-NC-047 In vitro UGT 
drug
substrate assay

21-desDFZ, 20 
μM

recombinant
UGT
enzymes

15, 30 or
60 minutes

In vitro MP-104-NC-054 In vitro plasma
protein binding
assay

21desDFZ, 5 μM HSA and/or
AAG

4 hours, 37°C

In vitro MP-104-NC-055 In vitro Pgp and
BCRP inhibition
and substrate
assays

Substrate assay:
Deflazacort or
21-desDFZ, 10 
μM
Inhibition assay:
0.4-100 μM

Substrate
assay:
MDCK
epithelial
(Pgp) or
Caco-2
(BCRP) cell
lines

2 hours both
assays
37°C for
inhibition
assay

PK MP-104-CL-005 Open-label,
single-period,
single-dose,
multicenter,
nonrandomized,
phase 1

Oral deflazacort
6 mg tablets

24 patients
with DMD

8 days

PK MP-104-CL-023 Open-label,
single-dose,
multicenter,
nonrandomized,
phase 1

Oral deflazacort
6 x 6 mg tablets

16 healthy
subjects

1 day

PK MP-104-CL-024 Open-label,
single-dose,
multicenter,
nonrandomized,
phase 1

Oral deflazacort
6 x 6 mg tablets

16 healthy
subjects

1 day

PK MP-104-CL-025 Open-label,
parallel 2-arm,
2-period,

Oral deflazacort
3 x 6 mg tablets
Single-dose on

58 healthy
subjects

2 
nonconsecutive
days for
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fixed-sequence,
randomized,
phase 1

Day 1;
Oral rifampin
2 x 300 mg
capsules every
24 hours for
10 days, with
3 x 6 mg
deflazacort 
tablets
co-administered 
on
Day 10;

deflazacort;
10 days for
rifampin;
4 days for
clarithromyci
n

BE/Food
effect

MP-104-CL-026 Open-label,
randomized,
5-period, phase 
1,
crossover,
single-center,
single-dose

A) Oral 
deflazacort 36 
mg tablet, 
fasted
B) Oral 
deflazacort
36 mg tablet, 
high-fat
meal
C) Oral 
deflazacort
36 mg crushed 
tablet in
applesauce, 
fasted
D) Oral 
deflazacort
6 x 6 mg tablets, 
fasted
E) Oral 
deflazacort
36 mg 
suspension in
apple juice, 
fasted

45 healthy
subjects

1 day

BA MP-104-CL-058 
Open-label,

Open-label,
single-dose,
randomized,
2-period,
single-center,
phase 1, 
crossover

Oral deflazacort 
36 mg
(1 x 36 mg, 
Marathon’s
proposed 
formulation)
tablets 
(Treatment A),
Calcort 
(deflazacort)
36 mg (6 x 6 mg) 
tablets

50 healthy
subjects

1 day
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Table 2.  Listing of Clinical Trials for this NDA (See Appendix 13.3 for table of all studies).  Source:  Synopsis of Individual Studies, 
pp. 1-9

Trial 
Identity

Trial Design Regimen/ 
schedule/ route

Study 
Endpoints

Treatment 
Duration/ 
Follow Up

No. of 
patien

ts 
enroll

ed

Study Population No. of Centers 
and Countries

Controlled Studies to Support Efficacy and Safety
MP-104-
NM-001

Phase 3,
multicenter,
double-blind,
randomized,
parallel-group,
placebo controlled

Deflazacort 0.9 
mg/kg/day,
Deflazacort 1.2 
mg/kg/day,
Prednisone 0.75 
mg/kg/day, or
Placebo for the 
first 12 weeks of
treatment.

Deflazacort 0.9 
mg/kg/day,
Deflazacort 1.2 
mg/kg/day, or
Prednisone 0.75 
mg/kg/day for the
subsequent 40 
weeks.

Assess the 
safety and
efficacy of 
deflazacort 
and
prednisone 
vs placebo 
at
12 weeks of 
treatment in
improving 
muscle 
strength
in D/B-MD 
patients

12 weeks 
placebo 
control 
followed by 
40 weeks 
open label 
extension 
with all 
patients on 
Deflazacort 
or 
Prednisone.

196 DMD and BMD 
patients

9 Centers in 2 
Countries (USA, 
Canada)

MP-104-
NM-002

Phase 3,
multicenter,
double-blind,

Deflazacort 2 
mg/kg once every
2 days, oral tablets

Asses the 
safety and
efficacy of 

Up to 2 years  29 Patients with
DMD

5 centers in 
Italy.
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Trial 
Identity

Trial Design Regimen/ 
schedule/ route

Study 
Endpoints

Treatment 
Duration/ 
Follow Up

No. of 
patien

ts 
enroll

ed

Study Population No. of Centers 
and Countries

randomized,
parallel-group,
placebo controlled

Placebo once every 
2 days, oral tablets.  

deflazacort 
vs
placebo in 
improving
muscle 
function in
patients 
with DMD

MP-104-
CL-

022OLE

Phase 3,
multicenter,
open-label,
extension study

Deflazacort 0.9 
mg/kg qd, oral
tablets

Assess the 
safety and
tolerability 
of long-term
use of 
deflazacort 
in DMD
subjects 
who were
previously 
enrolled in
Study MP-
104-CL-005.

Up to
16 months

1 Patients with
DMD

5

Studies to Support Safety (Phase 1 studies listed in Appendix, Section 13.3)
Other studies pertinent to the review of efficacy or safety (e.g., clinical pharmacological studies)

IND 
safety 

reports

8 Patients with
DMD
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of muscle strength in boys with Duchenne (DMD) or Becker (BMD) muscular dystrophy aged 5 
to 15 years.

The study evaluated deflazacort and prednisone over a 52-week period, in 2 segments (see 
figure below).  In Segment 1, deflazacort and prednisone were compared to placebo for the 
first 12 weeks of treatment.  Patients who met all eligibility criteria were randomly assigned in a 
double-blind fashion to receive once-daily morning doses of 1 of the following treatments:

• Deflazacort 0.9 mg/kg/d (maximum daily dose of 72 mg)
• Deflazacort 1.2 mg/kg/d (maximum daily dose of 96 mg)
• Prednisone 0.75 mg/kg/d (maximum daily dose of 60 mg)
• Placebo tablets (number determined by patient’s weight)

Following the initial 12-week segment, placebo patients were randomly assigned to 1 of the
3 active treatment groups for Segment 2 (the subsequent 40 weeks). Patients originally 
assigned to 1 of the 3 active treatment groups continued in that study arm for an additional 40 
weeks in Segment 2.

Following Visit 7 (Week 52), or upon early termination, study medication was reduced by a 
maximum of 5 mg (prednisone equivalent) every 2 weeks until drug withdrawal was complete.

Figure 1:  Design of study NM-001
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Inclusion Criteria

Patients were males aged 5 through 15 years old with Duchenne or Becker muscular dystrophy.
For inclusion into the study, patients were required to fulfill all of the following criteria:

1. The patient was male.
2. The patient was between the ages of 5 and 15 years old.
3. The patient had the onset of weakness before the age of 5 years old. If the boy had 
not been examined before the age of 5, documented history of the disease starting 
before that age was acceptable.
4. The patient must have had increased serum creatinine kinase activity at least 10 times 
the upper limit of normal at some stage in the illness prior to entry.
5. The patient had genetic analysis of the dystrophin gene. The complete mutation 
analysis must be demonstrated by the following specimen: DNA from blood cells or 
other tissue as evaluated by polymerase chain reaction or Southern Blot.
6. The patient demonstrated a clear alteration in dystrophin amount and/or distribution 
in the muscle. The dystrophin analysis was demonstrated by the following:

a. Specimen: muscle biopsy
b. Technology: immunostaining of muscle sections with 3 separate dystrophin
antibodies, one against the N-Terminal and a second against C-Terminal portion 
of the molecule and a third one against the middle portion.
− Duchenne muscular dystrophy - most would be negative with the 3 antibodies,
some would show weak positive staining with the N-Terminal antibody.
− Becker muscular dystrophy may be positive or "patchy" with all antibodies
Note: Prior studies of genetic analysis and dystrophin characterization were
acceptable. If no documentation, genetic testing and dystrophin analysis were
performed prior to study entry. If 2 brothers participated in the study, genetic 
testing was required for only one of them.

7. Parent(s)/legal guardian(s) provided written informed consent for children <14 years 
of age; at 14 to 15 years of age, children signed with the parent(s)/legal guardian where
applicable (i.e., as per provincial legislation).

Exclusion Criteria

Any of the following was regarded as a criterion for exclusion from the study:
1. Prior long-term use of oral glucocorticoids (more than 1 year).
2. Active peptic ulcer disease or history of gastrointestinal bleeding or perforation.
3. Current cancer except non-metastatic basal cell or squamous cell carcinoma of the 
skin.
4. Organ transplant.
5. Prior or ongoing treatment with plasmapheresis or dialysis.
6. Any immunodeficiency disorder.
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7. Any investigational drug use within 3 months of the baseline visit.
8. Hypersensitivity to deflazacort/prednisone.
9. Other intercurrent chronic illness that could interfere with clinical and laboratory
indications of disease.
10. Any child who could not cooperate with the examiner.
11. Any use of oral steroids for ≥l month within 6 months of study entry
12. Any use of oral steroids for <1 month within 2 months of study entry
13. Normal muscle biopsy or muscle biopsy evidence of denervation, glycogen-storage
disease.
14. Skin rash suggestive of dermatomyositis.
15. Patients with sensory abnormalities (exception: coincident mononeuropathy, such 
as a pressure palsy due to sitting in a wheelchair).
16. Clinical significant hepatic, neurologic, endocrine, renal or other major systemic 
findings that would make implementation/interpretation of the protocol's results 
difficult.
17. Previous fracture of vertebrae or hips within 1 month of study entry.
18. Current or recent infection with measles or chicken pox or contact with children 
with either disease.
19. Mental capacity limited to the extent that parent(s)/legal guardian/patient (when
applicable) could not provide written informed consent or information regarding AEs or
tolerance of study medication.
20. Any use of immunosuppressant within 90 days of study entry.
21. Immunization within 2 months of study entry.
22. The following medications are known or suspected to influence bone formation or
resorption. Patients taking any of these medications were only enrolled in this study if
they stopped them 30 days prior to entry:

a. Calcitonin
b. Fluorides
c. Heparin
d. Calcium-containing antacids
e. Oral vitamin D preparations (>400 IU daily)
f. Bisphosphonates
g. Phenytoin and other anticonvulsants
h. Calcium supplement (other than Os-Cal 250 provided by the sponsor)

Study Endpoints 

The primary efficacy endpoint for this study was the change in average muscle strength score 
from baseline to week 12. Patients were asked to perform specific movements (see table 
below) in various positions (sitting, prone, side-lying, and supine) at each visit to evaluate the 
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Table 3:  Strength testing for the primary endpoint.  Testing in parentheses was only done for 
patients who could not perform movements against gravity.

Position While Testing Strength
Sitting Prone Lying on Side Supine (Repeat 

Lying on 
Side)

(Repeat 
Sitting)

Shoulder 
Abduction

Neck 
Extension

Hip Abduction Elbow 
Extension

(Neck 
Flexion)

(External 
Shoulder 
Rotation)

Elbow 
Flexion

Shoulder 
External 
Rotation

(Hip Flexion) Neck 
Flexion

(Elbow 
Extension)

Wrist 
Flexion

Knee 
Flexion

(Hip 
Extension)

(Shoulder 
Abduction)

Wrist 
Extension

Ankle 
Plantar 
Flexion

(Knee Flexion) (Hip 
Abduction)

Thumb 
Abduction

Hip 
Extension

(Knee 
Extension)

Hip Flexion (Ankle 
Dorsiflexion)

Knee 
Extension

(Ankle 
Plantarflexion)

Ankle 
Dorsiflexion

(Neck 
Extension)

Ankle 
Eversion

Movements 
tested

Ankle 
Inversion

Secondary efficacy endpoints included the following: 

 Change in average muscle strength score from Baseline or Week 12 to Week 52
 Change in myometric measurements (these measurements recorded muscle force in 

Newtons for shoulder abduction, elbow flexion/extension, and knee flexion/extension).  
 Change in timed functional tests (standing from a lying position, climbing 4 stairs, 

running or walking for 30 feet, and propelling a wheelchair for 30 feet).
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 Change in pulmonary function tests (forced vital capacity and maximum voluntary 
ventilation)

 Muscle metabolic markers (aspartate aminotransferase (AST), creatine kinase (CK) and 
lactate dehydrogenase (LDH)) 

 Physician global assessment using an analog scale (number line) where 0 cm = “no 
symptoms” and 10 cm = “as bad as it could be.”   

Of the secondary endpoints described above, the change from Week 12 to Week 52 for the 
average muscle strength score was the only assessment that was identified as a key secondary 
endpoint (i.e., controlled for Type I error). 

Statistical Analysis Plan

The applicant describes the statistical analysis plan as follows for NM-001.  Note that not all 
analyses planned in the protocol could be completed due to records loss since the study was 
completed in the 1990s, as described in the protocol amendments section below.  See the 
separate statistical review for further analysis of the applicant’s statistical plan.

“Two analysis populations were planned for this study:

 The Safety Population included all patients who receive at least 1 dose of study 
medication.

 The Intent-to-Treat (ITT) Population included all patients randomized into the study.

The efficacy analyses were conducted using the ITT Population.

All safety analyses were conducted using the Safety Population, except for the analysis statural 
growth, where the ITT Population was used.

For continuous variables, summary statistics including number of patients with data, mean, 
standard deviation (SD), median, minimum, and maximum were provided. For categorical 
variables, the number of patients and percentage for each category was presented. Least 
square (LS) Means or odds ratios as appropriate and 95% confidence intervals (CIs) were 
presented for statistical models as appropriate.  Statistical testing was performed at the 0.05 
level using 2-tailed tests.  For efficacy analyses, the baseline value was defined as the mean of 
the assessments obtained from Visits 1 and 2 when both were present. If only one visit was 
present, the values from that visit were used as Baseline.  For safety analyses, the baseline 
value was defined as the last available measurement collected before the date of Visit 2 (Week 
0) when the first dose of study medication was administered.
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Assessments occurring on the date of Week 0 were assumed to be taken prior to the first dose 
unless otherwise indicated.  Change from Baseline was defined as the Value – Baseline.
Demographic variables and baseline characteristics were summarized for the Safety Population 
overall and by treatment group. Demographic variables included age, gender, race, height, 
weight, and body mass index (BMI) collected at the Screening Visit. Baseline characteristics 
included average muscle strength, pulmonary function testing, timed functional testing, 
functional grading (leg and arm) and physician global assessment.

Efficacy Analysis

The primary efficacy endpoint was the change in average muscle strength score from Baseline 
to Week 12.  The following null hypotheses were to be tested in a confirmatory sense at the 5% 
level of significance (2-sided test).

H0-1: There is no difference between deflazacort, prednisone and placebo with respect to 
change in average muscle strength score for patients treated up to 12 weeks.
H0-2: There is no difference between deflazacort and prednisone with respect to change in
average muscle strength score from Week 12 to Week 52.

Other secondary efficacy endpoints and glucocorticoid-related safety outcomes were subjected 
to the same null hypotheses in a descriptive fashion.  The other question of interest was to 
compare each of the deflazacort groups with prednisone with respect to change in average 
muscle strength score after 52 weeks of treatment from Baseline as well as with respect to all 
secondary endpoints. Patients randomized to the placebo group were evaluated in a descriptive 
fashion between 12 and 52 weeks of treatment after randomization to active medication.
The confirmatory main null hypothesis H0-1 was planned to be tested through an analysis of
covariance model.

The main effects to be included into the model were:
• baseline average muscle strength score parameters (Visits 1 and 2)
• investigative site
• treatments (placebo; 0.75 mg/kg prednisone; 0.9 mg/kg or 1.2 mg/kg deflazacort)
The dependent variable was the change from Baseline (Visit 1 and 2, averaged) to Week 
12.

The following contrasts were evaluated as primary outcome:
• Ll: placebo versus deflazacort (0.9 mg/kg)
• L2: placebo versus deflazacort (1.2 mg/kg)
• L3: placebo versus prednisone (0.75 mg/kg)

The overall significance level for each of these 2 contrasts was to be adjusted by the Dunnett
technique.  Secondary efficacy endpoints (see Section 9.5.3.2) were analyzed using the same 
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statistical techniques as described for the primary endpoint.”
(NM-001 Body, pp. 44-45)

Protocol Amendments

The protocol for study NM-001 from December 18, 1992 was submitted with this application.  
There were no protocol amendments reported.  The original statistical analysis plan needed to 
be amended as follows due to missing data.

Reviewer Comment:  The following description of missing data is from the applicant’s statistical 
analysis plan.  Data regarding serious adverse events and laboratory values was available for 
the safety review in Section 8.  

This study was conducted in the early 1990s. As responsibility for the study passed from the 
original sponsor to some of the study investigators and then to the current applicant, study 
materials such as completed case report forms and other data became unavailable or were not 
able to be obtained. 

The following protocol planned analyses could not be performed because the data were 
not available:
• Medical history
• Physical examination
• Patient psychological assessment
• Bone and muscle metabolic markers
• Growth hormone and IGF
• Compliance and dose taken.
• Study termination (disposition)
• Serious AEs
• Laboratory data
• Concomitant medications

• Adverse events – no dates of study drug administration are available so all AEs were 
classed as treatment emergent. In the placebo group, the AEs were classed as treatment 
emergent to the second randomized treatment if the onset date was on or after the 
Visit 4 (Week 12) date.

• The analysis has been changed to an MMRM. This was not available at the time that the 
protocol was written but is a more appropriate analysis.

• The quantitative myometry testing data will be listed but will not be included in 
summary tables or statistical analyses due to the lack of a meaningful composite 
summary measure and questionable interpretation of results.
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Financial Disclosure

Reviewer comment:  The applicant has submitted the required financial disclosure information 
in section M1.3.4 of the application.  The applicant makes the following statements regarding 
missing information.

“When Marathon licensed the exclusive US rights to these studies in 2014, multiple attempts 
were made to contact all of the investigators to obtain financial information with respect to 

 Marathon  for study MP-104-NM-001. Due to the amount of 
time that passed between when these studies were conducted and when Marathon licensed 
the rights, Marathon was either unable to make contact or solicit a response to the request for 
financial information for many of the investigators. A list of investigators for whom Marathon 
was able to obtain financial information from is provided [see table in Section 13.2].... All 
investigators have no disclosable financial interests (Financial Certification and Discosure, p. 3).”

Patient Disposition

The applicant provides the following information about the numbers of subjects randomized 
and the number who were available and used for the primary efficacy analysis.

Between 26 April 1993 (first patient) and 20 April 1995 (last patient last visit), a total
of 196 patients were enrolled in the study. A summary of patient enrollment and study
disposition for all patients is provided in the following table.  All randomized patients were 
included in the ITT Population and in the Safety Population.  Data regarding discontinuation or 
completion of the study for each patient could not be obtained.  In an evaluation based on 
study visit dates, an estimated 156 patients completed the study (NM-001 body, p. 51).
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Table 4:  Study NM-001 Patient Disposition (Source:  NM-001 Study Report Body, p. 163)

Protocol Violations/Deviations

There were no major protocol violations or deviations resulting in the exclusion of a patient 
from Intent-to-treat or Safety analysis populations.  Most of the deviations were related to 
missed pulmonary function assessments or out-of-window visits. Two patients had excessive 
weight gain [>25% of body weight or >10 kg in 3 months] as defined in the protocol, but may 
not have had the deflazacort dose reduced 50% as required in the protocol (NM-001 Study 
Report Body p. 52).
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Table of Demographic Characteristics

Reviewer Comment:  Note that there is generally no race/ethnic/gender-specific dosing for 
corticosteroids.

The Phase 3 placebo-controlled study NM-001 included only males because DMD is an x-linked 
recessive disease and female manifesting carriers are very rare.  The study was largely limited 
to whites/Caucasians.  The age range was limited to the pediatric population (ages 5-15 years).  
See the following figure from the applicant as well as the figure in Section 8.6 for the 
demographic characteristics of the analysis population.
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Table 5:  Demographic Characteristics of the Safety Population (Source:  NM-001 Study 
Report Body, p. 54) 
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Other Baseline Characteristics (e.g., disease characteristics, important concomitant drugs)

As is characteristic of patients with DMD, all the patients in study NM-001 had elevated 
baseline creatine kinase levels, which is indicative of muscle damage due to the disease.
Similar median baseline assessment values were obtained across study groups, as shown in the 
table below.  There were some larger differences in means, attributed to outliers, as seen in the 
large range of baseline timed 30 foot running/walking for the deflazacort 0.9mg/kg group.  
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Table 6:  Baseline Characteristics of Study Groups in Safety Population (Source:  NM-001 
Study Report Body, p. 56)
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.  Review of the limited 
data available did not suggest a compliance difference among the study groups.  Note that 
efficacy and safety data were transferred to an electronic database prior to the loss of the CRFs 
and were submitted by the applicant, but did not include the missing compliance and 
concomitant medication data.   

Efficacy Results – Primary Endpoint

Study NM-001 yielded statistically significant results for the primary endpoint of muscle 
strength change for both deflazacort doses and the prednisone dose compared to placebo, as 
shown in the table below, copied from the applicant.  Although these effects are statistically 
significant, they represent small changes on the eleven-point strength scale as illustrated in the 
following descriptive figures generated from the applicant’s data.  Although the changes are 
small over the course of the 12 week study, the slight decline in strength in the placebo group is 
visible in the figures below, as is the slight improvement in strength of both deflazacort groups.

Table 7:  NM-001 Primary Endpoint Results (Source: NM-001 Body, p. 59)

Change from
 Strength Baselinea

Between-treatment Difference in
Change from Baselinea

Visit Treatment N n

LS Mean
(95% CI)

Active - 
Placebo

95% CI P-value

Week 12 Deflazacort
0.9 mg/kg/day

51 48 0.15 (0.01, 0.28) 0.25 (0.04, 0.46) 0.0173

Deflazacort
1.2 mg/kg/day

49 46 0.26 (0.12, 0.40) 0.36 (0.14, 0.57) 0.0003

Prednisone
0.75 mg/kg/day

46 45 0.27 (0.13, 0.41) 0.37 (0.15, 0.59) 0.0002

Placebo 50 50 -0.10 (-0.23, 0.03) - - -
Reference: Table 14.2.1.1
Abbreviations: CI=confidence interval; LS=least squares; n=number of observations; N=number of 
patients. Note: Baseline was the average of Visit 1 and Visit 2 measurements.
a   Analysis results are from a mixed model of repeated measurements. The model included treatment group, visit, treatment 
by

visit, stratum, and site as fixed effects. The baseline value was included as a continuous 
covariate. P-values and confidence limits are based on the Dunnett technique.
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 The change in average muscle strength score from Week 12 to Week 52

The additional secondary endpoints that were evaluated during the trial were not statistically 
controlled for multiple comparisons.  Therefore, these analyses are considered as exploratory 
and any positive results can only be viewed as nominally significant.  The additional secondary 
endpoints evaluated in the trial include the following: 

 The change in average muscle strength score from baseline to Week 52
 Pulmonary function testing 
 Timed function testing
 Quantitative myometry
 Metabolic markers of muscle injury
 Functional grading
 Physician global assessment

Please see the previous section of this review that describes the nature and operationalization 
of these measures.

Unless otherwise stated, the sponsor has conducted the following analyses in relation to these 
endpoints:

 Change from baseline to Week 12 (the placebo-controlled portion of the trial)
 Change from Week 12 to Week 52 (comparing deflazacort to prednisone)
 Change from baseline to Week 52 (comparing deflazacort to prednisone)

Because the change from baseline to Week 52 is clinically more appropriate to evaluate when 
compared to the change from Week 12 to Week 52, the Week 12 to Week 52 results will not be 
presented in this review.  The exception will be with respect to the key secondary endpoint 
which is statistically controlled for Type I error and is defined as the change in muscle strength 
from Week 12 to Week 52 and will therefore be considered below.

Muscle Strength Score
The only secondary endpoint that was statistically controlled for Type I error was the LS mean 
change from baseline in average muscle strength scores from Week 12 to Week 52 in the ITT 
population.

The following table, copied from the submission, presents the summary statistics of average 
muscle strength by visit:
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Table 8:  Summary Statistics of Average Muscle Strength Score by Visit to Week 52 (Intent-to-
Treat Population).  Source:  NM-001 CSR, p. 63

The following table, copied from the submission, depicts the LS mean change in average muscle 
strength scores from Week 12 to Week 52 in the ITT population:
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Table 9:  Analysis of Change from Week 12 to Week 52 in Average Muscle Strength Score 
Comparing Deflazacort to Prednisone (Intent-to-Treat Population).  Source:  NM-001 CSR, p. 
62

Reviewer’s Comment: The preceding analyses were conducted using the Dunnett technique for 
control for multiple comparisons.  The comparison between deflazacort 0.9 mg/kg/day and 
prednisone was statistically significant at p=0.004. The comparison between deflazacort 1.2 
mg/kg/day and prednisone was not significant.

The following table, copied from the submission, depicts the LS mean change in average muscle 
strength scores from baseline to Week 52 in the ITT population:
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Table 10:  Analysis of Change from Baseline to Week 52 in Average Muscle Strength Score 
Comparing Deflazacort to Prednisone (Intent-to-Treat Population).  Source:  NM-001 CSR, p. 
65

Reviewer’s Comment: None of the results of the comparisons of deflazacort to prednisone from 
baseline to Week 52 were nominally significant (this analysis was not controlled for Type I 
error).  Despite the statistical significance of the deflazacort 1.2 mg/kg/day versus prednisone 
comparison from Week 12 to Week 52, the current comparison from baseline generally appears 
more clinically relevant.  However, it must be remembered that these comparisons are in 
relation to an active, albeit non-FDA approved, comparator.  Therefore, any persistence of the 
observed benefit over placebo observed in average muscle strength testing at Week 12 cannot 
be determined because of the nature of the re-randomization of placebo subjects at Week 12 to 
one of the three active treatment arms.

Pulmonary Function Testing
The submission presents the results on the following PFTs that were evaluated during the trial:

 Forced vital capacity (FVC)
 Maximum voluntary ventilation (MVV)

Forced Vital Capacity
The following table, copied from the submission, depicts the LS mean change from baseline in 
FVC at Week 12 in the ITT population:
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Table 11:  Analysis of Change from Baseline at Week 12 in Forced Vital Capacity (L) Comparing 
Active Drug to Placebo (Intent-to-Treat Population).  Source:  NM-001 CSR, p. 69

The following table, copied from the submission, depicts the LS mean change from baseline in 
FVC at Week 52 between the deflazacort and prednisone arms in the ITT population:

Table 12:  Analysis of Change from Baseline at Week 52 in Forced Vital Capacity (L) Comparing 
Deflazacort to Prednisone (Intent-to-Treat Population).  Source:  NM-001 CSR, p. 71
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Reviewer’s Comment: There were no nominally significant results for any of the analyses of FVC.

Maximum Voluntary Ventilation
The following table, copied from the submission, depicts the LS mean change from baseline in 
MVV at Week 12 in the ITT population:

Table 13:  Analysis of Change from Baseline at Week 12 in Maximum Voluntary Ventilation 
(L/min) Comparing Active Drug to Placebo (Intent-to-Treat Population).  Source:  NM-001 CSR, 
p. 77

The following table, copied from the submission, depicts the LS mean change from baseline in 
FVC at Week 52 between the deflazacort and prednisone arms in the ITT population:

Reference ID: 4042733



Clinical Review
Rainer W. Paine, MD, PhD
NDA 208684 & 208685
Emflaza, deflazacort

62

Table 14:  Analysis of Change from Baseline at Week 52 in Maximum Voluntary Ventilation 
(L/min) Comparing Deflazacort to Prednisone (Intent-to-Treat Population).  Source:  NM-001 
CSR, p. 79

Reviewer’s Comment: There were no nominally significant results for any of the analyses of 
MVV.

Reviewer’s Comment: The preceding PFT analyses failed to demonstrate any treatment benefit 
attributable to deflazacort.  Given the disease stage of these subjects where pulmonary function 
is largely still intact, it is possible that a small treatment effect, even if present, would have been 
difficult to detect clinically.

Timed Function Testing
The submission presents the results on the following TFTs that were evaluated during the trial:

 Supine to standing
 4 stair climb (4SC)
 Running/walking 30 feet
 Propelling a wheelchair 30 feet

Supine to Standing
The following table presents the summary statistics of the time (seconds) to stand from supine 
position by visit:
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Table 15:  Summary Statistics of Time (Seconds) to Stand from Supine Position by Visit to 
Week 52 (Intent-to-Treat Population).  Source:  NM-001 CSR, p. 81
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Reviewer’s Comment: Subject’s in the prednisone arm had a significantly faster time to stand at 
baseline compared to placebo and the deflazacort arms.  This difference did not impact the 
analyses of this endpoint.

The following table, copied from the submission, depicts the LS mean change from baseline in 
time (seconds) to stand from supine position at Week 12 in the ITT population:

Table 16:  Analysis of Change from Baseline at Week 12 in Time (Seconds) to Stand from 
Supine Position Comparing Active Drug to Placebo (Intent-to-Treat Population).  Source:  NM-
001 CSR, p. 82

Reviewer’s Comment:  As outlined in the preceding table, the comparisons of both deflazacort 
groups to placebo were nominally statistically significant with low p-values at Week 12. There 
were no nominally significant results for the comparison between deflazacort and prednisone.
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The following table, copied from the submission, depicts the LS mean change from baseline in 
time (seconds) to stand from supine position at Week 52 between the deflazacort and 
prednisone arms in the ITT population:

Table 17:  Analysis of Change from Baseline to Week 52 in Time (Seconds) to Stand from 
Supine Position Comparing Deflazacort to Prednisone (Intent-to-Treat Population).  Source:  
NM-001 CSR, p. 84

Reviewer’s Comment:  There were no nominally significant results in the comparison of 
deflazacort to prednisone in the time (seconds) to stand from supine from baseline to Week 52.

4 Stair Climb
The following table presents the summary statistics of the 4SC by visit:
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Table 18:  Summary Statistics of Time (Seconds) to Climb 4 Standard Stairs by Visit to Week 52 
(Intent-to-Treat Population).  Source:  NM-001 CSR, p. 86
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The following table, copied from the submission, depicts the LS mean change from baseline in 
4SC at Week 12 in the ITT population:

Table 19:  Analysis of Change from Baseline at Week 12 in Time (Seconds) to Climb 4 Standard 
Stairs Comparing Active Drug to Placebo (Intent-to-Treat Population).  Source:  NM-001 CSR, 
p. 87

Reviewer’s Comment: As outlined in the preceding table, the comparisons of both deflazacort 
groups to placebo were nominally statistically significant with low p-values at Week 12. There 
were no nominally significant results for the comparison between deflazacort and prednisone.

The following table, copied from the submission, depicts the LS mean change from baseline in 
4SC at Week 52 between the deflazacort and prednisone arms in the ITT population:
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Table 20:  Analysis of Change from Baseline to Week 52 in Time (Seconds) to Climb 4 Standard 
Stairs Comparing Deflazacort to Prednisone (Intent-to-Treat Population).  Source:  NM-001 
CSR, p. 89

Running/Walking 30 feet
The following table presents the summary statistics of the time (seconds) to run or walk 30 feet 
by visit:
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Table 21:  Summary Statistics of Time (Seconds) to Run or Walk 30 Feet by Visit (Intent-to-
Treat Population).  Source:  NM-001 CSR, p. 91
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The following table, copied from the submission, depicts the LS mean change from baseline in 
time (seconds) to run or walk 30 feet at Week 12 in the ITT population:

Table 22:  Analysis of Change from Baseline at Week 12 in Time (Seconds) to Run or Walk 30 
Feet Comparing Active Drug to Placebo (Intent-to-Treat Population).  Source:  NM-001 CSR, p. 
92

Reviewer’s Comment: As outlined in the preceding table, the comparisons of both deflazacort 
groups to placebo were nominally statistically significant with low p-values at Week 12. There 
were no nominally significant results for the comparison between deflazacort and prednisone.

The following table, copied from the submission, depicts the LS mean change from baseline in 
time (seconds) to run or walk 30 feet at Week 52 between the deflazacort and prednisone arms 
in the ITT population:
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Table 23:  Analysis of Change from Baseline to Week 52 in Time (Seconds) to Run or Walk 30 
Feet Comparing Deflazacort to Prednisone (Intent-to-Treat Population).  Source:  NM-001 
CSR, p. 94

Reviewer’s Comment: There were no nominally significant results for the comparison of 
deflazacort to prednisone in the time (seconds) to run or walk 30 feet at Week 52.

Propelling a Wheelchair 30 Feet
The following table presents the summary statistics of the time (seconds) to propel a 
wheelchair 30 feet by visit:
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Table 24:  Summary Statistics of Time (Seconds) to Propel a Wheelchair 30 Feet by Visit to 
Week 52 (Intent-to-Treat Population).  Source:  NM-001 CSR, p. 96
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The following table, copied from the submission, depicts the LS mean change from baseline in 
time (seconds) to propel a wheelchair 30 feet at Week 12 in the ITT population:

Table 25:  Analysis of Change from Baseline to Week 12 in Time (Seconds) to Propel a 
Wheelchair 30 Feet Comparing Active Drug to Placebo (Intent-to-Treat Population).  Source:  
NM-001 CSR, p. 97

The following table, copied from the submission, depicts the LS mean change from baseline in 
time (seconds) to propel a wheelchair 30 feet at Week 52 between the deflazacort and 
prednisone arms in the ITT population:
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Table 26:  Analysis of Change from Week 12 to Week 52 in Time (Seconds) to Propel a 
Wheelchair 30 Feet Comparing Deflazacort to Prednisone (Intent-to-Treat Population).  
Source:  NM-001 CSR, p. 98

Reviewer’s Comment: There were no nominally significant results in any of the analyses of the 
time (seconds) to propel a wheelchair 30 feet.

Reviewer’s Comment: As outlined in the preceding tables, nominally significant differences at 
low p-values at Week 12 for the comparison between deflazacort and placebo in the ITT 
population were observed for 3 of the 4 TFTS (time to stand from supine, 4SC, and time to 
run/walk 30 feet) evaluated during the trial. No differences were observed between deflazacort 
and prednisone at any timepoint.  These results, while only nominally significant, may provide 
support for the clinical relevance of the small but statistically significant effect observed on the 
trial’s primary muscle strength endpoint. The consistency of the findings in the placebo 
comparison at Week 12 argues for the plausibility of the observed effects representing a benefit 
attributable to deflazacort.

Quantitative Myometry Testing
Myometry measurements (shoulder abduction, elbow flexion/extension, and knee 
flexion/extension) were assessed during the trial.  As described previously, the greatest of 3 
measurements at each muscle group was recorded and an average was calculated for a patient 
at each visit across all 3 muscle measurements.  

The submission states the following with respect to the myometry results at Week 12:
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 Analysis of mean (SD) average percent changes from baseline to Week 12 showed a 
38.16% (155.895) increase in muscle strength from baseline for the deflazacort 0.9 
mg/kg/day group, a 17.49% (26.034) increase for the deflazacort 1.2 mg/kg/day group, a 
12.60% (28.662) increase for the prednisone group, and a 5.83% (30.579) increase for 
the placebo group. 

 When comparing each treatment with placebo by a Wilcoxon rank-sum test, the 
difference between the deflazacort  1.2 mg/kg/day group and the placebo group at 
Week 12 was found to be statistically significant (p = 0.0082, deflazacort 0.9 mg/kg/day 
versus placebo: p = 0.0599, prednisone versus placebo: p = 0.1632).

No nominally significant results were observed in the Week 12 to Week 52 analyses.

Reviewer’s Comments: The verbatim statement above incorrectly states that the result for the 
comparison of deflazacort 1.2 mg/kg/day with placebo at Week 12 was “statistically 
significant.”  This result can only be considered as nominally significant given the lack of 
statistical control for Type I error.  The lack of any other nominal findings for this endpoint 
greatly compromises any favorable conclusions that can be made based on this finding.

The submission also presents a number of further exploratory analyses that seek to correlate the 
myometry results with other endpoints.  As the myometry result itself is exploratory, any 
positive results from these varied analyses lack statistical validity and are uninformative for the 
purposes of this review and will therefore not be discussed here.  

Muscle metabolic markers (AST, CK, LDH) 

AST, CK, and LDH decreased by week 6 for deflazacort 0.9 and 1.2 mg/kg compared to increased 
levels in the placebo group, as shown in the tables below copied from the applicant.  These 
descriptive results appear to indicate a reduction in metabolic markers of active muscle injury in 
the deflazacort and prednisone groups compared to the placebo group. 
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Table 27:  Summary Statistics of Creatine Kinase Results by Visit to Week 6 Safety Population.  
Source:  NM-001 CSR, p.  671 

Table 28:  Summary Statistics of Lactate Dehydrogenase Results by Visit to Week 6 Safety 
Population.  Source:  NM-001 CSR, p. 657
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Table 29:  Summary Statistics of Aspartate Aminotransferase Results by Visit to Week 6 
Safety Population.  Source:  NM-001 CSR, p. 644

Functional Grading
Functional grading was performed for both the arm and the leg.  

Functional Leg Grading
The following table, copied from the submission, presents the summary statistics for the 
functional leg grading assessments by visit:

Reference ID: 4042733



Clinical Review
Rainer W. Paine, MD, PhD
NDA 208684 & 208685
Emflaza, deflazacort

78

Table 30:  Summary Statistics of Functional Leg Grading by Visit to Week 52 (Intent to- Treat 
Population).  Source:  NM-001 CSR, p. 100
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The following table, copied from the submission, depicts the LS mean change from baseline in 
functional leg grading scores at Week 12 in the ITT population:

Table 31:  Analysis of Change from Baseline at Week 12 in Functional Leg Grading Comparing 
Active Drug to Placebo (Intent-to-Treat Population).  Source:  NM-001 CSR, p. 101

The following table, copied from the submission, depicts the LS mean change from baseline in 
functional leg grading scores between the deflazacort and prednisone arms in the ITT 
population:
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Table 32:  Analysis of Change from Baseline at Week 52 in Functional Leg Grading Comparing 
Deflazacort to Prednisone (Intent-to-Treat Population).  Source:  NM-001 CSR, p. 103

Reviewer’s Comment: There were no nominally significant results for any of the analyses of 
functional leg grading scores.

Functional Arm Grading
The following table, copied from the submission, presents the summary statistics for the 
functional arm grading assessments by visit:
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Table 33:  Summary Statistics of Functional Arm Grading by Visit to Week 52 (Intent-to-Treat 
Population).  Source:  NM-001 CSR, p. 105
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The following table, copied from the submission, depicts the LS mean change from baseline in 
functional arm grading scores at Week 12 in the ITT population:

Table 34:  Analysis of Change from Baseline at Week 12 in Functional Arm Grading Comparing 
Active Drug to Placebo (Intent-to-Treat Population).  Source:  NM-001 CSR, p. 106

The following table, copied from the submission, depicts the LS mean change from baseline in 
functional arm grading scores between the deflazacort and prednisone arms in the ITT 
population:
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Table 35:  Analysis of Change from Baseline at Week 52 in Functional Arm Grading Comparing 
Deflazacort to Prednisone (Intent-to-Treat Population).  Source:  NM-001 CSR, p. 108

Reviewer’s Comment: As outlined in the preceding tables, nominally significant findings were 
observed in the comparison for deflazacort 1.2 mg/kg/day versus placebo at Week 12 in the ITT 
population and in the comparison of both deflazacort arms versus prednisone at Week 52.  
These groups were comparable at baseline, and the possible observation of a pattern of a dose-
response relationship suggests that these findings may be plausible although the lack of 
statistical control precludes any definitive conclusions.

Physician Global Assessment
A physician global assessment was performed during the trial.  

The following table, copied from the submission, presents the summary statistics for the 
physician global assessment by visit:
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Table 36:  Summary Statistics of Physician Global Assessment by Visit to Week 12 (Intent-to-
Treat Population).  Source:  NM-001 CSR, p. 109

The following table, copied from the submission, depicts the LS mean change from baseline for 
the physician global assessment at Week 12 in the ITT population:
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strength in male patients with DMD having received deflazacort (2 mg/kg once every 2 days) or 
placebo (once every 2 days) in a 2:1 ratio (deflazacort:placebo).  The study included 29 male 
patients suffering from DMD.  

The primary objective was to assess the efficacy of deflazacort versus placebo in improving 
muscle function in patients with DMD from baseline to 2 years of treatment or loss of 
ambulation, whichever occurred first.

The major safety objective was to assess the corticosteroid-associated adverse event (AE) 
profile of deflazacort versus placebo, as well as to monitor treatment-emergent adverse events 
(TEAEs) and clinical laboratory data (Study synopsis, p. 1).

Inclusion Criteria
1) Male patients, able to walk, aged between 5 and 11 years; 
2) symptoms onset before the age of 5; 
3) diagnosis confirmed by: a) neurological exam; b) EMG; c) serum exams; d) muscle
biopsy; 
4) absence of absolute contraindications to the pharmaceutical product (glucose
intolerance, relational and affective disorders, serious infectious diseases); 
5) parents’ informed consent.

No exclusion criteria were specified in the study protocol.

Study Endpoints

Study NM-002 defined the primary endpoint as the change in muscle strength from baseline to 
2 years or loss of ambulation using a 0 to 5 point verbal rating scale, assessed manually, and  
converted to a Medical Research Council (MRC) index score.  The MRC score, assessed at 6 
months and at 1, 2, and 3 years, was expressed as a percentage of “normal strength” for the 
sum of 4 strength measurements (right triceps, right deltoid, right quadriceps, and right 
iliopsoas):

• Grade 5: muscle contracted normally against full resistance
• Grade 4: muscle strength was reduced but muscle contraction could still move joint
against resistance
• Grade 3: muscle strength was further reduced such that the joint could be moved only
against gravity with the examiner’s resistance completely removed
• Grade 2: muscle could move only if the resistance of gravity was removed
• Grade 1: only a trace or flicker of movement was observed or felt in the muscle or
fasciculations were observed in the muscle
• Grade 0: no movement was observed
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In some instances, a + or – was added to the score to express an intermediate level of the scale
and increase the precision of the evaluation. A + or – represents a value of 0.5.
The score was defined in the equation shown in the following figure taken from the applicant.  
Based on this equation, maximum strength was described as 100%, whereas minimum strength 
(no observable movement) was 0%.

Figure 6:  Muscle strength score for study NM-002

Secondary efficacy endpoints were assessed at 6 months and at 1, 2, and 3 years including:

• Change from Baseline in muscle function (walking, climbing stairs, standing up from
a chair with no armrests, standing from sitting on floor [Gower’s Maneuver], putting
on a shirt without buttons)
• Change from Baseline in muscle strength using the Hammersmith myometer
• Time to loss of ambulation 
• Age at time of loss of ambulation
• Condition as assessed by the patient’s parent (improved, worsened, or stable)
• Cooperation as assessed by the patient’s parent (good, sufficient, or nil)
• Physical therapy regularity (regular, sporadic, or none) as reported by patient’s parent

Safety variables included:

• Adverse events (AEs)
• Side effects
• Statural growth (weight, height, and body mass index [BMI])
• Laboratory assessments

All safety variables were summarized descriptively by treatment group.

Statistical Analysis Plan

There was no statistical analysis plan in the original protocol.  The applicant describes 
subsequent statistical analyses as follows for NM-002.  Note that not all analyses for the 
protocol could be completed due to records loss since the study was completed in the 1980s-
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1990s, as described in the protocol amendments section below.  See the separate statistical 
review for further analysis of the applicant’s statistical plan.

“Data processing, tabulation of descriptive statistics, calculation of inferential statistics, and
graphical representations were performed primarily using SAS® for Windows (version 9.3).
All measured variables and derived parameters are listed individually and, if appropriate,
tabulated by descriptive statistics. For continuous variables, summary statistics including the 
number of patients with data, mean, standard deviation (SD), median, minimum, and maximum 
are provided. For categorical variables, the number of patients and percentage for each 
category are presented. Least squares (LS) means or odds ratios, as appropriate, and 95% 
confidence intervals (CIs) are presented for statistical models, as appropriate. Statistical testing 
was performed at the 0.05 level using 2-tailed tests. (NM-002 Body, p. 29)”

Protocol Amendments

There were no protocol amendments reported by the applicant.

Data Quality and Integrity: Sponsor's Assurance

Since study NM-002 was conducted from 1988 to 1991, no imputation of missing data was
possible.  Very few laboratory and vital signs data were available.  No data from the physical 
and eye examinations were available.  There were two subjects for whom no CRFs or only pre-
dose CRFs could be recovered; therefore those subjects were not included in the safety 
population.  

Several of the variables/domains that would normally be included in an integrated safety 
analysis are not included in the study databases. As a result, the ISS does not include the 
following evaluations:

o Concomitant medications
o Vital signs for any group
o Study completion/termination information 
o Laboratory results

For study NM-002, all of the information reported during the conduct of the study was not 
captured via a case report form (CRF). A 2-page blank source document that served as the CRF 
that captured subject and site information, visit date, muscle strength, muscle function, and 
weight was provided to all sites by the coordinating investigator. All other data were collected 
via physician progress notes (NM-002 study report body, p. 13).
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Patient Disposition

As described by the applicant, 31 patients were enrolled in the study. A total of 20 patients 
were randomized to treatment with deflazacort and 11 patients to treatment with placebo. Of 
the randomized patients, 18 patients were treated with deflazacort, and 11 patients were 
treated with placebo. Of these, 14 patients of the deflazacort group and 3 patients of the 
placebo group completed the study treatment period which was defined as study participation 
for at least 2 years following the first dose.

Table 38:  Patient Disposition (Randomized Patients).  Source: NM-002 Body, p. 33

Protocol Violations/Deviations

No data on protocol violations or deviations were available.

Table of Demographic Characteristics

Reviewer Comment:  Note that there is generally no race/ethnic/gender-specific dosing for 
corticosteroids.

The Phase 3 placebo-controlled study NM-002 included only males because DMD is an x-linked 
recessive disease and female manifesting carriers are very rare.  The age range was limited to 
the pediatric population (ages 5-11 years).  
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No racial or ethnic demographics data were available for study MP-104-NM-002, which was 
conducted in Italy from 1988-1991.  Patients were recruited in 5 centers in Italy from Padua, 
Bologna, Palermo, Bari and Pavia (12, 3, 5, 8 and 1 patients, respectively).

As seen in the following table copied from the applicant, the two  treatment groups differed in 
the baseline mean value for Gower’s Maneuver, which was slightly higher in the placebo group 
(16.20 seconds) than in the deflazacort group (11.89 seconds) as seen in the table above.

Reviewer Comment:  The difference in Gower’s Maneuver times might indicate a slightly worse 
baseline disease state in the placebo group that could complicate drug efficacy comparison.  
However, baseline mean strength measurements were similar between the two groups 
(deflazacort = 4.12; placebo = 4.14).

Table 39:  Study NM-002 Demographic and Baseline Characteristics (Safety Population).  
Source:  NM-002 Body, p. 34
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Other Baseline Characteristics (e.g., disease characteristics, important concomitant drugs)

No other baseline characteristics are available.
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Treatment Compliance, Concomitant Medications, and Rescue Medication Use

No definition of treatment compliance was given in the protocol, and no data were collected.  
No restrictions on prior and concomitant therapy were described in the protocol, and no data
were collected.

Efficacy Results - Primary Endpoint

Study NM-002  failed to yield statistically significant results for the primary endpoint (change in 
muscle strength from baseline to 2 years or loss of ambulation, whichever occurred first) at the 
pre-determined 2-year assessment time, with a between-treatment difference in change from 
baseline between the placebo and 2mg/kg alternating day deflazacort groups of 5.2 (95% CI  [-
3.16, 13.56], p = 0.2107). 

As reported by the applicant, strength assessments performed following 6 months and 12 
months did show nominally significant  between-treatment differences in change from baseline 
strength between the placebo and 2mg/kg alternating day deflazacort groups of  6.97 (95% CI 
[1.24, 12.69], p = 0.0192) and 8.53 (95% CI [2.75, 14.32], p = 0.0056), respectively.  The changes 
in strength after 6 and 12 months for the placebo and deflazacort groups are shown in the 
following figures generated from the applicant’s data.  

Reviewer Comment:  Note that only 3 placebo patients remained in the study at the time of the 
2-year assessment, making the primary endpoint results difficult to interpret.  In the figures 
below using the 6 and 12 month data, when there were 10 and 9 placebo patients, respectively, 
there is a trend of small declines in mean strength in both the placebo and 2mg/kg alternating 
day groups, with greater declines in mean and minimum strength in the placebo group at 12 
months.  
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Data Quality and Integrity - Reviewers' Assessment

The applicant reports the several limitations of the available study data, described in Section 
6.2.1.  Sufficient data are available for efficacy and reported adverse event assessments, 
although vital sign and laboratory data are not adequate for clinically meaningful 
interpretation. Clinical site inspections were not possible due to the age of the clinical studies, 
with limited availability of original investigators and source documents.

Efficacy Results - Secondary and other relevant endpoints

For study NM-002, the following secondary efficacy endpoints were assessed at 6 months and 
at 1, 2, and 3 years.  Because the submitted protocol does not contain information on the 
statistical analysis methods and because the key secondary efficacy endpoints were not pre-
specified for this study, the following results are presented descriptively.

1. Change from baseline in muscle function grade for walking, ranging from normal = 1 to 
“confined to wheelchair” = 7.  
The results are shown in the following table, copied from the applicant.  The mean and 
median changes are numerically larger in the placebo group at all time-points from 
month 6 onward, suggesting greater worsening in walking for the placebo group.
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Table 40:  Summary Statistics of Change from Baseline in Muscle Function Grade for Walking 
(Safety Population).  Source:  NM-002 CSR, p. 42

2. Change from baseline in timed 10 meter walk.  
The results are shown in the following table, copied from the applicant. The time to 
perform the task is decreased relative to baseline through the year 1 assessment in the 
deflazacort group, whereas it increases consistently in the placebo group for all time-
points.  This result suggests that deflazacort may improve timed walking for the first 
year, although it worsens thereafter, presumably due to disease progression.  
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Table 41:  Summary Statistics of Change from Baseline in Timed Muscle Function:  Time to 
Walk 10 Meters [Seconds] (Safety Population).  Source:  NM-002 CSR, p. 43

3. Change from baseline in muscle function grade for climbing stairs, with worsening 
ability as the grading number increases to the inability to climb stairs at a grade of 7.  
The results are shown in the following table, copied from the applicant.
The mean and median changes are numerically larger in the placebo group at all time-
points from month 6 onward, suggesting greater worsening in stair climbing for the 
placebo group.
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Table 42:  Summary Statistics of Change from Baseline in Muscle Function Grade:  Stairs 
(Safety Population).  Source:  NM-002 CSR, p. 44

4. Change from baseline in timed 4-stair climb
The results are shown in the following table, copied from the applicant. The time to 
perform the task is decreased relative to baseline at the 6 month assessment in the 
deflazacort group, whereas it increased in the placebo group at 6 months.  From year 2 
onwards, both the mean and median times for both groups are increased relative to 
baseline.  This result suggests that deflazacort may improve timed stair climbing initially, 
although it worsens later, presumably due to disease progression.  
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Table 43:  Summary Statistics of Change from Baseline in Timed Muscle Function:  Time to go 
up 4 Stairs [Seconds] (Safety Population).  Source:  NM-002 CSR, p. 45

5. Change from baseline in muscle function grade for standing up from chair, with 
worsening ability as the grading number increases to the inability to stand up at a grade 
of 6.  The results are shown in the following table, copied from the applicant.
The mean and median changes are numerically larger in the placebo group at all time-
points from month 6 onward, suggesting greater worsening in standing up from a chair 
for the placebo group.
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Table 44:  Summary Statistics of Change from Baseline in Muscle Function Grade:  Chair 
(Safety Population).  Source:  NM-002 CSR, p. 46

6. Change from baseline in time to stand up from a chair with no armrests
The results are shown in the following table, copied from the applicant. The mean time 
to perform the task is decreased relative to baseline at the 1 year assessment in the 
deflazacort group, whereas it increased in the placebo group at 1 year.  From year 2 
onwards, the mean times for both groups are increased relative to baseline.  This result 
suggests that deflazacort may improve timed standing up initially, although it worsens 
later, presumably due to disease progression.  
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Table 45:  Summary Statistics of Change from Baseline in Timed Muscle Function:  Time to Get 
Up from Chair [Seconds] (Safety Population).  Source:  NM-002 CSR, p. 47

7. Change from baseline in muscle function grade for getting up from the floor (Gower’s 
Maneuver), with worsening ability as the grading number increases to the inability to 
get up at a grade of 7.  The results are shown in the following table, copied from the 
applicant.
The mean changes are numerically larger in the placebo group at all time-points from 
month 6 onward.  For the deflazacort group, there is no mean or median worsening of 
the functional grade until the year 2 assessment.  These results suggest greater 
worsening in standing up from the floor for the placebo group.
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Table 46:  Summary Statistics of Change from Baseline in Muscle Function Grade:  Gower’s 
Maneuver (Safety Population).  Source:  NM-002 CSR, p. 48

8. Change from baseline in time to stand up from sitting on the floor [Gower’s 
Maneuver]

The results are shown in the following table, copied from the applicant. The mean and 
median changes are numerically larger in the placebo group at all time-points from month 6 
onward, suggesting greater worsening in standing up from the floor for the placebo group.
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Table 47:  Summary Statistics of Change from Baseline in Timed Muscle Function:  Time to 
Perform Gower’s Maneuver [Seconds] (Safety Population).  Source:  NM-002 CSR, p. 49

9. Change from baseline in proximal upper limb muscle function, with worsening ability 
as the grading number increases to the inability to raise the arms above the shoulders at 
a grade of 5.  The results are shown in the following table, copied from the applicant.

The mean changes are numerically larger in the placebo group at all time-points from 
month 6 onward.  These results suggest greater worsening in upper limb muscle function 
for the placebo group.
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Table 48:  Summary Statistics of Change from Baseline in Muscle Function Grade:  Upper 
Limbs (Safety Population).  Source:  NM-002 CSR, p. 50

10. Change from baseline in time to put on a shirt without buttons
The results are shown in the following table, copied from the applicant. The mean and median 
changes are consistently negative (meaning less time was needed to complete the task relative 
to baseline) in the deflazacort group at all time points, whereas the placebo group showed an 
increase in time needed for the task at years 1 and 2.  This result may suggest a beneficial effect 
from deflazacort.  However, multiple patients in both groups were unable to complete the task, 
making interpretation of the result less clear.
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Table 49:  Summary Statistics of Change from Baseline in Timed Muscle Function:  Time to Put 
on a Shirt without Buttons [seconds] (Safety Population).  Source:  NM-002 CSR, p. 51

11. Change from baseline in muscle strength using the Hammersmith myometer
It appears that leg flexion and extension were assessed with the myometer based on the 
names of the parameters collected.  However, the precise placements of the myometer 
and the instructions given to study subjects were not defined in the study protocol, 
making interpretation of the results difficult.  A table of results is copied from the 
applicant below.  There is no clear pattern in the results.  At one year, the mean 
“Distance internal right malleolar patella” parameter is numerically greater in the 
placebo group, whereas the mean “Distance one-third of the patella” and “Weight one-
third of the patella” parameters are numerically greater in the deflazacort group at one 
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year.  Beyond one year, interpretation is unclear due to the loss of most placebo patients 
from the study.

Table 50:   Summary Statistics of Change from Baseline of Hammersmith Myometer Muscle 
Strength  (force measured in Newtons) (Safety Population).  Source:  NM-002 CSR, p. 52
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12. Time to loss of ambulation from the start of the study
The applicant reports a difference in the time to loss of ambulation favoring the 
deflazacort group, as shown in the following table copied from the applicant.  Review of 
the source documents provided with the application found that 1 patient in the 
deflazacort group lost ambulation within the 2 years of the primary efficacy assessment 
period of the study, compared to 3 patients in the placebo group.  This observation 
combined with the applicant’s analysis appears to suggest that deflazacort may have a 
beneficial effect in delaying the loss of ambulation.  

Table 51:  Kaplan-Meier Estimates of Time to Loss of Ambulation in Months from Start of 
Dosing Through End of Data Collection.  Safety Population.  Source:  NM-002 CSR, p. 142

Table 52:  Patients with narratives who lost ambulation during study NM-002 .  Time after 
start of study is approximate.  Due to lack of documentation, the applicant assigned the date 
of the first dose as 15 July 1988 for all study patients.  Source:  NM-002 CSR patient 
narratives, p. 219 and Discontinued patients, p. 16

Patient ID Group Time after start 
of study when 
ambulation lost

16 deflazacort 6 years & 1 month

21 deflazacort
3 years & 3 
months

29 deflazacort
2 years & 11 
months

39 deflazacort 1 year & 3 months

1 placebo
2 years & 9 
months

5 placebo 4 years & 9 
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months
6 placebo 4 months

13 placebo 1 year & 2 months

28 placebo
2 years & 5 
months

38 placebo 1 year & 2 months
41 placebo 5 years
42 placebo 3 years

13. Age at the time of loss of ambulation
As shown in the figure below copied from the applicant, the mean and median ages at 
time of loss of ambulation were numerically greater for the deflazacort group compared 
with the placebo group, suggesting that deflazacort may have a beneficial effect in 
delaying the loss of ambulation. 

Table 53:  Summary Statistics of Age in Months at Time of Loss of Ambulation.  Safety 
Population.  Source:  NM-002 CSR, p. 143

14. Condition as assessed by the patient’s parent (improved, worsened, or stable)
The results are shown in the following table copied from the applicant.  At 6 months and 
1 year a higher percentage of deflazacort-treated patients were assessed as improved or 
stable compared to placebo. A higher number of the placebo-treated patients were 
assessed as worsened at 6 and 12 months compared to those randomized to 
deflazacort.   At 24 and 36 months, more deflazacort-treated patients were assessed as 
worsened compared to placebo, although the small number of remaining placebo 
patients (3 and 2, respectively) at those assessment times makes interpretation of 
results difficult.  These results appear to favor deflazacort over placebo up to 12 months.  
Note that this condition assessment is subjective and may be affected by unblinding due 
to the development of Cushingoid features in the deflazacort-treated patients.
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Table 54:  Summary Statistics of Muscle Function - Patient Condition.  Safety Population.  
Source:  NM-002 CSR, p. 144

15.  Cooperation as assessed by the patient’s parent (good, sufficient, or nil)
As seen in the following table copied from the applicant, patient’s cooperation was 
assessed as more likely to be “good” in the deflazacort-treated compared to placebo-
treated patients at all time points.  Note that this assessment is subjective and may be 
affected by unblinding due to the development of Cushingoid features in the deflazacort-
treated patients.
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Table 55:  Summary Statistics of Muscle Function - Patient Cooperation.  Safety Population.  
Source:  NM-002 CSR, p. 145

16. Participation in physical therapy (regular, sporadic, or none).
As seen in the following table copied from the applicant, a numerically higher 
percentage of deflazacort-treated patients had participation in physical therapy 
assessed as “regular” at all time points compared to placebo-treated patients.  The 
meaning of this finding is unclear and could be interpreted as a beneficial effect from 
regular physical therapy leading to greater apparent efficacy in the deflazacort group, as 
greater ability to participate in physical therapy due to an effect of deflazacort, or as 
unblinding from the development of Cushingoid features that motivates deflazacort 
group patients to participate more in physical therapy.  
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Table 56:  Summary Statistics of Muscle Function – Physiotherapy.  Safety Population.  
Source:  NM-002 CSR, p. 146
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Propelling a wheelchair 30 feet:  There were no nominally significant results in any 
of the analyses of the time (seconds) to propel a wheelchair 30 feet.

4. Pulmonary function tests:  No nominally significant difference between deflazacort and 
prednisone in Forced Vital Capacity (FVC) or Maximum Voluntary Ventilation (MVV) at 
week 52 compared to baseline 

5. Muscle metabolic markers (AST, CK, LDH):   Decrease by week 6 for deflazacort 0.9 and 
1.2 mg/kg and prednisone compared to increased levels in the placebo group.  

6. Functional grading for both the arm and the leg:  There were no nominally significant 
results for any of the analyses of functional leg grading scores.  For functional arm 
grading, nominally significant findings were observed in the comparison for deflazacort 
1.2 mg/kg/day versus placebo at Week 12 in the ITT population and in the comparison 
of both deflazacort arms versus prednisone at week 52.  The possible observation of a 
pattern of a dose-response relationship suggests that these findings may be plausible 
although the lack of statistical control at week 52 precludes any definitive conclusions.

7. Physician global assessment:  There were no nominally significant results for any of the 
analyses of the physician global assessment scores.

For study NM-002, the following secondary efficacy endpoints, detailed in Section 6.2.2 and 
summarized below, were assessed at 6 months and at 1, 2, and 3 years.  Because the submitted 
protocol does not contain information on the statistical analysis methods and because the key 
secondary efficacy endpoints were not pre-specified for this study, the results are presented 
descriptively.

1. Change from baseline in muscle function grade for walking, ranging from normal = 1 to 
“confined to wheelchair” = 7.  The mean and median changes are numerically larger in 
the placebo group at all time-points from month 6 onward, suggesting greater 
worsening in walking for the placebo group.

2. Change from baseline in timed 10 meter walk.  
The time to perform the task is decreased relative to baseline through the year 1 
assessment in the deflazacort group, whereas it increases consistently in the placebo 
group for all time-points.  This result suggests that deflazacort may improve timed 
walking for the first year, although it worsens thereafter, presumably due to disease 
progression.  

3. Change from baseline in muscle function grade for climbing stairs, with worsening 
ability as the grading number increases to the inability to climb stairs at a grade of 7.  
The mean and median changes are numerically larger in the placebo group at all time-
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points from month 6 onward, suggesting greater worsening in stair climbing for the 
placebo group.

4. Change from baseline in timed 4-stair climb
The time to perform the task is decreased relative to baseline at the 6 month 
assessment in the deflazacort group, whereas it increased in the placebo group at 6 
months.  From year 2 onwards, both the mean and median times for both groups are 
increased relative to baseline.  This result suggests that deflazacort may improve timed 
stair climbing initially, although it worsens later, presumably due to disease progression.  

5. Change from baseline in muscle function grade for standing up from chair, with 
worsening ability as the grading number increases to the inability to stand up at a grade 
of 6.  The mean and median changes are numerically larger in the placebo group at all 
time-points from month 6 onward, suggesting greater worsening in standing up from a 
chair for the placebo group.

6. Change from baseline in time to stand up from a chair with no armrests
The mean time to perform the task is decreased relative to baseline at the 1 year 
assessment in the deflazacort group, whereas it increased in the placebo group at 1 
year.  From year 2 onwards, the mean times for both groups are increased relative to 
baseline.  This result suggests that deflazacort may improve timed standing up initially, 
although it worsens later, presumably due to disease progression.  

7. Change from baseline in muscle function grade for getting up from the floor (Gower’s 
Maneuver), with worsening ability as the grading number increases to the inability to 
get up at a grade of 7.  The mean changes are numerically larger in the placebo group at 
all time-points from month 6 onward.  For the deflazacort group, there is no mean or 
median worsening of the functional grade until the year 2 assessment.  These results 
suggest greater worsening in standing up from the floor for the placebo group.

8. Change from baseline in time to stand up from sitting on the floor [Gower’s 
Maneuver]
The mean and median changes are numerically larger in the placebo group at all time-
points from month 6 onward, suggesting greater worsening in standing up from the 
floor for the placebo group.

9. Change from baseline in proximal upper limb muscle function, with worsening ability 
as the grading number increases to the inability to raise the arms above the shoulders at 
a grade of 5.  
The mean changes are numerically larger in the placebo group at all time-points from 
month 6 onward.  These results suggest greater worsening in upper limb muscle function 
for the placebo group.
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10. Change from baseline in time to put on a shirt without buttons
The mean and median changes are consistently negative (meaning less time was needed 
to complete the task relative to baseline) in the deflazacort group at all time points, 
whereas the placebo group showed an increase in time needed for the task at years 1 
and 2.  This result may suggest a beneficial effect from deflazacort.  However, multiple 
patients in both groups were unable to complete the task, making interpretation of the 
result less clear.

11. Change from baseline in muscle strength using the Hammersmith myometer
It appears that leg flexion and extension were assessed with the myometer based on the 
names of the parameters collected.  However, the precise placements of the myometer 
and the instructions given to study subjects were not defined in the study protocol, 
making interpretation of the results difficult.  There is no clear pattern in the results.  At 
one year, the mean “Distance internal right malleolar patella” parameter is numerically 
greater in the placebo group, whereas the mean “Distance one-third of the patella” and 
“Weight one-third of the patella” parameters are numerically greater in the deflazacort 
group at one year.  Beyond one year, interpretation is unclear due to the loss of most 
placebo patients from the study.

12.  Time to loss of ambulation from the start of the study
The applicant reports a difference (mean 58 months for deflazacort 2mg/kg vs. 31 
months for placebo) in the time to loss of ambulation favoring the deflazacort group.  
Review of the source documents provided with the application found that 1 patient in 
the deflazacort group lost ambulation within the 2 years of the primary efficacy 
assessment period of the study, compared to 3 patients in the placebo group.  This 
observation combined with the applicant’s analysis appears to suggest that deflazacort 
may have a beneficial effect in delaying the loss of ambulation.  

13. Age at the time of loss of ambulation
The mean and median ages at time of loss of ambulation were numerically greater for 
the deflazacort (mean 148.1 months, median 146.3 months) group compared with the 
placebo group (mean 126.3 months, median 123.6 months), suggesting that deflazacort 
may have a beneficial effect in delaying the loss of ambulation. 

14. Condition as assessed by the patient’s parent (improved, worsened, or stable)
At 6 months and 1 year a higher percentage of deflazacort-treated patients were 
assessed as improved or stable compared to placebo. A higher number of the placebo-
treated patients were assessed as worsened at 6 and 12 months compared to those 
randomized to deflazacort.   At 24 and 36 months, more deflazacort-treated patients 
were assessed as worsened compared to placebo, although the small number of 
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remaining placebo patients (3 and 2, respectively) at those assessment times makes 
interpretation of results difficult.  These results appear to favor deflazacort over placebo 
up to 12 months.  Note that this condition assessment is subjective and may be affected 
by unblinding due to the development of Cushingoid features in the deflazacort-treated 
patients.

15. Cooperation as assessed by the patient’s parent (good, sufficient, or nil)
Patient’s cooperation was assessed as more likely to be “good” in the deflazacort-
treated compared to placebo-treated patients at all time points.  Note that this 
assessment is subjective and may be affected by unblinding due to the development of 
Cushingoid features in the deflazacort-treated patients.

16. Participation in physical therapy (regular, sporadic, or none).
A numerically higher percentage of deflazacort-treated patients had participation in 
physical therapy assessed as “regular” at all time points compared to placebo-treated 
patients.  The meaning of this finding is unclear and could be interpreted as a beneficial 
effect from regular physical therapy leading to greater apparent efficacy in the 
deflazacort group, as greater ability to participate in physical therapy due to an effect of 
deflazacort, or as unblinding from the development of Cushingoid features that 
motivates deflazacort group patients to participate more in physical therapy.  

Reviewer Comment:

The overall results of the secondary endpoints described above provide support for the 
clinical relevance of the small but statistically significant effect observed for the primary 
muscle strength endpoint of study NM-001. The consistency of the findings across 
studies NM-001 and NM-002 argues for the plausibility of the observed effects 
representing a benefit attributable to deflazacort.
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Table 57:  Deflazacort Safety Population. Size and Denominators 

Safety Database for Deflazacort
Individuals exposed to deflazacort in this development program for Duchenne Muscular 

Dystrophy
N=  319

Clinical Trial Groups Deflazacort
(n=  319)

Prednisone
(n= 63 )

Placebo
(n= 61 )

Volunteers without 
DMD (Includes 
healthy, hepatic, and 
renally impaired 
groups)

135 0 0

Controlled trials 
conducted for DMD 151 63 61

All other than 
controlled trials 
conducted for DMD

33 0 0

Controlled trials 
conducted for other 
indications4

0 0 0

Source: Summary of Clinical Safety, Tables 1, 2 and 5.

Table 58.  Deflazacort Safety Population. Duration of Exposure

Number of patients exposed to deflazacort:
 >=7 days  >= 91 days >=181 days  >= 271 days >=361 days

N= 158 N= 143 N= 125 N= 104 N= 62

Source: Summary of Clinical Safety, Table 12.

When compared to International Conference on Harmonisation (ICH) guidelines,1 the overall
number of exposed subjects is less than the usual recommendation. However, because DMD is
a rare disease, there is no specific minimum number of patients that should be studied to
establish clinical safety. The number of subjects exposed ≥6 months nearly meets the ICH
recommendation, and the number of subjects exposed ≥ 1 year exceeds the recommendation.

1 For chronically administered drugs, the ICH guidelines recommend 1500 patients overall, 300-600 patients for six 
months, and 100 patients for one year. These exposures must occur at the dose or dose range believed to be 
efficacious. (ICH E-1)

Reference ID: 4042733









Clinical Review
Rainer W. Paine, MD, PhD
NDA 208684 & 208685
Emflaza, deflazacort

131

Serious adverse events (SAEs) from the Integrated Summary of Safety (ISS) pool of all subjects 
that received deflazacort are summarized in the table below.  Twenty (6.3%) of the 319 subjects 
who received deflazacort had at least one SAE, compared to 8 (13.1%) of the 61 placebo 
patients who had at least one SAE.  Note that abasia and gait disturbance, which form nearly all 
placebo patient SAEs, have similar meanings and may both be related to DMD.  Review of 
verbatim terms showed that abasia was used to refer to the loss of ambulation in subjects.

Note the larger SAE rate of 44.4% in the deflazacort 2mg/kg alternate day dosing group 
compared to 2.2% and 0% in the 0.9mg/kg and 1.2mg/kg groups, respectively.  This difference is 
misleading, however, because Study NM-002, which was the only study with a 2mg/kg alternate 
day dose, continued for more than 2 years compared to the 52 weeks of study NM-001.  There 
was therefore a much longer time in study NM-002 for patients to accumulate AEs and SAEs and 
for the disease to progress.  More than half of the SAEs in the 2mg/kg alternate day group were 
from “abasia”, defined in the study to indicate loss of ambulation, which occurs over time in 
DMD patients.  
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Table 59:  Incidence of Treatment-emergent SAEs among all subjects who received 
deflazacort, listed in descending order of incidence by MedDRA preferred term
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Reviewer comment:  I reviewed subject narratives, as well as other documents as necessary, in
the assessment of the clinical study SAEs. There were no adverse events of aplastic anemia, 
pancytopenia, acute pancreatitis, torsade de pointes or other cardiac arrhythmia, or drug 
reaction with eosinophilia and systemic symptoms (DRESS) syndrome reported in the clinical 
development program.

There is a published report (Borras-Blasco et al., 2003) of Stevens-Johnson Syndrome in a patient 
taking multiple medications including sulfasalazine and deflazacort.

There are six reported cases of toxic epidermal necrolysis related to deflazacort use.  One case is 
reported in the ISS in an eleven year-old girl who received deflazacort for myasthenia gravis.  
Two pediatric cases in the setting of nephrotic syndrome are described in a published report (Lee 
et al., 2014).  A fourth case is reported in Navarro et al. (1996).  The fifth and sixth cases are 
reported in Kim (2006) and Kim (2010).  All of the reported cases resolved after stopping 
deflazacort treatment.  There are also two reports of erythema multiforme related to 
deflazacort in the ISS.

Table 60:  Six case reports of Toxic Epidermal Necrolysis (TENS) associated with deflazacort.  

Patient Reason for 
deflazacort use

Medications 
(italic indicates 
deflazacort was 
sole medication)

Deflazacort 
treatment 
duration until 
TENS

24 y.o. F myopia deflazacort 
90mg/day

3 weeks 

11 y.o. F myasthenia 
gravis

deflazacort 
180mg/day

1.5 months 

11 y.o. M nephrotic 
syndrome

deflazacort 
72mg/day 

8 weeks

14 y.o. M nephrotic 
syndrome

deflazacort 
24mg/tid (72mg 
total); 
risperidone 
(chronic)
(0.5 mg,BID), 
atomoxetine 
(chronic) 

17 days 
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No TEAE leading to permanent discontinuation of study treatment occurred in the Phase 1
single-dose pooled group  

For the two pivotal Phase 3 studies, the number [percentage] of subjects with TEAEs leading to 
permanent discontinuation of deflazacort was 18 subjects [10.2%] with 5 subjects [5.4%] 
treated with deflazacort 0.9 mg/kg/day, 3 subjects [4.6%] treated with deflazacort 1.2 
mg/kg/day, and 10 subjects [55.6%] treated with deflazacort 2 mg/kg alternate days).  In 
comparison, 8 placebo subjects [13.1%] discontinued due to TEAEs.

The most commonly reported TEAE leading to permanent discontinuation among all subjects
who received deflazacort was abasia (verbatim term was loss of ambulation) (4 subjects all 
from study NM-002 [2.3%] total deflazacort, 8 subjects [13.1%] placebo) and weight increased 
(4 subjects [2.3%] total deflazacort, no placebo subjects).   Discontinuation from Study MP-104-
NM-002 was required following loss of ambulation.
(Summary of Clinical Safety, p. 95)

Reviewer Comment:  Deflazacort 2mg/kg alternate days had a 55.6% dropout rate due to TEAE, 
compared to 5.4% at 0.9 mg/kg/day and 4.6% at 1.2 mg/kg/day, arguing against the use of the 
2mg/kg altern3ate day dosing.  However, the 2mg/kg dosing regimen was maintained for a 
longer time (>2 years), allowing more dropouts to be observed.  It is unclear why discontinuation 
from Study MP-104-NM-002 was required following loss of ambulation, since other strength 
measurements could still have been made.  Note that Study MP-104-NM-001 included non-
ambulatory patients.

I have reviewed the clinical study criteria for stopping treatment.  In the opinion of this
reviewer, the criteria were appropriate except for Study MP-104-NM-002, for which no stopping 
criteria were listed in the protocol.

Reference ID: 4042733



Clinical Review
Rainer W. Paine, MD, PhD
NDA 208684 & 208685
Emflaza, deflazacort

136

Table 61:  Summary of adverse events leading to permanent treatment discontinuation
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rates of Cushingoid appearance (44.1% vs. 69.2%, respectively)  and severe TEAE in the 
1.2mg/kg/day arm (22.6% vs. 41.5%, respectively;  Section 8.4.4 table).  TEAE comparison 
between the 2mg/kg alternate day dosing and the daily dosing regimen is difficult because of 
the longer 2-3 year duration of the 2mg/kg alternate day regimen (Study MP‑104‑NM‑002) 
which may have allowed more TEAEs to be recorded.  The data suggest that there may be fewer 
Cushingoid TEAEs (16.7%) in the 2mg/kg/day alternate day dosing, but with more abasia and 
weakness than the 0.9mg/kg/day or 1.2mg/kg/day doses (27.8% at 2mg/kg alternate day vs. 0% 
at 0.9 or 1.2mg/kg/day).  As discussed in Section 8.4.3, there were also more dropouts at the 
2mg/kg alternate day dose, although the difference in study durations makes this comparison 
problematic.  The rates of headache were similar in the placebo and deflazacort groups (19.7% 
and 22.7%, respectively).
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Table 63:  Common Adverse Events across studies in DMD patients (Source:  Summary of 
Clinical Safety, p. 57)
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Table 64:  Common Adverse Events across studies in ALL subjects who received deflazacort 
(Source:  Integrated Summary of Safety, p. 61)

Analyses of MAED and MedDRA terms with comparisons to placebo support the findings in the 
table above, suggesting increased rates in the deflazacort group of Cushingoid appearance, 
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increased weight, central obesity, hirsutism, upper respiratory tract infections, mood disorders, 
and pollakiuria.  Including the 2-year study NM-002 also finds increased rates of osteopenia, 
tendon disorder, muscle weakness, and falls in the deflazacort group relative to placebo, 
although interpretation of these findings is complicated by the loss of most placebo (only 3 
remaining) patients by 2 years of Study NM-002.  It is notable that more (8/11, ~73%) DMD 
patients in the placebo group of Study NM-002 lost ambulation and were therefore 
discontinued from the study than in the deflazacort group (5/18, ~28%).  MAED preferred terms 
that occurred in at least two patients in the deflazacort group in Studies MP-104-NM-001 and 
NM-002 compared to placebo are shown in the tables below.   

Table 65:  MAED preferred terms in deflazacort group in 2 or more patients versus placebo, 
weeks 1-12 of Study MP-104-NM-001.
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Table 67:  Phase 1 Single-Dose Pooled Laboratory and Hematology Changes from Baseline 
(Source:  Integrated Summary of Safety, p. 145)

Phase 1 Study Laboratory and 
Hematology Tests

Total Deflazacort Group (N=135): 
Mean (SD) Change from Baseline 
to Day 2, Post-Treatment

ALT (U/L) -2.5 (4.72)
Albumin (g/L) -0.1 (2.35)
Alkaline phosphatase (U/L) -4.2 (7.78)
AST (U/L) -3.4 (6.83)
Bicarbonate (mmol/L) 0.24 (2.735)
Bilirubin (umol/L) 0.591 (4.2041)
BUN (mmol/L) 0.206 (2.5178)
Calcium (mmol/L) 0.033 (0.0961)
Chloride (mmol/L) 0.9 (2.04)
Cholesterol (mmol/L) 0.174 (0.5693)
Creatinine (umol/L) 9.725

(68.3460)
Creatinine clearance
(mL/min)

-1.47 (14.096)

Direct bilirubin (umol/L) -0.176 (1.0950)
GGT (IU/L) -1.4 (4.62)
Glucose (IU/L) -0.021 (0.4750)
Lactate dehydrogenase (U/L) -14.0 (26.90)
Phosphate (mmol/L) 0.117 (0.2253)
Potassium (mmol/L) -0.09 (0.380)
Protein (g/L) -0.1 (3.98)
Sodium (mmol/L) 0.3 (1.67)
Thyrotropin (mU/L) 0.984 (0.8314)
Triglycerides (mmol/L) -0.211 (0.4740)
Urate (umol/L) -23.0 (42.52)
Urea (mmol/L) -0.03 (1.101)
Basophils (109/L) 0.005 (0.0255)
Basophils/leukocytes (%) 0.018 (0.4917)
Eosinophils (109/L) -0.037 (0.0788)
Eosinophils/leukocytes (%) -0.915 (1.5440)
Erythrocytes (1012/L) 0.006 (0.2232)
Hematocrit (L/L) 0.001 (0.0200)
HGB (g/L) 0.5 (6.61)
Leukocytes (109/L) 0.875 (1.4037)
Lymphocytes (109/L) 0.29 (0.408)
Lymphocytes/leukocytes (%) 0.028 (5.4572)
Monocytes (109/L) 0.082 (0.1416)
Monocytes/leukocytes (%) 0.047 (1.5520)
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Neutrophils (109/L) 0.52 (1.088)
Neutrophils/leukocytes (%) 0.793 (6.6575)
Platelets (109/L) 6.4 (21.70)

The applicant reports that laboratory values at baseline were typical for patients with DMD, 
with elevated aspartate aminotransferase (AST), creatine kinase (CK), and lactate 
dehydrogenase (LDH). At Week 6 of Study NM-001, AST, LDH, and CK increased in the placebo 
group and significantly decreased with the 3 active treatments. At 52 weeks [with all patients 
on active drug], levels mostly remained below baseline with the largest sustained differences in 
the deflazacort 0.9 mg/kg/day group compared to the deflazacort 1.2 mg/kg/day and the 
prednisone group (Summary of Clinical Efficacy, p. 17).  See section 6.1.2 for discussion of the 
relevance to efficacy. 

Analysis of the submitted data suggested one possible Hy’s Law case of a 14 year-old DMD 
patient (Study MP-104-NM001, subject 001-028) with abnormal liver function test results.  
However, this patient had abnormally elevated liver function tests (AST, ALT, total bilirubin) as 
well as elevated creatine kinase at baseline screening prior to receiving deflazacort.  Therefore, 
no clear connection with deflazacort can be made.  Given the normal alkaline phosphatase level 
and very high CK, the elevated LFTs are likely due to muscle damage from DMD.  No other 
background history about this patient is known.  His reported adverse events during the study 
included abdominal pain/stomach aches, greenstick fracture, pharyngitis, and Cushingoid 
appearance.  His laboratory test results are shown in the following figure, taken from the 
patient data listings.  

Figure 13:  Laboratory values for patient 001-028.  Source:  patient data listings for Study MP-
104-NM-001  

Reference ID: 4042733



Clinical Review
Rainer W. Paine, MD, PhD
NDA 208684 & 208685
Emflaza, deflazacort

145

Hematology

Mean baseline values and mean changes by study visit in the placebo-controlled Study MP-104-
NM-001 are summarized in the figures below.  There were no cases of clinically significant 
anemia, leukopenia, or thrombocytopenia.  The applicant reports that in subjects in the DMD 
patients pooled group receiving 0.9 mg/kg/day or 1.2 mg/kg/day deflazacort with hematology 
values at both baseline and month 12, all hematology parameters were normal and remained 
normal at month 12 (ISS, p. 207).  Baseline values were missing for the white blood cells.  For 
hematocrit and hemoglobin, there was a small increasing trend in the two deflazacort dose 
arms over 52 weeks, seen in the figures below, that was still within the normal range and is 
therefore not clinically concerning.  Leukocytes appeared slightly higher in the deflazacort group 
compared to placebo at week 6, but were still within the normal range.   

Figure 14:  Hematocrit: Mean with standard deviation per study arm by visit.  Visit 1 = 
Screening.  Visit 4 = 52 Weeks (Normal range: 40%-52% (men)) 
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Table 68:  Hematocrit summary statistics during placebo-control portion of Study NM-001.  
Source:  NM-001 Body, p. 736

Figure 15:  Hemoglobin: Mean with standard deviation per study arm by visit (Normal range:  
13-17 g/dL (men))
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Table 69:  Hemoglobin summary statistics during placebo-control portion of Study NM-001.  
Source:  NM-001 Body, p. 737

Figure 16:  Platelets: Mean with standard deviation per study arm by visit (Normal range: 150-
400 x 10^9/L)
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Table 70:  Platelets summary statistics during placebo-control portion of Study NM-001.  
Source:  NM-001 Body, p. 742

Figure 17:  White Blood Cells: Mean with standard deviation per study arm at visit 4.  Baseline 
values missing. (Normal range:  4-10 x 10^9/L)
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Table 71:  White blood cells/leukocytes summary statistics during placebo-control portion of 
Study NM-001.  Source:  NM-001 Body, p. 738

Clinical chemistry laboratory results 

The applicant reports that in the DMD patients pooled group, for subjects receiving 0.9 
mg/kg/day or 1.2 mg/kg/day deflazacort, the majority of parameters (albumin, bicarbonate, 
bilirubin, blood urea nitrogen [BUN], calcium, chloride, cholesterol, direct bilirubin, glucose, 
high-density lipoprotein [HDL] cholesterol, low-density lipoprotein [LDL] cholesterol, 
phosphate, potassium, protein, sodium, urate, and very low-density lipoprotein [VLDL] 
cholesterol) were normal, but with missing data for some patients at various time points 
[Screening, Week 6, Week 24, or Week 52] (ISS, p. 194).

Clinical  chemistry laboratory results in the placebo-controlled Study MP-104-NM-001 are 
summarized in the figures below.  There were many missing data points either at baseline or at 
follow-up that prevent meaningful assessment of changes from baseline.  There appears to be a 
trend of low serum calcium with elevated phosphate levels across all study arms.  Note that 
placebo patients switched to an active drug arm after week 12.  Low serum calcium levels with 
high phosphate levels may be observed with renal failure, hypoparathyroidism, or 
pseudohypoparathyroidism.  There was no evidence of renal failure in study patients.  
Parathyroid hormone levels were not measured.  Glucocorticoids are known to increase renal 
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calcium excretion and decrease gastrointestinal calcium absorption, which can lead to low 
serum calcium levels.

Figure 18:  Bicarbonate:  Whiskers plot with outliers (Normal range 22 - 28 mEq/L)

Figure 19:  Calcium:  Whiskers plot with outliers (Normal range 2-2.6 mmol/L)
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Figure 20:  Sodium:  Whiskers plot with outliers (Normal range 135-145 mmol/L)

Figure 21:  Chloride:  Whiskers plot with outliers  (Normal range 95-105 mmol/L)
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Figure 22:  Potassium:  Whiskers plot with outliers (Normal range 3.5-5 mmol/L)

Figure 23:  Phosphate:  Whiskers plot with outliers (Normal range 0.8-1.5 mmol/L)
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Figure 24:  BUN:  Whiskers plot with outliers (Normal range 2.5 to 7.1 mmol/L)

Figure 25:  Creatinine:  Whiskers plot with outliers (Normal range 50-110 μmol/L) 
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Figure 28:  Vision effects of deflazacort

8.5.2  Psychiatric Complications
In placebo-controlled studies, hostility and aggression occurred more frequently in subjects 
who received deflazacort than placebo.  Emotional lability is a known adverse effect of 
corticosteroids.  See the figure below copied from the submission.  

Figure 29:  Psychiatric adverse events

8.5.3  Hypertension
In placebo-controlled studies, elevated blood pressure (hypertension) occurred more 
frequently in subjects who received deflazacort than placebo.  In the studies submitted for this 
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application, one DMD patient receiving deflazacort 1.2mg/kg had a potentially dangerous blood 
pressure elevation to 198/50, discussed above in Section 8.4.7.  Blood pressure elevation is a 
known adverse effect of corticosteroids.  See the figure below copied from the submission.  

Figure 30:  Hypertension

8.5.4  Osteoporosis
In placebo-controlled studies, osteoporosis/osteopenia occurred more frequently in subjects 
who received deflazacort than placebo.  Osteoporosis is a known adverse effect of 
corticosteroids.  See the figure below copied from the submission.  

Figure 31:  Osteoporosis

8.5.5 Metabolic and Nutritional
In placebo-controlled studies, metabolic and nutritional adverse events occurred more 
frequently in subjects who received deflazacort than placebo.  In the submitted studies, both 
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The following CIOMS frequency rating is used: Very common (≥1/10); common (≥1/100 to <1/10); uncommon 
(≥1/1000 to <1/100); rare (≥1/10 000 to <1/1000); very rare (<1/10 000), not known (cannot be estimated from the 
available data).

Endocrine disorders
Uncommon: Suppression of the hypothalamic-pituitary-adrenal axis, amenorrhoea, Cushingoid facies.
Not known: Growth suppression in infancy, childhood and adolescence.

Metabolism and nutrition disorders
Common: Weight gain.
Uncommon: impaired carbohydrate tolerance with increased requirement for anti-diabetic therapy, sodium and 
water retention with hypertension, potassium loss and hypokalaemic alkalosis when coadministered with beta 2-
agonist and xanthines.
Not known: Negative protein and calcium balance, increased appetite.

Infections and Infestations
Uncommon: Increased susceptibility and severity of infections with suppression of clinical symptoms and signs, 
opportunistic infections, recurrence of dormant tuberculosis (see section 4.4).
Not known: candidiasis.

Musculoskeletal and connective tissue disorders
Uncommon: Osteoporosis, vertebral and long bone fractures.
Rare: Muscle wasting
Not known: avascular osteonecrosis, tendonitis and tendon rupture when coadministered with quinolones (see 
section 4.4), myopathy (acute myopathy may be precipitated by non-depolarising muscle relaxants – see section 
4.5), negative nitrogen balance.

Reproductive system and breast disorders
Not known: Menstrual irregularity

Cardiac disorders
Not known: Heart failure

Nervous system disorders
Uncommon: Headache, vertigo.
Not known: restlessness, Increased intra-cranial pressure with papilloedema in children (pseudotumour cerebri), 
usually after treatment withdrawal, aggravation of epilepsy.

Psychiatric disorders
A wide range of psychiatric reactions including affective disorders such as:
Uncommon: depressed and labile mood.
Not known: irritable, euphoric, suicidal thoughts.
Psychotic reactions including:
Not known: mania, delusions, hallucinations, aggravation of schizophrenia
Other reactions including:
Uncommon: behavioural disturbances
Not known: anxiety, sleep disturbances, and cognitive dysfunction including confusion and amnesia have been 
reported.
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available financial information due to age of the study (from 1980s & 1990s).

Number of investigators who are Sponsor employees (including both full-time and part-time 
employees): 0

Number of investigators with disclosable financial interests/arrangements (Form FDA 3455): 
1

If there are investigators with disclosable financial interests/arrangements, identify the 
number of investigators with interests/arrangements in each category (as defined in 21 CFR 
54.2(a), (b), (c) and (f)):

Compensation to the investigator for conducting the study where the value could be 
influenced by the outcome of the study: 0

Significant payments of other sorts: 0

Proprietary interest in the product tested held by investigator: 0

Significant equity interest held by investigator: 0

Sponsor of covered study: 0

Is an attachment provided with details 
of the disclosable financial 
interests/arrangements: 

Yes x  No  (Request details from 
applicant)

Is a description of the steps taken to 
minimize potential bias provided:

Yes x  No  (Request information 
from applicant)

Number of investigators with certification of due diligence (Form FDA 3454, box 3) 0

Is an attachment provided with the 
reason: 

Yes x  No  (Request explanation 
from applicant)

Reference ID: 4042733





Clinical Review
Rainer W. Paine, MD, PhD
NDA 208684 & 208685
Emflaza, deflazacort

171

Reference ID: 4042733

              
              

   
  

     
 

 
  

                
             

          
           

         
          

        
             

        
         

      
    

   
 

 
    

       

     

       

  
   

      
      

      
     

  
  

  

             
                

   
  

      
 

 
  

                  
           
        

    
   

 
   

       

      

    
   

    
  

  

 
 

    
     

   
    
   

  



Clinical Review
Rainer W. Paine, MD, PhD
NDA 208684 & 208685
Emflaza, deflazacort

172

Reference ID: 4042733

              
              

         
   

  
 

                    
          

      

       

       
   
       
  

      
  

   
  

 
  

   
     
  

   

    
 
 
  

 
  

   
    

  
 

  

 

             
              

   
  

      
 

 
  

                
       

         
        

    
 

  
   

 
    

 
      

     

 
     

     
         

 
 

 
  

 
  

 
  

  
 

 
 

 



Clinical Review
Rainer W. Paine, MD, PhD
NDA 208684 & 208685
Emflaza, deflazacort

173

Reference ID: 4042733

             
                

   
  

     
 

 
  

                
           

      
    

    
 
  

 
 

  

  
 

                 
           

    
  

   
  

   
 
  
  

 
 

 
 

 

            
               

   
  

      
 

 
  

                

          

     
    

      
         

    
    
    

    
    

    
    

               

        

      

    
    

   
    

     
  

 
  

 
 
 

 



Clinical Review
Rainer W. Paine, MD, PhD
NDA 208684 & 208685
Emflaza, deflazacort

174

Reference ID: 4042733

            
              

   
  

      
 

 
  

                

              

    
       

      
  

  
  

   
 



---------------------------------------------------------------------------------------------------------
This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.
---------------------------------------------------------------------------------------------------------
/s/
----------------------------------------------------

RAINER PAINE
01/17/2017

NICHOLAS A KOZAUER
01/17/2017

Reference ID: 4042733




