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A B S T R A C T   

Introduction: Metachromatic leukodystrophy (MLD) is a rare autosomal recessive lysosomal storage disorder 
resulting from arylsulfatase A enzyme deficiency, leading to toxic sulfatide accumulation. As a result affected 
individuals exhibit progressive neurodegeneration. Treatments such as hematopoietic stem cell transplantation 
(HSCT) and gene therapy are effective when administered pre-symptomatically. Newborn screening (NBS) for 
MLD has recently been shown to be technically feasible and is indicated because of available treatment options. 
However, there is a lack of guidance on how to monitor and manage identified cases. This study aims to establish 
consensus among international experts in MLD and patient advocates on clinical management for NBS-identified 
MLD cases. 
Methods: A real-time Delphi procedure using eDELPHI software with 22 experts in MLD was performed. Ques
tions, based on a literature review and workshops, were answered during a seven-week period. Three levels of 
consensus were defined: A) 100%, B) 75–99%, and C) 50–74% or >75% but >25% neutral votes. Recommen
dations were categorized by agreement level, from strongly recommended to suggested. Patient advocates 
participated in discussions and were involved in the final consensus. 
Results: The study presents 57 statements guiding clinical management of NBS-identified MLD patients. Key 
recommendations include timely communication by MLD experts with identified families, treating early-onset 
MLD with gene therapy and late-onset MLD with HSCT, as well as pre-treatment monitoring schemes. Specific 
knowledge gaps were identified, urging prioritized research for future evidence-based guidelines. 
Discussion: Consensus-based recommendations for NBS in MLD will enhance harmonized management and 
facilitate integration in national screening programs. Structured data collection and monitoring of screening 
programs are crucial for evidence generation and future guideline development. Involving patient representa
tives in the development of recommendations seems essential for NBS programs.   

1. Introduction and background 

Metachromatic leukodystrophy (MLD, OMIM #250100) is a rare, 
autosomal recessive lysosomal storage disorder with an estimated birth 
prevalence of 1 in 40.000–100.000 in Europe [1,2]. The disease is 
caused by biallelic disease-causing variants in the ARSA gene, which 
encodes the lysosomal enzyme arylsulfatase A (ARSA). ARSA deficiency 
results in accumulation of toxic sulfatides throughout the body. This 
impacts primarily myelinating cells of the central and peripheral ner
vous system, leading to progressive neurodegeneration [1–3]. 

1.1. Clinical subtypes of metachromatic leukodystrophy 

Four clinical subtypes of MLD have been delineated based on the 
age at which symptoms arise: late-infantile (<30 months), early-juvenile 
(2.5–6 years), late-juvenile (>6–16 years), and adult (>16 years). The 
onset of symptoms at a younger age is typically associated with a quicker 
progression of the disease and a shorter life expectancy [4,5]. Compared 
to the early-onset forms (including late-infantile and early-juvenile), the 
disease course is slower in adolescents and adults. These late-onset forms 
are characterized by early cognitive, behavioural, and psychiatric 
symptoms. Motor regression also often occurs later in the disease course, 

with a slower course of decline [4,5]. 

1.2. Diagnosis of metachromatic leukodystrophy 

The diagnosis of MLD relies on the measurement of ARSA enzyme 
activity in blood [6,7], the detection of elevated sulfatides in urine 
[8–12] and the sequencing of the ARSA gene (OMIM *607 574). 

Strong correlations between residual enzyme activity and phenotype 
are subject to debate and have so far been difficult to establish. Although 
improved assays in single center studies have shown promising results 
that indicate a correlation between residual ARSA activity and MLD 
subtypes, and a high positive predictive value for early-onset MLD, these 
results await confirmation [7]. For urinary sulfatides different quanti
fication methods are available and well established, including thin layer 
chromatography (TLC), high performance liquid chromatography 
(HPLC), mass spectrometry (MS), and liquid chromatography tandem 
mass spectrometry (LC/MS/MS) [13]. However, their use in differenti
ating between disease subtypes is hazardous. Sulfatide level in urine 
and/or blood are age dependent and increase along the disease course 
[14,15]. 

Currently, over 280 disease-causing variants have been identified in 
the ARSA gene. Genotype-phenotype studies showed a reliable associ
ations with loss-of-function (LoF) variants, resulting in minimal or no 
residual enzyme activity and a late-infantile course [7,16,17]. However, 
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due to the abundance of rare or private variants, anticipating the clinical 
subtype is still a challenge, especially for missense variants, with some 
exceptions [4,17–19]. 

Moreover, a condition called ARSA pseudo-deficiency occurs in in
dividuals possessing pseudo-deficiency alleles (c.1055A>G and/or 
c.*96A>G) in the ARSA gene. In these individuals, residual ARSA ac
tivity can be in the range of MLD patients’, but the carriers remain 
healthy throughout their life and exhibit no or negligible sulfatide 
accumulation in urine [19,20]. 

In rare cases, sulfatide degradation is impaired due to disease- 
causing variants in the PSAP gene, encoding an ARSA activator pro
tein leading to Saposin B-dependent MLD (OMIM #249900) or due to 
variants in the SUMF1 gene, that encodes an enzyme responsible for the 
synthesis of different degrading enzymes causing multiple sulfatase 
deficiency (OMIM #272200). Saposin B-dependent MLD resembles MLD 
on a biochemical level, resulting in raised sulfatides with little to no 
decrease of ARSA enzyme activity. MSD leads to both elevated sulfatide 
levels and reduced ARSA activity. Unlike MLD, neither the PSAP- 
mediated disorder nor MSD is currently treatable. 

1.3. Characteristic disease features 

Characteristic brain MRI abnormalities in MLD include diffuse T2- 
hyperintense signal in the corpus callosum and the central and peri
ventricular white matter [21]. Specific MLD MRI scores have been 
applied to visually quantify the severity of MRI abnormalities in MLD 
patients [22,23]. The severity of MRI abnormalities is correlated to 
clinical severity and clinical symptoms of MLD typically align with 
abnormal MRI findings [24–28]. However, in cases of early-onset MLD, 
signs and symptoms may precede MRI abnormalities. In these very 
young patients, clear central nervous system signs and peripheral neu
ropathy may be present even in the absence of distinct abnormalities on 
brain MRI [29]. As peripheral neuropathy occurs in MLD the mea
surement of nerve conduction velocities (NCV) is one of the diagnostic 
pillars of MLD as a decrease is typically found early in the disease course 
[5,30–37]. A possible correlation of reduced NCV with certain geno
types, disease severity or progression is still under discussion [3]. Other 
tools in evaluating demyelination in MLD can be visual evoked poten
tials (VEP) [37–41] and brainstem auditory evoked responses (BAER) 
[5,38,41], but these tests have not yet been evaluated systematically in 
larger cohorts. 

Secondary to sulfatide accumulation gall bladder abnormalities may 
occur before MLD becomes neurologically manifest. Characteristic 
sonographic abnormalities include sludge, wall thickening, collapsed 
gall bladder, and polyps [42]. 

Neurofilament light chain (NfL) has been evaluated as a non-MLD- 
specific marker in MLD. Increased levels in blood and cerebro-spinal- 
fluid (CSF) in symptomatic MLD patients were linked to a more severe 
phenotype with rapid decline [43]. Nonetheless, the usefulness of NfL in 
pre-symptomatic individuals is still unresolved, and the question 
whether an elevation in NfL precedes clinical symptoms of MLD is being 
debated. 

1.4. Treatment options 

To date, several treatment strategies are available: 
Hematopoietic stem cell transplantation (HSCT) has been used in 

the treatment of MLD for the past three decades [44]. Long-term results 
show that individuals with late-juvenile and adult onset disease benefit 
from HSCT if transplanted during the pre-symptomatic or early symp
tomatic stages of disease [45–49]. They reveal an improved survival and 
a stabilization of cognitive and motor functions compared to the un
treated MLD patients [45–49]. However, uncertainties on the long-term 
outcomes of HSCT in late-juvenile MLD exist and data on adult MLD is 
sparse [46,50,51]. 

In 2020 the European Medicines Agency (EMA) granted approval for 

the autologous hematopoietic stem and progenitor cell gene ther
apy, atidarsagene autotemcel (arsa-cel), in late-infantile MLD sub
type during the presymptomatic and in early-juvenile MLD during the 
pre- and early-symptomatic disease stage [23,52,53]. Arsa-cel has 
demonstrated notable efficacy and safety in individuals with 
pre-symptomatic early-onset MLD as the majority of infants exhibit an 
almost age appropriate cognitive and motor development [23,52,53]. 
The ARSA gene is expressed at supranormal levels, which may yield a 
faster and more significant clinical benefit than allogeneic HSCT [23, 
52–55]. This therapy is currently available and reimbursed in several 
European countries. 

1.5. Newborn screening in MLD 

In the absence of NBS, pre-symptomatic patients are typically iden
tified after an older affected sibling has been diagnosed [23]. To enable 
early treatment different approaches to NBS are under investigation. 
Concurrently, successful establishment of biochemical and genetic 
testing for MLD in dried blood spots have been achieved [56,57], pres
ently undergoing large-scale testing in pilot projects. 

1.5.1. Biochemical screening 
To identify newborns with MLD, a two-tier biochemical screening 

was established, followed by a third-tier genetic test. The biochemical 
screening quantifies C16:0-sulfatides using liquid chromatography tan
dem mass spectrometry (LC-MS/MS) in the first-tier [56,58]. A cut-off 
value for sulfatides to achieve 100% sensitivity, was sought in a retro
spective study of 27 000 neonates. As the second-tier analysis to reduce 
false positives, the ARSA activity is measured. The third-tier analysis 
consisted of sequencing of the ARSA gene to confirm the positive 
biochemical screening result as well as the PSAP and SUMF1 gene to 
exclude biochemically similar disorders. Only DBS samples that dis
played elevated C16:0-sulfatide levels, a reduction in ARSA activity and 
disease-causing variants in the ARSA gene were considered screen pos
itives. This study showed that neonatal screening for MLD is feasible 
with a near 100% assay specificity, however, the screening could not 
differentiate between MLD subtypes [58]. The first prospective pilot 
study in Hannover, applies a two-tier method using sulfatide screening 
as the first-tier and genetic testing (including the ARSA, PSAP and 
SUMF1 gene) as the second-tier. As of December 2023, within a period of 
21 months, 109 259 samples were screened among which three screen 
positives were identified. In all these screen positives, MLD was 
confirmed afterwards. There have been no false positive cases reported 
during the first two years of screening [59]. 

1.5.2. Genetic screening 
Genetic-based screening methods, such as next-generation 

sequencing and multiplex sequencing, are also analysed. In this 
approach, individuals carrying disease causing variants in the ARSA 
gene are identified as screen positive. They then require further 
biochemical and genetic evaluation, including parental carrier testing, 
to confirm the diagnosis of MLD. Genetic screening studies typically 
include likely pathogenic or pathogenic ARSA variants. In a subset of 
these studies, only the most common disease-causing ARSA variants 
were reported. The sensitivity and specificity of such studies are still 
under investigation. However, due to the genetic heterogeneity inherent 
in MLD and the presence of numerous rare and/or private variants 
especially in non-Caucasian groups, genetic screening has the risk of 
being less sensitive than biochemical screening methods [60]. 

Considering that early treatment is crucial in all MLD subtypes [47, 
48,52], NBS programmes are highly advocated. However, the identifi
cation of pre-symptomatic neonates with MLD via NBS entails clinical 
challenges concerning adequate phenotype prediction, monitoring, and 
treatment of NBS-identified MLD cases. 

Scientific uncertainties about predicting phenotype and treatment 
eligibility persist, hindering evidence-based decision-making. 
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Regulatory and reimbursement challenges surrounding innovative 
therapies delay access and cause disparities in MLD care across coun
tries, even within Europe. National or local introduction of different 
types of newborn screening programs for MLD driven by several aca
demic and commercial parties make these differences even larger. A 
uniform and evidence-based approach is urgently needed. 

The goal of this project was to attain an unbiased agreement among 
experts in MLD on the clinical management and prognosis of MLD cases 
discovered through NBS. By doing so, we intend to establish a stan
dardized clinical management approach which will benefit cross-border 
harmonization of care and appropriate use of treatments in MLD. 

2. Methods 

2.1. Expert panel and patient advocates 

The MLD initiative (MLDi), in collaboration with the MLD Guideline 
Working Group from the European Reference Network on Rare Neuro
logical Diseases (ERN-RND), established a list of potential panelists from 
MLD expert centers. A multidisciplinary panel of MLD experts was 
identified based on expertise in MLD diagnosis, treatment, and pub
lished research. All candidates were sent an email and given the op
portunity to express their interest by completing a survey on Microsoft 
Forms and all but one accepted. The multidisciplinary expert panel (n =
22) was composed of nine pediatric neurologists, three adult neurolo
gists, three physicians with expertise in pediatric inherited metabolic 
diseases, two physicians with expertise in adult inherited metabolic 
diseases, two pediatric hematologists, one adult hematologist, two pe
diatricians, and one geneticist. Experts were located across Canada (n =
1), Denmark (n = 1), France (n = 2), Germany (n = 6), Israel (n = 1), 
Italy (n = 2), the Netherlands (n = 4), Norway (n = 1), Sweden (n = 1), 
the United Kingdom (n = 1), and the United States of America (n = 2). In 
addition, patient advocates from the European Leukodystrophy Associ
ation (ELA) and the Dutch Association for inherited metabolic diseases 
(VKS) participated in writing and reviewing the manuscript. 

2.2. Real-time delphi procedure 

To establish consensus statements, we performed a real-time Delphi 
procedure, utilising the web-based software tool eDELPHI (https 
://www.edelphi.org/). The topics and questions provided in the real- 
time Delphi approach were determined through a review of the avail
able literature, existing clinical decision algorithms (University of 
Tubingen and San Raffaele Hospital in Milan), and consultation with 
clinical MLD experts (n = 15) and biochemical/screening professionals 
(n = 18), during two digital workshop meetings held on April 26, 2023, 
and June 27, 2023. Additionally, clinical decision algorithms developed 
by the University of Tubingen, San Raffaele Hospital in Milan and Meyer 
Hospital in Florence were taken into consideration. The expert panel 
identified seven predetermined themes for the topic clustering: clinical 
management of NBS positive cases, confirmatory diagnostics, pheno
typic prediction, monitoring, treatment, and specificity and sensitivity 
of screening. A background document providing a literature overview 
addressing all relevant topics for this procedure, as well as a recom
mended reading list were shared with the panel. 

During a seven-week period from October 11, 2023 to November 29, 
2023, the platform was open to ongoing discussion with the ability to 
review the anonymous justifications from other panelists, respond to 
queries, debate differences in opinions and revise answers. The moder
ator (DHS) monitored responses to ensure all panelists actively partici
pated. Responses required panelists to indicate agreement or 
disagreement using a 3-point Likert scale, select preferences in single/ 
multiple choice questions, or provide open-ended answers. Three levels 
of consensus were defined based on the percentage of agreement: A) 
strongly recommended (100% agreement), B) recommended (75–99% 
agreement), and C) suggested (50–74% agreement or more that 75% 

agreement, but more than 25% of neutral votes). The moderator eval
uated automatically generated visual reports from the eDELPHI system 
to monitor the procedure progress. Those reports were then distributed 
to all panellists. The comments and arguments were subject to qualita
tive analysis. Whenever new queries were suggested, or recommenda
tions were to be reworded, the moderator updated the queries 
accordingly. Upon reaching consensus on all items, the outcomes were 
descriptively analysed, and the level of agreement was calculated for all 
queries. A final meeting was held on November 29th, 2023, to address 
any remaining topics of discussion. All items with >50% neutral votes 
were explicitly addressed in this meeting and a decision was made to 
either keep the recommendation as a level C recommendation or to 
remove it as a recommendation and instead mention it as a research gap. 
The patient advocates reviewed and refined the output from the Delphi 
process. 

3. Results 

3.1. Clinical management of NBS positive cases 

The expert panel developed 57 consensus recommendations through 
a Delphi consensus procedure (Table 1). 

3.1.1. Initial counselling and family involvement 
Question 1 to 13 addressed the counselling of families of an indi

vidual with a positive screening result (Table 1): It is strongly recom
mended that the family is informed about the contact at an MLD expert 
center when a positive screening result is communicated (level A). MLD 
expert centers for initial counselling were defined as either nationally 
recognized expertise centers or centers with significant expertise in 
diagnosing, treating, and managing MLD patients, staffed by a multi
disiplinary team of experts in pediatric neurology, neurology, genetics, 
hematology and various therapy fields and engaged in networks aimed 
at advancing MLD care. Whenever feasible, it is recommended that the 
initial contact with the family should be handled by experts in MLD 
(level B). Families should be informed that a positive screening result 
requires confirmatory diagnostics before being considered an estab
lished diagnosis (level A). The importance of timely interaction with the 
family was stressed by the panel and patient advocates, but no recom
mendations on number of days not to be exceeded were made as this is 
subject to national regulatory standards. In addition to counselling by an 
MLD expert and a geneticist (level A), a multidisciplinary team should 
be available to assist the family following diagnosis. Moreover, the 
family should be informed about patient support groups and offered 
support by psychosocial support (level A). Additionally, discussing the 
option of participating in international registries and/or research pro
jects with the caregivers should be considered (level A). 

It is recommended to base treatment decisions on the consensus of an 
international expert round (level A). Therefore, families should be asked 
for permission to discuss their case and informed about this process 
(level B). MLDi and ERN-RND facilitate international panel discussions 
to provide case-based treatment advice [62,63]. The expert panel should 
be composed, as outlined by MLDi (https://www.mldinitiative.com/f 
or-professionals/treatment-eligibility/). 

In case of uncertainty of the phenotype prediction a geneticist should 
attend the treatment eligibility panel (level B). The panel intends to 
discuss all NBS-identified patients in Europe and offers recommenda
tions on therapeutic options, predicted disease onset, timing of therapy, 
additional diagnostics, and monitoring before treatment. The time from 
positive screening result to confirming the diagnosis and reaching a 
treatment decision by the treatment eligibility panel should not exceed 3 
months (level B). 

Key considerations of patient representatives substantiating these 
recommendations were that maintaining a transparent decision-making 
process is crucial in counselling affected families. Especially neonatal 
screening for disorders with variable onset throughout life requires a 
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Table 1 
Expert-consensus recommendations.  

Number Level Recommendations Agreement Neutral 
votes   

COMMUNICATION AND 
COUNSELLING   

1 A It is strongly recommended that the 
family is informed about the 
contact at an expert center when a 
positive screening result is 
communicated. 

100% 0% 

2 B It is recommended that an expert 
for metachromatic leukodystrophy 
(MLD) from a national referral 
center contacts the family after a 
positive screening result. 

95% 5% 

3 A It is strongly recommended to 
inform the family that the positive 
screening results need to be 
confirmed by diagnostic tests. 

100% 5% 

4 A After confirming the diagnosis, it is 
strongly recommended to offer 
genetic counselling to the family. 

100% 5% 

5 A After confirming the diagnosis, it is 
strongly recommended to inform 
the family about patient support 
groups. 

100% 18% 

6 A After confirming the diagnosis, it is 
strongly recommended to offer the 
family support by psychosocial 
services of the referral center. 

100% 14% 

7  It is recommended to counsel 
medically by a multidisciplinary 
MLD team including medical 
experts:   
paediatric neurologists 86% 
metabolic paediatricians 55% 
geneticist 55% 
optional: hematologist/transplanter 
and paramedical experts 

45% 

social workers 64%  
Likert scale 

8 A After confirming the diagnosis, it is 
strongly recommended to inform 
the family about research 
programs and registries, 
including the MLD initiative 
registry. 

100% 18% 

9 B After confirming the diagnosis, it is 
recommended to ask the family’s 
permission to discuss the case 
with international experts. 

95% 14% 

10 A It is strongly recommended to 
arrange a treatment eligibility 
panel discussion according to the 
procedure from the ERN-RND 
and the MLD initiative to discuss 
the treatment eligibility. 

100% 0% 

11 B It is recommended that in case of 
uncertainty about the phenotype a 
geneticist attends the treatment 
eligibility panel discussion. 

88% 16% 

12  It is recommended that the 
treatment eligibility panel 
formulates a consensus-based 
advice on:    
• therapeutic options 90%  
• predicted disease onset 86%  
• timing of therapy 86%  
• additional confirmatory 

diagnostics when applicable 
73%  

• monitoring scheme before 
treatment 

64%  

Likert scale 
13 B It is recommended that the entire 

timeline after a positive screening 
result is established to treatment 

95% 0%  

Table 1 (continued ) 

Number Level Recommendations Agreement Neutral 
votes 

decision should not exceed 3 
months.   
CONFIRMATORY DIAGNOSTICS     
Genetic assessment   

14 A It is strongly recommended to 
perform confirmatory genetic 
testing of the index patient and 
its parents in all newborn 
screening positive cases. 

100% 18% 

15 A It is strongly recommended to 
include the ARSA gene in the 
genetic test. 

100% 5% 

16 B It is recommended to include 
testing of the pseudodeficiency 
alleles in the genetic test. 

89% 18% 

17 A It is strongly recommended to 
classify genetic variants 
according to American College of 
Medical Genetics (ACMG) 

100% 18% 

18 A It is strongly recommended to 
perform functional studies 
including ARSA activity in blood 
and urinary sulfatides for 
diagnostic confirmation in all 
variants of unknown significance 
(class 3) in the ARSA gene. 

100% 14% 

19 C It is suggested to discuss the 
reclassification of class 3 variants in 
ARSA based on functional and 
statistical evidence as available. 

100% 27% 

20 A It is strongly recommended to offer 
comprehensive genetic counselling 
to identify potentially affected 
relatives. 

100% 0% 

21 B In case the screening does not 
include genetic testing, it is 
recommended to actively exclude 
mimicking disorders. This means 
that Prosaposin deficiency caused 
by pathogenic variants in the PSAP 
gene and multiple sulfatase 
deficiency caused by pathogenic 
variants in the SUMF1 gene should 
be excluded. 

89% 18%   

Biochemical assessment   
22 A It is strongly recommended to 

perform a confirmatory ARSA 
enzyme activity test in all 
newborn screening positive cases. 

100% 9% 

23 A It is strongly recommended to 
assess the ARSA enzyme activity 
in EDTA blood. 

100% 9% 

24 C It is suggested to measure and 
evaluate ARSA enzyme activity 
according to local standards and 
reference values. 

100% 33% 

25 B It is recommended to measure 
urinary sulfatides in all newborn 
screening positive cases. 

88% 23% 

26 C It is suggested to measure and 
evaluate sulfatide excretion in urine 
according to local standards and 
reference values. 

100% 29% 

27 C It is suggested to conduct additional 
testing, including fibroblast studies 
or other in vitro systems, if all 
previous genetic and biochemical 
tests are inconclusive. 

86% 36% 

28 A It is strongly recommended to 
standardize laboratory procedures 
for assessing measuring ARSA 
enzyme activity and urinary 
sulfatides across laboratories to 
enable cross-lab comparison. 

100% 11% 

(continued on next page) 

L. Laugwitz et al.                                                                                                                                                                                                                                



European Journal of Paediatric Neurology 49 (2024) 141–154

146

Table 1 (continued ) 

Number Level Recommendations Agreement Neutral 
votes   

PERSERVATION OF 
BIOMATERIAL   

29 A It is strongly recommended to 
archive biosamples collected in 
newborn screening identified cases 
to enable future studies according 
to local ethics votes.  
• Dried blood spots  
• Blood-EDTA plasma  
• Urine  
• DNA 
Optional:  
• Blood heparin plasma  
• Blood serum  
• Blood – Paxgene tube  
• Fibroblasts when collected in 

context of routine diagnostics/ 
care  

• Cerebro spinal fluid when 
collected in context of routine 
diagnostics/care 

100% 0%   

PREDICTION OF SYMPTOM 
ONSET   

30 A It is strongly recommended to 
predict the age of symptom onset 
based on the following aspects 
ordered by priority:    
• family history, i.e. age of 

symptom onset in relative with 
identical genotype 

100% 5%  

• genotype and reported onset 
literature 

100% 5%  

• ARSA enzyme activity in blood 100% 23% 
31 C It is suggested to anticipate late- 

infantile onset in case biallelic 
loss of function variants in the 
ARSA gene are detected. 

100% 27% 

32 C It is suggested to anticipate late- 
infantile onset in case a loss of 
function variant is detected in 
compound heterozygous state with 
a class 4/5 variant with reported 
late-infantile onset in literature. 

100% 36% 

33 C It is suggested to anticipate late- 
infantile onset in case biallelic class 
4/5 variants with reported late- 
infantile onset in literature are 
detected. 

100% 36% 

34 C It is suggested to anticipate early 
juvenile onset in case of individuals 
harbouring a known genotype with 
mostly earlyjuvenile onset. 

92% 36% 

35 C It is suggested to anticipate early 
juvenile onset in case of individuals 
harbouring a loss of function 
variant in compound heterozygous 
state with the c.1283C>T variant. 

89% 55% 

36 B It is recommended to anticipate 
earlyjuvenile onset instead of late- 
juvenile onset, even if the reported 
onset in literature for the respective 
genotype is late-juvenile in ≥80% 
of the reported cases. 

78% 14% 

37 C It is suggested to anticipate late 
onset in case of individuals 
harbouring the c.542T>G variant 
in compound heterozygous state 
with another class 4/5 variant. 

90% 50% 

38 C It is suggested to anticipate late 
onset (late-juvenile or adult) in case 
of individuals harbouring the 
c.1283C>T variant in homozygous 
state. 

86% 32% 

39  Late onset can be predicted for 
individuals harboring a known 

100% 0%  

Table 1 (continued ) 

Number Level Recommendations Agreement Neutral 
votes 

genotype with late-juvenile or adult 
onset well reported in literature.   
DEFINITION OF DISEASE ONSET   

40 C It is suggested to define the 
symptom onset as the onset of MLD- 
related symptoms. MLD-related 
symptoms are defined as clinical 
manifestations of the 
neurodegeneration (incl. 
developmental stagnation) that 
can be experienced by the patient 
and/or its caretakers or noted as 
changed function. 

83% 37% 

41 A It is strongly recommended to 
interpret the following measurable 
abnormalities as (sub)clinical 
evidence for the disease onset when 
associated with a MLD related 
genotype.  
- Brain MRI abnormalities (e.g. 

T2-hyperintensity in corpus 
callosum)  

- Presence of electro- 
neurophysiological 
abnormalities (e.g. decreased 
nerve conduction velocities in 
peripheral nerves, BAER)  

- Sonographic gall bladder 
abnormalities (e.g. thickened 
gall bladder wall, sludge, or 
polyps)  

- Abnormalities at neurological 
examination 

100% 11%   

TREATMENT   
42 A It is strongly recommended to 

treat MLD patients before they 
exhibit MLD-related symptoms. 

100% 0%   

Late-infantile MLD   
43 A It is strongly recommended that 

late-infantile patients are treated 
with autologous hematopoietic 
stem cell gene therapy (arsa-cel). 

100% 0% 

44 C It is not recommended to treat late- 
infantile patients with allogeneic 
hematopoietic stem cell 
transplantation. 

93% 41% 

45 C It is suggested to schedule late- 
infantile patients for apheresis 
between 5 and 9 months depending 
on weight (>5 kg body weight) and 
feasibility at the treatment center. 

80% 59% 

46 A It is strongly recommended not to 
wait with apheresis until there is 
observable (sub-)clinical evidence 
for disease in late-infantile patients. 

100% 45%   

Early-juvenile MLD   
47 C It is suggested to treat early- 

juvenile patients with autologous 
hematopoietic stem cell gene 
therapy (arsa-cel). 

100% 32% 

48 A It is recommended to schedule 
earlyjuvenile patients for apheresis 
between 9 and 12 months (>8 kg 
body weight). 

100% 0% 

49 A It is recommended to treat pre- 
symptomatic early-juvenile 
patients with allogenic 
hematopoietic stem cell 
transplantation only in case arsa-cel 
is not available. 

100% 0%   

Late-juvenile MLD   
50 C It is suggested to treat late-juvenile 

patients with allogeneic 
hematopoietic stem cell 
transplantation. 

100% 45% 

(continued on next page) 
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thoughtful and sensitive communication with identified families. 

3.2. Confirmatory diagnostics 

Next, the Delphi approach addressed the recommended procedures 
for the confirmation of the diagnosis of MLD in a newborn who has been 
identified by the NBS (questions 14 to 29). A positive screening result for 
MLD needs to be validated by confirmatory diagnostics which includes a 
combination of biochemical and genetic testing (level A). 

3.2.1. Genetic assessment 
To establish the molecular diagnosis of MLD in individuals with 

positive screening results, it is necessary to confirm the molecular 
diagnosis by sequencing of the ARSA gene from the blood of the index 
case and its biological parents to determine biallelic localization of the 
detected variants (level A). In order to identify potentially affected rel
atives, comprehensive genetic counselling is strongly recommended 
(level A). The variants identified in the ARSA gene must be classified 
based on the American College of Medical Genetics (ACMG) criteria 
(level A). If variants of unknown significance are detected in the ARSA 
gene, functional and statistical evidence is necessary to establish the 
molecular diagnosis of MLD including elevated urinary sufatides and 
reduced ARSA activity in blood (level A). To prove the pathogenicity of 
variants of uncertain significance an ARSA assay in fibroblasts and other 
in vitro models can be of use (level C). Based on the functional and sta
tistical evidence available variants of unknown significance (class 3) can 
be reclassified (level C). 

To avoid false positive screening results, the genetic sequencing 
should include the reporting of pseudo-deficiency alleles in the ARSA 
gene (level B). 

Individuals with biochemically similar disorders such as MSD or 
Prosaposin deficiency should be excluded preferably during the 
screening process, but at the latest during the confirmatory diagnostic 
process by genetic sequencing of the PSAP and SUMF1 genes (level B). 

3.2.2. Biochemical assessment 
The biochemical assessement to confirm the diagnosis of MLD in 

individuals identified by NBS comprises the measurement of ARSA 
enzyme activity and urinary sulfatides. It is indispensable to perform the 
ARSA enzyme assay in leukocytes as confirmatory diagnostics using 
EDTA tubes of the index case (level A). Only if standard biochemical and 
genetic tests are inconclusive, ARSA activity in fibroblast and other in 
vitro models may be useful (level C). Urinary sulfatides should be 
measured in all newborns identified by NBS (level B). Due to the absence 
of an internationally standardized assay for ARSA activity in blood and 
sulfatides in urine, it is suggested to perform the measurements in 
centers with expertise in MLD to ensure the accuracy of reference values 
(level C). 

As use of different laboratory techniques and units hampers cross- 
center comparisons, it is strongly recommended to standardize labora
tory procedures for assessing measuring ARSA enzyme activity and 
urinary sulfatides (level A). 

3.2.3. Perservation of biomaterial for future research 
To endorse future research, it is strongly recommended to collect and 

archive biosamples of MLD patients (level A). Dried blood spots, plasma 
from EDTA tubes, urine and DNA are considered important by the expert 
panel (level A) whereas other samples are considered as optional (as 
listed in Table 1 recommendation 29). 

3.3. Prediction of MLD subtypes 

The next cluster of questions (30–39) developed recommendations 
regarding the prediction of MLD subtypes in pre-symptomatic neonates. 
It is strongly recommended to predict the age of symptom onset based on 
family history (level A), genotype (level A), and ARSA enzyme activity 
(level A). The panel underlined the predictive importance of family 
history to predict the onset, yet the number of index cases without 
helpful family history will increase due to NBS programs. Moreover, the 
intrafamilial variability regarding disease onset can be considerable, in 
particular across the juvenile cohort, less so in late-infantile MLD [18]. 
In neonates without affected relatives the prediction relies primarily on 
genotype-phenotype correlations as published in literature and public 
databases. Despite remaining uncertainty, the panel acknowledged the 
predictive value of the following genetic predispositions for disease 
onset with the prerequisite that future genotype data will be published: 
Late-infantile onset is linked to biallelic LoF variants in the ARSA gene 
including homozygosity for the most common ARSA variant 
c.465+1G>A. This association is supported by a level C consensus, with 
unanimous agreement (100%), except for 27% of neutral votes; It is 
suggested to anticipate late-infantile disease onset, if biallelic 
disease-causing variants (class 4 and 5) in the ARSA gene are detected 
that have been reported consistently in individuals with late-infantile 
disease onset (level C; 100% agreement, except 36% neutral votes). It 
is suggested to anticipate early-juvenile onset in case of individuals 
harbouring a known genotype with mostly early-juvenile onset (level C; 
92% agreements, except 36% neutral votes). It is recommended to 
anticipate early-juvenile onset instead of late-juvenile onset, even if the 
reported onset in literature for the respective genotype is late-juvenile in 
≥80% of the reported cases (level B; 78% agreement, except 14% 
neutral votes). In line, it is suggested to anticipate an early-juvenile 
disease onset if the second most frequent variants c.1283C > T, p. 
(Pro428Leu) is detected in compound-heterozygous state with a LoF 

Table 1 (continued ) 

Number Level Recommendations Agreement Neutral 
votes 

51 C It is suggested to schedule late- 
juvenile patients for allogenic 
hematopoietic stem cell 
transplantation as soon as there is 
subclinical evidence for the disease. 

77% 32%   

Adult MLD   
52 C It is suggested to treat adult 

patients with allogeneic 
hematopoietic stem cell 
transplantation. 

75% 50% 

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

100% 0% 

54 C It is suggested to schedule adult 
patients for allogenic 
hematopoietic stem cell 
transplantation as soon as there is 
subclinical evidence for the disease 
MLD. 

77% 32%   

Unpredicted MLD subtype   
55 A In case of patients with an 

unpredictable MLD subtype it is 
strongly recommended to choose 
the best treatment option and 
schedule treatment as soon as there 
is subclinical evidence for the 
disease MLD. 

100% 11%   

MONITORING   
56 A Regular post-treatment follow- 

up in an expert center is 
recommended in all newborn 
screening identified patients. 

100% 0%   

NEWBORN SCREENING FOR MLD   
57 A Newborn screening for MLD is 

recommended and aligns with the 
established criteria [61]. 

100% 0%  
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variant (level C; 89%, except 55% neutral votes). The panel deliberated 
on the predictive likelihood of late-onset subtypes associated with spe
cific ARSA variants that result in relatively high residual ARSA activity. 
This discussion included consideration of the divided expert opinion on 
the matter, given that such variants are reported in late-onset pheno
types: homozygosity for the c.1283C>T, p.(Pro428Leu) variant is in all 
probability associated with late-juvenile or adult onset (level C; 

agreements 86%, except 32% neutral votes); compound-heterozygosity 
for the c.542T>G, p.(Ile181Ser) variant is mostly associated with 
late-juvenile and adult onset of MLD (level C; 90% agreement, 50% 
neutral votes). Several experts underlined that despite these firm 
genotype-phenotype correlations, biological outliers have been 
observed and respective individuals need to be monitored clinically to 
detect subclinical evidence of disease progression. 

Fig. 1. Monitoring and management algorithm for individuals identified by newborn screening for metachromatic leukodystrophy. The monitoring and 
management recommendations are designed for four scenarios: 1) predicted late-infantile onset 2) predicted early-juvenile onset 3) predicted late onset (including 
late-juvenile and adult) and 4) predicted uncertain onset. Monitoring includes brief assessments and comprehensive assessments in alternating schedules (Table 2). 
This allows for collaborative care with local neuropediatricians and neurologists. Periodic post-treatment assessments are required according to the local standards of 
each MLD treatment center. 
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3.4. Definition of MLD symptom onset 

The expert panel suggested defining the symptom onset of MLD as 
the onset of MLD-related symptoms due to neurodegeneration, that can 
be experienced by the patient and/or its caretakers or noticed as 
changed neurological function (Table 1). The panel emphasized to 
maintain the widely adopted definition of MLD subtypes based on the 
age of symptom onset in natural, i.e., untreated, disease course, and 
acknowledged the difficulties in classifying pre-symptomatic NBS- 
identified patients according to this definition. Instead, clear de
scriptions of the certainty of the MLD diagnosis including the available 
evidence for clinically relevant signs of MLD were advocated by the 
expert panel. In this description it is strongly recommended to interpret 
measurable abnormalities on brain MRI, electro-neurophysiological 
tests and gall bladder ultrasound or even subtle abnormalities in the 
neurological examination (such as mildly reduced or increased reflexes) 
as subclinical evidence for the disease (level A). 

3.5. Treatment 

The workgroup examined considerations of treatment strategies for 
identified individuals (questions 42–55). The panel decided to establish 
a clinical decision algorithm based on four scenarios: 1) late-infantile 
onset with great certainty; 2) early-juvenile onset with great certainty; 
3) late-juvenile/adult onset with great certainty (this was combined as 
to date late-juvenile and adult onset cannot be distinguished based on 
genotype data in pre-symptomatic individuals); 4) uncertain onset 
(cannot be predicted with reasonable probability). Great certainty 
means highest possible likelihood based on currently available evidence. 

Recommendations are made for each scenario in terms of the type of 
treatment, timing of treatment and monitoring (Fig. 1). 

It is strongly recommended to initiate treatment in identified in
dividuals with MLD before they exhibit MLD-related symptoms (level 
A). 

3.5.1. Arsa-cel for early-onset MLD subtypes 
It is strongly recommended to treat pre-symptomatic late-infantile 

(level A) and pre-/early-symptomatic early-juvenile (level B; agreement 
100%, except 32% neutral votes) MLD patients with arsa-cel (Fig. 1). 
HSCT is not recommended as treatment for MLD patients with predicted 
late-infantile onset (level C; agreement 93%, except 41% neutral votes). 
If arsa-cel is available, it is not recommended to treat early-juvenile with 
HSCT (level A). 

These recommendations encompass the notable effectiveness and 
safety demonstrated by arsa-cel in individuals with pre-symptomatic 
late-infantile MLD, as well as those with early- or pre-symptomatic 
early-juvenile MLD [23,52,53]. Despite the absence of 
treatment-related serious adverse events or fatalities associated with 
arsa-cel [23,52,53], the panel stressed that uncertainties persist 
regarding its long-term (>10 years) effectiveness and safety, necessi
tating post-authorization monitoring. 

3.5.2. Timing of arsa-cel treatment for early-onset MLD 
It is strongly advised to treat any individual with MLD who has been 

identified by NBS with predicted late-infantile or early-juvenile disease 
onset before the onset of symptoms (level A). Therefore, apheresis 
should be initiated for individuals with late-infantile, around 5–9 
months of age (currently the lowest feasible body weight for apheresis is 
5 kg, but most centers prefer a higher apheresis weight (level C). 
Apheresis appointments for individuals with predicted early-juvenile 
onset should be arranged between 9 and 12 months of age, when body 
weight is at least 8 kg (level C). 

3.5.3. Treatment for early-onset MLD in low-resource countries 
Only if arsa-cel is not available, e.g., due to regional availability and 

when a referral to a treatment center abroad is not possible, HSCT may 

be considered for presymptomatic individuals with predicted onset of 
early-juvenile disease (level A). Treatment should then be scheduled 
between 9 and 12 months. Nevertheless, the panel highlighted that in
dividuals with predicted late-infantile onset do not benefit from HSCT, 
that might even accelerate the natural disease course [46]. 

3.5.4. Hematopoietic stem cell transplantation for late-onset MLD 
It is suggested to treat individuals with a predicted late-juvenile 

onset with HSCT (level C, 100% agreement, except 45% neutral 
votes). It is also suggested that individuals with a predicted adult onset 
should undergo HSCT (level C, 75% agreement, except 50% neutral 
votes). The panel stressed, however, that data on long-term outcomes in 
adult patients following HSCT are sparse and have not been systemati
cally evaluated in larger cohorts. 

3.5.5. Timing of hematopoietic stem cell transplantation for late-onset MLD 
The panel suggested scheduling treatment in predicted late-onset 

cases as soon as there is subclinical evidence for disease onset (level 
C). It is not recommended to schedule late-onset MLD patients for HSCT 
at a predefined age, but to be guided by a case-to-case decision of the 
treatment eligibility panel (level A). 

This question of timing the treatment resulted in divided expert 
opinions: Therefore, several experts and the patient advocacy groups 
were in favour of treating suspected late-onset MLD patients as early as 
possible considering the following arguments: 1) Late-juvenile MLD 
individuals show best outcomes when treated with HSCT in the pre- 
symptomatic stage [46–48]. 2) The impact of HSCT takes 12–18 
months post-transplantation before the disease stabilizes, and 3) the 
HSCT-associated morbidity and mortality are lower at younger ages. 
Conversely, the majority of the panel support a deferred approach until 
subclinical evidence of disease onset is present because of the following 
considerations. 1) There is uncertainty about the long-term outcomes of 
HSCT in late-juvenile MLD exist and data on adult MLD is sparse [46,50, 
51]. 2) It is currently challenging to distinguish between late juvenile 
and adult onset in newborns based on genotype or ARSA activity, unless 
symptomatic relatives with an identical genotype are present [7]. 3) 
Better therapies for late-onset MLD might be available in the near future 
as an ongoing trial on arsa-cel for late-juvenile MLD patients has 
completed enrollment (https://clinicaltrials.gov/study/NCT04283227) 
4) HSCT-treated patients may become ineligible for these forthcoming 
treatments, potentially depriving them of optimal care. 

The assessment of risks and benefits was emphasized as a crucial 
aspect of individual counselling. Considering the predicted age of onset 
and implementing a rigorous pre-treatment monitoring scheme were 
deemed essential in making well-informed decisions about the initiation 
of treatment in each case. 

3.5.6. Treatment decision for uncertain subtypes 
The prediction of disease onset poses a significant challenge for NBS 

programmes for MLD in cases of rare and/or unique genotypes. For 
those with unclear disease onset, a systematic monitoring scheme is 
crucial to enable early treatment during pre- and early-symptomatic 
disease stages (Fig. 1). 

If disease onset cannot be predicted, those affected should undergo 
frequent monitoring and receive treatment promptly upon displaying 
subclinical evidence of disease (level A). The appropriate treatment 
option should be selected based on the age at which subclinical disease 
features appear. 

3.6. Monitoring 

Monitoring is defined as the surveillance of patients before they are 
eligible for treatment. The panel recommended to closely monitor NBS- 
identified MLD patients to identify subclinical evidence of the disease 
enabling timely treatment in pre-symptomatic disease stages. The panel 
agreed that, based on the phenotype prediction, different intensities of 
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monitoring schemes should be applied with age-tailored sets of assess
ments as shown in Fig. 1. The monitoring scheme comprises compre
hensive assessments to be done at the MLD expert center and brief 
assessments that can be offered in shared care with the local neuro
pediatrician or neurologist (Fig. 1, Table 2). The frequency of assess
ments during the pre-symptomatic phase of the disease should be 
tailored within the proposed schedule to the needs of the family to 
balance the burden of the disease. 

3.6.1. Clinical examination and motor function assessment 
It is strongly recommended to perform a neurological examination 

including an evaluation of developmental milestones at every visit of the 
monitoring regardless of age (level A). The suggested frequency of 
clinical evaluation depends on the predicted subtype (Fig. 1) and can be 
done in collaboration with the local paediatrician or neurologist. In 
particular, patients with uncertain onset should be followed closely 
depending on the age (Fig. 1). It is strongly recommended that the 
GMFC-MLD level (level A) and optionally the GMFM-88 are determined 
during each comprehensive assessment. 

3.6.2. Brain MRI 
Depending on the age and MLD subtype of the patient, it is strongly 

recommended to perform an MRI every 12–24 months during the sur
veillance phase (level A). In patients with uncertain onset, MRI should 
be performed more frequently according to age as suggested in Fig. 1. 
Additionally, it is strongly recommended to perform an MRI shortly, 
defined as 0–3 months, before starting treatment (level A). The panel 
furthermore acknowledged the logistic challenges, such as MRI 
requiring sedation or general anaesthesia in young children, that may 
affect feasible timing and frequencies of the MRIs. 

3.6.3. Neurophysiology 
The panel strongly recommended to conduct the NCV measurement 

as part of the comprehensive assessment every 12–24 months (level A). In 
patients with uncertain onset, NCV should be performed more 
frequently according to age as suggested in Fig. 1. The panel acknowl
edged the need for further standardization and research [10], see also 
below. 

Due to the lack of data in pre-symptomatic MLD patients, VEP and 
BAER remain optional and can be done in a research context to evaluate 
their predictive impact. 

3.6.4. Gall bladder ultrasound 
The panel strongly recommended performing a gall bladder ultra

sound every 12–24 months in MLD patients (level A). However, several 
experts pointed out that there is no evidence that gall bladder abnor
malities correlate with central nervous disease onset. Hence, this would 
only justify organ specific therapeutic interventions such as a 
cholecystectomy. 

3.7. Research agenda 

The panel faced challenges in achieving consensus on specific items 
due to insufficient evidence. These particular areas are marked by sig
nificant scientific uncertainty, and there is an urgent need for recom
mendations. The panel collectively acknowledged that these research 
gaps should be given priority in future research, as outlined in Table 3, 
underscoring the significance of systematic data collection and contin
uous evidence generation, critical research aspects encompass. 

3.7.1. Genotype-phenotype correlations 
Further understanding of genotype-phenotype correlations is essen

tial to unravel the uncertainties regarding disease prediction in pre- 
symptomatic neonates. 

3.7.2. Predictive biomarkers 
Identification and validation of potential biomarkers for predicting 

disease onset and monitor progression is highly warranted. This 
includes: 

Accurate measurements of ARSA enzyme activity in blood as a 
correlation between residual ARSA activity in vivo and the age of onset is 
suggested [7,64]. In particular for the early-onset subtype, its positive 
predictive value has been reported as 100% when residual ARSA activity 
is below 1% [7]. However, the lack of standardization of ARSA assays in 
large cohorts obstructs cross-comparison between centers, and its pre
dictive value depends on local standards. To establish residual enzyme 
activity as an additional parameter in the prediction of disease onset, 
internationally harmonized laboratory procedures are essential. 

Future studies evaluating the predictive value of sulfatides levels in 
blood, dried blood spots (DBS), and/or urine are warranted. 

The evaluation of NfL in large cohorts of pre-symptomatic MLD pa
tients and over the course of the disease is necessary to evaluate its use as 
a predictive and/or monitoring parameter. 

3.7.3. Instrumental tests 
Further studies on clinically and biologically meaningful MRI bio

markers especially in pre-symptomatic individuals are needed [65–67]. 
A systematic evaluation of NCV during the pre-symptomatic disease 

stage for understanding when abnormalities can first be detected and 
whether this correlates with disease severity, disease progression and/or 
distinct genotypes. 

Further tools to measure the degree of central demyelination such as 
VEP and BAER need to be studied in larger cohorts of MLD patients. To 
date there is a lack of evidence when abnormalities in VEP and BAER 
tests become apparent in the disease course and whether these predict 
disease progression. 

Determining when gall bladder abnormalities become apparent in 
the natural history of the disease and whether they correlate with dis
ease progression requires further investigations. 

3.7.4. Comparative efficacy and safety of HSCT and arsa-cel 
Further insight into the comparative efficacy and safety of HSCT and 

arsa-cel in late-onset MLD is essential for guiding treatment decisions. 

3.7.5. Timing for HSCT in predicted late-onset MLD 
Understanding when to schedule HSCT for late-onset MLD patients is 

a critical knowledge gap that requires attention for optimizing treatment 
outcomes. 

3.7.6. Psychological and psychosocial burden on families 
Addressing the psychological and psychosocial burden on patients 

and their families when late or unclear onset is predicted is essential for 
providing holistic care and support. 

Despite the need to generate more evidence-based data, particularly 
for the cohort of pre-symptomatic MLD patients, all panel members 
agreed that newborn screening for MLD is recommended and aligns with 

Table 2 
Monitoring assessments.  

Brief assessment Evaluation of developmental milestones 
Neurological examination 

Comprehensive 
assessment  

• Neurological examination  
• Gross motor function classification for MLD (GMFC- 

MLD)  
• MRI  
• Nerve conduction velocities  
• Gall bladder ultrasound  
• Neuropsychological assessment 
Optional: Gross motor function measurement 88 
(GMFM-88) 
Optional: preservation of biomaterial in a research 
context  
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the established criteria (level A) [61]. 

4. Discussion 

Since its discovery a century ago, MLD has presented a significant 
challenge as an incurable disease. HSCT has been the only available 
treatment for MLD; yet outcomes have exhibited variability, with 
compelling evidence limited to pre- and early-symptomatic cases of late- 
onset subtypes. The recent integration of the highly effective arsa-cel 
into standard of care for early-onset subtypes represents a pivotal 
moment, shifting the perspective from early-onset MLD as an irrevers
ible neurodegenerative disorder to a condition that can be treated. With 
these treatment options available, delayed diagnosis has become the 
major hurdle: as two-thirds of patients are diagnosed too late to be 
eligible to benefit from treatment [68]. Also, for late-onset MLD, 
pre-symptomatic diagnosis by NBS offers time during which clinical 
decisions can be tailored to the best interest of the patient at affordable 
costs. Hence, the key to timely detection and successful treatment lies in 
the inclusion of MLD in national neonatal screening programs. 

Pilot screening programs for MLD, led by various commercial and 
academic parties, are rapidly emerging. This brings unanswered ques
tions regarding management of identified cases already in daily clinical 
practices of MLD clinicians. The premature introduction of screening 
without the relevant infrastructure to support families and divergent 
management approaches in different countries may impact successful 
outcomes. Recognizing the differences in healthcare practices across 
countries, there is a pressing need for uniform care pathways for in
dividuals with MLD identified by NBS to ensure a consistent manage
ment and treatment approach. 

Our recommendations are designed to navigate this new era of MLD 
treatment, by supporting physicians and acknowledging existing 
knowledge gaps. These recommendations, endorsed by patient advo
cates and various MLD experts, encompass paediatric and adult spe
cialties and reflect a comprehensive approach. 

Monitoring of screening programs is considered important as regular 
evaluations and adjustments based on emerging data are necessary. 
From other disease fields it is known that the disease spectrum changes 
after introduction of neonatal screening [69,70]. With neonatal identi
fication of patients, the known phenotypic variation of the disease be
comes larger and typically milder phenotypes become more prevalent. 

The ethical implications surrounding early diagnosis by NBS in late- 
onset and uncertain onset MLD cases are substantial and warrant careful 
consideration. While early diagnosis facilitates close monitoring and 
timely treatment, it also poses the risk of inducing emotional and psy
chological distress for both individuals and their families. This includes 
practical hurdles like restricted life choices and limited access to certain 
services. Ensuring a delicate balance between the benefits of early 
diagnosis and the potential negative effects on quality of life necessitates 
the implementation of comprehensive psychosocial follow-up programs 
for affected individuals and their families, in particular when late or 
uncertain onset is predicted. Unlike other disorders discussed as 

candidates for NBS programs, such as Krabbe disease [71], the exclusion 
of late-onset subtypes in MLD is not applicable. The primary reason for 
this is that predicting purely adult onset is currently not feasible based 
on genotype or other biomarkers. Late-onset genotypes may manifest in 
childhood, adolescence, or later stages of life and consequently some 
may require an early treatment intervention during childhood. A similar 
situation concerns adrenoleukodystrophy (ALD) where NBS is now part 
of several national screening programs and where onset of the cerebral 
form cannot be predicted. A survey of Dutch ALD patients resulted in a 
strong consensus of screening boys (100%) and all newborns regardless 
of sex (80%) [72]. 

Addressing the limitation of our consensus-based recommendation, 
we have to outline the lack of evidence and the limited number of ex
perts in the field as inherent challenge in the context of rare diseases. We 
acknowledge that the recommendations are influenced by the initial 
questions posed. To mitigate this bias, we designed the questionnaire 
based on collaborative workshops involving MLD experts. Despite con
ducting the query among MLD experts, there is a considerable per
centage of neutral votes for certain questions regarding subtype 
prediction or treatment. As we outlined, this reflects the lack of evidence 
regarding subtype prediction and the need for ongoing research 
(Table 3). It is also due to the multidisciplinary composition of the expert 
panel, for example an MLD geneticist can comment on the prediction of 
MLD subtype but not on the timing of treatment. 

Emphasizing the significance of structured data collection and 
ongoing evidence generation, future studies should focus on key 
research aspects. These include assessing the predictive impact of 
measurable markers to anticipate disease onset during the presymp
tomatic stage. To achieve this, there is a need for additional data 
collection and analysis of MRI and NCV data in pre-symptomatic MLD 
patients, along with the evaluation of additional prognostic biomarkers 
in larger cohorts. Predicting MLD subtypes in neonates necessitates 
extended phenotype-genotype correlation studies. Additionally, 
harmonizing ARSA enzyme activity in leukocytes is crucial for more 
accurate predictions in this context. Therefore, initiatives like MLDi can 
serve as a tool for consolidating information and fostering collaboration 
between expert centers, patient advocacy groups, and regulatory 
authorities. 

Despite uncertainties and challenges mentioned in this manuscript, 
all experts in MLD unanimously supported the implementation of NBS 
programs for MLD. This endorsement is driven by the recognized 
effectiveness of treatment when administered during the pre- 
symptomatic stage of the disease and the technical feasibility of NBS. 
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