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ARTICLE INFO ABSTRACT

Keywords: Purpose: To report two cases of neovascular glaucoma associated with Radium-223 infusion.

Radium-223 Observations: Presented are two patients with metastatic prostate cancer who developed uncontrolled intraocular
Neovascular glaucoma pressure secondary to neovascular glaucoma requiring surgical intervention. Both patients had received six
g;;l;:ma cycles of Radium-223, a calcium mimetic that causes DNA double strand breaks and tumor cell death in bony
Neovascularization metastases as part of their treatment regimen for metastatic prostate cancer. One patient had been a prior

glaucoma suspect while the other had no significant ocular history.

Conclusions and importance: Radium-223 may increase vascular permeability contributing to uveitis and promote
angiostimulatory growth factors that can lead to neovascularization. We postulate this is through possible
disruption in VEGF signaling pathways as well as Ra-223’s calcium mimetic properties that could affect the
trabecular meshwork. Neovascular glaucoma is uncommonly reported with Ra-223. There is one other case
report that experienced uveitis and hyphema within weeks of the Ra-223 infusion. This case report has a similar
proposed biologic mechanism. A literature review using the key words “radium-223, neovascularization, sec-
ondary angle closure glaucoma, neovascular glaucoma” did not yield any prior reports of neovascular glaucoma
associated with Ra-223. The goal of this case series is to argue there is biological plausibility and to contribute to

Secondary angle closure glaucoma

current literature of possible ocular complications of Ra-223 infusion.

1. Introduction

Radium 223 (Ra-223) is a targeted radiotherapy used in patients
with prostate cancer metastatic to the bone. Ra-223 is a targeted
radiotherapy of alpha particles that mimics calcium.'® Radium is used
in patients with prostate cancer metastatic to bone as it forms complexes
in areas of rapid bone turnover.® It induces double stranded DNA breaks
of the cells of concern, hence its anti-tumor effect for bone metastases.
While this radioisotope prefers bone, it has been found in all tissues of
the body.3 The most common side effects include nausea, vomiting,
diarrhea, and peripheral edema.’

There are not many reported ocular side effects of Ra-223. There is
one other case report that experienced uveitis and hyphema within
weeks of the Ra-223 infusion. However, our literature review using the
key words “radium-223, neovascularization, secondary angle closure
glaucoma, neovascular glaucoma” did not find any prior reports of
neovascular glaucoma (NVG) associated with Ra-223. Here we present
two cases of NVG in patients with a history of receiving Ra-223 as part of
their treatment regimen for prostate cancer.
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2. Case 1

Patient 1 is a 65-year-old male with a history of stage IV prostate
cancer with metastasis to the bone first diagnosed in June of 2016. His
treatment course consisted of a T5-T7 laminectomy the same month of
diagnosis with epidural spinal tumor resection followed by 30Gy of
palliative radiation therapy to the thoracic and lumbar spine after
initiating dexamethasone. July of 2016 treatment with bicalutamide
daily and leuprolide acetate injection every three months. Radiation
oncology initiated treatment with radium-223 in April of 2017 at which
time he was continuing to receive leuprolide acetate. He completed six
cycles of radium-223 in September 2017. Twelve months after his final
dose of Ra-223 he experienced acute onset of flashing lights, floaters,
and visual distortion in the right eye. An outside optometrist diagnosed
him with open angle glaucoma and started medical therapy. He was
referred to our clinic due to uncontrolled IOP.

Visual acuity (VA) OD was 20/40, IOP 42 mmHg, and gonioscopic
exam was unrevealing — open to scleral spur without neovascularization
or synechiae. The anterior segment exam was normal. The fundoscopic
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exam did not reveal any signs of ischemia, neovascularization, or vein
occlusion but did show a pale optic nerve with a cup-to-disc ratio of 0.8.
Maximal medical therapy (MMT) controlled his IOP. However, one
month later, the patient had elevated IOP in the 30s OD with shallowing
of the anterior chamber associated with inflammation and florid neo-
vascularization of the iris (NVI) and of the angle (NVA). An Ahmed
glaucoma drainage device was implanted to control his IOP and intra-
vitreal Avastin administered for his severe neovascularization. He
eventually developed anterior uveitis in both eyes which responded well
with topical steroids. At this time, IOP was well controlled in both eyes.

In March of 2021 he presented in the left (opposite) eye with blurry
vision and IOP of 48 mmHg. Repeat gonioscopy revealed the right eye
was completely closed while the left eye was open deep to scleral spur
with a few clock hours of peripheral anterior synechiae. He then un-
derwent transscleral cyclophotocoagulation in the right eye (that
already had the Ahmed tube) and a trabeculectomy with mitomycin C
was performed in the left eye. VA remained HM OD and 20/30 OS with
good IOP control OU. However, the Humphrey visual field OS went from
full to split-fixation due to the rapid progression of his glaucoma.

3. Case 2

Patient 2 is a 74-year-old male with history of hypertension, coro-
nary artery disease, well controlled type 2 diabetes (Alc 6.0), and stage
4 prostate cancer with metastasis to the bone who was an established
clinic patient. He had been followed as a glaucoma suspect due to a
history of high intraocular pressures. He was on travaprost nightly in
both eyes. He underwent external radiation with radiation seed implant
for his prostate cancer in 2003. Later, he began therapy with degarelix,
leuprolide acetate, denosumab, enzalutamide, and Ra-223.

He recieved six cycles of Ra-223 treatment from November 2019
through April 2020. About 12 months after finishing his last dose, he
presented to our clinic with complaints of blurry vision, floaters, and
flashes of light in both eyes. VA 20/25 OD and 20/30 OS with IOP 40
OU. The anterior exam revealed 4+ RBC OU and 0.5 mm hyphema OD,
NVIOU, and posterior synechiae OU. Gonioscopy showed open angle for
about one quarter of the circumference and closed angle for three
quarters of the circumference with multiple peripheral anterior syn-
echiae. There was diffuse NVA and active blood layering of the trabec-
ular meshwork OU. The posterior exam did not show evidence of
ischemia, diabetic retinopathy, or vein occlusion to explain the diffuse
neovascularization. Cup to disc was 0.7 OD and 0.4 OS. He started
maximal medical therapy with improvement of his IOP to 22 OU.
However, given his overall presentation, surgery was recommended,
and the patient received Baerveldt-350mm? glaucoma drainage devices
and intravitreal Avastin OU. He had good follow up for over 1 year
where his IOP remained around 6 OD and 11 OS on brimonidine BID OU.
His eyes remained quiet.

4. Discussion and conclusion

Both patients received six cycles of Ra-223 infusion for metastatic
prostate cancer and approximately twelve months after the last dose
experienced blurry vision with an inflammatory response with syn-
echiae and neovascularization of the iris and angle with severe sec-
ondary angle closure. Both patients had documentation of an open angle
on gonioscopy prior to NVA noted on subsequent exams. Both patients
needed urgent glaucoma surgery to control the IOP. To date, there is one
other case report of a patient developing anterior uveitis OU and
hyphema OS two weeks after his Ra-223 infusion therapy for metastatic
prostate cancer.’ Our patients similarly developed inflammation and
neovascularization.

Ra-223 is used in patients with bony metastasis from prostate cancer
since it mimic calcium and induces cell death in areas with high cell turn
over.>> However, while it targets bone, Ra-223 has been found in all
tissues in the body. It is known that disruption of these tumor cells can
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alter several signaling pathways and feedback loops of morphogenetic
proteins including VEGF." It is also known that VEGF promotes angio-
genesis and has been a popular target of immunotherapies that treat
neovascularization in the retina.' It is therefore possible that in some
patients with genetic predisposition or certain risk factors may be
vulnerable to the changes in VEGF signaling pathways induced by
Ra-223 leading to inflammation and angiogenesis.

It is also possible given the calcium mimetic properties of Ra-223,
that the isotope binds with the calcium channels located on the ciliary
body epithelium (fluid production) and/or the calcium channels located
on the trabecular meshwork (fluid drainage).2 The interaction with the
ciliary body epithelium can cause dysfunction or cell death.’ While this
is clearly not a common mechanism given the lack of adverse ocular
events reported with this medication, it is possible there are some rare
genetic variabilities in calcium receptors that have an increased avidity
to this particular calcium mimetic making these patients more vulner-
able to complications. These factors could contribute to the inflamma-
tion, neovascularization of the iris and angle, increased IOP, angle
narrowing, bleeding, and scarring as seen in our patients.” ® It is not
clear whether the development of NVG and Ra-223 infusion was causal
or coincidental, but the goal of this case series is to argue there is bio-
logical plausibility and to contribute to current literature of possible
ocular complications of Ra-223 infusion. While these cases are obser-
vational and do not prove that neovascular glaucoma is caused by
administration of radium 223, this should alert clinicians to refer pa-
tients receiving this medication to an ophthalmologist if they experience
visual symptoms.

Patient consent

Both patients were consented with our institution’s policy.
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