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To the Editor,

Smith–Magenis syndrome (SMS; OMIM #182290, *607642) is a rare

genetic neurodevelopmental disorder, estimated to affect 1:15,000–

25,000 live births (Elsea & Girirajan, 2008; Greenberg et al., 1991). In

the absence of prevalence studies, this estimate is however very

approximate, and is thought to be closer to 1:15,000 due to underdi-

agnosis of the condition (Elsea & Girirajan, 2008). SMS is associated

with multiple manifestations including congenital malformations

(mainly of the heart and kidneys), intellectual disability, severe sleep

disturbances, behavioral problems such as self-injurious and aggres-

sive behaviors, hypercholesterolemia, and overweight and obesity of

variable severity (Elsea & Girirajan, 2008).

SMS is caused by a 17p11.2 deletion or a pathogenic variant in

the retinoic acid-induced gene 1 (RAI1) located within this chromo-

somal region (Slager et al., 2003). Previous studies have reported that

approximately 90% of the patients have a 17p11.2 deletion. Of these,

�70% have a large and common deletion of 3.7 Mb, with the

remaining 30% showing smaller or larger deletions ranging from 1.5 to

9 Mb (Edelman et al., 2007; Elsea & Girirajan, 2008; Finucane

et al., 2021). Most of the SMS manifestations are thought to be the

result of RAI1 haploinsufficiency and 10% of the patients with SMS

are reported to have a pathogenic variant within RAI1 and no 17p11.2

deletion. Here, based on findings in a large SMS cohort, we propose

that pathogenic variants in RAI1 causing SMS may be underreported.

We reviewed available medical records from patients with a

molecular diagnosis of SMS who visited the Dutch clinic for patients

with SMS at 's Heeren Loo between 2002 and 2021. Originally a

monodisciplinary medical clinic focusing on the treatment of sleep dis-

orders (Spruyt et al., 2016), it has evolved to a multidisciplinary expert

center providing patient-centered care to patients and their families

by health-care experts from many specialties, including but not limited

to intellectual disability medicine, psychology, speech–language

pathology, dietetics and nutrition, and sensory integration therapy.

We recorded information on ascertainment, demographic variables,

and genetics, including age at last assessment, sex, age at genetic con-

firmation of the diagnosis, and details of the 17p11.2 deletion or RAI1

variant when available. A waiver for formal approval was obtained

from the Institutional Review Board of Amsterdam UMC, the Nether-

lands (#W20_098). To determine differences in molecular diagnostic

age and sex between patients with a 17p11.2 deletion and patients

with a RAI1 variant, we used Mann–Whitney U and Fisher's exact

tests, respectively. These analyses were two-tailed, with statistical sig-

nificance defined as p < 0.05, using IBM SPSS software (Statistics 25;

SPSS, Inc, Chicago, IL).

Patients were referred to our clinic through four main sources,

from most to least frequent: pediatrics, family medicine, medical

genetics, and intellectual disability medicine. The sample comprised

87 patients with SMS aged 0–45 years (41 females, 47%) at last
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assessment. Sixty-seven patients (77%) had a 17p11.2 deletion, of

whom in 30 (45%) the deletion size was known: 23 (77%) had a com-

mon deletion of �3.7 Mb, 5 (17%) a smaller, and 2 (7%) a larger deletion.

Two patients (2%), both with a 17p11.2 deletion, had an additional

genetic finding of clinical relevance: myotonic dystrophy type 1 and com-

pound heterozygous variants in the phenylalanine hydroxylase gene

associated with a mild phenylketonuria phenotype, respectively. Twenty

patients (23%) had a pathogenic RAI1 variant: 15 (83%) a frameshift and

3 (17%) a nonsense variant. In two patients, details about the variant

were unknown. There were no statistically significant differences in sex

between 17p11.2 patients (29 females; 43%) and those with a RAI1 vari-

ant (12 females, 60%, p = 0.21). The median age at genetic confirmation

of the diagnosis was statistically significant higher in the patients with a

RAI1 variant (11.0, range 2–34 years) compared to 17p11.2 patients (4.0,

range 0–44 years, p = 0.000).

The data in our cohort suggest that the proportion of RAI1 vari-

ants causing SMS is much higher than reported in previous studies;

23% compared to 10% of all patients with SMS (Elsea &

Girirajan, 2008; Finucane et al., 2021). Pathogenic RAI1 variants are

likely to be underreported in previous reports, also resulting in an

underestimation of the total prevalence of SMS.

A potential explanation for these findings is that clinicians may

not always have suspicion of a genetic disorder in patients with RAI1

variants because physical congenital anomalies such as cardiovascular

and renal anomalies, chronic ear infections, hearing loss, speech and

motor delay, and hypotonia are not common in these patients like in

those with a 17p11.2 deletion (Girirajan et al., 2006). This may have

been particularly an issue at the time of the initial studies on RAI1 var-

iants that were specifically based on individuals with the “typical
SMS-phenotype” but were not carriers of the deletion, whereas those

not resembling “classical SMS” were not tested. One could also spec-

ulate about other factors that could contribute to the finding. For

example, the clinical implementation of next-generation sequencing

(NGS) technologies has only been introduced in the last decade, now

detecting patients with RAI1 variants and no clinical suspicion of SMS,

who would have otherwise been missed with traditional technology

(Durmaz et al., 2015; Savatt & Myers, 2021). It is important to realize

that RAI1 haploinsufficiency as cause for SMS was only identified in

2003 (Slager et al., 2003).

The median age at genetic diagnosis in patients with a RAI1 vari-

ant in our cohort was >10 years, and much higher than in patients

with a 17p11.2 deletion. This suggests a diagnostic odyssey faced by

patients with SMS and their families, especially in those with a RAI1

variant, which may be prolonged in many patients due to underutiliza-

tion of (modern) genomic diagnostic in routine clinical care (Savatt &

Myers, 2021). Although we cannot rule that our findings may partially

reflect ascertainment bias, it is plausible that still many patients with a

pathogenic RAI1 variant remain to be diagnosed.

Improved diagnostic genetic testing strategies, including NGS

technology, for individuals with intellectual disability and/or multiple

congenital anomalies in clinical practice will likely lead to a further

increase of the number of patients diagnosed with pathogenic vari-

ants in RAI1. Clinically, this is important as the phenotype in RAI1

patients may be different than in 17p11.2 patients with implications

for genetic counseling and clinical decision making (Falco et al., 2017).

For example, previous studies suggested that specific problem behav-

iors including self-injurious behavior and overeating with overweight

issues are more severe in patients with a RAI1 variant, while congeni-

tal anomalies and short stature are probably limited to those with a

17p11.2 deletion (Edelman et al., 2007; Girirajan et al., 2006). Much is

yet to be learned regarding the similarities and variable features for

patients with 17p11.2 deletions and RAI1 variants, given that the

knowledge on genotype–phenotype correlations in RAI1 patients are

typically based on only a few patients and clinical information col-

lected by proxy-report (Edelman et al., 2007; Finucane et al., 2021;

Vilboux et al., 2011). Future studies comparing phenotypic features of

patients with 17p11.2 deletions to those with pathogenic RAI1 vari-

ants may help uncover differences not yet fully appreciated.
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