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A B S T R A C T

Purpose: To describe the use of anti-osteoclastic medications (i.e., bisphosphonates and receptor activator of
nuclear factor kappa beta (RANK) ligand inhibitors) in treating choroidal osteoma.
Methods: A 42-year-old male with bilateral posterior choroidal osteomas showed extensive outer retinal atrophy
in the right eye secondary to decalcification of a choroidal osteoma and progressive extension of retinal pigment
epithelial atrophy in the left eye encroaching on the macula with subtle changes in the choroidal osteoma.
Bisphosphonates (i.e., oral alendronate 70 mg weekly) or RANK ligand inhibitors (i.e., subcutaneous denosumab
60 mg every six months) were initiated to prevent calcium resorption.
Results: After the introduction of more directed therapy, there was stabilization of the patient’s condition over the
next nine years while under bisphosphonate treatment, followed by a switch to RANK ligand inhibitor therapy
and later bisphosphonate treatment again. This was made evident through stability in fundus photography,
enhanced depth imaging optical coherence tomography, and B-scan ultrasonography regarding outer retinal
layers thickness, and choroidal osteoma thickness and calcification.
Conclusion: Anti-osteoclastic therapy using bisphosphonates or RANK ligand inhibitors could be a new treatment
paradigm to prevent resorption of choroidal osteomas and prevent the subsequent atrophy of outer retinal layers.
Summary statement: A patient with bilateral posterior choroidal osteomas was treated with bisphosphonates and
RANK ligand inhibitors to prevent osteoma resorption in the better-seeing left eye. This has led to stability over
six years of outer retinal layers thickness, choroidal osteoma thickness, and choroidal osteoma calcification.

1. Introduction

Choroidal osteoma is a choristoma composed of osteocytes, osteo-
blasts, and osteoclasts lying between the altered choriocapillaris and the
outer choroidal circulation. It typically presents in patients in the fourth
decade with a female predominance.1–3 It usually presents around the
disc and is diagnosed by a yellow/orange hue on fundus examination. It
is typically unilateral but can be bilateral in 25 % of cases.1 There are no
current treatment regimens known to prevent progression of osteomas,
which is typified by growth, decalcification, subretinal fluid (SRF),
hemorrhage, and choroidal neovascular membrane (CNVM) formation,
the latter of which is seen in nearly half of patients over follow-up.1–3

Observation is usually recommended to monitor for new-onset CNVM
which may require treatment with photodynamic therapy (PDT) or,
more recently, intravitreal anti-vascular endothelial growth factors
(VEGF).3,4

There have been previous reports suggesting that vision loss from
posterior choroidal osteomas can occur through tumor decalcification
leading to outer retinal atrophy.2,5–7 This has led some clinicians to offer
calcium and vitamin D supplementation as a way of decreasing calcium
flux5; however, the clinical benefit of this is unclear. We hypothesized
that use of osteoclast inhibitors could slow the tumor resorption process,
decrease tumor decalcification, and thus preserve the outer retinal
layers. We present a case of a patient followed over ten years with
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bilateral posterior pole choroidal osteomas, legally blind in one eye due
to choroidal osteoma decalcification, treated with bisphosphonates and
receptor activator of nuclear factor kappa beta (RANK) ligand inhibitors
to stabilize his disease process.

2. Case report

A 42-year-old male was referred to the Proctor Foundation for
evaluation of atypical serpiginous chorioretinopathy in both eyes. Prior
to his referral, he described gradual distortion in vision and discomfort
behind the right eye 18 years prior, which was treated with rofecoxib
and aspirin. Eight years prior to presentation, he experienced an acute
vision decline in the right eye and was diagnosed with serpiginous
chorioretinopathy. He received sub-Tenon triamcinolone and oral
prednisone and was eventually advanced to oral methotrexate. When
the left eye developed involvement 4 years prior to presentation, the
dose of oral methotrexate was maximized to 25 mg weekly. At this time,
visual acuity (VA) was 20/100 in the right eye and 20/20 in the left.
However, there was continued progression of vision loss in the left eye
(Fig. 1.2), prompting a sub-Tenon triamcinolone injection in that eye
and advancement of systemic immunosuppression to cyclophosphamide
for 9 months before being maintained on oral mycophenolate mofetil
(MMF) 1.5 g twice daily (Fig. 1.3). His ocular disease was stable through
the years and the MMF was discontinued 2 years before presentation. At
the time of presentation to the Proctor Foundation, he reported new
temporal visual field loss in the left eye and visual acuity (VA) decreased
from 20/20 to 20/30 (Fig. 1.4).
In the right eye, there was extensive scarring around the optic nerve

with chorioretinal atrophy into the central macula (Fig. 2A), while in the
left, there was a yellowish/orangish lesion at the level of the choroid
extending in toward, but sparing, the fovea. The lesion extended further
temporally on the superior aspect than on the inferior aspect of the fovea
(Fig. 2B). On fluorescein angiography, there was early hyper-
fluorescence that developing by 49 seconds corresponding to the areas
of the yellowish change in the left eye. In the late frames, there was a
subtle increase in some of the hyperfluorescence in these regions and a
slight increase in the temporal extent of the hyperfluorescence on the
superior aspect of the fovea. No frank leakage was seen but subtle in-
creases in the hyperfluorescence could be discerned when comparing
early frames with late frames, including an area midway between the
fovea and optic nerve, as well as the area just supratemporal to the
fovea. The right eye demonstrated only staining and transmission
associated with the scarring and atrophy seen clinically. Such angio-
graphic findings were noted to be incompatible with serpiginous cho-
rioretinopathy. On optical coherence tomography (OCT), subretinal
fluid (SRF) in the maculopapillary area with pronounced choroidal
thickening in the left eye was seen while choroidal atrophy without fluid
was seen in the right. There was also discrete sponge-like appearance of
deossified choroidal tissue (Fig. 3A–C). Fundus autofluorescence
revealed marked hypoautofluorescence with a ring of hyper-
autofluorescence around the chorioretinal scar in the right eye (Fig. 2C)
and mild hyperautofluorescence along the inferior more than superior
arcade in the left eye (Fig. 2D). Notably, the expected hypoauto-
fluorescence alongside the progressing lesion on the left that would be
expected in serpiginous chorioretinopathy was not demonstrated. Taken
together, the clinical and imaging findings were more compatible with
bilateral choroidal masses. On B-scan ultrasonography, we noted a
hyperechoic mass in the choroid in the left eye (Fig. 2F), while the right
eye exhibited a similar, but less hyperechoic mass as well (Fig. 2E).
Computed tomography (CT) of the orbits revealed disclike calcification
of the bilateral posterior globes, left greater than right, with choroidal
thickening. A diagnosis was established of bilateral choroidal osteomas
involving the posterior pole, specifically the nasal peripapillary area
with extension into the macula bilaterally, with features of decalcifica-
tion in the right eye especially along the temporal most border involving
the macula. At this juncture, systemic immunosuppression was

discontinued.
Because this patient had significantly reduced VA in the right eye and

given the clear progression and SRF in the left eye with concern for
impending significant vision loss, care was coordinated with an endo-
crinologist and anti-osteoclast medication was initiated with the
bisphosphonate oral alendronate 70 mg weekly. Stability of the oste-
oma, particularly in the left eye, was appreciated on subsequent exams,
imaging, and B-scan ultrasonography (Fig. 4.1), including the appear-
ance of deossified choroidal tissue (Fig. 3D–E). Approximately 2 years
later (Fig. 1.5), it was noted that there was a slight increase in size of the
left choroidal osteoma with slight extension of the area of retinal
pigment epithelium (RPE) atrophy adjacent to the fovea. In this context,
and in discussion with endocrinology, the patient was switched to
denosumab (i.e., a RANK ligand [RANKL] inhibitor) 60 mg subcutane-
ously every 6months. Twomonths later, a new retinal heme superonasal
to fovea concerning for CNVM was identified in the left eye (Fig. 1.6)
and an intravitreal bevacizumab injection led to resolution of the SRF
(Fig. 1.7). The patient remained clinically stable throughout RANKL
inhibitor treatment (Fig. 4.2 and 4.3). After three years of treatment
with denosumab, the patient was transitioned back to alendronate
because of newly identified increased fracture risks in osteoporotic pa-
tients who discontinue denosumab.8 Under denosumab, there was
reduction in the prominence of the deossified choroidal tissue
(Fig. 3F–G). Since restarting alendronate, the choroidal osteoma has
remained stable and visual acuity has remained stable bilaterally
(Fig. 1.8 and 4.4). The sponge-like appearance of the deossified
choroidal tissue also seemed to be less prominent (Fig. 3H).

3. Discussion

The current conventional treatment approaches in choroidal oste-
omas is observation for eventual development of CNVM, with some
suggesting calcium and vitamin D supplementation to slow progres-
sion.5 This is, however, not specific in addressing the underlying path-
ophysiology where tumor decalcification can lead to outer retinal
atrophy. Thus, other therapeutic avenues to limit decalcification need to
be explored especially in the context of bilateral disease with a
pre-existing extensive macular scar. The present case involving bilateral
choroidal osteomas treated with osteoclast inhibitors is instructive in
demonstrating that such an approach may slow or prevent the pro-
gression of outer retinal atrophy associated with tumor resorption. This
may have contributed to stability of the osteoma and preservation of
vision in the left eye over the nine years of treatment and follow-up.
Other factors that may have contributed to the stability of the osteoma
was the withholding of corticosteroids which may accelerate decalcifi-
cation and the natural course of the disease that may have stabilized on
its own.
The initial presentation of the patient was suspicious for serpiginous

chorioretinopathy leading to escalating immunosuppression to stop
progression. The use of corticosteroids during this period may also have
led to more rapid calcium resorption. Steroids are known to increase
osteoclast activity and decrease osteoblast activity, leading to bone
resorption.9 Mobilization of calcium can have worsened the vision loss
in this patient through outer retinal changes with peripapillary atrophy
extending into the fovea as well as posterior pole around the right optic
disc. A few elements were not compatible with serpiginous chorior-
etinopathy, including the absence of hypoautofluorescence of the pre-
sumed active lesion when it first appeared in the left eye (Fig. 1D). When
the clinical picture does not respond to increasing immunosuppressive
treatment, reconsideration of the diagnostic hypothesis and
re-evaluation of the imaging modalities including B-scan ultrasonogra-
phy, OCT, fundus autofluorescence, or CT scanning may be useful to
guide management. In this case, OCT demonstrated significant
hyper-reflectivity and mass effect within the choroid and fundus auto-
fluorescence was normal in the left eye, features that are compatible
with choroidal osteoma as opposed to serpiginous chorioretinopathy.
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Given the atypical bilateral presentation in a middle-aged man, the same
picture could be concerning for heterotopic ossification following an
inflammatory process. However, this is unlikely given the absence of
improvement with escalating immunosuppression, the absence of overt
signs of intraocular inflammation including on fluorescein angiography,
and the peripapillary pattern of lesion growth in the posterior pole
bilaterally which is more consistent with choroidal osteoma.
Once the diagnosis of choroidal osteoma was established, we sought

out alternative treatment options to stabilize decalcification of the left
eye lesion. The pathophysiology of outer retinal changes in choroidal
osteoma has been investigated through long-term follow-up studies, as
well as OCT with and without enhanced depth imaging (EDI) studies.
Though the underlying cause is still unknown, decalcification seems to
be the initial insult, occurring along with choriocapillaris compromise
and loss of RPE with subsequent outer retinal layers degeneration.2 It
was shown in prior OCT studies that photoreceptor atrophy over
decalcified choroidal osteomas correlate with poor VA compared to
calcified subfoveal tumors.5 In an EDI-OCT study, the characteristics of
nine eyes with subfoveal osteomas was examined among others. The
four eyes with ossified subfoveal osteomas kept an intact outer retinal
layer appearance, whereas the five eyes with partially or completely
deossified subfoveal osteomas had sustained thinning and atrophy of the
outer retinal layers.7 In this case, OCT imaging was able to show the
typical sponge-like appearance of deossified choroidal tissue that
seemed to subside with treatments of anti-osteoclast medications
(Fig. 4F–H).10 However, whether this is true response to treatment and
reversal of the deossification with the medications is unclear. Another
potential goal in preventing tumor decalcification is that this may in
turn reduce the risk of CNVM. CNVM was theorized to occur from RPE
disruption, thinning or loss of the outer retinal layer or Bruch’s mem-
brane, as well as tumor decalcification.3 Our patient developed CNVM in
the left eye within two months of starting denosumab therapy, but this
may have been an insufficient amount of time to achieve the desired
therapeutic effect. He has not however had recurrence of CNVM or
subretinal fluid at follow-up following treatment with one dose of
intravitreal bevacizumab.

Decalcification does not always have to be avoided, as it does lead to
scarring of the osteoma and involution in certain cases which can be
desirable in extrafoveal choroidal osteomas. Being able to slow tumor
growth through decalcification can therefore be a therapeutic target in
such cases by provoking involution of the tumor at the expense of
chorioretinal atrophy, especially in cases where a fovea-threatening
margin is progressing.2 This can be achieved using PDT.4 This
approach should not, however, be applied to subfoveal choroidal oste-
omas in which decalcification results in foveal atrophy and, subse-
quently, worse visual acuity.
Decalcification of choroidal osteomas is thought to be due to osteo-

clastic activity.1 Osteoclasts are responsible for bone resorption and
release of calcium, undoing the mineralization process initiated by os-
teoblasts. These osteoblasts can stimulate osteoclast formation and
activation through a cell-surface RANKL and a soluble form of RANKL,
both of which can stimulate the RANK receptor on osteoclasts.11 Both
RANKL inhibitors and bisphosphonates inhibit osteoclast activity and
are widely used for treating osteoporosis. The former medication (e.g.,
denosumab) is a human monoclonal antibody binding RANKL and pre-
venting the activation of osteoclasts. It can be associated with adverse
events such as eczema and cellulitis.11 The latter medication (e.g.,
alendronate) binds mineralized surfaces and interfere with protein
prenylation in osteoclasts, thus impairing bone resorption and
increasing osteoclast apoptosis.11 Despite their efficacy in reducing
osteoporotic fracture risk, long-term use of anti-resorptive medications
are associated with rare but serious complications, including osteonec-
rosis of the jaw and atypical femur fractures.
Given these mechanisms, and the reported presence of osteoclast-like

cells in choroidal osteomas,12 alendronate and denosumab were used to
reduce the tumor turnover in the described case. The patient then had
clinical stability with this management over nine years of treatment. In
contrast, the previous treatment regimens using oral and/or periocular
corticosteroids may have promoted progression of osteoma decalcifi-
cation as these lead to bone resorption. Glucocorticoids are known to
promote osteoporosis and bone loss with doses as low as 5 mg daily of
prednisone through increased RANKL activity and decreased

Fig. 1. Fundus photography (1–4: color fundus retinal photography and 5–8: widefield pseudocolor fundus photography) of the left eye showing appearance and
progression of the choroidal osteoma until stabilization. (1) Imaging six years prior to involvement of OS showing a normal posterior pole. (2) Two years after start of
left eye involvement and progression despite treatment with methotrexate. (3) Slight progression of the lesion towards the fovea one year later after corticosteroid
therapy, cyclophosphamide, and mycophenolate mofetil. (4) Time of presentation at Proctor Foundation with new progression towards the fovea after discontin-
uation of immunosuppression for two years; alendronate therapy started. (5) Decrease in vision led with slight extension of retinal pigment epithelium changes
prompted a switch to denosumab therapy approximately two years later. (6) Appearance of new retinal hemorrhage on choroidal neovascular membrane (arrow),
treated with anti-vascular endothelial growth factor injections. (7) Six months later, resolution of the hemorrhage and stability of the lesion under denosumab. (8)
Final follow-up 6 years later with stability of lesion margins.
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osteoprotegerin production, among other mechanisms.11 It is therefore
important to be aware of this possible complication of high-dose steroids
which may initially worsen a patient with an undiagnosed choroidal
osteoma.
A limitation of this report is the difficulty to conclusively show that

anti-osteoclastic medications such as alendronate and denosumab were
responsible for the clinical stability of this patient, or if this would have
been the natural evolution of the disease. Many bilateral choroidal os-
teoma cases maintain good vision in at least one eye, even over long-
term follow-up up to 45 years.1,6 However, this patient had progres-
sive vision loss prior to being seen by us. In addition, spontaneous
decalcification occurring in the proper location could preserve vision in
certain eyes by limiting tumor growth towards the macula, but the
ensuing chorioretinal atrophy would be undesirable in the foveal region.
In addition, it is unknown if the use of intravenous bisphosphonate, such
as zoledronic acid, may have more efficacy. Finally, the long-term vision
risks for the patient on anti-resorptive therapy are unclear, especially
since treatment holidays are used in patients with osteoporosis to
decrease the risk of atypical femoral fractures.13

In conclusion, we describe the use of anti-osteoclastic medication for

the prevention of decalcification in a patient with bilateral posterior
pole choroidal osteomas who remained stable for nine years following
initiation of treatment. This could be a new method of preventing tumor
decalcification and subsequent outer retinal layers atrophy and vision
loss in these patients. How the use of these treatments would influence
the development of CNVM would also need to be investigated.
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Patient consent statement

Written consent to publish this case has not been obtained. This

Fig. 2. Multimodal imaging of the patient’s eyes in 2014 prior to start of bisphosphonates therapy. Fundus montage photography shows (A) extensive chorioretinal
atrophy around the disc encompassing the fovea in the right eye and (B) new yellow-orange hue around the disc encroaching on the macula in the left eye. This is
accompanied by (C) marked hypoaufluorescence with a ring of hyperautofluorescence around the atrophy in the right eye and (D) mild hyperautofluorescence in a
ring along the arcades in the left. A prominent hyperechogenic choroidal mass (arrow) is seen in the posterior pole of (E) the right eye and (F) the left eye.
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Fig. 3. Optical coherence tomography (OCT) scans through the same area in the left macula showing the typical sponge-like appearance of deossified choroidal
tissue (red dotted circle) which then seems to disappear after initiation of treatment with anti-osteoclastic medications. (A–C) OCT line scans showing stable
deossified choroidal tissue one year prior to start of alendronate therapy. (D–E) Stable deossified choroidal tissue in the year after the start of alendronate therapy.
(F–G) Reduction in appearance of sponge-like appearance of deossified tissue four years later, now under denosumab. (H) Four years after start of denosumab, now
under alendronate showing disappearance of the sponge-like appearance of the choroidal tissue.

Fig. 4. B-scan ultrasound imaging (1–3: 12 MHz and 4: 18 MHz) of the left eye shows stable echogenic plaque-like calcification of the choroid with adjacent posterior
acoustic shadowing consistent echographically with choroidal osteoma stabilization over the follow-up period. (A) Horizontal axial view of the left eye showing
echogenic plaque temporal to disc indicated by optic nerve insertion (arrows). (B) Longitudinal scan at 3 o’clock of the left eye showing temporal quadrant
involvement with peripapillary echogenic plaque and adjacent acoustic shadowing consistent echographically with choroidal osteoma (arrows). (1) Imaging at the
start of anti-osteoclastic medications, under alendronate. (2) Four years since start of anti-osteoclastic medications, now under denosumab. (3) Five years since start
of anti-osteoclastic medications, under denosumab. (4) Six years since start of anti-osteoclastic medications, under alendronate. Lesion appears brighter due to
increased resolution of 18 MHz probe however landmarks suggest stability of lesion.
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