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Dear Sir:

Cerebral autosomal dominant arteriopathy with subcortical in-
farcts and leukoencephalopathy (CADASIL), the most prevalent
hereditary cerebral small vessel disease, is typically associated
with mid-adult onset of strokes and vascular cognitive decline
leading to dementia and complete care-dependency. A severe
disease course is associated with cysteine-altering variants in
epidermal growth-factor repeat (EGFr) domains 1-6 of the
NOTCH3 protein, whereas variants located in EGFr domains
7-34 are associated with a milder phenotype." However, even
individuals with identical mutations can have variable disease
courses. Hypertension has been shown to contribute,? but there
are likely other important modifiers.

To investigate very long-term disease progression and vari-
ability, we performed an 18-year follow-up study of the origi-
nal CADASIL2000 baseline cohort.® A strength is that individu-
als of various ages (22 to 51 years) and disease-stages (pre-
symptomatic to disabled) were included and all had a compre-
hensive and uniform study protocol at baseline* and 18-year
follow-up. Our primary aim was to assess long-term disease
outcome and variability, while taking into account mutation
position. A secondary aim was to determine whether the main
clinical predictors of shorter-term disease outcome, i.e., lacune
count and brain parenchymal fraction (BPF),* also determine
long-term disease course.

At 18-year follow-up, 22/41 (54%) patients were still alive

(meanzstandard deviation age, 57.6+8.8 years [range, 40 to
70]). Fifteen surviving individuals consented to participate in
the full on-site study protocol, including magnetic resonance
imaging and neuropsychological testing. Remarkably, more
than half of these individuals (8/15), all at an age when most
CADASIL patients are expected to be symptomatic, had re-
mained clinically stable over almost two decades, with no or
only very mild disability at follow-up (modified Rankin Scale
[mRS] <1) and with no significant cognitive deterioration com-
pared to the healthy controls, even on executive function tests
(Trail Making Test-B [TMT-B] and Wechsler Adult Intelligence
Scale substitution test [WAIS substitution]). This is surprising,
as executive function has been described to be the first cogni-
tive domain to be affected, even in pre-stroke patients. How-
ever, previous studies did not take the presence of lacunes into
account, whereas we found that clinically stable patients
showed no difference in rate-of-increase of white matter hy-
perintensity (WMH) volume compared to individuals who had
significant progression on disability and cognitive scales (me-
dian, 27.5%o [range, 15.1 to 36.2] vs. 23.9%o0 [range, 15.2 to
38.9], P=0.95), but they did have significantly less increase of
lacunes (median, 2 lacunes [range, O to 9] vs. 6.5 lacunes
[range, 1 to 12], P=0.07), corroborating the hypothesis that
cognitive (executive) function and mRS remain largely intact in
the pre-lacune stage, irrespective of WMH burden. Unexpect-
edly, stable patients did not harbor EGFr 7-34 mutations (6/8
had a mutation in one of EGFr domains 1-6), nor did they have
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less cardiovascular risk factors than progressors. As is the case
for any slowly progressive disorder, age is a strong predictor of
disease progression. However, some patients with the same age
at baseline had extreme variation in long-term disease pro-
gression, with some remaining stroke- and lacune-free well
into the sixth decade, while others were already deceased for
some years (Figure 1).

The 19 patients who did not survive to 18-year follow-up
had died at an average age of 62.4+7.1 years (range, 50 to 75).
Univariate analysis of baseline variables showed that the fol-
lowing were associated with mortality: age (P=0.005), presence
of stroke (P=0.02), lacune count (P<0.001), and disability (mRS)
(P<0.001). Patients with no lacunes or disability at baseline had
high survival rates, namely more than 80% over 18 years,

Individual 1

whereas patients with moderate-severe disability (mRS 3-5) at
baseline, who all had lacunes, had estimated survival rates of
18% and a median survival time of 7.7 years. Only lacune
count (hazard ratio [HR], 1.074 per additional lacune; 95%
confidence interval [Cl], 1.03 to 1.12; P=0.001) and age (HR,
1.11 per year; 95% Cl, 1.02 to 1.20; P=0.02) were significantly
associated with mortality in a forward multivariate analysis in-
cluding age, sex, lacune count, WMH volume, and BPF.

Of the 30/41 patients who had a history of at least one
stroke, mean age at first stroke was 49.9 years (95% Cl, 46.1 to
53.7; range, 31 to 67). As was previously reported,’ age at first
stroke was younger in individuals with an EGFr 1-6 variant
compared to those with an EGFr 7-34 variant, but this was not
statistically significant in this cohort (48.6 years [95% Cl, 44.6

Individual 2

Baseline

7-Year
follow-up

18-Year
follow-up

Magnetic resonance fluid-attenuated inversion recovery (FLAIR) images of two individuals of same age with a NOTCH3 variant in in epidermal
growth-factor repeat 7-34: (A) clinically stable versus (B) progressive 18-year course.
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to 52.7] vs. 53.0 years [95% Cl, 43.7 to 62.3], P=0.31).

In conclusion, although the numbers are inherently small in
a long-term single-center follow-up of a severe disease, these
data show that in a sample of CADASIL patients of the first
hour, two decade disease progression is remarkably variable
and this variability is not fully explained by mutation position
or cardiovascular risk factors. The patients remaining long-term
clinically stable suggest that protective factors may play an
important role, even in those individuals with severe muta-
tions. Identifying these protective factors may be a first step in
developing future preventive treatment for individuals with
NOTCH3 cysteine altering variants, as well as further refining
disease prediction models.
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