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ABSTRACT

Introduction:  Colony-stimulating factor  1 
receptor-related adult-onset leukoencephalopa-
thy with axonal spheroids and pigmented glia 

(CSF1R-ALSP) is a rare, progressive, fatal neu-
rodegenerative disorder caused by pathogenic 
CSF1R gene variants, resulting in microglial 
dysfunction and neurodegeneration. In patients 
with CSF1R-ALSP, brain magnetic resonance 
imaging (MRI) shows early white matter lesions 
followed by brain atrophy accompanied by pro-
gressive cognitive, neuropsychiatric, and motor 
dysfunction. However, the natural history (NH) 
of this disease is not yet fully understood.
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Methods:  This study examined clinical fea-
tures, brain MRI findings, and fluid biomarkers 
in a cohort of 16 symptomatic adults from Ger-
many with genetically confirmed CSF1R-ALSP 
using a retrospective chart review to evaluate 
changes in symptoms and imaging during dis-
ease progression.
Results:  In this cohort, median age of symp-
tom onset was 45 years and disease duration 
varied widely (2‒15  years). The most com-
mon presenting clinical symptoms were cogni-
tive impairment (81% of patients) and aphasia 
(63% of patients), which progressed rapidly 
over 24 months of observation. Scores for the 
Montreal Cognitive Assessment and the Barthel 
Index of independence in performing activities 
of daily living declined sharply during the obser-
vational period. MRI data showed white matter 
degeneration and brain atrophy accompanied 
by increased ventricular volume with significant 
annual progression. Significant correlations were 
observed between key volumetric MRI measures 
and clinical outcome assessments of cognition 
and functional independence.
Conclusion:  This retrospective study provides 
qualitative and quantitative data from the clini-
cal setting for further characterization of the 
NH of CSF1R-ALSP, a rare neurological disorder 
with significant unmet medical need. Data will 
inform the design of and endpoint selection for 
future NH studies and interventional clinical tri-
als, which will be central to the development 
of safe and efficacious therapies for CSF1R-ALSP. 
Further, it will guide clinicians less familiar with 
the disease in providing patients and caregivers 
with appropriate support and information about 
CSF1R-ALSP.

Keywords:  Adult-onset leukoencephalopathy 
with axonal spheroids and pigmented glia; 
Aphasia; Brain atrophy; Cognitive impairment; 
CSF1R-related leukoencephalopathy; Dementia; 
Hereditary diffuse leukoencephalopathy with 
spheroids; Leukodystrophy; Magnetic resonance 
imaging; Primary microgliopathy

Key Summary Points 

Why carry out this study?

Although the etiology of colony-stimulating 
factor 1 receptor-related adult-onset leukoen-
cephalopathy with axonal spheroids and pig-
mented glia (CSF1R-ALSP) has been known 
since 2011, the natural history of CSF1R-ALSP 
is not yet fully understood.

This study examined the natural disease 
course of CSF1R-ALSP based on clinical obser-
vations, MRI findings, and characteristics of 
disease progression in a cohort of 16 symp-
tomatic adults with genetically confirmed 
CSF1R-ALSP.

What was learned from the study?

In patients with CSF1R-ALSP, presenting 
symptoms included cognitive impairment, 
aphasia, and gait disorder, with significant 
declines in cognitive functioning and func-
tional independence accompanied by signifi-
cant increases in brain atrophy during the 
course of the disease.

These results extend the current body of 
knowledge on the natural history of CSF1R-
ALSP and support current thinking on 
potential clinical, radiological, and fluid bio-
markers of the disease that could be used as 
endpoints in future clinical trials and provide 
information to clinicians and caregivers.

INTRODUCTION

Colony-stimulating factor  1 receptor-related 
adult-onset leukoencephalopathy with axonal 
spheroids and pigmented glia (CSF1R-ALSP) is a 
rare, progressive, fatal neurodegenerative disor-
der caused by autosomal dominant inheritance 
of pathogenic CSF1R gene variants, resulting 
in microglial dysfunction and neurodegenera-
tion [1–5]. Because the genetic basis was only 
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described in 2011 [2, 4], the natural history 
remains incompletely characterized. We retro-
spectively analyzed clinical and MRI features 
in 16 symptomatic adults with genetically con-
firmed CSF1R-ALSP.

Most pathogenic variants are missense muta-
tions in the tyrosine kinase domain, although 
other variant types occur [1, 3, 4]. CSF1R-ALSP 
is most often inherited in an autosomal domi-
nant manner, although the family history is not 
always remarkable, which may be explained by 
de novo gene variants, incomplete penetrance, 
and/or genetic mosaicism [4, 6, 7]. Although 
recent population-level research into the fre-
quency of pathogenic and likely pathogenic 
CSF1R variants estimated a rate of 281 per mil-
lion individuals, fewer than 500 cases have been 
reported in the literature to date [5, 8]. This dis-
crepancy suggests a high potential for delayed 
diagnosis and misdiagnosis of CSF1R-ALSP, likely 
owing to the rarity of the disease as well as a 
differential diagnosis characterized by a hetero-
geneous clinical presentation that overlaps with 
other neurodegenerative and white matter dis-
orders [1, 9–11].

The average age of symptom onset in 
CSF1R-ALSP is approximately 43 years (range 
18–86 years) [9], after which the disease pro-
gresses irreversibly, with incapacitation occur-
ring typically within 3–4 years and death within 
6–8 years after symptom onset [1, 12]. Charac-
teristic clinical features of CSF1R-ALSP include 
progressive cognitive decline; neuropsychiatric 
symptoms such as behavioral or personality 
changes; motor symptoms such as gait distur-
bance, parkinsonism, pyramidal signs (e.g., spas-
ticity), bulbar signs (e.g., dysphagia), and ataxia; 
as well as other neurologic symptoms such as 
apraxia and epilepsy [1, 13].

Brain MRI of patients with CSF1R-ALSP typi-
cally demonstrates white matter abnormalities, 
including diffusion-restricted lesions, brain atro-
phy with enlargement of the lateral ventricles, 
and thinning of the corpus callosum [1, 13]. In 
patients with white matter abnormalities and 
atrophy, disease progression can be sensitively 
detected by volumetric MRI measures (e.g., 
lesion volume, ventricle volume) and the Sun-
dal MRI severity score [14]. Thus, the objective 
of this study was to examine clinical features 

and MRI findings in a cohort of 16 symptomatic 
adults with genetically confirmed CSF1R-ALSP, 
as well as to report changes in symptoms and 
imaging during disease progression.

METHODS

Cohort

Patients were recruited during routine clinical 
care at the neurological department of the Uni-
versity Hospital Tübingen, Germany. Patients 
with confirmed pathogenic CSF1R variants, signs 
of leukoencephalopathy on MRI, and clinical 
symptoms of CSF1R-ALSP were eligible for inclu-
sion. As far as is known, the 16 patients included 
in this study were not related. The study was 
conducted in compliance with the principles of 
the Declaration of Helsinki and adhered to all 
applicable laws and regulations. Prior to initia-
tion, the study was approved by the Institutional 
Review Board of the University of Tübingen 
(approval number 502/2024BO2), which ruled 
that, because the study was noninterventional 
and retrospective and all data were deidentified 
prior to inclusion and analysis, the study posed 
no risk or burden to patients and did not require 
participants to provide signed informed consent 
according to §13(1) 1 Landesdatenschutzgesetz 
Baden-Württemberg of German law.

Data were retrospectively collected for all 
patients from clinical charts, including age, sex, 
age at symptom onset, and CSF1R variant data. 
Clinical manifestations were compiled for all 
patients based on detailed neurological exami-
nations performed by a neurologist, including 
ability to perform activities of daily living and 
cognitive function.

Genetic Analysis

Enrolled patients had undergone whole-exome 
sequencing or panel analysis at their local insti-
tution to identify mutations associated with 
leukodystrophies. All genetic analyses were 
conducted according to previously reported 
standard methods [4, 6]. Identified variants 
were classified following the recommendations 
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of the American College of Medical Genetics and 
Genomics.

Clinical Measures of Disease Severity

Cognitive abilities and dementia severity 
were determined during clinical care visits on 
the basis of documented Montreal Cognitive 
Assessment (MoCA) data. The MoCA is a brief 
30-question test that evaluates orientation, 
short-term memory, delayed recall, abstrac-
tion, visuospatial abilities, executive function-
ing, language, and attention. The test, which 
is available in German, takes approximately 
10 min to complete. Scores range from 0 to 
30, and scores of ≥ 26 are generally considered 
normal [15, 16]. The test includes an adjust-
ment for education level. The German version 
of the test was applied as all participants were 
fluent in German.

Ability to perform activities of daily liv-
ing was based on Barthel Index [17] data 
obtained from anamnestic information from 
caretakers (family members or nursing staff 
for patients living in nursing homes) by two 
neurologists (S.N.H., L.S.) and documented 
in patient charts. The Barthel Index captures 
10 functional domains: mobility, stairs, trans-
fers, dressing, feeding, grooming, bathing, 
toilet use, bowel control, and bladder control. 
Domain scores are combined for an index scale 
of 0–100, with higher scores indicating greater 
functional independence.

Additional neurological symptoms were ret-
rospectively rated on a 0–4 scale based on chart 
review (Supplementary Material, Table S1).

The clinical outcome measures used in this 
retrospective cohort were not disease-specific 
for CSF1R-ALSP but are widely applied, vali-
dated instruments in neurodegenerative care. 
In the absence of established ALSP-specific 
scales, they enable longitudinal comparison 
and cross-study benchmarking, while offering 
limited sensitivity to more specific symptoms 
such as executive dysfunction, processing-
speed deficits, and subtle early decline. Accord-
ingly, they should be interpreted as pragmatic 
severity indicators rather than validated sur-
rogate endpoints for disease progression.

As a result of the retrospective nature of the 
study, available clinical measures of severity 
and symptom progression data varied, and 
visit frequency and time intervals between vis-
its were not standardized. Measurement scores 
and symptom severity ratings were considered 
unchanged until the first visit at which a new 
score or rating was documented regardless of 
the time interval between visits.

Fluid Biomarkers

Fluid biomarkers (neurofilament light chain 
[NfL] and chitotriosidase) concentrations were 
also obtained from patient clinical charts. NfL 
concentrations had been measured in serum and 
cerebrospinal fluid (CSF) using a single-molecule 
array assay (Simoa) according to methods previ-
ously described [18]. Chitotriosidase activity had 
been analyzed according to previously reported 
methods [19], with subsequently published 
modifications [20]. Age-dependent reference 
values for NfL in serum and CSF at our labora-
tory are provided in Supplementary Material, 
Table S2. For chitotriosidase, no standardized 
reference value is available as a result of the lim-
ited routine application.

Imaging Data

All available brain MRI data with T1-weighted, 
T2-weighted, T2-fluid-attenuated inversion 
recovery (FLAIR)-weighted, T2*-weighted, or 
diffusion-weighted contrast as well as avail-
able head computed tomography (CT) were 
evaluated. Because patients were transferred 
to our center from various outpatient centers, 
imaging parameters, resolution, and magnetic 
field strength varied. Imaging data were visu-
ally inspected by two neuroradiologists (B.B. 
and E.B.) with 16 and 5 years of clinical experi-
ence, respectively. Datasets with severe motion 
artifacts and obvious mis-segmentations were 
removed. All available structural MRI data were 
segmented with WMH_synthSeg (FreeSurfer 
8.0.0) [21]. Segmentations that did not cover the 
whole anatomical region were excluded for that 
specific region. To account for bias from slice 
thickness (depending on the acquisition plane 
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for 2D sequences), different sequences, and field 
strengths, median values over all anatomical 
scans at one time point were calculated. Avail-
able high-resolution T1 images and CT images 
were analyzed for periventricular cobblestone 
calcifications.

Additionally, brain images were analyzed 
semiquantitatively using an ALSP severity score 
as previously described [22]. Briefly, scores for 
white matter degeneration (0–24 points) were 
determined on the basis of white matter sig-
nal intensity presence, distribution, and pat-
tern, focusing on the frontal lobe, parietal lobe, 
temporal lobe, occipital lobe, pontine base, 
and cerebellum (0 = none, 1 = patchy, 2 = large 
patchy, 3 = confluent, 4 = diffuse; if score differed 
between both hemispheres, the mean value was 
used). Scores for brain atrophy (0–16 points) 
reflected lateral ventricle dilatation and cerebral, 
corpus callosum, and brainstem/cerebellum 
atrophy (0 = none, 1 = slight, 2 = mild, 3 = moder-
ate, 4 = severe). White matter degeneration and 
atrophy scores were then summed, for a total 
ALSP severity score ranging from 0 to 40, with 
higher scores indicating greater disease severity.

Statistical Analysis

Continuous variables were described using 
means and standard deviations (SDs) or medians 
and ranges where appropriate. Categorical vari-
ables were summarized using frequencies and 
percentages. Data imputation methods were not 
used. Linear mixed models with random slopes 
for time, clustered by participant, and exchange-
able covariance matrices were used to evaluate 
changes over time in MoCA and Barthel Index 
scores.

As a sensitivity analysis Tobit mixed-effects 
models were fitted using time since symptom 
onset as the timescale to account for potential 
floor and ceiling effects (MoCA, 0–30; Barthel 
Index, 0–100). To reflect uncertainty in reported 
symptom-onset timing, analyses were repeated 
after applying patient-level onset shifts sampled 
uniformly within ± 12 months, and predicted 
mean trajectories were summarized using the 
2.5th and 97.5th percentiles across repetitions. 

Given the small cohort size, leave-one-out 
influence analyses were performed for the Tobit 
mixed-effects sensitivity model to assess whether 
predicted trajectories were driven by any single 
participant.

For each brain region assessed via MRI, 
changes from the first available scan per year 
were summarized by scan among patients 
with available data for the region at each scan. 
Changes over time in the volume of each MRI 
brain region were analyzed using linear mixed 
models with random slopes for time, clustered 
by participant, and exchangeable covariance 
matrices. For data in which MRI, clinical, and/
or biomarker observations were available within 
90 days of each other, Pearson correlation anal-
yses were conducted between volumetric MRI 
brain region (white matter hyperintensities, 
total gray matter, lateral ventricles, lateral plus 
third ventricles, and brain ventricles) measures, 
clinical outcome assessments (MoCA and Bar-
thel Index scores), and fluid biomarkers (NfL 
levels and chitotriosidase activity in serum 
and CSF). Associations between changes from 
the first available scan (overall and per year) in 
MRI brain region volume and clinical outcome 
assessments, as well as the relationships between 
clinical measures and fluid biomarkers, were also 
examined using Pearson correlations.

RESULTS

Patients

Data were summarized for 16 symptomatic 
patients with genetically confirmed CSF1R-
ALSP and data available between 2011 and 2022. 
This study extends partial data that have been 
previously published for 11 of the 16 patients 
(Table 1) [4, 6, 23, 24]. Median age of symptom 
onset was 45 years (mean ± SD [range], 43.8 ± 7.5 
[28–53] years). Disease duration, which was cal-
culated conservatively with whole years (i.e., 
assuming January 1st for month and day of 
disease onset and date of death), varied widely 
from 2 to 15 years, as did age at death among 
the 6 deceased patients (34 to 61 years among 
patients with known age of death). The cohort 
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was approximately evenly split between the 
sexes (43.8% female; 56.3% male). An overview 
of disease duration prior to initial assessment 
and follow-up duration is given in Supplemen-
tary Material, Table S3.

Genetic testing revealed heterozygous patho-
genic CSF1R variants in each of the 16 patients, 

most of which involve the protein kinase 
domain of the CSF1R protein and have been 
previously reported in the literature (Table 1) [2, 
4, 6, 25–29]. All variants were missense muta-
tions except for one deletion of exons 15–21 
(patient  6) and one nonsense mutation 
(patient 3).

Fig. 1   Longitudinal spaghetti graphs of individual patients’ clinical outcome assessments. a MoCA scores. b Barthel Index 
scores. MoCA Montreal Cognitive Assessment
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Variant types for individual patients, includ-
ing those with severe baseline impairment (e.g., 
patients 2 and 3) and atypical trajectories (e.g., 
patient 6, Fig. 1), are detailed in Table 1; given 
the limited sample size and lack of functional 
validation, these data are presented descriptively 
without formal genotype–phenotype analysis.

Neurological Symptoms and Clinical 
Assessments

MoCA scores of cognitive function were avail-
able for 12/16 patients (75.0%) and ranged from 
1 (severe cognitive impairment) to 27 (normal 
cognitive function), with a median score of 
21 (Table 1). MoCA scores declined markedly 
within the first year after initial assessment 
(Fig. 1a). Data for 24 months and beyond were 
available for only a limited number of patients 
(n = 5) and should therefore be interpreted as 
exploratory. In this subgroup, cognitive declines 
continued through 24 months and thereafter. 
Overall, linear mixed model analysis indicated 
a significant annual decrease in MoCA scores 
by − 28.5% (P < 0.001) (Table 2).

In a sensitivity analysis using Tobit mixed-
effects models anchored to symptom onset 

to account for potential floor effects of the 
MoCA scale, a comparable pattern of decline 
was observed. Additional simulations incorpo-
rating ± 12 months of onset-time uncertainty 
yielded similar trajectory shapes, with differ-
ences primarily reflecting temporal alignment 
rather than qualitative changes in progression 
(Supplementary Material, Fig. S1A). Leave-one-
out influence analyses of the Tobit model dem-
onstrated limited variation in predicted trajec-
tories across repeated refits, suggesting that the 
estimated decline was not disproportionately 
driven by any single participant (Supplementary 
Material, Fig. S1B).

Barthel Index scores were available for 11/16 
patients (68.8%); of these, 10 patients had scores 
that ranged from 70 to 100, indicating minimal 
to moderate dependence in performing activi-
ties of daily living, and one patient had a score 
of 35, indicating severe dependence (Table 1). 
Barthel Index scores indicated that functional 
independence declined in most patients at vary-
ing rates within the first year following initial 
assessment (Fig.  1b). As in regards to MoCA 
score, Barthel Index follow-up data extending 
beyond 12 months were available for only a 
small subset of patients (n = 4) and should there-
fore be considered exploratory. In this subgroup, 
the decline continued with a significant annual 
percentage change of − 25.2% (P = 0.001) in Bar-
thel Index scores based on linear mixed model 
analysis (Table 2).

Sensitivity analyses using Tobit mixed-effects 
models to account for ceiling effects of the Bar-
thel Index demonstrated a similar overall trajec-
tory of functional decline (Supplementary Mate-
rial, Fig. S1C). Leave-one-out influence analyses 
likewise showed only modest variation across 
refitted models, supporting that the estimated 
progression pattern was not driven by an indi-
vidual case (Supplementary Material, Fig. S1D).

The most common presenting clinical symp-
toms within this patient cohort were cognitive 
impairment (13/16 [81.3%]) and aphasia (10/16 
[62.5%]) (Fig. 2). The proportion of patients with 
mild cognitive impairment decreased from 7/16 
(43.8%) at first visit to 0 at month 24 (Fig. 3a); 
correspondingly, the proportion of patients with 
severe cognitive impairment increased from 3/16 
(18.8%) at first visit to 4/5 (80.0%) at month 24. 

Table 2   Linear mixed models for MoCA and Barthel 
Index scores, change over time, and percentage change over 
time

MoCA Montreal Cognitive Assessment
a From linear mixed models with random slope for years of 
time, clustered by participant, and exchangeable covariance 
matrices

Outcome n Model P value

MoCA score

 Slope for score over timea 5 − 2.4 0.02

 Annual change 5 − 4.7 < 0.001

 Annual change, % 5 − 28.5 < 0.001

Barthel Index score

 Slope for score over timea 4 − 10.8 0.04

 Annual change 4 − 24.5 < 0.001
 Annual change, % 4 − 25.2 0.001
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Similar patterns of symptom progression were 
observed for gait disorder (Fig. 3b) and aphasia 
(Fig. 3c), with most (gait disorder) or all (apha-
sia) patients categorized with moderate or severe 
impairment by 24 months after symptom onset. 
Symptoms of fine motor impairment (Fig. 3d), 
apraxia (Fig. 3e), and dysphagia (Fig. 3f) tended 
to progress more slowly in this cohort, with 
< 50% of patients affected prior to month 12 
(fine motor impairment, apraxia) and clini-
cal symptoms only observed in small numbers 
of patients through month 24 (dysphagia). Of 
note, clinical data at 24 months were available 
for only a small number of patients (n = 5); con-
sequently, these findings should be interpreted 
with appropriate caution.

Two patients in this cohort received hemat-
opoietic stem cell transplantation (HSCT) for 
CSF1R-ALSP (patients 11 and 14). Outcomes of 
HSCT in patients with CSF1R-ALSP have been 
reported in the literature before, amongst others 
in an international cohort that included these two 
individuals [24]. Following transplantation, the 
clinical condition of both patients appeared to 
stabilize, as evidenced by stable or even increasing 
MoCA and Barthel Index scores (Supplementary 
Material, Fig. S2; see also “Discussion”). Follow-up 
data on these two patients are limited however, 
and therefore have to be interpreted carefully. To 
avoid confounding the characterization of the 

natural disease course, post-transplantation data 
from these two patients were excluded from the 
overall analysis in this study.

Magnetic Resonance Imaging

MRI data were available from 14 patients for 
assessment of white matter changes and brain 
atrophy (Table 3); for 2 patients (patients 14 
and 16), MRI data were not available and are 
not included in the MRI results presented here. 
Across all patients’ first available MRI scan 
(n = 14), white matter lesion score ranged from 
3.0 to 13.5 (median 6.3), atrophy score ranged 
from 1.0 to 8.0 (median 6.0), and total ALSP 
score ranged from 4.0 to 19.5 (median 12.8). At 
the last available time point across all evaluable 
patients (n = 13; spanning 23.2‒124.5 months 
since disease onset), white matter lesion score 
was between 5.0 and 15.0 (median 10.5), atro-
phy score was between 7.0 and 15.0 (median 
10.0), and total ALSP score was between 13.5 
and 29.0 (median 20.0). Periventricular cob-
blestone calcifications were visible as T1-hyper-
intense areas on high-resolution T1 MRI or CT 
scans (Supplementary Material, Fig. S3) in 7 of 
9 evaluable patients (Table 3); in 5 patients, 
presence of calcifications was not evaluable. 
Diffusion restriction was observed on the 

Fig. 2   Percentage of patients with specified symptoms at their first visit (N = 16). Pathological reflexes include the Babinski 
sign
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first available MRI scans in 10 of 13 evalua-
ble patients (< 5 punctuate foci observed in 4 
cases, > 5 foci or patchy in 3 cases, and larger 
confluent areas in 3 cases) and in 12 of 13 

patients based on all available scans; a diffu-
sion-weighted sequence was not acquired for 
patient 5. Diffusion restriction persisted over 
several months in most patients (Table 3).

Fig. 3   Proportion of patients by symptom severity over time. a Cognitive impairment. b Gait disorder. c Aphasia. d Fine 
motor impairment. e Apraxia. f Dysphagia
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Table 3   Key imaging assessments by patient (n = 14)

Patient Imaging Months from 
disease onset to 
imaginga

Periventricular 
calcifications 
(method)b

MRI assessments

Diffusion 
restrictionc

White matter 
lesion scored

Atrophy scored Total 
ALSP 
scored

Patient 1 1 23.2 NA Moderate 7.0 5.0 12.0

2 24.2 Yes (MRI) Moderate 7.0 5.0 12.0

3 30.7 NA NA 4.0 9.0 13.0

4 36.8 Yes (MRI) Moderate 5.0 9.0 14.0

Patient 2 1 26.6 NA Mild 11.0 6.0 17.0

2 50.2 NA None 11.0 8.0 19.0

3 50.2 NA Moderate 12.0 13.0 25.0

Patient 3 1 80.9 NA Severe 6.0 4.0 10.0

2 92.4 NA Severe 15.0 11.0 16.0

Patient 4 1 7.8 NA Moderate 6.0 7.0 13.0

2 13.3 NA Moderate 6.0 7.0 13.0

3 18.2 NA Moderate 6.0 9.0 15.0

4 21.9 NA Moderate 6.0 10.0 16.0

5 81.6 Yes (CT) None 14.0 15.0 29.0

Patient 5 1 9.3 No (CT) NA 8.0 5.0 13.0

Patient 6 1 37.5 NA Mild 5.0 8.0 13.0

2 54.1 No (CT) Moderate 7.0 9.0 16.0

3 70.3 NA None 8.0 11.0 19.0

4 81.8 No (MRI) None 8.0 12.0 20.0

5 106.5 No (MRI) None 8.0 13.0 21.0

6 124.5 No (MRI) None 8.0 14.0 22.0

Patient 7 1 19.5 NA Severe 5.5 3.0 8.5

2 31.5 NA Severe 9.5 7.0 16.5

Patient 8 1 89.6 NA Moderate 13.5 6.0 19.5

2 102.1 NA Moderate 13.5 7.0 20.5

Patient 9 1 14.5 No (MRI) Mild 5.5 6.0 11.5

2 33.8 Yes (MRI)
Yes (CT)

None 10.5 10.0 20.5
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ALSP adult-onset leukoencephalopathy with axonal spheroids and pigmented glia, CT computed tomography, MRI mag-
netic resonance imaging, NA not available
a Calculated from January 1st of the year of onset
b Visible as T1-hyperintense areas on high-resolution T1 MRI or CT scan
c Severity of diffusion restriction were defined as none, mild (< 5 punctate foci), moderate (> 5 punctate foci or patchy), and 
severe (larger confluent areas)
d Total ALSP score was calculated as described in Kinoshita et al. 2024 [22]
e Value is negative because an MRI scan had been performed > 5 years prior to disease onset

Table 3   continued

Patient Imaging Months from 
disease onset to 
imaginga

Periventricular 
calcifications 
(method)b

MRI assessments

Diffusion 
restrictionc

White matter 
lesion scored

Atrophy scored Total 
ALSP 
scored

Patient 10 1 30.6 NA None 4.0 6.0 10.0

2 40.8 Probable (MRI)
Yes (CT)

Mild 5.5 8.0 13.5

Patient 11 1 17.8 NA Severe 6.5 7.0 13.5

2 29.5 NA Severe 6.5 8.0 14.5

3 44.2 Yes (MRI) Moderate 6.5 11.0 17.5

Patient 12 1 3.6 NA None 8.5 4.0 12.5

2 4.6 NA None 9.5 5.0 14.5

3 5.0 Possible (CT) None 9.5 5.0 14.5

4 5.1 NA None 9.5 5.0 14.5

5 5.5 NA None 10.5 5.0 15.5

6 19.5 NA None 10.5 6.0 16.5

7 23.2 Probable (MRI) None 11.5 7.0 18.5

Patient 13 1 32.2 NA Mild 6.5 8.0 14.5

2 36.8 NA Mild 9.0 8.0 17.0

3 40.6 NA Mild 10.0 11.5 21.5
Patient 15 1 − 71.3e NA NA 3.0 1.0 4.0

2 1.1 NA Moderate 5.5 4.0 9.5

3 10.5 NA NA 7.5 4.0 11.5

4 11.4 Yes (CT) NA 7.5 4.0 11.5

5 14.4 NA Moderate 8.0 4.0 12.0

6 16.2 NA Moderate 8.0 6.0 14.0
7 34.3 NA Moderate 11.0 9.0 20.0



1282	 Neurol Ther (2026) 15:1269–1292

For those patients with available MRI data 
(n = 14), available clinical and fluid biomarker 
assessments at the first available MRI scan are 
summarized in Table 4. Longitudinal changes 
in MRI brain volume by region are summarized 
in Table 5; based on annual median changes 
from the first scan, annual rates of white matter 
degeneration and brain atrophy were fairly con-
sistent across scans 2 and 3 and slightly lower at 
scan 4, although the number of patients avail-
able for scan 4 was low (4 or 5 per MRI region). 
Because the duration of time between scans 
varied between patients, a linear mixed model 
analysis was applied to these data to evaluate 
change over time at the cohort level (Table 6). 

On an annual basis, this analysis showed sta-
tistically significant brain atrophy (total gray 
matter volume; − 3.8% per year, P < 0.001), with 
corresponding increases observed in lateral ven-
tricle volume (19.5% per year, P < 0.001), lateral 
ventricle + third ventricle volume (19.2% per 
year, P < 0.001), and overall brain ventricle vol-
ume (18.7% per year, P < 0.001). Unexpectedly, 
the analysis also revealed annual white matter 
hyperintensity volume reductions (− 8.2% per 
year, P = 0.008).

To examine potential correlations between 
volumetric MRI measures and clinical and fluid 
biomarker outcomes, MRI scans that occurred 
within 90 days of clinical or biomarker assess-
ments were selected to minimize the variable 
durations of time among data points being cor-
related from each patient. Based only on a sub-
ject’s first MRI scan within 90 days of clinical 
and/or biomarker assessments, lateral ventri-
cle volume (r = − 0.85, P = 0.008), lateral ventri-
cle + third ventricle volume (r = − 0.85, P = 0.007), 
and overall brain ventricle volume (r = − 0.85, 
P = 0.008) were statistically and negatively cor-
related with Barthel Index score (Table 7), indi-
cating that greater ventricular volumes were 
associated with less independence in perform-
ing activities of daily living. Across all MRI 
scans within 90 days of clinical assessments, 
white matter hyperintensity was unexpectedly 
positively and significantly correlated (r = 0.65, 
P = 0.02) with MoCA, indicating that greater 
measured hyperintensity burden was associated 
with better cognitive performance. However, 
this finding likely reflects advanced white matter 
loss in later disease stages, in which progressive 
atrophy reduces the measurable hyperintense 
volume, rather than a protective effect (see 
“Discussion”). No other significant correlations 
were identified between volumetric MRI meas-
ures and clinical or fluid biomarker outcomes 
(Table 7). Longitudinally, change from the first 
available scan in total gray matter volume was 
significantly and positively correlated (r = 0.90; 
P = 0.04) with MoCA score, indicating that 
greater gray matter volume was associated with 
better cognitive function. Annualized volume 
changes from the first available scan in lateral 
ventricle + third ventricle (r = − 0.79; P = 0.04) and 
overall brain ventricles (r = − 0.78; P = 0.04) were 

Table 4   Summary of clinical and fluid biomarker measures 
at first available scan among patients with available MRI 
assessments (n = 14)

CI confidence interval, CSF cerebrospinal fluid, MoCA 
Montreal Cognitive Assessment, MRI magnetic resonance 
imaging, NfL neurofilament light chain, SD standard devi-
ation
a Mean (SEM) NfL in serum of 26  healthy individuals: 
24.3 (3.4) pg/mL, 95% CI 17.4–31.2 [33]
b Mean (SEM) NfL in CSF of 17 healthy individuals: 1052 
(208.5) pg/mL, 95% CI 609.8–1494 [33]
c Mean (SE) chitotriosidase in serum of 10 healthy individ-
uals: 28.7 (3.3) nmol/h/mL, 95% CI 21.6–36.0 [20]
d Mean (SE) chitotriosidase in CSF of 10 healthy individu-
als: 2.0 (0.6) nmol/h/mL, 95% CI 0.7–3.2 [20]

Outcome n Median Mean (SD)

Clinical assessments

 MoCA score 9 13 13 (8)

 Barthel Index score 8 85 73 (36)

Fluid biomarkers

 NfL, pg/mL

  Serum 6 270 343 (280)a

  CSF 6 16,933 30,601 
(32,938)b

 Chitotriosidase, nmol/h/mL

  Serum 6 44 57 (37)c

  CSF 6 64 90 (66)d
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Table 5   MRI region volume and annual volume change from first available scan

MRI magnetic resonance imaging, NA not applicable, SD standard deviation
a Pathologic tissue volume

MRI region volume, mL Volume Annual volume change from first scan

n Median Mean (SD) n Median Mean (SD)

White matter hyperintensitya

 Scan 1 (first available) 9 24.1 21.3 (6.7) 9 NA NA

 Scan 2 9 18.3 17.6 (6.7) 8 − 2.8 − 1.0 (4.9)

 Scan 3 5 16.0 17.9 (9.7) 5 − 2.4 − 5.7 (9.3)

 Scan 4 5 15.9 20.2 (13.1) 4 − 1.6 − 2.9 (5.9)

Total gray matter

 Scan 1 (first available) 10 462.7 464.4 (34.6) 10 NA NA

 Scan 2 12 430.8 440.5 (38.7) 10 − 32.7 − 29.5 
(34.0)

 Scan 3 5 405.3 438.0 (56.5) 5 − 33.0 − 94.4 
(163.6)

 Scan 4 4 456.9 451.4 (62.2) 4 − 29.3 − 72.7 
(102.9)

Lateral ventricles

 Scan 1 (first available) 14 71.1 71.5 (28.4) 14 NA NA

 Scan 2 13 78.2 85.5 (48.7) 13 10.1 15.9 (13.3)

 Scan 3 9 92.4 105.5 (55.1) 9 13.6 17.6 (13.3)

 Scan 4 5 84.3 86.5 (15.0) 5 9.0 11.5 (7.3)

Lateral ventricle + 3rd ventricle

 Scan 1 (first available) 14 73.6 74.0 (29.0) 14 NA NA

 Scan 2 13 81.0 88.3 (49.7) 13 10.5 16.4 (14.5)

 Scan 3 9 95.8 108.6 (56.0) 9 14.8 18.3 (13.7)

 Scan 4 5 86.3 89.0 (15.0) 5 9.1 11.9 (7.7)

Brain ventricles

 Scan 1 (first available) 14 76.7 76.5 (29.2) 14 NA NA

 Scan 2 13 84.9 91.0 (49.8) 13 10.5 16.1 (13.6)

 Scan 3 9 98.4 111.5 (56.3) 9 14.5 19.3 (14.7)
 Scan 4 5 88.4 91.5 (15.2) 5 9.1 11.5 (6.6)
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significantly and inversely correlated with Bar-
thel Index score (Table 8) (i.e., larger ventricle 
size was associated with greater dependence on 
help in activities of daily living). No statistically 
significant correlations were observed between 
serum or CSF biomarkers and MRI findings 
(Table 7) or clinical measures (Table 9).

Figure 4 shows representative MRI brain scans 
from two individual patients, illustrating the fast 
progression of cerebral MRI findings in CSF1R-
ALSP. MRI scans from both patient 11 (Fig. 4a) 

and patient 15 (Fig.  4b) demonstrated rapid 
enlargement of the side ventricles and increas-
ing T2 hyperintensities. In patient 11, T2 hyper-
intensities were less severe and even decreased 
at the last time point due to vanishing of white 
matter (Fig. 4a). This patient had a MoCA score 
of 15 at first scan and a Barthel Index score of 
90, indicating severe cognitive impairment and 
moderate impairment in activities of daily liv-
ing, that worsened over time. The MRI observa-
tions noted here indicate that atrophy may con-
found the white matter hyperintensity values, 
thereby explaining the unexpected reductions 
and correlations in white matter hyperintensi-
ties at the group level. For patient 15, MRI scans 
indicate that T2 hyperintensities were mainly 
located around the ventricles in the beginning, 
but affected areas extended over time to the 
deep white matter as well as to the subcortical 
white matter in the frontal and parietal lobes.

DISCUSSION

This study examined the natural disease course 
of CSF1R-ALSP based on MRI findings and clini-
cal observations and symptoms of disease pro-
gression in a cohort of 16 symptomatic adults 
with genetically confirmed CSF1R-ALSP. In 
general, we observed rapid worsening of cogni-
tive function and clinical symptoms during the 
observational period.

Cognitive functioning at the first visit was 
variable across patients, declined severely 
over the first year after initial assessment in 
all patients with available data, and contin-
ued to diminish to a similar extent through 
24  months in patients with additional data 
beyond 12 months. Barthel Index scores, which 
indicate functional independence in performing 
activities of daily living, were likewise variable 
at the first visit and tended to decline thereaf-
ter: among eight patients with more than one 
nonzero Barthel Index scores available, four 
patients sharply declined within 1  year (by 
35–100 points), three  patients declined to a 
lesser degree (by 10–15 points), and one patient 
remained stable with little change in disabil-
ity (5-point decline). Similarly, neurological 

Table 6   Linear mixed models for brain MRI volume, vol-
ume change, and percentage volume change over time

From linear mixed models with random slopes for years of 
time, clustered by participant, and exchangeable covariance 
matrices
MRI magnetic resonance imaging

Outcome n Model P value

White matter hyperintensity volume

 Slope for volume over timea mL 10 − 1.29 0.1

 Annual change, mL 10 − 1.90 0.02

 Annual change, % 10 − 8.2 0.008

Total gray matter volume

 Slope for volume over timea mL 11 − 22.8 0.01

 Annual change, mL 11 − 18.0 < 0.001

 Annual change, % 11 − 3.8 < 0.001

Lateral ventricle volume

 Slope for volume over timea mL 13 17.0 0.004

 Annual change, mL 13 14.9 < 0.001

 Annual change, % 13 19.5 < 0.001

Lateral ventricle + 3rd ventricle volume

 Slope for volume over timea mL 13 17.6 0.004

 Annual change, mL 13 15.3 < 0.001

 Annual change, % 13 19.2 < 0.001

Brain ventricle volume

 Slope for volume over timea mL 13 17.8 0.003

 Annual change, mL 13 15.5 < 0.001
 Annual change, % 13 18.7 < 0.001
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impairments such as gait disorder, aphasia, and 
fine motor impairment worsened rapidly in the 
patients over the disease course.

It is important to note, however, that the 
observed fast disease progression may not accu-
rately represent the early stages of the condi-
tion as referral to a university hospital may be 

delayed as a result of the rarity and general lack 
of knowledge of the disease. Moreover, given 
the limited number of patients in this study 
with follow-up data beyond 12 months, the 
described disease course after this time point 
should be regarded as exploratory.

Table 8   Pearson correlation analyses for changes from first available scan in MRI brain volume measures versus clinical 
assessments

MoCA Montreal Cognitive Assessment, MRI magnetic resonance imaging, r Pearson correlation coefficient
*Asterisks indicate statistically significant correlations

MRI region MoCA score Barthel Index score

n r P value n r P value

Change from first available MRI scan for all subsequent scans within 90 days of clinical assessments

 White matter hyperintensity 5 0.67 0.21 5 − 0.55 0.34

 Total gray matter 5* 0.90* 0.04* 5 0.81 0.1

 Lateral ventricles 8 0.05 0.9 7 − 0.55 0.2

 Lateral ventricle + 3rd ventricle 8 0.04 0.92 7 − 0.57 0.18

 Brain ventricles 8 0.05 0.91 7 − 0.58 0.18

Annual change from first available MRI scan for all subsequent scans within 90 days of clinical assessments

 White matter hyperintensity 5 0.66 0.23 5 0.4 0.51

 Total gray matter 5 0.54 0.34 5 0.57 0.31

 Lateral ventricles 8 − 0.13 0.75 7 − 0.75 0.055

 Lateral ventricle + 3rd ventricle 8 − 0.17 0.68 7* − 0.79* 0.04*
 Brain ventricles 8 − 0.17 0.68 7* − 0.78* 0.04*

Table 9   Pearson correlation coefficients between fluid biomarkers and clinical assessments

CSF cerebrospinal fluid, MoCA Montreal Cognitive Assessment, NfL neurofilament light chain

Fluid biomarkers MoCA score Barthel Index score

n r P value n r P value

NfL

 Serum 6 − 0.29 0.58 6 − 0.62 0.19

 CSF 6 − 0.33 0.52 6 − 0.54 0.26

Chitotriosidase

 Serum 6 − 0.21 0.69 6 0.51 0.3
 CSF 6 − 0.23 0.66 6 0.25 0.63
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Treatment of CSF1R-ALSP was not a focus of 
this study. However, two patients in this cohort 
underwent HSCT and showed favorable out-
comes with respect to disease progression, sup-
porting the potential benefit of HSCT when 
performed early in the disease course. How-
ever, given the limited data as well as the risk of 
severe adverse effects of HSCT, the decision to 
pursue this treatment in a patient with CSF1R-
ALSP should be made on an individual basis by 
experienced specialists.

Overall, the prominent signs and symptoms 
reported herein for CSF1R-ALSP are similar to 

those reported in existing literature, with some 
variation likely attributable to the variable size 
of cohorts. In a large cohort of 291 patients 
with CSF1R-ALSP identified by literature review, 
demographics and genetic profile were compara-
ble to those reported here, and cognitive impair-
ment was similarly the most common present-
ing symptom (47.1%), followed by behavioral/
psychiatric symptoms (26.8%), extrapyramidal 
motor symptoms (16.2%), pyramidal motor dys-
function (11.7%), and speech difficulty (11.3%); 
white matter hyperintensities, brain atrophy, 
and ventricular enlargement on brain MRI scans 

Fig. 4   MRI findings of rapid enlargement of the side ven-
tricles and increasing T2  hyperintensities in patients with 
CSF1R-ALSP. a For patient  11, enlargement of the side 
ventricles and increasing T2  hyperintensities are shown 
from first scan (visit 1; T2) to 12 months (visit 3; FLAIR) 
and 27 months (FLAIR). b For patient 15, rapid enlarge-
ment of the side ventricles and increasing T2  hyperin-

tensities are shown from a historic first scan T2 image to 
72 months (visit 1; T2), 87 months (visit 4; FLAIR), and 
105 months (visit 7; FLAIR). CSF1R-ALSP colony-stimu-
lating factor  1 receptor–adult-onset leukoencephalopathy 
with axonal spheroids and pigmented glia, FLAIR fluid-
attenuated inversion recovery, MRI magnetic resonance 
imaging, NA not available
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were also reported [9, 30]. In another study of 65 
patients identified by retrospective chart review, 
behavioral and/or psychiatric signs (43.1%) and 
cognitive impairment (38.5%) were the most 
common presenting signs and symptoms, with 
gait, motor, and speech disturbance reported in 
9.2–16.9% of cases [30]. Furthermore, strong, sig-
nificant correlations were demonstrated between 
worsening cognition, assessed using Mini Men-
tal Status Exam, and both increasing Sundal MRI 
severity scores (n = 13; r = − 0.66; P = 0.012) and 
increasing brain volume loss (n = 18; r = − 0.48; 
P = 0.036) [30].

In this study, brain MRI scans revealed longi-
tudinal evidence of brain atrophy, with substan-
tial changes occurring in the first 1 to 2 years 
of available imaging. Gray matter volume loss 
was associated with declining cognitive func-
tion, and corresponding increases in ventricu-
lar volume were associated with greater depend-
ency in patients’ ability to perform activities of 
daily living, consistent with previous findings in 
CSF1R-ALSP [30]. Further, although additional 
prospective research is needed, correlations 
between clinical outcome measures and volu-
metric MRI assessments may serve as valuable 
markers of disease severity in CSF1R-ALSP and 
have potential value as endpoints in clinical tri-
als and predictors for disease progression [30, 
31]. In contrast, the observed positive associa-
tion between WMH volume and cognitive per-
formance should be interpreted with caution. In 
advanced disease stages, progressive white mat-
ter atrophy reduces the measurable volume of 
hyperintense tissue, leading to apparent decline 
in WMH burden despite worsening clinical sta-
tus (see Fig. 4a). Thus, this association most 
likely reflects structural tissue loss and meas-
urement constraints rather than a biologically 
meaningful relationship.

Other biomarkers have also been proposed 
for use as endpoints in clinical studies aimed at 
slowing or halting progression of CSF1R-ALSP. 
NfL, a polypeptide that is sensitive to neuro-
degeneration [32], has been proposed as a bio-
marker for rapidly progressive neurodegenera-
tive diseases such as CSF1R-ALSP and elevated 
levels have been shown in the serum and CSF of 
patients with this disease [33, 34]. Similarly, chi-
totriosidase is an enzyme secreted by microglia 

that has been proposed as a biomarker of CSF1R-
ALSP disease activity based on results of studies 
demonstrating increased serum and CSF chitotri-
osidase levels in patients with CSF1R-ALSP [20, 
34]; notably, chitotriosidase levels were elevated 
in the CSF [34] but not serum [20] of presympto-
matic carriers of pathogenic CSF1R variants com-
pared with healthy controls. Previous studies 
have been inconsistent in the demonstration of 
statistically significant correlations between CSF 
fluid biomarkers (e.g., NfL, chitotriosidase) and 
clinical outcome measures of cognitive function 
(MoCA scores) or disability (Barthel Index) [20, 
34]. In the current study, the lack of significant 
correlations observed between fluid biomark-
ers (serum or CSF) and MRI findings or clinical 
measures may be due to the small sample size 
and limited available measurements of NfL and 
chitotriosidase levels. Larger studies will enable 
more complex relationships between MRI and 
biomarker assessments, particularly longitudinal 
changes in NfL levels. One current hypothesis 
proposes that elevated NfL levels remain stable 
while brain atrophy and ventricular enlarge-
ment continue to progress; this perspective 
views NfL level as an actual measure of ongoing 
axonal damage and MRI as assessing the cumula-
tive effect of the disease process. Because of the 
association of NfL with axonal integrity and the 
relationship between chitotriosidase levels and 
disease progression, these biomarkers may still 
have a role for disease prognosis and for moni-
toring the efficacy of treatments in future clini-
cal trials (e.g., NfL levels should decrease and 
measures of brain atrophy should stabilize with 
efficacious treatments).

The possibility of incomplete documentation 
or nonstandard reporting due to the retrospec-
tive nature of data collection must be considered 
when interpreting these results. In addition, the 
small sample size, the variability in disease dura-
tion prior to initial assessment, and the source 
for all patients being a single treatment center 
must be considered in terms of the generaliz-
ability of these findings. Furthermore, although 
detailed genetic information was available for 
all patients, the present study was not designed 
to establish genotype–phenotype correlations. 
Given the limited cohort size, the predomi-
nance of missense variants, and the absence of 
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functional validation of individual variants, any 
apparent associations between variant type and 
clinical trajectory should be interpreted descrip-
tively and with caution. Larger, prospectively 
characterized cohorts with functional analyses 
will be required to rigorously address geno-
type–phenotype relationships in CSF1R-ALSP. 
Also, while we consider the applied assessment 
tools (MoCA, Barthel Index) as pragmatic clini-
cal descriptors that enable cross-study compara-
bility and longitudinal benchmarking, detailed 
neuropsychological assessments and disease-spe-
cific clinical rating scales would be more precise 
and sensitive in evaluating early symptoms and 
progression in patients with CSF1R-ALSP.

Although recruiting a sufficient number of 
patients is challenging in such a rare disease, 
continued efforts are important for the identi-
fication of biomarkers that are informative for 
clinical trials and drug development. As our find-
ings are generally aligned with previous larger 
cohorts, these results extend the current body 
of knowledge on the natural history of CSF1R-
ALSP and support current thinking on potential 
clinical, radiological, and fluid biomarkers of the 
disease that could be used as endpoints in future 
clinical trials. In addition, the data generated in 
this study are intended to support clinicians 
with limited experience of CSF1R-ALSP to ade-
quately interpret clinical and imaging findings 
as well as to counsel patients and their caregiv-
ers. Further, the field would benefit from the col-
lection of a minimal set of clinical assessments 
(e.g., a bedside cognitive test, the Barthel Index 
or the Expanded Disability Status Scale, and a 
routine neurological examination). Finally, more 
routine biomarker assessments such as NfL and 
chitotriosidase levels would further inform our 
understanding of CSF1R-ALSP.

CONCLUSION

CSF1R-ALSP is a rare neurological disorder with 
significant unmet medical need, and this retro-
spective review of patient medical records pro-
vides qualitative and quantitative real-world 
clinical data for further characterization of the 
natural history of the disease. These data may 

inform the design of future natural history stud-
ies and interventional clinical trials using clini-
cally meaningful endpoints and will guide clini-
cians less familiar with the disease in providing 
patients and caregivers with appropriate support 
and information.
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