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Commentary

The identification of calcified sclero-choroidal choristomas (CaSCCs) in patients with mosaic
RASopathies introduces a new dimension to understanding ocular manifestations in these genetic
disorders. These findings highlight distinct clinical features that differentiate CaSCCs from
traditional choroidal osteomas, as well as their shared characteristics. Based on the localization,
pattern of calcification, systemic manifestations, and specific imaging characteristics, CaSCCs can
be distinguished from other hypothetical diagnoses, including amelanotic choroidal melanoma,
metastatic tumors, and diffuse sclerochoroidal calcifications.

Traditional choroidal osteomas, as described by Gass et al. and Shields et al., typically present as
benign ossifying tumors within the choroid, with marrow spaces filled with loose connective tissue
and dilated, thin-walled blood vessels [1,2]. CaSCCs are characterized by their ability to impact both
the sclera and the choroid, a feature that distinguishes them from traditional choroidal choristomas,
which are confined to the choroid. The pattern of choroidal vessel involvement may help to distinguish
these lesions. In CaSCCs, if the choroidal vessels stop at the border of the lesion and are not visible
within it, this suggests that the lesion involves both the sclera and the choroid, leading to a disruption
of the normal choroidal vascular architecture. If the choroidal vessels are visible within the lesion,
then the CaSCC must be intrascleral or episcleral, sparing the choroidal vasculature.

Both CaSCCs and choroidal osteomas present as well-defined lesions on fundus examination.
Choroidal osteomas are typically yellow-white or yellow-orange in color due to the underlying changes
in the retinal pigment epithelium and choroid. The pigmentation may vary, with some lesions showing
clumping of brown or gray pigment [3]. In our cases, on Retcam and Optos imaging, CaSCCs appear
as slightly elevated, creamy-yellow projections (with or without pigmentation) extending supero-
nasally from the optic nerve and partially surrounding it. These modalities provide visual cues for
diagnosis, but primarily capture surface details and may not adequately assess calcification extent.

B-scan ultrasound of both choroidal osteomas and CaSCCs typically reveals hyperechogenic areas
with posterior acoustic shadowing, indicative of significant calcification. These choristomas persist at
reduced gain after other soft tissue echoes have disappeared. While effective at identifying calcification,
B-scan ultrasound provides limited detail about the lesion’s structure. Both types of lesions appear as
areas of low signal intensity on T1 and T2 weighted MRI images due to the dense calcification. Each
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patient in the case series with an MRI available had a posteromedial
focal defect representing the CaSCC. MRI aids in assessment of the
extent of the lesion and involvement of surrounding structures, but
may not visualize calcification as clearly as CT.

In traditional choroidal choristomas, CT scans reveal well-
demarcated calcified lesions that are confined to the choroid [4].
CT scan is highly sensitive to calcification and helps to delineate
involvement of adjacent structures. Unlike traditional choroidal
choristomas, CaSCCs demonstrate scleral and sometimes choroidal
calcification, and may involve the medial rectus muscle. Two of the
four patients with sclero-muscular calcification on CT scan exhibited
abnormal extraocular movements, while the other two had preserved
ocular motility, raising questions about the specific conditions under
which calcification affects extraocular movements. This discrepancy
may be due to differential calcification of the global and orbital
components of the eye in these patients.

The global component of the extraocular muscles is primarily
responsible for moving the eye within the orbit, while the orbital
component supports the global component and helps maintain eye
position. We speculate that ocular motility deficits may only arise
with calcification of both of these components. One patient had
contiguous calcification of his vestigial fibrous right medial rectus
muscle and right globe, likely implicated in his right eye being fixed
in adduction. Another patient had a right gaze deficit involving
both eyes, with focally contiguous calcification of the left medial
rectus muscle and left globe - as this patient is developmentally
delayed, it cannot be determined if this deficit is primarily ocular
or neurological. In the two cases with intact extraocular movement,
we speculate that the sclero-muscular calcification was focal, only
impacting the orbital component without interfering with the
contraction of the global component.

The demographic differences between choroidal choristomas
and CaSCCs present an area for speculation on their underlying
pathophysiologic differences. Typical choroidal osteomas have
predominantly been described in young adult females [2]. In our
case series, 5 out of the 7 patients were male. Furthermore, the age
at presentation of the patients in this case series ranged from 4 days
old to 15 years old, suggesting that it is possible that CaSCCs affect
a distinct population from traditional choroidal osteomas.

Choroidal neovascularization (CNV) is a common complication
of choroidal osteomas, occurring in 31-47% of patients at 10 years,
and more likely in cases where the lesion has an irregular surface
or there is subretinal hemorrhage [4,5]. One patient in this case
series had CNV with RPE reactive hyperplasia and was treated with
multiple intravitreal bevacizumab injections, the standard therapy
for this complication. While choroidal osteomas may show growth
in up to half of cases at 10 years, they do not exhibit progressive
involvement of adjacent issues like the sclera or extraocular muscles
[2,5]. In our series, 8 of the lesions had sclero-choroidal involvement,
while 2 had only scleral involvement. We speculate that over time
the lesions with only scleral involvement may ultimately progress
to involve the choroid as well. This theory will be monitored as we
continue to follow up with these patients.

The potential for CaSCCs to progress to include scleral,
choroidal, and muscular involvement raises important questions
about the natural history of these lesions and how they are affected
by pathological signaling or mechanical stress. As the pathogenesis

of choroidal osteomas has yet to be fully elucidated, we can only
speculate on the underlying pathways thatlead to these distinctsclero-
choroidal lesions. Mosaic RASopathies, characterized by mutations
in genes involved in the Ras/MAPK signaling pathway, likely play a
crucial role in the pathogenesis of CaSCCs. These mutations can lead
to dysregulation of cell growth, differentiation, and survival, creating
an environment that allows for the development of these lesions [6].
We hypothesize that these mutations may drive aberrant cellular
signaling pathways, leading to abnormal tissue differentiation and
calcification across multiple tissues. We suggest that this could also
explain the variable presentations observed among patients, with
some lesions affecting the sclera, choroid, and medial rectus muscle,
some affecting the sclera and choroid, and some confined to the
sclera only.

The variable presentation of CaSCCs among patients—including
differences in extraocular movements to unilateral versus bilateral
involvement—suggests that individual genetic and environmental
factors may significantly influence disease expression. For instance,
the extent and pattern of somatic mutations in ocular tissue could
dictate the lesion’s severity and distribution. The consistent supero-
nasal localization of CaSCCs and their association with medial
rectus muscle calcification may imply a localized pathological
process possibly influenced by anatomical or vascular factors specific
to this region. As most of the patients in our case series were males,
hormonal influences that differentially affect ocular tissues could
be implicated or there could be gender-specific genetic factors that
predispose males with mosaic RASopathies to develop CaSCCs
more frequently.

The molecular characteristics underlying these cases are of
particular interest. Of the 25 cases of choroidal choristomas in
mosaic RASopathy patients that were evaluated on literature review,
only one patient had a molecular diagnosis provided - a KRAS
(p.G12D) in an infant with LSNS. In our case series, 5 of the 7
patients had molecular diagnoses (see Table 1), all of which were
identified as KRAS mutations. Allelic frequencies were calculated in
4 patients (ranging from 4.8% - 18.9% pathogenic variation) from
cutaneous biopsies and do not appear to correspond with the degree
of CaSCC involvement in these cases. The presence of a pathogenic
KRAS variant was detected in DNA isolated from biopsied, affected
skin tissue, but not in DNA isolated from a corresponding blood
sample. These results are consistent with the diagnosis of a somatic
etiology resulting in mosaic RASopathy. Molecular analysis was not
pursued in ocular tissue.

‘This study’s primary limitation was the small cohort of patients
that presented with these lesions, but mosaic RASopathies in
themselves are rare. Furthermore, an MRI was only available in
five cases and a CT scan was only available in four cases. Due to its
retrospective nature, this study is unable to determine any temporal
relationship between medial rectus calcification and extraocular
movement deficits. This scudy also lacks control groups. While some
of these patients have been followed since 2014, there are other
patients who have only been seen briefly or have been lost to follow-
up. Future priorities include following up with the progression of
these lesions in this cohort of patients and continuing to isolate
patients that present with CaSCCs to provide a more robust
overview of characteristic features. To identify these individuals, if
a hypopigmented, creamy-colored lesion around the optic nerve is
observed on fundus examination, we suggest evaluation with B-scan
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ultrasound to look for signs of a CaSCC. Molecular confirmation
should be pursued in the presence of any dermatological and/or
ocular surface features characteristic of mosaic RASopathies.

CaSCCs are distinct from traditional choroidal osteomas in
several critical ways, including their propensity for sclero-choroidal
and  sclero-muscular  involvement, consistent posteromedial
localization, male predominance, and association with mosaic
RASopathies. The variability in their presentation highlights the
need for comprehensive approaches to diagnosis and management.
Mosaic RASopathy patients with CT scans of the head available
should have their imaging evaluated for CaSCCs, specifically for
medial rectus involvement. Understanding the underlying genetic
and molecular mechanisms driving these differences is essential
for understanding the natural history of these lesions. To this end,
further research is required.
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