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Glossary of terms

Abbreviation In full

1ry Primary

st First

25FWT 25-foot walk test

2nd Second

2ry Secondary

3MSCT Three-minute stair climb test

6MWT Six-minute walk test

AB Abstract

ADL Activities of Daily Living

AE Adverse Event

ANCOVA Analysis of covariance

AP Anteroposterior

APPT Adolescent and Pediatric Pain Tool

ARG Argentina

ASEBA Aschenbach System of Empirically Based Assessment
AUS Australia

BDI Beck depression inventory

BiPAP Bilevel Positive Airway Pressure

BL Baseline

BL Baseline

BMI Body mass index

BMRN BioMarin

BMT Bone marrow transplant

BPI Brief Pain Inventory

BRA Brazil

BMJ British Medical Association

C6S Chondroitin 6 sulfate

CAN Canada

CD Caregiver domain

CDSR Cochrane Database of Systematic Reviews
CEA Cost-Effectiveness Analysis

CENTRAL Cochrane Central Register of Controlled Trials
CHMP Committee for Human Medicinal Products
CHO Chinese Hamster Ovary

CLIN Clinical

COL Columbia

COMP Comparator

CPAP Continuous positive airway pressure

CRD Centre for Reviews and Dissemination, University of York
DARE Database of Abstracts of Reviews of Effects
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Abbreviation In full
DB Double blind
DET Data extraction table
DEU Germany
DMC Data monitoring committee
DNK Denmark
DUP Duplicate or copy publication
el Excluded on abstract screening
el Citation excluded at title/abstract screening stage
e2 Excluded on full paper screening
e2 Citation excluded at full text screening stage
EAP Expanded access program
ECG Electrocardiogram
EF Ejection fraction
EMA European Medicines Agency
ENG England
EPAR European Public Assessment Report
EQ-5D Eurogol 5 dimensions
EQ-5D-3L Euroqol 5 dimensions 3-levels
EQ-5D-5L Eurogol 5 dimensions 5-levels
EQ-VAS EuroQoL-5D visual analogue scale
ERT Enzyme Replacement Therapy
ESA Elosulfase alfa
ESHG European Society of Human Genetics
ESP Spain
EU-CTR European Union Clinical Trials Register
EXT Extension
FDA United States Food and Drug Administration
FDT Functional dexterity text
FEV1 Forced ejection volume in 1 minute
FP Full Paper
FRA France
FVC Forced Vital Capacity
GAG Glycosaminoglycan
GALNS n-acetylgalactosamine-6-sulfate sulfatase
GPT Grip and pinch test
HAE Hypersensitivity adverse event
HAQ Health Assessment Questionnaire
HRQoL Health-related quality of life
HSCT Haematopoietic stem cell transplantation
HST Highly Specialised Technologies
HTA Health Technology Assessment
HTAD Health Technology Assessment Database
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Abbreviation In full

i.v. Intravenous

IAR Infusion-associated reaction

IHE Institute of Health Economics

INT International

1Q Intelligence quotient

ITA Italy

ITT Intention-to-treat

JPN Japan

KS Keratan sulfate

kg Kilogram

KOR Republic of Korea (South Korea)

L Litres

LS Least squares

LSDs Lysosomal Storage Disorders

m Metre

MA Meta-analysis

MAA Managed Access Agreement

MARS Morquio A Registry Study

MAu Marketing authorisation

MCID Minimum clinically important difference

MeSH Medical Subject Heading

mg Milligram

mITT Modified intention-to-treat

MIX Mixed (population)

mli Millilitre

MorCAP Morquio Clinical Assessment Program

MPP Modified per protocol

MPS Mucopolysaccharidosis

MPS HAQ Mucopolysaccharidosis Health Assessment Questionnaire
MPS IVA Mucopolysaccharidosis type IVA (Morquio)
MRI Magnetic Resonance Imaging

MSFC Multiple sclerosis functional composite

Mths Months

MVV Maximal Voluntary Ventilation

N/A Non-Applicable

NHS National Health Service (UK)

NHS EED National Health Service Economic Evaluation Database
NICE National Institute for Health and Care Excellence (England & Wales)
NITT Number of patients in intent-to-treat population
NLD The Netherlands

NMA Network meta-analysis

NmITT Number of patients in modified intent-to-treat population
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Abbreviation In full

Norm Normalised (for creatinine)
NR Not Reported

OAE Otoacoustic emissions
OBS Observational study

OL Open-label

OLE Open-label extension
ouT Outcome

PD Pharmacodynamic
PedsQL Paediatric quality-of-life
Ph Phase

PI Principal investigator

PK Pharmacokinetic

PLA Placebo

POP Population

POR Portugal

PRI Puerto Rico

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses
PRO Patient reported outcome
PROS Prospective

Pt Patient

Pts Patients

PUB Publication

QA Quality assessment

QAT Qatar

QoL Quality of life

qow Every other week

qw Weekly

RCT Randomised controlled trial
SAE Serious Adverse Event
SAU Saudi Arabia

SD Standard Deviation

SE Standard Error

SF-36 Short Form-36

SOP Standard Operating Procedure
SR Systematic Review
SSIEM Society for the Study of Inborn Errors of Metabolism
TA Technology Appraisal
TUR Turkey

Tx Treatment

TWN Taiwan

UK United Kingdom

uKS Urinary keratan sulphate
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Abbreviation In full

USA United States of America

uTl Urinary tract infection

VRA Visual reinforcement audiometry
Wk Week

Wks Weeks

Yr Year

Yrs Years
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Executive Summary

At the time of the original submission to NICE in December 2014 for the
evaluation of elosulfase alfa, most trials were ongoing, including the extension
study to the pivotal trial (MOR-004/MOR-005). The clinical trial programme
has now closed, and the Morquio A Registry Study (MARS), which is an
observational study, has since enrolled patients from the elosulfase alfa
clinical trials as well as newly treated patients. As part of the conditional
positive recommendation following the original NICE evaluation, a Managed
Access Agreement (MAA) was put in place. Since December 2015, the MAA
has systematically collected efficacy and safety outcomes data on a total
cohort of ] patients with MPS IVA as of the | SN c=ta cut-off.
Three patients have been excluded from the analysis (- patients were
enrolled in the MAA but did not have follow-up data due to starting within a
year of the analysis and one patient had duplicated records). [JJ] patients
stopped treatment during the study period, however available assessments
were included in the analysis: - voluntarily stopped for a variety of reasons
(Il patient left the country, | due to poor adherence or perceived lack of
benefit) and [} stopped due to failure to meet the criteria. Data from a total of
[l patients were therefore included in the analysis, including [l| ERT
treatment-naive patients who started treatment with elosulfase alfa only during
the period of the MAA, and . patients who started treatment with elosulfase
alfa prior to the MAA (i.e., they were enrolled in the clinical trial programme),

and for whom both baseline and follow-up data were available.

A manuscript is expected to be published in Orphanet in early 2021 based on
an earlier data cut-off of May 2019, including at that time [JJ] patients in the
analysis, of which ] were treatment-naive and ] were previously enrolled in
the clinical trials in England. The results presented in the manuscript (May
2019 data cut) are consistent with the latest results ([5G Jata

cut) presented in this addendum to the main company evidence submission.
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Nature of the condition

Mucopolysaccharidosis type IVA (MPS IVA or Morquio A) is an ultra-rare,
severely debilitating, multi-systemic, inherited disorder resulting in a
significantly reduced life expectancy, if left untreated (Lavery and Hendriksz,
2015). The disease is characterised by the absence or reduction in N-
acetylgalactosamine-6-sulfatase (GALNS) activity resulting in an accumulation
of the glycoaminoglycans (GAG), keratan sulfate (KS) and chondroitin 6
sulfate (C6S). The progressive accumulation of these GAGs leads to
significant morbidities and multi-systemic clinical impairments (respiratory,
cardiac and musculoskeletal complications) resulting in premature mortality,
diminished functional capacity and independence, decreased endurance and
impaired quality of life (Hendriksz et al., 2014c, Hendriksz et al., 2014c, Akyol
et al., 2019, Hendriksz, 2014). Life expectancy of patients not treated with
elosulfase alfa is between 25 and 30 years (Lavery and Hendriksz, 2015), with
fewer than 5% of patients living beyond 40 years of age without enzyme
replacement therapy (ERT) (Montafio et al., 2007). Respiratory and cardiac
complications are key drivers of mortality in patients with MPS IVA; respiratory
failure is the most common cause of mortality accounting for 63% of patient
deaths and cardiac dysfunction accounts for 15% of patient deaths (Lavery
and Hendriksz, 2015). All affected patients experience significant functional
limitations and reduced quality of life for patients, their caregivers and families
(Harmatz et al., 2013, Hendriksz et al., 2014c).

The natural history of MPS IVA patients has been characterised in the
Morquio A Clinical Assessment Program (MorCAP) study which was
conducted in over 350 patients, estimated to represent ~10% of the total MPS
IVA patients worldwide (Harmatz et al., 2013). The MorCAP study was a
multicentre, multinational, cross-sectional and then subsequently longitudinal
natural history study designed to describe the spectrum and progression of
symptoms in ERT-untreated MPS IVA patients through direct clinical
observation and assessments (Harmatz et al., 2013). Baseline data collected
from the first 325 patients enrolled in the MorCAP study demonstrated

substantial impairment in multiple domains including endurance, mobility,
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respiratory function and growth (Harmatz et al., 2013). Musculoskeletal
manifestations, including short stature, abnormal gait, genu valgum and
pectus carinatum, were reported in more than 90% of MorCAP patients and
contribute to the observed functional limitations. Wheelchair and walk aid use
were found to be common among MorCAP subjects. The progressive
reduction in endurance, increased reliance on wheelchairs and corresponding
loss of independence have been highlighted as the key causes of patients

suffering a poor quality of life (Hendriksz et al., 2014c, Lavery, 2014).

International guidelines for the management of MPS IVA (Akyol et al., 2019)
recommend a comprehensive baseline assessment and continual re-
evaluation of individual progress and patient goals based on measures that
quantify this progress, including quality of life assessments. Elosulfase alfa

enzyme replacement therapy is recommended for life.

Impact of the new technology

Elosulfase alfa (brand name: VIMIZIM®) is an enzyme-replacement therapy
(ERT) and is a recombinant form of human N-acetylgalactosamine-6-sulfatase
(sections 2.1 and 2.2). It is licensed in Europe, the US and Canada for the
treatment of patients of all ages with Mucopolysaccharidosis type IVA (MPS

IVA), otherwise known as Morquio A syndrome (section 3.1).

Elosulfase alfa provides the exogenous enzyme N-acetylgalactosamine-6-
sulfatase that will be taken up into the lysosomes and increases the
catabolism of the GAGs, KS and C6S. Enzyme uptake by cells into lysosomes
is mediated by cation independent mannose-6-phosphate receptors leading to
restored GALNS activity and clearance of KS and C6S (section 2.2).

Elosulfase alfa is available as a concentrate for solution for intravenous
infusion in 5ml vials (section 2.3). Each vial of 5 ml contains 5 mg elosulfase
alfa and the recommended dose is 2mg/kg of body weight, administered on a

weekly basis. The NHS list price of a 5ml vial is £750 excluding VAT.
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The efficacy and safety of elosulfase alfa are supported from data captured in
a comprehensive clinical programme consisting of 7 clinical trials in 255
patients, as well as real world evidence collected in MPS IVA patients treated
within real life clinical setting post approval. Clinical trials performed with
elosulfase alfa assessed the impact of treatment on the systemic
manifestations of MPS IVA in various domains including endurance,
respiratory function, growth velocity, and mobility, as well as urine KS (SPC,
2014).

In the double blind, randomised, placebo-controlled Phase 3 study (MOR-004)
of 176 heterogeneous patients diagnosed with MPS IVA, treatment with
elosulfase alfa at the licensed dose of 2.0 mg/kg/week (QW) over a 24-week
period had a statistically significant impact on the primary endpoint of 6-
minute walk test (6MWT) distance at 24 weeks (mean 22.5 [95% CI 4.0, 40.9]
metre improvement versus placebo, p = 0.017) (Hendriksz et al., 2014b). The
duration of this study was limited to 24 weeks due to ethical considerations
about withholding access to surgery. Patients were then enrolled into the
MOR-005 follow-up study. Furthermore, patients treated weekly with
elosulfase alfa showed numerical improvements in the 3-Minute Stair Climb
Test (3MSCT) (in stairs/minute) compared with placebo at Week 24, but
statistical significance was not reached possibly because of the lack of
standardisation of test between centres, such as the availability of handrails,
as well as the time frame being too short to demonstrate improvements in
musculoskeletal complications. However, in the extension study MOR-005,
sustained significant improvements in SMSCT were observed. There was also
a reduction of mean urinary KS by 40.7% (95% CI -49.0, -32.4) in QW dosing
demonstrating a large and sustained pharmacodynamic effect of elosulfase
alfa on abnormal KS lysosomal storage. Although MOR-004 was not designed
to have sufficient power for any of the tertiary outcomes, subjects treated with
the weekly dose of elosulfase alfa improved more than those receiving
placebo, although the effect was not statistically significant. The largest
treatment effects were seen in maximal voluntary ventilation (MVV), MPS-
HAQ (particularly the mobility and caregiver domains), height, and growth

rate. An analysis of the tertiary endpoints has been made to assess the
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impact of elosulfase alfa on multiple domains in patients with MPS IVA
(Hendriksz et al., 2015a). The analysis of a pre-specified composite endpoint
(combining changes from baseline in 6MWT, SMSCT and MVV z-scores
equally weighted) showed a positive impact of elosulfase alfa QW versus
placebo group (P = 0.053) (Hendriksz et al., 2015a).

In addition, the subgroup analyses in MOR-004 demonstrated that treatment
effects were similar to the overall group, regardless of age, sex, race, or
geographic region, or baseline 6MWT category, and consistently supported
the 2.0 mg/kg/week dose regimen (P values for the test for interaction ranged

from 0.1224 to 0.8921 for elosulfase alfa 2.0 mg/kg/week versus placebo).

Results from the phase 3 open-label extension study (MOR-005) show that
the improvements observed in MOR-004 were sustained over a 120-week
period. For patients treated at the licensed dosing regimen of 2.0mg/kg/week
throughout the 120 weeks (QW-QW cohort), the mean (SE) change in 6MWT
distance from pre-treatment baseline was 37.2 (7.9) m at 24 weeks, 30.7
(10.2) m at 72 weeks, and 32.0 (11.3) m at 120 weeks for the ITT population.
Similarly, the mean (SE) changes from pre-treatment baseline in the SMSCT
for the QW-QW cohort were 4.6 (1.1), 5.0 (1.4), and 5.5 (1.9) stairs/min at 24,
72, and 120 weeks in the ITT population. Due to the absence of a placebo
group, comparisons were performed on a matched population from the
MorCAP natural history study in order to assess the significance of the
sustained improvements in the MOR-005 extension study and provide context
for interpretation of results. The comparison showed that, in contrast to the
improvements seen in elosulfase alfa treated patients in the extension study,
the natural history patients in the MorCAP study experienced constant uKS
levels and a gradual decline in endurance test results over a similar period of
time. The differences between the elosulfase alfa treated patients and the
natural history study patients were significant for 6GMWT, 3MSCT, and uKS

outcomes (P < 0.05).

In addition, results from the MOR-007 and MOR-006 phase |l studies indicate
that treatment with elosulfase alfa is also effective in children under 5 years of

age and patients with limited mobility, both subgroups of patients not studied
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in the Phase 3 trial. In the MOR-007 and MOR-006 studies, treatment with
elosulfase alfa led to a substantial and sustained decrease in mean
normalised urine KS comparable to that seen in MOR-004 study population
(Hendriksz et al., 2014b, Harmatz et al., 2017). Compared to an age-matched
cohort of untreated children from MOR-001, children treated with elosulfase
alfa in the MOR-007 study demonstrated a trend for favourable effects on
growth. All these results support the need for early diagnosis and intervention
with elosulfase alfa in order to delay disease progression and prevent, or

delay, functional impairment (Ficicioglu et al., 2019b).

Recent real-world evidence is now also available from the MAA entered into
with NHS England in 2015 and from the MARS registry study.

Latest MAA analysis, based on November 2019 data-cut (from BioMarin data
on file) and including [l patients with available assessments, shows results in
B patients with MPS IVA who were initiated on treatment since 2015 and ||}
patients who were previously enrolled in the elosulfase alfa clinical trial
programme (] in MOR-002, and [} in MOR-004, MOR-007 or MOR-008).

The newly initiated patients had the following improvements in:

e Endurance: mean (SD) 6MWT distance was _ m at
baseline and increased by | m (%) to G -t

last follow-up (n=[}; mean treatment duration |} years) (BioMarin
MAA data on file). Baseline and/or follow-up data were not available for
the remaining 11 patients at the time of the latest data-cut in November
2019;

e Pulmonary function: FVC and FEV1 were stable or numerically
improved. In the age group of patients below 18 years old at baseline

(mean treatment duration | years), percent change from baseline to

the last follow-up was || |G@G@ for Fvc and G
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for FEV1. In the age group of patients who were 18 years old or older
(mean treatment duration [ years), percent change from baseline to

the last follow-up was [J§% (I for FvC and 1% (IR for

FEV1 (BioMarin MAA data on file);

e Cardiac function: All . patients who had ejection fraction measured at
baseline had normal findings, and left ventricular ejection fraction
(LVEF) remained within the normal range during the MAA (BioMarin
MAA data on file);

¢ Reduction in uKS levels that were comparable to those seen in the
clinical trials. Mean uKS decreased rapidly and remained stable over
time thereafter; mean (SD) uKS was |l () vo/mg creatinine at
baseline and decreased to ||l () vg/mg creatinine at last
follow-up in treatment-naive patients (n =}, mean treatment duration
| years) (BioMarin MAA data on file). Likewise, baseline and/or follow-
up data were not available for the remaining 11 patients at the time of

the latest data-cut in November 2019.

A substantial portion (n=[JJj out of a total of | patients in the MAA) of
patients in the MAA started treatment prior the MAA (i.e., in clinical trials),
some of whom were in the original dose-finding trial for elosulfase alfa (n=Jff)
and therefore have been on treatment over 10 years. These patients showed
a maintenance of their endurance on average, and improvements in their lung
function, indicating the durability of treatment (Mukherjee et al., 2019a,
Mukherjee et al., 2020). In addition, the real-world data collected in the
Morquio A Registry Study (MARS) demonstrated the positive outcomes of
elosulfalse alfa treatment in a broader population and confirmed the durability
of the benefit in the long-term (Mitchell et al., 2020).

The safety profile of elosulfase alfa is in line with safety profiles for other
ERTs. The most common side effects seen in the clinical development
programme were infusion related reactions, which were generally mild to
moderate, and the frequency was higher during the first 12 weeks of treatment

and tended to occur less frequently with time. The reactions were manageable
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by infusion rate adjustments. No new safety concerns were identified in the
real-world setting, both in MARS (Burton et al., 2020b, Burton et al., 2020a,
PSUR, 2019) and in the MAA (BioMarin MAA data on file).

Value for money

Elosulfase alfa is currently the only pharmaceutical product available for the
treatment of MPS IVA. The extensive clinical trial program, and the real-world
evidence collected under the MAA show that the broad population of patients

benefit from treatment by improving or stabilising their progressive disease.

The quality of life (measured by EQ-5D-5L) and activities of daily living data
(measured by MPS-HAQ) collected also show that elosulfase alfa provides
important benefits to patients, generally through improving scores for patients
initiating treatment in the MAA, which remained stable over time in patients
previously enrolled in clinical trials. MPS-HAQ data showed numerical
improvements (i.e. decreases) across all domains up to 10 years (MOR-
004/MOR-005, MAA): caregiver’s burden, self-care, and mobility.

The cost-effectiveness model results presented in this dossier and based on
the latest MAA outcomes data shows incremental quality-adjusted life years
(QALYSs) that are consistent with those presented in the first submission.
Given that all patients have stabilised or improved in wheelchair use status,
we have applied various scenarios to investigate different assumptions

regarding long-term efficacy (see section 12.2.1).

In the base case scenario, MPS IVA patients receiving standard medical care
generated 28.71 Life Years and ] QALYs during their lifetime. If treated with
elosulfase alfa as an add-on therapy, these numbers increased to [} life
years and - QALYs, resulting in health gains of - Life Years and -
QALYSs, respectively, and an incremental cost per QALY (ICER) of

a

When the 1.5% discount rate was applied to the effects, patients with MPS
IVA who received standard medical care were estimated to have gained -

life years and ] QALYs. Patients treated with elosulfase alfa plus best
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supportive care accrued ] life years and ] QALYs. This resulted in an
incremental difference [} life years, and ] QALYs gained, and an
incremental cost per QALY of £ .

While all patients diagnosed with MPS IVA would in theory be eligible for
treatment, it is estimated based on clinical expert opinion that on average in
England, 4 newly diagnosed patients would start treatment each year; while,
based on the MAA data, 1 patient would stop treatment each year. In addition,
the MAA maintenance criteria have brought greater clarity on those who
benefit less from treatment and therefore should be discontinued; these
criteria are expected to continue to apply post-MAA. Therefore, the budget

impact for patients with MPS IVA can be anticipated.
Impact of the technology beyond direct health benefits

MPS IVA has a significant impact on patients, caregivers and their families
outside of the NHS/PSS, particularly in terms of education, employment and
socialisation. Patients with MPS IVA experience constant challenges in life as
regards mobility, pain, fatigue and an environment that is poorly adapted to
their needs (Hendriksz et al., 2014c).

Patients and caregivers report a broad range of treatment effects that have an
impact on their quality of life (Morrison and Fortune, 2020). In addition,
increased energy and stamina and overall, being able to do more, is
experienced by most patients on elosulfase alfa treatment (Morrison and
Fortune, 2020).

As seen by stabilising patients who respond in the MAA, it is shown that
treatment with elosulfase alfa helps keep patients and their primary caregivers
in education or employment, improve the lives of siblings and lead to better

socialisation for patients, their caregivers and families (section 14.1).

It is further anticipated that treatment with elosulfase alfa could result in cost
savings to the following three government departments or budgets: Education,

Welfare and Local Government (section 14.2).
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Costs to the patient and their families, which are not reimbursed by the
NHS/PSS, are considerable (section 14.3). Because of the extreme short
stature typically manifested by patients with MPS IVA, together with the
unique physical structure of patients and limited endurance with the disease,
many ordinary everyday objects need to be adapted for use, all at the cost of
the patient/family. These include: Adaptation of home and car; specialist
bespoke clothes and shoes; cost of specialist lightweight electric wheelchairs;
other specialist equipment to aid mobility, such as a bike or portable set of

steps (section 14.3).

In addition, patients and their families incur substantial extra financial costs in
terms of: Travel costs and hospital parking; additional time off work; additional
support from carers and specialist childminders; the cost of private extra
tuition; and physiotherapy and hydrotherapy sessions to relieve pain and
address some of the symptoms of disease (section 14.3). The amount spent
by family members in providing care is considerable (Hendriksz et al., 2014c)
(section 14.4).

Conclusion

In summary, the real-world, long-term results of the MAA are consistent with
the results from the extensive clinical trial programme and have shown that
elosulfase alfa is well tolerated and provides sustained benefit across a
number of clinical, quality of life, and activities of daily living measures.
Evidence from the MAA over the last five years demonstrated that, in the
broad majority of the population, elosulfase alfa stabilised patients’ outcomes
in quality of life, activities of daily life (ADL), and wheelchair status, and that
endurance measured by the 6MWT remained stable in most patients (with
some declining slightly with progression of the disease). These results also
indicate that criteria used in the MAA for initiation and maintenance of

treatment are appropriate.

For patients who were initiated to treatment in the MAA programme, results
showed a rapid decrease after the first doses and a subsequent stabilisation

over the long-term in uKS, as well as initial improvements in endurance and
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pulmonary function and then stabilisation in these measures in the long-term.
In addition, data showed that patients were not progressive in their
dependency on a wheelchair and that their quality of life, pain, and ability to
perform activities of daily life improved upon treatment initiation and remained

stable in the long-term.

A number of patients (n=J]] out of ] patients) in the MAA were in the original
dose-finding trial MOR-002/100 for elosulfase alfa and therefore have been on
treatment for about 10 years. These patients showed a maintenance of their
quality of life, endurance for most of them, as well as improvements in their

lung function, indicating the durability of treatment (see section 9.6.1.2.1).

Overall, the presented data provide further evidence that long-term treatment
with elosulfase alfa has a positive impact on patients’ quality of life and ability
to perform activities of daily living and stabilises or slows down the

progressive deterioration in endurance associated with the disease.

When compared to projected natural history data, treatment with elosulfase
alfa has demonstrated meaningful improvements to all groups of patients with
a confirmed diagnosis of MPS IVA. Finally, the results described above
address the uncertainties on the long-term outcomes of elosulfase alfa
pointed by The Committee in the first appraisal in 2015 (NICE, 2015b),

confirming the clinical effectiveness of elosulfase alfa treatment.
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Section A — Decision problem

Section A describes the decision problem, the technology, ongoing studies,
regulatory information and equality issues. A (draft) summary of product
characteristics (SPC), a (draft) assessment report produced by the
regulatory authorities (for example, the European Public Assessment
Report [EPAR] should be provided.
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1 Statement of the decision problem

The decision problem is specified in the final scope issued by NICE. The

decision problem states the key parameters that should be addressed by the

information in the evidence submission. All statements should be evidence

based and directly relevant to the decision problem.

Table 1. Statement of the decision problem (Table A1)

Final scope issued
by NICE

Variation from
scope in the

Rationale for
variation from

measures to be
considered include:

e endurance
e mobility

e respiratory and
cardiac function

e growth and
development

e Urinary keratan
sulfate (UKS)

e 6-minute walk test
(BMWT)

¢ Lung function
(FVC, FEV1)

¢ Ejection fraction
(EF)

submission scope
Population Prospective new No change n/a
patients diagnosed
with
mucopolysaccharidosis
type IVA
Intervention Elosulfase alfa No change n/a
(Vimizim®)
Comparator(s) Established clinical No change n/a
management without
elosulfase alfa
Outcomes The outcome Clinical outcomes: Specific

outcomes agreed
and measured as
part of the MAA.

The systematic
review also
captures
outcomes
broader than
those measured

e vision and hearing  Antibody titres in the MAA.
sleep apnoea
o fatigue Quality of life/Activities
e pain of daily living:
e mortality e MPS HAQ -
e adverse effects of Caregiver domain
treatment b e EQ-5D
¢ health-related e Adolescent and
quality of life (for pediatric p_ain togl
patients and carers (APPT)/Brief Pain
Inventory (BPI)
e Beck Depression
Index (BDI)
Subgroups to be Existing MAA patients | No change n/a
considered (see addendum report)
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Nature of the Disease morbidity | No change n/a
condition and patient clinical
disability with
current standard of
care
Impact of the
disease on carer’s
quality of life extent
and nature of
current treatment
options
Cost to the NHS Updated with current n/a
and PSS, and standard costs.
Value for Money
Impact of the Updated with n/a
technology information from the
beyond direct MPS Society.
health benefits,
and on the
delivery of the
specialised
service
Special No change. n/a
considerations,
including issues
related to equality
2 Description of technology under assessment
2.1 Give the brand name, approved name and when appropriate,

therapeutic class.

Approved name:  Elosulfase alfa

Brand name: VIMIZIM®

Therapeutic class:
enzymes. ATC code: A16AB12

Other alimentary tract and metabolism products,

2.2 What is the principal mechanism of action of the technology?

Mucopolysaccharidoses comprises a group of lysosomal storage disorders
(LSDs) caused by the deficiency of specific lysosomal enzymes required for

the catabolism of glycosaminoglycans (GAG).
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Mucopolysaccharidosis type IVA (MPS IVA) is characterised by the absence
or marked reduction in N-acetylgalactosamine-6-sulfatase (GALNS) activity.
This activity deficiency results in the accumulation of the GAG substrates,
keratan sulfate (KS) and chondroitin 6 sulfate (C6S), in the lysosomal
compartment of cells throughout the body. The progressive accumulation of
these GAGs leads to significant morbidities and multi-systemic clinical
impairments (respiratory, cardiac and musculoskeletal complications) resulting
in premature mortality, diminished functional capacity and independence,
decreased endurance and impaired quality of life (Hendriksz et al., 2014c,
Hendriksz et al., 2014c, Akyol et al., 2019).

Elosulfase alfa is a recombinant form of human N-acetylgalactosamine-6-
sulfatase. Elosulfase alfa provides the exogenous enzyme N-
acetylgalactosamine-6-sulfatase that will be taken up into the lysosomes and
increases the catabolism of the GAGs KS and C6S. Enzyme uptake by cells
into lysosomes is mediated by cation independent mannose-6-phosphate

receptors leading to restored GALNS activity and clearance of KS and C6S.
The mechanism of action is shown visually in Figure 1.

Figure 1. Mechanism of action of elosulfase alfa in the catabolism of
intracellular glycosaminoglycans

At a cellular level, GAG accumulation leads
to lysosomal engorgement and cytoplasmic

r g of organell ely disrupting
= cellular function and activating secondary
4' pathogenic cascades.

| deficiency in the critical lysosomal
/| enzyme N-acetylgalactosamine-6
sulfatase (GALNS).

n '_/' -t ( thl \| Morquio A is caused by an inherited
[o® n |

[ G
I|

VIMIZIM™ (elosulfase alfa) is an exogenous
recombinant human GALNS enzyme that is
taken up into the lysosome via mannose-
6-phosphate receptor binding.

{ GALNS is responsible for catabolism of

e . A glycosaminoglycans (GAGs)
0N
n W
&N A
SR
|

In Morquio A, deficient GALNS enzyme
activity results in lysosomal accumulation
of GAGs throughout the body-leading to
_| cellular and organ system dysfunction.

Within the lysosome, VIMIZIM increases
catabolism of GAGs-restoring cell function.
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2.3

Table 2. Dosing Information of technolo

Please complete the table below.

gy being evaluated (Table A2)

Pharmaceutical formulation

Concentrate for solution for infusion.
Each ml of solution contains 1 mg
elosulfase alfa. Each vial of 5 mi
contains 5 mg elosulfase alfa (SPC,
2014).

Method of administration

Intravenous infusion.

Doses

The recommended dose of
elosulfase alfa is 2mg/kg of body
weight (SPC, 2014).

Dosing frequency

The recommended dose of
elosulfase alfa is administered once
a week. The total volume of the
infusion should be delivered over
approximately 4 hours, although
recommended infusion volumes and
rates according to patient body
weight are given in the SPC.

Average length of a course of
treatment

As it is an enzyme-replacement
therapy (ERT), patients with MPS
IVA are expected to be treated with
elosulfase alfa for the duration of
their lives, subject to clinical
judgement and/or the application of
any protocols or criteria that would
lead to a decision to discontinue
treatment.

Anticipated average interval between
courses of treatments

Not applicable.

Anticipated number of repeat
courses of treatments

Not applicable.

Dose adjustments

No dose adjustments are envisaged
in this patient population, although
infusion volumes and rates
according to patient body weight are
listed in the SPC.
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3 Regulatory information

3.1 Does the technology have a UK marketing authorisation for the
indication detailed in the submission? If so, give the date on which
authorisation was received. If not, state the currently regulatory
status, with relevant dates (for example, date of application and/or

expected approval dates).

Elosulfase alfa has a European marketing authorisation for the treatment of
patients of all ages with mucopolysaccharidosis type IVA (MPS IVA),
otherwise known as Morquio A syndrome. The marketing authorisation was
received on 28" April 2014 and a copy of the current UK Summary of Product
Characteristics (SPC) (SPC, 2014).

Prior to that date, on July 24t 2009, elosulfase alfa had been granted Orphan
Drug designation by the European Medicines Agency (EMA) (EU/3/09/657)
recognising its importance for the treatment of life-threatening or chronically
debilitating conditions that affect no more than five in 10,000 people in the

European Union (EU).

3.2 If the technology has not been launched, please supply the

anticipated date of availability in the UK.
Not applicable.

3.3 Does the technology have regulatory approval outside the UK? If

so, please provide details.

Elosulfase alfa has widespread regulatory approval for the treatment of
patients of all ages with MPS IVA. Please see Table 3 below for information

on all approvals received up until December 2020.

Table 3. Worldwide regulatory approvals for elosulfase alfa

Country Status Submission Date | Approval Date
United States Approved 29-Mar-2013 14-Feb-2014
European Union Approved 23-Apr-2013 28-Apr-2014
Canada Approved 25-Nov-2013 2-Jul-2014
Brazil Approved 27-Jun-2013 8-Dec-2014
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Australia Approved 3-Oct-2013 9-Dec-2014
Japan Approved 26-Mar-2014 26-Dec-2014
Mexico Approved 10-Jan-2014 7-Jan-2015
South Korea Approved 18-Jul-2014 6-Feb-2015
Chile Approved 28-Aug-2014 25-Feb-2015
Hong Kong Approved 23-Jun-2014 26-Jun-2015
Israel Approved 6-Jul-2014 13-Jul-2015
Ukraine Approved 21-Apr-2015 19-Aug-2015
New Zealand Approved 18-Feb-2015 20-Aug-2015
Malaysia Approved 31-Oct-2014 28-Sep-2015
Peru Approved 25-May-2015 4-Dec-2015
Switzerland Approved 20-Jan-2014 19-Jan-2016
Colombia Approved 30-Apr-2015 28-Mar-2016
El Salvador Approved 30-Nov-2015 27-Apr-2016
Serbia Approved 29-Sep-2015 21-Jul-2016
Ecuador Approved 18-Nov-2015 22-Aug-2016
Costa Rica Approved 18-Dec-2015 26-Sep-2016
Taiwan Approved 18-Jun-2015 21-Jan-2017
Thailand Approved 12-Jan-2015 4-Apr-2017
Iran Approved 17-Jul-2017 10-Oct-2017
Panama Approved 30-Nov-2015 16-Mar-2018
Guatemala Approved 27-Nov-2015 12-Jul-2018
Russia Approved 23-Nov-2015 22-Nov-2018
Kazakhstan Approved 27-Jul-2018 25-Apr-2019
Albania Approved 21-Mar-2019 17-May-2019
China Approved 8-Feb-2017 21-May-2019
Algeria Approved 4-May-2016 27-Nov-2019
Argentina Approved 30-Oct-2017 07-Jan-2020
3.4 If the technology has been launched in the UK provide information

on the use in England.

Elosulfase alfa was granted a European marketing authorisation on the 28th
April 2014 and has been available to patients in England and Wales since
December 2015 under the terms of the Managed Access Agreement (MAA).
The MAA was set up to evaluate the clinical effectiveness of elosulfase alfa in
patients in England and Wales until December 2020; however, it has been
extended by 12 months in agreement with NICE, NHSE, and BioMarin (see
Appendix 5). Reimbursement of elosulfase alfa in patients with MPV VA will
be considered on the basis of the new evidence submitted in this dossier. In
the meantime, the MAA is being amended and extended based on agreement
with NICE, NHSE, and BioMarin in order to allow both existing and new
patients to continue to access elosulfase alfa from 15 December 2020 until

either: (i) publication of NICE final guidance for elosulfase alfa (HST2); (ii) or
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termination of the MAA on 15 December 2021, whichever is earlier (see

Appendix 5; extension contract not finalised).

UK withdrawal from the EU and regulatory impact

There will be a transition period until the end of 2020 while the UK and EU

attempt to negotiate a future trading agreement (‘the Implementation Period’).

During this transition period, the current rules on trade, travel and business for

both the UK and EU will continue to apply. Therefore, EU Centrally Authorised
Product (CAP) Marketing Authorisations will not be converted to UK Marketing

Applications until after the end of the Implementation Period, i.e. from 1st

January 2021.
EMEA Number Product MAH PL number
EMEA/H/C/002779 | Vimizim 1 mg/ml | BioMarin PL 45814/0007
- Concentrate International
for solution for Limited

infusion
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4 Ongoing studies

4.1 Provide details of all completed and ongoing studies on the
technology from which additional evidence relevant to the

decision problem is likely to be available in the next 12 months.

The efficacy of elosulfase alfa in the treatment of MPS IVA was demonstrated
in the course of a clinical trial programme comprising 7 clinical trials that
included 255 patients with MPS IVA. These studies are presented in Table 4.
A description of the natural history study of the disease involving >350
patients (estimated to represent approximately 10% of the world's patient
population) as well as the real-world evidence collected since regulatory
approval is presented in Table 5. A list of all completed and ongoing clinical

trials are presented in Table 6.

As mentioned above, at the time of the original submission to NICE in 2015
(NICE, 2015b), most of these trials were ongoing, including the extension
study to the pivotal trial (MOR-004/MOR-005). The clinical trial programme
has now completed, and the Morquio A Registry Study (MARS), which is an
observational study, has since enrolled patients from the elosulfase alfa
clinical trials as well as newly treated patients. The MAA, as part of the
conditional NICE approval of elosulfase alfa, has systematically collected data
on a cohort of ] patients (as per the November 2019 data cut-off) with MPS
IVA in England (] patients with available assessments included in the latest
MAA analysis, of whom [} initiated treatment during the period of the MAA)
and these, together with the latest published information from the trials, is the

focus of the dossier.

4.1.1. Clinical trial evidence

MOR-001 is a completed natural history study. MOR-001 was originally a

cross-sectional study of patients with MPS IVA without limitations on age or
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symptom severity, which began in 2008. However, the study was amended to
be longitudinal in 2011. For inclusion into the study, individuals had a
confirmed diagnosis of MPS IVA. Exclusion criteria included previous
haemopoeitic stem cell transplant or a con-current disease or condition that
would interfere with study participation. Data was available for more than 353
patients and was matched with MOR-004 patients to enable a comparison to
natural history. To enable a comparison with MOR-005 study data, patients
who underwent surgery and/or were less than 80% compliant were excluded
from the analysis to reduce confounding (the MPP population, see section 9.4

for further description).

MOR-002 is a completed multi-centre, open label, Phase 1/2 dose escalation
study with 20 MPS IVA patients in which three different doses of elosulfase
alfa were successfully used in increasing strengths. The trial and the

extension study showed no new safety issues.

The pivotal phase 3 clinical trial was a multi-centre, randomised, double-blind,
placebo-controlled study (MOR-004) (Hendriksz et al., 2014b). The MOR-004
study compared the effects of intravenous infusions of elosulfase alfa versus
placebo over 24 weeks in MPS IVA patients who were aged between 5 and
57 years and able to walk between 30-325 meters to ensure changes in the
primary endpoint in the 24-week timeframe could be observed. Given the
confounding effects of orthopaedic surgery, surgical interventions during the
study were not permitted. Hence, due to ethical considerations the treatment
period was limited to 24 weeks. The reason for this is that these patients are
so severely affected that they often need acute and planned surgery, and any
further delay would be detrimental to their health. Therefore, it was deemed
unethical to deny patients access to an operation for longer than was strictly
necessary. Following discussions with regulatory agencies (namely the US
Food and Drug Administration [FDA] and the EMA), BMWT was chosen as the
primary Phase 3 study endpoint because it is the only validated endpoint that
can reliably show improvement within the 24-week study period and has been
the basis for registration for ERTs for other LSDs. It also captures clinical and

patient relevant beneficial changes across the diverse systems and organs
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affected by MPS IVA, including the pulmonary, cardiovascular, nervous and
musculoskeletal systems (Harmatz et al., 2006, Wraith et al., 2004, Butland et
al., 1982, McDonald et al., 2020).

However due to the heterogeneity of the disease, endurance measures (such
as the 6GMWT) are unlikely to fully capture all the improvements in patients.
Consequently, additional efficacy outcome measures of endurance (3MSCT),
respiratory function, pharmacodynamic measures of urine keratan sulfate,
activities of daily living and growth were included as secondary and tertiary
endpoints in order to assess the impact of the treatment with elosulfase alfa

across the broad range of disease related manifestations.

Given the long duration of exposure that would be required to identify
statistically meaningful changes in these additional efficacy outcome
measures, the study was powered only to show statistical significance for the
primary endpoint (change from baseline in the 6MWT distance at week 24).
However, the results from the other efficacy measures should provide
directional evidence of the long-term effects in comparison to a natural history
cohort (see Figure 2), which shows the treatment effect standardised by
standard error in MOR-004.

Figure 2. Summary of efficacy endpoints (primary, secondary and tertiary) in MOR-004

N (Placebo:

Endpoint : Elosulfase alfa) Mean (C)
SMWT ! I (59:58) 22.46 (4.01,40.91)
IMSCT — (59:58) 1.14(-214,4.43)
FET : l (59:58) 4250 (-14.91,99.91)
FEV' : . (59:58) 1.85(-5.52,9.17)
FIVC L (59:58) -2.59 (-65.66,6048)
FVC : & (59:58) 3.26(-3.13,9.64)
MW : L (59:58) 1031 (-1.79,22.42)
Growth rate ! & (40:44) 039 (-0.08,087)
Z-score height E i (40:44) 0.14 (-0.03,0.31)
MPS HAQ caregiver : L (58:57) 0.85 (-1.14,2.85)
MPS HAQ mobility : i (59:57) 0.26 (0.28,0.80)
MPS HAQ self-care B E (59:57) -0.07 (-0.47,0.33)

t

0

Favours nlacebo Favours elosulfase alfa
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Cl, confidence interval; FET, forced expiratory time; FEV1, forced expiratory volume in 1 second; FIVC, forced
inspiratory vital capacity; FVC, forced vital capacity; HAQ, health assessment questionnaire; MVV, maximum
voluntary ventilation; 3MSCT, 3-minute stair climb test; BMWT, 6-minute walk test.

Hendriksz CJ et al. Mol Genet Metab 2015; 114 (2): 178-185.

Patients who completed the MOR-004 study were eligible to enrol onto the
open-label extension study (MOR-005), in which patients treated with placebo
and 2mg/kg every other week (QOW) were transferred to 2mg/kg/week (QW)
dosing of elosulfase alfa. The transitions continued until week 96 and
depended on the time of enrolment. The details of the study design of MOR-
004 and its extension MOR-005 are given in Error! Reference source not f
ound.. To date, ] patients from MOR-004/005 are currently treated in the
MAA.

The published results of this study after 120 weeks of treatment (includes
patients with up to 240 weeks of treatment) indicate continued and sustained
improvement in endurance and pulmonary function of elosulfase alfa patients
on the licensed dose (Hendriksz et al., 2016a, Hendriksz et al., 2016c¢). The
publications also highlight a comparison to a similar natural history cohort of
untreated patients from MOR-001, where the changes over the two years
represent a significant improvement in endurance and pulmonary function

over baseline versus untreated patients in the comparative MOR-001 group.

A number of Phase Il studies have investigated the efficacy of elosulfase at
2.0 mg/kg/QW in patient cohorts outside those studied in the pivotal MOR-
004/005 study. MOR-006 was an investigation in patients with impaired
mobility with a BMWT <30 metres (N=13 patients) across a number of
endpoints given the heterogeneity of this population, results indicated patients
all showed different improvements with treatment across different endpoints
(Harmatz et al., 2017). MOR-007 was a Phase Il study in 15 children under 5
and showed patients have improvement in growth versus similar natural
history cohort and elosulfase alfa has shown an acceptable tolerability profile
in children (Jones et al., 2015). Some of the patients from MOR-006 (n=lj)
and MOR-007 (n=]) were subsequently enrolled in the MAA and have been

on treatment since then.
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MOR-008 is Phase Il study that investigated elosulfase alfa in patients over 7
years of age and with greater ambulation (6MWT=200 meter [n=25 patients])
at doses of the indicated 2.0 mg/kg/QW and 4.0 mg/kg/QW and studied
endurance and additional cardiopulmonary and pain endpoints in this more
mobile population, results have shown improvements in pain and cardio-
pulmonary end-points in the treated population (Burton et al., 2015). No
patient from MOR-008 is currently treated in the MAA.

In addition to the comprehensive clinical programme, the long-term efficacy
and safety data in a real-world setting are being collected in the Morquio A
Registry Study (MARS; clinicaltrials.gov NCT02294877), an on-going
multicentre, multinational, observational disease registry for patients
diagnosed with MPS IVA. There are 325 patients from the clinical trials, MAA
in England, and other countries who are enrolled in the MARS study and

being followed-up for the collection of efficacy and safety outcomes until 2025.

Additional to the MARS study, in England, patients diagnosed with MPS IVA
have had access to treatment with elosulfase alfa since December 2015 on a
conditional basis through a MAA, where clinical and patient-reported
outcomes of patients treated with elosulfase alfa have been collected to
support the review of its clinical effectiveness at the end of the agreement
period, initially in December 2020 but extended by 12 months in agreement
with NICE, NHSE, and BioMarin. The data collection as part of the NICE re-
evaluation process of elosulfase alfa has now been completed. During the
Extension Period (until December 2021), PROs will no longer be collected for
the purposes of the MAA, and NHSE/NICE will rely on clinician reporting to
assess compliance with continuation criteria (via the Blueteq form). Analysis
from the latest MAA data on file based on November 2019 data cut are
presented in the following sections. A comprehensive publication in Orphanet
based on an earlier data cut (May 2019) is expected to be available in the last
quarter of 2020 outlining the results of patients treated with elosulfase alfa in
England. Results are consistent with the latest MAA data and confirm that
most patients continue to benefit from treatment with elosulfase alfa in the

real-world over a long period of time (up to 10 years). Patients who were
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initiated in the programme showed a rapid decrease and a subsequent
stabilisation over the long term in uKS, as well as initial improvements in
quality of life, activities of daily living, endurance and pulmonary function and
then stabilisation in these measures in the long-term. The analysis also
demonstrated that patients who have been on therapy over a long period are
either maintaining initial benefits or continuing to see improvements in the
broad majority of them, suggesting a positive impact on the natural history of
MPS IVA.
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Table 4. Description of clinical studies

Author and year of Purpose of study Patients Intervention and control | Follow-up Important endpoints
publication [ref] (level of evidence) [ITT/PP] Number/Characteristics period
MOR-002 phase 1/2, open-label, dose- n=20 5-18 years Elosulfase alfa 0.1 48 weeks 6MWT, 3MSCT, FVC, MVV, urine KS and
(Lorget et al., 2012) response study mg/kg/QW (weeks 1-12), side effects
1.0 mg/kg/QW (weeks 13-
24) and 2.0 mg/kg/QW
(weeks 25-36)
MOR-100 open-label extension study with n=18 5-18 years Elosulfase alfa 2.0 72 weeks 6MWT, 3MSCT, FVC, MVV, urine KS, side
(Harmatz et al., 2015) patients from MOR-002 mg/kg/QW effects and biochemical markers of bone
and cartilage metabolism
MOR-004 phase 3, randomised, double- n=176 =5 years Elosulfase alfa 2.0 24 weeks 6MWT, 3MSCT, urine KS concentration
(Hendriksz et al., blind, placebo-controlled study mg/kg/QW or QOW
2014b)
MOR-005 open-label extension study with n=173 > 5 years Elosulfase alfa 2.0 Up to 240 Side effects (number and seriousness),
(Hendriksz et al., patients from MOR-004 mg/kg/QW or QOW weeks 6MWT, 3MSCT, urine KS concentration,
2016b, Hendriksz et al., and biochemical markers of bone and
2016a) cartilage metabolism
MOR-006 (Harmatz et phase 2, open-label study in n=13 =5 years Elosulfase alfa 2.0 48 weeks FDT, GPT, 25FWT, BPI-short, APPT,
al., 2017) patients with limited mobility mg/kg/QW PODCI, SF-36, lung function, sleep
apnoea, KS concentration, cardiac
function, growth, bone density, spinal cord
morphology, pain medication, endurance,
exercise capacity, and biochemical
markers of bone and cartilage metabolism
MOR-007 phase 2, open-label study in n=15 <5 years Elosulfase alfa 2.0 52 weeks Urine KS, growth, side effects
(Jones et al., 2015) young patients<5 years mg/kg/QW
MOR-008 (Burton et Phase 2, double-blind, pilot N=25 =7 years Elosulfase alfa 2.0 27 weeks Safety, exercise capacity
al., 2015) study of two doses of elosulfase mg/kg/QW (cardiopulmonary exercise test (CPET)),
alfa Elosulfase alfa 4.0 lung function, pain, muscle strength
mg/kg/QW
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Table 5. Natural history and real-world evidence studies

Author and year of Purpose of study Patient Intervention Follow-up Important endpoints
publication (level of evidence) Number/ period
Characteristics

MOR-001 (Harmatz et Natural History Study N=353 1-65 years Standard of care 104 weeks 6MWT, 3MSCT, FVC, MVV, urine

al., 2013, Harmatz et KS

al., 2015)

Morquio A Registry Patient registry, includes sub- | N=325 0-69 years Vimizim and standard of 10 years Safety, BMWT, FVC/FEV1, urine KS

Study (MARS) studies for MOR-004/005 and care (currently in year

MOR-007 5)
Managed Access Cohort study of English N=69 2-49 years Vimizim Four years Urine KS, 6MWT, FVC/FEV1,
Agreement patients for conditional Ejection Fraction, QoL/ADLs
reimbursement
Table 6. Completed and ongoing studies with ESA
Study Phase Country Design Age Title N  Status Results? Outcomes 1ry Sponsor/
(yrs) Completion  Collaborators
Date

NCT03204370, N/A FRA OBS 18+ Natural History of Atypical 9 | Recruiting | No 6MWT Feb 1,2020 | GOIZET

BMRN58492 COHORT, Morquio A Disease BMRN

(NCT, 2019a) PROS Association
Aquitaine de
Recherche
Clinique en
Rhumatologie

NCT02208661, N/A USA OBS 18+ Psychological 12 | Completed | No ASEBA SR, | Mar-18 Nadia Ali, PhD

IRB00072780, COHORT, Concomitants of Morquio A SF-36, BPI BMRN

MAPLE (NCT, PROS Syndrome - Longitudinal Emory

2018) Effects of Enzyme University

Replacement Therapy (The
MAPLE Study)

NCT00884949, Ph 1/2 UK OL, non- 5-18 A Study to Evaluate the 20 | Completed | Yes Tx-emergent | Feb-11 BMRN

MOR-002 (NCT, randomised, yrs Safety, Tolerability and AEs,

2014a) single arm, Efficacy of BMN 110 in Change

interventional Subjects With From BL in
6MWT,
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Study Phase Country Design Age Title N  Status Results? Outcomes 1ry Sponsor/
(yrs) Completion  Collaborators
Date
Mucopolysaccharidosis Change
IVA From BL in
3MSCT, %
Change
From BL in
uKs, MVV
and FVC
NCT01242111, Ph 1/2 UK OL, single All A Study to Evaluate the 20 | Terminate | Yes Safety, Jul-14 BMRN
MOR-100 (NCT, arm, Long-Term Efficacy and d Change
2015) interventional Safety of BMN 110 in From BL in
Patients With 6MWT and
Mucopolysaccharidosis 3MST, %
IVA (Morquio A Syndrome) Change
From BL in
uks, MVV,
and in FVC
NCT01275066, Ph 3 USA, ARG, RCT, 5+ A Double-Blind Study to 17 | Completed | Yes Change Aug-12 BMRN
MOR-004]|2010- BRA, CAN, quadruple- Evaluate the Efficacy and 7 From BL in
020198- COL, DNK, blind Safety of BMN 110 in Endurance
18|10/H1306/87| FRA, DEU, Patients With (in BMWT,
18972/0213/001- ITA, JPN, Mucopolysaccharidosis 3MSC), %
0001|2011_038# KOR, NLD, IVA (Morquio A Syndrome) Change
B201129|145240| POR, QAT, From BL in
2011-01- SAU, TWN, uKS
09]20110012889| UK Normalized
0999935174 for Urine
(NCT, 2014b) Creatinine
NCT01415427, Ph 3 USA, ARG, RCT, 5+ Long-Term Efficacy and 17 | Completed | Yes Change June 16, BMRN
MOR-005 (NCT, BRA, CAN, quadruple- Safety Extension Study of 3 From BL in 2016
2014c) DNK, FRA, blind BMN 110 in Patients With 6MWT - ITT
DEU, ITA, Mucopolysaccharidosis and MPP,
JPN, KOR, IVA (Morquio A Syndrome) Change
NLD, NOR, From BL in
POR, SAU, 3MSCT -
ESP, TWN, ITT and
TUR, UK MPP,
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Study

Phase

Country

Design

Age
(yrs)

Title

N

Status

Results?

Outcomes

ry
Completion
Date

Sponsor/
Collaborators

Change
From BL in
ukS - ITT
and MPP

NCT01697319,
MOR-006|2011-
005703-33 (NCT,
2016)

Ph 2

USA, DEU,
UK

OL, single
arm,
interventional

5+

Efficacy and Safety Study
of BMN 110 for Morquio A
Syndrome Patients Who
Have Limited Ambulation

16

Terminate
d

Yes

% Change
From BL in
Speed
(FDT),
Change
From BL in
Strength
(GPT), %
Change
From BL in
Speed
(25FWT), %
Change
From BL in
Normalized
ukS

Oct-14

BMRN

NCT01515956,
MOR-007 (NCT,
2017)

Ph 2

USA, ITA,
TWN, UK

OL, single
arm,
interventional

<5
yrs

Study of BMN 110 in
Pediatric Patients <5
Years of Age With
Mucopolysaccharidosis
IVA (Morquio A Syndrome)

15

Completed

Yes

% Change
From BL to
Wk 52 in
uks,
Change
From BL in
Normalized
Growth Rate
Z-Scores

Feb-16

BMRN

NCT01966029,
MOR-AUS (NCT,
2019b)

Ph 3b

AUS

OL, single
arm,
interventional

All

BMN 110 Phase 3B in
Australian Patients

13

Completed

No

Safety and
efficacy

Jul-16

BMRN

NCT01858103,
US EAP 110-503
(NCT, 2914d)

EAP

USA, PRI

EAP

All

BMN 110 US Expanded
Access Program

Approved
for
marketing

No

EAP

NR

BMRN
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Abbreviations: 25FWT, 25-Foot Walk Test; 3MSCT, 3-minute stair climb test; 6MWT, 6-minute walk test; AE, Adverse Event; ARG, Argentina; ASEBA SR, Aschenbach System
of Empirically Based Assessment Self-Report; AUS, Australia; BL, baseline; BMRN, BioMarin Pharmaceuticals; BPI, Brief Pain Inventory; BRA, Brazil; CAN, Canada; DEU,
Germany; DNK, Denmark; EAP, Expanded Access Program; ESP, Spain; FDT, functional dexterity test; FRA, France; FVC, Forced Vital Capacity; GPT, Grip and Pinch Test;
ITA, Italy; ITT, intention to treat; JPN, Japan; KOR, Republic of Korea; MPP, modified per protocol; MVV, Maximal Voluntary Ventilation; N/A, non-applicable; NLD, The
Netherlands; NOR, Norway; NR, not reported; OBS, observational; OL, Open-Label; Ph, phase; POR, Portugal; PRI, Puerto Rico; PROS, Prospective; QAT, Qatar; RCT,
randomised controlled trial; SAU, Saudi Arabia; TUR, Turkey; TWN, Taiwan; tx, treatment; UK, United Kingdom; uKS, urinary Keratan Sulfate; USA, United States of America
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4.2 If the technology is, or is planned to be, subject to any other form
of assessment in the UK, please give details of the assessment,

organisation and expected timescale.

Not applicable.

5 Equality

NICE is committed to promoting equality of opportunity and eliminating
unlawful discrimination on the grounds of age, disability, gender
reassignment, race, religion or belief, sex, and sexual orientation, and to

comply fully with legal obligations on equality and human rights.

Equality issues require special attention because of NICE’s duties to have due
regard to the need to eliminate unlawful discrimination, promote equality and
foster good relations between people with a characteristic protected by the

equalities legislation and others.

Any issues relating to equality that are relevant to the technology under

evaluation should be described.

Further details on equality may be found on the NICE website

(http://www.nice.org.uk/aboutnice/howwework/niceequalityscheme.jsp).

5.1 Please let us know if you think that this evaluation:

. could exclude from full consideration any people protected by the
equality legislation who fall within the patient population for which [the

treatment(s)] is/are/will be licensed,;

. could lead to recommendations that have a different impact on people
protected by the equality legislation than on the wider population, e.g. by
making it more difficult in practice for a specific group to access the

technology;

. could lead to recommendations that have any adverse impact on

people with a particular disability or disabilities
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MPS IVA is an ultra-rare, multi-systemic and life-limiting disease. There is a
real unmet medical need for these patients. Beyond treatment with elosulfase
alfa, options focus on treating symptoms and providing supportive care only.
Elosulfase alfa is the only treatment licensed for this group of patients that can
impact the underlying cause of the disease by stabilising or slowing disease
progression. Recently published international professional guidelines state
that MPS IVA patients should be treated with elosulfase alfa as soon as the

diagnosis has been confirmed (Akyol et al., 2019).

MPS IVA patients suffer from a range of disabilities and treatment with
elosulfase alfa would be expected to reduce and/or delay the burden of

disability in these patients.

All patients with MPS IVA will be able to benefit from treatment with elosulfase
alsa, as there are no differences in benefit seen based on demographic
characteristics (Mitchell et al., 2019b, Moisan et al., 2020). In the MAA, all
patients benefited from treatment and those who experienced less benefit
discontinued treatment based on the MAA maintenance criteria and these

were often self-motivated.

5.2 How will the submission address these issues and any equality

issues raised in the scope?

All patients in the MAA benefited from treatment with elosulfase alfa; the MAA
had maintenance criteria in place, which clinically identified those who had

less benefit and should discontinue treatment.
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Section B — Nature of the condition

6 Disease morbidity

6.1 Provide a brief overview of the disease or condition for which the
technology is being considered in the scope issued by NICE.
Include details of the underlying course of the disease, the
disease morbidity and mortality, and the specific patients’ need

the technology addresses.

Mucopolysaccharidosis type IVA (MPS IVA or Morquio A syndrome) is an
ultra-rare, severely debilitating, multi-systemic, and inherited disorder. The
disease is characterised by the absence or marked reduction in GALNS
activity, and this deficiency results in the accumulation of the GAG substrates,
KS and C6S. These GAGs progressively accumulate in multiple body organs

and tissues.

Patients appear normal at birth, but initial presenting symptoms often manifest
in the early years of life. The progressive accumulation of these GAGs can
lead to premature mortality (Lavery and Hendriksz, 2015) if patients are not
treated early, significant morbidities and multi-systemic clinical impairments
(respiratory, cardiac and musculoskeletal complications) resulting in
diminished functional capacity, decreased endurance and impaired quality of
life (Akyol et al., 2019).

Untreated patients generally die in their second or third decade of life
(Harmatz et al., 2013, Lavery and Hendriksz, 2015), with fewer than 5% living
beyond the age of 40 years (Montano et al., 2007). Respiratory and cardiac
complications are key drivers of mortality in patients with MPS IVA with
respiratory failure accounting for 63% of patient deaths and cardiac
dysfunction accounting for 15% of patient deaths (Lavery and Hendriksz,
2015, Tulebayeva et al., 2020).
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Due to the large number of mutations that can cause MPS IVA, clinical
manifestations of the disease are heterogeneous. Regardless of the specific
clinical manifestation for each patient, all patients suffer a range of serious
and debilitating morbidities. MPS IVA is one of the few MPS diseases that

does not affect the brain (Tomatsu et al., 2011).

Studies by Harmatz et al (Harmatz et al., 2013, Harmatz et al., 2015) defined
the natural history of untreated MPS IVA patients through direct clinical,
radiographic and laboratory observation. The natural history study has been
conducted in over 350 patients, which was estimated to represent ~10% of
the world's MPS IVA population. This study described the spectrum of
symptoms and progression of disease including impact on respiratory and
cardiac function, growth, endurance, medical and surgical history,
biochemical. Disease manifestation is heterogeneous, which is caused by the
widespread distribution of GAG accumulation throughout cells in the body, but
all forms manifest in severe disease with more than 220 different mutations of
the GALNS gene identified (Morrone et al., 2014). The range of symptoms

experienced by patients is presented in Figure 3.

Figure 3. Range of symptoms experienced by MPS IVA patients
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Source: Harmatz et al, 2013

The data shows that patients suffer significant impairment across multiple

domains (growth, endurance, respiratory function and quality of life
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impairments). Skeletal deformities in MPS IVA patients are extremely

common with the MorCAP study showing 71% of patients reporting surgical

procedures. The progressive reduction in endurance, increased reliance on

wheelchairs and corresponding loss of independence have been highlighted

as the key causes of patients suffering a poor quality of life (Christian J.
Hendriksz et al., 2014; Hendriksz C et al., 2014; Lavery and Hendriksz,
2015a).

MPS IVA patients require frequent surgeries and a significant amount of care.

All patients suffer a range of serious and debilitating morbidities with the most

frequent features being (Harmatz et al., 2013, Tomatsu et al., 2011):

Respiratory impairment: Patients suffer from both obstructive and
restrictive airway disease. GAG accumulation causes narrowing the
airways and thoracic and spinal deformities impair normal respiratory
movement of the rib cage (Tulebayeva et al., 2020, Hendriksz et al.,
2014c);

Cardiovascular complications: GAG accumulation leads to valvular
insufficiency (mitral, aortic & tricuspid) often leading to cardiac
hypertrophy and arrhythmias (Mohan et al., 2002, John et al., 1990,
Vashakmadze et al., 2019);

Significantly reduced endurance: caused by poor cardio-pulmonary
function combined musculoskeletal manifestations (Harmatz et al.,
2013);

Musculoskeletal impairments: Multiple musculoskeletal
complications occur including dwarfism, cervical spine instability, spinal
cord compression (a major cause of disability and frequent surgical
procedures) and multiple joint abnormalities (Genu Valgum, Coxa
Valga, Hip Dysplasia) (Montano et al., 2008). Growth is severely
affected with adult patients rarely reaching above 1.3m in height
(Montanio et al., 2008);
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¢ Frequent surgical procedures related to orthopaedic, ENT and

respiratory issues (Hendriksz, Lavery et al., 2014);
e Eye, ear and dental impairments (Hendriksz, Lavery et al., 2014);

e Serious impacts on quality of life and high requirement for
informal care: MPS IVA patients suffer from increasing pain and
fatigue, reducing endurance and diminishing functional capacity as they
become older and more compromised, all of which result in an
increasing dependence on a wheelchair; this results in a markedly
reduced QoL and a greater need for informal care (personal assistant)
(Hendriksz C et al., 2014).

Respiratory impairment

Patients suffering from MPS IVA exhibit a reduction of respiratory capacity
caused by the accumulation of GAGs in the connective tissues of airways,
which leads to progressive pulmonary dysfunction (Tulebayeva et al., 2020).
They may exhibit a restrictive respiratory pathology due to a direct obstruction
of the upper or lower respiratory passages, cervical myelopathy or restriction
of the thoracic cage (Hendriksz et al., 2013b, Tulebayeva et al., 2020). The
patients in the registry study exhibited severely limited respiratory function.
The considerable impairment of the respiratory function was associated with a
multitude of other physical problems that affected the endurance of patients

(Semenza and Pyeritz, 1988).

The mechanical obstacles of the respiratory passages lead to dyspnoea and
recurrent respiratory infections and may progress to respiratory failure.
Respiratory failure was the primary cause of death in nearly two-thirds of
patients (Lavery and Hendriksz, 2015, Tulebayeva et al., 2020). The
obstructive and restrictive respiratory pathologies predispose the patients to
develop pneumonia and respiratory failure (Tulebayeva et al., 2020). The
obstructive sleep apnoea syndrome may lead to prolonged periods of hypoxia
and pulmonary hypertension and may cause death. Numerous patients need
the use of respiratory assistance and of continuous positive-pressure

ventilation, including oxygen supplementation and/or a tracheotomy in the
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most severe cases of hypoxia (Hendriksz et al., 2013b, Berger et al., 2013).
Among the patients of the MorCAP register (median age 11.6 years), 58%
exhibited respiratory, thoracic and mediastinal disorders, including sleep
apnoea, restrictive lung disease and lung and sinus infections, and 14%
received a treatment for their restrictive lung disease (Hendriksz et al.,
2013b).

The treatment of the respiratory impairment is variable, because of the
underlying pathology. Tonsillectomy and excision of adenoid vegetations

seem to be the primary surgeries in patients suffering from MPS IVA.
Musculoskeletal impairments

Patients suffering from MPS IVA are clinically distinguished from other
patients suffering from MPS, because they do not exhibit a distorted
appearance of the face or mental retardation. However, they exhibit
distinguishing skeletal manifestations, such as spondyloepiphyseal dysplasia

and joint instability (Hendriksz et al., 2013a).

Among the patients of the MorCAP register (Harmatz et al., 2013), the
diagnoses of musculoskeletal disorders were the most frequent, with > 90% of
the patients reporting an abnormal gait, genu valgum, small height and/or a
small neck. Other frequently reported characteristics were joint laxity
associated with stiffness and/or pain in > 80% of the patients and joint

contractures and subluxations in 52% and 47% of the patients respectively.

Pectus carinatum, which is partly responsible for the limitation of the
respiratory function, was reported in 97% of the patients (Hendriksz et al.,
2013b). Anomalies of the spine were frequently reported, including
kyphoscoliosis (85%), odontoid dysplasia (65%), lumbar lordosis (56%),
instabilities of the cervical spine (49%), discopathies (23%). Preventive
treatment includes arthrodesis and/or cervical decompression, currently a
standard treatment, which has contributed to an improvement in the life
expectancy of patients in the course of the last 10 years. Recommendations
for spinal care in patients suffering from MPS IVA have recently been
developed (Solanki et al., 2013).
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In their medical histories, the majority of patients (71%) had undergone a surgical intervention
as shown in

Figure 4.

Figure 4. Incidence of selected surgical procedures for all subjects
30%

25.5%
25%
22.2%

20.1%

20% - 18.59
’ 3 17.5%

10.8%

” 92%
I I }
”n .
0% ; : ; _ . _‘ -

Ear tube Adenoidectomy Spinal Osteotomy Spinal fusion Tonsillectomy Epiphyseal Hip surgery
insertion decompression surgery surgery

Source: Harmatz et al, 2013

% Subjects
g g

5]
=

Eye, ear and dental impairments

Eye: The opacity of the cornea may provoke vision disorders and
photophobia. Among patients of the international Morquio A registry (Harmatz
et al., 2013), 63% exhibited opacity of the cornea, including 22% with reduced
visual acuity (20/80 or worse). There is currently no treatment capable of
modifying the evolution of the vision disorders of patients suffering from MPS
IVA. Corneal grafts in patients exhibiting progressive opacity of the cornea

have been reported, with variable success measured by the recurrence rate.

Ear: MPS IVA leads to a reduction and even a loss of hearing. The loss of
hearing, whether of transmission, of perception or mixed, is common in the
first ten years of life (Riedner and Levin, 1977). The loss of hearing may have
multiple causes, ranging from recurrent infections to structural deformations
caused by the accumulation of GAGs. Transtympanic aerators are frequently
implanted surgically in the course of the first 10 years of life, with variable
success. Among the patients of the MorCAP register (Harmatz et al., 2013),
77% exhibited ear disorders, most frequently hearing impairments or
moderate cases of otitis, and 25.5% had transtympanic aerators (Harmatz et
al., 2013).
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Dental disorders are frequent in patients suffering from MPS IVA. Among the
patients of the MorCAP register (Harmatz et al., 2013), 69% exhibited dental
disorders. Their severity varied considerably, and the typical clinical
manifestations included widely spaced and splayed teeth, delicate and
structurally weak enamel, pointed cuspids and shovel-shaped incisors. These
anomalies of the enamel predispose the patients suffering from MPS IVA to

dental caries.

Since the brain is not affected, MPS IVA patients retain normal intelligence

and often achieve high levels of education.

The combination of respiratory function disorders, cardiovascular
complications, small height, and musculoskeletal complications results in
severely impaired endurance and functional capacity in patients with MPS IVA
(Dhawale et al., 2013, Hendriksz et al., 2013b). Two-year longitudinal data
(Harmatz et al., 2015) highlights the significantly reduced 6-minute walk test
(6MWT) values; a matched phase 3 population from the MOR-004 study
showed a progressive decline of 6.84m year-on-year in the 6MWT and has
been described in more detail in the clinical programme (section 9.6). This
population remains the largest cohort of untreated patients that has been
followed until now. Since then, most patients have been on treatment with
only very few treatment-naive patients remaining. A few of these untreated
patients are followed in MARS, showing consistency with MORCAP natural

history study within the limited data available.

6.2 Please provide the number of patients in England who will be
covered by this particular therapeutic indication in the marketing

authorisation each year, and provide the source of data.

BioMarin has calculated that four new MPS IVA patients in England would be
eligible for treatment per year. This is an estimation based on the actual

number of new patients observed during period of the MAA.
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It is estimated that the 63 patients currently treated with elosulfase alfa (as of
December 2020) would remain on treatment. The number of new patients on
elosulfase alfa has largely remained the same over the past five years; among
the newly diagnosed patients initiated to elosulfase alfa in the MAA, there
were 8 in 2017, 2in 2018, 5 in 2019, and 5 in 2020 (including 4 patients not
yet established on treatment do to COVID-19 treatment breaks), therefore it is
estimated that, on average in England, 4 newly diagnosed patients could start

treatment each year, while 1 patient will stop treatment.

6.3 Please provide information about the life expectancy of people

with the disease in England and provide the source of data.

The progressive nature of the disease results in a much-reduced life
expectancy for all patients. Death commonly occurs due to cardiorespiratory

complications (Harmatz et al., 2013, Lavery and Hendriksz, 2015).

Untreated patients generally die in their second or third decade of life
(Harmatz et al., 2013), and their life expectancy is drastically reduced to
approximately 25.4 years (Lavery and Hendriksz, 2015). Fewer than 5% of the
known patients with MPS IVA, according to the MorCAP baseline data, are
above 40 years of age (Montafio et al., 2007).

A mortality study in the UK MPS IVA population evaluated the death
certificates for 27 patients (15 male and 12 female) covering the period 1975-
2010. The mean age at death was 25.30 (x17.43) years from 1975-2010, with
female patients living longer than male patients (26.55 + 12.28 years versus
22.95+17.63 years, respectively) (Lavery and Hendriksz, 2015).

The main cause of death in 78% of patients was due to cardio-pulmonary

complications before the age of 30 (Lavery and Hendriksz, 2015), including:
e Respiratory complications (in approx. 63% of the patients)
e Cardiovascular complications (in 15% of the patients);

e Post-traumatic organ failure and surgical complications, usually to the

cervical spine (22%, where 11% of deaths are related to each).
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Life expectancy increased gradually over time (R? = 0.0963) and mean age at
death due to respiratory failure improved from 17.42+9.54 in the 1980s to
30.741£10.84 years in the 2000s. The authors suggested that improvements in
multidisciplinary care, better surgical management of the cervical junction,
which is increasingly becoming the standard of care, and referral of patients to
specialist centres underlie this trend (Lavery and Hendriksz, 2015, Harmatz et
al., 2013, Tomatsu et al., 2011) in Figure 5.

However, it is important to note that the publications mentioned above
describe the life expectancy and disease burden of MPS IVA prior to the
availability of elosulfase alfa in 2015 through the MAA. Therefore, it would be
expected to observe improvements in mortality since the introduction of
elosulfase alfa into the UK in 2015.

Figure 5. Historical life expectancy of patients with MPS IVA

Mean age at death (years)

Source: Harmatz et al., 2013; Tomatsu et al., 2011

7 Impact of the disease on quality of life

71 Describe the impact of the condition on the quality of life of
patients, their families and carers. This should include any

information on the impact of the condition on physical health,
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emotional wellbeing and everyday life (including ability to work,

schooling, relationships and social functioning).

Over time, patients experience a progressive loss of endurance and an
increase in pain and fatigue (Hendriksz et al., 2013b). Thus, in the longitudinal
MOR-001 study, an annualised loss of 6.84 metres per year in the 6MWT was
observed in a population matched to the Phase Il population in MOR-004.
The progressive loss of endurance, increase in pain and fatigue leads to
increased dependence on wheelchair use, thus reducing patient quality of life

and increasing the need for informal care (Hendriksz et al., 2014c).

The performance of various activities of daily living such as washing, making
the bed and pouring a drink are impaired by hypermobility of the wrists,
weakened grip and reduced shoulder movement. The MOR-001 study shows
that 41% of the patients cannot cut their nails, 31% cannot tie their shoelaces,
22% cannot iron their shirts and 22% cannot open a jar. General endurance is
greatly impaired because of a combination of muscle weakness, fatigue, pain
and reduced ambulation. Children will often have a need to use a wheelchair
and need increased informal support from this point on in their lives often

leading to a poorer quality of life (Hendriksz et al., 2014c).

MPS IVA is associated with considerable burden of disease, which is
accompanied by a reduced quality of life which deteriorates as the disease
progresses and patients become older (Hendriksz et al., 2014c). Hendriksz et
al investigated the patient reported burden of disease of MPS IVA syndrome
in adults (= 18 years, n=27) and children (7-17 years, n=36). The study also
investigated the impact of mobility, quality of life, pain and fatigue in patients
with MPS IVA (Hendriksz et al., 2014c). Quality of life was measured by
means of the general health-related quality of life (HRQoL) questionnaire EQ-
5D-5L. Pain and its interference were measured by the Brief Pain Inventory
Short Form (BPI-SF) in adults and the Adolescent Pediatric Pain Tool (APPT)
in children. Fatigue was measured by asking patients about the number of

evenings in the week they felt extremely tired.
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The study results highlighted the heterogeneity in the clinical manifestations of
disease reported by patients with MPS IVA. Most patients were severe, and
the extent of their impaired endurance varied, they exhibited short stature,
bone and joint disorders, an abnormal gait and eye problems, further
highlighting the multi-systemic nature of the disease. Mobility was significantly
reduced: 44% of children and 85% of adult patients used a wheelchair. A high
level of wheelchair dependency caused a substantially reduced quality of life.
Amongst adults this was primarily caused by lower scores in the areas of
mobility, self-care and the performance of normal activities; pain was a key
factor in reduced quality of life in children. The utility values for adults were
0.846 for those who did not use a wheelchair, 0.582 for those who used a
wheelchair only when necessary and 0.057 for those who used a wheelchair
all the time (Figure 6). For children these values were 0.534, 0.664 and —
0.180 respectively (Hendriksz et al., 2014c).

Figure 6. HRQoL in adults (a) and children (b) by wheelchair status
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Source: Hendriksz, Lavery et al. 2014c.

The authors concluded that the quality of life of patients with MPS IVA is
related to remaining independent by retaining mobility and endurance, without
being dependent on a wheelchair, but using a wheelchair as a tool to retain
energy. Their quality of life falls drastically if patients need to use their
wheelchair all the time, where their independence and personal confidence
falls considerably (Hendriksz et al., 2014c). Even a slightly improved mobility

whereby a wheelchair is used only when necessary significantly improves
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quality of life and the patients’ ability to continue to work and conduct daily
activities. The maintenance of functional capacity, mobility, better

management of pain and energy relates to an improved quality of life.

The study also investigated (n = 56) the additional burden for caregivers of
patients with MPS IVA (Hendriksz et al., 2014c). The study found that adult
patients who use a wheelchair all the time need assistance during virtually all
their waking hours. Caregivers noted that patients with MPS IVA need full-
time assistance from caregivers for 68% of their activities of daily living.
Caregivers reported that there is a substantial reduction in the time they can
devote to themselves and to others, including their partner, other family
members and friends, which can have a significantly negative effect on their
relationships. Caregivers also experienced (back) pain, stress and
sleeplessness more frequently than the general population (Hendriksz et al.,
2014c).

MPS IVA is therefore associated with severe multi-systemic complications
leading to a high level of physical disabilities, which greatly impair patients’
quality of life and ability to perform activities of daily living, while having a

profound effect on those who care for them.

7.2 Describe the impact that the technology will have on patients,
their families and carers. This should include both short-term and
long-term effects and any wider societal benefits (including
productivity and contribution to society). Please also include any
available information on a potential disproportionate impact on the
quality or quantity of life of particular group(s) of patients, and

their families or carers.

In the short term, and as shown by the clinical studies presented in section 8
below, it is expected that treatment with weekly elosulfase alfa would lead to
improved endurance, pulmonary function, and growth (in children),
stabilisation of cardiac function, improvement in activities of daily living and
improved quality of life in patients with MPS IVA (the latter particularly as a

consequence of reduced wheelchair dependence and improved endurance).

Elosulfase alfa for MPS IVA_company evidence submission [ID1643] 58 of 494



The MPS-HAQ data from MARS and from the latest MAA results showed
numerical improvements (i.e. decreases) across all domains — mobility, self-
care, and caregiver domains — over 3 years. Data showed improvements in
the short-term in the patients who were initiated on treatment during the MAA
and a trend towards stabilisation over the long-term in patients who started
treatment in the clinical trials, some of whom had been on treatment for up to
10 years (BioMarin MAA data on file). Results are further described in section
9.6.1.2.

These clinically meaningful benefits would translate into improved functional
capacity, leading to more effective surgical interventions and greater ability for
patients to recover quickly from orthopaedic surgeries, a reduced dependency
on caregivers and an increased probability of patients and their carers to have
and maintain employment and education. In the longer-term, these clinical
benefits would translate into reduced mortality and longer life expectancy for
patients with MPS IVA. Therefore, the treatment with elosulfase alfa is
recommended to start as soon as possible after diagnosis, since the early
initiation of therapy will likely change the course of disease (Akyol et al.,
2019).
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8 Extent and nature of current treatment options

8.1 Give details of any relevant NICE, NHS England or other national
guidance or expert guidelines for the condition for which the
technology is being used. Specify whether the guidance identifies
any subgroups and make any recommendations for their

treatment.

NICE, through the HST programme, provided guidance on elosulfase alfa for
the treatment of MPS IVA in 2015. Relying largely on the Standard Operating
Procedure (SOP) developed by the Lysosomal Storage Disorders Expert
Group in 2014, care is managed at specialist centres (3 paediatric centres,
and five adult centres). Management is patient needs-driven; given the
heterogeneity of the condition, there is no one treatment pathway.

Care for these patients is in line with international guideline issued in 2019 (Akyol et al., 2019)
and with the terms of the MAA set up in 2015 in England. MAA exclusion and starting criteria as

well as treatment maintenance criteria are described in the below Table 8 and
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Table 9, respectively.

8.2 Describe the clinical pathway of care that includes the proposed

use of the technology.
National centres of excellence

It is important to note that both the paediatric and adult metabolic units in
Birmingham, Cambridge, London and Manchester are all designated national
centres for the diagnosis and management of lysosomal storage disorders
(LSDs). These centres are all involved in ongoing studies into the treatment
and management of mucopolysaccharide diseases - including MPS IVA - and
have extensive experience of ERTs. These regional centres all have an
ongoing commitment to managing patients in dedicated outpatient and

inpatient facilities.

Diagnosis

Diagnosis of MPS IVA in the UK is well-established through NHS laboratories
with enzyme activity testing of GALNS using leukocytes or cultured dermal
fibroblasts being essential for a definitive diagnosis. Molecular testing may
also be used to confirm a diagnosis of MPS IVA; however, two known or
probable causative mutations may not be identified in all cases of MPS IVA. A
diagnostic testing algorithm has been published (Wood et al., 2013) to

streamline this complex testing process (see Figure 7).

Figure 7. Algorithm for diagnosing MPS IVA
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Ongoing assessment

During the period of the MAA, the MAA Oversight Committee recommended
that affected individuals with MPS IVA should be managed by a
multidisciplinary team of health care providers given that it is a multi-systemic
and progressive disease. The coordination of care was overseen by a
specialist who had experience working with patients with LSDs, such as a
geneticist or metabolic disease specialist. Once diagnosed, patients had to
undergo regular comprehensive assessments (Patients should still undergo a
baseline assessment prior to treatment initiation and regular follow-up
assessments. However, the data collection as part of the NICE re-evaluation
process of elosulfase alfa has now been completed. During the Extension
Period (until December 2021), PROs will no longer be collected for the
purposes of the MAA, and NHSE/NICE will rely on clinician reporting to

assess compliance with maintenance criteria (via the Blueteq form).

Recommended assessments as per the MAA are summarised in Error! Not a
valid bookmark self-reference. below and are aligned with the latest
international guidelines (Akyol et al., 2019).
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Table 7) for optimal outcomes with the frequency of clinic visits and

assessments ideally tailored to meet the individual needs of each patient.

The clinical practice for MPS IVA is not expected to change following the end
of the MAA. Patients should still undergo a baseline assessment prior to
treatment initiation and regular follow-up assessments. However, the data
collection as part of the NICE re-evaluation process of elosulfase alfa has now
been completed. During the Extension Period (until December 2021), PROs
will no longer be collected for the purposes of the MAA, and NHSE/NICE will
rely on clinician reporting to assess compliance with maintenance criteria (via

the Blueteq form).

Recommended assessments as per the MAA are summarised in Error! Not a
valid bookmark self-reference. below and are aligned with the latest

international guidelines (Akyol et al., 2019).

Table 7. Overview of assessments in the MAA

Assessments Baseline | Month4 | Month8 | Month 12
6MWT or 25ft ambulation X X X
FVC X X

FEV1 X

ukKS X X X
Cardiac echo (ejection fraction) X X
Missed infusions X X X
Weight X X X X
Antibody titres X X X
EQ-5D-5L X X
MPS-HAQ caregiver X X
Beck Depression Score X X

BPI/ATTP X X X X

6MWT: 6-minute walk test; APPT: Adolescent Pediatric Pain Tool; BPI: Brief Pain Inventory; EQ-5D-5L:
EuroQol 5 dimensions, 5 levels; FEV1: forced expiratory volume in 1 second; FVC: forced vital capacity;
MPS-HAQ: Mucopolysaccharidosis Health Assessment Questionnaire

Established clinical management

The only treatment available that is licensed for MPS IVA is elosulfase alfa.
Besides elosulfase alsa, disease management options consist of supportive or
palliative care, which include both medications and surgical interventions to

relieve symptoms or address the complications of MPS IVA.
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According to the SOP for England (2014 Lysosomal Storage Disorders Expert
Group), medical treatment should focus on symptom control, preserving
spinal cord health and function, optimising orthopaedic structure and
function in hips and lower limbs, medical support for cardiac and respiratory
function, maintaining optimal sensory function including hearing, sight and

touch, and be directed towards improving the individual’s quality of life.

Non-steroidal anti-inflammatory drugs have been administered for joint pain,
antibiotics for pulmonary infection, and oxygen supplementation and

CPAP/BIPAP for pulmonary compromise and obstructive sleep apnoea.

Surgical interventions include cervical spine fusion and/or decompression,
spinal stabilisation, hip replacement, corrective knee and ankle surgery for
severe genu valgum deformity, tonsillectomy/adenoidectomy, and cardiac

valve replacement.

Surgeries in patients with MPS IVA are associated with various complications.
In particular, the compromised respiratory function and cardiac abnormalities
in MPS IVA patients can cause anaesthesia-related complications (Solanki et
al., 2013), whereas cervical instability and myelopathy lead to a risk of
paraplegia (Solanki et al., 2013).

However, clinical experts have observed that patients treated with elosulfase
alfa in the MAA were now able to undergo more complex and effective
surgical interventions with a quicker recovery from surgeries. These
improvements in surgery can therefore lead to improved outcomes and

reduced mortality from surgical complications (Lavery and Hendriksz, 2015).

Although some clinical benefit of haematopoietic stem cell transplantation
(HSCT) has been reported in a handful of individual cases in patients with
MPS IVA (Tomatsu et al., 2011, Algahim and Almassi, 2013), HSCT is also
associated with high rates of morbidity and mortality due to infection, graft-
versus-host disease, and other complications (Tomatsu et al., 2011). In view
of the limited experience, lack of successful outcomes and the high morbidity
associated with HSCT, this therapy is not currently recommended for
treatment of MPS IVA.
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The SOP for England (2014 Lysosomal Storage Disorders Expert Group)
provides detailed recommendations on assessing and managing the following

risks and complications of the disease:

o Anaesthetic risks

o Changes to bones and joints
. Cardiac disease

o Chest and respiratory infections
o Dental problems

. Growth retardation

o Hearing loss

o Hernias

o Hepatomegaly

o Neurological involvement

o Respiratory function

o Tonsils and adenoids

o Vision

. Quality of life/Activities of daily living

Treatment with elosulfase alfa

The accumulation of GAGs and KS begins early in the life of a patient with
MPS IVA and is progressive and life-limiting. The early initiation of elosulfase
alfa is therefore supported by the recent international guidelines published in
2019 (Akyol et al., 2019). Over the past five years, newly diagnosed patients
with MPS IVA who were eligible for treatment (see MAA exclusion and starting
criteria in Table 8 below) with elosulfase alfa have all been initiated on
treatment under the MAA in England. The long-term, real-world data from the
MAA and from MARS, which are consistent with the results from the pivotal
clinical trial (MOR-004) and its open-label extension (MOR-005) (see section

9.6 below), demonstrate the importance of treating patients with MPS IVA with
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elosulfase alfa as early as possible to prevent disease progression and

preserve function.

The results from MOR-007 in a paediatric population also support the case for
early treatment; the results demonstrated that early intervention with
elosulfase alfa is well tolerated, produces a decrease in KS storage, and has
shown a trend towards improvement in growth, which may lead to a long-term

benefit in young patients.

8.3 Describe any issues relating to current clinical practice, including

any uncertainty about best practice.

As mentioned above in section 8.2, clinical practice for MPS IVA is expected
to remain unchanged at the end of the MAA period in December 2021.
Although the MAA will no longer be in place, starting (Table 8) and

maintenance criteria (
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Table 9) for elosulfase alfa are expected to be continuously applied. In terms
of assessments, patients should undergo a baseline assessment prior to

treatment initiation and regular follow-up assessments during treatment.

Recommended assessments as per the MAA are summarised in Patients
should still undergo a baseline assessment prior to treatment initiation and
regular follow-up assessments. However, the data collection as part of the
NICE re-evaluation process of elosulfase alfa has now been completed.
During the Extension Period (until December 2021), PROs will no longer be
collected for the purposes of the MAA, and NHSE/NICE will rely on clinician
reporting to assess compliance with maintenance criteria (via the Blueteq

form).

Recommended assessments as per the MAA are summarised in Error! Not a
valid bookmark self-reference. below and are aligned with the latest
international guidelines (Akyol et al., 2019).

Table 7 above and are aligned with the latest international guidelines (Akyol et
al., 2019).

8.4 Describe the new pathway of care incorporating the new
technology that would exist following national commissioning by
NHS England.

Initiating treatment with elosulfase alfa as soon as possible after diagnosis of
MPS IVA is expected to provide maximal benefit to patients, both by
improving existing symptoms and minimising further disease-related
impairments. Recently published international and professional guidelines
state that MPS IVA patients should be treated with elosulfase alfa as soon as
the diagnosis has been confirmed (Hendriksz et al., 2014b, Akyol et al., 2019).

Elosulfase alfa is the only treatment licensed for MPS IVA, and available to
patients in England through the MAA, that has demonstrated a positive impact
on stabilising or slowing down the progression of the disease. Therefore,
pathway of care is expected to remain unchanged after the end of the MAA,

with continued use of the starting (Table 8) and maintenance criteria (
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Table 9).
‘Starting and maintenance’ criteria from the MAA

Table 8 and
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Table 9 present the exclusion and starting criteria and the criteria for

maintaining treatment described in the MAA, respectively.

Table 8. Exclusion and starting criteria of the MAA

Elosulfase alfa will not be started if any of the following apply:

e The patient is diagnosed with an additional progressive life limiting
condition where treatment would not provide long-term benefit (e.g.
cancer or multiple sclerosis); or

e The patient has a lung capacity (forced vital capacity) of <0.3 L and
requires ventilator assistance; or

e The patient is unwilling to comply with the associated monitoring
criteria:

o All patients are required to attend their clinics three times a year for
assessment

o All patients will sign up to the ‘Managed Access Patient Agreement’
(NICE, 2015)

All of the following are required before treatment is started:

e All patients must have a confirmed diagnosis of MPS IVA as per the
diagnosis criteria recommended in (Wood et al., 2013)

e All patients must have confirmed enzymatic test, elevated urinary
keratan sulfate and mutation analysis

e In addition, patients aged =5 years can only start once a full set of
baseline assessments has been obtained, and they have signed the
Managed Access Patient Agreement
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Table 9. MAA criteria for maintaining treatment

Clinical criteria (for treatment-naive patients):

* Improvement in 6BMWT distance or the timed 25-foot (7.6 m) walk
(T25FW) of 210% over baseline or stabilisation after 10%
improvement

* Improvement in FVC or FEV1 of 25% over baseline or stabilisation
after 1 year

» Decline in LVEF of <10% from baseline

» Decline of uKS of 220% from baseline (and stabilised)

Ex-trial patients

« BMWT or T25FW remains 25% above the baseline value at the start
of treatment

« FVC and FEV1 remain 22% above the baseline value at the start of
treatment

» UuKS levels remain reduced 220% from baseline

* Decline in LVEF of <10% from baseline

PRO criteria (for treatment-naive patients and ex-trial patients):

« No adverse change in numerical value of two out of three of the
following:

« EQ-5D-5L score OR MPS-HAQ Caregiver Burden score
» Beck Depression Score (=13 years)

« APPT / BPI pain severity score (depending on age)

6MWT: 6-minute walk test; APPT: Adolescent Pediatric Pain Tool; BPI: Brief Pain Inventory; EQ-5D-5L:
EuroQol 5 dimensions, 5 levels; FEV1: forced expiratory volume in 1 second; FVC: forced vital capacity;
MPS-HAQ: MPS Health Assessment Questionnaire; PRO: patient-reported outcome; uKS: urinary
keratan sulfate
8.5 Discuss whether and how you consider the technology to be
innovative in its potential to make a significant and substantial
impact on health-related benefits, and whether and how the

technology is a ‘step-change’ in the management of the condition.

MPS IVA is a progressive and serious disorder causing extensive morbidity
and early mortality (Lavery and Hendriksz, 2015), if left untreated. The clinical
presentation of MPS IVA is very heterogeneous (Harmatz et al., 2013,
Montafio et al., 2007).
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As noted in section 8.2 above, the only treatment available for MPS IVA is
elosulfase alfa. Besides elosulfase alfa, other available management options
consist of supportive or palliative care, which includes both medications and
surgical interventions to relieve symptoms or address the complications of
MPS IVA. Surgical interventions especially are associated with complications

and increased morbidity/mortality.

Elosulfase alfa is innovative and continues to be an effective treatment, as
demonstrated by the long-term, real-world data in the MAA, in the

management of this multi-systemic, life-limiting condition because:

o It is the only pharmacological treatment approved for the treatment
of MPS-IVA and is approved for use in MPS IVA patients of all
ages;

o Elosulfase alfa is the only treatment option (pharmacological or
otherwise) that addresses the underlying biological cause of this
severe, progressive and life-limiting disease. Elosulfase alfa is an
ERT,; the goal of ERT in MPS IVA is to replace the deficient
GALNS, reduce the accumulation of GAGs at cellular level and
ultimately restore cellular function;

o It is the first treatment option that has a positive impact on patients
quality of life in MPS IVA by stabilising or slowing down the
progression of the disease; real-world data from the MAA and
MARS studies has demonstrated the long-term safety and
effectiveness of elosulfase alfa across different patient subgroups,
and has brought greater clarity on those patients who benefit most
from treatment. The treatment maintenance criteria defined for
patients enrolled in the MAA (Table 9) ensured that only patients
who are benefiting from the elosulfase alfa would continue to
receive the therapy.

o Finally, it is the only treatment indicated for MPS IVA that has
demonstrated significant improvements in growth for patients who
are treated early compared to current clinical care, as shown in the
clinical trial MOR-007 (results are reported in Table 39 and section
9.8.2). MPS IVA patients have normal-sized organs which, because
of their attenuated growth and short stature, are housed within a
confined space. Improvements in growth can, therefore, be
associated with improved pulmonary function and endurance in
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these patients. Early intervention with elosulfase alfa may help to
ameliorate the impact of this disorder on growth.

8.6 Describe any changes to the way current services are organised

or delivered as a result of introducing the technology.

Elosulfase alfa is already administered to patients with MPS IVA in England,
under the MAA. Following specialist initiation and stabilisation of the patient
on elosulfase alfa, the infusion is then delivered in a homecare setting by a

trained nurse as is standard practice for the administration of other ERTs in

the UK (Finnigan et al., 2018, National Homecare Medicine Committee, 2020).

8.7 Describe any additional tests or investigations needed for
selecting or monitoring patients, or particular administration
requirements, associated with using this technology that are over

and above usual clinical practice.

None are anticipated over and above what would be required in using any
new ERT.

8.8 Describe any additional facilities, technologies or infrastructure
that need to be used alongside the technology under evaluation

for the claimed benefits to be realised.

The data collection from the MAA for elosulfase alfa as part of the NICE re-
evaluation process has now been completed. During the Extension Period
(until December 2021), PROs will no longer be collected for the purposes of
the MAA, and NHSE/NICE will rely on clinician reporting to assess compliance

with continuation criteria (via the Blueteq form).
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8.9 Describe any tests, investigations, interventions, facilities or
technologies that would no longer be needed with using this

technology.

Longer-term evidence from the MAA and from the MARS registry shows that
elosulfase alfa has a positive impact on patients’ quality of life and ability to
perform activities of the daily life by stabilising or slowing down the
progression of the disease. Whilst there is little evidence from the MAA on
whether the number of surgical interventions has decreased, patients can now
undergo more complex surgery with faster recovery and decreased risks of

surgical complications.
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Section C — Impact of the new technology

9 Published and unpublished clinical evidence

Section C requires sponsors to present published and unpublished clinical

evidence for their technology.

All statements should be evidence-based and directly relevant to the scope.

Reasons for deviating from the scope should be clearly stated and explained.

This section should be read in conjunction with NICE’s ‘Guide to the methods
of technology appraisal’ section 5.2 available from

www.nice.org.uk/quidance/ta.

9.1 Identification of studies

This section outlines the completed clinical trial data as well as the data
collected during the MAA. As the most relevant data to this submission, the

MAA information can be found in the sections noted here:

Academic in confidence data (Fully redacted in this version [[Jl): Full

analysis of the MAA dataset in section 9.6.1.2.1 — Long-term outcomes from
patients initiated under the MAA in England (analysis based on latest data cut-
off from November 2019)

The following table provide quick access to the complete list of relevant

studies described in this section:

Cross-reference to section Cross-reference to section 9.6
Study 9.4 (summary of (results of relevant studies)
methodology)
1
MOR-004 Table 16 Error! Reference source not f
ound.

Table 16Error! Reference
MOR-005 source not found. Table 35
MOR-002 Table 17 Table 36
MOR-100 Table 17 Table 37
MOR-006 Table 19 Table 38
MOR-007 Table 21 Table 39
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MOR-008 Results described in section

Table 23 982
MAA Table 24 See section 1809.6.1.2.1
MARS Study design
See section 9.6.1.2.2
Other
observational Table 26 to Table 29
studies

Published studies

9.1.1 Describe the strategies used to retrieve relevant clinical data
from the published literature. Exact details of the search

strategy used should be provided in the appendix.

A clinical systematic review (SR) was conducted in November 2019 for the
NICE submission for existing MAA patients in February 2020. The methods
were documented in a protocol
(MPSIVA_SRs_Protocol_v1.1_20191008.docx) in line with PRISMA-P

requirements (Moher et al., 2015).

Appendix 1: Search strategy for clinical evidence (clinical SR) and
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Appendix 2: Search strategy for adverse events (safety SR) detail the
systematic searches performed to identify relevant clinical evidence. The
search strategies and complete search strings are reported in these

appendices.
The research question was as follows:

. What randomised, non-randomised or single arm studies/case
series have been conducted with elosulfase alfa in Morquio A,
published or as yet unpublished?

An updated search was conducted in November 2020 to assess if any new
articles had been published since the last SR in November 2019. The search
terms and inclusion/ exclusion criteria were the same as the original search of
November 2019. The new search generated 84 articles at the 15t pass
(EMBASE/ MEDLINE and 11 papers of other note), and 10 articles after the

2" pass, which are reported separately from the main SR report.

For the clinical SR, key sources included: Embase, Medline, Medline in
Process/e-publications ahead of print (via PubMed), the Cochrane Library
(CENTRAL, CDSR) and Database of Abstracts of Reviews of Effects (DARE)
(Centre for Reviews and Dissemination, University of York (CRD)), last 2
years (yrs) of Society for the Study of Inborn Errors of Metabolism (SSIEM)
conferences and of the WORLD Symposium (2018/2019), systematic review
and meta-analysis reference lists, included trials reference lists, any
supplemental Google search to identify full texts of abstracts identified in
electronic searching, e-alerts from the PubMed search tracked until 13

November 2019 and cross-referencing from the economic and utilities SRs.

To identify non-RCTs, extension studies, registry data, case-control studies
and case-series, a bespoke string was developed, based on the British
Medical Journal’s (BMJ) search filter to identify cohort studies, case-control

studies and case-series.
The BMJ filter is as follows:

1. exp cohort analysis/
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. exp longitudinal study/
. exp prospective study/
. exp follow up/

. cohort$.tw.

. exp case control study/

N OO o0 A WN

. (case$ and control$).tw.
8. exp case study/
9. (case$ and series).tw.

Our adapted filter includes the BMJ filter, amended to Embase.com format:

‘cohort analysis’/exp OR ‘longitudinal study’/exp OR ‘prospective study’/exp
OR ‘follow up’/exp OR ‘case control study/exp OR ‘case study’/exp OR
(cohort™ OR (case* AND control*) OR (case* AND series)):de,ab,ti

Plus additional terms for extension studies and registry data:
(extension NEAR/3 (trial* OR study OR studies OR phase)):ab,ti
‘register/exp OR ‘disease registry/exp OR (register OR registry):ab,ti

The search strings were unlimited by date. During screening, relevant recent

SRs were selected for bibliography reference checks.
The search string combines:
MPS IVA terms AND study design terms

Conference reviews, chapters, editorials, letters, notes and case reports are

then excluded from the string.

The usual method for excluding non-human studies was not used, as it has
been noted that articles can be wrongly excluded if only indexed as non-
human. Therefore, non-human articles were excluded more conservatively,

with a specific bespoke filter using rodent terms in the title.
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Unpublished studies
9.1.2 Describe the strategies used to retrieve relevant clinical data

from unpublished sources.
Strategies to retrieve clinical data from unpublished sources were as follows:

ClinicalTrials.gov was searched (https://clinicaltrials.gov/). One hundred and
eighty studies were identified with the search terms (morquio OR MPS IV OR
MPS IV A OR MPS IVA OR mucopolysaccharidosis IV OR
mucopolysaccharidosis IVA), without any other restrictions. Relevant registry

records were then checked for results having been posted.

During electronic searching, the links of registry records (e.g. to the European
Union Clinical Trials Register (EU-CTR)) were checked for results having

been posted.

9.2 Study selection

Published studies
9.2.1 Complete table C1 to describe the inclusion and exclusion

criteria used to select studies from the published literature.
Suggested headings are listed in the table below. Other

headings should be used if necessary.

The inclusion and exclusion criteria used to select studies from the literature
are summarised in Table 10 and Table 11 below:

Table 10. Inclusion criteria used for clinical studies (C1 Table)

Characteristic Inclusion criteria
Population MPS IVA (Morquio syndrome)
Any age group (children or adults)
Mixed populations Data reported for paediatric and adult populations (mixed data) is

also eligible. Where reported separately, the mixed and separate
population data will be extracted.

Interventions/ comparators In MPS IVA, at least one treatment arm has a licensed dose of
ERT e.g. ESA 2mg/kg of body weight given once per week by i.v.
infusion over at least 4 hours

Outcomes Study reports any of the following outcomes of interest:
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Characteristic Inclusion criteria

Endurance assessments (6Mwmc, stair climb test,
pinch/grip test, functional dexterity test)
Pain

Fatigue

Psychological assessments

Urinary KS

Heart function

Lung function

Survival

Audiometry tests

Sleep apnoea

Corneal clouding

Muscle strength

HRQoL, MPS HAQ and ADL (listed only)

Study design RCTs, non-RCTs, single arm/case series
SRs/NMAs*
Date limits Unlimited
Child abstract Sub-study abstract with unique data that could be reffered to
Publication type Errata

Original articles
Technology appraisal documents, if original source not available
elsewhere

Languages T Electronic searching will not be limited by English language
Any non-English language articles deemed relevant will be
discussed with BioMarin to decide on final inclusion. For non-
English language articles that are included, Vendor will utilise
existing BioMarin support to translate and/or extract relevant
information from included articles (if needed +)

Abbreviations: ADL, activities of daily living; ERT, enzyme replacement therapy; ESA, Elosulfase alfa;
HRQoL, Health Related Quality of Life; HSCT, hematopoietic stem cell transplantation; MPS HAQ,
mucopolysaccharidosis health assessment questionnaire; MPS IVA, Mucopolysaccharidosis type IVA,
MSFC, multiple sclerosis functional composite; 6MWT, 6-minute walk test; NMA, Network meta-
analysis; SR, Systematic Review; T25FW, timed 25-foot walk test

* Relevan