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PERSPECTIVES ON VALUE T

The Effectiveness and Value of Deflazacort and Exon-Skipping

Therapies for the Management of Duchenne Muscular Dystrophy
A Summary from the Institute for Clinical and Economic Review’s
New England Comparative Effectiveness Public Advisory Council

Foluso Agboola, MBBS, MPH; Grace A. Lin, MD, MAS; Noemi Fluetsch, MPH; Surrey M. Walton, PhD;
David M. Rind, MDD, MSc; and Steven D. Pearson, MD, MSc

neuromuscular disease characterized by progressive

loss of muscle function due to the loss of expression of
the dystrophin protein, typically to less than 3% of normal.
Although rare, it is the most common pediatric muscular dys-
trophy, with a prevalence of 1 in 3,500-5,000 live male births
or about 400-600 per year in the United States.” The mean age
of onset of symptoms is 2.5 years; however, diagnosis is often
delayed until around age 5.

The initial symptoms of DMD include muscle weakness,
clumsiness, and difficulty going up and down stairs, and
untreated children with DMD usually progress to a loss of
ambulation by age 10.* Patients may also have cognitive and
behavioral issues, impaired growth, and gastrointestinal or
orthopedic complications. Because of the significant disability
caused by DMD, quality of life is diminished, and caregiving
burden is high. Patients commonly develop fatal respiratory or
cardiac complications in the second or third decade of life, with
many deaths occurring following surgery or in the setting of an
acute infection such as pneumonia.”®

Standard treatment for DMD includes supportive care, such
as physical and occupational therapy to maintain ambulation,
and medications such as corticosteroids. Corticosteroids, includ-
ing prednisone and deflazacort (Emflaza, PTC Therapeutics),
are the mainstay of drug therapy for DMD. While prednisone
does not have a U.S. Food and Drug Administration (FDA)
indication specific for DMD, it is widely used. Deflazacort was
first licensed for use overseas in the 1980s and was approved
in February 2017 for treatment of DMD in the United States.

Exon-skipping therapies are a novel class of drugs that
skip mutated exons of the DMD gene, thereby resulting in
production of some amount of shortened dystrophin that
could be beneficial in slowing progression of the disease
for patients with certain mutations. Eteplirsen (Exondys 51,
Sarepta Therapeutics) was the first exon-skipping therapy to be
approved by the FDA; it was approved in September 2016 for
DMD patients with mutations amenable to skipping of exon 51
(estimated to be approximately 13% of the DMD population).

D uchenne muscular dystrophy (DMD) is a fatal, X-linked
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Golodirsen (Vyondys 53, Sarepta Therapeutics) was approved
by the FDA on December 12, 2019, for patients with mutations
amenable to exon 53 skipping (estimated to be 9% of the DMD
population). These drugs represent the first targeted treatments
for DMD.

The Institute for Clinical and Economic Review (ICER)
performed a systematic literature review and cost-effectiveness
analysis to evaluate the health and economic outcomes of corti-
costeroids and exon-skipping therapies as treatments for DMD.
Complete details of ICER’s systematic literature search and
protocol, as well as the methodology and model structure for
the economic evaluation, are available on ICER’s website (www.
icer-review.org). In this article, we present the summary of our
findings and highlights of the policy discussion with key stake-
holders regarding the overall value of these therapies held at a
public meeting of the New England Comparative Effectiveness
Public Advisory Council on July 25, 2019.” The detailed report
is available on the ICER website at https://icer-review.org/mate-
rial/dmd-final-evidence-report/.

B Summary of Findings

Clinical Effectiveness

Our review was framed to evaluate 2 comparisons:
(1) deflazacort versus prednisone and (2) eteplirsen and golo-
dirsen versus supportive care.

Deflazacort Versus Prednisone. We identified 3 random-
ized controlled trials (RCTs) of varying quality that assessed
the efficacy of deflazacort compared with prednisone. Due
mainly to differences in study design and outcomes measured
and reported, we summarized but did not quantitatively syn-
thesize the evidence through meta-analysis. The largest RCT,
which was rated as good quality, was a multicenter, phase 3
trial conducted in 196 boys (aged 5-15 years) with DMD.® The
2 other RCTs were smaller studies of fair or poor quality.”!°
Measures of clinical benefit assessed in one or more of the trials
include motor function, muscle strength, and pulmonary
function. Results on motor function were mixed, with 2 of
the RCTs showing statistically significant improvement favor-
ing deflazacort at 12 months for some outcomes (time to
climb 4 stairs, composite motor function outcome),®’ while
1 RCT found no statistically significant difference in motor
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functionbetween deflazacort- and prednisone-treated patientsat
12 months.’® On muscle strength and pulmonary function, the
trials found no significant difference between deflazacort and
prednisone at 52 weeks.

In addition to the RCTs, we identified 3 observational stud-
ies that evaluated loss of ambulation in patients on deflazacort
and prednisone.'> Two of the studies found that treatment
with deflazacort significantly delayed loss of ambulation by
around 3 years compared with prednisone.'"'* The third study
found very little difference in mean age at loss of ambulation
with either short-term (4 months to 3 years) or long-term
(greater than 3 years) deflazacort or prednisone use, although
the study was not designed primarily to compare the 2
treatments.*?

The difference in chemical structure between deflazacort
and prednisone suggest that there could be differences in toler-
ability between the 2 drugs. Our review of the RCTs and long-
term observational studies showed that deflazacort-treated
patients appeared to have less unwanted weight gain and fewer
weight-related adverse events (AEs) than those treated with
prednisone, while cataract formation, reduction in growth,
and risk of fracture appeared to be greater with deflazacort.
However, evidence on other important harms (e.g., behavior
change) is inadequate to come to definite conclusions and
overall does not appear to clearly favor either deflazacort or
prednisone.

Eteplirsen and Golodirsen Versus Supportive Care. For
eteplirsen, we identified 1 phase 2b placebo-controlled trial
with 12 patients and 3 open-label trials.!*1° For golodirsen,
we identified 1 ongoing 2-part phase 1/2 trial of golodirsen
with part 1 as a placebo-controlled, dose escalation trial
of 12 patients, and part 2 as an open-label extension of
25 patients.!* Participants in the eteplirsen and golodirsen tri-
als had to have stable respiratory function and were all on a sta-
ble dose of corticosteroids. The main efficacy outcome in these
trials was increase in the level of dystrophin-positive fibers on
muscle biopsy. In the eteplirsen RCT, patients in the 30 mg/kg
eteplirsen arm had very little change in absolute dystrophin
levels, with dystrophin levels remaining less than 1% of nor-
mal in all patients after 180 weeks of treatment. However,
eteplirsen did produce a positive relative change from baseline
after 24 weeks compared with the placebo group: mean change
in percent of dystrophin (23% vs. -4%, mean difference =27%,
P<0.002). Similar results were seen with golodirsen, with an
increase of absolute mean dystrophin levels of 0.92% to just
over 1% of normal in patients treated for 48 weeks. Functional
outcome reported in the eteplirsen trial showed that patients
on 30 mg/kg of eteplirsen experienced a greater loss of dis-
tance walked in a 6-minute walk test (6(MWT) compared with
those on placebo (128 meters vs. 26 meters). However, the
investigators attributed the larger decline in the 30 mg/kg

arm to 2 of the 4 patients who had rapidly progressive dis-
ease. Observational data comparing open label eteplirsen with
matched or historical controls suggest that treated patients may
experience improvements in motor function (162 meters less
decline in 6MWT) and pulmonary function (2%-4% slower
decline in annual percent predicted forced vital capacity) by
the fourth year.!>!” There are currently no functional outcome
data on golodirsen.

Harms of the exon-skipping therapies appear to be limited.
The majority of AEs observed in the trials were mild to moder-
ate and included procedural pain, incision site hemorrhage or
hematoma, hypokalemia, vomiting, balance disorder, head-
ache, pyrexia, and contact dermatitis. There were no AEs lead-
ing to discontinuation, and no deaths were reported.

Limitations of the Clinical Evidence

As is common with treatments for rare disease, the evidence
base for this review is limited by the few RCTs, small patient
populations, and lack of long-term efficacy data. Although
observational data have provided longer-term follow-up on
deflazacort versus prednisone, the uncertainty about the natu-
ral history of the disease, lack of consistent dosing, differences
in outcomes measures, and potential selection bias of patients
who could afford to buy deflazacort out-of-pocket from over-
seas before its approval in the United States makes the inter-
pretation of the observational evidence difficult. Additionally,
data for exon-skipping therapies consist primarily of surrogate
outcomes (e.g., dystrophin levels), and the threshold for dys-
trophin expression that results in meaningful clinical improve-
ment has not yet been defined. Furthermore, there is limited or
no evidence demonstrating improvements in function, and the
evidence that exists using comparison with historical controls
is vulnerable to significant selection and effort bias. Thus, as
even the FDA has acknowledged, the clinical efficacy of exon-
skipping therapies is still unclear.

Long-Term Cost-Effectiveness

We evaluated the lifetime cost-effectiveness of all treatments
using a de novo 5-state partitioned survival model informed
by key clinical trials, cohort studies, and previous relevant
economic modeling in DMD. The 5 health states in the model
were early ambulatory, late ambulatory, early nonambulatory,
late nonambulatory, and death. The model was developed with
2 base cases under ICER’s ultra-rare disease value framework—
a health care sector perspective and a societal perspective. The
base-case model was used to project total costs, life-years,
and quality-adjusted life-years (QALYs) over a lifetime time
horizon, as well as to determine threshold treatment effects.
Costs and outcomes were discounted at 3% per year. The
model used a hypothetical cohort of patients with DMD who
began treatment at the age of 5 years. Patients were partitioned
into relevant health states based on a previous comprehensive
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Base-Case Results from Health Care
Sector and Modified Societal Perspective
for Prednisone with Supportive Care
and Deflazacort with Supportive Care

Other Benefits or Disadvantages:
Deflazacort Versus Prednisone

Is it likely that treatment with deflazacort offers one or more of the
following potential “other benefits” that are not adequately captured in the

base-case cost-effectiveness model?2
Deflazacort Versus - - - -
Discounted Prednisone Compared with prednisone, deflazacort will reduce important 1/17
health disparities across racial, ethnic, gender, socioeconomic,
Cost per | Cost DG or regional categories.
Total Cost QALY LY Gained Compared with prednisone, deflazacort will significantly reduce | 12/17
$ QALYs L¥s Gained, $ $ caregiver or broader family burden.
Health sector perspective There are other important benefits or disadvantages that should 14/17
Prednisone? 464,000 6.88 15.05 344.000 | 361.000 have an important role in judgments of the long-term value for
Deflazacort? 1,010,000 8.40 16.64 ’ ’ money of deflazacort.
Modified societal perspective @Votes were taken on an abbreviated list of potential other benefits, since reduced
Prednisone? 1.240.000 6.88 15.05 complexity, a novel mechanism of action approach, and improving productivity
— 371,000 | 390,000 d ined Iy to defl
Deflazacorta 1,830,000 3.40 16.64 were determined not to apply to ef azacort.

@Plus supportive care.
LY =life-year; QALY = quality-adjusted life-year.

analysis of international clinical trial data involving steroid
treatment for DMD. Clinical input on corticosteroids for the
model was obtained from the observational study that had
the largest evidenced-based treatment effect for deflazacort."
Full details on ICER’s cost-effectiveness analysis and model are
available on ICER’s website at https:/icer-review.org/material/
dmd-final-evidence-report/.

Deflazacort Versus Prednisone. For deflazacort versus pred-
nisone, because of limitations in the clinical evidence, we
used extremely favorable assumptions regarding its treatment
effects. As such, our analyses reflect a lower bound for its
expected cost-effectiveness relative to prednisone plus sup-
portive care. Our base-case results showed that the lower
bound incremental cost-effectiveness ratio of deflazacort at
a net annual price of $81,400 was $361,000 per QALY, well
above the range of commonly accepted thresholds of $50,000-
$150,000 per QALY, despite highly favorable assumptions
about treatment effects (Table 1). Similar results were seen for
the cost per life-year gained.

Eteplirsen and Golodirsen Versus Supportive Care. For
eteplirsen and golodirsen, as previously noted, we judged that
there was insufficient evidence to guide assumptions about the
magnitude of beneficial treatment effects. However, given that
the price for eteplirsen is available, we were able to perform
threshold analyses to determine how effective the treatment
would need to be in order to achieve different levels of cost-
effectiveness. Even under the extreme threshold assumption
that eteplirsen restores all patients with DMD to perfect health
for an additional 40 years of life, at the current annual cost of
$1,002,000, the cost per QALY was calculated to be $1,110,000
and cost per life-year gained was $1,450,000, far exceeding
commonly accepted thresholds for cost-effectiveness. If one
assumes that golodirsen will have the same costs as eteplirsen,
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then the threshold analyses would be the same for golodirsen
as for eteplirsen.

Limitations of the Cost-Effectiveness Model

The current limited evidence available on the natural history
and treatment of DMD only allowed for 5 health states in
the model. In addition, evidence for the effect of deflazacort
versus prednisone was limited and mixed. As such, our base-
case analysis focused on an assumption of the most favorable
treatment effect for deflazacort obtained from an observational
study that itself may have been subject to selection bias.
Finally, as previously described, since there was insufficient
evidence of a treatment effect for eteplirsen, we could only
report threshold analyses.

I Policy Discussion
The New England Comparative Effectiveness Public Advisory
Council (New England CEPAC, https://icer-review.org/pro-
grams/new-england-cepac/) is one of the independent appraisal
committees convened by ICER to engage in public deliberation
of the evidence on clinical effectiveness and cost-effectiveness
of health care interventions. The New England CEPAC is
composed of medical evidence experts, including practicing
clinicians, methodologists, and leaders in patient engagement
and advocacy. Their deliberation includes input from clinical
experts and patient representatives specific to the condition
under review, as well as formal comment from manufacturers
and the public. A policy roundtable concludes each meeting
during which representatives from insurers and manufacturers
join clinical experts and patient representatives to discuss how
best to apply the findings of the evidence to clinical practice,
insurance coverage, and pricing negotiations.

The ICER report on treatments for DMD was the subject of
a New England CEPAC meeting in July 2019. Following dis-
cussion, the CEPAC panel members voted 10-7 that the clini-
cal evidence was adequate to demonstrate greater net health
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Other Benefits or Disadvantages:
Eteplirsen or Golodirsen

Is it likely that treatment with eteplirsen or golodirsen offers one or more
of the following potential “other benefits” that are not adequately captured
in the base-case cost-effectiveness model??

Eteplirsen and golodirsen will reduce important health
disparities across racial, ethnic, gender, socioeconomic, or
regional categories.

0/17

Eteplirsen and golodirsen will significantly reduce caregiver or 4/17

broader family burden.

Eteplirsen and golodirsen will have a significant impact on 3/17
improving patients’ ability to return to work and/or their overall
productivity.

There are other important benefits or disadvantages that should
have an important role in judgments of the value of eteplirsen

and golodirsen.

8/17

@Votes were taken on an abbreviated list of potential other benefits, since reduced
complexity and a novel mechanism of action approach were determined not to
apply to eteplirsen or golodirsen.

benefits of deflazacort compared with prednisone. The panel
noted that RCT data were suggestive of some marginal benefit
and that 1 large observational trial suggested an even greater
relative benefit in ambulation. In contrast, for the exon-skip-
ping drugs, the panel voted that the evidence was not adequate
to judge the net health benefits provided by adding eteplirsen
(16-1) or golodirsen (17-0) to corticosteroids and supportive
care alone.

Based on ICER’s adaptation of the value framework for rare
diseases, treatments for DMD may have a number of potential
other benefits and contextual considerations. The CEPAC panel
voted separately on these “other potential benefits” and “con-
textual considerations” as part of a process intended to signal
to policymakers that there may be important considerations
when making judgments about long-term value for money that
are not adequately captured in analyses of clinical effectiveness
and/or cost-effectiveness. The results of these votes are shown
in Tables 2-5 and serve to highlight several factors that the
panel felt were particularly important for judgments of value.

The culminating vote of the CEPAC panel, intended to
reflect its integration of the relevant elements of the value
assessment framework, was on the “long-term value for money”
of deflazacort and eteplirsen. The strong majority (14/17) of
panel members voted that the long-term value for money of
deflazacort versus prednisone is “low.” For eteplirsen, the
panel vote also was largely for “low” overall long-term value for
money at current pricing (16/17).

The policy roundtable discussion explored how best to
translate the evidence and broader perspectives discussed
into clinical practice and into pricing and insurance cover-
age policies. The full set of policy recommendations can be
found in the final evidence report on the ICER website at

LL\1N=EsY  Contextual Considerations: Deflazacort

Are any of the following contextual considerations important in assessing
deflazacort’s long-term value for money??2

Deflazacort is intended for the care of individuals with a
condition of particularly high severity in terms of impact on
length of life and/or quality of life.

15/17

Deflazacort is intended for the care of individuals with a 16/17
condition that represents a particularly high lifetime burden of

illness.

There is significant uncertainty about the long-term risk of 2/17

serious side effects of deflazacort.

There is significant uncertainty about the magnitude or 5/17
durability of the long-term benefits of deflazacort.
There are additional contextual considerations that should have

an important role in judgments of the value of deflazacort.

2/17

@Votes were taken on an abbreviated list of contextual considerations, since
deflazacort was determined not to be the first to offer any improvement for DMD.
DMD = Duchenne muscular dystrophy.

https://icer-review.org/material/dmd-final-evidence-report/.

The key policy recommendations are as follows:

1. To balance early access with the need for fair pricing and
ongoing evidence development, drugs such as eteplirsen and
golodirsen granted accelerated approval should be priced
closer to the marginal cost of production until clinical ben-
efits are proven.

2. Patient groups and clinicians should work with manufactur-
ers early in the design of clinical trials to embed the expec-
tation that patient-centered outcomes will be measured in
key trials and that the company will bring an effective drug
to market at a price that aligns fairly with the demonstrated
benefits for patients.

3. Given the high cost and substantial remaining uncertainty
regarding the benefits of these treatments in certain sub-
populations, it is reasonable for insurers and other payers to
develop prior authorization criteria to ensure prudent use.
Prior authorization criteria should be based on clinical evi-
dence, specialty society guidelines, and input from clinical
experts and patient groups. The process for authorization
should be clear and efficient for providers. Considerations
for prior authorization include the following:

o Diagnosis: Payers may reasonably require submission of
genetic analysis (which would have been routinely per-
formed as part of diagnosis) for the use of deflazacort and
genetic analysis demonstrating DMD with a mutation
amenable to exon 51 skipping or exon 53 skipping for the
exon-skipping therapies.

o Step therapy: For deflazacort, failure of prednisone is
based on toxicity, so a step therapy policy should not
require a fixed period of time for a trial of prednisone but
rather documentation of adverse effects.

o Dosage restrictions: Clinical experts stated that they gen-
erally only use the approved dose of deflazacort (0.9
mg/kg/day). For eteplirsen, at its labeled dosing for
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Contextual Considerations: Eteplirsen
and Golodirsen

Are any of the following contextual considerations important in assessing
eteplirsen and golodirsen’s long-term value for money?
Eteplirsen and golodirsen are intended for the care of
individuals with a condition of particularly high severity in
terms of impact on length of life and/or quality of life.
Eteplirsen and golodirsen are intended for the care of
individuals with a condition that represents a particularly high
lifetime burden of illness.

16/17

15/17

Eteplirsen and golodirsen are the first to offer any improvement 10/17

for patients with this condition.

There is significant uncertainty about the long-term risk of 8/17

serious side effects of eteplirsen and golodirsen.

There is significant uncertainty about the magnitude or 11/17

durability of the long-term benefits of eteplirsen and golodirsen.

There are additional contextual considerations that should have 16/17
an important role in judgments of the value of eteplirsen and

golodirsen.

typical weight patients, despite initial statements from
the manufacturer suggesting much lower costs, it can be
expected to cost approximately $1 million per year. Until
evidence from clinical trials demonstrates added benefit
from higher doses, it is reasonable to restrict coverage to
the dose listed in the FDA-approved labeling.

0 Renewal criteria: There is no reason to require renewal
criteria demonstrating the attestation of benefit for con-
tinuing deflazacort or exon-skipping therapies, since
continued clinical decline is expected on treatment.

I Conclusions

Current evidence demonstrates comparable or perhaps better
clinical benefit of deflazacort versus prednisone. However,
at current pricing in the U.S. market, incorporating the most
highly favorable assumptions around treatment effects, the
resulting incremental cost-effectiveness ratio for deflazacort
exceeds commonly cited cost-effectiveness thresholds. For the
exon-skipping therapies eteplirsen and golodirsen, we have
insufficient evidence to judge clinical benefit in the absence
of adequate studies examining patient-centered outcomes.
Furthermore, at the current price, our analyses showed that
eteplirsen (and golodirsen if priced similarly) could never be
cost-effective at commonly cited cost-effectiveness thresh-
olds, even assuming extreme curative treatment effects that
are not consistent with existing data and clinical experience.
Thus, deflazacort and eteplirsen were judged to represent low
long-term value for the money. Although treatment advances
for DMD are desperately needed, further efforts are required
to ensure that existing therapies are effective, that patient-
centered outcomes are measured and reported in clinical trials,
and that the price of treatments aligns fairly with the benefits
to patients before the widespread use of new therapies.

www.jmcp.org  Vol. 26, No. 4 April 2020
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Evaluating a Stone of Hope: ICER’s 2019 Review of
Treatments for Duchenne Muscular Dystrophy

John Frederick Brandsema, MD

Duchenne mus-
cular dystrophy
(DMD) is a severe X-linked neurodegenerative
disorder that is the most common muscular dys-
trophy of childhood, affecting about 1 in 3,500
male births'; at a large pediatric neuromuscular
clinic, the diagnosis may be disclosed to multiple
families per month. Typically, this conversation
occurs with the family of a young boy around 3
or 4 years of age. The discussion of natural history
outlines likely prognostic milestones such as loss of ambula-
tion before age 13, development of detectable and progressive
cardiomyopathy and respiratory failure in school age years, and
death in the late second or early third decade of life.! Cognition
does not decline, but a significant proportion of patients may
have cognitive symptoms ranging from behavioral issues such
as anxiety or attention deficit hyperactivity disorder to more
severe cognitive impairment and autism. There are also milder
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forms of dystrophinopathy, such as the Becker form
defined by ambulation beyond age 16.!

Before 2016, therapeutic options included opti-
mized interdisciplinary supportive care as well
as corticosteroids, the combination of which may
increase lifespan into the fourth or rarely fifth
decade of life for a larger proportion of patients.
Steroids tend to slow but not reverse the relentless
decline in muscle strength and are the standard
1 of care in consensus guidelines. The typical effect
is around 1-3 years slower disease milestones, but this comes
with a host of iatrogenic comorbidities, most prominently
increased risk for behavioral issues, linear growth suppression
and obesity in younger patients, and eventually poorer bone
health with risk for cataracts in older patients.!

Treatment options include prednisone/prednisolone ver-
sus deflazacort: The ideal steroid type and schedule is still
not firmly established since dose reductions due to side
effects or family preference, alternative dosing schedules (e.g.,
daily, weekend-only, and 10 days on and 10 days off), and
heterogeneity in the disease phenotype among patients make
even matched cohort comparisons have limitations.?
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