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The absence that makes the difference: choroidal
abnormalities in Legius syndrome

Arianna Tucci!, Veronica Saletti?, Francesca Menni!, Claudia Cesaretti®, Giulietta Scuvera!, Silvia Espositoz,
Giulia Melloni?, Susanna Esposito’, Donatella Milani!, Cristina Cereda®, Mario Cigada6, Laura Tresoldi®,

Francesco Viola® and Federica Natacci’

Neurofibromatosis type 1 (NF1) is an hereditary disorder characterized by abnormal proliferation of multiple tissues of neural
crest origin, and presents mainly with multiple café-au-lait macules, axillary freckling and neurofibromas. Choroidal involvement
in NF1 patients has been studied, thanks to the development of non-invasive tools such as infrared monochromatic light during
fundus examination, which showed bright patchy lesions consistent with choroidal nodules. Choroidal abnormalities identified
with near-infrared reflectance have reported with a frequency of up to 100% in NF1, and have been recently been proposed as a
novel diagnostic criterion for NF1. Legius syndrome can be clinically indistinguishable from NF1 and results in a small
percentage of individuals being misdiagnosed. We investigated the presence of choroidal abnormalities in Legius syndrome to
determine their specificity to NF1 and their potential usefulness as a novel diagnostic criterion for NF1. We examined the
fundus of 16 eyes by confocal scanning laser ophthalmoscopy with infrared monochromatic light in eight patients with
molecularly confirmed Legius syndrome. No abnormalities were observed, confirming the diagnostic value of choroidal

abnormalities for the diagnosis of NF1.
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INTRODUCTION

Café-au-lait macules (CALM) are frequently observed in children, and
can pose a diagnostic challenge, especially if isolated. Neurofibromatosis
type 1 (NF1) (OMIM #162200) is the most common condition
associated with multiple CALM.! The diagnosis of NF1 is based on
the National Institute of Health diagnostic criteria,” which have been the
mainstay for the diagnosis of NF1 over the last 30 years, and include the
presence of multiple CALM, intertriginous freckling, neurofibromas and
plexiform neurofibromas, iris Lisch nodules, osseous dysplasia, optic
pathway glioma, and/or a first-degree relative with NF1. The diagnosis of
NF1 is especially challenging in children who have multiple CALM but
no other signs of NF1, because most clinical findings develop with age.>
Other clinical manifestations in NF1, such as T2-hyperintensities on
brain magnetic resonance imaging (unidentified bright objects, focal
areas of signal intensities) and anemic naevi, have been suggested as
additional diagnostic criteria to improve diagnosis of NF1.*

In the last 15 years, the availability of novel tools to examine the
fundus of the eye during an ophthalmological examination (confocal
scanning laser ophthalmoscope, with near-infrared reflectance imaging
(NIR)) provide an opportunity to identify abnormalities of the
choroid both in pediatric and adult NF1 patients.>®

Recently Parrozzani et al’ conducted a study on choroidal
abnormalities in a large cohort of NF1 pediatric patients (0-16 years
old) (140 patients affected by NF1, fulfilling atleast two diagnostic
criteria, and 59 suspected, fulfilling a single diagnostic criterion). NF1-
related choroidal abnormalities were detected in 60.5% of the affected
and 2.4% of the suspected patients. No choroidal abnormalities were
observed in the healthy subjects (n=42, age matched). Compared
with standard National Institute of Health criteria for the diagnosis of
NF1, the presence of choroidal abnormalities was the third parameter
for positive predictive value, and the fourth for sensitivity, specificity
and negative predictive value. On the basis of these findings, the
authors suggested choroidal abnormalities as a diagnostic criterion for
NF1. The application of this sign as a diagnostic criterion could help in
anticipating the age of NF1 diagnosis, allowing an appropriate follow-
up.

NF1 is caused by mutations in the NFI gene, ultimately resulting in
the loss of growth control and increased cell proliferation, through an
alteration of the RAS/MAPK pathway.® Because of this, individuals
with NF1 are at higher risk for developing tumors. Individuals with
NF1 have a lifetime cancer risk of ~60%. Specifically, NF1 patients
have high risks for malignant brain tumors including high-grade
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Table 1 Demographic and clinical characteristics of patients with Legius syndrome

Case Gender Age

mental delay
Mild language develop-

Normal

(p.11le60Tyrfs*18)

c.367_1linsT

3

mental delay
History of learning

Not performed

(p.11le60Tyrfs*18)

c.367_1insT

35

difficulties

Not performed
Not performed

Not available

>6
>6

_ (p.11le60Tyrfs*18)
rs 121434312¢.349C>T

c.367_1insT

66

(p.Arg117Ter)
¢.304dupA (p.T102NfsX6)

Periocular xanthelasma, pectus excava-

+

Not performed

>6

43

tum, mild hearing loss, interscapular

freckling

Cryptorchidism
Cyanosis at birth, myopia, mild hyper-

Not performed

Normal

>6
>6

¢.304dupA (p.T102NfsX6)

8

Exon 1 deletion

17

tension, anorexia

Abbreviations: CALM, café-au-lait macules; MRI, magnetic resonance imaging.
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gliomas, adrenal cancer and malignant peripheral nerve sheath tumor.
Among benign tumors, optic pathway gliomas are found in ~ 15% of
patients. Moreover, children with NF1 have an increased risk of
leukemia.’

While NF1 is the most common syndrome seen in children with
multiple CALM, other syndromes caused by mutations in genes
involved in the RAS-MAPK pathway, including Legius syndrome,
Noonan syndrome and other Noonan syndrome with multiple
lentigines, cardio-facio-cutaneous syndrome and Costello syndrome,
present with overlapping phenotypic features and need to be
considered during the diagnostic process.?

Individuals with Legius syndrome can be misdiagnosed as NF1
based on pigmentary manifestations of CALMs, distinctive freckling
patterns and a family history of multiple CALMs.'? The overlapping
phenotype between NF1 and Legius syndrome can potentially
complicate diagnostic evaluations and lead to medically inappropriate
screening protocols.

The present study was designed to investigate the presence of
choroidal abnormalities detected by NIR with confocal scanning laser
ophthalmoscope in patients with Legius syndrome.

MATERIALS AND METHODS

Patients were clinically and molecularly diagnosed at the Medical
Genetic Unit, at the Pediatric Clinic of Fondazione IRCCS Ca’ Granda
Ospedale Maggiore Policlinico of Milan, Italy, at Developmental
Neurology Unit of IRCCS Foundation C. Besta Neurological Institute
of Milan, Italy, and at the Genomic and post-genomic Center IRCCS
Mondino National Neurological Institute of Pavia, Italy. The patients
were referred to the Ophthalmological Unit of Fondazione IRCCS Ca’
Granda Ospedale Maggiore Policlinico of Milan, Italy, and underwent
a general routine ophthalmological evaluation of best-corrected visual
acuity, assessment for Lisch nodules, mydriatic fundus biomicroscopy
with a 90-diopter lens and with NIR at 815 nm by means of a confocal
scanning laser ophthalmoscope (Spectralis HRA, Heidelberg Engineer-
ing, Heidelberg, Germany) of the posterior pole and mid-periphery of
the retina, as previously described in detail.® The study was approved
by Ethics Committee of the participating Centers. Written informed
consent was obtained from the patients > 18 years; in case of patients
<18 years, parents’ written consent was obtained and patient’s written
assent was obtained if > 8 years.

RESULTS

Between November 2010 and May 2016, a total of eight patients with
Legius syndrome were evaluated. Demographic and clinical character-
istics of the patients are shown in Table 1. The cohort includes four
males and four females, with an age ranging from 3 to 66 years. In all
cases, Legius syndrome was suspected based on the presence of
multiple CALMS along with a positive family history and a negative
molecular genetic testing for the NFI gene. The diagnosis of Legius
syndrome was confirmed by the molecular analysis of the SPREDI
gene. The fundus of 16 eyes was examined using NIR, failing to
identify any choroidal abnormality (Figure 1).

DISCUSSION
Choroidal nodules consist of proliferating Schwann cells arranged
concentrically around an axon.!! They have histological similarities to
cutaneous neurofibromas and Lisch nodules of the iris,!? in line with
the characteristic aberrant proliferation of multiple tissues of neural
crest origin in NF1.13

Firstly, observed using ophthalmoscopy by Huson et al.,'* choroidal
nodules were thought to be a rare manifestation of NF1,'> but this was
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Figure 1 Fundus oculi of a patient with Legius syndrome (a), showing no recognizable abnormalities, and of a patient with NF1 (b), showing several bright

choroidal nodules (arrows) detected by near-infrared reflectance.

an underestimate due to the limitations of conventional methods used
for fundus examination. Following the availability of indocyanine
green angiography first, and then of the development of infrared light
examination with a confocal scanning laser ophthalmoscope for
detecting the choroidal structure, a number of studies have investi-
gated choroidal involvement in NF1 patients.

The overall prevalence of choroidal abnormalities in NF1 patients
varies from 60.5 to 100%, depending on the age group examined and
on the number of patients involved. In the first study using NIR
imaging to examine choroidal structure, Yasunari et al.> reported a
prevalence of choroidal nodules of 100% in 17 adult patients; Viola
et al.® in 2006 studied 95 NF1 patients and 100 controls, reporting a
prevalence of choriodal nodules of 86% in the adult group and of 71%
in the pediatric one (<12y). Later, Goktas et al.!® reported a prevalence
of 78.9% in a pediatric population of 19 patients. In the largest study
involving a pediatric population (140 patients), Parrozzani et al.’
reported a prevalence of choroidal nodules of 60.5%; likewise Vagge
et al.'” identified choroidal nodules in 69.2% of 78 pediatric patients.
Conversely, choroidal abnormalities have been rarely detected in
controls (0 to 7%). The number of nodules seen in NF1 patients
varies, but it was calculated that highest diagnostic accuracy (90% in
the adult group) can be achieved with a cutoff value between 1 and 2
choroidal nodules (sensitivity 83% and specificity 96%).%18

However, given the phenotypic overlap between NF1 and the
syndromes associated with CALMs, and whose causative genes encode
for proteins within the RAS-MAPK signaling pathway, it is important
to investigate whether choriodal nodules are specific to NFI1. The
presence of choroidal abnormalities in Legius syndrome has been
recently investigated in one study involving 11 patients. Choroidal
nodules were observed in two patients, presenting as one isolated
nodule in each patient.!® Our preliminary result, coupled with this
study, seems to confirm that multiple choroidal abnormalities are
specific to neurofibromatosis 1 and that a cutoff value of 2 nodule can
accurately diagnose NF1. To date, no patient has been described with
choroidal nodules out of 19 individuals with Legius syndrome, using 2
nodules as cutoff value. Thus, we have a 95% confidence intervals
equal to 0-9.49% computed with the Bayes method, considering one
single eye but 0—4.9% if we consider the two eyes. Future studies are

needed to assess the prevalence of choroidal abnormalities in other
rasopathies, to consider this sign as an additional diagnostic criterion
for NF1.571¢ Given the high prevalence of choroidal nodules in NF1
both in the pediatric and the adult population, their absence or low
frequency in Legius syndrome and controls, and the ease of infrared
light examination, our study confirms the usefulness of choroidal
nodules in the differential diagnosis between NF1 and Legius
syndrome.
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