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Roswitha Lüftinger w, Erik A. Eklund x , Fanny Mochel y , Laura A. Adang z,aa,  
Lucia Laugwitz d,i , Jaap Jan Boelens ab,ac, Valeria Calbi l,m, Alejandra Darling ad,  
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A B S T R A C T

Background: Treatment decisions in metachromatic leukodystrophy (MLD), a rare life-threatening neurological disease, are challenging. Hematopoietic stem cell 
transplantation or autologous stem-cell-based gene therapy can be life-changing but come with uncertainties, risks, and high costs. To address this, the international 
MLD treatment eligibility panel was established in collaboration with the European Reference Network on Rare Neurological Diseases. The panel reviews and 
discusses individual MLD cases and provides consensus-based recommendations on whether to treat and which treatment modality. The goal is to streamline in
ternational care and treatment counseling by providing uncomplicated access to expert opinion.
Methods: The panel operates according to a published standard operating procedure and was evaluated between September 2021–2024. Case data were recorded in a 
Castor EDC-based system and, with consent, included in the MLD Initiative (MLDi) patient registry. Physicians’ experiences were assessed via EUsurvey, and patients’ 
feedback was collected through an MLDi registry survey.
Findings: The panel discussed 43 cases, recommending treatment in 20, abstaining in 19, and reaching no consensus in 4. Open questions regarding cognitive function 
and lack of outcome data caused challenges in treatment recommendations in late-onset MLD patients. All treatment recommendations were followed. Physicians 
reported positive experiences with the panel.
Interpretation: The MLD treatment eligibility panel demonstrates how international expert advice can be streamlined across Europe for a rare disease like MLD, where 
disease-specific guidelines are still in development. By balancing complex clinical, social, and ethical parameters, the panel aids in encouraging appropriate use of 
innovative and costly therapies and guarantees accessibility to expert advice irrespective of country of origin.

1. Introduction

Innovative treatments such as gene therapy can drastically change 
the management of a rare disease but also introduce new challenges. [1,
2] Uncertainties about long-term effectiveness, safety, and eligibility 
criteria coupled with high costs and unclear cost-effectiveness, can 
hinder access. [3,4] The highly specialized care necessary for treatment 
leads to organizational challenges and may require cross-border re
ferrals of patients. [5] These clinical, organizational and financial 
challenges need to be addressed to ensure adequate implementation of 
innovative treatments in daily practice. We illustrate these issues using 
the case of metachromatic leukodystrophy (MLD) and evaluate how 
streamlining international care and treatment counseling could benefit 
the care for this rare disease.

MLD is a neurodegenerative disorder caused by biallelic pathogenic 
variants in the ARSA gene, which leads to impaired sulfatide degrada
tion. [6] Sulfatide accumulation damages the central and peripheral 
nervous systems and causes diverse neurological symptoms. Birth 
prevalence in Europe is estimated at 0.38 – 1.85 per 100,000 live births. 
[7] Disease onset is highly variable, typically within the first decade of 
life but ranging up to the fourth or fifth decade. Different MLD subtypes 
can be distinguished based on age at onset. Early onset forms (late-in
fantile <2.5 years and early juvenile 2.5-6 years) cause rapid deterio
ration with a predominant motor phenotype, whereas late-onset forms 
(late-juvenile 7-16 years and adult ≥16 years) present with a mixed or 
cognitive presentation. [8] If untreated, patients will lose all their 
abilities and eventually die prematurely. [6] Predicting phenotype 
based on the genotype and residual arylsulfatase A activity is promising, 
but needs further refinement. [9,10] For example, intra-familial vari
ability in late-onset MLD forms is not yet fully understood.

Early-stage treatment with allogeneic hematopoietic cell trans
plantation (HSCT) or autologous ex vivo hematopoietic stem cell gene 
therapy (HSCT-GT, atidarsagene autotemcel, brand name: LibmeldyTM), 

have demonstrated benefits in delaying or stopping disease progression 
in MLD patients. [11-16] Once substantial neurodegeneration is present, 
these therapies not only fail to halt disease progression but may, in some 
cases, exacerbate the speed of decline. [11] The risks associated with 
allogeneic transplantation are supposed to be higher than those of 
HSCT-GT because of potential graft-versus-host disease, but both 
HSCT-GT and HSCT are invasive treatments.

Determining eligibility for HSCT or HSCT-GT poses a considerable 
challenge due to the phenotypic heterogeneity of MLD and the lack of 
robust biomarkers for disease staging. HSCT-GT is registered for pre- 
symptomatic late-infantile MLD and pre- or early-symptomatic (before 
the onset of cognitive decline) early-juvenile MLD. HSCT-GT is being 
investigated in late-juvenile MLD where pre-symptomatic cases are 
eligible when there is a symptomatic sibling and early-symptomatic 
cases when they have normal cognitive function and are able to walk 
independently. Official eligibility criteria for HSCT are lacking but often 
include a late-juvenile or adult MLD subtype with substantial cognitive 
function, i.e. an intelligence quotient (IQ) above 70 or 85, and the ability 
to walk independently. [11,16-18] Limited evidence on precise eligi
bility as well as lacking robust long-term outcome and safety data adds 
uncertainty to clinical decision-making.

Beyond the clinical complexities, the significant treatment costs 
underscore the importance of appropriate treatment decisions. Recently, 
negative reimbursement decisions have delayed or hampered access to 
the HSCT-GT in various European countries. [19] HSCT for MLD is 
available in most European countries, although gaps remain. [18] Thus, 
given the high budget impacts of HSCT and HSCT-GT, determining the 
right candidates is also relevant from a health economic perspective.

To address these challenges, an international treatment eligibility 
expert panel for MLD was established through collaboration between the 
MLD Initiative (MLDi) and the European Reference Network for Rare 
Neurological Diseases (ERN-RND). [20] The MLDi, a primarily European 
collaborative network of MLD experts, maintains a patient registry for 
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MLD. The ERN-RND provides an infrastructure for sharing expertise and 
improving care for patients with rare neurological diseases. [21] The 
panel convenes ad hoc to review and discuss individual MLD cases, of
fering consensus-based recommendations on whether to treat and 
streamlining international care and treatment counseling.

In this study, we evaluate the performance of the MLD treatment 
eligibility panel by reviewing the experiences of physicians and the 
outcomes of the cases discussed. We assess the panel’s consistency and 
predictive value to enhance the decision-making process and improve 
clinical and economic outcomes.

2. Methods

2.1. Standard operating procedure treatment eligibility panel

Panel activities between September 2021 and September 2024 were 
evaluated for this study. Data from the cases discussed during this period 
were collected using a Castor EDC-based survey for the referring phy
sicians. The treatment eligibility panel operates according to the stan
dard operating procedure as published in January 2023. [20] Cases 
eligible for discussion include patients with a confirmed diagnosis of 
MLD for whom possible benefits of treatment with hematopoietic stem 
cell transplantation or HSCT-GT are not straightforward. Also, pre
symptomatic cases or cases where a reimbursement authority requests 
an expert-supported advice can be discussed. The panel consists of a 
minimum of 3, but preferably ≥5 experts with a varying composition of 
pediatric and adult neurologists, metabolic pediatricians and internists, 
and transplant specialists/hematologists.

Generally, the Clinical Patient Management System (CPMS) [22] was 
used for convening panels and distributing pseudonymized clinical in
formation among the panelists before the meeting. Patients’ or legal 
guardians’ consent was obtained as appropriate for both discussing their 
case in the panel and to be included in the MLDi registry for the purpose 
of care and research respectively. The panels’ metadata were collected 
in a Castor EDC-based [23] database and the clinical follow-up data 
were obtained through the Castor EDC-based [23] MLDi registry.

The panel discussions were moderated by a representative from the 
ERN-RND (TM) or the MLD initiative (DHS). The referring physician 
presents a detailed overview of the patient’s and family’s history and 
clinical status, including neurological and neurodevelopmental exami
nation, genotype, arylsulfatase activity, MRI, nerve conduction studies 
and neuropsychological assessment. In all panels, the criteria TIQ ≥85 
and Gross Motor Function Classification for MLD (GMFC-MLD) [24] <2 
were explicitly considered. The official eligibility criteria for HSCT-GT 
were followed, including the fact that HSCT-GT is only commercially 
available for early-onset MLD and is being investigated in late-juvenile 
MLD. [25,26] Additional aspects necessary for successful treatment 
were considered as well, such as the rate of decline, the support network 
of the patient, the coping and ability to follow strict instructions (i.e. 
spending weeks in isolation during myeloablation), and donor avail
ability. During the discussion a clear advice was formulated, and all the 

attending physicians were explicitly asked for their opinion. The mi
nutes had a fixed format and were taken by the panel moderator. The 
minutes were sent for accordance to the referring physician afterwards. 

Table 1 
Cognitive impairment categories.

Cognitive impairment categories Criteria

Normal cognition • Total IQ or DQ ≥ 85

Estimated normal cognition • No clinical symptoms of cognitive decline in pre-symptomatic patients

Borderline cognitive impairment • Total IQ between 70 and 84, or
• in the case of a lacking total IQ score: three normal index scores (≥85) with a low processing speed (<70)

Estimated borderline cognitive impairment • MoCA scores between 11 and 25, or
• an estimated IQ of 70–85 measured with incomplete/screening tests

Significant cognitive impairment • Total IQ below 70, or
• in the case of a lacking total IQ score: two or more index/IQ scores <70

Estimated severe cognitive impairment • Clearly symptomatic patients with cognitive decline indicated as language regression (ELFC-MLD ≥3) or MoCA scores <11, or
• an estimated IQ below 70 measured with incomplete/screening tests.

Table 2 
Descriptive results of the treatment eligibility panels.

Total number of panel discussions – N 43 (100 %)

Referring centers – n(%)
Tübingen University Hospital (Germany) 9 (21 %)
Assistance Publique Hôpitaux de Paris(France) 7 (16 %)
Leipzig University Hospital (Germany) 6 (14 %)
Amsterdam UMC (the Netherlands) 6 (12 %)
Hamburg University Hospital (Germany) 3 (7 %)
Oslo University Hospital (Norway) 2 (5 %)
Oulu University Hospital (Finland) 2 (5 %)
Hospital in Mödling (Austria) 2 (5 %)
San Raffaele Hospital (Italy) 1 (2 %)
St. Anna Children’s Hospital Vienna (Austria) 1 (2 %)
Heidelberg University Hospital (Germany) 1 (2 %)
The Hospital for Sick Children Toronto (Canada) 1 (2 %)
University Hospital Lyon (France) 1 (2 %)
Fakultní Thomayerova nemocnice Prague (Czech Republic) 1 (2 %)

Panel compositiona (n = 38)
Average number of experts – mean (range) 9 (3–16)
Pediatric neurologists represented – n(%) 38 (100 %)
Adult neurologists represented – n(%) 27 (71 %)
Metabolic physicians represented – n(%) 28 (74 %)
Transplant specialists/hematologists represented – n(%) 32 (84 %)
All key specialties represented (pediatric/adult neurologist, 
metabolic physician, and transplant specialist)

23 (60 %)

Average number of days between request and panel discussion 
meeting – median (IQR)

8 
(6.75–12)

Average follow-up time after panel meeting at the time of evaluation in 
years – mean (SD)

1.3 (0.92)

Recommendation
Treatment with HSCT or HSCT-GT is recommended – n(%) 20 (47 %)

HSCT – n 9
HSCT-GT – n 15

Treatment with HSCT or HSCT-GT is not recommended – n(%) 19 (44 %)
No consensus – n(%) 4 (6.8 %)

Advice followed when recommendation was to treat
Yes (patient is treated) - n 14
No (patient is not treated) - n 0
Decision on (timing of) treatment not yet made - n 6

Advice followed when recommendation was not to treat
Yes (patient is not treated) - n 19
No (patient is treated) - n 0

Treatment when there was no consensus
Patient is treated with HSCT - n 2
Patient is not treated - n 2

Causal treatment at follow-up
HSCT - n 7
HSCT-GT - n 9
Not treated - n 21
Decision on (timing of) treatment not yet madeb - n 6

a For six panels, no information on panel composition was available.
b Treatment was recommended but not yet performed.
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The treatment decision was discussed with the patient/caregivers by the 
referring physician. After a minimum time of six months after the initial 
panel discussion, a follow-up survey was sent to physicians to collect 
information on the treatment decision and current clinical status of the 
patient.

2.2. Physicians’ experiences

A questionnaire consisting of 11 multiple-choice questions about 
awareness of the MLD treatment eligibility panel and experiences with 
this panel using a 5-point Likert scale was set up with the software tool 
EUsurvey (Version 1.0, 2020/06/10). The questionnaire was distributed 
among all ERN-RND expert centers via the network-internal newsletter 
(‘bulletin’) and a reminder email to centers who did not respond to the 
general newsletter.

2.3. Analysis

Cases were categorized as either rapidly progressive, defined by a 
change of ≥2 points in GMFC-MLD, or stable, defined by ≤ 1 point 
change in GMFC-MLD and stable IQ (within margin of error +/- 5 
points) or stable Montreal Cognitive Assessment (MoCA) at ≥1.5 year 
follow-up. For cases with a follow-up period of less than 1.5 years, the 
time window only allowed us to categorize as rapid progression if the 
criteria for this category were met. In case formal IQ testing was not 
(yet) repeated, a clinical impression by an MLD expert as either stable or 
rapidly progressive disease was sufficient. Phenotype categorization was 
based on manifestations at symptom onset, with a motor phenotype 
defined as isolated motor symptoms, cognitive phenotype defined as 
isolated cognitive symptoms, and a mixed phenotype as a combination 
of motor and cognitive symptoms. Cases were considered pre- 
symptomatic as long as they had no cognitive decline and no neuro
logical signs and symptoms of the disease.

The total IQ or development quotient (DQ) was measured with the 
Wechsler Intelligence Scales for Children or Adults, or the Bayley Scales 
of Infant and Toddler Development, respectively. The IQ test results and 
MoCA scores [27] were categorized into six impairment categories: 
normal cognition, estimated normal cognition, borderline cognitive impair
ment, estimated borderline cognitive impairment, significant cognitive 
impairment, or estimated severe cognitive impairment (Table 1). Total IQ 
could not be reliably calculated in all cases due to incomplete tests or 
disharmonic profiles.

IBM SPSS statistics 28 was used for data analysis. The figures were 
created with RStudio 4.2.1. Normality was visually assessed using a 
histogram and/or Q-Q plots and tested with the Shapiro-Wilk test. 
Descriptive statistics were given as a mean with a range and/or SD for 
normally distributed data and as a median with interquartile ranges 
(IQR) for non-normal data. We used Fisher’s Exact Test to assess the 
relation between stable or rapidly progressive disease and the treatment 
decision. A p value < 0.05 was considered statistically significant.

3. Results

3.1. Descriptive results of the panels

A total of 43 MLD cases with referring physicians from 10 countries 
were discussed in the treatment eligibility panel (Table 2). The panel 
quorum was reached for all cases and in the 23 (60 %) (child) neurol
ogists, metabolic physicians and transplant specialists were all repre
sented. Overall, the median time between a request and the meeting was 
8 (IQR 6–12.5) days. This was 7 (IQR 5 – 11) days for the urgent panels. 
Except for four late-onset cases, a consensus-based recommendation 
could be formulated. Treatment was recommended in 20 (47 %) cases, 
whereas abstaining from treatment was recommended in 19 (44 %) 
cases. Fig. 1 shows an overview of treatment recommendations, treat
ment decisions, and outcomes so far.

3.2. Descriptive results of the discussed cases

Among the discussed cases, all MLD subtypes were represented, but 
the majority were early-symptomatic juvenile cases (Table 3). There 
were 19 (44 %) early-onset cases, 21 (49 %) late-onset cases, and 3 (7 %) 
cases with an uncertain MLD subtype. Thirty-one (72 %) patients were 
pediatric, and 12 (28 %) were adult cases. The diagnosis of the cases was 
made after symptom onset in 30 (69 %) cases and after a family 
screening because of an affected sibling in 11 (26 %) cases. One case was 
diagnosed after the detection of gall bladder abnormalities, and for one 
case, the reason for the diagnosis was missing. In total 34 (79 %) of the 
cases were symptomatic at the time of the panel discussion. Presenting 
symptoms were diverse, but cognitive decline and problems with either 
balance or coordination were the most prevalent, i.e. in 17 (40 %) and 
16 (37 %) of the cases, respectively. At the time of the panel discussion, 
an MRI was available for 35 (81 %) cases. Information about IQ or MoCA 
was available in 24 (56 %) and 3 (7 %) of the cases, respectively. 

Fig. 1. Sankey Diagram of recommendations, current treatment status and outcome so far. The category ‘Not treated yet’ for the current treatment status, includes 
cases that are being monitored with an intention to treat the patient in the future. A) shows the outcomes for early-onset cases and B) shows the results for late-onset 
cases and the three cases with an uncertain phenotype (these three received a positive treatment recommendation).
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Detailed clinical information about motor function was available for all 
cases and a formal GMFC-MLD score for 40 (93 %) cases.

3.3. Panel recommendations

Of the 20 cases receiving a recommendation to treat, 15 (75 %) cases 
met both eligibility criteria (GMFC-MLD <2 and TIQ ≥85). For 9 of these 
15 cases, formal IQ testing was not (yet) available at the time of the 
panel discussion, but all were classified as pre-symptomatic. Five (25 %) 
cases received a positive treatment recommendation for HSCT despite 
an IQ below 85 (Fig. 2). One patient had preexistent primary develop
mental delay explaining the low IQ, judged to be unrelated to MLD. The 
other four were late-juvenile or adult MLD patients and had borderline 
or significant cognitive impairments (Table 4).

Of the 19 cases receiving a negative treatment advice, 18 (95 %) did 
not meet one or both criteria (GMFC-MLD <2 and TIQ ≥85). One (5 %) 
case formally met the criteria of GMFC-MLD <2 and DQ/TIQ ≥85, but 
this was a symptomatic late-infantile 2.3-year-old patient. For this 
subtype, treating in a pre-symptomatic stage is essential for success. [16] 
For four late-onset cases, no clear consensus could be reached on 
whether to treat. Three of these patients had a TIQ below 85, and for one 

patient, formal IQ test results were not available.
Fig. 2 shows the categories based on cognitive level and the treat

ment recommendation. When examining all patients with a documented 
or estimated borderline or significant cognitive impairment (n = 10 and 
n = 15 respectively), treatment was not recommended in 17/25 (68 %) 
patients and no consensus was reached for 3/25 (12 %) of these patients. 
Only 5/25 (20 %) late-onset MLD patients received a recommendation 
that HSCT might be beneficial, of which three had a documented 
borderline and two a documented significant cognitive impairment 
(Table 4).

3.4. Follow-up

At the time of evaluation, the average follow-up time after the panel 
meeting was 1.3 years (SD 0.92, n = 43). The panel’s advice to treat or 
not to treat was followed in 33 (77 %) cases. Six patients who received a 
recommendation to treat were not yet treated. These patients were 
either discussed very recently (n = 1) or are still monitored to determine 
optimal treatment timing (n = 5). Of the four cases for whom no 
consensus was reached, two were treated and two were not.

For 26 cases the overall outcome 6-36 months after the panel 
meeting could be determined. Of these, 8 patients with a recommen
dation to treat had received treatment: 7 were stable, 1 adult patient 
deteriorated during the 36 months after HSCT without relevant peri- 
interventional complications. Fifteen patients received a recommenda
tion not to treat: 3 were stable (1 late-juvenile, 2 adult patients), 12 had 
deteriorated. Of the patients without consensus-based advice 1 
remained stable so far, and 2 rapidly deteriorated. There was a signifi
cant association between treatment advice and outcome (p < 0.05). 
Seventeen cases had a follow-up of <1.5 years or there were insufficient 
follow-up data, definite categorization was therefore not yet possible.

3.5. Physicians’ experiences

A total of 38 physicians involved in the care for leukodystrophy 
patients responded to the survey. The responders were employed in 29 
different ERN-RND expert centers located in 16 European countries 
(Austria, Belgium, Czechia, Denmark, Estonia, Finland, France, Ger
many, Hungary, Ireland, Italy, Malta, Netherlands, Poland, Slovenia, 
and Spain). Except for one physician, all (n = 37, 97 %) were aware of 
the possibility of discussing rare disease patients with an expert panel 
using CPMS within the EU. The majority, 29 (76 %) physicians, were 
aware of the existence of the MLD treatment eligibility panel. 24 (63 %) 
of the physicians indicated that they never consulted the MLD treatment 
eligibility panel. A total of 7 (18 %) responding physicians had discussed 
one (n = 3) or multiple (n = 4) patients. All physicians who discussed a 
case were positive about their consultation (Fig. 3). One referring 
physician judged the amount of time needed for the preparation of the 
panel as negative.

4. Discussion

HSCT and HSCT-GT for MLD are life-changing therapies for this 
severely progressive rare disease. When treated early in the disease 
course, deterioration can be slowed or stopped. On the other hand, these 
treatments involve high risk procedures and are expensive. Deciding 
whether to treat with HSCT or HSCT-GT deserves careful evaluation. 
The international MLD eligibility panel was established to provide 
consensus-based treatment recommendations for individual MLD pa
tients. The panel offers a route to make clinical decisions in uncertain 
situations, leveraging the explicit and implicit knowledge of MLD ex
perts. The panel consists of dedicated experts as reflected by the swift 
median response time of 8 days between the request and meeting. 
Treatment advice was considered useful and is adhered to in all cases. 
Treatment recommendations in slowly progressive late-onset MLD pre
senting with cognitive decline was particularly challenging.

Table 3 
Descriptive results of the discussed cases.

Total number of cases - N 43 (100 %)

Sex at birth
Female 23 (53 %)
Male 20 (47 %)

MLD subtype
Late-infantile 6 (14 %)
Early-juvenile 13 (30 %)
Late-juvenile 12 (28 %)
Adult 9 (21 %)
Unknowna 3 (7 %)

Pre-symptomatic 9 (21 %)
Symptomatic 34 (79 %)
Age at onsetb, years – median (IQR) 8.6 (3.6–16.0)
Age at diagnosis, years – median (IQR) 7.8 (3.4–20.1)
Age at the time of panel discussion, years – median (IQR) 7.9 (3.7–21.2)
Which situation gave rise to the diagnosis

Manifested symptoms 30 (69 %)
Family screening because of affected sibling 11 (26 %)
Other 1 (2 %)
Missing 1 (2 %)

Presenting symptomsc

Gross motor signs 16 (37 %)
Balance and coordination problems 16 (37 %)
Loss of developmental milestones 4 (9 %)
Cognitive decline 17 (40 %)
Language regression 3 (7 %)
Behavioral changes 11 (26 %)
Psychiatric symptoms 4 (9 %)
Deterioration in school performance 7 (16 %)
Signs of polyneuropathy 11 (26 %)
Gall bladder related symptoms 3 (7 %)
Other 10 (24 %)

Predominant phenotype
Motor phenotype 9 (21 %)
Cognitive phenotype 10 (23 %)
Mixed phenotype 13 (30 %)
Not applicable or unknown 11 (26 %)

Gross Motor Function Classification for MLD
Level 0 17 (41 %)
Level 1 19 (44 %)
Level 2 4 (9 %)
Missing 3 (7 %)

IQ data available 24 (56 %)
Total IQ - median (IQR) 76 (67–92)

MRI available 35 (81 %)
MRI severity score – median (IQR) (n = 15) 17 (14–20)

a For some pre-symptomatic cases the MLD subtype could not be determined.
b Calculated based on the age at onset of the symptomatic patients.
c Each patient could have multiple presenting symptoms.
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The MLD treatment eligibility panel serves as an example of how 
international expert advice can be streamlined and made accessible 
across Europe for a rare disease like MLD. Due to the low prevalence 
numbers, most physicians, even those working with rare neurological 
disorders, may only encounter MLD cases occasionally or not at all in 
their clinical practice. [18] By fostering a network of internationally 
recognized specialists, the latest scientific advancements and best 
practices in MLD care become more widely accessible. Our survey re
sults underscore the success of this approach: nearly all respondents 
were familiar with CPMS, and the majority were aware of the MLD 
treatment eligibility panel. This suggests that such initiatives may be 
helpful to improve access to expert consultation and reduce healthcare 
disparities. Additionally, HSCT-GT is a highly specialized treatment and 
is only available in a limited number of qualified treatment centers, 
requiring cross-border referral. Centralized expert consultation not only 
facilitates adequate treatment decisions, but could also aid the organi
zational logistics of this cross-border care. [21,28].

The panel supports appropriate use of innovative and costly thera
pies in MLD where evidence-based guidelines are not yet available. Data 
on treatment benefits remain limited, especially for late-onset patients. 
[11-13,16,29,30] All studies show that treating early is essential for 
success. As shown in other medical fields, inappropriate use of invasive 
treatments in patients who do not benefit from these treatments poses 
both health and financial risks. [31] Families are in desperate situations 
and often contact multiple international experts to seek treatment op
tions. Some centers offer HSCT for patients in advanced disease stages or 
in late-infantile MLD, which is ineffective. [18] Recently, a paper of gene 
therapy in advanced MLD was published, which may increase false hope 
among families. [32,33] The panel advised against treatment in 
approximately half of the cases with all recommendations followed, 
demonstrating its effectiveness in preventing potential harm from inef
fective invasive treatments. The association between deterioration and 
the treatment recommendation was significant. Still, from the six treated 
patients for whom a follow-up could be determined, one deteriorated 
shortly after treatment, emphasizing the importance of more data and 
structured follow-up of patients in the MLDi registry.

To harmonize and structure panel discussions, two criteria (TIQ ≥85 
and GMFC-MLD <2) were explicitly assessed and registered in the mi
nutes, but these proved insufficient for comprehensive treatment eligi
bility evaluations. The MLD experts in the panel weigh therefore a 

complex set of clinical, diagnostic and social parameters in the treatment 
decision, which requires MLD expertise. For young patients in a pre- 
walking age, the GMFC-MLD is not applicable. At the other end of the 
spectrum, some late-onset patients will never develop motor symptoms, 
or only in advanced disease stages, implying limited relevance of this 
criterion for decision-making in this group. [34] The official eligibility 
criteria for HSCT-GT include also that late-infantile patients should be 
completely pre-symptomatic and early-symptomatic early-juvenile pa
tients should be treated before the onset of cognitive decline. Factors 
like rate of decline, age at onset, daily functioning, support network, and 
the ability to understand and comply with treatment procedures were 
considered but not formally documented. Future panels should incor
porate these details into registration and minutes, ensuring criteria 
remain dynamic and based on the latest scientific insights.

In a substantial part (44 %) of the panel discussions, a neuropsy
chological assessment and full-scale IQ was not available at the time of 
the panel meeting. Logistic challenges regarding scheduling all relevant 
clinical assessments and the urgency to make treatment decisions may 
be explanations Besides that, the importance of assessing a full-scale IQ 
in MLD patients as early as possible in the diagnostic pathway gained 
more attention only relatively recently with the introduction of HSCT- 
GT. [16].

The most challenging patient group were the late-juvenile and adult 
MLD patients with borderline to significant cognitive impairments. 
Those patients typically still function relatively well in daily life but 
already show severe deficits during neuropsychological assessment 
around the time of the diagnosis. The results show that the panel did not 
strictly apply the total IQ ≥ 85 cut-off when HSCT was recommended. 
This is partially explained by the fact that MLD patients often have 
disharmonic intelligence profiles with severely affected processing 
speed while verbal comprehension is relatively preserved. This leads to 
relatively low total IQ scores compared to patients’ verbal abilities. 
More guidance on neuropsychological assessments and profiles in 
complex neurodegenerative diseases such as leukodystrophies is there
fore necessary. In addition, investigating the predictive value of bio
markers as quantitative MRI parameters and neurofilament light chain 
protein in larger cohorts of patients is important. [35-37].

The rationale behind using strict IQ cut-offs as a criterion for treat
ment eligibility deserves further consideration, especially in late-onset 
MLD. It may be better to focus on comprehensive counseling, where 

Fig. 2. Sankey Diagram of the cognitive levels and recommendations. A) shows the results for early-onset cases. Please note that in early-onset MLD, HSCT-GT was 
recommended when the patient had no cognitive decline. B) shows the results for late-onset cases and the three cases with an uncertain phenotype (these three 
received a positive treatment recommendation). In late-onset MLD, HSCT may have been recommended despite cognitive impairments. Abbreviations: CI =
cognitive impairment.
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patients are informed about potential outcomes of both treatment and 
non-treatment options for functioning in daily life. In other medical 
fields, more advanced tools to support clinical decision-making have 
already been developed, such as Patients Like Me, where the outcome 

data of similar patients are presented in an easy-to-understand way. [38,
39] Similarly, in the context of MLD, working towards adequate coun
seling, where sketching a realistic projection of patient outcomes may 
prove more valuable than simply focusing on the likelihood of a 

Table 4 
Complex cases. Five cases (1–5) with a positive treatment recommendation despite TIQ <85 and 4 cases (6–9) without a consensus-based recommendation.

Case MLD subtype Cognitive assessment Considerations and recommendation Follow-up

1 4,5 year old, pre- 
symptomatic, 
uncertain subtype

• Primary developmental 
delay

• Total IQ 55.

Treatment with HSCT or HSCT-GT is recommended. 
Timing of treatment depends on onset. Monitoring until 
subclinical evidence for onset is recommended. The 
expected benefits and risks need to be realistically 
balanced and discussed.

Being monitored, not yet treated.

2 Adult • Total IQ: 76
• Working memory 

index: 70
• Verbal comprehension 

index: 95
• Perceptual reasoning 

index: 72
• Processing speed: 76

HSCT is recommended if comprehensive counseling is 
done and a compatible donor is found. The patient appears 
to be clinically stable, is largely independent in daily 
living activities, and maintains a job. Some executive 
dysfunction, including difficulties in managing money 
responsibly, is present.

HSCT performed. Stable 28months after meeting, 16 
months after treatment.

3 Late-juvenile • Verbal IQ: 84
• Performance IQ: 60
• Working memory 

index: 67.

This patient is considered mildly symptomatic, and HSCT 
is recommended. Total IQ was stable over the past three 
months.

HSCT performed. Stable 20months after meeting, 18 
months after treatment.

4 Late-juvenile • Verbal IQ: 89
• Performance IQ: 96
• Working memory 

index: 94
• Processing speed: 56

This patient is considered early-symptomatic, and 
treatment with HSCT-GT within a clinical trial is 
recommended but not available. There are doubts whether 
HSCT will be efficacious and timely enough. The panel 
emphasizes the need for appropriate counseling of the 
family concerning HSCT, including the high probability of 
(rapid) deterioration before a potential stabilization.

HSCT performed. Too early for a follow-up.

5 Adult • Total IQ: 71
• Verbal comprehension 

index: 95
• Perceptual reasoning 

index: 79
• Working memory 

index: 67
• Processing speed: 45

Treatment with HSCT is recommended. The patient 
appears to be slowly progressive, is largely independent in 
activities of daily living, and maintains household 
activities and care for a child. It is difficult to predict 
whether the patient will deteriorate and become ADL- 
dependent or will stay relatively stable after treatment. 
This uncertainty should be part of the treatment 
counseling.

HSCT performed. Patient deteriorated from GFMC- 
MLD 0 to 2 and experiences increasingly emotional 
and cognitive difficulties in daily life during the 36 
months after treatment.

6 Adult • After the meeting full 
scale IQ testing was 
done.

• Total IQ: 83
• Verbal IQ: 88
• Performance IQ: 82
• Processing speed index: 

86

A mild cognitive decline is observed and the MRI 
abnormalities are relatively mild. Half of the panel 
recommended to decide upon reviewing the IQ and half of 
the panel recommended HSCT after comprehensive 
counseling. No consensus-based recommendation could 
be formulated. No full IQ testing was done (which was 
recommended by the panel).

HSCT performed and rapid deterioration <6 months 
after treatment.

7 Adult • Total IQ: 65
• Working memory 

index: 65
• Verbal comprehension 

index: 83
• Perceptual reasoning 

index: 75

No consensus-based recommendation is formulated. There 
is doubt concerning the IQ test results due to discrepancy 
with reports of high functionality in daily life. It is 
generally concluded that HSCT may be beneficial and 
could be offered to the patient if strongly wished for, after 
critical counseling of the patient and family concerning 
the uncertain outcome and high risks. If the patient 
decides to pursue therapy, this should be timely initiated 
and the patient should be re-evaluated after a compatible 
donor is found. Should strong cognitive decline occur 
within 3–4 months, treatment should be aborted.

HSCT performed, too early for follow-up.

8 Late-juvenile ​ No consensus-based recommendation is formulated. No 
full IQ testing was done, but screening tests suggest an IQ 
of 79. Five panelists did not recommend HSCT, two 
panelists would suggest to offer HSCT given that the 
parents of the patient are counseled appropriately and 
informed about the risk of decline after the procedure.

Not treated. Stable 21months after meeting.

9 Adult • Verbal comprehension 
index: 63

• Perceptual reasoning 
index: 52

• Working memory 
index: 45

• Processing speed: 45

No consensus-based recommendation is formulated. 
Generally, the panel is hesitant towards treatment because 
of the cognitive decline that is already present and due to 
the pregnancy-related delay.

Not treated. Deteriorated 34 months after meeting.
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“favourable” or “unfavourable” outcome. Importantly, such a tool 
should be developed within academic and patient advocacy initiatives 
without commercial interests.

The MLD eligibility panel was rapidly initiated when HSCT-GT as 
additional treatment option for MLD emerged and has turned out to be a 
valuable tool in navigating intricate treatment decisions. The results of 
the evaluation of the panel emphasize that treatment decisions of this 
degree of complexity require a thorough understanding of the medical 
and ethical nuances and should be guided by physicians with the 
expertise in MLD and its treatments. This study demonstrates that 
physicians, with support of experienced colleagues, can make well- 
considered choices including refraining from providing therapy when 
it is medically futile. In the near future, cases identified through 
newborn screening will gain the attention of the panel, especially to 
discuss treatment timing. [17,40] Continuous evaluation of case out
comes and panel recommendations is necessary to improve panel 
counseling and ensure alignment with the latest scientific insights. This 
approach may also serve as a template for clinical decision making in 
other complex rare disorders.
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