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Abstract

Patients with mucopolysaccharidosis (MPS), and Morquio A syndrome (MPS IVA) in particular, often report substantial pain
burden. MOR-008 was a randomized, double-blind, pilot study assessing the safety and efficacy, including impact on patient-
reported pain, of 52 weeks of treatment with elosulfase alfa (at a dose of 2.0 or 4.0 mg/kg/week) in patients with Morquio A
syndrome (27 years old). Assessment of pain at baseline revealed that patients (N = 25) had a mean number of pain locations of
5.7, mean pain intensity score of 4.6 (indicative of medium pain), and a2 mean number of selected pain descriptors of 7.4 words.
Treatment with elosulfase alfa improved subjective pain score (reduced to 3.2), pain locations (reduced by a mean of | location),
and pain descriptor words (reduced to 4.9 words) over | year (52 weeks), suggesting that elosulfase alfa can reduce pain in some
patients with Morquio A.
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Introduction

The mucopolysaccharidosis (MPS) disorders are frequently
associated with significant pain'~’ caused by joint abnormal-
ities, recurrent otitis media, neurological involvement,
increased intracranial pressure, spinal cord compression, carpal
tunnel syndrome, or a combination of these comorbidities.'>*1°
Patients with MPS frequently use pain medication and may
develop chronic pain that can affect physical functioning,
activities of daily living, emotional and school functioning,
and health-related quality of life (HRQoL).>'"*'? In addition,
the burden of pain has been found to have a substantial eco-
nomic impact on society in terms of treatment costs and lost
productivity.'® Consequently, pain management is becoming
an important component of care for patients with MPS.

Several studies have investigated pain as a clinical outcome
in patients with MPS using patient (or caregiver)-reported ques-
tionnaires to measure individual patient’s pain levels.> 4!’
These multidimensional tools are described in Figure 1 and
Appendix 1 and include the (Childhood) Health Assessment
Questionnaire Pain scale (or a modified version),> ”'*!> the
non-communicating Children’s Pain Checklist-Revised, the
six-face Faces Pain Scale-Revised, the Adolescent Pediatric
Pain Tool (APPT), the Brief Pain Inventory short form, and a
visual analog scale (VAS).'? Results from 2 studies in patients
with MPS (N = 55) and Morquio A (N = 63) using these ques-
tionnaires (Appendix 1) indicate that >60% of all patients with
MPS experience joint pain.'* The highest frequency of pain was
observed in patients with MPS III, while the most severe pain
intensity was reported by patients with Morquio A,' which is not
unexpected, as the latter can have severe skeletal and joint
abnormalities.?®

Morquio A syndrome (MPS IVA; OMIM #253000) is a rare
inherited progressive disorder’’ caused by a deficiency of the
lysosomal enzyme N-acetylgalactosamine-6-sulfatase (GALNS,
EC 3.1.6.4) involved in the degradation of the glycosaminogly-
cans (GAGs) keratan sulfate and chondroitin-6-sulfate. The pro-
gressive accumulation of GAGs will interfere with normal
cellular function, leading to growth impairment and increasing
dysfunction of multiple organ systems in patients with Morquio
A.2%3Y Musculoskeletal abnormalities, joint hypermobility, stiff-
ness and pain, cardiorespiratory dysfunction, or a combination of
these manifestations often lead to reduced mobility and endur-
ance.' %33 These increasing physical impairments coupled with
a declining ability to perform activities of daily living may nega-
tively impact the patient’s quality of life, and many patients with
Morquio A become wheelchair bound by their teen years. "2

Weekly enzyme replacement therapy (ERT) infusions with
elosulfase alfa, a recombinant form of human GALNS (Vimi-
zim®); BioMarin Pharmaceutical Inc., Novato, California), is
currently the only approved therapy for Morquio A syndrome.**
In the pivotal phase 3 study (MOR 004, NCT01275066), patients
receiving elosulfase alfa at a dose of 2.0 mg/kg/week demon-
strated statistically significant improvement in endurance as
measured by the 6-minute walk test (6MWT) distance and
numerical improvements in 3-minute stair climb test (3MSCT)

performance, respiratory function, activities of daily living, and
height/growth at week 24 compared to those receiving pla-
cebo.*>° Improvements in 6MWT, 3MSCT, and respiratory
function were sustained over 120 weeks in the long-term
follow-up MOR 005 phase 3 extension study.’’* However, pain
assessments were not performed in MOR-004/005.

In addition to the phase 3 study, a randomized, double-blind,
pilot study (MOR-008, NCT01609062) assessed the safety and
efficacy of 2 doses of elosulfase alfa (2.0 and 4.0 mg/kg/week;
N = 25) over 24 weeks.'® Safety was the primary outcome
measure of MOR-008, with secondary efficacy end points
including effects of ERT on endurance, exercise capacity, and
pain. The baseline values for the 6MWT and 3MSCT in MOR-
008 were higher than those seen in the phase 3 study,* due to
study inclusion criteria that required a 6MWT distance of
>200 m which was aimed at recruiting a population healthy
enough to complete several of the efficacy measures. Results of
the primary treatment phase (24 weeks) of MOR-008 were
previously published. There was no change from baseline in
6MWT in both dosing groups and only a numerical change for
3MSCT in the 4.0 mg/kg/week group. A ceiling effect might
potentially explain why 6MWT and 3MSCT outcomes
remained essentially unchanged during the primary treatment
phase of MOR-008.'® The baseline pain intensity score on the
Word Graphic Rating Scale (WGRS) of the APPT reported by
patients with Morquio A in MOR-008 was 4.6 [16], which
corresponds to “medium pain.”** The mean pain intensity score
numerically improved to 3.2 at week 24 of elosulfase alfa
treatment, with a median % change of —30.6%.'¢ Additional
pain outcomes up to 52 weeks of treatment with elosulfase alfa
are further explored in the present study.

Methods

Ethical Conduct of the Study

Review and approval of MOR-008 was obtained by the Institu-
tional Review Board, Independent Ethics Committee, or Research
Ethics Board at each participating center. All procedures were in
accordance with the ethical standards of the responsible commit-
tee on human experimentation (institutional and national) and with
the Helsinki Declaration of 1975, as revised in 2000. Written
informed consent was obtained from each participant (or his or
her legally authorized representative) before entering the study.

Study Design and Participants

MOR-008 was a multinational, multicenter, randomized, phase
2, double-blind pilot study investigating the safety and physio-
logical effects of 2 doses of elosulfase alfa in patients with
Morquio A syndrome. Inclusion and exclusion criteria and
study design of the primary treatment phase have been
described previously.'® Briefly, patients >7 years and able to
walk >200 m in the 6MWT at screening were randomized to
receive elosulfase alfa 2.0 or 4.0 mg/kg/wk for 27 weeks. Pri-
mary end points were safety and tolerability of both doses;
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(C)HAQ Pain Scale
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VAS

* Location of pain

EQ3D-5L

* Presence & intensity of pain
» Scale of 0-100 (from “No pain™ to “Severe pain”; can be converted to 0-3 scale)

» Frequency of pain(-related behaviour)

* 30 behaviours in 7 domains (vocal, eating & sleeping, social, facial, activity, body &
limb, physiological signs), scored from 0-3 for (from “Not at all” to *“Very often™)

* Presence & intensity of pain (selection of facial expression matching pain intensity
“Point to the face that shows how much you are hurt [right now]”)

* Presence & intensity of pain (measured on 0-10 cm scale)

= Presence & intensity of pain (word graphie rating scale)
= Location of pain (43 distinct body locations across 8 groups)
= Description of pain (from a list of 67 words describing pain)

* Presence & intensity of pain: from “No pain™ (0) to “Pain as bad as you can imagine™
(10), for pain at its worst, least, average and right now

* Use of pain medication & related pain relief
* Impact of pain on daily functions

= Scores health status in 5 domains: mobility, self-care, usual activities. pain/discomfort
and anxiety/depression (3 level score)
* Presence & intensity of pain (5 levels: from “No” to “Extreme pain™)

Figure |. Questionnaires reported in the literature for pain assessment in MPS. Several questionnaires can be used when assessing pain in
patients with MPS. There are differences in the dimensions and amount of information they capture about the experienced pain. (C)HAQ,
(Childhood) Health Assessment Questionnaire'®°; NCCPC, Non-communicating Children’s Pain Checklist*'; six-face Faces Pain Scale—
Revisedn; VAS, Visual Analog Scale'; APPT, Adolescent Pediatric Pain Tool; WGRS, word graphic rating scale23; BPI, Brief Pain Inventory“;

EQ5D-5 L, EuroQol 5 Domains 5 Levels.?

secondary end points included effects of elosulfase alfa on
endurance, exercise capacity, respiratory function, muscle
strength, cardiac function, pain, urinary keratan sulfate levels,
and pharmacokinetic parameters. Patients who completed the
primary treatment phase were enrolled in the extension phase,
during which they received the same dose of elosulfase alfa as
during the primary treatment phase through week 52.

Pain Assessment

Pain experienced in the last 24 hours was measured using the
APPT at screening and at weeks 12, 24, and 52 following
endurance tests (if they occurred at the same visit). The APPT
is a validated, multidimensional tool to evaluate pain in chil-
dren, adolescents, and young adults (Figure 2A).%* In the first
part of the APPT, a body diagram with 43 distinct body loca-
tions distributed across 8 groups is used to indicate the location
of pain. In the second part, pain intensity is measured on a
10-cm VAS, i.e. the WGRS, including “no pain” (0 cm), “little
pain” (2.5 cm), “medium pain” (5.0 cm), “large pain” (7.5 cm),
and “worst possible pain” (10 cm). In the last part of the APPT,
a list of 67 words is provided for the patient to select words that
describe the pain. Words are divided in 4 pain descriptor cate-
gories: sensory, affective, evaluative, and temporal.>> Some
younger patients or those that preferred to, used a Faces Pain
Scale instead of the WGRS to measure pain intensity at base-
line. The Faces Pain Scale asks patients to select from 6 facial
expressions the one that best reflects their pain (Figure 2B) and

corresponds to a score that ranges from 0 (no pain) to 10 (very
much pain).?

Statistical Methods

Efficacy analyses were performed on the modified intent-to-
treat population, consisting of all patients randomized to study
treatment that received at least 1 dose of study drug and had at
least 1 post-treatment observation. The analyses were per-
formed on the total study population (i.e., the two dosing
groups combined), but results are also presented separately.
Descriptive statistics including sample size, mean, standard
deviation (SD), percentage, median, and interquartile ranges
(IQR), when appropriate, were generated. Key comparisons for
outcomes were within the same patient for parameters mea-
sured at screening and weeks 24 and 52. Values obtained at
screening (days —21 to —1) were used as baseline measures.

Results

Patient Characteristics

Twenty-five patients were randomized to elosulfase alfa
2.0 mg/kg/week (N = 15) or 4.0 mg/kg/week (N = 10). Demo-
graphics and baseline characteristics (Appendix 2) for the total
study population have been published previously.'® All 25
patients completed the primary treatment phase and were
enrolled in the extension study (Appendix 3). One patient



4 Journal of Inborn Errors of Metabolism & Screening
2. Place a straight, up and down mark on this line to show how much
A coob_____ pain you have.
DATE §
L J 2. Pain
ADOLESCENT PEDIATRIC PAIN TOOL (APPT) No itlle jum Lerge Worst & "
Pain ain ”S:ln ain ;gﬁ‘sibiu [ntens]ty
IN TIONS:
L e e s e 3. Point to or circle as many of these words that describe your pain.
1 L] " "
annoying blistering awful off and on
Right Right bad burning deadly once in a while
horrible hot dying sneaks up
1 Paiﬂ miserable . killing sometimes
* terrible cramping " steady
1 uncomfortable crushing crying
ll]l!ﬂtlﬂl'l 1 like a pinch frightening :
aching pinching screaming If you like,
hurting pressure terrifying you may add
like an ache E - other words:
like a hurt itching dizzy
sore like a scratch sickening
3 like a sting suffocating
beating scratching "
2 hitting stinging never goes away
pounding . uncontrollable For officn e only.
punching shocking u
throbbing shooting always
. splitting comes and goes
biting N comes on all of
cutting numb a sudden
like a pin stiff constant
like a sharp knife  swollen continuous
pin like tight forever
sharp
stabbing =
3. Pain
. descrlpto rs
B

Figure 2. A, The adolescent pediatric pain tool. B, The faces pain scale. The adolescent pediatric pain tool is a validated, multidimensional tool to
evaluate pain in children, adolescents, and young adults. It consists of three different parts. In the first part, pain location can be indicated on a
body diagram. In the second part, pain intensity is measured on a 10-cm visual analog scale. In the last part, pain descriptors can be selected from
a list of 67 words (reproduced from Jacob EA, et al. Pain Management Nursing 2014,2 with kind permission from Elsevier). The faces pain scale
allows patients to select out of 6 facial expressions the face that best corresponds to their pain, ranging from “no pain” (score of 0) to “very

much pain” (score of 10) (reproduced from Hicks CL, et al Pain 2001,%

Faces pain Scale-Revised (FPS-R). www.iasp-pain.org/fpsr. Copyright

©2001, International Association for the Study of Pain. Reproduced with permission).

continued through week 52 but did not receive infusions of
elosulfase alpha after week 24 due to relocation away from the
study site. Another patient discontinued prior to week 52 (last
infusion at week 39) due to a planned surgery and transition to an
expanded access program at a site closer to her place of
residence.

APPT Outcomes

At baseline, all patients reported at least 1 pain location. Pain
was most frequently experienced in the lower extremities (68%
of patients), followed by the head and neck areas (32% of all
patients), and the upper extremities (32% of patients). After 52
weeks of elosulfase alfa treatment, the lower extremities were
still the most frequently reported location of pain in the total
study population (76%).

Elosulfase alfa treatment was associated with a mean (SD)
decrease of 1.3 (4.1) and 1.0 (5.2) in the number of pain
locations from baseline to week 24 and 52, respectively, in
the total study population (Figure 3A, Table 1). The decrease
in number of pain locations was seen only in the 2.0 mg/kg/week
group. The number of pain locations reported by the 4.0 mg/kg/
week group remained stable; however, the mean number of
pain locations at baseline was already lower in this group
(Table 1).

The mean baseline pain intensity score on the WGRS was
4.6 (median score 4.9), corresponding to categorical scores of
“medium pain.” Mean and median scores at baseline were slightly
worse (approximately 1 point higher) in the 2.0 mg/kg/week
group compared to the 4.0 mg/kg/week group (Table 2); this
imbalance between the 2 dose groups at baseline, despite ran-
domization, may (at least partly) be due to the small sample
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Figure 3. Mean number of pain locations (A), pain intensity (B) and pain descriptors (C) decreased from baseline to week 52 after treatment
with elosulfase alfa in the total study population. Modified intent-to-treat population analysis of the total study population (i.e., 2.0 mg/kg/week

and 4.0 mg/kg/week treatment groups combined).

Table I. Impact of Elosulfase Alfa on Number of Pain Locations. Number of Pain Locations Reported Per Patient in the Adolescent Pediatric
Pain Tool at Baseline and after Treatment with Elosulfase Alfa for 24 and 52 Weeks. Modified Intent-to-Treat Population Analysis of 2.0 and 4.0

mg/kg/week Groups and the Total Study Population.

Timepoint 2.0 mg/kg/wk 4.0 mg/kgiwk Total Study Population
Baseline N N N
Mean (SD) 12 7.2 (4.5) 9 3.7 (2.7) 21 5.7 (4.1)
Median (IQR) 12 6.0 (3, 12) 9 20(2,5) 21 50(2,9)
Week 24
Mean (SD) I5 5.5 (4.7) 10 3.5(24) 25 4.7 (4.0)
Mean (SD) change from baseline 12 —2.2 (4.8) 9 —0.1 (2.8) 21 —1.3 (4.1)
Median (IQR) I5 5.0(1,9) 10 3.0(2,6) 25 30(2,6)
Median change from baseline (IQR) 12 —2.0(-5,2) 9 1.0(—1,1) 21 0.0 (-4, 1)
Week 52
Mean (SD) 14 6.1 (6.8) 10 34 (3.0) 24 5.0 (5.7)
Mean (SD) change from baseline I —1.8 (6.4) 9 0.0 (3.2) 20 —1.0 (5.2)
Median (IQR) 14 3.0 (1, 10) 10 3.0(1, 3) 24 30(1,8)
Median change from baseline (IQR) I —1.0 (-5, 0) 9 1.0(=3,1) 20 0.0 (—4, 1)

Abbreviations: SD, standard deviation; IQR, interquartile range.

size. Results of the primary treatment phase showed that elo-
sulfase alfa treatment for 24 weeks reduced the pain intensity
score by 1.8 (SD 3.3) in the total study population, correspond-
ing to a median % change of —30.6%, as previously reported.'®
After 52 weeks of treatment, this reduction was less apparent:
The mean pain intensity score of the total population changed
by —0.8 (SD 3.2) from baseline (Figure 3B), the median change
was 0.1 (IQR —2.3, 1.4), corresponding to a median % change
of 1.7% (IQR —61.5, 38.9; Table 2). When separating the
treatments, both groups showed a similar mean reduction of
0.8, but only the 4.0 mg/kg/week group showed a median
reduction in pain intensity score (—0.2 [—1.0, 1.0]). Data from
individual patients show improved or stable pain intensity
scores throughout the study period in the majority of patients
(Figure 4).

At baseline, the mean and median number of words
selected by the total study population to describe pain was
7.4 (SD 4.2) and 7.0 (IQR 4, 10), respectively, of a total of 67
words and were primarily sensory and temporal pain descrip-
tors (mean number of words were 3.5 and 2.0, respectively).
Patients in the 2.0 mg/kg/week group selected a higher num-
ber of words to describe pain compared with patients in the
4.0 mg/kg/week group (Table 3). There was a mean change
from baseline in the number of word descriptors in the total
study population of —2.3 (SD 4.7) at week 24 and —1.7 (SD
5.9) at week 52 (Figure 3C) of elosulfase alfa treatment; med-
ian change in the total study population was —1.0 for both
time points (Table 3). Patients selected primarily sensory and
temporal pain descriptors (mean number of words were 2.2
and 1.7, respectively) at week 52.
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Table 2. Impact of Elosulfase Alfa on Pain Intensity. The Pain Intensity Reported Per Patient at the Word Graphic Rating Scale of the Adolescent
Pediatric Pain Tool at Baseline and after Treatment with Elosulfase Alfa for 52 Weeks. Modified Intent-to-Treat Population Analysis of 2.0 and

4.0 mg/kg/week Groups and the Total Study Population.

Timepoint 2.0 mg/kg/wk 4.0 mg/kg/iwk Total Study Population
Baseline N N N
Mean (SD) 12 5.0 (2.9) 9 4.1 (2.5) 21 4.6 2.7)
Median (IQR) 12 53(33,72) 9 45 (2.5, 5.0) 21 4.9 (3.0, 6.0)
Week 24
Mean (SD) 15 32 (24) 9 3.0(1.7) 24 3.2 (2.1)
Mean (SD) change from baseline 12 —2.2 (3.7) 8 —1.2(2.9) 20 —1.8(3.3)
Median (IQR) 15 3.6 (0.4, 5.3) 9 29 (2.2,47) 24 3.0 (2.1, 5.1)
Median change from baseline (IQR) 12 —0.7 (—3.9,0) 8 —0.7 (3.1, I.1) 20 —0.7 (-3.5,0.1)
Week 52
Mean (SD) 14 34 (3.0 10 29 (2.2) 24 3.2 (2.6)
Mean (SD) change from baseline Il —0.8 (3.4) 9 —0.8 (3.0) 20 —-0.8 (3.2)
Median (IQR) 14 2.8 (0.5, 6.0) 10 2.8 (1.0, 4.0 24 2.8 (0.8,5.1)
Median change from baseline (IQR) Il 0.1 (—4.0, 1.4) 9 —-0.2 (—1.0, 1.0) 20 0.1 (—2.3, 1.4)

Abbreviations: SD, standard deviation; IQR, inter-quartile range.

Discussion

The few clinical studies to date that have evaluated pain in
MPS disorders indicate that a large proportion of patients have
mild to moderate pain.> ’*° Approximately 40% of the
patients with MPS report a pain score above the cut-off for
significant pain and those with Morquio A syndrome (MPS
IVA) experience the most severe pain.! Pain appears to sig-
nificantly interfere with activities of daily living and nega-
tively affect quality of life in patients with Morquio A.?
These observations underscore the need for a treatment that
can decrease pain burden in these patients. ERT has been
approved for several lysosomal storage disorders, including
MPS 1,>*° MPS 11,*! MPS VI,'5** and MPS IVA/Morquio
A.>* In addition to the positive effect on endurance, ERT has
been reported to reduce pain in patients with MPS I* and MPS
VI®7417 (Appendix 1). Less is known about the effect of ERT
on pain in patients with Morquio A.'®

Patients with Morquio A in the MOR-008 study reported a
significant baseline level of pain in multiple body sites, with a
predominance of pain in the lower extremities. The mean
reported pain intensity score corresponded with “medium pain”
on the APPT scale, consistent with pain locations and scores
reported in the Morquio A patient-reported outcomes survey by
Hendriksz et al.? Treatment with elosulfase alfa resulted in a
decrease in subjective pain scores from baseline to weeks 24
and 52. The number of pain locations and word descriptors
selected to describe pain decreased at both time points. After
24 weeks of treatment, the mean pain intensity score had
decreased by a mean of 1.3 points on the 0 to 10-point rating
scale in the total study population. There was still a numerical
mean change from baseline in pain intensity score through
week 52, although long-term treatment did not lead to greater
pain reduction.

A recent study of 153 adolescents with chronic pain identi-
fied a raw change of 1 point on a 0 to 10-point numerical rating
scale as the minimal clinically important difference for pain
intensity, corresponding to a change of —12.5%.%* Although
the adolescents in this study were not patients with Morquio A,
they showed several relevant similarities with the MOR-008
patient population, with a mean age of 15.5 years (vs 13.7 years
in MOR-008) and main pain locations being the head (56%)
and back/extremities (25%) versus the head and neck area
(32%) and the extremities (lower 68% and upper 32%) in
MOR-008. The reduction in pain intensity observed in the
primary treatment phase of MOR-008 was >1 point for most
patients and the mean reduction in the extension phase approx-
imates a change of 1, suggesting that the observed effect on
pain intensity approaches what is considered to be clinically
important. Patients who did not show an improvement in pain
intensity mostly presented with stable scores. This suggests that
their pain did not worsen as could be expected after a 1-year-
long period in a progressive disease such as Morquio A.>"

The mechanism of action responsible for elosulfase alfa
treatment-associated pain control is not readily apparent and
may involve many factors. Data from animal studies suggest a
GAG-mediated apoptosis of articular chondrocytes as well as a
GAG-mediated inflammatory component, operating through the
toll-like receptor 4 pathway, to the musculoskeletal disease in
MPS,43J‘6 as observed in rheumatoid arthritis.*’ Hence, one of
the pain-controlling mechanisms of elosulfase alfa may function
via decreasing the GAG accumulation in macrophages through-
out the tissues.”® This could reduce inflammatory responses at
the articular surfaces and as a result improve joint pain and
stiffness. In addition, studies in MPS VI and VII animal models
have shown that treatment with anti-inflammatory drugs reduces
the GAG-mediated apoptotic and inflammatory component in
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Figure 4. Pain intensity change from baseline: data of individual patients. Change from baseline in pain intensity on the word graphic rating scale
(WGRYS) in elosulfase alfa 2.0 mg/kg/week (A) and 4.0 mg/kg/week (B) treatment groups. Different lines represent different patients. Modified
intent-to-treat analysis set. A negative value for the change from baseline in pain intensity on the WGRS represents an improvement in pain

intensity, while a positive value represents a worsening in pain intensity.

articular and synovial tissue and enhances the positive effect of
ERT on articular tissue and motor activity when combined.*>**®
These results suggest that ERT in combination with anti-
inflammatory treatment may have beneficial effects on joint pain
in patients with Morquio A. However, additional research in this
area is needed to assess this hypothesis.

In addition to the physical relief of the pain sensation itself,
a reduction in pain may also improve HRQoL, given that
chronic pain can influence different aspects of normal daily

life and cause psychological distress.'*** Two studies by Gold
et al. showed that there is a negative relationship between
chronic pain and HRQoL in children and adolescents: HRQoL
scores were worse when pain intensity and frequency were
higher.'"'? Additionally, results of an international Morquio
A patient-reported outcomes survey demonstrate that HRQoL
is primarily related to the patient’s ability to remain indepen-
dently mobile and that patients tolerate more pain during activ-
ities of daily living if they are able to remain more mobile or
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Table 3. Impact of Elosulfase Alfa on Pain Descriptors. Number of Pain Descriptors Selected (from a Total of 67 Words) in the Adolescent
Pediatric Pain Tool at Baseline and after Treatment with Elosulfase Alfa for 24 and 52 Weeks. Modified Intent-to-Treat Population Analysis of 2.0

and 4.0 mg/kg/week Groups and the Total Study Population.

Timepoint 2.0 mg/kg/wk 4.0 mg/kgliwk Total Study Population
Baseline N N N
Mean (SD) number of words I 8.0 (5.2) 9 6.6 (2.5) 20 7.4 (4.2)
Median (IQR) number of words I 8.0 (4, 14) 9 6.0 (4, 8) 20 7.0 (4, 10)
Week 24
Mean (SD) number of words 15 5.3 (4.3) 10 43 (3.9) 25 49 (4.1)
Mean (SD) change from baseline in number of words I —2.5 (5.6) 9 —1.9 (3.6) 20 —2.3 (4.7)
Median (IQR) number of words 15 6.0 (1, 8) 10 4.0 (1, 6) 25 5.0 (1,7)
Median (IQR) change from baseline in number of words I —1.0(—4,1) 9 —1.0 (=5, 1) 20 —1.0(=51)
Week 52
Mean (SD) number of words 14 5.6 (5.3) 10 4.0 (2.6) 24 4.9 (4.3)
Mean (SD) change from baseline in number of words 10 —1.0 (7.9) 9 —2.4(2.7) 19 —1.7 (5.9)
Median (IQR) number of words 14 50(1,7) 10 303,7) 24 35(2,7)
Median (IQR) change from baseline in number of words 10 0.5 (-6, 2) 9 —-3.0(—4, 1) 19 —1.0 (=5, 1)

Abbreviations: SD, standard deviation; IQR, inter-quartile range.

use their wheelchair less frequently.? In addition, fatigue was
shown to be a significant problem in patients suffering from
chronic pain, as it functions as an intermediary between pain
and the overall HRQoL."! Children and adult patients with
Morquio A frequently report fatigue or low stamina and this
is influenced by the use of a wheelchair.? Again, better mobility
showed a negative correlation with fatigue, following the same
pattern as for pain.” These findings highlight the negative
effects of chronic pain on daily living activities and emphasize
the need for intervention protocols that help manage pain and
promote increased functioning of patients with Morquio A. The
decrease in pain burden reported in MOR 008 may contribute
to improvements in HRQoL in this Morquio A population.
Future studies on the effect of ERT in patients with Morquio
A should further explore the relationship between pain man-
agement, HRQoL, fatigue, and other functional outcomes.
Limitations of this pilot study should be taken into account
when interpreting these results. Study inclusion criteria led to
recruitment of a relatively healthy population, which may have
resulted in a ceiling effect for some efficacy outcome measures.
Moreover, this study was not powered to show statistically
significant differences between dose groups. As there was no
placebo group, we do not know whether untreated patients
would have declined in some or all pain assessments during
the study period. Additionally, concomitant pain medication

use was not rigorously monitored and may not have been con-
sistent throughout the study. Finally, pain is a complex expe-
rience and its perception is influenced by cognitive and
emotional factors.*’ Conversely, the circuitry that is responsi-
ble for the psychological modulation of pain can be affected by
chronic pain, leading to changes in emotional and cognitive
domains. As a result, the context and meaning of pain influence
its perception by the patient, which leads to large inter-individ-
ual as well as intra-individual differences in pain perception.*’
Despite these limitations, this study gathered pilot data in order
to increase the current understanding of pain in patients with
Morquio A and how treatment with elosulfase alfa influences
these impairments and to generate hypotheses for potential
future studies.

Conclusion

MOR-008 is the first clinical study to measure the impact of
ERT with elosulfase alfa on pain burden in patients with Mor-
quio A syndrome. MOR-008 patients reported a baseline pain
level of medium intensity at multiple body sites, with a pre-
dominance of pain locations in the lower extremities. Improve-
ments in perceived burden of pain were reported after treatment
with elosulfase alfa over 24 and 52 weeks.
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Appendix |

Table Al. Overview of the Studies that Evaluated Pain (Burden) in Patients with MPS.?

MPS Number of Subjects; Final Pain
Questionnaire Type Age Range ERT (duration)  Baseline Pain Intensity score Intensity Score Reference
(C)HAQ (0-3 scale) MPS | N = 45; 6.3-43.3 years Laronidase 0.93 (N = 30) 0.56 (N = 30) 3
(3.5-4 years)
(C)HAQ (0-100 MPSII N = 96; 5-30.9 years  Not used 28.2 4
scale) MPS VI N = 90; 4-18 years Not used 31.6 5
N = 28; 19-56 years Not used 38.2 5
N = 22; 4-18 years Galsulfase 243 31.9 6
(£ 6.8 years)
N = 10; >18 years Galsulfase 35.5 223 6
(+6.8 years)
N = 10; 6-22 years Galsulfase 4| 55% reduction 7
(48 weeks)
N = 9; 1.4-21.1 years Galsulfase NA 30.5% reduction 17
(2 years)
NCCPC—Revised  MPS N = 35; <8 years or  Not used Range 0-36 |
(0-90 scale) with intellectual (cut-off for pain of 7 in 45.7%)
disability
Six-face Faces Pain MPS N = I1; 8-18 years Not used Range 0-92 |
Scale—Revised without intellectual (cut-off for moderate pain of 45
(0-100 scale) disability in 18.1%)
VAS (0-100 scale) MPS N = 8; >18 years Not used Range 10-88, median 41.5 |
without (cut-off for moderate pain of 45
intellectual disability in 37.5%)
BPI (0-10 scale) MPSIV N = 19; 18-67 years  Not used 4.39 39
MPS IVA N = 27; 218 years Not used No WC: 1.69 (N = 4) 2
WC when needed: 3.55 (N = 14)
WC always used: 2.69 (N = 9)
APPT (0-10 scale) MPS IVA N = 36; 5-17 years Not used No WC: 4.38 (N = 20) 2
WC when needed: 4.00 (N = 14)
WC always used: 1.00 (N = 2)
MPS IVA N = 25; 8-40 years Elosulfase alfa  Pain intensity: 4.6 Pain intensity: 3.2  MOR-008
(52 weeks) study

Abbreviations: APPT, Adolescent Pediatric Pain Tool; BPI, Brief Pain Inventory; (C)HAQ, (Childhood) Health Assessment Questionnaire; NA, not available;
NCCPC, noncommunicating Children’s Pain Checklist; six-face Faces Pain Scale-Revised; VAS, Visual Analog Scale; WC: wheelchair.

2Summary of the observed pain (burden) in patients with MPS. Overview of the study population, whether they were treated with ERT, and the pain questionnaire
used in the study. For the (C)HAQ the 0-100 pain scale was used, unless mentioned otherwise.
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Appendix 2

Table A2. Demographics and Baseline Characteristics (Intent-to-Treat Population).

2.0 mg/kg/week (N = I5)

4.0 mg/kg/week (N = 10)

Total Study Population (N = 25)

Age at enrollment, years

Mean (SD) 14.9 (9.3) 12.0 3.2) 13.7 (7.5)

Median (IQR) 11.3(9,17) 122 (9, 14) 11.5 (9, 15)
Sex, n

Female 12 4 16

Male 3 6 9
Race, n

White 14 9 23

Other | | 2
6MWT, m

Mean (SD) 369.6 (89.2) 376.3 (70.0) 372.2 (80.6)

Median (IQR) 346.8 (300, 422) 393.2 (326, 444) 372.3 (321, 422)
3MSCT, stairs/min

Mean (SD) 65.5 (21.4) 64.2 (23.3) 65.0 (21.7)

Median (IQR) 65.3 (55, 72) 63.6 (53, 84) 65.2 (55, 78)

Abbreviations: IQR, interquartile range; MSCT, 3-minute stair climb test; SD, standard deviation; 6MWT, 6-minute walk test.

Appendix 3

| Screened (N=26)
[ Screen failure (N=1)
| Enrolled (N=25)

Primary treatment phase
2.0 mg/kg/week (N=15)

Primary treatment phase

4.0 mg/kg/week (N=10)

]

Extension phase
2.0 mg/kg/week (N=15)
Discontinuation:

Extension phase
4.0 mg/kg/week (N=10)
Discontinuation:

* Study termination by sponsor (N=14)
* Pregnancy (N=1}

* Study termination by sponsor (N=0)
* Surgery/expanded access program (N=1)

Figure Al. CONSORT flow diagram.
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