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Abstract

The outcomes of patients with genitourinary (GU) cancers have been steadily improving in recent years.
Novel therapies have entered our armamentarium, while several other regimens are currently being studied
in clinical trials. This recent explosion of new agents has improved patient survival and the quality of life for
patients, but has also significantly increased the frequency of several side effects. The current review will
focus on the potential ocular adverse reactions of GU neoplastic treatments. The broad spectrum of
manifestations of ocular toxicity underscores the uniqueness and complexity of the anatomic, physiologic,
and metabolic features of the human eye. Most side effects are mild in severity and transient, but some can
be severe, disabling, and irreversible. Clinicians should be aware of complications that might be vision
threatening and impact the patient's quality of life. In this review, we focused on the ocular toxicity of the
antineoplastic regimens that are currently used for the treatment of GU, including prostate cancer, bladder
cancer, renal cell carcinoma, testicular cancer, pheochromocytoma, adrenocortical carcinoma, and penile
cancer.
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Introduction And Background

The outcomes of patients with genitourinary (GU) cancers have been steadily improving in recent years.
Novel therapies have entered our armamentarium, while several other regimens are currently being studied
in clinical trials. In prostate cancer, the addition of second-generation antiandrogens increased the
effectiveness of androgen ablation and led to increased patient survival [1,2]. Molecular targeted therapies
have also recently entered clinical practice in prostate cancer [3]. In bladder cancer, the development of
immune checkpoint inhibitors, drug-antibody conjugates, and FGFR (fibroblast growth factor receptor)
inhibitors has dramatically transformed the therapeutic landscape [4-6]. The introduction of immune
checkpoint inhibitors and novel tyrosine kinase inhibitors into clinical practice has also revolutionized the
treatment of patients with metastatic renal cell carcinoma [7,8]. This recent explosion of new regimens has
improved patient survival, but it has also significantly increased the frequency of reported cases of ocular
side effects [9,10]. This can be attributed not only to the growing number of used agents but also due to the
fact that patients demonstrate a longer life expectancy. Unfortunately, underreporting regarding ocular side
effects exists and the majority of the available literature is provided from case reports [9-11]. Interestingly,
many molecular targets of the novel GU anti-neoplastic regimens are expressed in the eye, which may have
implications and demonstrate several side effects in the ocular and periocular tissues [12]. The broad
spectrum of manifestations of ocular toxicity underscores the complexity and uniqueness of the anatomic,
physiologic, and metabolic features of the human eye. Most side effects are mild in severity and transient,
but some can be severe, disabling, and irreversible [11,12]. Clinicians should be aware of complications that
might be vision-threatening. Ophthalmologists need to be familiar with the side effects of a growing number
of regimens that enter clinical practice. Newer agents have distinct mechanisms of action compared to
classical chemotherapeutics. Finally, combinations of antitumor regimens might make it difficult to
attribute a side effect to a specific drug. Knowledge of the mechanism underlying specific ocular side effects
is sometimes critical for proper management. Here, we will focus on the ocular toxicity of the antineoplastic
regimens that are currently used for the treatment of GU cancers, including prostate cancer, bladder cancer,
renal cell carcinoma, testicular cancer, pheochromocytoma, adrenocortical carcinoma, and penile cancer.

Review
Androgen deprivation therapy

Androgen deprivation remains the mainstay of therapy for patients with hormone-sensitive prostate cancer.
Pharmaceutical castration has been traditionally achieved with the use of either luteinizing hormone-
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releasing hormone (LHRH) receptor agonists, such as leuprolide, goserelin, and triptorelin, or antagonists,
such as degarelix, ganirelix, and abarelix [13]. Since their introduction into clinical practice, antiandrogens
have dramatically changed the natural history of the disease. However, they are associated with a multitude
of systemic side effects that can impact the quality of life [14].

Chronic androgen deficiency is linked to meibomian gland dysfunction and dry eye syndrome [15] (Table ).
Studies have shown that antiandrogens alter the relative amounts of lipids in the Meibomian gland
secretions [16]. As a result, scientists observed increased tear film debris, irregular posterior lid margins,
abnormal tear film meniscus, decreased tear film break-up time, and orifice metaplasia of the Meibomian
glands. The decreased quality of meibomian gland secretions is associated with increased light sensitivity,
blurred vision, foreign body sensation, and painful eyes [15,16].

Medications Side effects (frequency) Beneficial potential

. Dry eye syndrome (frequent), tear film debris (28.6%), irregular lid
Antiandrogens: LHRH ; . X .
. . margin (85.7%), tear film mucous (10.3%), abnormal tear film meniscus
agonists/antagonists (long- . . . . . None reported
o ) (40%), light sensitivity, blurry vision, ocular pain (all together 50%), optic
term administration)

neuritis, cataract development, BRVO, retinal hemorrhages (all rare)

Second generation
antiandrogens: enzalutamide, Blurry vision (rare) None reported
abiraterone

Canalicular stenosis and nasolacrimal duct obstruction: epiphora (7.9%),
cystoid macular edema, erosive conjunctivitis, ocular pain, decreased

Chemotherapy: docetaxel . o i . . None reported
vision, scintillating scotomas, toxic optic neuropathy, uveal effusions (all

rare)

. Optic neuropathy, decreased vision, color vision deficiency, visual field
Chemotherapy: cabazitaxel None reported
defects (all rare)

Angiogenesis inhibitor, treatment of

Theranostics: PSMA Dry eye syndrome (30%) . . »
angiogenesis based ocular conditions
Protective role in age-related dry macular
o i . L i . » degeneration, treatment of photoreceptors
PARP inhibitors: Olaparib, Conjunctivitis (6%), eyelid swelling (unknown), decreased vision . i . i
. i . in hereditary retinal dystrophies or
Rucaparib, Niraparib (unknown)

glaucoma, protective of cataract
development

TABLE 1: Ophthalmological effects of anti-neoplastic regimens used in the treatment of prostate
cancer.

Ophthalmological adverse effects and potential beneficial effects of antitumor agents used in prostate cancer management. Molecular markers in prostate
cancer that serve as targets for newer antineoplastic agents, also exist in the human eye. This results not only in ocular side effects, but also in effects that
might prove to be useful in the treatment of different ophthalmic conditions. LHRH: luteinizing hormone-releasing hormone, BRVO: branch retinal vein
occlusion, PSMA: prostate specific membrane antigen, PARP: poly adenosine diphosphate-ribose polymerase.

Androgen-deprivation therapy may be accompanied by headaches and dizziness after each drug injection in
about half of the cases, and may also cause a transient decrease in vision (Table 7). These symptoms usually
last less than one to two hours, but they can sometimes persist for more than three to four weeks [17,18].
Although robust cause-and-effect relationship data are lacking, antiandrogens have also been linked to
pseudotumor cerebri, cataracts, and optic neuritis [19-22].

It has been suggested that androgen deprivation can also result in thromboembolic phenomena, intraocular
branch vein occlusion, and hemorrhages [23-25]. However, a recent population-based cohort study found no
evidence supporting an increased risk of retinal vascular occlusion [25]. Second-generation antiandrogens
include androgen receptor inhibitors, such as enzalutamide, apalutamide, and darolutamide, as well as
CYP17A1 inhibitors, such as abiraterone. Enzalutamide (and other second-generation antiandrogens)
frequently causes blurred vision, which is usually self-limiting. In rare cases, enzalutamide can cause PRES
(posterior reversible encephalopathy) syndrome with headache, seizures, impaired vision, and hypertension
[26,27]. Although definite evidence is lacking, enzalutamide-mediated GABA receptor inhibition in the
central nervous system (CNS) has been suggested as a potential mechanism [27].

Chemotherapy
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Medications

Chemotherapy:
Cisplatin

Chemotherapy:
Carboplatin

Chemotherapy:
Paclitaxel

Chemotherapy:
Methotrexate

Chemotherapy:
Doxorubicin

Immune
checkpoint
inhibitors:
Avelumab

ICI: Durvalumab

Drug-antibody
conjugates:
Enfortumab
vedotin

Drug-antibody
conjugates:
Sacituzumab
govitecan

Tyrosine kinase
inhibitors:
Erdafitinib

Cisplatin is a chemotherapeutic regimen (alkylating agent) that is widely used in the treatment of bladder
cancer, testicular cancer, penile cancer, and adrenocortical carcinoma. It is also occasionally used in patients
with aggressive castration-resistant prostate cancer [6,28-30]. Cisplatin is occasionally associated with
ischemic retinopathy and neovascularization, while the co-administration of other chemotherapeutics
might have a synergistic effect [31] (Table 2). Cisplatin has also been associated with painless color vision
changes, granular pigmentary deposits, papilledema, optic neuritis, retrobulbar neuritis, transient cortical

blindness, temporary homonymous hemianopia, and bilateral central scotomas [32-36].

) Beneficial
Side effects (frequency) .
potential
Color vision changes (dose-dependent/unknown), granular pigmentary deposits (rare), optic neuritis, retrobulbar X
one
neuritis, transient cortical blindness, temporary homonymous hemianopia, bilateral central scotomas (all dose- rted
reporte
dependent/rare in regular doses), ischemic retinopathy (rare), neovascularization (rare) .
. e . - . None
Blurred vision, eye soreness, chorioretinitis, optic neuritis, papilledema (all rare)
reported
. o . None
Transient scintillating scotomas (20%), optic nerve edema (rare)
reported
Anterior surface irritation (46% in high dose), periorbital edema, ocular pain, dry eye, blurry vision, photophobia, None
blepharitis, conjunctivitis, decreased reflex tear secretions (all together up to 25% in high dose), optic neuritis (rare) reported
) o . - N - . ) None
Conjunctivitis, excessive lacrimation, periorbital edema, blepharospasm, keratitis, decreased visual acuity (all rare) -
reporte
o None
Uveitis, iritis (all together <1%)
reported
. . None
Uveitis, iritis, keratitis (all together <1%)
reported
Dry eye (23%), blurry vision (15%), excessive lacrimation (14%), keratitis, limbal stem cell deficiency (unknown) (all None
together up to 40%) reported
L None
Periorbital edema (unknown)
reported
Central serous retinopathy, dry eyes, conjunctivitis, increased lacrimation, blurry vision, cataracts, keratitis, and None
corneal erosions (all together up to 21%) reported

TABLE 2: Ophthalmological effects of anti-neoplastic regimens used in the treatment of bladder

cancer.

Adverse effects and potential beneficial effects of anti-neoplastic regimens that are currently used in the treatment of bladder cancer. While older
chemotherapeutics in regular concentrations rarely cause ocular toxicity, newer classes of agents, such as drug-antibody conjugates or FGFR inhibitors
are marked by a high incidence of ocular toxicity. Immune checkpoint inhibitors cause ocular side effects in less than 1% of cases. ICls: immune
checkpoint inhibitors, FGFR: fibroblast growth factor receptor.

Carboplatin is another alkylating agent that is used in patients with bladder cancer, testicular cancer, and
adrenocortical carcinoma. Carboplatin can rarely cause blurred vision, eye soreness, chorioretinitis, or optic

neuritis [11].

Oxaliplatin is used in patients with chemotherapy-resistant testicular cancer [28]. Ocular symptoms
associated with oxaliplatin include abnormal lacrimation, blepharoptosis, conjunctivitis, blurry vision,
tunnel vision, and color perception abnormalities. Rare cases of uveitis, keratitis, iritis, cataracts, retinal

damage, and visual field loss have also been reported [12,37].
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Ifosfamide (a cyclophosphamide analog) is another alkylating agent which is frequently used in patients
with testicular, bladder, and penile cancer [6,28,30]. It has been associated with reversible blurry vision and
conjunctivitis [11].

Docetaxel is currently the first-line chemotherapy regimen for patients with metastatic prostate cancer
(Table 1). Docetaxel is a member of taxanes and inhibits mitosis in dividing cancer cells by preventing
microtubule depolymerization and attenuating the effects of bcl-2 and bel-xL expression [38,39]. It
frequently causes canalicular and nasolacrimal duct obstruction, with resulting epiphora [40,41]. Docetaxel
is secreted in the tear film, which results in canalicular chronic inflammation and is thought to be the cause
of canalicular stenosis. Epiphora may interfere with daily life activities and consists a troublesome symptom
for patients. The use of lubricant eye drops may help wash out docetaxel and prevent dacryostenosis [40,41].
Docetaxel also rarely causes cystoid macular edema and erosive conjunctivitis [40,42,43]. Common
symptoms include redness of the eye, pain and itchiness, decreased vision, and scintillating scotomas
[42,43]. A few reports have also linked docetaxel administration with uvela effusions, outer retinal
disruption, and toxic optic neuropathy [44,45].

Paclitaxel is another taxane frequently used in patients with bladder cancer, testicular cancer, and penile
cancer. In approximately 20% of patients, paclitaxel causes transient scintillating scotomas [46,47]. These
symptoms usually appear near the end of the infusion and last 15 minutes to 3 hours [11,48,49]. It is unclear
whether they are caused by neurotoxicity or transient ischemia. Prolonged optic nerve edema is a rare but
potentially vision-threatening side effect of paclitaxel. The combination of paclitaxel with cisplatin can
synergistically increase the neurotoxicity risk to the optic nerve [49]. Patients receiving the above
chemotherapeutic combination can present with blepharitis, conjunctivitis, visual field defects, periorbital
edema, cystoid macular edema, retinal pigment disturbances, altered color perception (cone dysfunction),
and mild retinal ischemic changes (cotton-wool spots, posterior pole intraretinal hemorrhage) [49,50].

Another taxane frequently used in prostate cancer, cabazitaxel, has been associated with blurred vision,
color vision deficiency, and visual field defects as a result of optic neuropathy [51,52].

Vincristine and other plant alkaloids occasionally cause reversible cranial nerve palsies (upper lid ptosis,
lagophthalmos, corneal hypoesthesia). The median time of onset of these symptoms is 10 weeks after
initiating treatment. Vincristine is also reported to cause optic neuropathy and even transient cortical
blindness in high doses [11]. The chemotherapeutic combination of vincristine-cyclophosphamide-
dacarbazine for the treatment of pheochromocytoma has been associated with reversible blurred vision,
blepharoconjunctivitis, keratoconjunctivitis sicca, and pinpoint pupils [11,53]. However, pheochromocytoma
itself can be the cause of hypertensive retinopathy, choroidopathy, and optic neuropathy [54,55].

Etoposide is a vinca alkaloid, which is frequently used in the treatment of patients with testicular cancer and
adrenocortical carcinoma [28,29]. Rare case reports have linked etoposide with retinal toxicity [56].

Methotrexate is an antimetabolite chemotherapeutic regimen that is commonly used in patients with
bladder cancer [57]. At high doses, it is often associated with mild anterior ocular surface irritation a few
days after the beginning of treatment [58]. Methotrexate has been associated with periorbital edema, ocular
pain, dry eye, blurred vision, photophobia, blepharitis, conjunctivitis, and decreased reflex tear secretions
[59]. Longstanding methotrexate use is rarely associated with optic neuropathy [60]. Common symptoms
include visual field scotomas, optic nerve edema, and optic atrophy [61,62]. It is believed that methotrexate-
induced optic neuropathy is linked to folate deficiency since folate supplementation reduces the severity of
the condition [63].

Fluoropyrimidines are antimetabolites frequently used in patients with penile and bladder cancer. They are
also used in patients with bladder cancer who undergo bladder preservation chemoradiation [6,30].
Fluoropyrimidines are sometimes associated with excessive tearing caused by ocular surface disease,
canalicular stenosis, dry eye syndrome, and nasolacrimal system obstruction [11,12,64-66]. Other symptoms
include ocular pain, blurred vision, eye irritation, photophobia, irritative conjunctivitis, circumorbital
edema, and keratitis. These symptoms usually resolve one to two weeks after treatment cessation [11,12].
Eyelid conjunctival hyperemia, lid margin abnormalities, corneal erosions, and lower eyelid punctal edema
are common findings [64,65]. Under specific circumstances, 5-FU can cause eyelid ectropion, eyelid margin
fusion, as well as neuro-ophthalmologic toxicity [11,67].

Doxorubicin is an anthracycline frequently used in bladder cancer patients and occasionally in patients with
adrenocortical carcinoma [6,29]. It is associated with conjunctivitis, especially in conjunction with
docetaxel, cyclophosphamide, and fluorouracil [68]. Doxorubicin is also associated with excessive
lacrimation, periorbital edema, blepharospasm, keratitis, and decreased visual acuity. Most adverse reactions
usually resolve within 24 hours after exposure [69].

Streptozotocin is an alkylating agent useful in subsets of patients with adrenocortical carcinoma [70].
Streptozotocin damages pancreatic beta cells in preclinical models and can potentially induce diabetes
mellitus [71]. However, there is evidence that human beta cells are resistant to the diabetogenic effects of
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streptozotocin [72]. Ocular side effects are rare, but a small percentage of patients report conjunctivitis and
excessive lacrimation [11].

Mitomycin-C is an antitumor antibiotic agent that is frequently used in penile and bladder cancer patients
[6,30]. While topical mitomycin-C has been widely used in corneal refractive surgery, its systemic use has
been mostly associated with blurry vision [11,73,74].

Mitotane is a steroidogenesis inhibitor and exerts cytotoxic effects on the adrenal cortex. Mitotane, which is
a widely used agent in the treatment of adrenocortical carcinoma, is the only adrenal-specific
chemotherapeutic regimen [29,75]. It has been associated with visual blurring, cataracts, visual diplopia,
edema, toxic retinopathy with retinal hemorrhage, papilloedema, and retinal pigmentary changes [76].

Immune checkpoint inhibitors

The introduction of immune checkpoint inhibitors (ICIs) has recently transformed the management of
bladder cancer and renal cell carcinoma [77]. Under specific circumstances, ICIs are useful in the treatment
of most GU malignancies [78]. Due to non-specific immune activation, they are able to cause immune-related
side effects in almost every system. Ocular side effects are rare and reported in 1-3% of patients that are
treated with ICIs [79] (Table 3). Fang et al. reported an increased incidence of uveitis and other eye
inflammatory conditions with the use of PD-1 inhibitors nivolumab and pembrolizumab. ICI-induced uveitis
can occur with or without hypotony [80]. Patients receiving nivolumab or pembrolizumab had an increased
risk of dry eyes and ocular myasthenia [80]. Cases of keratitis, thyroid-like orbitopathy, retinal vasculitis,
orbital neuropathy, and choroiditis have been reported in the literature [81].
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Medications

TKis: Sunitinib,
pazopanib,
sorafenib

TKis: Axitinib,
cabozantinib,

lenvatinib

Immune
checkpoint
inhibitors:
Nivolumab,

pembrolizumab

Immune
checkpoint
inhibitors:

Ipilimumab

Hypoxia-
inducible factor
inhibitors:
Belzutifan

mTOR
inhibitors:

Everolimus

mTOR
inhibitors:
Temsirolimus

) Beneficial
Side effects (frequency) i
potential
Periorbital edema (15.9% for sunitinib), reversible posterior leukoencephalopathy syndrome, blurred vision, eyelid or
periocular edema, superficial anterior segment toxicity, and conjunctival, vitreous or retinal bleeding, extraocular None
muscle disorders, eyelash discoloration, retinal venous or arterial occlusions, papilledema, ischemic optic reported
neuropathy, macular edema, uveitis, retinal detachment or retinal tears (all rare)
Potential
local

Retinal vein thrombosis, retinal toxicity, reversible posterior leukoencephalopathy syndrome (for lenvatinib) (all rare)  treatments of
ocular neo-

angiogenesis

Uveitis, dry eye, ocular myasthenia, keratitis, thyroid-like orbitopathy, retinal vasculitis, orbital neuropathy, choroiditis ~ None

(all together up to 1-3%) reported
None
Tearing (9%), uveitis (<1%), dry eye (<1%)
reported
None
Blurry vision, retinal detachment, central retinal vein occlusion (all together up to 21%)
reported
. . L None
Eyelid edema (1-10%), conjunctivitis (1-10%)
reported
. L i . None
Conjunctivitis (1-10%), tearing (1-10%), eyelid edema (rare)
reported

TABLE 3: Ophthalmological effects of anti-neoplastic regimens used in the treatment of kidney

cancer.

Ophthalmological adverse effects and potentially beneficial effects of anti-neoplastic agents that are currently used in the treatment of kidney cancer. Apart

from periorbital edema, ocular side effects of tyrosine kinase inhibitors are generally rare. Ocular toxicity rates of immune checkpoint inhibitors in the
treatment of renal cell carcinoma range from 1% to 3% (except tearing that occurs in about 9%) of cases. Newer hypoxia-inducible factor inhibitors and
mTOR inhibitors are marked by a relatively high rate of ocular toxicity. TKls are being studied as potential local treatments of ocular neo-angiogenesis.
TKiIs: tyrosine kinase inhibitors, mTOR: mammalian target of rapamycin.

Avelumab and durvalumab are PD-L1 inhibitors commonly used in bladder cancer [77]. Ocular side effects

are less common with PD-L1 inhibitors, compared to PD-1 inhibitors [80,82]. In fewer than 1% of cases,
avelumab and durvalumab are associated with uveitis and iritis. Durvalumab has also been linked to
keratitis, while Andrade et al. reported a case of durvalumab-induced retinal vasculitis [80,82].

Ipilimumab is a CTLA-4 inhibitor commonly used in patients with metastatic renal cell carcinoma [77].
Uveitis and other inflammatory ocular side effects, along with dry eyes, have been associated with
ipilimumab use in cancer patients. Excessive lacrimation has also been reported [80,83,84]. Although the
ocular toxicity of PD-1 inhibitors is not dose-dependent, ipilimumab toxicity is dose-dependent [85,86].
Therefore, ipilimumab use may be accompanied by a lower incidence of ocular adverse effects.

Tyrosine kinase inhibitors

Sunitinib, pazopanib, and sorafenib belong to the family of tyrosine kinase inhibitors. They have been
widely used in the treatment of advanced renal cell carcinoma [7]. They inhibit several receptor tyrosine
kinases, including VEGFR, platelet-derived growth factor receptor (PDGFR), and others [87]. Sunitinib,
pazopanib, and sorafenib can cause RPLS with disturbance of cerebral vascular autoregulation, which

eventually leads to breakdown of the blood-brain barrier [88,89] (Table 3). This side effect is often related to

hypertension due to disruptions in renal autoregulation. Ocular side effects develop due to visual cortex
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edema. Adequate treatment should be promptly applied (i.e., blood pressure reduction) in order to avoid
long-term ocular complications, such as centrocaecal scotoma [89]. RPLS has also been reported after
bevacizumab treatment [89]. It has been suggested that bevacizumab-induced vasospasm may trigger the
syndrome and result in sometimes not fully reversible cortical blindness [89].

Fraunfelder et al. reported that the most common ocular side effects in patients receiving oral sunitinib,
pazopanib, and sorafenib included blurry vision, eyelid or periocular edema, superficial anterior segment
toxicity, and conjunctival, vitreous, or retinal bleeding [90]. Other side effects included extraocular muscle
disorders, eyelash discoloration, retinal venous or arterial occlusions, papilledema, ischemic optic
neuropathy, macular edema, and uveitis [90]. Importantly, these agents have been linked to serious cases of
retinal detachment or retinal tears [90].

Axitinib, cabozantinib, and lenvatinib are potent TKIs that recently entered our armamentarium in renal cell
carcinoma, alone or in combination with immune checkpoint inhibitors [91]. Due to their inhibitory effect
on VEGFR 1, 2, and 3 signaling, they are being evaluated experimentally as potential local treatments for
ocular neo-angiogenesis [92]. However, ocular side effects from systemic use are rare. There have been
reports associating systemic axitinib administration with microangiopathic retinal toxicity [93,94]. There is
also a potential association between cabozantinib use and the development of bilateral optic disc edema
[94,95]. Lenvatinib has been rarely linked to reversible posterior leukoencephalopathy syndrome (RPLS) [96].

FGFR inhibitors are a new class of antineoplastic drugs that are currently being tested in several clinical
trials for various malignancies [97]. Erdafitinib is an FGFR inhibitor that has shown activity against advanced
bladder cancers, which harbor specific FGFR mutations [6,97]. Eye disorders are frequently reported during
treatment with erdafitinib [98]. However, most patients are able to continue treatment [98] (Table 2). Similar
to other FGFR inhibitors, erdafitinib has been associated with central serous retinopathy [99]. This results in
fluid accumulation under the retina, causing retinal epithelium detachment and central blurry vision [100].
The condition resembles MEK inhibitor-induced retinopathy, possibly because FGFR and MEK pathways
intersect [100]. Patients can be asymptomatic if the affected area falls outside the macula. The condition is
usually self-limited and vision recovery occurs within one to four months. However, if the condition recurs
or persists for more than four to six months, surgical interventions, such as photodynamic therapy or
subthreshold micropulse laser treatment, might be necessary [101]. Erdafitinib has also been associated with
dry eyes, conjunctivitis, increased lacrimation, blurry vision, cataracts, keratitis, and corneal erosions [101].

Drug-antibody conjugates

An antibody-drug conjugate is a monoclonal antibody that targets an antigen, which is specific for a
particular tumor, conjugated with a cytotoxic agent. Enfortumab vedotin (directed against nectin-4) and
sacituzumab govitecan (directed against the human trophoblast cell-surface antigen 2) have shown activity
and can confer a survival advantage in the treatment of metastatic refractory bladder cancer [6,102].
However, they appear to be particularly toxic to the cornea. Enfortumab vedotin is frequently associated with
dry eye, keratitis, blurry vision, excessive lacrimation, and limbal stem cell deficiency [103,104] (Table 2).
Ocular toxicity of sacituzumab govitecan appears to be less frequently reported, although periorbital edema
is a well-known side effect [105].

PARP inhibitors

PARP (poly-ADP-ribose polymerase) inhibitors, such as olaparib, rucaparib, and niraparib, have been
recently added to the prostate cancer therapy armamentarium since they were shown to prolong overall
survival in patients with metastatic castration-resistant prostate cancer (mCRPC) [106] (Table ). PARP1-
dependent cell death in the retinal pigment epithelium has also been implicated in age-related macular
degeneration (AMD), while studies have shown that PARP inhibitors might exert a protective role in dry
AMD [107]. PARP inhibitors might also be beneficial in the treatment of photoreceptor degeneration in
hereditary retinal dystrophies or glaucoma [108,109]. Moreover, preclinical studies suggest that PARP
inhibitors have a protective role against factors contributing to the development of age- or diabetes-related
cataract [110,111]. A common ophthalmic side effect in patients receiving PARP inhibitors is conjunctivitis.
Patients might also experience eyelid swelling or blurred vision [112-114].

Theranostics

PSMA (prostate-specific membrane antigen) ligands are rapidly entering the diagnostic and therapeutic
landscape of prostate cancer (Table 7). PSMA is also expressed in the lacrimal glands, which results in dry
eyes in 30-40% of patients who are exposed to PSMA-targeted radioligands [115,116].

mTOR inhibitors

Temsirolimus and everolimus are inhibitors of the mammalian target of rapamycin (mTOR) kinase, which is
a component of a signaling pathway involved in cellular proliferation and response to hypoxic stress. The
disruption of mTOR signaling inhibits cell cycle progression and angiogenesis [117]. The most common
ocular side effects of everolimus are eyelid edema and conjunctivitis [94,118] (Table 3). Frequently,
everolimus-induced eyelid edema might need to be treated surgically [118]. Conjunctivitis, including
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lacrimation disorder, is the most common ophthalmic side effect of temsirolimus. Temsirolimus can also
rarely result in eyelid edema [94].

Hypoxia-inducible factor inhibitors

Hypoxia-inducible factor (HIF) inhibitors constitute a new promising class of drugs for the treatment of
advanced renal cell carcinoma [7,119]. HIF-2alpha is closely related to retinal hypoxia, and HIF-2alpha
inhibitors have shown promise for neovascularization inhibition in oxygen-induced retinopathy mouse
models [120]. Belzutifan is a novel HIF-2alpha inhibitor, currently used against von Hippel-Lindau disease-
associated RCC [119]. Ocular side effects of belzutifan are very common, with visual impairment appearing
in roughly 21% of patients. Frequent findings include blurry vision, retinal detachment, and central retinal
vein occlusion [121] (Table 3).

Somatostatin analogs

Somatostatin analogs are widely used in the treatment of pheochromocytoma. They are known to have
edema-reducing effects in patients with macular edema [122,123]. Somatostatin is synthesized in the retina,
and somatostatin receptors are present in retinal pigment epithelial cells [124]. Experimental intravitreal
injections of somatostatin-analogs (octreotide) have shown the potential to halt retinal neovascularization
[125]. Furthermore, studies investigate their potential role against the development of proliferative
vitreoretinopathy and diabetic neovascularization [125,126]. Rare side effects of somatostatin analogs
include visual field defects and increased intraocular pressure.

Interferons

Interferon in combination with bevacizumab is sometimes used in the treatment of metastatic renal cell
carcinoma [7,127]. Interferon administration is associated with retinopathy, which can present with cotton
wool spots, retinal hemorrhage, optic disc swelling, micro-aneurysms, macular thickening, or edema [128].

EGFR inhibitors

Cetuximab is an epidermal growth factor receptor (EGFR) inhibitor frequently used in the treatment of
penile cancer [30,129]. Cetuximab is most commonly associated with conjunctivitis, eyelash trichomegaly,
eyelid dermatitis, blepharitis, corneal erosions, and keratitis [130-132].

Conclusions

Given the life-threatening nature of several cancer-related complications, ocular side effects are often
underestimated and underreported. A baseline ophthalmic examination might be useful in detecting pre-
existing conditions, and it can help decrease the rate of significant and irreversible ocular toxicity.
Healthcare professionals should also be encouraged to report ocular side effects. In conclusion, oncologists
and ophthalmologists should work together to counter the ocular adverse outcomes of anticancer
treatments, which can lead to significant visual disturbance and impact the patient's quality of life.
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