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Abstract
Ocular surface squamous neoplasia (OSSN) is the most common ocular tumour with an incidence ranging from 0.03 to
1.9 per 100,000 persons/year. The diagnosis is made on clinical suspicion and confirmed with anterior-segment optical
coherence tomography (AS-OCT), cytology, or histology. The purpose of this review is to provide an overview of the
management options available for OSSN and review their success and recurrence rates. Surgery is the gold standard for the
management of small OSSN lesions. With the increased use of less invasive diagnostic modalities such as AS-OCT and
cytology, there has been a move to use topical therapies for the management of OSSN. The most commonly used agents are
interferon-α2b (IFN), mitomycin-C (MMC) and 5-fluorouracil (5FU). They have been shown to have similar resolution and
recurrence rates but differ in cost and side effect profile. IFN has the lowest side effect profile, but is also the most expensive,
whereas MMC has the greatest surface toxicity and is priced midway between the three. 5FU is the cheapest of the three
topical agents with less surface toxicity than MMC. Radiotherapy is mostly employed as adjuvant therapy. Newer novel
therapies are available but have not been widely adopted as mainstream therapy due to cost and lack of clinical evidence.
OSSN has the benefit of many management options. No single modality has been shown to superior and some patients will
need the use of combination therapy to achieve an optimal clinical outcome.

Introduction

Ocular surface squamous neoplasia (OSSN) is the most
common ocular tumour with an incidence ranging from
0.03 to 1.9 per 100,000 persons/year [1]. The main
associated risk factors are ultraviolet-B (UVB) radiation,
human papilloma virus (HPV) and human immunodefi-
ciency virus infection [1]. There are two main patterns of
disease presentation, an older white male population with
UVB as the primary risk and younger female population
where HIV and HPV are more prevalent [1].

Patients typically present with non-specific symptoms
such as redness, ocular irritation and visual impairment if
the visual axis is involved [1]. Clinically OSSN appears as
a pearly grey mass with a variable degree of pigmentation,

vascularity and leukoplakia [2]. Confirmation of diagnosis
has traditionally been by biopsy, but newer less invasive
techniques have been employed in recent years such as
anterior-segment optical coherence tomography (AS-
OCT) and impression cytology (IC) [2].

Management of OSSN can be divided into surgical and
medical management. A standard of care survey conducted
in the United States in 2003 showed surgery as the mainstay
of therapy [3]. Respondents felt that there was insufficient
literature on the use of topical medical therapy and those
using topical therapy favoured the use of mitomycin-C
(MMC) [3]. A follow-up study was conducted in 2012,
which showed that surgery remained the mainstay of ther-
apy, but that that there had been a significant increase in the
use of topical therapy [4]. The topical therapy of choice had
changed from MMC to interferon-α (IFN) [4].

The purpose of this review is to provide an overview of
the management options available for OSSN and review
their success and recurrence rates.

Surgical management

Surgical excision of OSSN remains the gold standard of
care for tumours that occupy four clock hours or less of the
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limbus, or have a basal diameter of 15 mm or less [5]. The
‘no touch technique’, described by Shields et al. [6] in 1997,
is the preferred technique for surgical removal [5–7]. The
basic principles of this technique is to remove the tumour
with macroscopically clear margins while minimising the
risk of microscopic seeding. There is no universal con-
sensus on the optimal margin used during surgery. Shields
et al. [6] suggested a margin of 4–5 mm in their original
publication of the technique, however a margin of 3–4 mm
is more commonly used [2, 8–11]. Margin involvement
occurs due to the spread of the tumour along the basal layer
of the conjunctiva, which is not visible when delineating
macroscopic tumour margins [12]. Various ancillary tech-
niques have been employed to aid in the identification of the
macroscopic tumour margins. Vital dyes, such as methylene
blue and rose-bengal, can be used to stain the tumour
and delineate margins (Fig. 1a) [13]. Anterior-segment
OCT has been well described for the diagnosis of OSSN
[14]. Recently, a combination of pre-operative and intra-
operative OCT images have been used to successfully
identify the extent of the tumour (Fig. 1b), thereby ensuring
adequate margins during surgery [15].

OSSN involves the conjunctiva and commonly extends
onto the cornea [2]. A 4-step approach is recommended to

ensure removal of the tumour in one piece and to minimise
the risk of microscopic tumour seeding (Fig. 2) [6]. The
tumour is first approached from the corneal aspect with an
alcohol assisted epitheliectomy [6]. An alcohol soaked
cotton bud is applied to the epithelium until it becomes grey
in appearance [6]. A crescent blade is then used to gently
scrape the epithelium, creating a 2 mm clear margin around
the tumour, scraping from the centre of the cornea towards
the limbus [6]. The tumour will typically lift off easily as
this is only an extension of the mass and not invasion of the
cornea. It is important not to violate Bowman’s membrane,
as this will result in scarring.

The second step is to mobilise the conjunctival aspect of
the tumour. The 3–4 mm margins are marked and con-
junctiva incised to expose bare sclera. An attempt is made to
undermine the conjunctiva under the mass. If there is scleral
invasion, a lamellar sclerectomy of 0.2 mm depth is per-
formed starting 2 mm from the tumour margin and ending at
the limbus [6]. If the tumour extends more than 5 mm
posterior from the limbus, it may be necessary to isolate
the underlying extra-ocular muscle to prevent inadvertent
surgical trauma [6]. Once the cornea and conjunctival dis-
section meets at the limbus, the tumour is shaved off in one
piece. The specimen should be placed on a cardboard or

A BFig. 1 Anterior segment
imaging of a conjunctival intra-
epithelial neoplasia 2 lesion in
the right eye. A Methylene blue
stain delineating the tumour
margin. B Anterior-segment
optical coherence tomography
showing transition from normal
to abnormal epithelium
(white arrow).

Fig. 2 Anterior segment photos of the left eye. A Gelatinous conjunctival mass with pigmentation. B Anterior segment photo after surgical
excision. Histology showed severe conjunctival intra-epithelial neoplasia.
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sponge carrier with orientation guides for the pathologist
[6]. This is important for reporting on the margins. The
corneal margin is often involved on histology in cases with
corneal extension, but as this area is treated with alcohol
and the mass removed with 2 mm margins this may not be
clinically relevant [2]. With the tumour removed and bare
sclera exposed, haemostasis can be achieved before com-
mencing with adjuvant cryotherapy.

Cryotherapy is the third step of surgery causing thermal
destruction of cells and vasculature, and is therefore
essential for the elimination of residual tumour cells [2].
Cryotherapy is applied to the free conjunctival margin and
limbus in two freeze-thaw cycles [2]. It is not necessary to
apply cryotherapy to the base of the lesion as this has been
excised with macroscopically clear margins. There are
various factors affecting the rate of the cryoprobe freeze,
and therefore it is advised to aim for a 2 mm freeze around
the probe for the conjunctiva and 1 mm for the limbus rather
than using a fixed duration of freeze [2]. It is important to
lift the conjunctiva off the globe and apply the cryotherapy
to the inside edge of the tissue while avoiding the under-
lying sclera [6]. Excess freezing can cause anterior uveitis,
cataract, hypotony, corneal neovascularisation and hae-
morrhage [2, 5].

The last step of surgery is closure of the scleral defect.
The defect can be left to heal by primary intention, how-
ever, if the defect is large a conjunctival autograft or
amniotic membrane transplant can be used [2, 16]. Primary
limbal stem cell transplants have been described in patients
that undergo surgery for extensive OSSN, in an attempt to
prevent limbal stem cell failure [17, 18]. The main com-
plications of surgery include recurrence, infection, scarring
and limbal stem cell failure [2, 5, 19].

Intra-operative microscopic seeding is minimised by
employing several intra-operative techniques. Care should
be taken not to touch the tumour directly, and any instrument
used to manipulate the conjunctiva within the cut margin,
should not touch the conjunctiva outside the cut margin [5].
This implies that two sets of conjunctival forceps are
required, with the first being removed from the set once the
tumour has been removed. To further minimise the risk of
microscopic spread, the use of balanced salt solution should
be avoided, and the surgical field should remain dry [5].

Recurrence after surgery predominantly occurs within
the first 2 years and ranges from 0 to 56% [7, 10, 20, 21].
This rate is primarily affected by the state of the excision
margin on histology and use of adjuvant therapy
[8, 10, 22, 23]. Residual tumour involvement of the cut
margin has consistently been shown to increase the risk of
recurrence [2, 7–9]. Erie et al. [12] showed a recurrence
rate of 5% when margins were clear vs 53% when margins
were involved in patients with conjunctival intra-epithelial
neoplasia (CIN). Cryotherapy has consistently been shown

to decrease the risk of recurrence [10, 22, 23]. Despite this,
a case series by Waddell et al. [9] used surgery with 3 mm
margins and no cryotherapy as their treatment modality.
Their cohort consisted of a young patient population with a
high prevalence of HIV, and their recurrence rate was 3%
with a median follow-up of 32 months [9]. This may
highlight the importance of a meticulous surgical techni-
que and possible effect of a younger demographic on
recurrence.

Adjuvant therapy in patients with positive margins
include topical therapy for positive radial margins and
radiotherapy for deep margin involvement [11, 22]. Adju-
vant IFN has been shown to reduce recurrence rates in
patients with positive surgical margins to the level of
patients with non-involved margins [22]. Adjuvant proton
radiotherapy was shown to reduce the rate of recurrence in
patients with squamous cell carcinoma (SCC) [21].

When tumours are too large or invasive, more extensive
surgical options need to be employed. Enucleation is done
when the tumour invades the globe (more commonly seen
with the mucoepidermoid and spindle cell variants of
OSSN) and the tumour margins are visible [5, 24]. During
the surgery the peritomy is extended to surround the tumour
to create a 3–4 mm clear margin [5]. The remaining con-
junctival margin undergoes double cryotherapy before the
prosthesis is inserted [5]. It may be necessary to use
amniotic membrane or mucous membrane grafts for ade-
quate closure [5]. Tumours that invade the orbit require
exenteration [5]. If the anterior lamellae of the lid is spared,
then a lid sparing exenteration can be performed, however,
if the posterior lamellae is involved then an eyelid-removing
exenteration is performed [5].

Surgery remains the gold standard for smaller tumours. It
is not the most cost effective treatment option, but yields
immediate resolution and has recurrence rates similar to
medical management.

Medical management

With the advent of less invasive diagnostic modalities such
as AS-OCT, confocal microscopy and impression cytology,
there has been a move to less invasive management options.
The three leading topical treatments used today are
interferon-α2b (IFN), 5-fluorouracil (5FU) and mitomycin-
C (MMC) (Table 1) [25]. Topical therapy avoids the risks
associated with surgery and has the benefit of treating the
entire ocular surface [25]. For larger tumours that extend
onto the cornea, topical therapy avoids the risk of damage to
cornea during surgery which may have significant visual
consequences [26]. The main disadvantage of these thera-
pies is the longer duration of therapy and need for com-
pliance [27].
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Mitomycin-C

MMC is a non-cell-cycle dependant alkylating agent
derived from Streptomyces caespitosus [25, 28]. It has a
number of applications in ophthalmology that include intra-
operative use during glaucoma surgery, refractive surgery
and the treatment of OSSN [28]. MMC preferentially effects
rapidly dividing cells and induces DNA damage through
two main pathways, aerobic and anaerobic [28, 29]. In
aerobic conditions, mostly found in ophthalmological
applications, it generates free radicals that directly damage
DNA and proteins [28]. In the anaerobic environment it
causes alkylation of DNA and inhibits RNA and protein
synthesis [28]. DNA is therefore either damaged by free
radicals or through alkylation resulting in apoptosis
[28, 30]. These MMC related changes to the ocular surface
may persist for more than 8 months, which is important to
bear in mind when interpreting impression cytology speci-
mens after MMC use [30].

MMC can be used as neoadjuvant, adjuvant or primary
therapy. It can used in two concentrations of 0.02 or 0.04%,
both dosed four times a day [29, 31–35]. Due to toxicity,
MMC is generally given in cycles, where active drug is
administered followed by a drug holiday. The most com-
monly used cycle is 1-week of MMC followed by a 1-week
drug holiday [29]. Less commonly used dosing schedules
include 1 week of MMC drops followed by a 3-week drug
holiday, or 14 days of continuous MMC (usually given at a
lower dose of 0.02%) [34, 35].

Neoadjuvant MMC has been used to decrease tumour
size before commencing surgery, thereby minimising the
risks associated with surgery such as limbal stem cell failure
[36–38]. Adjuvant MMC can be used intra or post-

operatively. Siganos et al. [39] described a series of
patients who underwent surgical excision for OSSN with
intra-operative MMC 0.02% applied to the bare sclera for
2.5 min [39]. After a thorough rinse with balanced salt
solution, the conjunctiva was closed to leave no more than
2–3 mm of bare sclera adjacent to the limbus [39]. In three
of the seven OSSN cases, margins were involved, and
recurrence developed in only one of these patients with a
mean follow-up of 15 months [39]. Several studies have
used adjuvant MMC in the post-operative period to prevent
recurrence [31–33, 40]. Various regimens were used and
even in the absence of adjuvant cryotherapy and surgical
margin involvement in up to 50% of cases, there were no
recurrences reported with follow-up of up to 5 years [31–
33, 40]. Zaki et al. [40] added ciclosporin to their post-
operative regimen of MMC to reduce the severity of side
effects. Altogether this highlights the benefit of adjuvant
MMC, where recurrence is prevented even in cases with
positive surgical margins where adjuvant cryotherapy was
not used. This may play an important role in resource
constrained settings where cryotherapy is not available.

When used as primary therapy, MMC has been found to
cause tumour resolution in 76–100% of cases, with a
recurrence rate of 0–35% [26, 34–37, 41–46]. Frucht-Pery
et al. [26] were the first to describe the use of MMC for
patients with OSSN recurrence after surgery (n= 16). They
had a 76% response rate and recurrence rate of 35% [26].
They did not have a standard treatment regimen and did not
have the benefit of newer diagnostic modalities such as AS-
OCT to ensure complete response before stopping therapy
[26]. Danniel et al. [29] used MMC in cycles of 1 week on,
1 week off. They had a resolution rate of 90% (n= 18) with
a mean of two cycles and a recurrence rate of 20% with a

Table 1 Comparison of topical MMC, 5FU and IFN.

Medication Mechanism of action Recommended Regimen Adverse events

Mitomycin-C Alkylating agent
Cell cycle independent effects.

MMC 0.04%, QID
Cycle: one week on, one week off
Duration: 3 cycles

Limbal stem cell deficiency
Punctal stenosis
Conjunctivitis
Lid toxicity
Recurrent corneal erosion
Punctate keratopathy

5-Fluorouracil Pyrimidine analogue
Cell cycle dependent effects.

5FU 1%, QID
Cycle: one week on and three weeks off,
OR One month on and one month off.
Duration: continue for one cycle after
resolution.

Punctate epithelial erosions
Corneal ulceration Lid toxicity
Keratoconjunctivitis

Interferon-α2b Anti-viral, cytostatic, pro-apoptotic, anti-
angiogenic, immunomodulatory.

IFN 1 million IU/ml QID for 1–3 months
after resolution.
IFN 3 million IU/0.5 ml, perilesional
injection weekly until resolution.

Follicular conjunctivitis
Corneal erosion
Corneal ulcer Epithelial microcysts
Flu-like symptoms (with
perilesional injections)

aQID= four times a day.
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mean follow-up of 13 months [29]. They used a strength of
either 0.02% or 0.04% and did not find a difference in the
response or recurrence rate between the two concentrations
[29]. A lower concentration of 0.02% was described by
Ballalai et al. [34] as primary therapy for newly diagnosed
or recurrent OSSN (n= 23). The defined 14 days of therapy
as one cycle and had complete resolution in all cases after
two cycles [34]. Mean follow up was 46 months, and one
patient developed a recurrence at month 24 [34]. Besley
et al. [35] used MMC 0.04% in cycles of 1 week of drops
followed by a 3-week drug holiday for non-invasive OSSN.
They had a 79% (n= 102) response rate with a mean of 3.3
cycles and 15% recurrence at a mean of 23 months. MMC
has also been shown to be effective as primary therapy in
advanced tumours. Shields et al. [44] reviewed the effect of
MMC 0.04% for extensive OSSN with a basal dimeter of
>8 mm (n= 10). They used a mean of 3 cycles (1 week on,
1 week off), and had complete resolution in eight out of ten
cases with no recurrence during a mean follow-up period of
22 months [44]. These studies highlight the efficacy of
MMC as primary therapy with no specific regimen yielding
superior outcomes.

MMC causes the greatest surface toxicity of the topical
therapies, as it causes non-cell cycle dependent damage
[2, 25]. The most common side effects include limbal stem
cell deficiency, punctal stenosis, ocular irritation, lid toxi-
city, conjunctival injection, epiphora, recurrent corneal
erosion and punctate keratopathy [26, 28, 29, 31, 34–
36, 38, 42, 46]. Side effects have been severe enough to
result in cessation of therapy in 5–18% of patients
[26, 29, 35, 45]. In one study, 17% of patients using MMC
0.04% developed punctal stenosis that required surgical
intervention [32]. To prevent punctal stenosis, many studies
advised occlusion of the inferior canaliculi after drop
administration or use of punctal plugs in the lower canali-
culus [31, 34, 43–45]. Corneal epithelial erosions have
occurred in up to 17% of patients and can develop up to
24 months after treatment [34]. Overall, side effects are seen
less commonly with MMC than with 5FU (41 vs 69%, p <
0.003), but the severity of side effects that require inter-
vention is higher with MMC [32].

The benefit of MMC is that the duration of therapy is
shorter than the other topical agents and it is more cost
effective than IFN [35]. The disadvantages are that the
drops are not stable and therefore need to be compounded
weekly and stored refrigerated. MMC is also associated
with the most severe surface toxicity of the topical agents
[34, 35].

5-fluorouracil

5FU is a pyrimidine analogue that has primarily been used in
glaucoma filtering surgery and for the management of OSSN

[47]. It has cell cycle dependent toxicity through several
mechanisms including, incorporation of a thymidine analogue
into DNA, disruption of RNA and ribosomal RNA synthesis,
and indirect disruption of the actin cytoskeleton [47].

The use of 5FU for the management of OSSN was first
described by De Keizer in 1986 [48]. It can be used as
neoadjuvant, adjuvant or primary therapy. As with MMC,
5FU is usually given in cycles of active drug followed by a
drug holiday. As 5FU is cell cycle dependent and primarily
affects rapidly dividing cells, it has less surface toxicity than
MMC [25]. It is usually given at a dose of 1% with cycles
consisting of 1 week on and 3 weeks off, 1 month on and
1 month off or 3 days on and 4 days off.

Neoadjuvant 5FU has been described in one case series
where it was used as primary therapy for multifocal OSSN
[49]. It caused resolution in 44% of cases, and for the
remain cases decreased the tumour burden to allow for
successful surgery without recurrence [49]. 5FU is the least
reported topical agent for use as neoadjuvant therapy for
OSSN [49–51].

Yeatts et al. [52] used 5FU 1% as adjuvant therapy after
surgical excision (n= 6). They continued application until
an epithelial defect developed (14–21 days) and waited for
epithelial healing before commencing the next cycle [52].
They had a response in all patients with recurrence in 33%
[52]. A larger case series (n= 89) used adjuvant 5FU 1%
administered four times a day for 2 weeks after epithelial
healing [32]. They had only a single recurrence in a patient
who did not complete his 2-week of 5FU, with an overall
median follow-up of 34 months [32]. Gichuhi et al. [53]
conducted a randomised placebo controlled double blind
study to compare the efficacy of adjuvant 5FU 1%, admi-
nistered four times a day for 1 month after surgical excision
without adjuvant cryotherapy. They found that adjuvant
5FU significantly reduced 1-year recurrence rates (11 vs
36%, p= 0.01) [53]. They did not find that surgical margin
involvement was a significant factor to recurrence [53].
This is a significant finding and could be employed in set-
tings that do not have access to cryotherapy to reduce
recurrence rates.

When used as primary therapy (Fig. 3), 5FU has been
found to cause tumour resolution in 82–100% of cases, with
a recurrence rate of 7–43% [49–51, 54–56]. Al-Barrag et al.
[56] used a 5 mg subconjunctival injection of 5FU at the
end of surgery (diagnostic incision biopsy) followed by a
regimen of 5FU1% administered four times a day for
4 days, with a 30 day drug holiday. They had resolution in
all cases (n= 15) with a mean of 6 cycles and had recur-
rence in one patient that resolved with additional cycles
[56]. A larger case series described the use of 5FU 1%
cycled 1 week on and 3 weeks off (median of 4 cycles) with
an 82% (n= 36) response rate and 11% recurrence rate
[50]. Two of the recurrences were at 3 months and therefore
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were more likely incomplete treatment rather than true
recurrences. Parrozzani et al. [49] conducted a study where
5FU 1%, cycled 1 month on 1 month off, was used as
primary therapy for OSSN in 41 patients. They had com-
plete tumour regression in 83% of cases with a mean of 1.5
cycles [49]. They also found that multi-focality (p= 0.023)
and tumour thickness >1.5 mm (p= 0.045) were associated
with a poorer response to therapy [49]. They had a mean
follow-up period of 105 months and a 12% recurrence rate
[49]. Venkateswaran et al. [51] compared the efficacy of
IFN and 5FU. They used a dosing schedule of 5FU 1% four
times a day for a week with a 3-week drug holiday, and IFN
1 million IU/ml four times a day until resolution [51]. They
had a 96% response rate with 5FU with a median of 4
cycles, and 81% response rate with IFN with a median
treatment duration of 4 months [51]. With multivariate
analysis this difference was not found to be significant [51].
Recurrence rates were 12% with 5FU and 5% with
IFN (p= 0.46) with a mean follow-up of 16 months [51].
There were more side effects noted in the 5FU cohort with
one patient stopping therapy due to eyelid pain [51]. It is
important to note that no additional medication was used to
prevent surface toxicity in either group. Lastly, HIV infec-
tion has been found to have no effect on the response to
5FU therapy [57].

5FU has less surface toxicity than MMC, as it has cell
cycle dependent toxicity [47, 49]. Side effects are mostly
mild and transient, including punctate epithelial erosions
and ulceration, lid toxicity and keratoconjunctivitis
[47, 49, 52, 55, 56, 58]. Lid toxicity was minimised in some
studies by applying an ointment to the lid margins before
drop instillation [49]. One study showed adverse effects in
57% of patients with 6% not completing a cycle due to side
effects [58]. This study did not use any additional medi-
cation to minimise drug toxicity.

The advantages of 5FU are that is relatively inexpensive,
stable at room temperature and has less side effects than

MMC [55]. The disadvantages include longer duration of
therapy (compared to surgery and MMC) and greater toxi-
city than IFN [58].

Interferon-α

Interferons are cytokines with anti-viral, antiproliferative,
immunomodulatory and cytotoxic properties [59]. There are
three different types of IFN of which type 1 (IFN-α, IFN-β,
IFN-γ) has activity against infections and neoplasms [59].
IFN-α has been used for solid tumours since 1971 and was
first described for use in OSSN by Maskin et al. [60] in
1994 [61]. Since then recombinant IFN-α2b (IFN) has been
widely used for ocular surface disease including OSSN and
limbal stem cell failure [59]. Although the exact mechanism
of action of IFN in OSSN is not fully understood, a number
of properties have been described [59].

The anti-tumour properties of IFN are attributed to anti-
viral activity, direct anti-tumour effects, immunomodulatory
and anti-angiogenic effects [59, 61]. IFN has shown to be
effective against viral induced malignancies such as hepa-
titis induced hepatocellular carcinoma and herpes simplex
virus associated Kaposi’s sarcoma [61]. OSSN has been
associated with HPV infection and therefore the anti-viral
activity of IFN has been thought to play a role in the anti-
tumour effects in OSSN [1, 61]. This effect has however not
been found to only be dependent on the presence of HPV
[62]. The direct anti-tumour effect is achieved by prolong-
ing the cell cycle of tumour cells resulting in a cytostatic
effect [61]. It inhibits cellular enzymes, resulting in a defi-
ciency of metabolites which inhibits tumour growth [61].
Lastly, IFN has been shown to have pro-apoptotic effects on
squamous cell cancers [61]. The indirect effect is achieved
by enhancing the bodies immunomodulatory response to
cancer cells [61]. IFN up-regulates the major histocompat-
ibility complex on malignant cells, increases the production
of antibodies and enhances the cytotoxicity of immune

Fig. 3 Anterior segment photos of the left eye. A Large ocular surface squamous neoplasia in the nasal quadrant. B Resolved lesion after four
cycles of 5FU.
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cells, thereby augmenting the immune systems elimination
of tumour cells [61]. For this reason, It has been suggested
that IFN rather be used in immune-competent patients as
part of the anti-tumour effect is from the enhanced immune
modulation [19]. The evidence for this is based on only two
case reports [63, 64]. Further studies are needed to deter-
mine the efficacy of IFN in immune-compromised patients.
Altogether, IFN is effective at removing associated HPV
infection, slowing tumour growth and augmenting apopto-
sis, and increasing the effectiveness of the immune system
against cancer cells.

IFN can be used topically or intralesional as neoadjuvant
(immuno-reduction), adjuvant (immune-prevention) or as
primary therapy (immunotherapy) [27, 59, 65, 66]. The
most commonly used topical regimen is 1 million IU/ml,
administered four times a day for 1–3 months after clinical
resolution of the tumour [27, 65, 67, 68]. Extending treat-
ment after clinical resolution ensures elimination of any
residual tumour cells. The average duration of topical
therapy is 5 months, but can continue for more than a year
[25, 27, 65, 69]. Doses as high as 2–3 million IU/ml have
also been used with similar outcomes [27, 67, 70]. Galor
et al. [67] compared the outcomes of 1 and 3 million IU/ml
topical therapy and found that there was no significant
difference in tumour response and that the additional cost
was not justified. IFN can be combined with topical retinoic
acid 0.01% [71]. It is thought that retinoic acid may have a
synergistic effect with IFN [71].

Intralesional or subconjunctival injection of IFN are
mostly given at a dose of 3 million IU in 0.5 ml, adminis-
tered weekly until tumour resolution [27, 68]. This is
injected around the base of the lesion in a single or divided
injection and most commonly requires 4–5 injections [27].
The initial injection frequency used was based on systemic
treatment algorithms and given three times a week [68].
This was however not found to be superior to a more
convenient weekly dosing schedule [68]. Doses as high as
10 million IU have been described and are administered
monthly [27, 65]. Injections have benefits over topical
therapy in that there is improved patient compliance, a
shorter course of treatment and there is no need to com-
pound the IFN [25, 68]. Injections do however have a
greater side effect profile that includes flu like symptoms in
33% of patients [65, 68, 69]. This can generally be pre-
vented by the concomitant use of oral paracetamol, 1 g
taken 4 hourly as needed [27, 68]. Karp et al. [68] inves-
tigated the benefit of combining topical and subconjunctival
therapy and found no additional benefit with a similar time
to resolution compared to individual applications.

IFN can be used in the neoadjuvant setting to reduce
tumour size before surgery [65, 66]. In a case series by Kim
et al. [65] 12 of 18 eyes with giant OSSN had complete
tumour resolution with IFN, the remaining six patients had

sufficient immune-reduction to allow for successful surgery.
No cases had recurrence during a mean follow-up period
11 months [65]. IFN can also be used as adjuvant therapy
after surgery if the surgical margins are involved on his-
tology [27]. A dose of 1 million IU/ml administered four
times a day is typically used for 2 months [27].

When used as immunotherapy studies have shown
tumour resolution in 81–100% of cases, with a recurrence
rate of 0–9% [8, 35, 67–75]. Kaliki et al. [72] showed that
IFN was effective against pigmented OSSN with a 100%
resolution (average of 2 months treatment) and no recur-
rence over a mean follow-up of 13 months [72]. This is
important in the South African context as the prevalence of
pigmented OSSN is 2% in white patients and up to 53% in
black patients [72]. Surgery has been compared to topical
IFN therapy, and showed similar recurrence rates of 5 and
3% for surgery and IFN respectively (p= 0.08) [8, 76].
Kusumesh et al. [36] compared the efficacy of topical IFN
and MMC. They found a similar response rate of 89 and
92% for IFN and MMC respectively, with only one recur-
rence in the IFN group [36]. They found that MMC resulted
in faster tumour resolution (1.5 months for MMC vs
3.5 months for IFN, p < 0.005) [36]. There was a much
higher rate of side effects with MMC (88%) compared to
IFN (12%), although none were severe or resulted in ces-
sation of therapy [36]. IFN has also been successfully used
in a series with socket involving OSSN, where all cases
avoided the standard of care, exenteration [77].

Topical IFN is well tolerated with minimal side effects
such as conjunctival injection, follicular conjunctivitis,
corneal erosion, corneal ulcer and epithelial microcysts
[27, 35, 65, 67–71, 74]. These side effects are usually mild
and do not result in cessation of treatment [8, 35, 69].
Although it is the best tolerated of the topical therapies
(IFN, 5FU, MMC), it is much more expensive and requires
refrigeration for storage [27, 36, 51, 69]. Once com-
pounded, IFN remains stable for 30 days [25].

Radiotherapy

Radiotherapy can be divided into external beam radiotherapy
(EBRT) and brachytherapy (BT) [78]. Proton and electron
EBRT are favoured in OSSN as they limit radiation exposure
to the tumour and minimise negative effects on the normal
surrounding tissue (cornea, lens and retina) [79]. Several case
reports have demonstrated complete tumour resolution with
minimal side effects in patients with extensive tumours,
including ocular invasion, that would otherwise have under-
gone enucleation [79–81]. In cases with severe orbital inva-
sion, it has been used for palliation [82].

Brachytherapy is used as adjuvant therapy after surgical
excision and is applied directly to the ocular surface after
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epithelial healing is complete [78]. Three main isotopes are
used, including strontium-90 (Sr-90), iodine-125 (I-125)
and ruthenium-106 (R-106) [78]. A large case series in
South Africa used Sr-90 as sole adjuvant therapy after
surgical excision and had a 12% recurrence rate with a
median follow-up of 27 months [83]. They reported dry eye
as the only adverse event [83]. Walsh-Conway et al. [84]
reported favourable outcomes with I-125, with no recur-
rences over a mean follow-up of 23 months. The adverse
events reported in this series included dry eyes, corneal
ulceration and peripheral corneal vascularisation [84].
Lastly, R-106 has been shown to be effective in a French
case series, with no recurrences over a mean follow-up of
48 months [85].

Novel therapies

Photodynamic therapy

Photodynamic therapy uses a combination of a photo-
sensitising agent (verteporfin) and diode laser to produce
oxygen free radicals that result in vascular occlusion that
promotes tumour destruction [86]. In a pilot study it has
caused tumour resolution in 100% of cases that are smaller
than the laser spot size of 5 mm, with no recurrence at a year
[86]. In one patient with a tumour larger than the spot size,
multiple treatments were given, but they did not achieve
complete tumour resolution [86]. There were minor rever-
sible side effects that included chemosis, conjunctival hae-
morrhages and foreign body sensation [86]. Cekic et al. [87]
reported a case of giant OSSN covering 10 clock hours of
the limbus and 50% of the cornea. By using overlapping
spots in the treatment, they had complete tumour resolution
after two treatments with no recurrence with 13 months of
follow-up [87]. There was exposure of bare sclera with
tumour resolution that required a conjunctival autograft
[87]. A limitation to adoption of this modality is the high
cost of the photosensitising agent and limited evidence in
the literrature [86].

Anti-VEGF

Anti-vascular endothelial growth factor (VEGF) has been
used successfully in the treatment of several malignancies
such as colon, rectal and breast cancer [88]. It is also a
frequently used agent in ophthalmology for retinal oedema
and neovascularisation [89]. Subconjunctival anti-VEGF
injections for OSSN have been described in several small
case series, with resolution shown in up to 60% of cases
[88–90]. These series were small and it appears to cause a
reduction in the conjunctival component of tumours, giving
it a possible role as neoadjuvant therapy for tumour

reduction before surgery. One case series describes the use
of topical anti-VEGF therapy, which showed tumour
reduction of both the conjunctiva and corneal components
of the tumour [91]. No significant side effects were reported
in any of these series [88–91].

Cidofovir

Cidofovir is an anti-viral drug with activity against double
stranded DNA viruses [92]. A single case series from
Australia reported resolution of treatment resistant OSSN in
83% of cases treated with topical Cidofovir 0.25% admi-
nistered three times a day for 4–9 weeks [92]. Part of the
rationale of using this drug was that it is effective against
HPV, however, in the series there was only one patient that
tested positive for HPV-16 [92]. Future use of this drug will
need to be examined further in larger studies with longer
follow-up.

EGFR Inhibitors

Epidermal growth factor receptor (EGFR) has been shown
to be overexpressed in squamous cell carcinoma of the head
and neck [93–95]. The level of EGFR expression has also
been correlated with tumour size, stage and recurrence [93].
It has therefore been identified as a possible target for
therapy in OSSN. A case series showed a significant
response to systemic EGFR inhibitors in two elderly
patients with advanced orbital extension of OSSN [95]. A
more recent case report of SCC of the lacrimal sac showed
complete resolution of the tumour with 3 cycles of an EGFR
inhibitor combined with systemic chemotherapy [96].

The high cost of these agents has limited their accessi-
bility and clinical use. Their potential application in OSSN
therapy could be directed to neoadjuvant therapy for large
conjunctival or orbital tumours to reduce surgical morbid-
ity. Future therapies may involve the development of topical
EGFR inhibitors that could be combined with existing
topical therapies such as 5FU and IFN.

Checkpoint inhibitors

The adaptive immune system has the potential to remove
cancer cells through the combined effect of CD4 and CD8
T-cells, and B-cells [97]. In order to maintain checks and
balances in the system, and prevent auto-immune responses,
co-inhibitory receptors are present and act as negative reg-
ulators in an immune response [97]. Two of these regulators
are Cytotoxic T lymphocyte antigen 4 (CTLA4) and Pro-
grammed cell death protein 1 (PD1) [98]. In conditions with
persistent antigen stimulation such as cancer and chronic
infection, these molecules are upregulated to prevent T-cell
exhaustion and modulate the immune response [97]. This
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had led to the development of checkpoint inhibitors,
which block the inhibitory function of CTLA4 and PD1,
allowing the immune system to recognise and eliminate
cancer cells [96].

Esmaeli et al. [96] describe a positive response with
checkpoint inhibitors in patients with advanced SCC in the
periocular region. There may also be benefit in combining
checkpoint inhibitors, as CTLA4 inhibitors upregulate the
expression of PD1, thereby increasing the efficacy of PD1
inhibitors [98]. The disadvantages of these novel systemic
therapies are the cost and side effect profiles [96].

Discussion

OSSN is the most common ocular malignancy. It is tradi-
tionally managed by surgical excision which also provides
tissue for diagnosis. Surgical excision is performed using
the well accepted ‘no touch’ technique popularised by
Shields et al. [6]. This technique aims to remove the mac-
roscopic tumour, while adequate surgical margins increase
the likelihood of removing of any microscopic tumour
extension. Even with this technique, margins may still be
involved with recurrence rates as high as 29% [10]. For this
reason adjuvant therapies have been used to reduce recur-
rence. The most used adjuvant during surgery is cryother-
apy, whereas topical MMC, IFN and 5FU can be used as
adjuvant therapy in the post-operative period once the epi-
thelium has healed. Some centres have used this routinely
for OSSN patients after surgery, where other centres have
only used this when surgical margins are positive on his-
tology [27, 54].

With the advent of less invasive diagnostic modalities such
as AS-OCT and impression cytology, there has been a move
to the use of topical medical agents in the treatment of OSSN.
This is also the treatment of choice when tumour sizes exceed
4 clock hours of the limbus, with the risk of limbal stem cell
failure increasing when excising large lesions with 4mm
margins. The benefit of these therapies is that surgery and its
potential complications are avoided, the entire ocular surface
is treated and convenience. The main disadvantages are the
longer duration of management. There are three options for
topical medical therapy, MMC, 5FU and IFN (Table 1). All
three have similar outcomes in terms of tumour resolution
rates and recurrence. The main differences come with cost,
storage, and side effect profile. MMC and 5FU are cost
effective, whereas IFN is a more expensive option consider-
ing the average duration of treatment is 6 months. 5FU has the
benefit of room temperature storage whereas MMC and IFN
require refrigeration. With a dosing schedule of four times a
day, it may be difficult to keep drops refrigerated in resource
constrained environments. Lastly, IFN has the lowest toxicity
profile of the three followed by 5FU and MMC. Overall, IFN

is the better option when cost is not an issue, but 5FU remains
the best option when considering all three parameters. Long-
term follow up is extremely important as the mean time to
tumour recurrence is mostly within 2 years of resolution
[7, 10, 20, 21, 35, 51, 70].

Radiotherapy is largely reserved as adjuvant therapy for
deep tumour margin involvement (BT) and for palliation
(EBRT) in extensive tumours.

Novel therapies that show the greatest promise are the
EGFR and checkpoint inhibitors. They provide a neoadju-
vant avenue of care for patients that would otherwise need
more extensive surgery. Firstly, they could be used in
patients with large conjunctival masses that extend into the
anterior orbit but retain good vision. Reducing the size of
these masses could allow for globe saving surgical excision.
Secondly patients with invasion beyond the orbit are cur-
rently treated with EBRT aimed at palliation. These agents
have been found to reduce the size of such extensive
lesions, which could make them curable by exenteration
[96]. There are limited reports in the literature using these
agents and the high cost has limited their adoption.

OSSN has the benefit of many diagnostic and therapeutic
modalities. There is no one size fits all in the management
of OSSN. Some patients may need a change or combination
of therapy to achieve resolution. Smaller tumours can be
managed surgically or medically with equal success. Large
tumours are preferentially managed by medical therapy to
reduce surgical morbidity. The most favourable medical
therapy in a developing country is 5FU.

Summary

What was known before

● Surgical excision using the no-touch technique is the gold
standard in the management of ocular surface neoplasia
involving four clock hours or less of the limbus.

● Topical chemo and immunotherapy utilisation has
increased with an important role for managing ocular
surface neoplasia involving more than four clock hours
of the limbus.

What this study adds

● A comprehensive overview of all treatment modalities
for ocular surface neoplasias.

● A review of newer emergent novel therapies.
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