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Plain English summary

When a new population screening programme is proposed in the United Kingdom (UK), it is
assessed using the UK National Screening Committee (NSC) criteria for appraising its viability,
effectiveness and appropriateness. The overall goal of population screening programmes is to
provide early treatment or intervention to someone identified as being at higher risk of a
condition before they have symptoms. Ideally this should lead to better outcomes than if the
person were to present later with symptoms. In the UK the current newborn screening
programme looks for nine rare but serious conditions. Screening for a 10t condition was
recommended by the UKNSCin 2022 and is in the process of being implemented. Screening
uses drops of blood, collected from an infant’s heel onto a special card (also known as the ‘heel
prick test’). In the rare event that laboratory tests on this blood find an abnormal result, the child
undergoes further testing to confirm whether or not they have one of the conditions screened
for. If a child is then diagnosed with one of the conditions, they are referred for treatment.

Metachromatic leukodystrophy (MLD) is a rare, inherited condition that results in progressive
nerve damage leading to muscle weakness, loss of co-ordination and mobility and loss of
cognitive function, which worsens over time. MLD is usually classified according to age at which
symptoms develop: late infantile (typically before 30 months of age), juvenile (typically between
3 and 16 years of age), and adult (typically after 16 years of age). The late infantile form is the
most common and most severe form of MLD and usually results in death before the age of 5
years.

MLD s usually found after birth, once a baby shows symptoms, unless there is known history of
MLD in the family (e.g. a previously diagnosed brother or sister).

In 2022, the National Institute for Health and Care Excellence (NICE) recommended a new
treatment (Libmeldy®) for the late infantile and early juvenile forms of MLD, to be used before
symptoms develop or when early symptoms are present. During the development of this
recommendation, clinicians and patients highlighted the importance of early diagnosis and
newborn screening for inherited disorders such as MLD.

Screening for MLD is not currently included in the UKnewborn screening programme and has
not previously been considered by the UKNSC.

There are a number of tests which could potentially be used to screen for MLD, and screening
could also identify babies with multiple sulfatase deficiency (MSD), another ultra-rare inherited
condition.

The aim of this 2025 evidence summary was to assess the published evidence relevant to
newborn screening for MLD. It was commissioned by the UKNSC, following an initial
assessment, which concluded that there was sufficient evidence to justify a more in-depth
review of the evidence and that MLD should be added to the UKNSC’s recommendation list, to
be kept under regular review.

This evidence summary looked at evidence on the accuracy of tests that could be used to
screen for MLD and the effectiveness of treatments in babies identified by screening. It also
considered evidence about whether introduction of a screening programme for MLD represents
value for money, in the context of available resource in the UK National Health Service (NHS).
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The 2025 evidence summary has concluded that key areas of uncertainty remain over the best
way to identify babies with MLD and whether identification of babies with MLD through newborn
screening results in more effective treatment with better long-term outcomes. Experience from
any implemented screening programmes (e.g. Norway) and ongoing pilot studies may provide
evidence to reduce uncertainty in the future.
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Executive summary

Purpose of the review

The overall aim of this project was to summarise the available evidence relevant to newborn
screening for metachromatic leukodystrophy (MLD). This evidence summary was commissioned
by the United Kingdom (UK) National Screening Committee (NSC), following completion of an
evidence map on newborn screening for MLD in 2023.

Background

MLD, also known as Arylsulfatase A (ARSA) deficiency, is a rare neurodegenerative disease, in
which deficiency in the ARSA enzyme leads to accumulation of sulfatides and consequent
damage to the myelin sheath of neurons. MLD is a lysosomal storage disorder with autosomal
recessive inheritance. MLD has three forms which are classified according to age at symptom
onset: late infantile (typically presenting before 30 months of age), juvenile (typically presenting
between 3 and 16 years of age), and adult (typically presenting after 16 years of age), with late
infantile being the most common (50%-60% of cases) and most severe form. The incidence of
MLD in the UK has been estimated at approximately 1:40,000 live births.

MLD is usually detected after birth and once symptoms have manifested, unless there is an
awareness of family history/mutation status or previous development of MLD in a sibling.

Potential methods of screening for MLD utilise the measurement of sulfatide levels in urine or
dried blood spot (DBS) samples, the quantification (by immunoassay) of ARSA protein
abundance in DBS and the measurement of ARSA enzymatic activity in DBS samples using
tandem mass spectrometry. Screening for MLD also has the potential to identify individuals with
multiple sulfatase deficiency (MSD), another ultra-rare lysosomal storage disorder where
affected patients also display high sulfatide levels and low ARSA enzymatic activity in the blood.

Atidarsagene autotemcel (ARSA-cel/OTL-200, developed by Orchard Therapeutics and
branded as Libmeldy®) was recommended in 2022 by the National Institute for Health and Care
Excellence (NICE), Highly Specialised Technology (HST) guidance 18 (HST18), as an option for
treating MLD in presymptomatic children with late infantile or early juvenile MLD, and in children
with early juvenile MLD who have early clinical signs or symptoms (who can still walk
independently and who have no cognitive decline). Libmeldy® was approved by the U.S. Food
and Drug Administration (FDA) for the treatment of presymptomatic late infantile,
presymptomatic early juvenile or early symptomatic early juvenile MLD in March 2024.

Routine newborn screening for MLD is not currently recommended by the UKNSCand MLD is
not included in the Recommended Uniform Screening Panel (RUSP) in the United States (US).

Screening for MLD has not previously been considered by the UKNSC. It was proposed as a
potential newborn blood spot (NBS) population screening programme in the 2021 annual call for
topics. The submission reasoned that, without screening, affected individuals are only identified
before symptom onset when an older sibling is affected and that this limits the opportunity for
treatment in individuals without affected siblings. In 2023, a preliminary evidence map was
commissioned by the UKNSC to evaluate the volume and type of evidence related to newborn
screening for MLD. The evidence map concluded that there was sufficient evidence to justify
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commissioning an evidence summary and that MLD should be added to the UKNSC's
recommendation list, to be kept under regular review.

Focus of the review

This evidence summary considered the evidence to inform four UKNSC criteria for a population
screening programme. The criteria considered and the associated research questions were as
follows:

Criterion 4 — There should be a simple, safe, precise and validated screening test.

Criterion 5 — The distribution of test values in the target population should be known and a
suitable cut-off level defined and agreed.

Research question 1: What is the accuracy of single test and 2-tier NBS screening strategies for
MLD, using DBS samples?

Criterion 9 — There should be an effective intervention for patients identified through screening,
with evidence that intervention at a pre-symptomatic phase leads to better outcomes for the
screened individual compared with usual care. Evidence relating to wider benefits of screening,
for example, those relating to family members, should be taken into account where available.
However, where there is no prospect of benefit for the individual screened then the screening
programme should not be further considered.

Research question 2: Does early initiation of treatment following screening lead to improved
outcomes for MLD compared to initiation of treatment following clinical presentation?

Criterion 14 — The opportunity cost of the screening programme (including testing, diagnosis
and treatment, administration, training and quality assurance) should be economically balanced
in relation to expenditure on medical care as a whole (value for money). Assessment against
this criterion should have regard to evidence from cost benefit and/or cost-effectiveness
analyses (CEAs) and have regard to the effective use of available resource.

Research question 3: How have modelling studies and CEAs addressed NBS screening for MLD
in the era of novel treatments?

In addition to summarising the available evidence to inform the above questions, this report
includes:

e a horizon scanning exercise to identify any ongoing studies and recent developments
in novel therapies for MLD

¢ information about any implemented NBS screening programmes for MLD that are
relevant to the UK context

e a summary of clinical guidelines on the management of MLD that are relevant to the
UK context

In order to maintain relevance to current clinical practice, this evidence summary considers
research published since 2012.
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Recommendation under review

Newborn screening for MLD has not previously been considered by the UKNSC.

Findings and gaps in the evidence of this review
Criterion 4 (There should be a simple, safe, precise and validated screening test)

The available evidence to inform research question 1 ‘What is the accuracy of single test and
2-tier NBS screening strategies for MLD, using DBS samples?’ was sparse. All three
publications included in this evidence summary reported early-stage studies which aimed to
assess the feasibility of implementing NBS screening for MLD and all three studies were rated
as having high risk of bias with respect to evaluating the accuracy of NBS screening algorithms
for MLD.

It is important to note that no study included in this evidence summary reported either
confirmatory genetic testing of screen negative DBS or any method (e.g. records review or
surveillance) designed to identify cases of MLD that may have been missed by screening (false
negative [FN]). Hence all reported or calculated estimates of the performance of NBS screening
algorithms for MLD are uncertain and speculative in nature, since they assume that no cases of
MLD were missed.

We did not identify any studies which reported experience from implemented screening
programmes.

The limited evidence currently available indicates that criterion 4 is not met.

Criterion 5 (The distribution of test values in the target population should be known and a
suitable cut-off level defined and agreed)

Findings from the small UK ‘pre-pilot’ study included in this evidence summary indicate that
criterion 5 is not met. This conclusion is based on the incidental identification of a new case of
late infantile MLD, during the validation phase of this study; DBS from this newborn had a
C16:0- sulfatide level of 0.15 ymol/L, which is below the =0.17 pymol/L cut-off used in the 2-tier
algorithm evaluated by all three of the studies included in this evidence summary and which has
been reported as the cut-off required to achieve 100% sensitivity.

Criterion 9 (There should be an effective intervention for patients identified through screening,
with evidence that intervention at a pre-symptomatic phase leads to better outcomes for the
screened individual compared with usual care)

The limited evidence currently available indicates that criterion 9 is not met. There is some very
weak, indirect evidence to indicate that the effects of gene therapy treatment (Libmeldy®) on
gross motor function, relative to untreated patients, may be greater where patients receive
treatment before symptoms develop; this evidence is derived from one small study with
substantial methodological limitations, which was funded by Orchard Therapeutics (the
manufacturer of Libmeldy®). This study also formed the basis of the company’s submission for
NICEHST18. There is currently no direct evidence that identification of patients with MLD
through screening or cascade testing results in improved outcomes.

10
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Criterion 14 (The opportunity cost of the screening programme (including testing, diagnosis
and treatment, administration, training and quality assurance) should be economically balanced
in relation to expenditure on medical care as a whole (value for money). Assessment against
this criterion should have regard to evidence from cost benefit and/or CEAs and have regard to
the effective use of available resource)

The available evidence to inform research question 3 ‘How have modelling studies and CEAs
addressed NBS screening for MLD in the era of novel treatments?’ is derived from a single
publication, which reports an economic evaluation of MLD screening in the UK with substantial
methodological limitations. The lead author of this publication and three additional study authors
were employees of Orchard Therapeutics, the company that manufactures ARSA-cel
(Libmeldy®), and two further authors received payment from Orchard Therapeutics for Markov
model development.

Reported findings indicate that newborn screening can significantly increase the number of
presymptomatic MLD patients diagnosed within the treatment window, allowing for earlier
intervention with ARSA-cel (Libmeldy®), which is associated with substantial improvements in
survival and quality of life (QoL). Sensitivity analyses tested variations in incidence rates,
treatment eligibility, and discount rates, demonstrating that newborn screening remains cost-
effective under most scenarios. However, there was a lack of justification in the choice of model
parameters and ranges for sensitivity analyses, that could impact result reliability. Crucially, the
reliance on clinical expert opinion for several parameters and the lack of transparency in the
source of the parameters that were key drivers i.e. the treatment effect of ARSA-cel (Libmeldy®)
means that the robustness of the findings is questionable. Overall, these findings provide the
most comprehensive published economic evaluation of MLD screening to date but remain
insufficient to make the case for incorporating MLD into national newborn screening
programmes, i.e. criterion 14 is not met.

Recommendations on screening

The current published evidence base alone is not adequate to support implementation of NBS
screening for MLD.

Future publication of data from implemented screening programmes and ongoing pilot studies
has the potential to provide evidence to inform criteria 4 and 5.

Further work is needed to adequately evaluate the performance of screening algorithms for
MLD, in practice, and to establish the cut-off values appropriate for use in the UK population.
Methodologically robust studies are needed to confirm the clinical effectiveness of available
treatments for MLD and to test the hypothesis that treatment outcomes are improved where
patients are treated before the onset of symptoms (i.e. through screening). Evidence about the
performance of screening algorithms and the efficacy of treatment is a pre-requisite to provide
robust model inputs for CEAs.

Limitations

The paucity and poor quality of evidence, across all the criteria considered in this evidence
summary, is a key limitation. Evidence generation is still at a relatively early stage and ongoing
pilot studies and/or data collection from the first implemented screening programmes are likely
to inform future evidence reviews.

11
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This evidence summary employed standard systematic review methodology to ensure that the
capture of relevant evidence was as complete as possible. In addition, to provide further
context, we sought information about existing guidelines and any implemented NBS screening
programmes for MLD. We also conducted a horizon scanning exercise to identify any ongoing
studies of novel treatments for MLD.

The systematic review component of this evidence summary was limited by a restriction to full
publications in the English language.

12
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Introduction and approach

Background

Metachromatic leukodystrophy (MLD), also known as Arylsulfatase A (ARSA) deficiency, is a
rare neurodegenerative disease, in which deficiency in the ARSA enzyme leads to the
accumulation of sulfatides and consequent damage to the myelin sheath of neurons.’ 2 MLDiis
a lysosomal storage disorder with autosomal recessive inheritance.” 2 The incidence of MLDin
the United Kingdom (UK) has been estimated at approximately 1:40,000 live births.® MLD has
three forms which are classified according to age at symptom onset: late infantile (typically
presenting before 30 months of age), juvenile (typically presenting between 3 and 16 years of
age), and adult (typically presenting after 16 years of age).” The late infantile form is the most
severe and most common form of MLD, comprising 50%-60% of cases. Rapid progression of
the late infantile form of MLD usually results in death before the age of 5 years.? *
Approximately 20%-25% of children with MLD are affected by the juvenile form, which is
typically fatal before the age of 20 years.%> ® The adult form of MLD is the least common, with
slower progression, characterised by periods of stability and progression continuing until death
(typically occurring between 6 and 14 years after diagnosis)." # The presenting symptoms of
MLD vary by form and include muscle weakness, hypotonia, clumsiness, dysarthria, cognitive
regression and neurological issues (weakness and loss of coordination progressing to spasticity
and incontinence)." Individuals with juvenile or adult forms may present with a decline in school
or job performance, behavioural or emotional problems, or psychosis.’

MLDis usually detected after birth and once symptoms have manifested, unless there is an
awareness of family history/mutation status or previous development of MLDin a sibling.> *

Potential methods of screening for MLD utilise the measurement of sulfatide levels in urine or
dried blood spot (DBS) samples,? the quantification (by immunoassay) of ARSA protein
abundance in DBS® and the measurement of ARSA enzymatic activity in DBS samples using
tandem mass spectrometry.’® Studies have assessed sulfatide analysis and ARSA enzymatic
activity individually (single tier screening),' or in combination as a 2-tier screening strategy.'’-'3
The 2-tier screening strategy also has the potential to identify individuals with multiple sulfatase
deficiency (MSD), another ultra-rare lysosomal storage disorder where affected patients also
display high sulfatide levels and low ARSA enzymatic activity in the blood." '* The treatment
options for individuals with MSD are limited to management of symptoms and supportive care.'®
For both MLD and MSD, early identification may be useful for reproductive planning, as carrier
testing for at-risk family members and prenatal testing for pregnancies at increased risk are
possible using molecular genetic techniques if the pathogenic variants in the family are known.'®
Low ARSA enzymatic activity alone is not considered sufficient for the diagnosis of MLD. This is
due to the relatively high prevalence of the ARSA pseudo deficiency allele, which leads to
reduced enzyme activity (5% to 20% of that of normal controls)," but which is not known to
manifest as disease or neurological symptoms.'® Relatively high rates of detection of ARSA
pseudo deficiency have also been reported for screening using quantification of ARSA levels by
immunoassay.'” Questions have also been raised about the sensitivity of the immunoassay
method as properly folded, but enzymatically deficient proteins could potentially give rise to
false negatives.'" '8 The thermal instability of ARSA adds a potential logistic challenge in that
inadequate sample storage conditions can result in ARSA degradation and hence generate
false positives.? Genetic testing is generally recommended to confirm a diagnosis of MLD and

13
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genetic confirmatory testing is considered the reference standard for screening.? Magnetic
resonance imaging (MRI) brain scans can also be used to inform a diagnosis of MLD.?

Interventions evaluated for the treatment of MLD have included bone marrow or haematopoietic
stem cell transplantation (HSCT), enzyme replacement therapy, cell therapies and gene
therapies.’ However, HSCT has been shown to have limited efficacy and is associated with a
significant risk of complications.?° Historically, best supportive care (BSC) and the management
of symptoms have been the main focus of treatment, particularly for individuals with late infantile
MLD in whom disease management has focussed on palliative care.> ’

Atidarsagene autotemcel (ARSA-cel/OTL-200, developed by Orchard Therapeutics and
branded as Libmeldy®) is recommended by the National Institute for Health and Care
Excellence (NICE), Highly Specialised Technology (HST) guidance 18 (HST18), as an option for
treating MLD in presymptomatic children with late infantile or early juvenile MLD, and in children
with early juvenile MLD who have early clinical signs or symptoms (who can still walk
independently and who have no cognitive decline).® Libmeldy® is an autologous haematopoietic
stem cell gene therapy (HSC-GT), which involves removing and correcting a patient’s stem cells
by inserting a functional copy of the ARSA gene, before returning the cells to the patient.®
Libmeldy® should be delivered in a highly specialised service by a specialist multidisciplinary
team.®

The first baby to be treated with Libmeldy® in the UK National Health Service (NHS) was treated
at the Royal Manchester Children’s Hospital in 2022.2" Treatment began with stem cell harvest
at 12 months of age and transplant of the treated stem cells took place in August 2022. The
patient was discharged home in October 2022 and several months later (February 2023), “has
fully recovered from the transplant and is showing no signs of the devastating disease she was
born with."?2

Libmeldy® was approved by the U.S. Food and Drug Administration (FDA) for the treatment of
presymptomatic late infantile, presymptomatic early juvenile or early symptomatic early juvenile
MLDin March 2024.%3

Current policy context and previous reviews

There is a simple discount Patient Access Scheme (PAS) for Libmeldy® in place in the NHSin
England, which is scheduled for review in 2025.°

Routine newborn screening for MLD is not currently recommended by the UK National
Screening Committee (NSC). Screening was discussed during the appraisal process which
informed NICE guidance HST18° where clinical and patient experts highlighted the importance
of early diagnosis and newborn blood spot (NBS) screening for inherited disorders such as
MLD, and NICE appraisal committee’s members acknowledged the difficulties of diagnosis
without knowledge of an affected sibling.> ’

MLD s not included in the Recommended Uniform Screening Panel (RUSP) in the United
States (US),?* and is not included in the list of conditions nominated to the RUSP.2°

Screening for MLD has not previously been considered by the UKNSC. It was proposed as a
potential NBS population screening programme in the 2021 annual call for topics. The
submission reasoned that, without screening, affected individuals are only identified before
symptom onset when an older sibling is affected and that this limits the opportunity for treatment
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in individuals without affected siblings. In 2023, a preliminary evidence map was commissioned
by the UKNSC to evaluate the volume and type of evidence related to newborn screening for
MLD. The evidence map’ considered the following questions:

e What is the volume and type of evidence on the accuracy of newborn screening
strategies for MLD using DBSs?

e What is the volume and type of evidence available on the benefits and/or harms of
interventions in presymptomatic/asymptomatic children with MLD identified through
screening? i.e. does early initiation of treatment following screening provide better
outcomes for MLD compared with initiation of treatment following clinical detection?

e What is the volume and type of evidence on the cost effectiveness of treatment or
screening for MLD in asymptomatic or symptomatic patients?

The 2023 UKNSC evidence map included 25 references, the majority of which (19 references)
related to the treatment question.” The evidence map included one US study which evaluated a
2-tier screening algorithm (combining quantification of C16:0-sulfatide with measurement of
ARSA enzymatic activity) for MLD screening using DBSs from 27,000 newborns. The evidence
map also noted that two prospective pilot studies were ongoing in Northern Germany and in
New York State, US. For the treatment question, publications relating to 19 cohort and case-
control studies were included. The interventions evaluated in these studies included gene
therapy (most commonly Libmeldy®, 14 publications), HSCT and umbilical cord blood
transplantation. These publications evaluated the efficacy and safety of treatments in
presymptomatic patients with MLD and included some comparisons of outcomes with untreated
or symptomatic treated patients. However, none of the studies included in the evidence map
reported cohorts that were explicitly stated to have been identified through NBS screening or
cascade testing, i.e. no studies were identified which could provide information on the relative
efficacy of a given treatment in early (screening or cascade testing) versus late (symptomatic
clinical detection) diagnosed patients with MLD. Four studies, reported in five conference
abstracts, were included for the cost effectiveness question; three studies evaluated the cost
effectiveness of treatment with Libmeldy® and one study evaluated the cost effectiveness of
NBS screening for MLD.

The evidence map concluded that there was sufficient evidence to justify commissioning an
evidence summary and that MLD should be added to the UKNSC's recommendation list, to be
kept under regular review. The evidence provided by the evidence map was presented and
discussed by the UKNSCin June 2023. The committee agreed with the conclusions of the
evidence map and recommended that further work on screening for MLD should be
commissioned in the form of a full evidence summary including all the questions examined by
the evidence map.’

This evidence summary provides a summary the published evidence currently available to
assess four key UKNSC criteria:2®

Criterion 4 — There should be a simple, safe, precise and validated screening test.

Criterion 5 — The distribution of test values in the target population should be known and a
suitable cut-off level defined and agreed.
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Criterion 9 — There should be an effective intervention for patients identified through screening,
with evidence that intervention at a pre-symptomatic phase leads to better outcomes for the
screened individual compared with usual care. Evidence relating to wider benefits of screening,
for example those relating to family members, should be taken into account where available.
However, where there is no prospect of benefit for the individual screened then the screening
programme should not be further considered.

Criterion 14 — The opportunity cost of the screening programme (including testing, diagnosis
and treatment, administration, training and quality assurance) should be economically balanced
in relation to expenditure on medical care as a whole (value for money). Assessment against
this criterion should have regard to evidence from cost benefit and/or CEAs and have regard to
the effective use of available resource.

In order to maintain relevance to current practice, and for consistency with the 2023 UKNSC
evidence map,’” we have included relevant literature published since January 2012. It should
also be noted that the initial evidence map only gauged the volume and type of evidence
available and did not involve an in-depth assessment of the evidence. This evidence summary
builds on the level of detail provided by the evidence map by including an in-depth appraisal
and synthesis of the included evidence. As part of the development of this evidence summary,
an in-depth assessment of the evidence outlined that some references in the evidence maps
were conference abstracts and, therefore, these do not meet the inclusion criteria specified for
this evidence summary.

Objectives

The overall aim of this project was to assess the volume, type and direction of evidence relevant
to newborn screening for MLD in the UKNHS NBS screening programme. The following
research questions were defined to address specific project objectives:

1. What is the accuracy of single test and 2-tier NBS screening strategies for MLD, using
DBS samples?

2. Does early initiation of treatment following screening lead to improved outcomes for MLD
compared to initiation of treatment following clinical presentation?

3. How have modelling studies and CEAs addressed NBS screening for MLD in the era of
novel treatments?

In addition to summarising the available evidence to inform the above questions, we:

e conducted a horizon scanning exercise to identify any ongoing studies and recent
developments in novel therapies for MLD

e sought information about any implemented NBS screening programmes for MLD that are
relevant to the UK context

e sought published clinical guidelines on the management of MLD that are relevant to the
UK context
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Table 1: Key questions for the evidence summary and relationship to the UKNSC screening criteria

Criterion Key questions Studies/Publications
Included

Screening Test

4 There should be a What is the 3mz2r2s
simple, safe, precise and accuracy of single
validated screening test. test and 2-tier NBS

screening strategies
for MLD, using DBS
samples?

5 The distribution of test
values in the target
population should be
known and a suitable
cut-off level defined and
agreed.

Treatment

9 There should be an Does early initiation 22930
effective intervention for  of treatment
patients identified following screening
through screening, with  lead to improved
evidence that outcomes for MLD
intervention at a pre- compared to
symptomatic phase initiation of
leads to better outcomes treatment following
for the screened clinical
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individual compared with presentation?
usual care. Evidence
relating to wider benefits
of screening, for
example those relating
to family members,
should be taken into
account where available.
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programme should not
be further considered.
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Criterion Key questions Studies/Publications
Included

Cost effectiveness

14 The opportunity cost of  How have modelling 13
the screening studies and CEAs
programme (including addressed NBS
testing, diagnosis and screening for MLD in
treatment, the era of novel

administration, training treatments?
and quality assurance)
should be economically
balanced in relation to
expenditure on medical
care as a whole (value
for money). Assessment
against this criterion
should have regard to
evidence from cost
benefit and/or CEAs and
have regard to the
effective use of available
resource.

DBS: dried blood spot; CEAs: cost-effectiveness analyses; NBS: newborn blood
spot; MLD: metachromatic leukodystrophy; NSC: National Screening Committee;
MSD: multiple sulfatase deficiency; UK United Kingdom

Methods

The current review was conducted by Kleijnen Systematic Reviews Ltd (KSR), in keeping with
the UKNSC evidence review process.

All searching was undertaken to the highest standard to meet best practice requirements
recommended by the Centre for Reviews and Dissemination (CRD) and the Cochrane
Collaboration Handbook.3? 33

A sensitive search strategy was developed to retrieve references to studies on MLD. Search
strategies were developed specifically for each database and the keywords adapted according
to the configuration of each database. Searches combined relevant search terms comprising
indexed keywords (e.g. Medical Subject Headings (MeSH) and EMTREE) and free text terms
appearing in the title and/or abstract of database records. Search terms were identified through
discussion with the review team, by scanning background literature and ‘key articles’ already
known to the review team, and by browsing database thesauri.
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Only studies conducted in humans were sought. Searches were not limited by language or by
publication status (unpublished or published). In order to maintain relevance to current clinical
practice and update existing research, searches were date limited from 2012 to present.
Conference proceedings and preprints were not included in the search.

The main Embase strategy for each search was independently peer reviewed by a second
Information Specialist based on the Canadian Agency for Drugs and Technologies in Health
(CADTH) Peer Review checklist.34

Identified references from the bibliographic database searches were downloaded into Endnote
bibliographic management software for further assessment and handling. Individual records
within the Endnote libraries were tagged with searching information, such as searcher, date
searched, database host, database searched, strategy name and iteration, theme or search
question. This enabled the Information Specialist to track the origin of each individual database
record, and its progress through the screening and review process.

Eligibility for inclusion in the review
The process for selecting studies for inclusion in this evidence summary was as follows:

1. Each title and abstract was reviewed against the inclusion/exclusion criteria by two
reviewers, independently. Any disagreements were resolved by discussion and
consultation with a third reviewer, as needed.

2. Full-text articles required for the full-text review stage were acquired.

3. Each full-text article was reviewed against the inclusion/exclusion criteria by two
reviewers, independently, to determine whether the article was relevant to one or more of
the review questions. Any disagreements were resolved by discussion and consultation
with a third reviewer, as needed.

Eligibility criteria for each question are presented in Table 2 below. Studies published in
languages other than English were excluded. Only studies reported in peer reviewed
publications were eligible for inclusion; conference abstracts were excluded.
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Data extraction

Data were extracted by one reviewer, using piloted data extraction forms. A second reviewer
checked the data extraction and any disagreements were resolved by consensus or discussion
with a third reviewer.

Appraisal for quality/risk of bias tool

The methodological quality of included studies was assessed by one reviewer and checked by a
second reviewer; any disagreements were resolved by discussion or by consultation with a third
reviewer. A summary of risk of the methodological quality of included studies is provided in the
question level synthesis and full risk of bias assessments, for each study, are provided in
Appendix 3.

The following tools were used to assess the quality and risk of bias of each study included in the
review:

e studies which reported test performance characteristics for one or more screening
algorithms for NBS screening for MLD: Quality Assessment of Diagnostic Accuracy
Studies (QUADAS-2) tool®*® and QUADAS-comparative (QUADAS-C),%® when
appropriate

e observational studies which used simple pairwise comparisons with historical natural to
assess the effectiveness of treatments in patients with pre-symptomatic/early
symptomatic MLD: Risk Of Bias In Non-Randomized Studies — of Interventions
(ROBINS-I)%

e cost effectiveness studies: guidelines for authors and peer reviewers of economic
submissions to the British Medical Journal (BMJ) (the Drummond checklist)38

Methods of analysis/synthesis

A narrative synthesis of results is presented, structured by UKNSC criterion and key question.
No meta-analyses were conducted.

Databases/sources searched

Search strategies were developed to identify studies on MLD, as recommended in the CRD
guidance for undertaking reviews in health care3? and the Cochrane Handbook for Diagnostic
Test Accuracy Reviews.®®

Candidate search terms were identified from target references, browsing database thesauri
(e.g. MEDLINE MeSH and Embase EMTREE), existing reviews and initial scoping searches.
Strategy development involved an iterative approach testing candidate text and indexing terms
across a sample of bibliographic databases, aiming to reach a satisfactory balance of sensitivity
and specificity. Search strategies were developed specifically for each database and the
keywords and thesaurus terms were adapted according to the configuration of each database.

In order to maintain relevance to current clinical practice and to maintain consistency with the
UKNSC 2023 Evidence Map, searches carried a date limit of 2012 to present (October 2024).
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For details of the full search strategies used please see Appendix 1.
Searches were conducted on the following resources:

e MEDLINE and Epub Ahead of Print, In-Process, In-Data-Review & Other Non-Indexed
Citations and Daily (Ovid): 2012-2024/10/21

e Embase (Ovid): 2012-2024/10/21

e Cumulative Index to Nursing and Allied Health Literature (CINAHL) (EBSCO): 2012-
2024/10/23

e Cochrane Database of Systematic Reviews (CDSR) (Wiley): 2012-2024/10/1ss10
e Cochrane Central Register of Controlled Trials (CENTRAL) (Wiley): 2012-2024/10/Iss9
e KSREvidence (KSR) (Internet) (https://ksrevidence.com/): up to 2024/10/22

e Orphanet (Internet) (https://www.orpha.net/en/disease): up to 2024/10/22

e Orphanet Newborn Screening Bibliographical Knowledgebase (Internet)
(https://nbs.orphanet.app/): up to 2024/10/22

Horizon scanning searches

Completed and ongoing trials were identified by searches of the following resources:

e National Institutes of Health (NIH) ClinicalTrials.gov (Internet)
(http://www.clinicaltrials.gov/): up to 2024/10/15

e EUCIinical Trials Register (Internet) (https://www.clinicaltrialsregister.eu/ctr-
search/search): up to 2024/10/21

e World Health Organization International Clinical Trials Registry Platform (WHO ICTRP)
(Internet) (http://www.who.int/ictrp/en/): up to 2024/10/15

e ScanMedicine (Internet) (https://scanmedicine.com/): up to 2024/10/21

Additional searches

A search of the following resources was conducted to identify background, guideline and policy
documents on MLD:

e Trip Database (Internet) (https://www.tripdatabase.com/): up to 2024/10/21

e Guidelines International Network (GIN) (Internet) (https://g-i-n.net/international-
guidelines-library/): up to 2024/10/21

e NICE (https://www.nice.org.uk/): up to 2024/10/21
e International HTA Database (Internet) (https://database.inahta.org/): up to 2024/10/22

e National Institute for Health and Care Research (NIHR) Health Technology Assessment
(HTA) (Internet) (https://www.nihr.ac.uk/): up to 2024/10/21
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e Europe, Middle East & Africa (ECRI) Guidelines Trust (Internet) (https://home.ecri.org/):
up to 2024/10/21

Update searches

In order to identify any relevant primary studies published since the original strategies were run
in October 2024, the main Embase and MEDLINE searches were rerun in their entirety in
January 2025. Results were deduplicated against the original search results and for
completeness the medRXxiv preprints database was also searched for any relevant forthcoming
papers, limiting the date to those papers “posted between " 01 Jan, 2021 and 03 Feb, 2025""

e MEDLINE and Epub Ahead of Print, In-Process, In-Data-Review & Other Non-Indexed
Citations and Daily (Ovid): 2012-2025/01/29

e Embase (Ovid): 2012-2025/01/29
¢ medRxiv (Internet): 2021-2025/02/03

The main Embase strategy for each search was independently peer reviewed by a second
Information Specialist based on the CADTH Peer Review checklist.34
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Overview of included studies

The literature searches conducted for this evidence summary identified 2,547 unique
publications, after deduplication. Following initial screening of titles and abstracts, 38
publications were considered to be potentially relevant and ordered for full paper screening; of
these, seven are included in the Question level synthesis.'" 27-31. 40 The update searches
identified 127 unique publications, after deduplication, all of which were excluded at the first
stage of inclusion assessment (title and abstract review).

Three publications provided data to inform research question 1 on test accuracy,!" ?7- 28 three
publications?® 30 40 relating to two studies provided data to inform research question 2 on
treatment, and one publication provided data to inform research question 3 on cost-
effectiveness.’’

Three of the publications included in this evidence summary'" 2% 40 had previously been
identified by the 2023 UKNSC evidence map.’

Appendix 2 provides a Preferred Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA) flow chart for this evidence summary and details of studies included and excluded
after full-text screening. In addition, Appendix 2 includes details of the studies included in the
2023 UKNSC evidence map,” whether these studies are included in the current evidence
summary and reasons for exclusion (where applicable).

In addition to the systematic literature review, this evidence summary included a horizon
scanning exercise; no ongoing studies of novel therapies for MLD were identified.

We also sought information about any existing implemented NBS screening programmes for
MLD that are relevant to the UK context, irrespective of whether such programmes were
associated with published evaluations. The 2023 UKNSC evidence map,’ noted that two
prospective pilot studies were ongoing in Northern Germany and in New York State, US, and
this evidence summary includes one publication relating to the German pilot study.?” One
publication,'® which did not meet the inclusion criteria for this evidence summary (excluded at
the full-text screening stage, see Table 38, Appendix 2), listed the following MLD newborn
screening pilot studies initiated in the 2 years prior to 2024:

¢ An assay validation study at the Hospices Civils de Lyon, France.
e A pre-pilot study of 3,687 newborns at the Royal Manchester Children’s Hospital
(Manchester Biochemical Genetics Laboratory, UK) — related publication included in this

evidence summary.?®

e A prospective pilot study at Rouen University Hospital in Rouen, France (50,000
newborns to date).

e Three prospective pilot studies by Archimedlife in two regions in Germany and
nationwide in Austria (now at >150,000 newborns) — related publication included in this
evidence summary.?’

e A prospective pilot study at the Meyer’s Children’s Hospital in Florence, Italy (started in
March 2023).
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e A prospective pilot study at King Fahad Medical City in Saudi Arabia (~3,000 newborns).

and further noted that, in the US, a multiplex study (ScreenPlus) including MLD, was initiated in
2021, and in 2023, the lllinois legislature approved a Bill to add MLD to the state newborn
screening panel, and implementation is anticipated to start in 2024/25. Future publication of
data from these studies has the potential to provide evidence to inform criteria 4 and 5.

With respect to implemented NBS screening programmes for MLD, we identified a news article
from Oslo University Hospital reporting that: ‘In January 2025, Norway became the first country
in the world to start national screening for metachromatic leukodystrophy (MLD).” ** We were
not able to identify any further details about the new Norwegian screening programme. A 2024
landscape assessment of newborn screening in Europe*? includes only one entry for MLD (a
pilot programme reported for Italy); although no source for this information was cited it should
be noted we identified a separate reference to a prospective pilot study at the Meyer's
Children’s Hospital in Florence, Italy (see above)'3 and that the Meyer’s Children’s Hospital also
participated in the feasibility study, Hong et al. (2021)'! included in this evidence summary
(providing DBS samples from patients with confirmed MLD).

Finally, guidelines searches were undertaken to identify published clinical guidelines on the
management of MLD that are relevant to the UK context. Guidelines searches and a review of
our main searches identified two relevant publications, NICE guidance HST18: ‘Atidarsagene
autotemcel for treating metachromatic leukodystrophy,’® and a journal article reporting
development of a clinical guideline: ‘Newborn screening in metachromatic leukodystrophy —
European consensus-based recommendations on clinical management.’*3 Recommendations
from these two publications are summarised in Appendix 5.
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Question level synthesis

Criteria 4 and 5 - Accuracy of the screening test
Criterion 4 — There should be a simple, safe, precise and validated screening test.

Criterion 5 — The distribution of test values in the target population should be known and a
suitable cut-off level defined and agreed.

Question 1 — What is the accuracy of single test and 2-tier NBS screening strate-
gies for MLD, using DBS samples?

The 2023 UKNSC evidence map’ identified one study, Hong et al. (2021)'"" which was relevant
to the question:

What is the volume and type of evidence on the accuracy of newborn screening strategies for
MLD using DBSs?

The 2023 UKNSC evidence map noted that Hong et al. (2021)'! evaluated a 2-tier screening
strategy for MLD, followed by genetic confirmatory testing for clinically relevant ARSA variants,
which was designed to have 100% sensitivity and was subsequently found to have almost
100% specificity.” However, it was further noted that: ‘at present, evidence on the performance
of the 2-tier newborn screening strategy in DBS samples for MLD is limited’ and that two
ongoing pilot studies in Northern Germany** and New York'? may contribute further evidence on
this screening strategy.” No studies were identified which met the eligibility criteria for the 2023
UKNSC evidence map and evaluated single screening tests (measurement of sulfatides or
ARSA enzymatic activity) followed by genetic confirmatory testing; the 2023 UKNSC evidence
map stated that further work to evaluate all available screening strategies would be justified.”

What is added by this evidence summary

This evidence summary provides a summary of the published studies available to inform
question 1, which includes Hong et al. (2021)"" (included in the 2023 UKNSC evidence map’), a
recent published report from a German pilot study,?” (identified as an ongoing study by the 2023
UK NSC evidence map’), and a report of a newly identified UK pre-pilot study.?® We did not
identify any publications relating to the ongoing US pilot study'? noted by the 2023 UKNSC
evidence map.’

No studies were identified which reported experience from implemented screening
programmes.

Description of new evidence in relation to previous evidence reviews

The searching and title and abstract screening stages of the evidence summary were
conducted as a single process, with consideration of all three research questions. Appendix 2
provides an overall PRISMA flow chart for this evidence summary and details of studies
included and excluded after full-text screening.

Following full-text screening, there were three publications that met the inclusion criteria
specified for research question 1."" 2728 One publication, a report of a prospective feasibility
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study,’ was included in the 2023 UKNSC evidence map.” The two new publications identified
by this evidence summary reported results from a prospective pilot study, Laugwitz et al.
(2024),?" conducted in Germany and a prospective ‘pre-pilot’ study, Wu et al. (2024),28
conducted in the UK; both of these studies were funded by Orchard Therapeutics, the company
which manufactures Libmeldy® (recommended for the treatment of pre-symptomatic and early
symptomatic MLD).®> The German pilot study was published in the New England Journal of
Medicine as a letter to the editor, with a detailed study report provided as supplementary
material;?” although not a peer-reviewed publication the article has been included in this
evidence summary in the interests of providing the fullest information possible.

All three of the publications included in this section evaluated 2-tier screening strategies
involving the measurement of sulfatides and ARSA enzyme activity;'" 2728 Laugwitz et al.
(2024)?" described a 3-tier algorithm where ‘confirmatory’ genetic testing of the DBS sample
comprised the 3" tier. A summary of the screening algorithms evaluated by the included studies
is provided in Table 3 and illustrative flow charts are provided in Appendix 4. We did not identify
any studies that evaluated single screening tests.

Prospective feasibility study

The feasibility study, Hong et al. (2021),"" used DBS samples from de-identified newborns to
evaluate a 2-tier screening algorithm, which had been designed to minimise the false positive
rate (FPR). The 15t tier of the screening algorithm comprised the quantification of C16:0-
sulfatide in DBS, using ultraperformance liquid chromatography — tandem mass spectrometry
(UPLC-MS/MS) and the 2"d tier comprised an ARSA enzymatic activity assay, using a tandem
mass spectrometry method previously published by the authors.°

The DBS samples from de-identified newborns used in this study were provided by the
Washington State Department of Health, US, after being stored at room temperature for 30 to
60 days. A total of 15 archived DBS samples from newborns with confirmed MLD were acquired
through the MLD foundation, University of Pittsburgh, US and the Meyer Children’s Hospital,
Florence, Italy, and were used to establish reference ranges; these samples had been stored at
-20°C."

In the first phase of the Hong et al. (2021)'" study, the 15t tier screening cut-off was established
based on C16:0-sulfatide concentrations in DBS from 15 newborns with confirmed MLD (median
0.32 pmol/L, range 0.18 to 0.47 ymol/L) and 2,000 random newborns (median 0.094 umol/L,
range 0.020 to 0.23 pymol/L). With consideration to the overlap between these distributions, the
screening cut-off required to achieve 100% sensitivity was judged to be 20.17 ymol/L."" The
final method used for 15t tier screening was quantification of C16:0-sulfatide in DBS using ds-
C16:0-sulfatide as the internal standard and normalised to the external calibrator (14.4 nmol/L
C16:0-sulfatide in methanol). Consideration of the normalised sulfatide levels in the DBS from
six (insufficient residual sample for the remaining nine) of the newborns with confirmed MLD
(median 1.24, range 0.68 to 1.48) and the DBS from 2,000 random newborns (median 0.34,
range 0.11 to 0.86) resulted in the definition of the cut-off needed to achieve 100% sensitivity as
>0.64, after normalisation.!’

Measurement of ARSA enzymatic activity was implemented for 2" tier screening.’” The
enzymatic activity assay used a tandem mass spectrometry method, previously published by
the authors,'® and a second 3 mm punch from the same DBS used for the sulfatide analysis. To
account for the thermal instability of ARSA the reference range had previously been
established using DBS samples from newborns with confirmed MLD and ‘matching newborns’
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(newborns with normal sulfatide levels with similar sample storage conditions); the 2" tier
screening cut-off was set at <20% of the mean activity for ‘matching newborns’.’® If ARSA
enzymatic activity was low, the activities of three additional sulfatases (iduronate-2-sulfatase
[12S], N-Acetylgalactosamine-6-sulfatase [GALNS] and Arylsulfatase B [ARSB]) were measured
to distinguish MLD screen positives from MSD screen positives."

In the second phase of the Hong et al. (2021) study, 27,335 DBS from random newborns were
screened using the strategy described above, of which 195 (0.71%) had a normalised C16:0-
sulfatide level above the cut-off.'" Of the 195 DBS samples with C16:0-sulfatide levels above
0.64, after normalisation, 122 entered 2" tier screening; the remaining 73 were not tested for
ARSA enzymatic activity because the DBS samples were considered to be too old (stored at
room temperature for >3 months) and were excluded from analyses. All but two of the tested
samples had ARSA enzymatic activity >20% of the mean for ‘matching newborns’, i.e. they were
2"d tier screen negative and hence screen negative for MLD."

One of the MLD screen positive samples had a normalised C16:0-sulfatide level of 0.86 and 0%
ARSA enzymatic activity, and the second MLD screen positive sample had a normalised C16:0-
sulfatide level of 0.72 and 8% ARSA enzymatic activity. 12S, GALNS and ARSB activities were
only measured in the second sample and all were >20% of the mean, i.e. negative for MSD.
ARSA exome sequencing was carried out on a third 3 mm punch from each of these DBS
samples; sequencing results for the first sample was interpreted as an MLD-affected patient and
the second sample was interpreted as a heterozygote (carrier); the estimated FPR for this
screening algorithm was 0.0037%."!

No routine further analyses, records review or surveillance was reported, either in relation to the
whole MLD screen negative population (n=27,333) or the 195 15! tier screen positive DBS
samples; although the authors noted that future surveillance would be possible, since the
approximate birthdates of newborns tested were known."" ARSA exome sequencing was
undertaken, and no pathogenic variants detected for 3/122 15t tier screen positive DBS samples,
which had elevated sulfatide levels and normal ARSA enzymatic activity, however, it was not
clear why these samples were selected for sequencing.’” Given the absence of any reported
method for identifying MLD cases that may have been missed by screening, both the true
sensitivity achieved by the proposed screening algorithm and the prevalence of MLD in the
tested population remain subject to uncertainty. If it is assumed that no cases of MLD were
missed and participants whose DBS did not receive 2" tier testing are excluded from the
analysis (i.e. the numbers of true positives [TP)], false positives [FP], false negatives [FN] and
true negatives [TN] were 1, 1, 0 and 27,260, respectively), then the estimated positive predictive
value (PPV) for the screening algorithm would be 50% (95% confidence interval [C]]: 12.35 to
87.65%) and the negative predictive value (NPV) would be 100%.

The Hong et al. (2021) study also explored the possibility of using ARSA enzymatic activity in
DBS as the 15t tier screening test for MLD, with the C16:0-sulfatide assay implemented as the
2"d tier test. This approach was evaluated using de-identified DBS samples from 2,287
newborns. Three of these samples had ARSA enzymatic activity below cut-off, all of which were
considered MLD screen negative based on the results of C16:0-sulfatide analysis; no further
confirmatory testing was reported.’

Measures of the screening algorithm performance are summarised in Table 4 and details of
clinically relevant variants identified are provided in Table 5.
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Prospective pilot and pre-pilot studies

Two further studies, a large (n=109,259) pilot study conducted in Germany?’ and a small
(n=3,687) ‘pre-pilot’ study conducted in the UK 28 evaluated screening algorithms for MLD, which
were based on the methods described in Hong et al. (2021)."!

The large pilot study by Laugwitz et al. (2024) included neonates in hospitals referring to the
newborn screening laboratory in Hannover, Germany, between October 2021 and July 2023, in
whom DBS had been collected for NBS within the first 36 to 72 hours of life (following the
national guidelines for NBS in Germany) and for whom residual DBS sample was available after
completion of the regular national NBS programme and legal guardian consent had been
obtained.?” The study evaluated a 3-tier screening algorithm where the 1! tier used the
UPLC-MS/MS assay described in Hong et al. (2021),"" but utilising measurement of two
sulfatides and a cut-off of 20.17 ymol/L cut-off for C16:0-sulfatide or C16:1-OH-sulfatide =0.05
umol/L, and the 2" tier used the tandem mass spectrometry assay of ARSA enzymatic activity,
described in Hong et al. (2021),"" but with an absolute rather than a relative cut-off (<0.015
umol/L/h). The 3™ tier screening test was genetic sequencing, using the DBS sample, to identify
clinically relevant variants in ARSA, SUMF1or PSAP, a step which might more usually be
regarded as part of confirmatory testing and which comprised the confirmatory testing method in
Hong et al. (2021)."" Laugwitz et al. (2024) described confirmatory diagnosis at a qualified
treatment centre, for MLD screen positive newborns, as comprising measurement of ARSAIn
blood and sulfatides in urine, and confirmatory genetic sequencing of samples from newborn
and parents.?’

Using this algorithm, 381/109,259 (0.35%) of the newborns screened were 18t tier positive (i.e.
had at least one sulfatide, C16:0 and/or C16:1-OH above the cut-off). Due to (unspecified)
technical issues, ARSA enzymatic activity testing was only carried out in 230/381 15t tier positive
DBS; 20 samples showed enzymatic activity below the cut-off (i.e. were 2" tier positive), giving
an overall 2" tier positive rate of 0.018%.%7

Third tier genetic testing of DBS samples was conducted in all 381 samples with elevated
sulfatides (i.e. in all 13t tier screen positive samples, irrespective of whether 2" tier screening
was positive, negative or not undertaken). Three samples, each with two presumed compound
heterozygous pathogenic ARSA variants, were classified as MLD screen positive; all three of
these samples had C16:0-sulfatide and C16:1-OH-sulfatide levels above the cut-off and no
measurable ARSA enzymatic activity, and confirmatory biochemical and genetic testing
confirmed the diagnosis of MLD in all three cases. Six further samples had only one clinically
relevant ARSA variant and were identified as screen negative heterozygous carriers. Finally, 4
samples with one clinically relevant Prosaposin (PSAP) variant and 3 samples with one clinically
relevant sulfatase modifying factor 1 (SUMF1) variant (i.e. 4 screen negative PSAP carriers and
3 screen negative SUMF 1 carriers) were identified; no samples were screen positive for MSD. If
3" tier testing (genetic sequencing of DBS samples) is treated as part of the confirmatory testing
process, the estimated overall FPR for 15t and 2" tier testing (i.e. a 2-tier screening algorithm) is
0.016%.%"

With respect to the identification of potential screening FN cases, genetic sequencing of the 210
DBS samples that were 15t tier positive and 2" tier negative (i.e. had sulfatide levels above the
cut-off, but ARSA enzymatic activity within the normal range) and the 151 15t tier positive DBS
samples for which no 2" tier testing was undertaken, did not identify any further MLD cases.?’
No routine further analyses, records review or surveillance was reported in relation to the
screen negative population.?” Given the absence of any reported comprehensive method for
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identifying MLD cases that may have been missed by screening, both the true sensitivity
achieved by the proposed screening algorithm and the prevalence of MLD in the tested
population remain subject to uncertainty. If it is assumed that no cases of MLD were missed and
participants whose DBS did not receive 2" tier testing are excluded from the analysis (i.e. the
numbers of TP, FP, FNand TNwere 3, 17, 0 and 109,088, respectively), then the estimated PPV
for a 2-tier screening algorithm, derived from Laugwitz et al. (2024 ), would be 15% (95% CI
9.89 to 22.11%) and the NPV would be 100%.

Based on the ARSA genotype, early juvenile disease onset was predicted for two of the three
confirmed MLD cases and late juvenile or adult onset was predicted for the remaining case. The
two infants with predicted early juvenile disease onset were treated with myeloablative
chemotherapy (intravenous [IV] busulfan) before administration of ARSA-cel at age 12 months;
at last follow-up (age 18 months) both infants had reached all developmental milestones and
had ‘unremarkable’ MR1.?” The infant with predicted late juvenile or adult disease onset was
scheduled for yearly clinical monitoring with HSCT planned between the age of 2 and 5 years;
at the time of last follow-up (age 15 months) all developmental milestones had been achieved.?’

The small UK ‘pre-pilot’ study, Wu et al. (2024) was conducted at the Centre for Genetic
Medicine, Manchester University NHS Foundation Trust, to assess the feasibility of using a 2-
tier algorithm for newborn screening for MLD in the UK 22 The study used de-identified residual
DBS from the established UKnewborn DBS screening programme; DBS samples were excluded
if they were collected from babies <4 days or >12 months of age, rejected due to blood
transfusion or poor sample quality, or if parents declined any research being performed on the
baby's residual sample.?® The study evaluated a 2-tier screening algorithm where the 15t tier
used the UPLC-MS/MS assay of C16:0-sulfatide levels and the 2" tier used the tandem mass
spectrometry assay of ARSA enzymatic activity, described in Hong et al. (2021)."

A validation phase was undertaken before the ‘pre-pilot’ study to evaluate the published"
sulfatide, and ARSA enzymatic activity cut-offs were evaluated using DBS from known MLD
patients (n=13), unaffected siblings age <12 months (n=3) and patients with ARSA pseudo
deficiency age <12 months (n=4).28 All DBS from MLD patients had sulfatide levels above the
published cut-off (=0.17 yM/L) and all unaffected siblings and patients with ARSA pseudo
deficiency had sulfatide levels below the cut-off. 657 Newborn DBS were used to establish a
neonatal reference range for C16:0-sulfatide, 0.045 to 0.215 pmol/L (mean = 0.09 pymol/L)
leading to 3 (0.4%) positive results; based on these initial assessments, the C16:0-sulfatide
20.17 yM/L cut-off was deemed appropriate for 15! tier screening. The published cut-off for
ARSA enzymatic activity of <20% of negative controls'' correctly identified all (n=12) DBS from
known MLD patients and all known MLD negative DBS (normal n=46, pseudo deficiency n=8,
unaffected siblings n=4) had quantifiable ARSA enzymatic activity >20% of the negative
controls. A UKARSA enzymatic activity reference range was established using 120 newborn
DBS, 0.042 to 0.689 umol/L/h (mean 0.333 pmol/L/h), with two newborns having ARSA
enzymatic activity <20% of the mean.

The ’pre-pilot’ study?® included 3,687 DBS samples and evaluated a 2-tier screening algorithm
using the published cut-off values for C16:0-sulfatide and ARSA enzymatic activity of 20.17
uM/L and <20% of normal mean, respectively.' Using this algorithm, 11/3,687 (0.3%) of
samples were 15t tier screen positive, all of which had ARSA enzymatic activity 220% of the
normal mean (i.e. the ‘pre-pilot’ study did not identify any MLD screen positive samples). ARSA
gene sequencing was conducted on all 11 15t tier screen positive DBS samples and no
pathogenic variants were identified.?8
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Of the two samples from the validation phase, with ARSA enzymatic activity <20% of the mean,
both were subsequently found to have sulfatide levels below the 20.17 pyM/L cut-off (0.15 pmol/L
and 0.086 pmol/L) and both were submitted for ARSA gene sequencing. Genetic sequencing of
the DBS which had a C16:0-S level of 0.15 pmol/L and ARSA enzymatic activity of 4% of mean
revealed that the sample was homozygous for c.465+1G>A, a common pathogenic variant
associated with late infantile MLD (confirmed by repeat testing of the sample). The child was 10
months old, below the predicted age of onset for late infantile disease (18-24 months) and
therefore likely to be pre-symptomatic and eligible for ARSA-cel gene therapy. Following an
urgent case review, permission was given for the sample to be de-anonymised and the child
was referred for specialist assessment. The MLD diagnosis was confirmed by deficient
leukocyte ARSA activity (5.8 nmol/mg/h, normal range 45-250 nmol/mg/h) and trio testing
showing inheritance of the pathogenic variant from both parents. The child commenced ARSA-
cel gene therapy at 11 months old and remained under review and symptom free at 19 months
old.?8

If the C16:0-S cut-off were lowered to 0.15 pymol/L the 18! tier positive rate would increase to
0.76%; retrospective C16:1-OHtesting in these additional 17 samples indicted that the FPR, for
this lower threshold, would be 0.73%.%8

No further analyses, records review or surveillance was reported in relation to the screen
negative population.?®

Measures of the screening algorithm performance are summarised in Table 4 and details of
clinically relevant variants identified are provided in Table 5.

Methodological quality of studies

It is important to note that although information provided in some publications included in this
section has been used to estimate measures of screening performance (PPV and NPV), these
publications do not describe diagnostic test accuracy studies intended to evaluate the
diagnostic performance of screening tests or algorithms. No study reported the universal
application of a diagnostic reference standard; confirmatory genetic testing was only carried out
where there was an abnormal (MLD screen positive) result or, in some cases, where only the 15t
tier test in a 2-tier screening algorithm was positive. Although the large sample sizes needed to
evaluate newborn screening for MLD may mean that genetic sequencing of all samples is not
considered practicable, it would be theoretically possible to apply a standardised approach to
surveillance for missed cases (FN).

QUADAS-2 and, where applicable, QUADAS-C has been applied to both studies from which
measures of screening performance could be estimated. The use of QUADAS-2 was
considered to be appropriate because the question under consideration (Question 1 - What is
the accuracy of single test and 2-tier NBS screening strategies for MLD, using DBS samples?) is
one of test accuracy; it is therefore important to consider the methodological limitations of the
included studies in respect of their ability to address this question, irrespective of study
design/primary aim.

Table 6 provides a summary of the QUADAS-2/QUADAS-C assessments for the two
publications from which PPV and NPV estimates were calculated and the corresponding full
QUADAS-2 assessments are provided in Appendix 3.'" 27 Both of these publications reported
derivation of or adjustment to screening cut-offs during the study and both excluded samples for
which 2" tier screening was not undertaken from any analyses. Importantly, given that
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application of the diagnostic reference standard or long-term follow-up of all screen-negative
babies is unlikely to be considered practicable, neither publication reported a standardised
approach to identifying and recording any cases missed by screening; Hong et al. (2021) noted
that future surveillance would be possible, since the approximate birthdates of newborns tested
were known."" Hence, although Hong et al. (2021) reported that screening cut-offs had been
established to achieve 100% sensitivity, the true sensitivity that could be achieved if the
proposed screening algorithm were implemented remains uncertain.

QUADAS-C has been applied to Hong et al. (2021), for completeness, However, this is of
limited informative value, since there are insufficient data reported to determine the accuracy of
either screening algorithm or to compare performance between them. It should be noted that
the evaluation of the second screening algorithm (ARSA enzymatic activity in DBS as the 15! tier
screening test for MLD and C16:0-sulfatide levels as the 2" tier test) reported in this study was
exploratory only and did not include any confirmatory (refence standard) testing.’!
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UK NSC external review — Newborn screening for metachromatic leukodystrophy (MLD), May 2025

Table 6: Summary of QUADAS-2 and QUADAS-C evaluations

Study Risk of bias Applicability concerns
patient Index Reference Flow patient Index Reference
selection test standard and selection test standard

timing

Hong 2021 (algo- v ? ? x v v ?

rithm a)'

Hong 2021 (algo- ? ? x x ? v x

rithm b)"

Hong 2021 (com- x x x x N/A N/A N/A

parison)'!

Laugwitz 2024%" v x v x v v v

v Low Risk % High Risk  ? Unclear Risk

N/A: not applicable; QUADAS: Quality Assessment of Diagnostic Accuracy Studies; QUADAS-C: Qual-
ity Assessment of Diagnostic Accuracy Studies-comparative

Discussion of findings

The available evidence to inform research question 1 ‘What is the accuracy of single test and 2-
tier NBS screening strategies for MLD, using DBS samples?’ was sparse. All three publications
included in this evidence summary reported early-stage studies which aimed to assess the
feasibility of implementing NBS screening for MLD and all three studies were rated as having
high risk of bias with respect to evaluating the accuracy of NBS screening algorithms for MLD;
the key issues were in relation to the ‘flow and timing’ domain, most importantly, given that
application of the diagnostic reference standard or long-term follow-up of all screen-negative
babies is unlikely to be considered practicable, no publication reported a standardised approach
to identifying and recording any cases missed by screening.!- 2728

No studies were identified which reported experience from implemented screening
programmes. Our supplementary searching for implemented NBS screening programmes for
MLD identified a news article, from Oslo University Hospital, reporting that: ‘In January 2025,
Norway became the first country in the world to start national screening for metachromatic
leukodystrophy (MLD).*' However, we were not able to identify any further details about the
new Norwegian screening programme.

The 2023 UKNSC evidence map’ noted that Hong et al. (2021)"" evaluated a 2-tier screening
strategy for MLD, followed by genetic confirmatory testing for clinically relevant ARSA variants,
which was designed to have 100% sensitivity and was subsequently found to have almost
100% specificity. The 2023 UKNSC evidence map stated that further work to evaluate all
available screening strategies would be justified.”

Hong et al. (2021) is also included in this evidence summary and reports the design and initial
evaluation of a 2-tier NBS screening strategy for MLD. The 15t tier of the screening algorithm
comprised the quantification of C16:0-sulfatide in DBS UPLC-MS/MS'" and the 2 tier
comprised an enzymatic activity assay, using a tandem mass spectrometry method previously
published by the authors.'0 It was reported that the 15t tier screening cut-off required to achieve
100% sensitivity was =0.17 ymol/L and the 2" tier screening cut-off was set at ARSA enzymatic
activity >20% of the mean.'" The remaining two studies included in this evidence summary, a
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large (n=109,259) pilot study conducted in Germany?” and a small (n=3,687) ‘pre-pilot’ study
conducted in the UK ?8 both evaluated NBS screening algorithms for MLD which were based on
the methods described in Hong et al. (2021)."" No studies evaluating single test screening
strategies were identified.

It is important to note that no study included in this evidence summary reported either
confirmatory genetic testing of screen negative DBS or any method (e.g. records review or
surveillance) designed to identify cases of MLD that may have been missed by screening (FN).
Hence all reported or calculated estimates of the performance of NBS screening algorithms for
MLD uncertain and speculative in nature, since they assume that no cases of MLD were missed.

Hong et al. (2021) reported the identification of one case of MLD'" and Laugwitz et al. (2024)
reported the identification of three cases of MLD.?” Although the first 2 tiers of the screening
algorithm evaluated in Laugwitz et al. (2024) correspond to the 2-tier algorithm described in
Hong et al. (2021), estimates of FPR for the 2-tier screening algorithm, derived from these two
studies, were highly variable at 0.0037% and 0.016% respectively. Assuming that no cases of
MLD were missed, predictive values can be calculated from the data reported in these two
studies; the calculated PPVs, 50% (95% CL 12.35 to 87.65%)'" and 15% (95% ClI 9.89 to
22.11%)?" are also indicative of a high level of uncertainty about the performance of this
algorithm.

As would be expected from the sample size (n=3,687) and the incidence of screen-detected
MLDin Hong et al. (2021) and Laugwitz et al. (2024), the UK ‘pre-pilot’ study, Wu et al. (2024)
did not identify any cases of MLD.? However, a new case of late infantile MLD was detected
during the process of establishing reference ranges for C16:0-S levels and ARSA enzymatic
activity. The DBS from this newborn had a C16:0-S level of 0.15 ymol/L and ARSA enzymatic
activity of 4% of mean,?® suggesting that a lower C16:0-S cut-off than that reported in Hong et
al. (2021) may be needed to achieve 100% sensitivity.

Summary of findings relevant to Criterion 4

The limited evidence currently available indicates that Criterion 4, ‘There should be a simple,
safe, precise and validated screening test.’ is not met. This conclusion is based on the lack of
data to inform estimates of the accuracy of evaluated screening algorithms and the high
variability in estimates of PPV calculated from two studies, for the same 2-tier screening
algorithm. "’

We have not identified any evaluations of implemented NBS screening programmes for MLD.

Summary of findings relevant to Criterion 5

Findings from the small UK ‘pre-pilot’ study included in this evidence summary indicate that
Criterion 5 ‘The distribution of test values in the target population should be known and a
suitable cut-off level defined and agreed’ is not met. This conclusion is based on the incidental
identification of a new case of late infantile MLD, during the validation phase of this study; DBS
from this newborn had a C16:0-S level of 0.15 pmol/L, which is below the =0.17 ymol/L cut-off
used in the 2-tier algorithm evaluated by all three of the studies included in this evidence
summary and which has been reported as the cut-off required to achieve 100% sensitivity.!
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Criterion 9 - Efficacy of treatment in the pre-symptomatic phase

Criterion 9 - There should be an effective intervention for patients identified through screening,
with evidence that intervention at a pre-symptomatic phase leads to better outcomes for the
screened individual compared with usual care. Evidence relating to wider benefits of screening,
for example those relating to family members, should be taken into account where available.
However, where there is no prospect of benefit for the individual screened then the screening
programme should not be further considered.

Question 2 - Does early initiation of treatment following screening lead to im-
proved outcomes for MLD compared to initiation of treatment following clinical
presentation?

The 2023 UKNSC evidence map,’ identified 19 studies,?® 4045617 which were relevant to the
question:

What is the volume and type of evidence available on the benefits and/or harms of interventions
in presymptomatic/asymptomatic children with MLD identified through screening?

These studies included 14 interventional studies,?®: 40-45-55. 59 four cohort studies,®” 58 60.61 gnd
one case-control study.%® Where reported, the sample size ranged from 2 to 12 presymptomatic
patients. All studies reported on the benefit and/or harms of treatment in presymptomatic
children with MLD. Importantly, none of these studies reported on patient populations identified
through newborn screening or compared outcomes between patients who were identified and
treated before the development of symptoms and those treated following symptomatic
presentation.

The 2023 UKNSC evidence map,’ noted that Libmeldy® was the most commonly evaluated
intervention (14 publications)?®: 40.45-55.58 gnd was found to be effective, safe and well tolerated
for the treatment of patients with pre-symptomatic MLD. However, it should be noted that all but
two?% 40 of these publications were conference abstracts and all publications had authors in
common, indicating a potential for overlapping populations and multiple reporting of results.

The 2023 UKNSC evidence map concluded that: ‘At present, there is sufficient evidence on the
effects of treatments for MLD to recommend further work on this question.””

What is added by this evidence summary

This evidence summary provides a summary of the published studies available to inform
question 2, which includes the two full publications, Fumagalli et al. (2022)?° and Sessa et al.
(2016)*0 identified by the 2023 UKNSC evidence map,” and one additional study identified in
the systematic review by Groesschel et al. (2016).3°

We did not identify any studies which compared the efficacy of treatments for MLD in early
(screening or cascade testing) versus late (symptomatic presentation) detection.

Description of new evidence in relation to previous evidence reviews

The searching and title and abstract screening stages of the evidence summary were
conducted as a single process, with consideration of all three research questions. Appendix 2
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provides an overall PRISMA flow chart for this evidence summary and details of studies
included and excluded after full-text screening.

Following full-text screening, there were three publications that met the inclusion criteria
specified for research question 2.2% 3% 40 Two of these publications, Fumagalli et al. (2022)?° and
Sessa et al. (2016),%° reported outcomes from the same study (NCT01560182), a phase /Il
clinical trial of the gene therapy Libmeldy® for the treatment of patients with presymptomatic or
early-symptomatic MLD, funded by the manufacturer of ARSA-cel (Orchard Therapeutics). Both
of these publications also reported the results of analyses comparing outcomes in treated
patients to an untreated natural history (NH) cohort of patients with early-onset MLD, matched
by age and disease subtype, and both publications were included in the 2023 UKNSC evidence
map’ and the primary publication reporting the most recent and largest data set was Fumagalli
et al. (2022).2° It should be noted that an unpublished comparison between patients from
NCT01560182 and patents from a NH cohort, matched by age and disease subtype (late
infantile or early juvenile), formed the basis of the clinical effectiveness evidence (summarised
and critiqued in the External Assessment Group [EAG] report®?) that informed NICE guidance
HST18: ‘Atidarsagene autotemcel for treating metachromatic leukodystrophy.” The EAG report
is not included in this evidence review because it is not a peer reviewed publication. Fumagalli
et al. (2022), included in this evidence summary, is a subsequent publication which appears to
report results for the same comparison (same data sources and methods are reported). The
remaining publication, identified by this evidence summary, was a retrospective observational
study that compared long-term the outcomes of patients with juvenile MLD, who underwent
allogenic HSCT with a control cohort who did not undergo allogenic HSCT.2 Study details,
participant characteristics and details of the treatments evaluated are provided in Tables 7, 8
and 9, respectively.

None of the three publications included in his evidence summary compared the efficacy of
treatments for MLD in early (screening or cascade testing) versus late (symptomatic
presentation) detection. All three publications were therefore included on the basis of the
secondary eligibility criteria described in the footnotes to Table 2. All three publications reported
retrospective analyses, comparing the treatment outcomes of patients with pre-
symptomatic/early symptomatic MLD to the outcomes of untreated patients (NH cohorts), to
estimate treatment effects.?® 3040 The results of these comparisons are summarised in Tables
10 and 11. In addition, two publications reported some assessment of correlation between time
to treatment and outcome.30. 40

Fumagalli et al. (2022)?° and Sessa et al. (2016)4° (NCT01560182)

Fumagalli et al. (2022) reported outcomes for paediatric patients treated with Libmeldy® in a
prospective, non-randomised, phase 1/2 clinical trial (NCT01560182) and expanded-access
frameworks; gross motor function was the primary outcome. Treated patients comprised 16
patients with late infantile MLD (15 pre-symptomatic and one early symptomatic) and 13
patients with juvenile MLD (five pre-symptomatic and eight early symptomatic).?® At the time of
publication, 26/29 treated patients were alive, with a median follow-up of 3.16 years (range 0.64
to 7.51 years). All deaths occurred in patients with early symptomatic early juvenile MLD; there
were two deaths due to disease progression and one death due to ischaemic stroke following
an infectious event 13.6 months after treatment (deemed to be unrelated to treatment).2® With
respect to the analyses comparing outcomes between treated and untreated patients, NH
patients selected for the matched analyses were classified as having late infantile or early
juvenile MLD, and had a study visit at which their age fitted within the age range for treated
patients with the same disease sub-type at the time of analysis. All NH patients were
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symptomatic at the time of enrolment, but retrospective collection of data for the period prior to
enrolment enabled aged-matched analyses.?®

Comparisons of the Gross Motor Function Measure (GMFM) score, between treated and NH pa-
tients were presented by MLD disease sub-type (late infantile and early juvenile), and further
subgroup analyses were presented for pre-symptomatic and early symptomatic patients with ju-
venile MLD.?° The results indicated that treatment was associated with improved GMFM, rela-
tive to NH, for all patient groups, at 3 years after treatment (the longest reported follow-up point).
Of note, the adjusted mean difference (MD) in GMFM at 3 years between the treated and NH
groups appeared greater in the pre-symptomatic early juvenile MLD subgroup than in the early
symptomatic MLD subgroup (74.9 [95% CI: 50.8 to 99.1] versus 43.9 [95% CI. 9.2 to 78.5]); for
the early symptomatic early juvenile MLD sub-group the treatment effect did not reach statistical
significance at the 5% level (see Table 11).2° The adjusted MD in GMFM at 3 years between the
treated and NH groups was 71.5 (95% CI: 50.3 to 92.7), in the late infantile MLD group (where
15/16 treated patients were pre-symptomatic).?® Insufficient data were reported to allow a direct
comparison of outcomes between, e.g. the treated pre-symptomatic early juvenile and the
treated early symptomatic early juvenile groups. Fumagalli et al. (2022) also reported compari-
sons of severe motor impairment-free survival between treated and NH patients; reporting of
treatment effect for this outcome was in the form of Kaplan-Meier (KM) plots and p-values, and
the treatment effect was statistically significant in the late infantile MLD group only (see Table
10). At 4.5 years of age, 92% (95% CI: 57 to 99%) of patients with late infantile MLD, who were
treated with Libmeldy®, were alive and free from severe motor impairment (Gross Motor Func-
tion Classification [GMFC] level <4, able to sit, crawl or roll, or better), compared to zero patients
with late infantile MLD in the NH group.?®

Comparisons of brain MRI severity score, between treated and NH patients, were presented by
MLD disease sub-type (late infantile and early juvenile). The results indicated that treatment was
associated with improved brain MRl score, relative to NH, for both disease subtypes, at 3 years
after treatment (see Table 11).2°

A comparison of nerve conduction velocity (NCV) index, between treated and NH patients, was
presented for the late infantile MLD group only and the results indicated that treatment was
associated with improved NCV, relative to NH, at 3 years after treatment (see Table 11).2°

Sessa et al. (2016) reported outcomes for a sub-set of nine patients from NCT01560182 (six
patients with late infantile MLD, two patients with early juvenile MLD and one patient whose
disease subtype could not be definitively classified.*® This publication noted that the extent of
treatment benefit appeared to be influenced by the interval between HSC-GT and the expected
time of disease onset; change in GMFM score, from baseline to last follow-up positively
correlated with the time interval between HSC-GT administration and expected or actual disease
onset (Spearman r=0.8034, p=0.0138).4°

Groeschel et al. (2016)3°

Groeschel et al. (2016) reported a retrospective study comparing long-term outcomes of
patients with juvenile MLD who underwent allogenic HSCT in one of three German centres and
who were followed up for at least 2 years with control patients with juvenile MLD, from a NH
study within the German leukodystrophy network Leukonet, who did not undergo transplant.3°
Transplanted patients were born between 1975 and 2009 and control patients were born
between 1967 and 2007. All transplanted patients had pre-symptomatic or early symptomatic
juvenile MLD at the time of transplant. No details of the symptom stage of control patients at
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diagnosis/initial assessment were reported and the analysis did not appear to appear to have
included any attempt to match treated patients and controls with respect to prognostic factors.
All-cause mortality in transplanted patients, at a median follow-up of 7.5 years (range 3 to 19.7
years), was 6/24 (25%). This was similar to the all-cause mortality rate for control patients,

11/41 (27%), (follow-up duration not reported); whilst MLD progression related mortality
appeared lower in transplanted patients, 2/24 (8.3%), than in controls, where all deaths were
MLD progression-related, any potential effect on overall mortality was lost due to four transplant-
related deaths.3°

Comparisons of MLD progression reported in Groeschel et al. (2016) indicated that HSCT was
associated with reductions in both the rate of progression to severe motor impairment (GMFC
level 5, loss of locomotion and sitting without support) and the rate of language loss, at 10 years
after disease onset (see Table 10). Calculated effect estimates and reported p values indicated
borderline statistical significance, reflecting the small sample size.3°

Transplant also appeared to be associated with improved brain MRI severity score, as
measured at the last imaging session after HSCT, compared to control patients, however, no
time point was reported for the measurement of comparator brain MRI severity score in control
patients.30

Groeschel et al. (2016) also included results from an exploratory multivariable analysis with
relevant independent variables (including symptom status at HSCT).3° Predictors of prognostic
parameters for stable versus progressive disease after HSCT were: patients who underwent
HSCTat GMFC-MLD levels 0 and 1 (p=0.02); patients who underwent HSCT with an 1Q =85
(p=0.02); age at onset older than 4 years (p=0.01). MRI severity score >17 was associated with
disease progression (p=0.03). Citing the retrospective design and small sample size of their
study, the study authors emphasised that these analyses were explorative rather than
confirmatory in nature and that all p values were, therefore, considered descriptive.3°

Methodological quality of studies

Fumagalli et al. (2022) and Groeschel et al. (2016) were assessed using the ROBINS| tool for
assessing risk of bias in non-randomised studies of interventions;*” no assessment was
conducted for Sessa et al. (2016) as this is a secondary publication relating to the same study
as Fumagalli et al. (2022), (NCT01560182). Fumagalli et al. (2022) and Groeschel et al. (2016)
were rated as being at serious and critical risk of bias, respectively, with the key area of concern
being inadequate or absent consideration of potential confounding. A summary of the results of
the ROBINS-| assessments is provided in Table 12 and full assessment are provided in
Appendix 3.

Discussion of findings

The available evidence to inform research question 2 ‘Does early initiation of treatment following
screening lead to improved outcomes for MLD compared to initiation of treatment following
clinical presentation?’ was sparse and of low methodological quality.

None of the three publications included in this evidence summary compared the efficacy of
treatments for MLD in early (screening or cascade testing) versus late (symptomatic
presentation) detection.
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All three of the publications included in this evidence summary provide some limited information
about the effects of treatment in patients with pre-symptomatic/early symptomatic MLD,
compared to untreated patients (NH cohorts).2?: 30. 40

Fumagalli et al. (2022) provides some evidence that the gene therapy Libmeldy®,
recommended in NICE guidance HST18,°> may be effective in improving gross motor function for
patients with pre-symptomatic/early symptomatic late infantile or early juvenile MLD, relative to
an untreated NH cohort.?® Observational comparison of the values for adjusted MD in GMFM
reported for disease type and symptom status subgroups appears to indicate a greater effect
size in subgroups treated before the onset of symptoms. However, the small sample size
(reduced further in subgroup analyses) and inherent design weaknesses of the indirect
comparisons used in this study mean that this observation should be considered hypothesis
generating and not evidential.

The EAG report for NICE guidance HST18%2 is not included in this evidence summary and most
of the clinical effectiveness results included in this report are redacted. However, it should be
noted that the key areas of concern raised by the EAG are also applicable to the version of the
analysis published in Fumagalli et al. (2022).2° The EAG considered that age or predicted age at
disease onset should be an important prognostic characteristic to consider in any MLD patient
matching exercise.®? The EAG also noted limitations in the reporting of results and of baseline
data for both the treated and NH cohorts,®? limitations which were also present in Fumagalli et
al. (2022).2° The EAG noted that the evidence for the effectiveness of patients treated with
Libmeldy® was most substantial in those with late infantile MLD;®? this observation is consistent
with the results published in Fumagalli et al. (2022).2° The EAG also noted that some patients
(particularly in the early symptomatic early juvenile MLD group) showed a decline in motor
function and it is unclear whether these patients will stabilise with impairment or continue to
decline, and that treated patients with early juvenile MLD still experience peripheral neuropathy
(NCVindex scores were as bad or worse than those in NH patients);%? these data were not
included in Fumagalli et al. (2022).2°

The only study to evaluate a non-gene therapy treatment, Groeschel et al. (2016), used a
retrospective study design and an indirect comparison to evaluate the effectiveness of HSCT in
patients with juvenile MLD, relative to untreated control patients.3® The results of this study
indicated that transplant was associated with reductions in both the rate of progression to
severe motor and the rate of language loss, for surviving patients at 10 years after disease
onset. In addition, exploratory analysis indicated that transplant before or in the very early
stages of symptom onset (GMFC-MLD level 0 or 1) may be predictive of stable disease
following HSCT. However, it should be noted that the high rate of transplant-related mortality
(16.7%) resulted in similar rates of all-cause mortality between the transplanted (25%) and
control (27%) groups, raising questions about the overall effectiveness of HSCT as a potential
treatment. As with Fumagalli et al. (2022), there is uncertainty around the findings of this study
due to the small sample size and weakness of the study design; Groeschel et al. (2016) was
considered to be of lower methodological quality because no attempt to match treated patients
and controls with respect to prognostic factors. There is further uncertainty, with respect to the
applicability of the study to current practice, in that all transplants occurred between 1991 and
2012 and transplant outcomes (e.g. transplant-related mortality) may not be representative of
those achievable by current best practice.
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Summary of Findings Relevant to Criterion 9

The limited evidence currently available indicates that Criterion 9, “There should be an effective
intervention for patients identified through screening, with evidence that intervention at a pre-
symptomatic phase leads to better outcomes for the screened individual compared with usual
care. Evidence relating to wider benefits of screening, for example those relating to family
members, should be taken into account where available. However, where there is no prospect
of benéefit for the individual screened then the screening programme should not be further
considered.’ is not met. There is some very weak, indirect evidence to indicate that the effects
of gene therapy treatment (Libmeldy®) on gross motor function, relative to untreated patients,
may be greater where patients receive treatment before symptoms develop; this evidence is
derived from one small study with substantial methodological limitations, which was funded by
Orchard Therapeutics (the manufacturer of Libmeldy®). There is currently no direct evidence
that identification of patients with MLD through screening or cascade testing results in improved
outcomes.
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UK NSC external review — Newborn screening for metachromatic leukodystrophy (MLD), May 2025

Criterion 14 - Cost effectiveness of NBS for MLD

Criterion 14 - The opportunity cost of the screening programme (including testing, diagnosis and
treatment, administration, training and quality assurance) should be economically balanced in
relation to expenditure on medical care as a whole (value for money). Assessment against this
criterion should have regard to evidence from cost benefit and/or cost effectiveness analyses
and have regard to the effective use of available resource.

Question 3 - How have modelling studies and cost-effectiveness analyses ad-
dressed NBS screening for MLD in the era of novel treatments?

The 2023 UKNSC evidence map’ identified five conference abstracts®4-6® which were
considered relevant to the question:

What is the volume and type of evidence on the cost effectiveness of treatment or screening for
MLD in asymptomatic or symptomatic patients?

Four of the five conference abstracts related to cost effectiveness modelling to assess the cost
effectiveness of ARSA-cel (Libmeldy®), compared to BSC for the treatment of MLD; studies
assessing the cost effectiveness of treatment do not meet the inclusion criteria specified for this
evidence summary. The 2023 UKNSC evidence map noted that Bean et al. (2022)54 evaluated
newborn screening for MLD in the UK and found it to be cost-effective, with an incremental cost-
effectiveness ratio (ICER) below £30,000 per quality-adjusted life year (QALY) gained,
suggesting a favourable economic case for implementing screening.’

The 2023 UKNSC evidence map noted that: ‘the volume and type of evidence on the cost-
effectiveness of treatment or screening for MLD is currently limited... further work on the
question of cost-effectiveness is also justified.” ”

What is added by this evidence summary

This evidence summary provides a summary of the published studies available to inform
question 3, which includes one full publication, Bean et al. (2024).3"

Description of new evidence in relation to previous evidence reviews

The searching and title and abstract screening stages of the evidence summary were
conducted as a single process, with consideration of all three research questions. Appendix 2
provides an overall PRISMA flow chart for this evidence summary and details of studies
included and excluded after full-text screening.

Following full-text screening, there was one publication that met the inclusion criteria specified
for research question 3, Bean et al. (2024),3" a full publication relating to the study previously
reported in the conference abstract Bean et al. (2022).3' Bean et al. (2024)3' conducted a cost-
utility analysis (CUA) using a decision-analytic framework from the perspective of the UKNHS
and Personal Social Services (PSS). The model assessed the inclusion of MLD screening in the
routine NBS screening programme and was based on a decision-tree model with long-term
outcomes estimated using a decision tree for the screening test-related outcomes, and a
partitioned survival and state transition model to represent the disease with health states based
on GMFC-MLD. The analysis included 704,328 live births per year in the UK with
epidemiological inputs derived from expert opinion and published literature. Literature sources
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were used to estimate the screening test positive rates, and clinical expert opinion was used for
the decision tree phenotype distribution, no screening arm, and screening test negatives.
However, although treatment (ARSA-cel gene therapy [Libmeldy®]) dependent transition
probabilities and treatment independent survival curve from the final health state were provided,
there was no information on the source of these parameters.

At a 1.5% discount rate, newborn screening for MLD resulted in an incremental gain of 246
QALYs compared with no screening, with an ICER of £33,212 per QALY gained. The study
authors concluded that newborn screening for MLD is a cost-effective use of NHS resources
using a willingness-to-pay threshold of 50,000/QALY. The main driver of increased costs in the
screening arm was the identification and treatment of additional early-onset MLD patients with
ARSA-cel gene therapy (Libmeldy®), who would otherwise not be diagnosed in time to receive
treatment. Sensitivity analyses explored variations in key parameters, including MLD incidence
rates, treatment eligibility probabilities, and discount rates, confirming that newborn screening
remained cost-effective under most scenarios. The ICER remained below the £50,000 per
QALY willingness-to-pay (WTP) threshold, which the authors concluded supported the inclusion
of MLD screening in the UKnewborn screening programme as a cost-effective use of NHS
resources.

The lead author and three additional study authors were employees of Orchard Therapeutics,
the company that manufactures ARSA-cel (Libmeldy®), and two further authors received
payment from Orchard Therapeutics for Markov model development.3

Methodological quality

The methodological quality of Bean et al. (2024)3" was assessed using the Drummond checklist,
a tool for evaluating economic evaluations. This checklist is suitable for assessing the study’s
CUAwithin a decision-analytic framework. Table 13 provides a summary of the Drummond
assessments.

The quality assessment results indicate that Bean et al. (2024)3" meets 25 out of 31 applicable
criteria. It clearly states the research question, economic importance, and analysis perspective,
provides detailed cost and outcome estimates. However, six limitations were identified. The
choice of model structure and key parameters lack justification, the discount rate was not well
justified, and neither was variable selection or tested ranges in the sensitivity analyses.

Table 13: Summary methodological quality assessment using then Drummond checklist

Drummond checklist Bean 20243
The research question is stated Yes
The economic importance of the research question is stated Yes
The viewpoint(s) of the analysis are clearly stated and justified Yes

The rationale for choosing alternative programmes or interventions compared is  Yes
stated

The alternatives being compared are clearly described Yes
The form of economic evaluation used is stated Yes
The choice of form of economic evaluation is justified in relation to the questions Yes
addressed

The source(s) of effectiveness estimates used are stated Yes
Details of the design and results of effectiveness study are given (if based on a Yes
single study)
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Details of the methods of synthesis or meta-analysis of estimates are given (if Not applicable
based on a synthesis of a number of effectiveness studies)
The primary outcome measure(s) for the economic evaluation are clearly stated Yes

Participants who took part in study were representative of whole population? Yes
Methods to value benefits are stated Yes
Details of the subjects from whom valuations were obtained were given Yes
Productivity changes (if included) are reported separately No
The relevance of productivity changes to the study question is discussed Not applicable
Quantities of resource use are reported separately from their unit costs Yes
Methods for the estimation of quantities and unit costs are described Yes
Currency and price data are recorded Yes
Details of currency of price adjustments for inflation or currency conversion are Yes
given

Details of any model used are given Yes

The choice of model used and the key parameters on which it is based are justi- No
fied

Time horizon of costs and benefits is stated Yes

The discount rate(s) is stated Yes

The choice of discount rate(s) is justified No

An explanation is given if costs and benefits are not discounted Not applicable
Details of statistical tests and confidence intervals are given for stochastic data Not clear
The choice of variables for sensitivity analysis is justified No

The ranges over which the variables are varied are justified No
Relevant alternatives are compared Yes
Incremental analysis is reported Yes
Major outcomes are presented in a disaggregated as well as aggregated form Yes

The answer to the study question is given Yes
Conclusions follow from the data reported Yes
Conclusions are accompanied by the appropriate caveats No

Yes 25

No 6

Total applicable 3

Not clear 1

Discussion of findings

The available evidence to inform research question 3 ‘How have modelling studies and CEAs
addressed newborn screening (NBS) for MLD in the era of novel treatments?’ is derived from a
single publication,®' which reports an economic evaluation of MLD screening in the UK with
substantial methodological limitations.

This evidence summary adds to the existing evidence by including one full publication, Bean et
al. (2024),3" which provides an economic evaluation of MLD screening in the UK Bean et al.
(2024)3" conducted a CUA using a decision-analytic framework from the perspective of the UK
NHS and PSS. The analysis included 704,328 live births per year in the UK The study found
that at a 1.5% discount rate, newborn screening for MLD resulted in an incremental gain of 246
QALYs compared with no screening, with an ICER of £33,212 per QALY gained, which was
below the authors’ WTP threshold of £50,000 per QALY, suggesting that MLD screening is a
cost-effective use of NHS resources.

The findings from Bean et al. (2024)%! indicate that newborn screening can significantly increase
the number of presymptomatic MLD patients diagnosed within the treatment window, allowing
for earlier intervention with ARSA-cel (Libmeldy®), which is associated with substantial
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improvements in survival and quality of life (QoL).® Sensitivity analyses tested variations in
incidence rates, treatment eligibility, and discount rates, demonstrating that NBS remains cost-
effective under most scenarios. However, there was a lack of justification in the choice of model
parameters and ranges for sensitivity analyses, that could impact result reliability. It is
noteworthy that the NICE committee preferred a discount rate of 3.5% to the company’s
preferred 1.5%, which was the only scenario where the ICER was above £50,000.° Crucially,
there was a reliance on clinical expert opinion for several parameters and no information on the
source of the parameters that were key drivers i.e. the treatment effect of ARSA-cel. This
means that the robustness of the findings is questionable.

Overall, the findings from Bean et al. (2024)3' provide the most comprehensive published
economic evaluation of MLD screening to date but remain insufficient to make the case for
incorporating MLD into national newborn screening programmes.

Summary of findings relevant to Criterion 14

Findings from the Bean et al (2024)3' study included in this evidence summary indicate that
criterion 14, ‘The opportunity cost of the screening programme (including testing, diagnosis and
treatment, administration, training and quality assurance) should be economically balanced in
relation to expenditure on medical care as a whole (value for money). Assessment against this
criterion should have regard to evidence from cost benefit and/or CEAs and have regard to the
effective use of available resource’ is not met.
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Review summary

Conclusions and implications for policy

This evidence summary employed standard systematic review methodology to ensure that the
capture of relevant evidence was as complete as possible. In addition, to provide further
context, information was sought about any existing implemented NBS screening programmes
for MLD and any published clinical guidelines on the management of MLD that are relevant to
the UK context. We also conducted a horizon scanning exercise to identify any ongoing studies
and recent developments in novel therapies for MLD.

Substantial uncertainty remains about the performance of NBS screening programmes for MLD,
including with respect to appropriate cut-offs for use in the UK population. There is also
uncertainty around the clinical effectiveness of treatments for MLD and, in particular, about
whether treatment of pre-symptomatic patients (identified through screening) improves
outcomes. Fumagalli et al. (2022) provides some evidence that the gene therapy Libmeldy®,
recommended in NICE guidance HST18,°> may be effective in improving gross motor function for
patients with pre-symptomatic/early symptomatic late infantile or early juvenile MLD, relative to
an untreated NH cohort.?° There is some very weak, indirect evidence to indicate that the effects
of gene therapy treatment (Libmeldy®) on gross motor function, relative to untreated patients,
may be greater where patients receive treatment before symptoms develop. This evidence, is
derived from subgroup analyses within one small study which reported an indirect comparison
with substantial methodological limitations, funded by Orchard Therapeutics (the manufacturer
of Libmeldy®). The EAG report for NICE guidance HST18%2 is not included in this evidence
summary and most of the clinical effectiveness results included in this report are redacted.
However, it should be noted that the key areas of concern raised by the EAG are also applicable
to the version of the analysis published in Fumagalli et al. (2022).2° There is currently no direct
evidence that identification of patients with MLD through screening or cascade testing results in
improved outcomes.

Criterion 4, ‘There should be a simple, safe, precise and validated screening test’ was
considered not met. This conclusion was based on the lack of data to inform estimates of the
accuracy of evaluated screening algorithms and the high variability in estimates of PPV
calculated from two studies, for the same 2-tier screening algorithm."" No studies reporting
findings from implemented NBS screening programmes for MLD were identified.

Criterion 5, ‘The distribution of test values in the target population should be known and a
suitable cut-off level defined and agreed’ was considered not met. This conclusion was based
on the incidental identification of a new case of late infantile MLD, during the validation phase of
a UK pre-pilot study, which raised questions about the appropriate cut-off value for sulfatide
levels when used as the 15t tier of a 2-tier screening algorithm.

Criterion 9, ‘There should be an effective intervention for patients identified through screening,
with evidence that intervention at a pre-symptomatic phase leads to better outcomes for the
screened individual compared with usual care. Evidence relating to wider benefits of screening,
for example those relating to family members, should be taken into account where available.
However, where there is no prospect of benefit for the individual screened then the screening
programme should not be further considered’ was considered not met. Evidence about the
effectiveness of treatments for MLD is sparse and has substantial methodological limitations.
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There is currently no direct evidence that identification of patients with MLD through screening
or cascade testing results in improved outcomes.

Criterion 14, ‘The opportunity cost of the screening programme (including testing, diagnosis and
treatment, administration, training and quality assurance) should be economically balanced in
relation to expenditure on medical care as a whole (value for money). Assessment against this
criterion should have regard to evidence from cost benefit and/or cost effectiveness analyses
and have regard to the effective use of available resource’ was considered not met. The
available evidence was limited to a single publication,3' which reports an economic evaluation of
MLD screening in the UKwith substantial methodological weaknesses.

The current published evidence base alone is not adequate to support implementation of NBS
screening for MLD.

We identified only one reference to an implemented screening programme, a news article from
Oslo University Hospital, reporting that: ‘In January 2025, Norway became the first country in
the world to start national screening for metachromatic leukodystrophy (MLD).”*' We were not
able to identify any further details about the new Norwegian screening programme. One
publication' which did not meet the inclusion criteria for this evidence summary, listed ongoing
pilot studies and referred to the approval (lllinois, US) of the addition of MLD to the state
newborn screening panel, and noted that implementation is anticipated to start in 2024/25.
Future publication of data from implemented screening programmes and ongoing pilot studies™?
has the potential to provide evidence to inform criteria 4 and 5.

Further work is needed to adequately evaluate the performance of screening algorithms for
MLD, in practice, and to establish the cut-off values appropriate for use in the UK population.
Methodologically robust studies are needed to confirm the clinical effectiveness of available
treatments for MLD and to test the hypothesis that treatment outcomes are improved where
patients are treated before the onset of symptoms (i.e. through screening). Evidence about the
performance of screening algorithms and the efficacy of treatment is a pre-requisite to provide
robust model inputs for CEAs.

Limitations

The paucity and poor quality of evidence, across all the criteria considered in this evidence
summary, is a key limitation. Evidence generation is still at a relatively early stage and ongoing
pilot studies and/or data collection from the first implemented screening programmes are likely
to inform future evidence reviews.

The systematic review component of this evidence summary was limited by a restriction to full
publications in English. This may have resulted in an incomplete picture, particularly in respect
of any early screening evaluations/pilot studies conducted internationally.
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Search terms

Search terms included combinations of free text and subject headings (MeSH for MEDLINE,
and Emtree terms for Embase), grouped into the following category:

e disease area: MLD

Search terms for MEDLINE, MEDLINE In-Process, MEDLINE Daily, Epub Ahead of Print shown
in Table 15, search terms for Embase are shown in Table 16, search terms for CINAHL are
shown in Table 17, search terms for Orphanet are shown in Table 18, search terms for
Orphanet: Newborn Screening are shown in Table 19, search terms for the Cochrane Library
databases are shown in Table 20, search terms for KSR Evidence are shown in Table 21,
search terms for ClinicalTrials.gov are shown in Table 22, search terms for EUCTR are shown
in Table 23, search terms for WHO ICTRP are shown in Table 24, search terms for
ScanMedicine are shown in Table 25, search terms for TRIP are shown in Table 26, search
terms for GIN are shown in Table 27, search terms for NICE are shown in Table 28, search
terms for the INAHTA are shown in Table 29, search terms for NIHRHTA are shown in Table 30
and search terms for ECRIlare shown in Table 31.

Table 15: Search strategy for MEDLINE MEDLINE In-Process, MEDLINE Daily, Epub Ahead of Print (Searched via Ovid)

Term Group # Search terms Results
Disease 1 Leukodystrophy, Metachromatic/ 1347
2 (MLD and (gene$ or ARSAor ASAor arylsulfatase 1111

or arylsulphatase or leukodystroph$ or leuco-
dystroph$)).ti,ab,ot.

3 (Metachromatic adj2 (leukoencephal$ or leucoen- 1874
cephal$ or leukodystroph$ or leuco-
dystroph$)).ti,ab,ot,kw,kf,hw.

4 (("Arylsulfatase A" or "arylsulphatase A" or "epidi- 260
dymis secretory sperm binding protein") adj2 defi-
cien$).ti,ab,ot,kw,kf,hw.

5 Greenfield$ Disease.ti,ab,ot,kw,kf,hw. 6

6 (Cerebroside adj2 (Sulfatase or Sulphatase) adj2 7
Deficien$).ti,ab,ot,kw,kf,hw.

7 (cerebroside adj2 (sulfate or sulphate) adj2 storage 0
disease).ti,ab,ot,kw,kf,hw.

8 ((ASAor ESSPBor ARSA) adj2 Defi- 145
cien$).ti,ab,ot,kw,kf,hw.

9 Cerebroside Deficien$.ti,ab,ot,kw,kf,hw. 0

10 ((diffuse or metachromatic) adj3 (Cerebral or brain) 2399
adj3 sclerosis).ti,ab,ot,kw,kf, hw.

11 ((sulfatide or sulphatide) adj2 lipido- 18
sis).ti,ab,ot,kw,kf,hw.

12 (mckusick-25010 or 0
mckusick25010).ti,ab,ot,kw,kf,hw.

13 (sulfatidosis or sulphatidosis).ti,ab,ot, kw,kf. 18

14 or/1-13 4662

Limits 115 animals/ not (animals/ and humans/) 5234827
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16 14 not 15 4364
17 limit 16 to yr="2012 -Current" 859
Table 16: Search strategy for Embase (Searched via Ovid)
Term Group # Search terms Results
Disease 1 Metachromatic leukodystrophy/ 2506

2 (MLD and (gene$ or ARSAor ASAor arylsulfatase 1863
or arylsulphatase or leukodystroph$ or leuco-
dystroph$)).ti,ab,ot.

3 (Metachromatic adj2 (leukoencephal$ or leucoen- 2750
cephal$ or leukodystroph$ or leuco-
dystroph$)).ti,ab,ot,kw,hw.

4 (("Arylsulfatase A" or "arylsulphatase A" or "epidi- 354
dymis secretory sperm binding protein") adj2 defi-
cien$).ti,ab,ot,kw,hw.

5 Greenfield$ Disease.ti,ab,ot,kw,hw. 0

6 (Cerebroside adj2 (Sulfatase or Sulphatase) adj2 45
Deficien$).ti,ab,ot,kw,hw.

7 (cerebroside adj2 (sulfate or sulphate) adj2 storage 0
disease).ti,ab,ot,kw,hw.

8 ((ASAor ESSPB or ARSA) adj2 Defi- 194
cien$).ti,ab,ot,kw,hw.

9 Cerebroside Deficien$.ti,ab,ot,kw,hw. 0

10 ((diffuse or metachromatic) adj3 (Cerebral or brain) 29
adj3 sclerosis).ti,ab,ot,kw,hw.

11 ((sulfatide or sulphatide) adj2 lipido- 11
sis).ti,ab,ot,kw,hw.

12 (mckusick-25010 or 0
mckusick25010).ti,ab,ot,kw,hw.

13 13 (sulfatidosis or sulphatidosis).ti,ab,ot,kw. 18

14 or/1-13 3859

Limits 15 animal/ 1685351

16 animal experiment/ 3223364

17 (rat or rats or mouse or mice or murine or rodentor 7972183
rodents or hamster or hamsters or pig or pigs or
porcine or rabbit or rabbits or animal or animals or
dogs or dog or cats or cow or bovine or sheep or
ovine or monkey or monkeys).ti,ab,ot,hw.

18 or/15-17 7972183

19 exp human/ 27221576

20 human experiment/ 673515

21 or/19-20 27224440

22 18 not (18 and 21) 5924681

23 14 not 22 3490

24 limit 23 to yr="2012 -Current" 1800
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Table 17: Search strategy for CINAHL (Searched via EBSCO)

Term Group #

Search terms

Results

Disease

Limits

64

S1

S2

S3

S4
S5

S6

S7

S8

S9

S 10

S 11

S12

S 13

S 14

TI ( (MLD and (gene* or ARSA or ASA or arylsulfa-
tase or arylsulphatase or leukodystroph* or leuco-
dystroph*)) ) OR AB ( (MLD and (gene* or ARSAor
ASA or arylsulfatase or arylsulphatase or leu-
kodystroph* or leucodystroph*)) )

Tl ( (Metachromatic N2 (leukoencephal* or leuco-
encephal® or leukodystroph* or leucodystroph®)) )
OR AB ( (Metachromatic N2 (leukoencephal® or
leucoencephal* or leukodystroph* or leuco-
dystroph*)) )

TI ( (("Arylsulfatase A" or "arylsulphatase A" or "ep-
ididymis secretory sperm binding protein") N2 defi-
cien*) ) OR AB ( (("Arylsulfatase A" or "arylsulpha-
tase A" or "epididymis secretory sperm binding pro-
tein") N2 deficien*®) )

Tl Greenfield* Disease OR AB Greenfield* Disease
Tl ( (Cerebroside N2 (Sulfatase or Sulphatase) N2
Deficien*) ) OR AB ( (Cerebroside N2 (Sulfatase or
Sulphatase) N2 Deficien*) )

Tl ( (cerebroside N2 (sulfate or sulphate) N2 stor-
age disease) ) OR AB ( (cerebroside N2 (sulfate or
sulphate) N2 storage disease) )

Tl ( ((ASAor ESSPBor ARSA) N2 Deficien*) ) OR
AB ( ((ASAor ESSPB or ARSA) N2 Deficien*) )

Tl Cerebroside Deficien®* OR AB Cerebroside Defi-
cien*

TI ( ((diffuse or metachromatic) N3 (Cerebral or
brain) N3 sclerosis) ) OR AB ( ((diffuse or meta-
chromatic) N3 (Cerebral or brain) N3 sclerosis) )

TI ( ((sulfatide or sulphatide) N2 lipidosis) ) OR AB
( ((sulfatide or sulphatide) N2 lipidosis) )

TI ( (mckusick-25010 or mckusick25010) ) OR AB (
(mckusick-25010 or mckusick25010) )

Tl ( (sulfatidosis or sulphatidosis) ) OR AB ( (sul-
fatidosis or sulphatidosis) )

S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR
S8 OR S9 OR S10 OR S11 OR S12

S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR
S8 OR S9 OR S10 OR S11 OR S12 Limiters -
Publication Date: 20120101-20241231

147

129

10

[N ]

10

238

170



UK NSC external review — Newborn screening for metachromatic leukodystrophy (MLD), May 2025

Table 18: Search strategy for Orphanet (Searched via https://www.orpha.net)

Term Group # Browsed using disease name Results

Disease 1 MLD 6

Table 19: Search strategy for Orphanet: Newborn Screening Bibliographical Knowledgebase (Searched via https://nbs.or-
phanet.app/?lang=en)

Term Group # Search term Results

Disease 1 Metachromatic leukodystrophy 6

Table 20: Search strategy for COSRand CENTRAL (Searched via The Cochrane Library [Wiley])

Term Group # Search terms Results
Disease #1 MeSH descriptor: [Leukodystrophy, Metachro- 7
matic] explode all trees
#2 (MLD and (gene* or ARSAor ASAor arylsulfatase 101

or arylsulphatase or leukodystroph* or leuco-
dystroph*)):ti,ab,kw

#3 (Metachromatic near/2 (leukoencephal® or leuco- 13
encephal* or leukodystroph* or leuco-
dystroph*)):ti,ab,kw

#4 (("Arylsulfatase A" or "Arylsulphatase A" or "epidi- 2
dymis secretory sperm binding protein") near/2
Deficien™®):ti,ab,kw

#5 Greenfield* Disease:ti,ab,kw 132

#6 (Cerebroside near/2 (Sulfatase or Sulphatase) 1
near/2 Deficien*):ti,ab,kw

#7 (cerebroside near/2 (sulfate or sulphate) near/2 0
storage disease):ti,ab,kw

#8 ((ARSAor ASAor ESSBP) near/1 Defi- 1
cien*):ti,ab,kw

#9 Cerebroside Deficien*:ti,ab,kw 2

#10 ((diffuse or metachromatic) near/3 (Cerebral or 10

brain) near/2 sclerosis):ti,ab,kw

#11 ((sulfatide or sulphatide) near/2 lipidosis):ti,ab,kw 0
#12 (mckusick-25010 or mckusick25010):ti,ab,kw 0
#13 (sulfatidosis or sulphatidosis):ti,ab,kw 0
#14 #1or#2or#3 or#d or#5 or#6 or#7 or#8 or#9 182

or #10 or #11 or #12 or #13 with Cochrane Li-
brary publication date Between Jan 2012 and Oct
2024

CDSRRetrieved: 11

CDSRP Retrieved: 2

CENTRAL Retrieved: 169
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Table 21: Search strategy for KSR Evidence (searched via https://ksrevidence.cony/)

Term Group # Search terms Results

Disease 1 (MLD and (gene* or ARSAor ASAor arylsulfatase 9
or arylsulphatase or leukodystroph* or leuco-
dystroph*)) in Title or Abstract

2 (Metachromatic adj2 (leukoencephal* or leucoen- 6
cephal* or leukodystroph* or leucodystroph*)) in
Title or Abstract

3 (("Arylsulfatase A" or "arylsulphatase A" or "epidi- 2
dymis secretory sperm binding protein") adj2 defi-
cien*) in Title or Abstract

4 Greenfield* Disease in Title or Abstract 2

5 (Cerebroside adj2 (Sulfatase or Sulphatase) adj2 0
Deficien*) in Title or Abstract

6 (cerebroside adj2 (sulfate or sulphate) adj2 stor- 0
age disease) in Title or Abstract

7 ((ASAor ESSPBor ARSA) adj2 Deficien*) in Title 0
or Abstract

8 Cerebroside Deficien* in Title or Abstract 0

9 ((diffuse or metachromatic) adj3 (Cerebral or 0
brain) adj3 sclerosis) in Title or Abstract

10 ((sulfatide or sulphatide) adj2 lipidosis) in Title or 0
Abstract

11 (mckusick-25010 or mckusick25010) in Title or 0
Abstract

12 (sulfatidosis or sulphatidosis) in All text 0

13 #lor#2or#3 or#d4 or#5or#6 or#7 or#8 or#9 13
or #10 or #11 or #12 in All text

Table 22: Search strategy for NIH ClinicalTrials.gov (searched via http://www.clinicaltrials.gov/)
Term Group # Search terms Results In  Results in

condition Other terms

Disease 1 (sulfatidosis OR sulphatidosis OR 56 67
mckusick-25010 OR
mckusick25010 OR "sulfatide lipido-
sis" OR "sulphatide lipidosis" OR
"diffuse brain sclerosis" OR "meta-
chromatic brain sclerosis" OR "dif-
fuse Cerebral sclerosis" OR "meta-
chromatic Cerebral sclerosis" OR
"Cerebroside Deficiency" OR "Cere-
broside Deficiencies" OR "Cerebro-
side Deficient" OR "ARSA Defi-
ciency" OR "ARSA Deficiencies" or
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"ARSA Deficient" OR "ESSBP Defi-
ciency" OR "ESSBP Deficiencies"
or "ESSBP Deficient" OR "Cerebro-
side Sulphatase storage disease"
OR "Cerebroside Sulfatase storage
disease" OR "Cerebroside Sulfa-
tase Deficiency" OR "Cerebroside
Sulphatase Deficiency" OR "Aryl-
sulfatase A Deficiency" OR "Green-
field Disease" OR "Greenfields Dis-
ease" OR "Metachromatic leu-
koencephalopathy" OR "Metachro-
matic leucoencephalopathy" OR
"Metachromatic leukodystrophy"
OR "Metachromatic leucodystro-
phy" OR (MLD AND (gene OR
genes OR genetic OR ARSAOR A
SAOR arylsulfatase OR arylsulpha-
tase OR leukodystrophy OR leuco-
dystrophy))

Total

Total without duplicates

123
67

Table 23: Search strategy for EU Clinical Trials Register (EUCTR) (Searched via https://www.clinicaltrialsregister.eu/ctr-

search/search):

Search Interface 1 (pre 2022):

Term Group #

Search terms

Results

Disease

67

1

sulfatidosis OR sulphatidosis OR mckusick-
25010 OR mckusick25010 OR "sulfatide lipido-
sis" OR "sulphatide lipidosis" OR "diffuse brain
sclerosis" OR "metachromatic brain sclerosis"
OR "diffuse Cerebral sclerosis" OR "metachro-
matic Cerebral sclerosis" OR "Cerebroside Defi-
ciency" OR "Cerebroside Deficiencies" OR "Cer-
ebroside Deficient" OR "ARSA Deficiency" OR
"ARSA Deficiencies" or "ARSA Deficient" OR
"ESSBP Deficiency" OR "ESSBP Deficiencies"
or "ESSBP Deficient" OR "Cerebroside Sulpha-
tase storage disease" OR "Cerebroside Sulfa-
tase storage disease" OR "Cerebroside Sulfa-
tase Deficiency" OR "Cerebroside Sulphatase
Deficiency" OR "Arylsulfatase A Deficiency" OR
"Greenfield Disease" OR "Greenfields Disease"
OR "Metachromatic leukoencephalopathy" OR
"Metachromatic leucoencephalopathy" OR "Met-
achromatic leukodystrophy" OR "Metachromatic

21



UK NSC external review — Newborn screening for metachromatic leukodystrophy (MLD), May 2025

leucodystrophy" OR (MLD AND (gene OR genes

OR genetic OR ARSA OR ASAOR arylsulfatase
OR arylsulphatase OR leukodystrophy OR leu-
codystrophy))

Search Interface 2: (post 2022)

Term Group # Search terms Results
Disease 1 MLD 6
2 Metachromatic 0/5
3 Sulfatidosis 0
4 Sulphatidosis 0
5 ESSBP 0
6 ARSA 0/3
7 Greenfield 0
8 Leukodystrophy 0/5
9 leucodystrophy 0
Total 19
Total without duplicates 6

Table 24: Search strategy for World Health Organization International Clinical Trials Registry Platform (WHOICTRP (Searched
via http://www.who.int/ictrp/en/)

Term Group

#

Search terms

Results

Disease

68

1

sulfatidosis OR sulphatidosis OR mckusick-
25010 OR mckusick25010 OR "sulfatide lipido-
sis" OR "sulphatide lipidosis" OR "diffuse brain
sclerosis" OR "metachromatic brain sclerosis”
OR "diffuse Cerebral sclerosis" OR "metachro-
matic Cerebral sclerosis" OR "Cerebroside Defi-
ciency" OR "Cerebroside Deficiencies" OR "Cer-
ebroside Deficient" OR "ARSA Deficiency" OR
"ARSA Deficiencies" or "ARSA Deficient" OR
"ESSBP Deficiency" OR "ESSBP Deficiencies"
or "ESSBP Deficient" OR "Cerebroside Sulpha-
tase storage disease" OR "Cerebroside Sulfa-
tase storage disease" OR "Cerebroside Sulfa-
tase Deficiency" OR "Cerebroside Sulphatase
Deficiency" OR "Arylsulfatase A Deficiency" OR
"Greenfield Disease" OR "Greenfields Disease"
OR "Metachromatic leukoencephalopathy" OR
"Metachromatic leucoencephalopathy" OR "Met-
achromatic leukodystrophy" OR "Metachromatic
leucodystrophy

44
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2 (MLD AND (gene OR genes OR genetic OR AR 26
SAOR ASAOR arylsulfatase OR arylsulphatase
OR leukodystrophy OR leucodystrophy))
3 Total 70
4 Total without duplicates 45

Table 25: Search strategy for ScanMedicine (Searched via https://scanmedicine.com/)

Term Group # Search terms Results in
Trials
Disease 1 sulfatidosis | sulphatidosis | mckusick-25010 | 166

mckusick25010 | "sulfatide lipidosis" | "sulpha-
tide lipidosis" | "diffuse brain sclerosis" | "meta-
chromatic brain sclerosis" | "diffuse Cerebral
sclerosis" | "metachromatic Cerebral sclerosis" |
"Cerebroside Deficiency" | "Cerebroside Defi-
ciencies" | "Cerebroside Deficient" | "ARSA Defi-
ciency" | "ARSA Deficiencies" | "ARSA Deficient"
| "ESSBP Deficiency" | "ESSBP Deficiencies" |
"ESSBP Deficient" | "Cerebroside Sulphatase
storage disease" | "Cerebroside Sulfatase stor-
age disease" | "Cerebroside Sulfatase Defi-
ciency" | "Cerebroside Sulphatase Deficiency" |
"Arylsulfatase A Deficiency" | "Greenfield Dis-
ease" | "Greenfields Disease" | "Metachromatic
leukoencephalopathy" | "Metachromatic leuco-
encephalopathy" | "Metachromatic leukodystro-
phy" | "Metachromatic leucodystrophy" | MLD

Table 26: Search strategy for TRIP database (Searched via https://www.tripdatabase.con/)

Term Group # Search terms Results In  Results In
guidelines Regulatory
guidelines
Disease 1 (mld OR metachromatic OR sulfati- 54 8

dosis OR sulphatidosis OR essbp
OR arsa OR leukodystrophy OR
leucodystrophy OR mckusick25010)
from_date:2012 to_date:2024

Total 62
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Table 27: Search strategy for International Guidelines Library (GIN (searched via https:/g-i-n.net/international-quidelines-li-
brary/)

Term Group # Search terms Results

Disease 1 (MLD and (gene* or ARSAor ASAor arylsulfa- 9
tase or arylsulphatase or leukodystroph* or leu-
codystroph*)) in Title or Abstract

2 (Metachromatic adj2 (leukoencephal* or leuco- 6
encephal* or leukodystroph* or leucodystroph*))
in Title or Abstract

3 (("Arylsulfatase A" or "arylsulphatase A" or "epi- 2
didymis secretory sperm binding protein") adj2
deficien*) in Title or Abstract

4 Greenfield* Disease in Title or Abstract 2

5 (Cerebroside adj2 (Sulfatase or Sulphatase) 0
adj2 Deficien*) in Title or Abstract

6 (cerebroside adj2 (sulfate or sulphate) adj2 stor- 0
age disease) in Title or Abstract

7 ((ASAor ESSPBor ARSA) adj2 Deficien*) in Ti- 0
tle or Abstract

8 Cerebroside Deficien* in Title or Abstract 0

9 ((diffuse or metachromatic) adj3 (Cerebral or 0
brain) adj3 sclerosis) in Title or Abstract

10 ((sulfatide or sulphatide) adj2 lipidosis) in Title or 0
Abstract

11 (mckusick-25010 or mckusick25010) in Titteor 0O
Abstract

12 (sulfatidosis or sulphatidosis) in All text 0

13 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or 13

#9 or #10 or #11 or #12 in All text

Table 28: Search strategy for National Institute for Health and Care Excellence (NICE) (Searched via https://www.nice.org.uk/)

Term Group # Search terms Results

Disease 1 MLD OR metachromatic OR sulfatidosis OR sul- 4
phatidosis OR essbp OR arsa OR leukodystro-
phy OR leucodystrophy OR mckusick25010
Total 4
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Table 29: Search strategy for the International HTA Database (INAHTA) (searched via https://database.inahta.org/)

Term Group # Search terms Results

Disease 1 ("Leukodystrophy, Metachromatic"[mhe]) OR (sul- 3
fatidosis OR sulphatidosis OR mckusick-5010 OR
mckusick25010 OR "sulfatide lipidosis" OR "sul-
phatide lipidosis" OR "diffuse brain sclerosis" OR
"metachromatic brain sclerosis" OR "diffuse Cere-
bral sclerosis" OR "metachromatic Cerebral sclero-
sis" OR "Cerebroside Deficiency" OR "Cerebroside
Deficiencies" OR "Cerebroside Deficient" OR "ARS
A Deficiency" OR "ARSA Deficiencies" or "ARSA
Deficient" OR "ESSBP Deficiency" OR "ESSBP
Deficiencies" or "ESSBP Deficient" OR "Cerebro-
side Sulphatase storage disease" OR "Cerebroside
Sulfatase storage disease" OR "Cerebroside Sulfa-
tase Deficiency" OR "Cerebroside Sulphatase Defi-
ciency" OR "Arylsulfatase A Deficiency" OR
"Greenfield Disease" OR "Greenfields Disease"
OR "Metachromatic leukoencephalopathy" OR
"Metachromatic leucoencephalopathy" OR "Meta-
chromatic leukodystrophy" OR "Metachromatic leu-
codystrophy" OR MLD)

Table 30: Search strategy for National Institute for Health and Care Research (NIHR) HTA (Searched via https://www.nihr.ac.uk/):

Term Group # Search terms Results

mld
metachromatic
sulfatidosis
sulphatidosis
essbp

arsa
leucodystrophy
Leukodystrophy
mckusick25010
Total

Total after deduplication

Disease

O©CooO~NOOOAPrWN-=-
OONO ~ 001000 -~0
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Table 31: Search strategy for ECRI Guidelines Trust (Searched via https://quidelines.ecri.org/)

Term Group # Search terms Results
Disease 1 MLD OR metachromatic OR sulfatidosis OR sulpha- 2
tidosis OR essbp OR arsa OR leukodystrophy OR
leucodystrophy OR mckusick25010
Total 2

Update searches

The searches for the update included searches of the databases shown in Table 32. MEDLINE,
MEDLINE In-Process, MEDLINE Daily, Epub Ahead of Print, Embase and medRxiv. Both the

Embase and MEDLINE searches were rerun in their entirety (Tables 33 to 35) and deduplicated
against the original search results in Endnote.

Table 32: Update Searches

Resource Host Date range Date Records
searched found

MEDLINE Ovid 1946 to 2025 January 29 30.1.25 879

EMBASE Ovid 1974 to 2025 January 29 30.1.25 1811

medRxiv_ https://www.medrxiv.org/  up to 2025 February 3 3.2.25 77

Total 2767

Table 33: Search strategy for MEDLINE MEDLINE In-Process, MEDLINE Daily, Epub Ahead of Print (Searched via Ovid)

Term Group # Search terms Results
Disease 1 Leukodystrophy, Metachromatic/ 1353

2 (MLD and (gene$ or ARSAor ASAor arylsulfatase 1123
or arylsulphatase or leukodystroph$ or leuco-
dystroph$)).ti,ab,ot

3 Metachromatic adj2 (leukoencephal$ or leucoen- 1892
cephal$ or leukodystroph$ or leuco-
dystroph$)).ti,ab,ot,kw,kf,hw.

4 (("Arylsulfatase A" or "arylsulphatase A" or "epidi- 261
dymis secretory sperm binding protein") adj2 defi-
cien$).ti,ab,ot,kw,kf, hw.

5 Greenfield$ Disease.ti,ab,ot,kw,kf,hw 6

6 (Cerebroside adj2 (Sulfatase or Sulphatase) adj2 7
Deficien$).ti,ab,ot,kw,kf,hw.

7 (cerebroside adj2 (sulfate or sulphate) adj2 storage 0
disease).ti,ab,ot,kw,kf,hw.

8 ((ASAor ESSPBor ARSA) adj2 Defi- 145
cien$).ti,ab,ot,kw,kf, hw.

9 Cerebroside Deficien$.ti,ab,ot,kw, kf,hw. 0
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10 ((diffuse or metachromatic) adj3 (Cerebral or brain) 2399
adj3 sclerosis).ti,ab,ot,kw,kf,hw.

11 ((sulfatide or sulphatide) adj2 lipido- 18
sis).ti,ab,ot,kw,kf,hw.

12 (mckusick-25010 or 0
mckusick25010).ti,ab,ot,kw,kf,hw.

13 (sulfatidosis or sulphatidosis).ti,ab,ot,kw,kf. 18

14 or/1-13 4683

Limits 15 animals/ not (animals/ and humans/) 5268165

16 14 not 15 4384

17 limit 16 to yr="2012 -Current" 879

Table 34: Search strategy for Embase (Searched via Ovid)
Term Group # Search terms Results
Disease 1 Metachromatic leukodystrophy/ 251

2 (MLD and (gene$ or ARSAor ASAor arylsulfatase 1868
or arylsulphatase or leukodystroph$ or leuco-
dystroph$)).ti,ab,ot.

3 (Metachromatic adj2 (leukoencephal$ or leucoen- 2754
cephal$ or leukodystroph$ or leuco-
dystroph$)).ti,ab,ot,kw,hw.

4 (("Arylsulfatase A" or "arylsulphatase A" or "epidi- 354
dymis secretory sperm binding protein") adj2 defi-
cien$).ti,ab,ot,kw,hw.

5 Greenfield$ Disease.ti,ab,ot,kw,hw. 0

6 (Cerebroside adj2 (Sulfatase or Sulphatase) adj2 44
Deficien$).ti,ab,ot,kw,hw.

7 (cerebroside adj2 (sulfate or sulphate) adj2 storage 0
disease).ti,ab,ot,kw,hw.

8 ((ASAor ESSPB or ARSA) adj2 Defi- 196
cien$).ti,ab,ot,kw,hw.

9 Cerebroside Deficien$.ti,ab,ot,kw,hw. 0

10 ((diffuse or metachromatic) adj3 (Cerebral or brain) 24
adj3 sclerosis).ti,ab,ot,kw,hw.

11 ((sulfatide or sulphatide) adj2 lipido- 11
sis).ti,ab,ot,kw,hw.

12 (mckusick-25010 or 0
mckusick25010).ti,ab,ot,kw,hw.

13 (sulfatidosis or sulphatidosis).ti,ab,ot,kw. 18

14 or/1-13 3846

Limits 15 animal/ 1671863

16 animal experiment/ 3237837

17 (rat or rats or mouse or mice or murine or rodent or 7977692
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dogs or dog or cats or cow or bovine or sheep or
ovine or monkey or monkeys).ti,ab,ot,hw.

18 or/15-17 7977692
19 exp human/ 27290477
20 human experiment/ 672297
21 or/19-20 27293480
22 18 not (18 and 21) 5910654
23 14 not 22 3478
24 limit 23 to yr="2012 -Current" 1811
Table 35: Search strategy for medRxiv (Searched via https://www.medrxiv.org/)
Term Group # Search terms Results
Disease 1 Metachromatic leukoencephalopathy 0
2 Metachromatic leucoencephalopathy 0
3 (Metachromatic leukodystrophy 0
4 Metachromatic leucodystrophy 0
5 MLD 21
6 Newborn screening 56
Total 77
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Appendix 2 - Included and excluded studies
PRISMA flowchart

Figure 1 summarises the volume of publications included and excluded at each stage of the
review. Publications that were included or excluded after the review of full-text articles are

detailed below.

Identification of studies via databases and registers ]
s Records identified from:
= Databases (n = 3417 )
- Duplicates removed (n = 870 )
£ Update searches (n=2767)
ﬁ Duplicates removed (n=2640)
e’
h A
S
Records screened .| Records excluded
(n=2674) 7| (n=2383)
¥
Reports sought for retrieval Reports not retrieved
o |(n=38 "l mn=0)
@
2
@ 4
A Reports excluded:
ﬁeggrés} assessed for eligibility —| Did not meet 1 or more pre-specified
B inclusion criteria (n = 31)
S
— L J
- Studies included in review
o (n=86)
% Reports of included studies
= (n=7)
S

Figure 1: Summary of publications included and excluded at each stage of the review
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Publications included after review of full-text articles

The seven publications included after review of full-texts are summarised in Table 36 below.

Table 36: Summary of publications included after review of full-text articles, and the question(s) each publication was identified
as being relevant to

Study The The The The Implementation Comments
condition test intervention screening criteria
programme
Bean, 20243 v Criterion 14
Fumagalli, 4 Criterion 9
2022%°
Groeschel, v Criterion 9
201630
Hong, 2021 4 Criterion 4
Laugwitz, 4 Criterion 4
20242
Sessa, 201640 4 Criterion 9
Wu, 202428 v Criteria 4
and 5
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Publications excluded after review of full-text articles

Of the 38 publications assessed as potentially relevant after the review of titles and
abstracts, 31 were ultimately judged not to be relevant to this review (did not meet the pre-
specified inclusion criteria). These publications, along with reasons for exclusion, are listed

in Table 38.

Table 38: Publications excluded after review of full-text articles

Publication

Reason for exclusion (PICROS not met)

Barcenas, 2014%°

Bekri, 2024

Bouche, 20157

Calbi, 202046
Calbi, 2023
Calbi, 202472
Chang, 2023"
Elmonem, 20147

Fahim, 20247

Ferraiuolo, 201276
Fumagalli, 2019*°
Gelb, 202377
Hong, 2020

Horgan, 202378
Jones, 20217°
Jones, 20228
Kehrer, 20128
Laugwitz, 202443
Morton, 202282

NICE, 2021

80

Comparison of levels of several types of sulfatide, in DBS and urine sam-
ples, from MLD patients versus controls. MLD patients were not new-
borns and no accuracy related outcome measures were reported or cal-
culable. (P, O, S)

Not a primary study; exploration of possible thresholds for various sul-
fatides as 1st tier tests, reports number (%) above threshold from four pi-
lots (three unpublished). (I, R, O, S)

Observational study of long-term outcomes for patients with MLD who
have undergone HSCT. States that 'Survival was independent of condi-
tioning regimen, MLD subtype and presence of symptoms at the time of
transplantation’, but data were only presented for the comparison of MLD
subtypes. (I, C, S)

Conference abstract only, no full publication identified.

Conference abstract only, no full publication identified.

Conference abstract only, no full publication identified.

Conference abstract only, no full publication identified.

Comparison of the analytical performance of blood spot versus plasma
chitotriosidase, using samples from patients with confirmed lysosomal
storage disorders and controls; samples were not from newborns and alt-
hough ROC curves were reported, these were for a combined target con-
dition of 10 different lysosomal storage disorders with no separate data
for MLD. (P, O)

Not a primary study: summary of a clinical and cost effectiveness as-
sessment from the California Technology Assessment Forum; assess-
ment based on comparison of outcomes for pre-symptomatic and early-
symptomatic children with MLD who were treated with atidarsagene ver-
sus outcomes in a natural history cohort.

Not a primary study; commentary

Conference abstract only, no full publication identified.

Conference abstract only, no full publication identified.

Assay development paper for the ARSA enzymatic activity assay used in
the included study, Hong et al. (2021). Comparison of levels in MLD pa-
tients versus healthy adult controls and no accuracy or screening out-
comes (levels only). (P, O, S)

Description of RMCH UK patients treated with Libmeldy® since NICE ap-
proval: No outcomes and no comparator. (C, O, S)

Conference abstract only, no full publication identified.

Report of an algorithm for assessing screening for IMDs (P, |, C, R, O, S)
Conference abstract only, no full publication identified.

Not a primary study; report development of guidelines for clinical man-
agement of NBS-identified MLD

UK and Republic of Ireland survey of caregiver views on early diagnosis
and NBSfor MLD. (P, I, C, R, O, S)

Not a primary study: EAG report for NICE HST assessment of Libmeldy®,
relevant clinical effectiveness data are redacted.
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Oliva, 202383 Conference abstract, reporting data published in included study,
Laugwitz et al. (2024)

Pettazzoni, 20238 Conference abstract only, no full publication identified.

Ridsdale, 20177 Conference abstract only, no full publication identified.

Ruis-Schultz, 20218°  Validation study of an exome sequencing-based NGS method for confir-
mation testing, using positive NBS samples for a variety of conditions.

(P,1,C,R,0,S)
Sevin, 2018% Conference abstract only, no full publication identified.
Spacil, 20168 Assay development paper for the sulfatide assay used in in included

study, Hong et al. (2021). Comparison of levels in MLD patients versus
healthy control newborns, not all MLD patients were newborns and no
accuracy outcomes (levels only). (P, O, S)
Suhr, 2017 Conference abstract only, no full publication identified.
Van Rappard, 2015%” Conference abstract only, no full publication identified.
Van Rappard, 2016%” Letter to the editor, no full publication identified.
Wiesinger, 202188 Conference abstract only, no full publication identified.
Yoon, 20208’ Conference abstract only, no full publication identified.
ARSA Arylsulfatase A; C: comparator; DBS: dried blood spot; EAG: External Assessment Group;
HSCT: hematopoietic stem cell transplantation; HST: Highly Specialised Technology; |: index test
or intervention; IMD: inherited metabolic disease; MLD: metachromatic leukodystrophy; NBS:
newborn screening; NGS: next generation sequencing; NICE: National Institute for Health and
Care Excellence; O: outcomes; P: population; R: reference standard; RMCH: Royal Manchester
Children’s Hospital; ROC: receiver operating characteristic; S: study design
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Appendix 3 - Appraisal for quality and risk of
bias of individual studies

QUADAS-2 and QUADAS C assessments

STUDY: Hong et al. (2021)"" (algorithm a)
DOMAIN 1: PATIENT SELECTION

A. RISK OF BIAS

Stored DBS from de-identified random newborns (n=27,335), provided by the
Washington State Department of Health; no further details reported.

Was a consecutive or random sample of patients enrolled? Yes
Was a case-control design avoided? Yes
Did the study avoid inappropriate exclusions? Unclear

Could the selection of patients have introduced RISK: Low
bias?

B. APPLICABILITY

No participant details were reported; however, samples were from de-identified
random newborns.

Do the included patients match the question? Concerns: Low

DOMAIN 2: INDEX TEST(S)
A. RISK OF BIAS

2-tier screening using two 3 mm punches from the same DBS (as needed). 15t tier
testing using UPLC-MSMS analysis of C16:0-sulfatide levels, with a threshold de-
rived from analysis of stored DBS from 15 known MLD newborns and 2,000 ran-
dom newborns and set to achieve 100% sensitivity. It was not clear whether the
samples from these 2,000 randoms were included in the total of 27,335 samples
from random newborns evaluated in the study. 2" tier testing using ARSA en-
zyme activity (method and threshold defined in a previous study?). Confirmatory
genetic testing only carried out in screen positive samples and in 3/193 15t tier
positive, screen negative samples (process for selecting screen negative samples
not reported).

Were the index test results interpreted without knowledge Yes
of the results of the reference standard?

If a threshold was used, was it pre-specified? Unclear

Could the conduct or interpretation of the index RISK: Unclear
test have introduced bias?
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B. APPLICABILITY

Are there concerns that the index test, its con- Concerns: Low
duct, or interpretation differ from the review
question?

DOMAIN 3: REFERENCE STANDARD
A. RISK OF BIAS

Confirmatory testing (ARSA exome sequencing) was only undertaken in the
screen positive samples and in 3/193 15t tier positive, screen negative samples. It
was unclear whether those undertaking ARSA exome sequencing were aware of
the results of screening test(s). Given the small numbers of samples involved and
the nature of the confirmatory test, it is likely that the results of screening test(s)
were known, however, it is not clear whether or how such knowledge could affect
interpretation of genetic sequencing.

Is the reference standard likely to correctly classify the target Yes
condition?
Were the reference standard results interpreted without Unclear

knowledge of the results of the index test?

Could the reference standard, its conduct, or its RISK: Unclear
interpretation have introduced bias?

B. APPLICABILITY

Is there concern that the target condition as de- Concerns: Low
fined by the reference standard does not match
the review question?

DOMAIN 4: FLOW AND TIMING
A. RISK OF BIAS

Confirmatory testing (ARSA exome sequencing) was only undertaken in the
screen positive samples and in 3/193 18t tier positive, screen negative samples.
The process used to select the three selecting screen negative samples for ex-
ome sequencing was not reported. No further testing or follow-up was reported for
the remaining 190 18! tier positive, screen negative samples, of which 73 did not
receive 2" tier testing due to inadequate sample storage conditions and these
samples were excluded from analyses (e.g. reported FPR for 18t tier testing).

Was there an appropriate time interval between index test No

and reference standard?

Did patients receive the same or a similar reference stand- No

ard?

Were all patients included in the analysis? No
Could the patient flow have introduced bias? RISK: High
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STUDY: Hong et al. (2021)"" (algorithm b)

DOMAIN 1: PATIENT SELECTION

A. RISK OF BIAS
Stored DBS from de-identified newborns (n=2,287); no further details reported.

Was a consecutive or random sample of patients enrolled? Unclear
Was a case-control design avoided? Yes
Did the study avoid inappropriate exclusions? Unclear

Could the selection of patients have introduced RISK: Unclear
bias?

B. APPLICABILITY

No participant details were reported.

Do the included patients match the question? Concerns: Unclear

DOMAIN 2: INDEX TEST(S)
A. RISK OF BIAS

2-tier screening using two 3 mm punches from the same DBS (as needed). 1t tier
testing using ARSA enzyme activity (method and threshold defined in a previous
study'9). 2" tier testing using UPLC-MS/MS analysis of C16:0-sulfatide levels,
with a threshold derived from analysis of stored DBS from 15 known MLD new-
borns and 2,000 random newborns and set to achieve 100% sensitivity. It was not
clear whether the samples from these 2,000 randoms were included in the total of
2,287 samples from newborns evaluated in the study. No confirmatory genetic
testing reported.

Were the index test results interpreted without knowledge Yes
of the results of the reference standard?

If a threshold was used, was it pre-specified? Unclear

Could the conduct or interpretation of the index RISK: Unclear
test have introduced bias?

B. APPLICABILITY

Are there concerns that the index test, its con- Concerns: Low
duct, or interpretation differ from the review
question?

DOMAIN 3: REFERENCE STANDARD
A. RISK OF BIAS

No confirmatory genetic testing or follow-up was reported.

Is the reference standard likely to correctly classify the target No
condition?
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Were the reference standard results interpreted without NA
knowledge of the results of the index test?

Could the reference standard, its conduct, or its RISK: High
interpretation have introduced bias?

B. APPLICABILITY

Is there concern that the target condition as de- Concerns: High
fined by the reference standard does not match
the review question?

DOMAIN 4: FLOW AND TIMING

A. RISK OF BIAS
No confirmatory genetic testing or follow-up was reported.

Was there an appropriate time interval between index test No
and reference standard?
Did patients receive the same or a similar reference stand- No
ard?

Yes

Were all patients included in the analysis?
Could the patient flow have introduced bias? RISK: High
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STUDY: Hong et al. (2021)"" (QUADAS-C)

DOMAIN 1: PATIENT SELECTION
A. RISK OF BIAS

Was the risk of bias for each index text judged 'low' for this No
domain?

Was a fully paired or randomised design used? No
Was the sequence allocation random? NA
Was the allocation sequence concealed until the patients NA

were enrolled and assigned to index tests?

Could the selection of patients have introduced RISK: High
bias in the comparison?

DOMAIN 2: INDEX TEST(S)
A. RISK OF BIAS

Was the risk of bias for each index text judged 'low' for this No
domain?
Were index test results interpreted without knowledge of the NA

results of the other index test(s)?

Is undergoing one index test unlikely to affect the perfor- NA
mance of the other index tests?

Were the index tests conducted and interpreted without ad- Unclear
vantaging one of the tests?

Could the conduct or interpretation of the index RISK: High
tests have introduced bias in the comparison?

DOMAIN 3: REFERENCE STANDARD
A. RISK OF BIAS

Was the risk of bias for each index text judged 'low' for this No
domain?

Did the reference standard avoid incorporating any of the in- Yes
dex tests?

Could the reference standard, its conduct, or its RISK: High
interpretation have introduced bias?

DOMAIN 4: FLOW AND TIMING

A. RISK OF BIAS

Was the risk of bias for each index text judged 'low' for this No
domain?
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Was there an appropriate interval between the tests?
Was the same reference standard used for all index tests?

Are the proportions and reasons for missing data similar
across index tests?

Could the patient flow have introduced bias in the RISK: High
comparison?
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Laugwitz et al. (2024)?"

DOMAIN 1: PATIENT SELECTION
A. RISK OF BIAS

A newborn screening pilot programme, conducted as a prospective cohort, which
included newborns in hospitals referring to the newborn screening laboratory in
Hannover, Germany. Newborns were included where there was consent from the
legal guardian, where a DBS sample had been collected within the first 36 to 72
hours of life (in line with German national guidelines) and where there was suffi-
cient residual DBS sample after completion of the regular national NBS pro-
gramme.

Was a consecutive or random sample of patients enrolled? Yes
Was a case-control design avoided? Yes
Did the study avoid inappropriate exclusions? Yes

Could the selection of patients have introduced RISK: Low
bias?

B. APPLICABILITY

Newborns in an unselected population screening pilot study.

Do the included patients match the question? Concerns: Low

DOMAIN 2: INDEX TEST(S)
A. RISK OF BIAS

3-tier screening using 3.2 mm punch from a DBS. 15t tier testing using
UPLC-MSMS analysis to quantify the sulfatide species C16:0, C16:0-OHand
C16:1-OH, preliminary cut-offs were established during validation using 500 ran-
dom DBS samples and five DBS from symptomatic children with MLD, cut-offs
were adjusted over time with the final cut-offs established after screening 109,259
newborns (cut-offs were 20.17 and =0.050 umol/L or 21.83 and 23.13 as MoM for
C16:0 and C16:1-OH, respectively). 2" tier testing using ARSA enzyme activity
using LC-MS/MS (published method'?), cut-off <0.015 umol/L/h. 3™ tier genetic
testing in DBS clinically relevant variants in ARSAif detected as one homozygous
or a combination of two heterozygous variants, biallelic variants in SUMF1 or
PSAP (positive screening results for MSD or Prosaposin B deficiency) were not
considered FP, but were excluded from reporting, 3™ tier testing done in all DBS
with elevated sulfatides (i.e. all 15t tier positives). Concerns about applicability
arise from inclusion of genetic testing (more usually considered part of confirma-
tory testing) in the screening algorithm.

Were the index test results interpreted without knowledge Yes
of the results of the reference standard?

If a threshold was used, was it pre-specified? No

Could the conduct or interpretation of the index RISK: High
test have introduced bias?
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B. APPLICABILITY

Are there concerns that the index test, its con- Concerns: High
duct, or interpretation differ from the review
question?

DOMAIN 3: REFERENCE STANDARD
A. RISK OF BIAS

Screen positives (following 3™ tier testing) were referred for confirmatory diagnos-
tics, including urinary sulfatides, ARSA enzyme activity in leukocytes and genetic
sequencing of index case and parents (NGS or Sanger sequencing, with variants
classified by two geneticists independently based on ACMG guidelines). No test-
ing or follow-up of screen negative patients was reported and no population sur-
veillance to identify any possible screen negative cases was reported. Low risk of
bias rating because knowledge of screening results is unlikely to bias genetic se-
quencing and interpretation by to independent geneticists.

Is the reference standard likely to correctly classify the target Yes
condition?
Were the reference standard results interpreted without Unclear

knowledge of the results of the index test?

Could the reference standard, its conduct, or its RISK: Low
interpretation have introduced bias?

B. APPLICABILITY

Is there concern that the target condition as de- Concerns: Low
fined by the reference standard does not match
the review question?

DOMAIN 4: FLOW AND TIMING
A. RISK OF BIAS

230/381 15t tier positive samples received 2" tier screening test and all 381 15t tier
positive samples received 3™ tier screening test. Only 3™ tier screen positive pa-
tients received confirmatory diagnostic testing. No testing or follow-up of screen
negative patients was reported and no population surveillance to identify any pos-
sible screen negative cases was reported.

Was there an appropriate time interval between index test No

and reference standard?

Did patients receive the same or a similar reference stand- No

ard?

Were all patients included in the analysis? No
Could the patient flow have introduced bias? RISK: High
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STUDY: Wu et al. (2024)%8

DOMAIN 1: PATIENT SELECTION
A. RISK OF BIAS

De-identified DBS from the UK newborn screening programme (Manchester New-
born Screening Laboratory). Blood spots collected from babies <4 days or >12
months of age, rejected due to blood transfusion, or of poor quality; parent de-
clined any research being performed on the baby's residual sample. No further
details were reported.

Was a consecutive or random sample of patients enrolled? Unclear
Was a case-control design avoided? Yes
Did the study avoid inappropriate exclusions? Unclear

Could the selection of patients have introduced RISK: Unclear
bias?

B. APPLICABILITY

No participant details were reported.

Do the included patients match the question? Concerns: Unclear

DOMAIN 2: INDEX TEST(S)

A. RISK OF BIAS

2-tier screening using DBS. 15t tier testing using UPLC-MS/MS analysis of C16:0-
sulfatide levels, using a published threshold'" (=0.17 ymol/L), which had been as-
sessed in a validation phase before the start of the pre-pilot (using different sam-
ples). 2" tier testing using ARSA enzyme activity <20% of mean (method and
threshold defined in previous studies'® ). Confirmatory genetic testing only car-
ried out in 18t tier screen positive samples (there were no 2" tier screen positives)
and in two additional samples with ARSA activity <20% of mean, identified in the
validation phase.

Were the index test results interpreted without knowledge Yes
of the results of the reference standard?

If a threshold was used, was it pre-specified? Yes

Could the conduct or interpretation of the index RISK: Low
test have introduced bias?

B. APPLICABILITY

Are there concerns that the index test, its con- Concerns: Low
duct, or interpretation differ from the review
question?
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DOMAIN 3: REFERENCE STANDARD

A. RISK OF BIAS

PCR amplification of ARSA gene from DBS using an automated EZ1 DNA Tissue
Kit (QlAgen) followed by Sanger sequencing; conducted in the 11 15t tier positive,
2" tier negative samples from the pre-pilot study and in two samples from the ini-
tial validation of the ARSA activity reference ranges with ARSA activity <20% of
the mean. No testing or follow-up of screen negative patients was reported and no
population surveillance to identify any possible screen negative cases was re-
ported. Given the small numbers of samples involved and the nature of the con-
firmatory test, it is likely that the results of screening test(s) were known, however,
it is not clear whether or how such knowledge could affect interpretation of genetic
sequencing.

Is the reference standard likely to correctly classify the target Yes
condition?
Were the reference standard results interpreted without Unclear

knowledge of the results of the index test?

Could the reference standard, its conduct, or its RISK: Unclear
interpretation have introduced bias?

B. APPLICABILITY

Is there concern that the target condition as de- Concerns: Low
fined by the reference standard does not match
the review question?

DOMAIN 4: FLOW AND TIMING
A. RISK OF BIAS

Confirmatory testing (genetic sequencing to identify pathogenic ARSA variants)
was only conducted in the 11 18t tier positive, 2™ tier negative samples from the
pre-pilot study and in two samples from the initial validation of the ARSA activity
reference ranges with ARSA activity <20% of the mean. No testing or follow-up of
screen negative patients was reported and no population surveillance to identify
any possible screen negative cases was reported.

Was there an appropriate time interval between index test No

and reference standard?

Did patients receive the same or a similar reference stand- No

ard?

Were all patients included in the analysis? Yes
Could the patient flow have introduced bias? RISK: High
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UK NSC external review — Newborn screening for metachromatic leukodystrophy (MLD),
May 2025

Appendix 4 - Screening algorithms
evaluated by included studies

The following pages summarise the screening algorithms evaluated by studies in-
cluded in this evidence summary, for NBS screening for MLD; algorithms are listed
under the country where the evaluation was conducted.

Germany

Laugwitz et al. (2024)?" reported a pilot study evaluating a 3-tier strategy for NBS
screening for MLD, comprising the quantification of C16:0-sulfatide and C16:1-OH
sulfatide using UPLC-MS/MS and measurement of ARSA enzymatic activity assay us-
ing tandem mass spectrometry, and where genetic sequencing of the DBS sample
was classified as the 3 tier of screening. The study used 109, 259 DBS obtained
from newborns as part of the existing German newborn screening programme.

All NBS samples

y

18t tier: sulfatide levels

| \. J

C16:0 < 0.17 umol/L |
and C16:0 2 0.17 ymol/L

C16:1-OH < 0.05 ymol/L or
C16:1-OH = 0.05 umol/L

!

[ 2" tier: ARSA activity ]

activity > 0.015 pmol/L/hr activity = 0.015 pymol/L/hr

) | l

3" tier: genetic sequencing
(ARSA SUMF1, PSAP)

no clinically relevant ARSA clinically rele_vant ARSAvar-
variant lant

: ' i

[ Screen Negative ] [ Screen Positive ]
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UK

Wu et al. (2024)% reported a ‘pre-pilot’ study, conducted at the Royal Manchester
Children’s Hospital, evaluating a 2-tier strategy for NBS screening for MLD, compris-
ing the quantification of C16:0-sulfatide in using UPLC-MS/MS and measurement of
ARSA enzymatic activity assay using tandem mass spectrometry. The study used
3,687 de-identified residual DBS samples from the Manchester Newborn Screening
Laboratory.

All NBS samples

\ 4

18t Tier: Sulfatide levels

| \L J

C16:0 < 0.17 pmol/L |
C16:0 =2 0.17 ymol/L

v

[ 2" Tier: ARSA activity ]

activity 220% normal mean activity <20% normal mean

A

Measure reference enzymes
sulphamidase and B-galactosidase

I |

both reference One or more reference
enzymes low enzymes normal
request repeat sample l

A 4
[ Screen Negative ] [ Screen Positive ]
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US (Washington State)

Hong et al. (2021)'" assessed the feasibility of a using a 2-tier strategy for NBS
screening for MLD, comprising the quantification of C16:0-sulfatide in using
UPLC-MSMS and measurement of ARSA enzymatic activity assay using tandem
mass spectrometry. The study used 27,355 de-identified DBS, shared by the Wash-
ington State Department of Health.

a)

[ All NBS samples

'

15t Tier: Sulfatide levels

—
|

C16:0 = 0.17 pmol/L

v

[ 2" Tier: ARSA activity ]

C16:0 < 0.17 ymol/L

, |
[ Screen Negative ]4— activity 220% normal mean  activity <20% normal mean

Measure 3 other sulfatases
(12S, GALNS, ARSB)

21 other sulfatases < 20% 3 other sulfatases =2 20%
matching newborn matching newborn

l l

MSD Screen Positive ] [ MLD Screen Positive
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Hong et al. (2021)'" also conducted a preliminary exploration of a 2-tier strategy for
NBS screening for MLD, where ARSA enzymatic activity was used as the 15t tier test
(algorithm b), using 2,287 de-identified DBS.

b)

[ All NBS samples

\4
[ 1t Tier: ARSA activity

activity <20% normal mean

v

activity 220% normal mean

[ 2" Tier: Sulfatide levels ]
, |
[ Screen Negative ]47 C16:0 < 0.17 pmol/L C16:0 2 0.17 umol/L
Measure 3 other sulfatases
(12S, GALNS, ARSB)

21 other sulfatases < 20% 3 other sulfatases = 20%
matching newborn matching newborn

l l

MSD Screen Positive ][ MLD Screen Positive ]
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Appendix 5 - Published clinical guidelines
on the management of ML D

NICE guidance HST18: Atidarsagene autotemcel for treating
metachromatic leukodystrophy

HST18 recommends ARSA-cel (Libmeldy®), within its marketing authorisation, as an
option for treating MLD with mutations in the Arylsulfatase A (ARSA) gene:

« for children who have late infantile or early juvenile types, with no clinical signs
or symptoms

« for children who have the early juvenile type, with early clinical signs or
symptoms, and who can still walk independently and have no cognitive decline

HST18 further notes that ARSA-cel should be delivered in a highly specialised
service by a specialist multidisciplinary team.®

Newborn screening in MLD — European consensus-based
recommendations on clinical management

The stated aim of this study, published in 2024, was to establish consensus among
international experts in MLD and patient advocates on clinical management for cases
of MLD identified through newborn screening.*® It may therefore be argued that this
guideline assumes that newborn screening for MLD is being or should be
implemented. The concluding statement in this publication noted that, despite
identified uncertainties and challenges, experts unanimously supported the
implementation of newborn screening programmes for MLD, further stating that this
endorsement was driven by the recognised efficacy of pre-symptomatic treatment
and the technical feasibility of screening.*® With respect to future work, the authors
noted the need for harmonised management and integration of national screening
programmes, structured data collection and monitoring of screening programmes for
evidence generation and to inform future guideline development, and involvement of
patient representatives in the development of recommendations.*3

The guideline development process used a real-time Delphi procedure, involving a
multidisciplinary expert panel (n=22), including paediatric and adult neurologists,
physicians with expertise in paediatric and adult inherited metabolic diseases,
paediatric and adult haematologists, paediatricians and a geneticist, from 11
countries (Canada, Denmark, France, Germany, Israel, Italy, the Netherlands,
Norway, Sweden, UK, US). Questions were based on findings from a literature review
(details not reported) and workshops. Responses required participants to indicate
agreement or disagreement on a 3-point Likert scale, select preferences in
single/multiple choice questions, or provide open-ended answers. Recommendations
were rated according to level of consensus: Level A 100%; Level B 75-99%; Level C
50-74% or >75% but >25% neutral votes. No grading of recommendations, based on
level of evidence, was reported.*?

The guideline included 57 recommendations under the headings ‘communication and
counselling’ (n=13); ‘confirmatory diagnostics’ (n=15); ‘preservation of biomaterial’
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(n=1); ‘prediction of symptom onset’ (n=10); ‘definition of disease onset’ (n=2);
‘treatment’ (n=14); ‘monitoring’ (n=1); ‘newborn screening for MLD (n=1).#3 The
following is a list of those recommendations which were classified as Level A and
which also had no associated neutral votes:*3

Newborn screening for MLD
‘Newborn screening for MLD is recommended and aligns with established criteria’

Monitoring

‘Regular post-treatment follow-up in an expert centre is recommended in all newborn
screening identified patients.’

Treatment

‘It is strongly recommended to treat MLD patients before they exhibit MLD-related
symptoms, late infantile MLD.’

‘It is strongly recommended that late infantile patients are treated with autologous
haematopoietic stem cell gene therapy (ARSA-cel).’

‘It is recommended to treat pre-symptomatic early juvenile patients with allogenic
haematopoietic stem cell transplantation only in case ARSA-cel is not available, late
juvenile MLD.’

‘It is recommended to schedule early juvenile patients for apheresis between 9 and
12 months (>8 kg body weight).’

‘It is not recommended to schedule adult patients for allogenic haematopoietic stem
cell transplantation at a predefined age, but to be guided by a case-to-case decision
of the treatment eligibility panel.’

Communication and counselling

‘It is strongly recommended that the family is informed about the contact at an expert
centre when a positive screening result is communicated.’

‘It is strongly recommended to arrange a treatment eligibility panel discussion
according to the procedure from the European Reference Network on Rare
Neurological Diseases (ERN-RND) and the MLD initiative to discuss treatment
eligibility.’

Confirmatory diagnostics

‘It is strongly recommended to offer comprehensive genetic counselling to identify
potentially affected relatives.’

Preservation of biomaterial

‘It is strongly recommended to archive bio samples collected in newborn screening
identified cases to enable future studies according to local ethics votes.’
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Prediction of symptom onset

‘Late onset can be predicted for individuals harbouring a known genotype with late
juvenile or adult onset well reported in literature.’
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