REVIEW

Annals of Research in Oncology
Vol. 1(2), 130-144, 2021

NEW INSIGHTS ON THE DIAGNOSIS AND
MANAGEMENT OF MALIGNANT TUMORS OF THE

OCULAR SURFACE

F. Mallone, A. V. Chicca, P. Sagnelli, M. Sacchetti, A. Lambiase

! Department of Sense Organs, Sapienza University of Rome, Policlinico Umberto I, Rome, Italy

CORRESPONDING AUTHOR:

Alessandro Lambiase

Full Professor in Ophthalmology at Department of Sense Organs

Sapienza University of Rome

viale del Policlinico 155

00161 Rome, Italy

E-mail: alessandro.lambiase@uniromaf.it
ORCID: 0000-0002-8974-991X

Doi: 10.48286/ar0.2021.15

History

Received: Mar 18, 2021
Accepted: May 11, 2021
Published: Jun 1, 2021

ABSTRACT

Tumors of the ocular surface encompass a wide
spectrum of conditions involving the conjuncti-
va and cornea, ranging from benign lesions to
life-threatening malignancies. These tumors are
rare; however, they are commonly seen in the oph-
thalmological clinical practice as a group.

The diagnosis of ocular surface tumors is mostly
based on clinical evaluation of the conjunctiva and
cornea and subsequent histologic confirmation.
Recently, non-invasive diagnostic approaches in-
cluding anterior segment high-resolution OCT (HR-
OCT), showed promising results for their use as
adjuvant for histology in case of suspicious lesions.
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The present review focused on the main malignant
ocular surface tumors, including ocular surface
squamous neoplasia (OSSN), melanocytic epithe-
lial tumors, and conjunctival lymphoma, with the
aim of discussing the epidemiological, clinical, and
histopathological features, as well as to provide
insights into classification and staging. In addi-
tion, the latest advances in the treatment of ocular
surface tumors were reviewed, including the use
of topical chemotherapy, which is gaining increas-
ing acceptance over surgical tumor removal as it
prevents surgery-related side effects and tumor
recurrences.

IMPACT STATEMENT

This review is aimed at providing clinical descrip-
tion of the main malignant ocular surface tumors
along with recent advances in the diagnosis and
treatment of these conditions.
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INTRODUCTION

Tumors of the ocular surface encompass a broad
spectrum of conditions involving the conjunctiva
and cornea, and are classified based on site of or-
igin into epithelial, stromal, caruncular, metastat-
ic and secondary tumors (table I). Tumors of the
ocular surface range from benign lesions such as
conjunctival nevus, dermoid or squamous papil-
loma, to aggressive, life-threatening malignancies
such as squamous cell carcinoma (SCC), lympho-
ma or melanoma (figures 1-3).

The conjunctiva is a mucous membrane which
covers the back surface of the eyelid, the fornixes,
and the anterior surface of the globe up to the cor-
neo-scleral limbus. The conjunctiva is composed
of a multilayered, non-keratinized epithelium and
a stroma. Melanocytes are normally located in the
basal layer of the conjunctival epithelium. The cor-
nea is a clear, avascular structure that is composed
of stratified, non-keratinized squamous epithelium,
a stroma and a corneal endothelium. Melanocytes
are described in the basal epithelial layer of the pe-
ripheral cornea, but they are absent in the central
cornea. The corneo-scleral limbus represents the
junction of the corneal and conjunctival epithelia. It
contains the palisades of Vogt in which are located
corneal stem cells. This region is also a common site
for the development of corneal epithelial tumors (1).
Ocular surface neoplasms arise from both epithelial
and stromal structures; however, corneal stromal tu-

EPITHELIAL TUMORS

- Non melanocytic.
- Melanocytic.

STROMAL TUMORS

- Vascular.

- Fibrous.

- Neural.

- Histiocytic.

- Myxoid.

- Myogenic.

- Lipomatous.

- Lymphoproliferative.
- Choristomas.

CARUNCULAR TUMORS

METASTASIS AND SECONDARY TUMORS

Table 1. Classification of tumors of the ocular surface.
Modified from Grossniklaus et al. (4), Shields et al. (5) and Honavar
etal. (6).

mors are uncommon. Epithelial tumors of the ocular
surface can be further subdivided in non-melanocyt-
ic or melanocytic (table Il). The cornea is frequent-
ly invaded by tumors originating in the conjunctiva.

Figure 1. a, c. Bilateral conjunctival lymphoma, right eye. b, d. Left
eye. a, b. Diffuse, slightly elevated, salmon-colored mass in the bulbar
conjunctiva. Clinical appearance before. d, c. After systemic treatment.

2a - 2h

Figure 2. a, b. Clinical aspect of two different conjunctival nevi showing
intralesional cysts and feeder vessels.

Figure 3. Conjunctival melanoma. Pigmented, elevated, non-cystic mass
with feeding and intrinsic vessels in the interpalpebral bulbar conjunctiva.
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BENIGN NON MELANOCYTIC EPITHELIAL
TUMORS EPITHELIAL TUMORS MALIGNANT NON MELANOCYTIC

- Squamous Papilloma (OSSN)

- Keratoacanthoma

- Hereditary intrepithelial dyskeratosis
- Oncocytoma

- Dacryoadenoma

- Keratotic plaque

- Actinic keratosis

- Ocular surface squamous neoplasia (OSSN).

BENIGN MELANOCYTIC EPITHELIAL TUMORS
EPITHELIAL TUMORS MALIGNANT MELANOCYTIC

- Conjunctival Nevus
- Complexion-associated melanosis (CAM)
- Primary Acquired Melanosis (PAM)

Table Il. Classification of epithelial tumors of the ocular surface.

- Conjunctival melanoma

Modified from Grossniklaus et al. (4), Shields et al. (5) and Honavar et al. (6).

Corneal involvement is characterized by loss of trans-
parency and potential impairment of visual function.
Conjunctiva and cornea allow for direct clinical
evaluation, therefore, ocular surface tumors may
be easily diagnosed, however, differentiating be-
tween benign and malignant ocular surface lesions,
as well as among different malignant conditions,
can be challenging for ophthalmologists and on-
cologists. Indeed, with the exception of tumor size,
clinical features such as tumor location, keratiniza-
tion, pigmentation, vascularization, and corneal in-
vasion have not been associated with the likelihood
of malignancy (1). Based on these observations, ad-
ditional diagnostic exams and histopathologic con-
firmation after incisional or excisional biopsy are
mandatory in the presence of suspected lesions. It
is worth to note that an accurate and early diag-
nosis is critical, due to differences in the treatment
and prognosis of these conditions.

Ocular surface squamous neoplasia

Ocular surface squamous neoplasia (OSSN) is the
most common epithelial, non-melanocytic malig-
nancy of the ocular surface. It involves neoplastic
changes of the squamous epithelium of the cor-
nea and conjunctiva, progressing from dysplasia
to conjunctival intraepithelial neoplasia (CIN) (Tis:
carcinoma in situ) and invasive SCC.

Risk factors include ultraviolet (UV) light exposure,
fair skin, infection with human papillomavirus
(HPV), human immunodeficiency virus (HIV), prior
skin cancer, older age (2-8).

OSSN lesions generally present as unilateral dis-
ease, but may be bilateral in immunosuppressed
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patients. They are thought to arise from the limbal
stem cells, and most commonly occur in the inter-
palpebral region involving the bulbar conjunctiva
and/or the cornea (9). They can be flat or raised,
localized or diffuse, and may have surface keratin
and feeder conjunctival vessels. They usually pres-
ent as fleshy, placoid lesions with a gelatinous,
leukoplakic, velvety or papilliform appearance,
and may coexist with other ocular surface disor-
ders. Nodular and diffuse morphological types are
less common (10, 11). Of note, a diffuse appear-
ance can simulate chronic conjunctivitis (12). When
present at the cornea, they present as a flat opal-
escent layer (10, 11).

Histopathologic examination shows an invasive
disease, characterized by malignant squamous
cells crossing the basement membrane and grow-
ing in sheets or cords into the stromal tissue. Ag-
gressive variants include spindle cell squamous
carcinoma, mucoepidermoid carcinoma, and ade-
noid squamous cell carcinoma (10, 11).

Corneal and conjunctival squamous neoplasms
can extend locally to invade the globe and orbit.
These tumors can metastasize to regional lymph
nodes with a reported incidence of less than 1%,
but they are unlikely to metastasize systemical-
ly (13). According to the American Joint Commit-
tee on Cancer (AJCC)tumor, node, and metastasis
(TNM) classification, OSSN is classified based on
size and extent of involvement (14). Clinical factors
such as tumor nasal location, involvement of the
tarsal conjunctiva, presence of positive surgical
margins, and high-grade lesions, have been as-
sociated with increased risk of recurrence (10, 11,
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15). The local recurrence rate is reported at about
5% and regional metastasis at 2%, based on recent
therapeutic advances (11).

Surgical removal with cryotherapy to the margins
is the gold standard treatment. Plaque brachyther-
apy is used to control residual disease. Topical
chemotherapy is an alternative option for primary
treatment and as adjuvant after surgery. Recourse
to enucleation or orbital exenteration may be nec-
essary if lesions extend intraocularly and into the
orbit (9-11, 15-17).

Melanocytic epithelial tumors

Melanocytic epithelial lesions have similar his-
topathological and morphologic appearance to
those of the skin, and include conjunctival nevus,
complexion-associated melanosis (CAM), primary
acquired melanosis (PAM) with or without atypia,
and conjunctival melanoma (18).

Conjunctival nevi are benign, circumscribed and
typically pigmented lesions, although they may be
amelanotic in rare cases. They can be congenital
or acquired, and classically locate in the interpal-
pebral bulbar conjunctiva. They are flat to slightly
raised, and usually contain clear cysts and feeder
vessels. Importantly, the presence of internal cysts
appears to denote a benign process. Similar to
nevi of the skin, conjunctival nevi are categorized
as junctional, compound, or subepithelial on his-
topathologic analysis. They can acquire pigment
over time; however, the growth of conjunctival
nevi is relatively stationary throughout life with an
estimated risk of malignant transformation of less
than 1% (10, 11, 19). Periodic observation is the
management of choice. If the excision is performed
for cosmesis or suspected growth, it is preferable
not to leave any residual lesion (10, 11, 19).

CAM, also known as racial melanosis, is a benign
conjunctival pigmentation commonly found in
dark-skinned individuals and showing bilateral in-
volvement. CAM is typically observed around the
limbus and variably on the limbal cornea, and it
appears flat and non-cystic on examination. Histo-
pathological exams show the presence of benign
melanocytes in the basal layer of the epithelium.
There are studies demonstrating a mild increase in
size with age; however, this condition has not been
shown to progress to conjunctival melanoma. Peri-
odic observation is advisable (10, 11, 20). PAM is an
acquired, usually unilateral, pigmented condition,
most likely occurring in fair-skinned individuals. It
has been associated with neurofibromatosis, thus

suggesting a possible origin from the neural crest
(11). At examination it appears as a diffuse, flat,
and non-cystic area of pigmentation, usually af-
fecting the bulbar conjunctiva (10, 11, 19, 21). This
aspect is to be related to the sole intraepithelial in-
volvement of PAM compared to nevus. Moreover,
the pigmentation in PAM may wax and wane over
time. This condition has been classified in PAM
with or without atypia based on nuclear features
and growth pattern of melanocytes on histopatho-
logical evaluation. PAM with no atypia carries no
risk for malignant melanoma progression, where-
as risk rises to nearly 50% in PAM with atypia (10,
11, 19). PAM with atypia corresponds to melanoma
in situ (Tis) in the AJCC-TNM classification of con-
junctival melanoma (22, 23). Treatment is observa-
tion for PAM confined to less than 2 clock hours of
conjunctival involvement. In case of PAM involving
2-5 clock hours of conjunctiva, the recommended
treatment is surgical excision with cryotherapy to
the margins. In case of PAM > 5 clock hours, the
treatment of choice is wide incisional biopsy and
cryotherapy to all remaining conjunctival pigmen-
tation. As an alternative, application of topical mi-
tomycin C (MMC) may be considered for treatment
of diffuse or multifocal PAM (19, 21).

Conjunctival melanoma is a rare tumor account-
ing for 2-5% of all ocular malignancies and 5-7%
of all ocular melanomas, but it is among the most
common malignant neoplasms of the ocular sur-
face (24). In recent decades, the incidence of con-
junctival melanoma has been increasing similar to
cutaneous melanoma, while the incidence of uveal
melanoma has remained relatively stable. This
is thought to be related to the result of environ-
mental exposure to UV light (25-27). Conjunctival
melanoma mostly arises from PAM (53-75%), but
can also arise from conjunctival nevi (18-30%) or
de novo (5%) (21,24). Importantly, melanoma aris-
ing from PAM has been identified to have a higher
risk of local recurrence. This tumor is composed of
malignant melanocytes with polyhedral, spindle or
epithelioid morphology, that violate the epithelial
basement membrane on histopathological exami-
nation. These cells are positive for Bcl-2, S100, mel-
anA, HMB45, from immunohistochemical studies.
Detection of Ki-67 can be of value to assess biologi-
cal behavior (24). This tumor typically affects elder-
ly patients and presents as a pigmented and nod-
ular lesion with prominent feeding and intrinsic
vessels. The most common location is the bulbar
conjunctiva near the limbus. Moreover, this tumor
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can be amelanotic or minimally pigmented in up
to one-fifth of cases, possibly leading to diagnosis
delay (21, 24). Conjunctival melanoma can cause
distant metastases but also tends to extend local-
ly. The AJCC clinical staging classifies melanomas
based on degree of extension in the bulbar or non-
bulbar conjunctiva, local invasion, regional lymph
nodes or distant metastases (22, 23). Sentinel
lymph node biopsy is recommended for staging of
conjunctival melanomas, and should be especially
considered in patients with tumors of more than 10
mm in diameter and 2 mm in thickness, non-limbal
locations, and in the presence of tumor ulceration
(23). The histopathological staging depends on tu-
mor thickness and invasion of the substantia pro-
pria. Thickness of invasive tumor is classified as: <
0.5 mm, 0.5-1.5 mm, and > 1.5 mm. Tumor depth
does implicate greater risk for regional and distant
metastasis and mortality (23, 28, 29). In addition,
prevalence of epithelioid cells, local recurrence,
and non-limbal locations, represent relevant neg-
ative prognostic factors (10, 11). At 10 years, local
recurrence after therapy is esteemed at 50-70%
and distant metastases at 25% (11, 30-34). Similar
to OSSN, the preferred treatment for conjunctival
melanoma is complete surgical removal with cryo-
therapy to the margins. If margins are positive for
invasive melanoma, repeated surgical treatment
and adjuvant plaque brachytherapy, rather than
adjuvant topical chemotherapy, should be per-
formed (35-38). Local tumor recurrence is report-
ed ranging between 18-35% with this approach
(30, 39). Radiotherapy is also employed as an ad-
juvant in case of residual disease. Topical MMC
is usually considered for recurrent conjunctival
melanoma (21). Enucleation or orbital exentera-
tion may be of choice in case of extensive tumors.
Systemic chemotherapy is administered with com-
bination of IFN and interleukin-2 in disseminated
melanoma (40-43). Moreover, given the molecular
and biological similarities to cutaneous melanoma,
targeted therapies including BRAF inhibitors with
or without MEK inhibition, and immune check-
point inhibitors, have recently been investigated
in a few case reports for treatment of conjunctival
melanoma, with promising results (44).

Stromal tumors

Stromal tumors of the conjunctiva are rare and in-
clude benign and malignant conditions originating
from various tissue elements such as vascular and
lymphatic, fibrous, neural, histiocytic, myxoid, my-
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ogenic, and lipomatous tumors, and choristomas.
Conjunctival lymphoma is the most frequent ma-
lignant stromal tumor of the conjunctiva. It can be
primary conjunctival or develop as manifestation
of coexisting systemic lymphoma. Approximately
5-15% of all extranodal lymphomas involve the oc-
ular adnexa, and about 25% of these involve the
conjunctiva (45-49). The most common subtype is
low-grade extranodal marginal zone lymphoma,
previously known as mucosa-associated lymphoid
tissue (MALT) lymphoma, followed by follicular lym-
phoma, diffuse large B-cell ymphoma, and mantle
cell lymphoma. Clinically, it presents as a diffuse,
slightly elevated, salmon-colored mass, and it is
mostly located in the bulbar conjunctiva and for-
nixes. (45, 47, 50). There is no clear clinical differ-
ence between conjunctival lymphoma and reactive
lymphoid hyperplasia, the latter of which is be-
nign. Therefore, biopsy is mandatory to establish
a definite diagnosis (47, 51). On histopathological
evaluation, conjunctival lymphoma is composed
of subepithelial sheets of lymphocytes, and it is
classified as reactive lymphoid hyperplasia or ma-
lignant lymphoma based on cells morphology and
degree of differentiation. Furthermore, most are
nonHodgkin's Bcell lymphomas, whereas Hodg-
kin's Bcell ymphomas and Tcell lymphomas rarely
affect the conjunctiva (10, 11, 47). Itis classified ac-
cording to the Ann Arbor staging system and the
AJCC-TNM staging system for ocular adnexa lym-
phomas (OAL) (52). Importantly for this discussion,
forniceal or midbulbar location, multifocality, and
bilaterality are relevant prognostic factors for the
development of systemic lymphoma. Low dose ex-
ternal beam radiotherapy (EBRT) is the treatment
of choice for isolated conjunctival lymphoma or to
the orbit including the conjunctiva. Five-year local
control rate with radiotherapy alone in the treat-
ment of conjunctival lymphoma ranges from 89 to
100%. In cases of bilateral involvement, systemic
treatment is generally selected over bilateral EBRT
(45, 48, 50).

Caruncular tumors

The caruncle is a peculiar region in the conjunctiva
as it contains both mucous membranes and cuta-
neous structures. It is located in the medial can-
thus and it is composed of non-keratinized strat-
ified squamous epithelium overlying a stroma of
fibroblasts, melanocytes, sebaceous glands, hair
follicles, and striated muscle fibers. Among carun-
cle tumors, nevus and papilloma are the most
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common (10, 11, 53, 54). However, oncocytoma,
pyogenic granuloma, inclusion cyst, sebaceous
gland hyperplasia and adenoma, have also been
reported. The oncocytoma is a benign tumor com-
monly arising in the lacrimal or salivary glands.
When located in the caruncle, it originates from ac-
cessory lacrimal glandular tissue, and usually has
a blue cystic appearance. Malignant tumors such
as squamous cell carcinoma, melanoma, lympho-
ma, and sebaceous carcinoma are uncommon in
the caruncle. The treatment of caruncular tumors
depends on diagnosis, thus including either obser-
vation or local resection (10, 11, 53, 54).

Metastatic tumors

Conjunctival metastases are rare, and mostly oc-
cur from breast carcinoma and cutaneous mela-
noma. They appear as single or multiple fleshy,
vascularized conjunctival stromal tumors, whereas
cutaneous melanoma metastatic to the conjuncti-
va is usually pigmented (10, 11, 48).

Secondary tumors

The conjunctiva can be secondarily involved by tum-
ors affecting adjacent structures. Specifically, it can
be involved by extraocular extension from intraoc-
ular tumors or by extension from eyelid and orbital
tumors. Of relevance, the sebaceous gland carcino-
ma of the eyelid is capable of pagetoid growth into
the conjunctival epithelium. Furthermore, conjuncti-
val infiltration following direct invasion of the sclera
has been described in uveal melanoma. Moreover,
rhabdomyosarcoma of the orbit can occasionally
present with conjunctival involvement as first mani-
festation of disease (10, 11).

DIAGNOSIS

Observation

For smaller lesions (< 4 clock hours limbal tumor
or < 15 mm basal dimension) that appear benign
such as dermoid, or nevus, a diagnostic biopsy is
usually not necessary. Periodic observation with
slit-lamp photographs every 6 or 12 months look-
ing for growth or malignant change is the optimal
management of these conditions.

Surgical biopsy
Confirmation by histopathologic analysis on surgi-
cal biopsy is the gold standard for diagnosis. When

a smaller tumor (< 4 clock hours limbal tumor or <
15 mm basal dimension) does worth a biopsy, exci-
sional biopsy is generally preferable over incision-
al biopsy. Among benign and malignant lesions to
be treated with excisional biopsy are symptomatic
dermoid, choristoma, steroid-resistant pyogen-
ic granuloma, SCC, and conjunctival melanoma.
Incisional biopsy is reserved for larger tumors (>
4 clock hour limbal tumor or > 15 mm basal di-
mension) that are symptomatic or suspected to
be malignant. Examples include PAM, and large
SCC. Also, for large or recurrent lesions, excisional
biopsy leads to increased risks of limbal stem cell
deficiency, symblepharon, and scarring, as well as
requiring mucous membrane grafts from the con-
tralateral conjunctiva, buccal mucosa, or amniotic
membrane. Incisional biopsy is also appropriate
for conditions that are rather managed with ra-
diotherapy or chemotherapy, such as lymphoid
tumors, conjunctival invasion by sebaceous gland
carcinoma or metastatic tumors (10, 21). The use
of incisional biopsy should be avoided for conjunc-
tival melanoma, as this can increase the risk of tu-
mor recurrence (30).

Cytology

Less invasive modalities including fine needle aspi-
ration biopsy and impression cytology can provide
useful information based on sampling of a few
cells (1, 55, 56). However, these techniques have
limited applicability due to the sampling of surface
cells only, thus not allowing distinction of carcino-
ma in situ from infiltrating carcinoma.

Non-invasive diagnostic modalities
Non-invasive diagnostic approaches have been ex-
plored in recent years, and include in vivo confo-
cal microscopy (IVCM), ultrasound biomicroscopy
(UBM), and anterior segment high-resolution opti-
cal coherence tomography (HR-OCT) (1, 9, 57, 58).

Confocal microscopy (IVCM)

IVCM is an imaging method, which enables mor-
phological and quantitative analysis of ocular sur-
face structures and cells. It allows examination of
tissue sections by selecting the depth of interest,
and provides images of 1-2 pym lateral resolution
and 5-10 pm axial resolution. The largest studies
to date of IVCM for OSSN, conjunctival melanocytic
lesions and lymphoma, demonstrated that IVCM
cannot replace biopsy although it has some utility
as an adjuvant for histology. (1, 57, 59).
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Ultrasound biomicroscopy (UBM)

UBM is an ultrasound modality that uses a higher
frequency transducer (35-100 MHz) than A-scan or
B scan (10 MHz). This results in up to 20 pm axial
and 50 pm lateral resolutions, and depth of tissue
penetration of 4-5 mm. This technique has the abil-
ity to delineate tumor posterior margin and extent
even in case of densely pigmented lesions or cor-
neal opacities. This improves detection of tumor
invasion, however, the resolution of intralesional
details is limited (1, 58).

Anterior segment high-resolution OCT (HR-OCT)
HR-OCT is non-invasive, non-contact device that
provides cross-sectional images of the ocular sur-
face with a resolution of 5 to 10 pm. Recently, the
advent of ultra-high resolution (3-5 pm) OCT (UHR-
OCT) using spectral-domain technology has enabled
more detailed evaluation (60-62). HR-OCT is able to
detect epithelial thickening and differentiating epi-
thelial from subepithelial lesions of the conjunctiva
and cornea (1,9, 63). It can be used for OSSN detec-
tion in the presence of concomitant ocular surface
disease, and in monitoring response to treatment.
The classical findings of OSSN on HR-OCT consist of
epithelial hyperreflectivity and thickening, and an
abrupt transition between normal and cancerous
epithelium (1, 63). Limitations of this technology for
OSSN include difficulty in imaging the posterior bor-
der of thick, keratinized, and pigmented lesions due
to shadowing of the image. HR-OCT can be help-
ful in differentiating between epithelial lesions of
melanocytic origin, although it has the limitation of
shadowing in densely pigmented lesions. For con-
junctival nevi, this technique reveals intrinsic cysts
even when they are not visible on clinical exam,
as well as hyperreflective basal epithelial layers.
In PAM, HR-OCT features are that of a uniform hy-
per-reflective band along the basal epithelium, with
normal overlying epithelium and absence of cysts.
However, HR-OCT is not able to evaluate atypia.
For conjunctival melanoma, HR-OCT allows for de-
tection of a hyper-reflective epithelium of variable
thickening overlying a hyper-reflective sub-epitheli-
al mass and absence of cysts. Also, HR-OCT has been
studied in the diagnosis of conjunctival lymphoma,
but it showed limitations including the inability to
distinguish benign reactive lymphoid hyperplasia
from conjunctival lymphoma, and poor detection of
underlying tissues due to shadowing effect in case
of thick lesions (1, 9, 58, 61-63).
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THERAPY

Local excision with cryotherapy to the margins has
been the mainstay treatment of ocular surface
cancers, however, topical chemotherapy alone is
now gaining increasing consensus among special-
ists in the field. Surgical removal has the advan-
tage of serving as both as diagnostic and thera-
peutic procedure. However, surgery has potential
disadvantages including limbal stem cell deficiency
or conjunctival scarring, and it can leave residual
disease leading to tumor recurrence (10,11,48).

Surgical techniques

Primary tumors of the ocular surface mostly arise
in bulbar conjunctiva near the limbus. The treat-
ment of choice for resection of limbal tumors is the
‘no touch, en-bloc tumor excision’ technique. This
procedure involves excision of large margins with
‘en-bloc’ removal to avoid seeding of tumor cells. A
conjunctival incision based at the limbus is made
at least 4 mm outside the tumor margin. The inci-
sion is carried out through the episcleral plane, so
that full thickness conjunctiva and Tenon's fascia
are included in the excised tissue. For any corneal
involvement, application of absolute alcohol and
then localized epitheliectomy 2 mm outside the
corneal component is recommended. In advanced
cases, lamellar corneal excision may be required
for complete resection. If there is any scleral adhe-
sion or corneal stroma involvement, a thin lamella
of sclera is removed (0.2-0.3 mm depth), to achieve
tumor-free margins and decrease the chance for tu-
mor recurrence. Double freeze-thaw cryotherapy is
usually performed to the borders of the remaining
bulbar conjunctiva to eliminate subclinical tumor
cells. It is not necessary to treat the corneal margins
with cryoapplication. Limbal cryotherapy should be
limited to 6 clock hours. The excision base is gen-
erally treated with absolute alcohol wash to avoid
cryotherapy directly on the sclera. After this, con-
junctival reconstruction should be performed with
clean instruments to avoid tumor seeding (10, 11).
In case of forniceal tumors, the technique for re-
section consists of complete tumor excision with
wide margins and cryotherapy to the margins. Le-
sions involving the tarsal conjunctiva may require
a posterior lamellar eyelid resection. If lesions in-
volve the eyelid margin or extend to the skin, more
extensive full thickness resections and reconstruc-
tions are mandatory. If pathological evaluation
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reveals tumor cells at the conjunctival margin,
additional surgery or postoperative topical chemo-
therapy may be used.

Enucleation is reserved to patients with deep cor-
neal or scleral tumor invasion or intraocular exten-
sion. Orbital exenteration is indicated in case of ex-
tensive tumor recurrences, non-resectable tumor
without evidence of metastasis, or patients with
painful eyes and unacceptable cosmesis. Before
and during exenteration, the nasal lacrimal system
should be evaluated for signs of disease. When the
disease is exclusively conjunctival and/or orbital, a
lid sparing exenteration can offer a socket to al-
low the placement of a prosthesis. Importantly, ex-
ternal beam radiotherapy (EBRT) can represent a
valid alternative and/or adjunct to exenteration in
cases with extensive palpebral, forniceal, conjunc-
tival, or caruncular involvement (10, 11, 16, 48).

Topical chemotherapy

In recent years, sole topical chemotherapy has prov-
en to achieve complete tumor resolution and low
recurrence rate with less injury (35, 64-66). This ap-
proach is preferred in diffuse and multifocal lesions,
and no defined tumor margins. Topical chemother-
apy allows treatment of the entire ocular surface and
lower risk for limbal stem cell impairment. With top-
ical treatment, however, the duration is longer and
requires compliance of the patient. Furthermore,
this treatment can be employed preoperatively as
chemoreduction, and postoperatively, when mar-
gins are positive. However, caution should be paid
as corneal melt, scleral melt, and cataract can oc-
cur if these agents are used with open conjunctival
wounds or used excessively. Topical chemotherapy
includes the use of interferon alpha 2b (IFNa-2b),
5-fluorouracil (5-FU) 1%, and mitomycin C (MMC).
Their beneficial role involves immunomodulation,
anti-proliferative, and anti-viral activity. All of these
drugs require compounding. 5-FU has some advan-
tages over MMC and IFNa-2b, as it is the most inex-
pensive, does not require refrigeration, and involves
less frequent administration. MMC has more com-
mon and severe adverse effects than IFa-2b or 5-FU,
including corneal toxicity, limbal stem cell deficiency,
and punctal stenosis. Side effects of topical 5-FU in-
clude pain and redness at the instillation side, eyelid
swelling, conjunctival congestion, filamentary kera-
titis and, rarely, superficial stromal melting. Punctal
or canalicular stenosis can occur with systemic 5-FU
treatment, but not with topical 5-FU use. IFNa-2b is
less toxic compared to both topical 5-FU and MMC.

However, its use is often limited by cost and access
to the drug. IFNa-2b can be used as topical or sub-
conjunctival/perilesional formulation in the manage-
ment of ocular surface tumors. When administered
topically, IFNa-2b has the advantage of ease of use
and minimal to no side effects, but it requires longer
duration of treatment compared to 5-FU and MMC.
Conversely, subconjunctival injections have more
side effects than drops, including flu-like malaise
that lasts for approximately 48 h, but have the ben-
efits of faster resolution, better compliance, and no
need for compounding. There is evidence on effica-
cy of topical chemotherapy for various premalignant
and malignant lesions of the ocular surface, such as
OSSN, diffuse and multifocal PAM with atypia, and
recurrent conjunctival melanoma (16, 35, 36, 64-68).

Ocular surface squamous neoplasia (OSSN)
Topical 5-FU is generally used as first line agent in
the primary treatment of preinvasive and invasive
OSSN as well as an adjuvant after surgical excision.
This drugis usually administrated at a concentration
of 1% in a cyclical pattern four times daily for one
week followed by a drug holiday for three weeks.
This monthly cycle is repeated on average of 4 to 6
cycles based on clinical response. Alternative regi-
mens include administration of topical 5-FU 4 times
daily for 2 days to 4 weeks, with variable weeks off
(16, 65-68). Recently, subconjunctival/perilesional
5-FU injections for treatment of OSSN have shown
to be effective and safe in the long term (69). IF-
Na-2b is a valid alternative to 5-FU for treatment
of OSSN, however, it may have decreased efficacy
compared to 5-FU in patients with underlying im-
munosuppression (65, 67, 68, 70). IFNa-2b for OSSN
can be used as topical eye drops, subconjunctival/
perilesional injections, or a combination of both.
Topical and subconjunctival/perilesional IFNa-2b
can be used as primary or adjuvant therapies. Treat-
ment with topical IFNa-2b is generally administered
at a dose of 1 million IU/mL four times a day con-
tinuously until one or two months after clinical res-
olution. The average time for clinical resolution is
about 4 months. A dosage of topical 2-3 million 1U/
ml| demonstrated similar efficacy. When used as a
post-surgical adjuvant, topical IFNa-2b 1 million 1U/
ml is administered four times daily for a duration of
2 months post-operatively. IFNa-2b injected subcon-
junctival/perilesional is administered at a dose of 3
million 1U/0.5 ml weekly until clinical resolution of
OSSN, usually requiring 4 to 5 injections. The use of
higher concentrations has also been reported, with
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the highest being 10 million IU given once a month.
There are evidences suggesting the use of intrale-
sional injection of 3 million IU/0.5 ml or 10 million U/
month IFN a-2b combined with 1 million IU topical
IFN a-2b, as a primary modality for unresectable ex-
tensive tumors. It also helps for reduction of tumor
size prior to complete surgical excision (70).

MMC is generally considered as second line agent
for OSSN. MMC can be used for primary treatment
of OSSN, but can also be used as an adjuvant agent
intraoperatively, and post-operatively in patients
with positive conjunctival margins (65, 67, 68, 71,
72). When used as a primary therapy for OSSN,
MMC is generally prescribed at a concentration
between 0.02 and 0.04%. MMC is administered 4
times a day for 1 week followed by 2-3 weeks of no
treatment. The length of the drug holiday depends
on how long it takes the eye to recover from the 1
week of treatment. It usually takes a total of 3 cy-
cles for the tumor to resolve. Alternative regimens
include 7-14 day cycles. MMC can also be used
intraoperatively during tumor excision, typically
soaked on a sponge at a concentration of 0.02%
and applied to the conjunctival margins for 1-3
min. Postoperatively, MMC can be used in patients
with positive margins after the surface heals. The

dose and protocol during post-operative use are
similar to primary use (65, 67, 68). Topical chemo-
therapeutic agents for OSSN are listed in Table 3.

Melanocytic epithelial tumors

Topical chemotherapy is usually used as an adju-
vant for conjunctival melanoma if surgical margins
demonstrate PAM with atypia, but it can also be
employed as a primary treatment in cases of dif-
fuse or multifocal PAM with atypia and recurrent
conjunctival melanoma. A commonly used dos-
ing regimen for treatment of melanocytic lesions
is two-week cycles of 0.04% MMC 4 times a day,
followed by treatment discontinuation for 14 days
(35, 36, 73). The use of topical IFNa-2b has been
reported as a less toxic adjunctive therapy for mel-
anocytic lesions, but evidence is limited (35, 74-
76). The use of 5-FU has not been investigated for
ocular surface melanocytic neoplasms.

Radiotherapy

There are two forms of radiotherapy usually em-
ployed for the treatment of ocular surface tumors,
namely EBRT and plaque brachytherapy (44, 77).
EBRT is a method for delivering high-energy x-rays
to cancer cells while sparing surrounding tissues. Itis

m FORMULATION DOSAGE SIDE EFFECTS

Pain and redness at the

5-FU

Topical: 1% drops

Subconjunctival/perilesional
Injections: 25 mg/mL at
certain intervals.

4 times a day for 1 week and 3
weeks off. Mean 4-6 cycles
(alternative: 4 times daily from
2 days to 4 weeks and variable
weeks off).

instillation side, eyelid swelling,
conjunctival congestion,
filamentary keratitis and,
rarely, superficial stromal
melting.

Topical: 4 times a day continuously
until 1-2 months after resolution.

Topical: T MIU/ml (Alternative:
2-3 MIU/m).
JANles2 Subconjunctival injections:
3 MIU/0.5 ml (alternative: 10
MIU/month).

monthly.

Subconjunctival: 3 MIU/0.5 ml
weekly injections until resolution
(mean 4-5 weeks) or 10 MIU

Minimal side effects for drops,
flu-like malaise with injection.

Topical post-surgical: 4 times a day
continuously for 2 months.

4 times a day for 1 week followed

by 2-3 weeks off until the eye
is quiet. Usually 3 cycles until
resolution (Alternative: 7-14 day

MMC Topical: 0.02-0.04% drops
cycles).

Table I11. Topical chemotherapeutic agents for OSSN (16,65-72).

Corneal toxicity, limbal stem
cell deficiency, and punctal
stenosis.
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generally used to treat isolated conjunctival lympho-
ma and locally extensive, non-resectable tumors.
Plaque brachytherapy, on the other hand, is provid-
ed with a device filled with radioactive seeds sutured
to the ocular surface, Radiation sources include iso-
topes of iodine-125, palladium-103, strontium-90,
and ruthenium-106. Unlike topical chemotherapy,
plaque brachytherapy has the ability to treat deep in
the sclera. This procedure is considered in patients
with positive surgical margins and in those show-
ing multiple recurrences, and it should be delayed
until conjunctiva has healed (10, 21). More recently,
radiotherapy techniques via surface applicator have
been developed to avoid the use of an attached
plaque (77). Side effects of radiotherapy include dry
eye syndrome, punctate epithelial abnormalities
and corneal ulceration, retinopathy, orbital fat tissue
atrophy, and cataract development. In order to re-
duce radiation toxicity, a lower dose or smaller daily
fractions can be used (77).

CONCLUSIONS

Tumors of the ocular surface include a broad clin-
ical spectrum. The diagnosis of ocular surface tu-
mors is primarily based on clinical evaluation and
histological confirmation. Recently, new non-in-
vasive diagnostic approaches including HR-OCT
showed promise for use as adjuvant for histology.
Treatment of ocular surface tumors is classically
based on local excision with cryotherapy to the
margins and/or radiotherapy. Topical chemother-
apy recently demonstrated complete tumor reso-
lution and a low recurrence rate with less injury if
compared to surgical removal.
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