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Introduction

Melanomas of the conjunctiva and eyelid present unique management challenges for the
ophthalmologist and ocular oncologist. Surgical excision, a mainstay of treatment, may be
disfiguring with variable rates of local recurrence.! Conjunctival melanomas have a local
recurrence rate ranging from 18% to 83% with data largely coming from patients treated
with excision with or without cryotherapy.2~* Cutaneous melanomas of the eyelid skin have
a local recurrence rate ranging from 7% to 78% depending on technique and extent of
excision.>~ The rate of regional lymph node metastasis was 41% in a study of conjunctival
melanoma patients treated primarily with local excision, the authors compared their finding
to rates in cutaneous melanoma of the head and neck which ranged from 14% to 44% or
eyelid skin melanoma at 29%.4 Efforts to improve outcomes of these tumors have
continually advanced with surgical techniques and adjunctive treatments such as topical
therapy, radiation, and systemic chemotherapy.8 Recent advances in immunotherapy,
specifically checkpoint inhibitors, has allowed for primary and adjuvant treatment of
cutaneous melanomas with medical therapy. These have been successful in the setting of
metastatic cutaneous melanoma and other cancers. This review of the literature summarizes
the current understanding and use of checkpoint inhibitors, with a particular focus for the
ophthalmic surgeon.

Immune checkpoint inhibitors are relatively new therapies, developed with the rationale of
stimulating a patient’s own immune system to better respond to malignancies. This strategy
progressed from the discovery of specific receptor proteins that promote immune tolerance,
that is, inhibit immune responsiveness, which tumors may take advantage of to proliferate
unhindered. Monoclonal antibodies were developed to block these cellular checkpoints.
Clinically available therapies include ipilimumab, which targets cytotoxic T-lymphocyte-
associated antigen 4 (CTLA-4), nivolumab, pembrolizumab, and cemiplimab, which target
programmed cell death-1 (PD-1), and atezolizumab, avelumab, and durvalumab, which
target programmed cell death ligand-1 (PD-L1). Checkpoint inhibitors have demonstrated
efficacy in a range of malignancies including non—small cell lung cancer, urothelial cancer,
renal cell cancer, squamous cell carcinoma of the head and neck, Merkel cell carcinoma, and
metastatic cutaneous melanoma.?
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In recent years there has been emerging interest in checkpoint inhibitor therapy for
oculoplastic applications, specifically eyelid and conjunctival melanomas.1? However, there
is limited clinical experience with the use of these drugs for this indication. Eyelid and
conjunctival melanomas were not specifically studied in the trials leading to the
development of these therapies, resulting in limited knowledge of their potential benefits and
risks. This chapter reviews the available literature regarding checkpoint inhibitors for eyelid
and conjunctival melanomas.

Immune Checkpoint Inhibitors

The human immune system has cellular and humoral mediated immunity. The cellular
mediated response against tumors is escalated by T-cell recognition of tumor antigens
presented by antigen-presenting cells in the activation phase. The activated T-cell multiplies
and responds to tumor cells in the effector phase. This response can be de-escalated by
multiple immune checkpoints.1! A clinically relevant checkpoint is CTLA-4. This receptor
expressed on T-cells binds to CD80 and CD86 on antigen-presenting cells, preventing
costimulatory signals that activate T cells.12 A tumor cell may take advantage of the required
costimulatory signaling to inhibit the immune response. In a landmark study by Leach et al,
13 plockage of CTLA-4 was demonstrated to cause tumor rejection, as well as future
immunologic memory. Subsequent clinical trials on CTLA-4 inhibitors included 2 fully
humanized antibodies: ipilimumab (IgG1 monoclonal antibody) and tremelimumab (1gG2
monoclonal antibody). In 2010, a phase 3 study of ipilimumab* led to the Food and Drug
Administration (FDA) approval for the treatment of metastatic cutaneous melanoma. This
study randomized 676 advanced or metastatic melanoma patients who had progressed on
systemic therapy to ipilimumab in combination with gp100 (peptide tumor vaccine), gp100
alone, or ipilimumab alone. Results showed significant improvement in overall survival in
the arms with ipilimumab. Ipilimumab also had favorable survival when combined with
dacarbazine versus dacarbazine alone (standard of care) for metastatic melanomal® and as
adjuvant therapy.16

More recently, several anti-PD-1 and PD-L1 trials have shown even more promise with
further improved outcomes. PD-1 is expressed on T cells and binds to PD-L1, a ligand
expressed on tumor cells and macrophages. Increased expression of this ligand on tumor
cells leads to increased binding on T cells, which impairs their response to tumors. Available
agents include nivolumab, pembrolizumab, and cemiplimab against PD-1, and atezolizumab,
avelumab, and durvalumab against PD-L1. In 2014, the FDA approved nivolumab based on
a study in which patients with metastatic melanoma without BRAF mutations were treated
with either nivolumab or dacarbazine, with results showing that nivolumab resulted in
superior overall survival and progression-free survival.1” In addition for patients that
progressed on ipilimumab (anti-CTLA-4), subsequent nivolumab (anti-PD-1) was superior
to cytotoxic agents such as dacarbazine or paclitaxel plus carboplatin.1819 Other
comparative studies between nivolumab and ipilimumab as adjuvant therapy after resection
confirmed the superior recurrence-free survival and lower grade 3 or 4 adverse events with
nivolumab (14.4%) versus ipilimumab (45.9%).20 Similarly, pembrolizumab, also an anti-
PD-1 agent, was shown to be superior to cytotoxic chemotherapy for ipilimumab-refractory
melanoma.2! Pembrolizumab also had superior overall survival even against the CTLA-4
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checkpoint inhibitor ipilimumab, with lower rates of adverse events.22 In addition,
combination checkpoint blockade using CTLA-4 (ipilimumab) and PD-1 (nivolumab)
inhibition is also a first-line treatment option for metastatic melanoma. This regimen was
approved based on CheckMate 067, which compared the combination of ipilimumab and
nivolumab, nivolumab alone, and ipilimumab alone; 5-year follow-up has shown this
combination regimen to have the highest efficacy thus far in metastatic melanoma with over
50% of patients surviving at 5 years. However, there is additive toxicity with this
combination, so not all patients may qualify for this therapy.23 These checkpoint inhibitors
have fundamentally altered the medical treatment of metastatic melanoma, and have evolved
rapidly in the past decade.

Checkpoint Inhibitors for Conjunctival Melanoma

Conjunctival melanoma is a relatively rare melanoma, representing 2% to 5% of all ocular
malignancies.242% These tumors of melanocytes usually present as pigmented conjunctival
lesions, ranging between nodular or flat growth patterns (Fig. 1). Timely diagnosis and
management of conjunctival melanoma are critical as it has the potential for local invasion
and systemic spread, with high rates of recurrence.?6 Early-stage conjunctival melanoma can
be managed with complete excision with wide margins, cryotherapy, or brachytherapy. The
role of topical chemotherapy in adjuvant disease is debated but is not indicated for primary
disease.8:27 In contrast, locally advanced and metastatic conjunctival melanoma may require
external beam or proton beam radiation therapy. Orbital exenteration is done for
unresectable disease; however, this has not been shown to improve survival.28 Management
of metastatic conjunctival melanoma has been limited, primarily utilizing systemic
chemotherapy?® without significant success. Interest in finding more efficacious treatments
for conjunctival melanoma include efforts to apply literature from other tumors such as
cutaneous and mucosal melanoma.

A degree of molecular similarities between cutaneous and conjunctival melanoma, and the
expression of PD-1/PD-L1 in a subset of conjunctival melanomas, suggest the potential
relevance of checkpoint inhibition as a treatment option for conjunctival melanoma. Cao and
colleagues found PD-1 and PD-L1 expression (cutoff for positivity 5%) in a subset of
conjunctival melanoma by immunofluorescence; their study included 27 primary
conjunctival melanoma patients, with 5 (19%) having PD-L1 expression in the tumor and 17
(63%) having PD-1 expression in the tumor. The expression of PD-L1 was associated with
distant metastases and worse melanoma-related survival, and PD-1 expression was found
primarily in the more advanced T2 stage tumors.3 In addition, cutaneous and conjunctival
melanomas share several significant mutational similarities including high expression of
BRAF, NRAS, numerous copy number variations, and heat shock protein 90 expressions
while having low rates of GNA11, p16, and KIT.28:31-37 |n contrast, conjunctival melanoma
differs from uveal melanoma, which instead has higher GNAQ/GNA11 mutations.38

The molecular similarities of cutaneous and conjunctival melanoma, in contrast to mucosal
or uveal melanoma, appear to have some correlation with the clinical response of these
tumors to checkpoint inhibitors. The response rate of uveal and mucosal melanomas to
checkpoint inhibitors is poor: a study reviewing the uveal melanoma literature for
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checkpoint inhibitors found 20 papers, with 18 of the reports showing response rates
between 0% and 16.7%, with only two outlier reports of 26.6% and 30% response rates.3% A
study reviewing the mucosal melanoma literature for checkpoint inhibitors found 5 papers,
showing response rates to nivolumab monotherapy of 23.3% and to combination nivolumab
and ipilimumab of 37.1%.40 In contrast, cutaneous melanoma had a response rate to
nivolumab monotherapy of 40.9% and to combination nivolumab and ipilimumab of 60.4%.
40 Overall the literature reveals poor response rates for uveal and mucosal melanoma to
checkpoint inhibitor therapy, whereas cutaneous melanoma has notably higher response
rates. The molecular similarities of conjunctival melanoma to cutaneous melanoma, in
contrast to uveal and mucosal melanoma, may thus predict a higher response rate of
conjunctival melanomas to checkpoint inhibitors.

Only in recent years have there been clinical reports of checkpoint inhibitor therapy for
conjunctival melanoma (Table 1). Notably, these studies feature small sample sizes, variable
design, and no comparative arms. Finger and Pavlick?! published a series of 5 patients with
conjunctival melanoma, 3 in which anti-PD-1 agents were used after all other medical
options and in place of exenteration, and 2 for metastatic conjunctival melanoma. In their
series, all patients had disease response, with moderate systemic adverse reactions.
Similarly, Sagiv et al*Z published a series of 5 cases of metastatic conjunctival melanoma, 4
of which were treated with nivolumab and 1 with pembrolizumab. They found 4 of the cases
had a complete response with no evidence of disease at 1 to 36 months after completion of
treatment, and the last patient had stable disease for 6 months. Kini et al*3 published a single
case of conjunctival melanoma treated with pembrolizumab followed by excision and
cryotherapy. There was the resolution of the tumor and no recurrence at 1 year, with no side
effects noted. Part of the reasoning for pembrolizumab instead of exenteration, in this case,
was that the involved eye was the patient’s seeing eye, underscoring the need for effective
globe sparing therapy. Chaves et al** also published a single case of conjunctival melanoma
treated with debulking, brachytherapy, sentinel lymph node biopsy, and finally ipilimumab
for adjuvant therapy due to high recurrence risk. Pinto Torres et al*6 reported 2 cases of
conjunctival melanoma treated initially with excision but metastases with systemic therapy,
one of which was treated with pembrolizumab with complete resolution and without
significant adverse effects. Notably, the patient on pembrolizumab in Pinto Torres’ study had
a history of the human immunodeficiency virus (HIV) with normal CD4 count and
undetectable viral load. There were no HIV related complications or reactivation of the virus
noted. Other experience on the case report level also supports the successful use of
checkpoint inhibitors despite the presence of HIV.47 This has also been demonstrated outside
of melanoma.#849 It is difficult to interpret a response rate of conjunctival melanoma to
checkpoint inhibitors from these small case series, as there is likely reporting bias for
successful cases. However, the overwhelmingly positive response rates are suggestive of
therapeutic potential that warrants ongoing study.

Checkpoint Inhibitors for Eyelid Melanoma

There are no published reports directly studying checkpoint inhibitors for eyelid-specific
cutaneous melanoma: searches in PubMed for the terms “eyelid” and: “checkpoint
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inhibitor,” “ipilimumab,” “nivolumab,” “pembrolizumab,” “atezolizumab” yield no pertinent

results.

It may be reasonable to suggest that eyelid melanomas are a specifically localized subset of
cutaneous melanomas, and thus the previously reviewed cutaneous melanoma literature with
a strong response rate would be relevant towards this subtype. However, certain factors
clinically distinguish the presentation (Fig. 2) and management of cutaneous melanoma on
the eyelid. For example, earlier diagnosis of melanoma of the eyelid may occur, compared
with elsewhere on the body, due to the prominent location. There may also be differences in
aggressiveness of initial resection for melanomas of the eyelid compared with elsewhere due
to the cosmetic (and functional) sensitivity of the location. These factors may alter the
timing and success rate of checkpoint inhibitors as adjuvant therapy for eyelid melanomas.

Ophthalmic Complications and Side-effects of Systemic Immunotherapy

Immune checkpoints are a naturally evolved step in the human immune system for
modulating the immune response. The therapeutic blockage of these checkpoints with
monoclonal antibodies predictably comes with unintended consequences. The adverse
effects are exceedingly diverse but largely fall into the categories of autoimmune and
inflammatory processes. In a review of 14 clinical trials with 1498 patients receiving
ipilimumab, 64% of patients experienced immune therapy-related adverse events of any
grade and 17% experienced grade 3 or 4 toxicity (grading of severity of adverse events are 1
to 5: 1 is mild, 2 is moderate, 3 is severe, 4 is life-threatening or disabling, and 5 is death,
with specific descriptions of signs and symptoms consisting each grade based on organ
system).50 Adverse events can lead to discontinuation of therapy in about 40% of patients.51
Systemic adverse events from checkpoint inhibitors differ in presentation and management
from chemotherapies with other mechanisms.® Affected organ systems can include skin,
liver, gastrointestinal tract, respiratory tract, nervous system, and endocrine systems.51-56
Prompt diagnosis and management are important to prevent subsequent sequelae of these
adverse effects.

Ocular complications can be diverse including euthyroid Graves’ ophthalmopathy,®’ optic
neuropathy with disc edema,>8 ocular rosacea,>® orbital inflammation,%:61 peripheral
ulcerative keratitis,59 and mild to severe panuveitis with or without serous retinal
detachment.52-64 There have been several reports of uveitis in association with checkpoint
inhibitors, with proposed mechanisms. The eye is an immune-privileged organ.®® Wang et
al%2 reviewed the evidence for PD-L1 being one of the mechanisms for this immune
privilege, which may be compromised by checkpoint inhibitors.56-68 This suggests a basis
for the reports of therapy-related uveitis, and they further theorize that uveitis may even be
used as a sign of response to checkpoint inhibitor therapy. This is a similar rationale with
other immune toxicities as well. The broad presentations of ocular complications from
checkpoint inhibitors may warrant comprehensive ophthalmic examinations, although
practice patterns vary and there are no consensus guidelines for screening. There is a noted
association between ocular inflammation and colitis, so patients with colitis should undergo
an ophthalmological examination.5% Many conventional chemotherapeutic agents may also
cause a broad range of ophthalmic side effects and also require ophthalmic examinations and
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treatment.’? Because of the relatively novel nature of checkpoint inhibitors and ongoing
refinements of dosing and duration, the ocular and systemic adverse effects will require
continued study.

Adverse effects may change in rate or intensity as the dosing of checkpoint inhibitors
change. There are limited data demonstrating a dose-dependent effect with the CTLA-4
inhibitor, ipilimumab, but not so for PD-1 or PD-L1 inhibitors.”! The use of checkpoint
inhibitors in combination also appears to increase toxicity.23:/2 The duration of existing
protocols may also change as data from patients with early termination of treatment due to
adverse effects still retain treatment effect longer than anticipated.>! These and other
changes in the application of checkpoint inhibitors may improve the ratio of benefit to harm.

Conclusions

Immune checkpoint inhibitors, including ipilimumab, nivolumab, and pembrolizumab,
represent a promising new tool for the management of conjunctival and eyelid melanomas.
Adding immunotherapy using checkpoint inhibitors to the armamentarium for melanoma
may allow for the reduction of the morbidity associated with surgery or cytotoxic
chemotherapies, while also providing superior outcomes. These novel agents may have a
role in primary treatment, adjuvant therapy, or as an alternative option to surgery.
Checkpoint inhibitors have also demonstrated promising results for metastatic conjunctival
melanoma. However, the overall quality of available literature is still limited, both for
potential benefits as well as the varied adverse effects. Patient informed consent should
include discussion of the novel nature of these agents especially when used for eyelid and
conjunctival melanoma.

There are numerous future opportunities to better understand the role of checkpoint
inhibitors in ophthalmology. First, existing case series are small, retrospective, heterogenous,
and noncomparative. Future study design on checkpoint inhibitors for ophthalmology will
benefit from addressing these aspects, although the low incidence makes it challenging to
conduct well-designed prospective studies, and thus, may require collaborative efforts across
multiple institutions. In addition, synergistic effects of multiagent therapies have also been
seen in cutaneous melanoma,’3:74 but this has not been significantly explored yet for
conjunctival melanomas. The mutational similarities and differences of conjunctival
melanoma (more similar to cutaneous, and dissimilar to mucosal and uveal melanomas) with
other ocular melanomas reviewed in this chapter show some correlation with clinical
outcomes. This suggests other insights may come from future studies of conjunctival and
eyelid melanomas on the molecular level. Finally, the orbit has a high density of delicate and
important periocular structures that increases the risk of morbidity with extensive surgery
and radiation. There is only one report in the literature specifically exploring checkpoint
inhibitors for orbital disease, with a positive outcome.*®

In summary, checkpoint inhibitors have limited but encouraging literature on the case report
level for conjunctival melanoma to support further study and potential use, while little is
known about checkpoint inhibitors for eyelid-specific melanoma. These agents may have a
role in the appropriate patient with advanced or metastatic eyelid and conjunctival
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melanoma. Close collaboration with medical oncologists and other members of a
multidisciplinary team is critical for the administration and systemic monitoring of these
immunotherapies.
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Figurel.
Representative photos of conjunctival melanoma. A, Caruncle involving conjunctival

melanoma. A 63-year-old Thai female presented with a rapidly growing pigmented lesion
involving the caruncle in the setting of diffuse primary acquired melanosis that had been
present for years per the patient. The patient was not primarily surgically resectable but
wanted to avoid exenteration and therefore was treated with wide local excision followed by
adjunctive cryotherapy to any nodular areas and topical mitomycin C 0.04%. Sentinel lymph
node biopsy was deferred and there was no metastatic disease. Her local disease was
controlled for 3 years until she was noted to have a local amelanotic recurrence. Head and
neck magnetic resonance imaging showed lymph node involvement, which was confirmed
on biopsy. She was treated systemically, however succumbed to her disease 4 years after
presentation. B, A 65-year-old Hispanic male with rapidly growing pigmented lesion in the
setting of primary acquired melanosis. He underwent wide local excision. Pathology was
consistent with a conjunctival melanoma. There was no radiologic evidence of locally
advanced or metastatic disease.
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Figure 2.
Representative photos of eyelid involving cutaneous melanoma. A, Left upper eyelid

melanoma. B, Left lower eyelid/cheek melanoma.
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