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An eye on novel anti-cancer agents: an
evidence-based approach to external eye

assessment

BY HELENA FAWDRY AND ANDREW COOMBES

Novel anti-cancer therapies have led to significant advancement in cancer treatment,
however, they can be associated with external eye complications. It is important to be
mindful of such adverse effects during assessment of patients enrolled in clinical trials.

nnually, approximately 330,000
individuals are diagnosed with
cancer in the UK, with this
number predicted to exceed
400,000 by 2030 due to an ageing and
expanding population [1]. Despite an
increasing burden of cancer diagnoses,
mortality from cancer is, conversely, falling
[1]. This is thanks in part to an emphasis
on early diagnosis and early specialist
input, but also due to revolutionary new
treatment that has emerged over the last
two decades [1,2]. Targeted anti-cancer
treatments, which inhibit the growth,
progression and spread of cancer through
their action on specific molecular targets
have contributed to huge leaps in survival
rates [3]. These novel agents represent an
important area of anti-cancer research
[3]. Unfortunately, accompanying these
significant gains is a plethora of ocular
adverse effects, therefore, it is crucial
that all eye specialists are equipped
with the skills to identify and treat these
complications.

What are targeted anti-cancer
treatments?

Targeted anti-cancer treatments differ from
conventional chemotherapy through their
ability to act on specific targets associated
with a cancer, rather than all rapidly
dividing cells [3]. The National Cancer
Institute broadly classifies these as [3]:

Hormone therapies

Breast, ovarian, endometrial and prostate
cancer, amongst others, are dependent

on hormones such as oestrogen and
testosterone for proliferation and spread,
with over 75% of breast cancers oestrogen-
receptor positive [3]. Therapies that directly
orindirectly target these include aromatase
inhibitors, such as letrozole and selective
oestrogen receptor modulators (SERMs),
such as tamoxifen [2,3].

Monoclonal antibodies

Immune checkpoint inhibitors (ICls),

such as pembrolizumab and ipilimumab,
are monoclonal antibodies whose action
leads to an upregulated immune response
against tumours [2]. Despite the eye's
relative immune privilege, immune-related
adverse events (irAEs) may occur in any
ocular structure, affecting 1% of patients on
ICls [4]. Antibody-drug conjugates (ADCs)
target specific antigens on a malignant
cell, aiming to spare healthy cells from
apoptosis [2].

Cancer growth inhibitors

Cellular growth and division are dependent
on the action of growth factors and
chemical messengers, such as tyrosine
kinases [3,5]. Inhibition of these targets, as
wellas mTOR, BRAF and MEK proteins, has
proven effective in treatment of a variety of
cancers [5]. Dysregulated angiogenesis is

a cornerstone of malignancy. Medications
such as pazopanib and azitinib target
vascular endothelial growth factor
receptors (VEGFR), a key stimulant for new
vessel growth [2].

PARP inhibitors

Inhibition of poly ADP-ribose polymerases
(PARPs), which are responsible for
repairing damaged DNA and thus evasion
of apoptosis, is an important treatment for
breast and ovarian cancer [2].

Apoptosis-inducers

Therapeutic agents such as everolimus
and boretezomib target key points in the
signalling pathway to induce apoptosisina
malignant cell [2].

What is the role of the
ophthalmologist?

If ocular adverse events are not recognised
and treated promptly, they can have a
significant impact on quality of life and may

contribute to patients discontinuing
potentially lifesaving treatment [6].
Patients with baseline pathology
or history of ocular symptoms, such
as dry eyes, are at an increased risk of
developing ocular complications over the
course of treatment [6]. Incorporating
astructured approach to assessment is
crucial, as patients are significantly more
likely to report symptoms with focused
questioning [7]. Slit-lamp examination is
important to identify severe pathology
which may be asymptomatic or present
non-specifically [2,6]. For example, during
the DREAMM-2 trial, some patients with
severe keratopathy or corneal ulcers
were only detected on routine ocular
assessment [7].

Structured slit-lamp examination
Adopting a systematic approach to
examination is key to identifying common
anti-cancer therapy-related adverse
effects. Whilst this list is not exhaustive,

it serves as a basis for eye specialists
examining the external eye on novel
therapeutic agents.

Conclusion

Targeted anti-cancer therapies have

led to significant improvements in
cancer-related mortality since their
introduction. Many of these agents
suppress cellular growth and stimulate
apoptosis by targeting cell-signalling
pathways or promoting an upregulated
immune response. This can resultin
off-target adverse effects in all body
systems, importantly including the

eye. Itis crucial that these patients are
monitored regularly with a systematic
structured ocular examination, and that
eye specialists are equipped with the
knowledge and skills to identify common
treatment-related complications.
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Table 1: A systematic approach to eye examination.

External
structures and
adnexa

Lids and lashes

Conjunctiva and
sclera

Cornea

1. Skin lesions

Frequent dermatological examinations are crucial for patients on BRAF-inhibitors, who are at increased risk of cutaneous
squamous cell carcinoma and keratoacanthoma [8]. It is important to be alert for such periorbital lesions.

2. Steven Johnson Syndrome (SJS) / Toxic Epidermal Necrolysis (TEN)

Drugs such as efitinib, BRAF inhibitors and ICls have infrequently been associated with TEN/SJS [2].

3. Periorbital oedema

Up to 80% of patients on imatinib and nearly half of patients treated with avapritinib, a tyrosine kinase inhibitor, experienced
periorbital oedema [2,9,10]. Periorbital oedema has also been described with evorolimus and rucaparib treatment [2]. Some
report successful treatment with diuretics and dose reductions, whilst others required blepharoplasty [11,12].

4. Giant cell arteritis (GCA)

GCA is the most common systemic vasculitis and a sight-threatening emergency. Several cases have been associated with ICl
use [13].

5. Orbital myositis / myasthenia gravis

Patients on ICls presenting with ocular pain, proptosis, diplopia, eyelid oedema and restricted extraocular motility should

be carefully worked up for orbital myositis. Recognition of this diagnosis is key given its association with potentially life-
threatening myocarditis and diaphragmatic myositis [2]. This should be differentiated from myasthenia gravis, also present in
<1% of patients on ICls, which more commonly presents with fatigable ptosis and ophthalmoplegia and may be associated
with acetylcholine receptor antibodies [14].

6. Viral infections

10% of patients on tofacitinib developed herpes zoster in one study, with further case reports of Ramsay-Hunt syndrome
[15,16].

1. Blepharitis

Blepharitis and meibomian gland dysfunction have been reported in three-quarters of patients on aromatase inhibitors in

a small case-control study [17]. Less frequent association with ICls and EGFR inhibitors has been reported [4,18]. It is also
important to consider previous therapies; baseline assessment of patients enrolled to one trial showed a high burden of
blepharitis [6]. Most of these patients had undergone previous treatment with steroids and bortezomib [6].

2. Increased lacrimation

One-quarter of all patients treated with avapritinib, a tyrosine kinase inhibitor, experienced increased lacrimation in one trial
[10].

3. Trichomegaly

Excessively tortuous, thickened and hyperpigmented eyelash growth has been frequently reported with erlotinib use [18].

1. Conjunctivitis

Inflammation, redness and swelling of the conjunctiva was reported in one-quarter of studies analysed in a retrospective
review, affecting between 0.4-6% of patients on ICls [4]. A 57-year-old woman receiving atezolizumab therapy developed
bilateral cicatrising conjunctivitis, which resolved with steroids, scleral contact lenses and treatment discontinuation [19].

2. Episcleritis

Inflammation of episcleral tissues may infrequently occur with drugs affecting cellular growth and immune response (0.5-2%
patients on BRAF/MEK inhibitors; <1% of those on ICls) [2,20].

3. Conjunctival haemorrhage

Subconjunctival haemorrhage may be caused by tyrosine kinase inhibitors, with 4.4% of patients treated with pazopanib in a
multicentre, randomized control trial developing this complication [21].

1. Dry eyes

Dry eye is one of the most frequently reported ocular surface irAEs, with between 1-24% of patients in half of the studies
analysed reporting dry eyes [23]. This was also frequently reported amongst patients treated with aromatase inhibitors or
ADCs such as belantamab mafodotin [6,17].

2. Keratitis / keratopathy

A high index of suspicion for keratopathy should be considered for all novel agents. Nearly three-quarters of patients treated
with any dose of belantamab mafodotin experience Grade 1-4 keratopathy [7]. A distinctive bilateral, white ‘whorl-like’
superficial keratopathy is noted in patients treated with tamoxifen (between two to ten percent of patients in one study) [22].
Use of erlotinib may cause keratitis, kerato-uveitis or corneal oedema [23].

3. Corneal epithelial changes

Nearly half of all patients previously treated with bortezomib or steroids had corneal epithelial abnormalities [7]. Corneal
microcyst-like epithelial changes (MECs) are frequently associated with antibody-drug conjugates which contain monomethyl
auristatin F [24]. One patient in this study subsequently developed a corneal ulcer [24]. Reduced corneal wound healing has
been reported in patients on erlotinib [23].
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