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ABSTRACT

INTRODUCTION

Duchenne muscular dystrophy (DMD) is a lethal X-linked recessive neuromus-
cular disorder caused by mutations in the dystrophin gene that result in absent
or insufficient functional dystrophin, a cytoskeletal protein essential for the de-
velopment, stabilization and function of myofibers. Consequently, progressive
skeletal, smooth and cardiac muscle damage and degeneration occur in DMD
patients, developing in atrophy and muscle weakness, motor delays, loss of
ambulation, respiratory impairment, and cardiomyopathy.

Our goal has been to collect the available evidence regarding DMD’s cost of
illness, in order to see what is missing, what common aspects emerge, which
are in contrast (and understand why), and, finally, in order to address choices
and new future analyses.

MAIN BODY

The results of our systematic review allow confirming the substantial econom-
ic burden related to Duchenne Muscular Dystrophy. The included studies iden-
tify the cost of DMD in ten (10) countries characterized by different healthcare
systems.

Authors info: . . . .
All the studies reported on total direct costs as the main cost item and have

Giacomo M. Bruno
giacomomatteo.bruno@unipv.it highlighted the prominent role of direct non-medical costs on direct medical
Sergio Di Matteo costs. It is noteworthy that the total direct cost for DMD patients has been re-
sergio.dimatteo@savestudi.it ported up to sixteen (16) times higher than the mean per-capita health expen-

Chiara Martinotti diture in analysed countries (eg the UK).

chiara.martinotti®savestudi.it
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CONCLUSION

The variation of cost estimates for different studies and countries highlights
the need to clearly understand and address the financial burden of DMD dis-
ease. On the basis of the research conducted for this review, we believe it is
necessary that future cost-of-illness studies in DMD follow a quality standard
protocol with transparent and clearly defined cost components and separate
estimates by disease severity and age.

KEYWORDS
Cost analysis, pharmacoeconomics, cost of illness, economic impact, economic
evaluation.
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INTRODUCTION

Duchenne muscular dystrophy (DMD) is a lethal
X-linked recessive neuromuscular disorder caused by
mutations in the dystrophin gene that result in absent or
insufficient functional dystrophin, a cytoskeletal protein
essential for the development, stabilization and func-
tion of myofibers.! Consequently, progressive skeletal,
smooth and cardiac muscle damage and degeneration
occur in DMD patients, developing in atrophy and mus-
cle weakness, motor delays, loss of ambulation, respi-
ratory impairment, and cardiomyopathy. Clinical course
of skeletal muscle and the cardiac involvement can be
variable; however, even with medical care, most of the
people with DMD die from cardiac or respiratory failure
before or during their third decade."?® Duchenne mus-
cular dystrophy is a rare disease, in fact, its prevalence
has been reported between 15.9 and 19.5 per 100,000
live births, with a global estimate of about 300,000 sub-
jects affected, with 1500 in Italy."45¢

The first signs of the disease appear at around 2.5 years
of age, although symptoms may first be noticed in ba-
bies less than 12 months old.”® Age at diagnosis is not
defined homogeneously in the literature; in Italy, a large
dystrophinopathic cohort has reported the mean age as
4 years. Diagnosis is often delayed because the symp-
toms are not recognised or appropriately evaluated,
resulting in delays to provision of appropriate care and
monitoring.”®"" The progressive loss of muscle function
in DMD causes a series of increasingly severe skeletal
muscle symptoms. These symptoms include altered
gait, proximal weakness, falls, difficulty in climbing
stairs and enlarged calf muscles."'>'* Muscle deterio-
ration continues during childhood, with loss of ambu-
lation (LOA) and complete wheelchair reliance, occur-
ring by approximately 13-14 years of age, followed by
the gradual loss of upper limb function throughout the
teenage years and the twenties."™' Orthopaedic com-
plications, such as scoliosis, tendon contractures and
bone fractures, arise in concert with skeletal muscle
complications, and scoliosis appears in almost all DMD

patients, if not treated with corticosteroids (CS)." Tim-
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ing of loss of ambulation is related to the rate of disease
progression and onset of further DMD associated com-
plications; moreover, the loss of ambulation has result-

ed in association with an increased mortality risk.!”®

Respiratory insufficiency and cardiovascular complica-
tions are leading causes of disease-related morbidity
and mortality among DMD patients.” During the final
stages of the disease, patients have mostly lost all
muscle function, which also affects breathing, chewing
and swallowing, leading to need of ventilation, nutri-
tional issues and malnutrition. The physical, cognitive
and social limitations of patients with DMD can lead
to depression and anxiety not only in patients but also
in caregivers and family members.2® Duchenne prog-
nosis, progressive loss of motor function, the numer-
ous complications and limitations in activities of daily
living impact the quality of life of patients and of their
caregivers.?"?? Indeed, DMD patients require increasing
assistance with even the most basic of daily activities,
resulting in loss of independence and a decrease in
health-related quality of life (HR-QoL), that escalates
over the course of the disease. With the worsening of
the disease and loss of patient independence, burden
on caregivers increases, exerting emotional, health,
social and financial effects.?%

The clinical management occurs with drugs, mainly
steroids and cardiological/respiratory medication, and

with rehabilitative treatments.?®

This integrated and multidisciplinary approach has
improved quality of life and increased life expectancy,
making DMD no longer an exclusively paediatric pa-
thology, so much that it has been associated with an
“adulthood” disease.?'82%7 |n this regard, two European
long-term retrospective cohort studies have shown a
significant increase in life expectancy over the years.
Specifically, a French study by Kieny has reported a
median survival of about 25.8 years for patients born
between 1955 and 1969, rose to 40.9 years for patients
born after 1970.?7 In line with this study, Passamano et
al have observed the overall mortality percentage at
age 20 and 25 for patients born in the 1960s, 1970s and
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1980s respectively. For patients born in the 1960s, 76.7%
died by the age of 20 and 86.5% by the age of 25; for
those born in the 1980s, the percentage of patients that
died by the age of 20 has been reduced to 40.2% and by
the age of 25 to 50.8%.° Despite improvements in clini-
cal management, there is still no cure for DMD patients,
who universally suffer a reduced lifespan and require
complex, costly, and life-long multidisciplinary care to
cope with the loss of muscle function and with several
complications of the disease. This in turn entails a sig-
nificant impact on both family and society, with serious
management problems when welfare support is not
adequate or lacking. The multidisciplinary care team
must aim to alleviate respiratory, cardiac, nutritional,
endocrine, gastrointestinal and musculoskeletal com-
plications, to provide for physical therapy and surgical
intervention for scoliosis and contractures, to perform
cognitive assessment and speech therapy and to deliv-
er psychological support. Currently, corticosteroids are
the standard of care for DMD, which can delay the onset
of functional, pulmonary and cardiac decline to an ex-
tent; however, they do not address the disease cause.?%2®
Moreover, although corticosteroids offer benefit for DMD
patients, the long-term adverse effects, such as weight
gain, behavioural changes, immunosuppression, dia-
betes and hirsutism, can make care more complex and
challenging. Availability of safe, well-tolerated and ef-
fective medications, capable of targeting the underlying
pathophysiologic changes in DMD, represent a signifi-
cant unmet need.?’ Recently, advancements in genetics
and molecular biology have provided new therapeutic
options for DMD, offering hope to patients. These new
medications, such as stop codon readthrough agents
and exon-skipping agents, have been targeted to act
on the mutations responsible for DMD. In August 2014,
the European Commission granted ataluren a condi-
tional marketing authorisation for use in the Europe-
an Union, targeting the approximately 11% of boys with
DMD caused by a stop codon in the dystrophin gene."®
In September 2016, the US Food and Drug Administra-
tion (FDA) approved use of eteplirsen, which targets

the approximately 13% of boys with a mutation in the

dystrophin gene that is amenable to exon 51 skipping,
through an accelerated approval pathway, while not yet

approved in the European Union."3"32

Ataluren and eteplirsen are the first of a series of muta-
tion-specific therapies to gain regulatory approval. Oth-
er dystrophin restoration therapies are in development
and some are near or already in regulatory review. New
treatments can increase dystrophin levels and delay
loss of ambulation and declines in clinical outcomes
in patients with DMD; however, currently, they are still
not able to cure the patient, although they can improve
the quality of life.?2%33 The cost of these orphan drugs is
another item to be taken into account. In the last few
years, the increasing number of licensed medicines for
rare diseases has brought to a growing debate regard-
ing high costs and affordability for national healthcare
systems. Based on the previous considerations, it is
clear how DMD disease characteristics and its course
make it a rare pathology, with a high economic impact
from the point of view of both health systems and so-
ciety.

For complex management diseases, such as DMD, cost
of illness studies (COI) play an import role. They offer
a systematic quantification of the economic burden of
disease on both the individual and on society and help
to identify direct budgetary consequences of diseases
in the health system and indirect costs related to pa-
tient or caregiver productivity loss.? Cost-of-illness
studies can be used as a public policy tool to assist in
prioritization and justification of healthcare and preven-
tion policies. They can highlight interventions that are
more valuable by comparing averted economic burden,
and so, consequently, they can lead to shifts in distribu-
tion of public and private investments.® This study type
is useful to identify main disease cost-drivers, such
as cost factors and patient’'s consumption behaviour
depending on the severity or the stage of disease pro-
gression, providing information for other types of eco-
nomic evaluations, including a framework for cost es-
timation in cost-utility and cost-effectiveness analyses,

for policy makers.
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Defining the cost of illness of rare diseases is very im-
portant because, despite their low prevalence, they can
entail a huge expense due to the management com-
plexity. Thus, it can be helpful to study a particular dis-
ease to understand the actual burden of the illness on
society and economic amounts that could potentially
be saved by slowing the progress of the disease or by
promoting its eradication. Studies in different countries
can show different outcomes depending on the health
systems and population’s specific characteristics, but
are also useful for highlighting common aspects and

for suggesting any interesting observation points.

Using this perspective, the aim of our analysis is to sys-
tematically review the relevant literature on the socio-
economic burden of Duchenne Muscular Dystrophy and
identify all costs, both direct and indirect, related to the
disease from the perspective of National Healthcare

Systems and society.

Specifically, we have tried to provide a critical review
of the available literature, which identify the current
state of knowledge in the DMD cost of illness area, and
a synthesis of studies’ results, highlighting strengths,
limitations and common aspects among studies. We
have concluded our review with the definition of items
to be considered for the development of future econom-

ic evaluations.

MATERIAL AND METHODS

The review has been conducted following the general
principles published in the Centre for Reviews and Dis-
semination (CRD)'s guidance for conducting systematic
reviews and the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) statement.
The inclusion and the evaluation of studies in this re-
view has been based on PICOS (Population, Interven-

tion, Comparators, Outcome and Study design).**

To facilitate the interpretation and the comparison of
results from included studies, we have chosen to adopt
a single categorization of costs, reporting results for

direct cost, divided into medical and nonmedical direct
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cost when easily extractable, and indirect costs, plus
any intangible costs listed, to end with the total annual

cost per patient.

The distinction in direct medical and non-medical costs
has not been reported in all studies, and there is no in-
ternationally shared classification; so, the cost compo-
nents adopted in the individual studies have been vari-
able. In health economics, the term “direct cost” refers
to all costs, due to resource use, that are completely
attributable to the use of a health care intervention
or illness. Direct costs can be split into direct medical
costs and direct non-medical costs. Direct medical
costs include the cost of a defined intervention and all
follow-up costs for other medication and health care
interventions in ambulatory, inpatient and nursing care.
All specialist and GP care, including emergency care,
as well as rehabilitation and physiotherapy, are con-
sidered. Direct non-medical costs have been provided
outside the medical care system and include, for in-
stance: transportation costs, nursing home, home help,
societal services costs and additional paid caregiver
time.*® The main direct cost items used have been: hos-
pital admission, emergency visits, visits to physicians
and other health care practitioners, nurse, tests, med-
ications and outpatient care. Direct non-medical costs
have been mainly associated with informal care and
the use of informal services, aids, devices and invest-
ments for home adaptation. Informal care is defined as
the performance of tasks by non-professional (typical-
ly parents or guardians) that help maintain or enhance

patient independence.*

Informal care is associated with informal costs, which
have been considered as cost outcome measures and
extracted from studies. Informal costs refer to the
amount of unpaid informal caregiver’'s time provided
for care. Informal services are defined as the group of
tasks or care provided by non-professional caregiv-
ers, who are often relatives but may also be friends or
neighbours. Two main types of costs of informal care
can be distinguished: out-of-pocket expenses, such as

travel expenses, and time input of carers, also called
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the objective burden of caregiving.®“° For informal
costs’ calculation, two main different methods are
used: the replacement cost approach and the opportu-
nity cost approach. The first one aims to assign a mon-
etary value for informal care time based on the cost of
care by professional caregivers (formal care). Instead,
the opportunity cost approach is the value of the best
forgone alternative for the informal caregiver; for ex-
ample, lost leisure time or lost production. The included
studies applied opportunity cost approach.

Indirect costs have been assessed as loss of productivi-
ty, which has been evaluated with different approaches,

mainly with a human capital-based approach %42

As regards “intangible costs’, in economic evaluations
this term is used to indicate costs and consequences
that are difficult to measure and monetise, although
there is not always a clear consensus on what this en-
compasses.*?

ELIGIBILITY

This review has included published cost of illness stud-

ies and economic evaluation conducted on Duchenne

Muscular Dystrophy diagnosed patients and on their

caregivers. We have considered studies following PRIS-

MA-defined PICOS criteria:

» Participants: subjects with a diagnosis of DMD re-
gardless of severity stage.

» Intervention: no specific type of treatment has been
considered among inclusion criteria.

» Comparators: the main comparison is with the DMD
patient's baseline data over time; the presence of
a comparison cohort is considered admissible but
not required for inclusion; if present, a comparison
with a patient without DMD or with other disease has
been allowed.

» Outcomes: the primary economic outcome evalu-
ated is the total annual cost related to the disease,
which consists of different cost components (direct
medical-costs, direct non-medical costs, indirect

costs, formal/informal costs, and intangible costs).

In studies carrying out a stratification by cost sub-
groups, the main parameters considered for their
effects on costs were age and disease severity stage.

» Studies: cost of illness and economic evaluation
studies based on the analysis of DMD patients data
(cross-sectional/prospective/retrospective observa-
tional studies including patients follow-up/medical
records/registries/questionnaires or RCT) that can
allow the extraction of an average total cost per pa-
tient during a specific period of time (eg one month,
six months, one year etc.), normalized to total cost per
patient per year; both societal and healthcare payer’s
(Medicare, NHS, National Health-care System) per-
spectives have been adopted for the inclusion.

SEARCH STRATEGY, SCREENING, AND DATA
EXTRACTION

An electronic literature search about available articles
meeting the inclusion criteria has been carried out us-
ing Medline (PubMed), the Cochrane Library and Goo-
gle Scholar up to November 2019. In addition, cross-ref-
erencing from the articles found has been adopted to
complete the search. The keywords used to search
titles and abstracts were: Duchenne Muscular Dystro-
phy, cost of illness, economic impact, economic evalu-
ation, cost analysis, burden of disease combined using
the AND, OR Boolean operators. In the studies where
multiple pathologies were included, we have extracted
data related to DMD.

Case reports, purely descriptive studies, non-economic
studies, studies not focused on DMD, studies focused
on caregiver, studies focused on diagnosis and previ-
ous COI reviews (systematic or not) on this topic were
excluded. Moreover, abstract-only publications were
excluded due to lack of sufficiently detailed data (see
Figure 1). Besides, economic studies reporting not easi-
ly evaluable cost and with insufficient methods’ descrip-

tion were excluded (see Figure 1).
Only full text articles, published in English, were included.

Methodological quality of included studies has been
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FIGURE 1

Flow diagram of the Identification

mdUdeddStUd.ljs S.;lem.lon Records identified through Additional records identified through other sources
process: .ata I (.an.tl. ;at|0n, database searching (Google Scholar, cross referencing from the article)
screening, eligibility and n=216 N5
inclusion ‘
Titles identified
n=231
Excluded n=80
................................................ » PUb“CatiOn not in Engllsh
Screening \
Records screened n=141
n=151 « Abstract only publications
« Full-text not available
Excluded - Case reports/little sample size
................................................ » « Previous reviews
Eligibility \ « Not ecanomic studies

n=10

Full-text articles assessed for eligibility

» Studies not focused on DMD
« Studies focused on caregivers
« Studies focused on diagnosis

Inclusion

\ 4

Excluded

.................................... > n=4

+ Economic studies reporting not

n=56

Final studies included

easily evaluable cost
- Insufficient methods description

evaluated using a quality assessment tool for economic
evaluation, developed on the basis of a model described
by Drummond et al and adapted to COIl by Molinier et
al Heterogeneity was not analysed and no quantitative
pooling of data from these studies was undertaken.
From all the articles that met the review criteria, ba-
sic information was extracted by an independent re-
searcher and reported in summary tables created with
Excel®. From each publication, the following data was
extracted: authors, year of publication, country, study
perspective, study design, population size, baseline
characteristics (age, gender, disease severity, stratifi-
cation by severity/age), cost evaluation methods (tools
adopted to collect resource consumption and type
of unit cost valuation) and cost items. For each study
method used for DMD, severity evaluation was sought.
Cost of complications was analysed as well, if included
in study outcomes. In case studies offered subgroups
analyses, we focused on changes in disease costs re-

lated to age and severity condition. For each study, we
extracted costs per patient (or caregiver) related to the
study period and the average total cost. To provide con-
sistency in comparing results, we adopted an annual
cost per patient as a summary measure. Studies char-
acteristics’ description, the main cost results extracted
from the studies, and total annual cost for all population
subgroups have been reported in summary tables. Be-
cause of methodological and clinical heterogeneity be-
tween studies, a narrative synthesis has been applied.
Numbers of studies screened, assessed for eligibility,
and included in the review have been reported with a
flow diagram (Figure 1). Risk of bias assessment in the
included studies was conducted at the outcome and
study level; the internal and external validity have been
texted. For each study, we have considered clarity and
completeness in reporting information on study design
and methods (description of design, setting, relevant
dates). The sample size, patient’s inclusion criteria, data
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source and the level of precision in presenting results
were the main aspects considered in the risk of bias as-
sessment. Summary of descriptive statistics has been

presented as mean +standard deviation (SD) and n (%).

RESULTS

STUDY SELECTION

The study selection process is detailed in Figure 1. As
shown in the flow diagram of the selection process be-
low (Figure 1), 231 records were identified in the search-
ing, through digital databases and, after the inclusion
of additional records, through other sources (Google
Scholar, cross-referencing from the articles). Eighty
(80) texts were excluded because they were not pub-
lished in English or because they were duplicates. Con-
sequently, 151 abstracts were screened; 141 of these
abstracts were considered not eligible, due to not meet-
ing the inclusion criteria, mainly due to: abstract only
publications, full-text not available, simple case report/
descriptive analysis/previous reviews, non-econom-
ic studies or non-focusing on DMD, mainly focused on
caregiver or treatment or diagnosis. Therefore, ten (10)
full-text articles were assessed for eligibility. Six (6) ar-
ticles were finally included in the review as four (4) did
not meet the inclusion criteria (see Figure 1)3%41.42:44.45.46

INCLUDED STUDIES' CHARACTERISTICS

Five (5) studies were conducted from a societal per-
spective,?41424445 while only one adopted a healthcare
payer's perspective.*® The primary characteristics of
the included studies are summarized in Table 1. Includ-
ed DMD cost of illness studies were developed on the
basis of observational data. For the observational stud-
ies included, data on DMD patient were provided from
claims databases and surveys addressed to patients

and/or their caregivers.

The six included studies were from the following
countries: Germany (3),%7445 USA (3),41444¢ ltaly (2),%%4
UK (2),*4 Australia (1),? Bulgaria (1), France (1),¥
Hungary (1),* Spain (1),* Sweden (1).%

Two studies were multicentric and undertaken in more
than one country.3*

The size of the total population sample analysed in each
study varied from a minimum of 75% to a maximum
of 1,966%. As far as the multicentric studies are con-
cerned, the total population sample has been obtained
by numerical contributions varying between individual
countries (min 2; max 284).

At the individual study level, depending on the different
types of cost (direct, indirect and intangible), various
sources have been adopted by questioning databases
or individual patients with specific questionnaires.

The mean age varied among the studies; most of them
showed a mean age in the range 12.2-14.8. The Ger-
man study by Schreiber-Katz reported a median age
of 11 (minimum age 1 and maximum 42).“° Five (5)
studies considered a stratification by severity and/or
age. 341424546 Al studies, except for the one conducted
via the healthcare payer’s perspective,* considered the
impact of lost productivity and assistance provided by
caregivers. Four (4) studies analysed patients’ health re-
lated quality of life (HR-QoL ) as well (see Table 1).3741:4245

COST ESTIMATES

Five () studies adopted a societal perspective, report-
ing at least direct costs and indirect costs;3%4!424445
moreover, in the study by Landfeldt et al,*' intangible
costs were reported as well. The healthcare payer's
perspective has been considered in one included study,
by Thayer et al,*¢ and, in this case, direct costs have
been analysed.

Table 2 summarizes the main cost results shown in the
included studies.

DISCUSSION

The results of our systematic review allow confirming
the substantial economic burden related to Duchenne
Muscular Dystrophy. Our goal has been to collect the
available evidence regarding DMD's cost of illness, in
order to see what is missing, what common aspects
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emerge, which are in contrast and understand why, and
finally address choices and new future analyses.

Over the last few years, the attention paid to rare dis-
eases and DMD has increased, and, consequently, more
papers have been published on these issues. However,
there still seem to be little awareness about the impor-
tance of managing these diseases in the best way to
avoid a disease progression towards more serious and
irreversible stages and to alleviate patients, caregivers
and healthcare systems, being a worsening and debili-
tating disease that still lacks of a definitively resolutive
cure.

In our analysis, six (6) studies have been included and
it has been collected data from ten (10) countries, char-
acterised by different healthcare systems. We have
aimed to identify the annual cost per patient, focusing
on disease severity stratification/age, and we have
tried to analyse the impact of individual cost categories
in order to identify the cost drivers of the disease and
the differences/similarities between countries. Due to
the lack of economic analyses based on randomized
controlled trials, we have included observational retro-
spective studies assessing DMD's cost of illness. Cost
simulation models lifelong based have been excluded
to report real world economic data and try to reflect the

real data as much as possible.

The included studies have shown results not always
homogeneous, therefore not allowing generalizabili-
ty, but useful to define general trends and to suggest
possible improvements in the development of future
economic studies. Some characteristics of the anal-
ysed studies influence cost estimates: type of health-
care system, study objectives, patient characteristics,
included cost items and disease severity status/age.
Therefore, comparison of the results can be achieved

considering these specific elements.

The main outcome has been the annual mean cost of
illness related to DMD, determined by the addition of
cost items considered in each study in accordance with
the perspective adopted. The main cost categorizations
used have been direct (divided in medical and non-med-
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ical cost), indirect and intangible costs, if calculated.
All the studies have reported total direct costs as the
main cost item and highlighted the prominent role of
direct non-medical costs on direct medical costs. It is
noteworthy that the total direct cost for DMD patients
has been reported up to sixteen (16) times higher than
the mean per-capita health expenditure in the analysed
countries (eg UK).“ Among non-medical direct costs,
the cost driver has been identified in informal care and
in the investments necessary to assist patients as the
illness progresses, highlighting increasing costs with
disease severity progression. Informal care cost has
shown a significant impact on total directs costs, al-
though it varies between studies, up to 27% of the total
DMD economic burden.*

The total direct annual cost reported in the studies has
been in a range from a minimum of € 7657 for Hunga-
ry?” up to a maximum of $54.270 in the USA.“

Indirect cost, measured as loss of productivity, has
been an import cost item; a considerable variability
has been reported in this case as well, due to different
assessment methods, the quality of the analysis and
characteristics of the population.

Intangible costs (costs due to pain, anxiety, social hand-
icap, etc.), calculated only by Landfeldt's study,* have
been estimated by assigning a monetary value to the
loss in quality of life for patients and caregivers in re-
lation to age and sex-specific mean quality of life in the
general population.

Five (5) studies have considered the impact of disease
progression and of DMD population’s age on costs; this
has been an important aspect to assess, given the na-
ture of the disease and the growing needs for the pa-
tient with advancing age, loss of ambulation and other
typical cardiovascular and respiratory complications. It
emerged that the transition from stage | (early ambula-
tory with mild impairment) to stage Ill (non-ambulatory
with confinement to bed) could result in a cost increase
of more than five (5) times.*> The increase in severity
requests more assistance and special conditions to al-
low daily living activities; moreover, it leads to compli-
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TABLE 1
Primary characteristics of included studies

Author Year Country Perspective Study design Population size (n) Age
Multicentric Cross-sectional international observational 770
Germany study, data from online questionnaire Germany =173 13
Landfeldt 2014 Italy Societal addressed to patients entered in national DMD Italy = 122 12
UK registries which form part of in TREAT-NMD UK =191 12
USA network USA =284 12
Larkindale 2014 USA Societal ) : } 1,966 Commercial plan -
direct medical cost and cost of illness surveys
) o 131 COI survey responses
for nonmedical cost and indirect cost
Schreiber- Cross-section retrospective observational Median: 11
Katz 2014 Germany Societal study, data from German dystrophinopathy 248 patient/parent pairs min: 1
registry ma: 42
Multicentric 268 patients/154 caregivers
Bulgaria 14,6 23.9
France 2;2 17
Germany Cross-section observational international 25 11 131
Hungary : ) ) i 57,28 121
Cavazza 2016 ftaly Societal retrospective study, data from questionnaire 87 61 135
Spain completed by patients and their caregivers 5833 16.2
Sweden 7,3 13
UK 18; 10 211
70%-2/17y
Cross-section observational international
Theyer 2017 USA Healthcare retrospective study, daFa from c.la|ms DMD cohort n =75 131
payer database and enrollment information from control cohort n =750
health plan
Cross-section observational international )
Teoh 2016 Australia Societal retrospective study, data from surveys 104 households with DD 13.3

child

addressed to households with DMD child

cations and it causes hospitalizations, resulting in an
increase in direct costs. In Teoh's study,*? the highest
health costs have been largely driven by overnight hos-
pital admissions related to a few major surgical pro-
cedures, respiratory conditions, and cardiac complica-
tions. These admissions contributed to 78% of the total
hospital cost in this population; in this case, 10% of the
individuals accounted for approximately 51% of the total
healthcare costs for this population.*? Considering these
aspects is important, since DMD patients needed in-pa-

tient treatments at an average age of 14 years, osteo-

porosis occurs early in DMD and requires treatment in
39%, DMD patients became full-time wheelchair bound
at the age of 14-15 years and 50% in stages IV and V use

an invasive or non-invasive ventilator device.*

Based on the information gathered from the included
studies, it is possible to define the main cost items that

affect the total cost of the disease.

A first aspect concerns the duration of the illness since,
with the progression of severity, complications increase

and autonomy is reduced; in this view, it is important
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Stratification by severity/age

Loss productivity

Cost analysis for caregiver QoL evaluation

Yes/No Severity status

Yes/No Measure

Ambulation status and age 4 groups
early ambulatory (5-7 y),
Y late ambulatory (8-11y), Y
early nonambulatory (12-15y),
late nonambulatory (=16 y)

Health Utilities Index

Stage |, n: 49 pairs
Stage Il, n: 70 pairs
Y Stage Ill, n: 11 pairs Y
Stage IV, n: 92 pairs
Stage V, n: 26 pairs

PedsQL

Age subclassification
N children (age <18 ) Y
adult (=18)

EQ- 5D

Age subclassification
0-7y
8-13y N
14-17y
18-29y

Age subclassification
0-4y
5-14y y
15-24y
25-34y

PedsQL

to consider the role of early diagnosis, which allows to
face the disease course immediately. This first aspect
is correlated to the other, corresponding to cost items
determined by the progress of disease severity: loss of
ambulation, need for a wheelchair and for home/car
wheelchair adaptation, need for monitoring of cardiac
and respiratory functions, surgical operations, need
for invasive or non-invasive ventilator device. These is-
sues accompany with an increase in direct healthcare
costs, due to a greater consumption of resources, in
non-medical costs, and, as evidenced, in particular in

costs for informal assistance and investments in home

adaptation.

Despite the variability in costs ranges among studies,
it is possible to identify common trends (Table 2). All
studies have reported a substantial economic burden
related to DMD, highlighting the many different costs
that accompany a rare condition, such as DMD, and a
significant economic impact on families and society, of-

ten underestimated, in addition to healthcare costs.

The total annual cost of DMD, including direct and in-
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TABLE 2

Main cost results from the included studies

Main cost results

Study Cost items Summary Currency Annual cost per patient in general population or in subgroups (severity stage, age)
Germany  ltaly UK USA
Direct cost 42,360 23,920 54,160 54,270
Landfeldt  |ndirect cost s 2012 20770 18220 18700 21550
2014 Total annual costs 63140 42,140 72870 75820
Intangible cost 45,860 37,980 46,080 45,080
Total burden 109,000 80,120 118,950 120,910
Larkindale Direct medical cost 22,533
2014 Direct nonmedical cost  § 2010 12,939
Indirect cost 15,481
Total annual costs 50,952
Mean Stage!|  Stagell  Stagelll ~ StagelV  Stage V
Direct medical cost 19,346 4,220 7,629 11,666 22,989 68,968
Schreiber-  Direct nonmedical cost € 2013 30,884 11,646 10,684 29,238 49,834 62,980
Katz 2014 Total direct cost 50,230 15,866 18,313 40,904 72,823 131,948
Indirect cost 28,683 13,078 14,955 8,046 25,778 32,907
Total annual costs 78,913 28,944 33,268 48,950 98,601 164,855
Bulgaria ~ France  Germany Hungary Italy Spain  Sweden UK
Cavazza Direct medical cost 2117 19797 19779 808 9744 8954 9940 3887
2016 Direct nonmedical cost € 2012 6094 38907 35492 6849 31518 25154 33920 30771
Total direct cost 8210 58704 55270 7657 41262 34108 43860 34658
Indirect cost 956 - - - 285 495 - -
Total annual costs All population 9166 58,704 55,270 7657 41,547 34,606 43,860 34,658
Subgruop  Total annual costs Children 16,934 67,495 40,741 8454 34,543 36,970 60,003 41,130
analysis Total annual costs Adult 4850 49,913 101,278 1963 63,559 29,892 3502 29,480
DMD Control
Thayer Total direct cost $ 2010 Allages 24,017 1.752
2017 1-13y 23,005 2,277
14-29y 40132 2,746
All ages O0-4y 5-14y 15-24y  25-34y
Direct medical cost 10,046 5,672 7,587 15,808 3,681
Teoh 2016 Direct nonmedical cost AU$ 2014 33557 21523 18955 50909 95404
Indirect costs 3,008 1,288 4,256 1,487 1,338
Total annual cost 46,669 28,482 30,947 68,205 100,603

direct costs, has been shown to vary from a minimum
of €7657 in Hungary to a maximum of $ 75,820 in the
USA, as reported in the studies by Cavazza et al* and
by Landfeldt et al* respectively. These two studies are
cross-sectional international observational retrospec-
tive studies and have involved four (4) (Germany, lta-
ly, UK, USA) and eight (8) countries (Bulgaria, France,
Germany, Hungary, Italy, Spain, Sweden, UK), respec-
tively. Germany, ltaly and the UK have been included in
both studies. The total cost (direct and indirect) of DMD
in Germany, in Italy and in the UK have been equal to

$63,140, $42,140 and $72,870 in Landfeldt's study,”
while the study by Cavazza et al*’ has reported a to-
tal cost of €55,270, € 41,547 and € 34,658 in Germany,
in Italy and in the UK. These results are almost com-
parable for Germany, but less for Italy and, least of all,
for the UK. Regarding France, Bulgaria, Spain and Swe-
den, Cavazza's study?*’ has reported a total cost of about
€58,704, €9166, €34,606 and 43,860. The total cost of
DMD in Germany and in the USA has been evaluated
also in two other country-specific included studies and
it has been shown equal to €78,913 for Germany*® and
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$ 50,952 for the USA.%4 Moreover, the total annual cost
in Australia has been reported by Teoh et al*? and it
has amounted to AU$ 46,669. Finally, the only included
study conducted in the healthcare payer’s perspective
has presented total direct costs equal to $ 24,017 in the
USA.“ This total direct medical cost is a partial cost of
illness, but resulted in line with the direct medical costs
reported in the study by Larkindale et al ($22,533).4
The average annual total costs, just reported, refer to
the entire population adopted in the included studies;
however, all of them, except for Larkindale et al,** have
considered the cost effects on population subgroups

stratified by state of severity or age.

As reported in Table 2, this type of analysis has evident-
ly highlighted how the cost of the disease grows with
increasing clinical severity and with the age of DMD pa-
tients. The total cost has been shown more than five
times higher in the transition from stage I to V in Sch-
reiber-Katz's study*® and more than tripled comparing
the age range 0-4 y with the age range 25-34y in Teoh'’s
study.“?

Regarding individual cost categories’ analysis, studies
conducted according to the societal perspective have
highlighted the significant impact of non-medical direct
costs on the total cost of illness and, within the category
the important role of informal cost, that has been ex-
pensive in all countries. All the studies developed from
the societal perspective have reported a breakdown
into healthcare direct medical costs, non-medical costs
and indirect costs, with the exception of the study by
Landfeldt et al,*' where no specific distinction has been
made between medical and non-medical direct costs
categorization; however, all individual items referring to
direct costs have been clearly reported to obtain a total
direct cost, in addition to indirect and intangible costs.
In this study, the largest individual cost component has
been indirect costs in Germany, in Italy and in the Unit-
ed States and non-medical community services in the
United Kingdom. However, assuming to add the single
cost items pertaining to the category of direct health-

care medical costs, on the one hand, and those attribut-
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able to non-medical costs, on the other hand, within the
macro category of the direct rights, also in this study
the significant impact of the category of non-medi-
cal costs would be shown. In all the included studies,
non-medical costs have been driven by informal care,
aids and investments to move or adapt housing/vehicle
(eg home renovations/modifications carried out to ac-
commodate for their child’s changing needs, purchase/
adaptation of the home/vehicle for wheelchair access).
In the included studies, it has been reported that most
of the patients needed a carer, requiring informal as-
sistance and causing loss of productivity for families.
Indirect costs, calculated as loss of family income, have
also shown an important impact and tend to increase
with increasing severity, directly influenced by the level

of informal care needed by the patients.

The study by Schreiber-Katz et al* has reported that
indirect costs and informal care have caused 36% and
27% of total DMD economic burden. In all the studies,
the total direct costs have represented the major cost
component in the definition of the total cost of the dis-
ease and, within the category, non-medical direct costs

are the main component.

To conclude, the findings of this review have been con-
sistent with previous ones,'** that had already consid-
ered DMD's cost of illness, but, compared to those, we
have collected more and more recent evidences and we
have highlighted the impact of individual cost compo-
nents and disease progression on disease burden, of-
fering an update and a search space, including studies
from ten (10) countries and providing the identification

of important cost driver.

LIMITATIONS

Our review has some limitations; it is to be noted that
incidence-based economic models reporting lifetime
costs have been excluded, such as studies analysing
primarily cost of disease and informal care focusing
on caregivers or considering muscular dystrophies in
general. In addition, all articles not published in English
have been excluded; for a comprehensive understand-
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ing of DMD's cost of illness, the results of these studies
might provide useful insights. Further limitations stay
in the study design of the included studies, consisting in
observational analyses presenting potential risk of se-
lection bias in included patients and potential errors in
data collection and patient responses, since input data
have been collected from claims database or question-
naires addressed to patients/caregivers. Moreover, the
sample size and the different populations considered
didn't allowed pooled metanalysis.

CONCLUSIONS

The variation of cost estimates for different studies and
countries highlights the need to clearly understand and
address the financial burden of DMD disease. The need
to improve economic assessments in the field of rare
diseases, and, in particular, in DMD has been recently
highlighted and some criticisms have been conducted
by expert opinions regarding methods, development,
exposure and evaluation of studies in literature.?74849

On the basis of the research conducted to carry out this
review, we believe it is necessary that future cost-of-
illness studies in DMD should follow a quality standard
protocol with transparent and clearly defined cost com-
ponents and separate estimates by disease severity
and age, given the role of these aspects as cost driver.

DMD is a rare disease, and the increasing number of
DMD trials is a challenge for clinical trial capacity be-
cause of the low numbers of patients who qualify for
participation. The need to optimize patient recruitment
is expected to promote initiatives supporting trial read-
iness, such as patient registries, identification of clini-
cally significant outcome measures and natural history
studies.” At the moment, there is no definitive cure for
DMD; standard treatment options focus on the allevi-
ation of symptoms and on the management of com-
plications. However, nowadays, some orphan drugs,
capable of slowing down the course of the disease by
acting on genetic causes, are available. Although in-
volving different therapeutic mechanisms, these inter-
ventions generally aim to reduce, halt, or reverse the

rate of muscle degeneration, thereby delaying time to
key disease milestones, including the loss of indepen-
dent ambulation and the need of ventilation support for
survival. However, these treatments are characterized
by high costs that limit access and availability. Indeed,
the role of economic evaluations, the development of
analyses that test the effects of postponement of mor-
tality and the improvement of the quality of life are fun-
damental to make the sustainability of new treatments.
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NHS: national health service
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