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Abstract

Morquio A syndrome is an ultra-rare, inherited lysosomal storage disorder associated with progressive, multi-
systemic clinical impairments, causing gradual loss of functional capacity and endurance, impaired quality of
life, and early mortality. Studies in Morquio A patients have used the 6-min walk test (6BMWT) to assess functionality and
endurance and to evaluate disease progression or efficacy of treatment. The objective of the present study was to
review minimal clinically important differences (MCIDs) for the 6MWT reported for disease states that widely use the
6MWT to evaluate clinical benefit and to discuss the results in view of the challenges in estimating MCID for ultra-rare
diseases, using the case of elosulfase alfa in Morquio A patients. A systematic literature search was performed using
Embase and Medline to identify studies specifically estimating the MCID using either anchor-based or distribution-

based methods. A total of 19 publications on 17 studies were identified; none of these included patients with Morquio
A syndrome or the wider disease category of lysosomal storage disorders. Therefore, the MCIDs determined by studies
in patients with respiratory, cardiovascular, or musculoskeletal disease were compared to changes in the 6MWT seen in
Morquio A patients in the pivotal phase 3 clinical trial of elosulfase alfa enzyme replacement therapy. The literature
review showed a mean MCID for the 6MWT of 7% change (range 3-15%) in studies using anchor-based methods and
a 9% change (range 4-16%) using distribution-based methods. Results of the elosulfase alfa clinical trial and its
extension showed a placebo-adjusted 14.9% improvement in the 6BMWT from baseline at week 24, which was greater
than the mean MCID based on the results of the systematic literature review. After 2 years, 6GMWT distance increased
by a mean of 20.7% from baseline in a modified per-protocol population, versus a reduction of 6.9% in comparable
untreated patients from the MorCAP natural history study over the same period. Although further research is required
to establish the MCID of the 6BMWT in Morquio A patients, the presented data provide further evidence for the positive

effect of elosulfase alfa in this patient population.
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Background

Morquio A syndrome, also known as mucopolysacchari-
dosis (MPS) IVA, is an ultra-rare, severely debilitating
and progressively life-threatening inherited disorder
(ORPHA309297) [1]. It is caused by mutations of the
gene N-acetylgalactosamine-6-sulfatase (GALNS), result-
ing in impaired degradation of the glycosaminoglycans
(GAGs) keratan sulfate (KS) and chondroitin-6-sulfate
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(C6S). As a result, KS and C6S accumulate in the lyso-
somes of cells throughout the body, which leads to wide-
spread cellular, tissue, and organ dysfunction [1-4].

All patients with Morquio A syndrome suffer from a
range of serious and debilitating morbidities across
multiple domains including skeletal and joint abnor-
malities, short stature, impairments in respiratory
function (restrictive and obstructive lung disease),
cardiac function (valvular regurgitation and stenosis,
low stroke volume), hearing, and vision, abdominal mani-
festations (hepatomegaly, hernias), and dental abnormal-
ities, whilst retaining normal intelligence [1, 5-9]. The
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significant limitations in respiratory function, cardiac
function, and musculoskeletal compromise result in low
endurance, debilitating fatigue, pain, poor quality of life,
and early mortality [4, 5, 10]. Due to low endurance and
functional capacity limitations, many patients with
Morquio A syndrome end up using a wheelchair or walk-
ing aid [1]. Historically, survival in patients with Morquio
A syndrome has been severely reduced with the majority
of patients dying in their second or third decade of life,
mainly due to cardiorespiratory failure [4]. Less than 5%
of patients live beyond 40 years [5].

Impaired endurance and functional capacity, both of
which are important patient-relevant outcomes for
Morquio A patients, may be measured clinically
through the six-minute walk test (6MWT), which is a
simple, commonly used, standardized measure of en-
durance [11]. It evaluates the global and integrated
responses of all body systems involved during exercise,
including the pulmonary and cardiovascular systems,
systemic and peripheral circulation, and neuromuscular
function. The American Thoracic Society (ATS) Con-
sensus Statement describes the validated approach for
performing the 6MWT [11].

Baseline data from the Morquio A Clinical Assessment
Program (MorCAP) study, a longitudinal natural history
study examining the outcomes of patients with Morquio

Page 2 of 11

A, has shown that endurance and functional capacity, as
measured by the 6MWT, are severely impaired in pa-
tients with Morquio A syndrome [4]. The overall mean
(+ SD) 6MWT distance of 212 + 152 m in MorCAP was
significantly lower than that of healthy individuals aged
4~16 years, reported as between 470 and 664 m [12, 13].
Moreover, a cross-sectional analysis showed that the
mean 6MWT distance generally decreases with increas-
ing age in patients with Morquio A syndrome: mean
6MWT distance was 251.6 m + 121.5 m in 0—4 year olds
(n=37), 232.5 m + 140.1 m in 5-11 year olds (n=127),
1812 m+177.3 m in 12-18 year olds (n=284), and
193.1 m + 148.5 m in 18 year olds (n = 68), thus illustrat-
ing the progressive nature of the disease [4]. This pro-
gressive decline in 6MWT is further illustrated in Fig. 1,
comparing untreated Morquio A subjects with the nor-
mal population [4, 14]. Further evidence that untreated
Morquio A syndrome is progressive and characterized
by a gradual decline in endurance has been provided by
1- and 2-year data from MorCAP, in which a general
decline in 6MWT distance from baseline was observed
over the course of the 2-year longitudinal study [15]. At
each visit, mean 6MWT distances were found to gener-
ally decrease with increasing age with an annualized
estimate of change (SE) in 6MWT from baseline of
-4.86 £ 3.25 m across all subjects, and -6.84 +5.38 m
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Fig. 1 6MWT distance in untreated Morquio A patients and age-matched healthy controls. Source: [4, 14]
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for subjects meeting the inclusion/exclusion criteria of
the Phase 3 clinical trial of elosulfase alfa (=5 years of
age with baseline 6MWT distance =30 and <325 m)
[15]. For these reasons, the 6MWT was the primary
endpoint in the pivotal Phase 3 randomized, double-
blind, placebo-controlled MOR-004 clinical trial of elo-
sulfase alfa enzyme replacement therapy (ERT). In this
study, a statistically significant improvement of 22.5 m
(95% CI 4.0, 40.9; p=0.017) in 6MWT distance over
placebo was demonstrated with elosulfase alfa 2.0 mg/
kg/week at 24 weeks [10], which was sustained over
120 weeks [16]. This incremental change in the 6MWT
represents a 14.9% placebo-adjusted change from base-
line at 24 weeks (Additional file 1). At 2 years in the
open-label extension trial MOR-005, 6MWT distance
increased by a mean of 11.7% (SD 57.2) versus baseline
in the Intent-to-treat (ITT) population and a mean of
20.7% (SD 57.0) versus baseline in the Modified-Per-
Protocol (MPP) population (excluding patients who
had orthopedic surgery during the extension study or
missed >20% of their scheduled elosulfase alfa infu-
sions), versus decreases of 7.2% (SD 35.7) and 6.9%
(SD 32.7) over the same period in comparable un-
treated patients from the MorCAP natural history
study (Additional file 2). In addition to the effects on
6MWT, long-term (2 years) treatment with elosulfase
alfa was associated with a sustained reduction of
around 60% in urinary KS, a mean increase of 6.8
stairs/min in the 3-min stair climb test (3MSCT), im-
provements in respiratory function (+9.2% for forced
vital capacity, 8.8% for forced expiratory volume in 1 s,
and 6.1% for maximum voluntary ventilation), and
improvements in the patients’ abilities to perform ac-
tivities of daily living (MPP population) [16—18].

A recent study by Lampe et al. [19] showed an associ-
ation between 6MWT and quality of life in patients with
Morquio A syndrome. The authors reported that an in-
crease of 100 m in 6MWT distance was associated with
a 0.2 increase in the quality of life utility score of the
EuroQoL 5 domains, 5 levels (EQ-5D-5 L) questionnaire.
There are currently no studies reporting the relationship
between the 6MWT and survival in patients with
Morquio A syndrome. However, many studies in widely
varying diseases show a positive correlation between the
6MWT and survival, especially in diseases associated
with compromised respiratory and cardiovascular func-
tion [20-26]. As Morquio A syndrome is associated with
multi-systemic clinical impairment and the most com-
mon causes of death are due to cardiorespiratory failure,
it is logical to assume from a biological perspective that
the relationship between the 6MWT and survival is also
present in patients with Morquio A syndrome.

Although an improvement or decline in the 6MWT
distance seems important as such, the clinical relevance
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and impact on patients’ daily functioning of changes in
the 6MWT distance observed in clinical trials remains
to be established for Morquio A. A standard way of
measuring clinical relevance is determining the minimal
clinically important difference (MCID), which is the
smallest difference that a patient would perceive as
beneficial [27]. The objective of this study was to review
published studies which aimed to estimate the MCID for
the 6MWT in a variety of disease states that widely use
the 6MWT to evaluate clinical benefit and to discuss the
results in view of the challenges of estimating MCID in
ultra-rare diseases using the case of elosulfase alfa in
Morquio A patients.

Methods

A systematic review of the literature

Literature searches were conducted in April 2014 using
Embase with data covering both Embase and Medline.
The search terms used included all variations of ‘six-
minute walk test’ (e.g., ‘walking test’; ‘6 min walk test,
or ‘6MWT’) and all forms of the term ‘minimal clinic-
ally important difference’ including ‘MCID’; ‘clinically
important; or ‘clinically significant’. The search was not
restricted to Morquio A syndrome in order to identify
studies in other diseases that could help interpret the
clinical relevance of 6MWT as an outcome measure.
Furthermore, the search was also not limited by study
type or language. The retrieved articles were reviewed
to identify studies that reported a threshold for the
6MWT that was considered clinically meaningful. The
reference lists of all retrieved papers were reviewed for
any additional studies that did not appear in the ori-
ginal literature search. The results for each of the iden-
tified studies were extracted and grouped according to
the MCID estimation method used.

There are three general approaches for estimating the
MCID: anchor-based, distribution-based, and consensus-
based methods. These approaches measure a quantifiable
change in the 6MWT. Anchor-based methods compare
the change in a clinical measure to the change in a
patient-related anchor such as a patient-reported out-
come (PRO), typically a global assessment rating in
which the patients rate themselves as “better”, “un-
changed”, or “worse” [28]. Some studies have used
death, hospitalization, or other clinical measures (e.g.,
FVC) as “anchors” [29-32]. Within the anchor-based
approaches, four variations exist including the within-
and between-patients score change as well as sensitivity
and specificity approaches and the social comparison
approach [28]. Distribution-based methods compare
the change in an outcome to a standardized measure of
variability such as the standard error of measurement
(SEM), standard deviation (SD), effect size, or mini-
mum detectable change (MDC). Full details on
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variations of the anchor- and distribution-based
methods are described in a review by Copay A G, et al.
[33]. Consensus-based methods, also called Delphi-
based methods, use expert panel opinion to establish
which numerical value constitutes the minimal clinic-
ally relevant change for an outcome measure [34].

Results and discussion

A total of 19 publications on 17 studies which aimed to
estimate the MCID for the 6MWT in diseases other
than Morquio A syndrome were identified (Fig. 2).
These comprised three broad categories, including re-
spiratory disease (idiopathic pulmonary fibrosis [IPF],
diffuse parenchymal lung disease, chronic obstructive
pulmonary disease [COPD], non-cystic fibrosis bronchi-
ectasis, emphysema), cardiovascular disease (chronic
heart failure [CHF], coronary artery disease [CAD],
pulmonary arterial hypertension [PAH]), and muscular
disease (Duchenne muscular dystrophy [DMD])
(Table 1). One study was conducted in frail elderly Asian
persons and was allocated to the category “Other”. Al-
though no studies in Morquio A syndrome were identi-
fied, the disease categories are characteristic of the
symptoms commonly experienced by patients with Mor-
quio A syndrome. A total of 52 estimates of the 6MWT
MCID were reported of which 40% (21/52) were deter-
mined using an anchor-based method approach while
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52% (27/52) were estimated using a distribution-based
method. In four cases (8%), the method to calculate
MCID was not reported.

Absolute 6MWT MCID

The results of the studies estimating the MCID for the
6MWT using the anchor-based approach are presented
in Fig. 3. The MCIDs as measured in absolute terms of
meters walked ranged from 11-54 m across all studies.
When considered separately by respiratory, cardiovascu-
lar, muscular, and other diseases, the MCID ranges were
11-54 m, 23-45 m, 26 m, and 18 m, respectively.

The results of the studies estimating the MCID for the
6MWT using various distribution-based methods are
presented in Fig. 4. Several different variations of the
distribution-based methods were reported, including
SEM, effect size, and ‘other methods’. The category
‘other methods’ are those studies that used variants of
the standard deviation approach as well as those studies
that did not clearly report the exact distribution-based
method used. The range of MCIDs for the 6MWT using
the SEM, effect size, and ‘other methods’ was similar to
that seen in studies using the anchor-based approach
with ranges between 13 and 45 m (excluding an 80 m
outlier), 20-59 m, and 29-47 m, respectively. When the
estimated MCIDs were considered by respiratory, car-
diovascular, and ‘other’ diseases, the results were also

Records identified through
database searches
(n=332)

Articles excluded

Not a 6BMWT MCID study

(n=313)

Articles included in the
analysis
(n=19)

were included

(n=306)

Study referencing other

publication reporting MCID
(n=1)

Review articles

Fig. 2 Flow chart summary of the systematic literature search. Studies that aimed to estimate the minimal clinically important difference (MCID)
for the six-minute walk test (6MWT) in diseases relevant to Morquio A syndrome including respiratory, cardiovascular, and muscular diseases

(n=6)




Schrover et al. Orphanet Journal of Rare Diseases (2017) 12:78

Page 5 of 11

Table 1 Overview of studies that estimate the minimal clinically important difference (MCID) for the six-minute walk test (6MWT)

Reference Disease N Mean baseline 6MWT ~ MCID determination method
distance (m)
Anchor-based  Distribution-based
1&2 du Bois, 2010 [29] & du Bois,  IPF 822 392 X X
2011 [30]
3 Swigris, 2010 [31] IPF 154° 373 X X
4 Holland, 2009 [42] Diffuse parenchymal lung disease  48° 403 X X
5 Holland, 2010 [43] COPD 75 359 X X
6 Polkey, 2013 [32] COPD 2112 369 X
7 Puhan, 2008 [51] COPD 460 361 X
8 Puhan, 2011 [44] COPD 1218 348 X X
9 Redelmeier, 1997 [45] COPD 112 371 X
10 Wise, 2005 [52] Emphysema (COPD) 470 353 X
1M Lee, 2014 [46) Non-cystic fibrosis bronchiectasis 37 551 X X
12& 13 Gremeaux, 2011 [48] CAD 81 NA X X
and [47]
14 Gilbert, 2009 [53] PAH 207 339-347 X
15 Mathai, 2012 [49] PAH 405 343 X X
16 Henricson, 2013 [28] DMD 24 370 X
17 McDonald, 2013 [54] DMD 174 358 X
18 Kwok, 2013 [50] Frail elderly Asian persons 73 295 X X
19 Taeger, 2013 [55] CHF NA NA NA NA

CAD coronary artery disease, CHF chronic heart failure, COPD chronic obstructive pulmonary disease, DMD Duchenne muscular dystrophy, IPF idiopathic

pulmonary fibrosis, MCID minimal clinically important difference, NA not available, PAH pulmonary arterial hypertension
?Only 123 patients had data at baseline and follow-up
P24 patients had IPF
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2010 [29] and du Bois, 2011 [30]; 3 = Swigris, 2010 [31]; 4 =Holland, 2009 [42]; 5 = Holland, 2010 [43]; 6 = Polkey,

idiopathic pulmonary fibrosis; PAH: pulmonary arterial hypertension

Fig. 3 Absolute six-minute walk test (6MWT) minimal clinically important difference (MCID) using anchor-based methods. Sources: 1 & 2 = du Bois,

2013 [32]; 8=Puhan, 2011 [44];

9 = Redelmeier, 1997 [45]; 11 = Lee, 2014 [46]; 12 & 13 = Gremeaux, 2011 [47] and Gremeaux, 2011 [48]; 15 = Mathai, 2012 [49]; 16 = Henricson,
2013 [28]; 18 = Kwok, 2013 [50]. The green, red, blue, and orange bars represent studies conducted in patients with respiratory, cardiovascular,
muscular, and ‘other’ (i.e, frail elderly) diseases, respectively. CAD: coronary artery disease; COPD: chronic obstructive pulmonary disease; IPF:
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Fig. 4 Absolute six-minute walk test (6MWT) minimal clinically important difference (MCID) using distribution-based methods. Sources: 1 & 2=du
Bois, 2010 [29] and du Bois, 2011 [30]; 3 = Swigris, 2010 [31]; 4 =Holland, 2009 [42]; 5 =Holland, 2010 [43]; 7 = Puhan, 2008 [51]; 8 = Puhan, 2011
[44]; 10 =Wise, 2005 [52]; 11 =Lee, 2014 [46]; 12 & 13 =Gremeaux, 2011 [47] and Gremeaux, 2011 [48]; 14 = Gilbert, 2009 [53]; 15 = Mathai, 2012
[49]; 17 = McDonald, 2013 [54]; 18 = Kwok, 2013 [50]. The green, red, blue, and orange bars represent studies conducted in patients with respiratory,
cardiovascular, muscular, and other (i.e, frail elderly) diseases, respectively. CAD (coronary artery disease) COPD: chronic obstructive pulmonary dis-
ease; IPF: idiopathic pulmonary fibrosis; PAH: pulmonary arterial hypertension

similar. Although the absolute measures of the MCID
for the 6MWT are informative, there are notable differ-
ences in terms of ability to walk between the patients
enrolled in the studies considered in this analysis and
those with Morquio A syndrome. The distance walked
in the 6MWT at baseline in the MorCAP study was
212.6 + 152.2 m [4], which is much lower than the
average of 375 m for the clinical intervention studies
included in this analysis. Note, however, that baseline
6MWT results were not reported for all included stud-
ies. Additionally, the influence of short stature on dis-
tance walked has not been estimated in any study,
whereas the median Z-score for height for adults with
Morquio A syndrome in the MorCAP study was —-8.94
[4]. This severe short stature undoubtedly influences
the total distance walked meaning that relative rather
than absolute changes in distance walked are more in-
dicative of therapy benefit compared with other
studies.

In most studies, the absolute MCID was calculated
without any specific intervention, so it can be considered
as a measure of disease burden, with smaller 6MWT
MCIDs representing a greater disease burden.

Relative 6MWT MCID
In the absence of published studies reporting an MCID
for Morquio A syndrome, it may be considered appro-
priate to view the MCID in relative change rather than
absolute change from baseline to help interpret the clin-
ical relevance of 6MWT changes. Therefore, the MCID
was estimated as the required percentage change in me-
ters from baseline for those studies reporting the results
of the 6MWT at baseline. Since not all studies reported
the results of the 6MWT at baseline, the number of
studies included in the analysis was reduced to 14 stud-
ies reporting a total of 40 estimates of 6MWT MCID.
The results of the re-analyzed MCID studies using the
anchor-based method are presented in Fig. 5. The MCID
for the 6MWT as measured in relative terms is a mean
of 7% (range 3—15%). When considered separately by re-
spiratory, cardiovascular diseases, muscular disease, and
‘other’ the results were 3-15, 11, 7, and 6%, respectively.
The relative re-analyzed MCID for the 6MWT esti-
mated using the various distribution-based methods are
presented in Fig. 6. The mean relative change using this
method is 9% with a range of 4-16% (excluding a 23%
outlier) across all diseases. When the relative MCIDs
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2010 [31]; 4 =Holland, 2009 [42]; 5 = Holland, 2010 [43]; 6 = Polkey, 2013 [32]; 8 = Puhan, 2011 [44]; 9 = Redelmeier, 1997 [45]; 11 = Lee, 2014 [46];
15 = Mathai, 2012 [49]; 16 = Henricson, 2013 [28]; 18 = Kwok, 2013 [50]. The green, red, blue, and orange bars represent studies conducted in
patients with respiratory, cardiovascular, muscular, and other (i.e, frail elderly) diseases, respectively. COPD: chronic obstructive pulmonary disease;
IPF: idiopathic pulmonary fibrosis; PAH: pulmonary arterial hypertension
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ively. COPD: chronic obstructive pulmonary disease; IPF: idiopathic pulmonary fibrosis; PAH: pulmonary arterial hypertension
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were considered by respiratory, cardiovascular, muscular,
and ‘other’ diseases, the results were 4—-16, 7-11, 8-9,
and 4%, respectively.

Applying MCIDs from other chronic diseases to Morquio
A syndrome

The average relative MCID for the 6MWT in other
chronic diseases is similar in anchor-based (mean 7%;
range 3-15%) and distribution-based methods (mean
9%; range 4—16%). In the absence of any specific pub-
lished studies on the MCID for the 6MWT in Morquio
A syndrome, these values may serve as an evidence-
based proxy until an MCID using 6MWT or other rele-
vant clinical or patient-reported measures for Morquio
A syndrome is established.

The mean 6MWT distances at baseline in the Phase 3
randomized, double-blind, placebo-controlled clinical
trial of elosulfase alfa (MOR-004) were 203.9 and
211.9 m for patients treated with elosulfase alfa and pla-
cebo, respectively. At week 24, the estimated treatment
effect compared with placebo was 22.5 m, corresponding
with a change from baseline of 14.9%. The mean per-
centage improvement from baseline was 23.9% and 8.7%
for patients treated with elosulfase alfa 2.0 mg/kg/week
and placebo, respectively. In the long-term MOR-005
extension study, the mean change from baseline after
2 years in the 6MWT was 11.7% in the ITT and 20.7%
in the MPP population, versus a reduction of 7.2% and
6.9%, respectively in comparable untreated patients from
the MorCAP natural history study [16]. The observed
treatment difference is greater than the 7-9% described
above and greater than or at the upper limit of the range
of MCIDs calculated for other diseases using anchor-
based and distribution-based methods. Of note, one of
the inclusion criteria of the MOR-004/005 trial was a
baseline 6MWT distance =30 and <325 m [10]. How-
ever, not all Morquio A patients are ambulatory. The
value of the 6MWT is not maintained in case of walking
difficulties due to limb deformities, even when the pa-
tient has a relatively good muscular and cardiovascular
state.

It is important to qualify the limitations of applying
the MCID for the 6MWT of other chronic diseases to
Morquio A syndrome. Specifically, patients with Mor-
quio A syndrome experience respiratory, cardiovascular,
and musculoskeletal impairment and as such their ability
to perform the 6MWT is more severely compromised
compared with those enrolled in studies investigating
the MCID of the 6MWT in only one body system (e.g.,
respiratory, cardiovascular). While the above-mentioned
range of relative MCIDs for other chronic diseases may
provide an indication of the 6MWT MCID in Morquio
A syndrome, it is likely that the true MCID for the
6MWT in patients with Morquio A syndrome is lower.
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As patients with Morquio A syndrome tend to have a
lower functional capacity at baseline than the other dis-
eases included in the present study, smaller improve-
ments in 6MWT distance might be clinically important,
as previously demonstrated for patients with DMD with
varying baseline 6MWT results [35]. The analysis also
does not take into account the age of patients included
in the different studies, which range from young chil-
dren of 4-12 years (DMD studies) to elderly patients of
around 60-70 years of age for most respiratory diseases.
This might, at least partly, explain the large differences
in baseline 6MWT distances between studies. The age of
the Morquio A patients included in the MOR-004/005
studies ranged from 5-57 (mean 14.4) years. In addition,
the relevance of 6MWT MCIDs for the patients’ health-
related quality of life (HRQoL) in the chronic diseases
included in the present analysis is unclear [36]. The
6MWT is generally not used as a measure of HRQoL for
these conditions. Although 6MWT distance has been
found to be consistently associated with symptoms such
as peak work capacity and physical activity in these con-
ditions, correlations with HRQoL are generally weak
[37]. For Morquio A, a sub-analysis of data from a PRO
study (N = 24) recently showed a strong correlation be-
tween 6MWT distances and EuroQoL (EQ)-5D-5 L
utility scores (R =0.815; P<0.0001) [19]. However, the
association between changes in the 6MWT and HRQoL
needs to be established. Of note, several pivotal
placebo-controlled clinical trials in patients with lyso-
somal storage disorders similar to Morquio A (i.e., MPS
I, MPS VI, and late-onset Pompe disease) have used the
6MWT, or the comparable 12MWTT, as a primary end-
point to determine treatment efficacy for the ERT being
assessed [38, 39]. Regulators and payers agreed that the
6MWT outcomes provided enough evidence for a clin-
ically relevant treatment effect for these diseases lead-
ing to the approval and reimbursement of these
medications for treating the designated disorders. The
fact that the long-term improvements in the 6MWT in
Morquio A patients in the MOR-004/005 study were
accompanied by improvements in respiratory function
and the ability of patients to perform activities of daily
living also provides further evidence for the clinical
relevance of 6MWT results in these patients [17, 18]. It
remains to be elucidated whether the improvements in
respiratory function contribute to the improvements in
6MWT outcomes. Other mechanisms, such as in-
creases in muscle strength, joint movement, or pain
may also be involved.

Further research is required to directly establish the
MCID of the 6MWT in patients with Morquio A syn-
drome as a reliable measure of treatment outcome.
However, this entails selection of the most appropriate
method first, taking into account the limitations of
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currently used MCID determinations. As illustrated by
the wide distribution in MCIDs between the studies
included in the present analysis, often within the same
diseases state, different analysis methods produce differ-
ent MCIDs. Whereas anchor-based methods yield differ-
ent MCIDs depending on the PRO scale used and the
arbitrary selection of grouping of scale levels, MCIDs
obtained with distribution-based methods depend on the
measure of statistical variability used in the analysis [33].
Another limitation of anchor-based methods is that the
PRO measures used to calculate MCIDs are subjective,
often not validated for the disease, and subject to recall
bias [33]. In addition, PRO changes generally depend
on baseline level, with patients with greater level of dis-
ability showing more improvement. Major issues of
distribution-based methods are that outcomes are
sample-specific, i.e., depend on the variability of results
in the sample studied, and do not address the question
of clinical importance for the patient [33].

Conclusions

The identification of clinically relevant outcomes is crit-
ical in the evaluation of the efficacy of therapeutic inter-
ventions. From a physician’s, but also a payer’s and
regulator’s perspective, it is important to understand the
medical consequences of a treatment and the limitations
of the disease to properly assess clinical improvements.
Ideally each disease should have its own MCID deter-
mined. However, establishing evidence of clinical effect-
iveness can be very challenging for ultra-rare diseases
such as Morquio A syndrome due to the very small
number of physicians with specialized expertise in the
disease, limited understanding of the natural history, and
difficulties in generating a large volume of evidence in
randomized clinical trials [40]. In the absence of suffi-
cient data, it can be valuable to compare outcomes in
studies of ultra-orphan diseases with MCIDs for that
outcome established for other, better characterized con-
ditions (respiratory, cardiovascular, and muscular dis-
eases). Applying this strategy to the 6MWT in Morquio
A provided further evidence for the clinical relevance
of elosulfase alfa ERT as a treatment option. The mean
MCID for the 6MWT of 7-9% change identified in
studies using anchor-based and distribution-based
methods is considerably below the 14.9% improvement
over placebo at week 24 in Morquio A patients treated
with elosulfase alfa in the pivotal phase 3 study. This
improvement was sustained with long-term treatment.
However, as this approach is subject to several limita-
tions, the next step is to directly establish the MCID of
the 6MWT in patients with Morquio A syndrome.
Considering the advantages and limitations of currently
used MCID determinations [33], both anchor- and
distribution-based methods should ideally be used. A
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PRO measure that has been used successfully in Mor-
quio A patients, and might therefore be useful when es-
tablishing the MCID for the 6MWT in Morquio A
patients using an anchor-based method, is the MPS
Health Assessment Questionnaire (MPS-HAQ), an
MPS-specific questionnaire that assesses the patient’s
ability to perform activities of daily living [1, 41]. Other,
generic, PRO measures that have been proven useful in
these patients are the EQ-5D questionnaire (assessing
mobility, self-care, usual activities, pain/discomfort, and
anxiety/depression), and the Brief Pain Inventory Short
Form (BPI-SF) and the Adolescent Pediatric Pain Tool
(APPT) that assess pain intensity in adults and chil-
dren/adolescents, respectively [1].
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