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ABSTRACT
The gold- standard treatment for ocular surface squamous 
neoplasia (OSSN) has traditionally been surgical excision 
with wide margins and a no- touch technique. However, 
surgery may be associated with several unfavourable 
sequelae, as well as significant recurrence rates if margins 
are positive. In recent years, topical chemotherapy with 
5- fluorouracil, interferon α−2b and mitomycin C have 
emerged as valuable agents capable of effectively treating 
OSSN with varying adverse effects. These medical 
treatment options usually present additional costs to the 
patient but can allow patients to avoid surgery with fewer 
long- term effects. Anterior segment high- resolution optical 
coherence tomography is an excellent tool for diagnosing 
and monitoring OSSN and can be a useful aid for both 
surgical and medical treatments of OSSN.

INTRODUCTION
Ocular surface squamous neoplasia (OSSN) is 
the most common non- pigmented malignancy 
of the cornea and conjunctiva and represents 
a group of disease including dysplasia, 
corneal and conjunctival intraepithelial 
neoplasia and squamous cell carcinoma.1 2 
The primary treatment for OSSN has gener-
ally been surgical excision with a no- touch 
technique, but surgical treatment has been 
associated with sequelae including conjunc-
tival scarring, symblepharon, conjunctival 
hyperaemia and limbal stem cell deficiency.2–5 
In recent years, medical treatments consisting 
of topical chemotherapies have emerged as 
valuable alternatives to surgical intervention. 
These topical treatments have the advantage 
of treating the entire ocular surface, reaching 
subclinical disease that could otherwise cause 
up to 56% recurrence rates following surgical 
excision with resultant positive margins.6 
Another recent development is the advance-
ment of anterior segment high- resolution 
optical coherence tomography (HR- OCT) 
technology. HR- OCT is an excellent tool 
for diagnosing and monitoring OSSN as 
it provides fast, noninvasive, and high- 
resolution imagery of the ocular surface.

SURGICAL MANAGEMENT OF OSSN
Surgical excision has long been the gold- 
standard treatment for OSSN. Surgical 

management has the advantages of potentially 
faster resolution than medical treatment. 
However, surgery can be associated with 
up to 56% recurrence rates with resultant 
positive margins, requiring further treat-
ments.6 Additionally, surgical excision has 
been associated with unfavourable sequelae 
such as conjunctival scarring, symblepharon, 
conjunctival hyperaemia and limbal stem cell 
deficiency.2–5 As such, patients and physicians 
should consider both medical and surgical 
approaches to treatment and balance their 
respective advantages and disadvantages.

Technique
The primary method of surgical excision for 
OSSN is the Shields ‘no- touch’ technique 
with wide margins (figure 1).7 Intraoperative 
cryotherapy is helpful, as studies have shown 
that this significantly reduces recurrences 
after surgical excision.8

Wide margins of 3–4 mm are marked around 
the visible edges of the tumour. For tumours 
with limbal and corneal components, corneal 
epitheliectomy is performed by applying 
absolute alcohol for 1 min. The lesion is 
then excised in one piece. Special attention 
is paid to manipulate only at the marked 
margins and to keep the surgical field dry 
to prevent potential seeding of tumour cells. 
For adherent tumours, a 20% sclerectomy is 
recommended. Cryotherapy is performed in a 
double freeze- slow thaw method on conjunc-
tival margins of the excised area, as well as 
the limbus and cornea if the margins extend 
thus far. Closure of the wound with amniotic 
membrane tissue and fibrin glue is preferred 
but may also be completed with primary close 
if the wound is small. In this case, it would 
be a two- layer closure with Tenon’s fascia first, 
then conjunctiva.

Surgical excision of OSSN is effective, but 
excisions with positive margins may cause 
up to 56% recurrence rates.6 However, 
more recent studies have found lower recur-
rence rates of 0%–21% following surgical 
excision.8–10 One study of 27 lesions used 
intraoperative cryotherapy on only some 
cases and post- operative topical mitomycin C 
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(MMC) in all cases and saw a 0% recurrence rate.10 A 
larger study of 389 excised lesions found a 1- year recur-
rence rate of 10% and a 5- year recurrence rate of 21% 
after surgical excision; it also found that intraoperative 
cryotherapy significantly reduced the risk of recurrence, 
as did postoperative topical interferon (IFN) α−2b for 
patients with resultant positive margins.8

Expert opinion
While the advent of effective topical chemotherapies 
may reduce the need for surgical management of OSSN, 
surgery continues to be a good choice for many cases. 
Surgery is an effective treatment for OSSN, often with a 
shorter overall treatment period than medical treatment. 
Additionally, insured patients may have significantly less 
out- of- pocket expenses with surgical treatment than with 
medical, as most available topical chemotherapies are 
generally not covered by insurance. Regardless, many 
patients may favour medical treatment to avoid the stress 
and discomfort many associate with surgery; as such, 
patients should be given the choice between medical and 
surgical treatment when appropriate.

MEDICAL MANAGEMENT OF OSSN
Since the 1990s, several topical chemotherapies have 
emerged as efficient medical treatment options for 
OSSN. These offer the benefit of treating the entire 

ocular surface, theoretically addressing subclinical 
disease that could be left untreated by surgery. The three 
most commons options—5- fluorouracil (5FU), IFN−2b 
and MMC—are all effective with have different side effect 
profiles and costs that should be carefully considered.

5-fluorouracil
5FU is an anticancer drug that interrupts DNA replica-
tion and cell growth.2 11 It was first used to treat OSSN 
by de Keizer et al and has reemerged as an effective treat-
ment for these lesions.12

5FU is generally used as topical eye- drops in 1% concen-
tration and is administered in ‘cycles’ of four times a day 
for 1 week, followed by 3 weeks of no medication, with 
cycles repeated until resolution2 13–15 (figure 2). Studies 
have shown 5FU to be very effective in treating OSSN, 
with high- resolution rates of 82%–100% and low recur-
rence rates of 10%–14%.13–16 5FU has also been used 
as subconjunctival and perilesional injections to treat 
OSSN; however, the evidence is limited and this requires 
further study.17

Side effects of 5FU are generally mild and well toler-
ated. These may include pain, tearing, redness, eyelid 
oedema and keratopathy.14 One study of 44 patients 
reported that 61% experienced at least one side effect, 
but only one patient could not tolerate 5FU and discon-
tinued it.15 Topical 5FU eye- drops have minimal side 
effects compared with other chemotherapies such as 
MMC.13 14

Topical eye- drops of 1% 5FU must be compounded 
and may be safe to store at room temperature; however, 

Figure 1 (A) Leukoplakic OSSN on cornea and conjunctiva 
with marked 4 mm margins. (B) Incision at marked margins 
with special care to manipulate only at or outside the 
margins. (C) Due to adherence of the lesion to the sclera, 
an approximately 20% sclerectomy under area of lesion 
was performed. (D) Orientation of excised lesion on sterile 
paper to be sent for pathological analysis. (E) Application of 
absolute alcohol on corneal area of excised lesion, followed 
by (F) corneal epitheliectomy. (G) Double freeze- slow thaw 
cryotherapy on conjunctival and corneal margins of the 
excised lesion. (H) Application of two layers of amniotic 
membrane tissue (AMT) bonded with fibrin glue over area 
of sclerectomy and excision. (I) In this case, the conjunctiva 
was mobile and a double closure with conjunctiva over AMT 
was performed. OSSN, ocular surface squamous neoplasia.

Figure 2 (A) Slit lamp photo of the left eye demonstrating 
an ocular surface squamous neoplasia with gelatinous 
features on the temporal aspect of the conjunctiva and 
limbus (arrow heads). (B) High- resolution anterior segment 
optical coherence tomography image of the inferior temporal 
conjunctiva and limbus demonstrating a thickened and 
hyper- reflective epithelium (asterisk) and an abrupt transition 
between normal and abnormal epithelium (arrowhead). Inset 
denotes anatomical location of scan. (C) Slit lamp photo of 
the left eye after 2 months (two cycles) of topical 5- fluoruacil 
treatment with clinical tumour resolution. (D) High- resolution 
anterior segment optical coherence tomography image of 
the inferior temporal conjunctiva and limbus demonstrating 
tumour resolution with thin, normalised epithelium (asterisk) 
after 2 months (two cycles) of topical 5- FU treatment. 
Empiric treatment was continued for the full four cycles. Inset 
denotes anatomical location of image. 5- FU, 5- fluorouracil.
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we recommend refrigeration.15 18 19 It is relatively inex-
pensive when compared with other topical treatments 
for OSSN, costing about US$50 per cycle at our insti-
tution and often less in other countries. Because it is a 
compounded medication, most insurers generally do not 
cover it and patients must pay out of pocket.

Expert opinion
Topical 5FU is an excellent treatment option for OSSN. It 
is highly effective, easy to administer, minimally toxic and 
relatively inexpensive. Although it is associated with some 
unfavourable adverse effects, these can be minimised 
with proper precautions. Patients should be advised to 
lubricate liberally with preservative- free artificial tears 
throughout the course of treatment to prevent toxicity to 
the ocular surface. They may also be prescribed topical 
corticosteroids to use as needed for short- term relief of 
irritation. Additionally, they may be instructed to occlude 
the punctum briefly after applying the medication to 
minimise the risk of punctal stenosis. Applying petro-
leum jelly to the lower eyelid skin may also prevent skin 
irritation and toxicity. In the USA, 5FU is significantly 
less costly than both IFN and MMC. This should be taken 
into consideration as it is generally not covered by insur-
ance because it is a compounded medication and is thus 
an additional expense for patients.

IFN α-2b
IFNs are naturally occurring proteins produced by 
immune cells and have antiviral, antimicrobial and anti-
neoplastic properties.3 20 21 They have been used to treat 
a variety of diseases, including cutaneous cell carcinoma, 
hepatitis, cervical intraepithelial neoplasia, Kaposi’s 
sarcoma, melanoma, hairy cell leukaemia, renal cell 
carcinoma and follicular lymphoma.21–26IFN α−2b was 
first used to treat OSSN in 1994 and has since become 
one of the most commonly used topical chemotherapies 
for OSSN (figure 3).27

IFN can be used as topical eye- drops, subconjunctival 
perilesional injections, or both.28 29 Both forms have 
shown great success in treating OSSN, with topical eye- 
drops having 81%–100% resolution rates and injections 
having 87%–100% resolution rates.14 28–33 IFN eye- drops 
also have remarkably low recurrence rates ranging from 
0% to 4%.16 31 33 34

As topical eye- drops, IFN is usually compounded in 
a 1 million international units (MIU)/mL solution and 
used four times per day until resolution and then at 
least 1–3 months after resolution.2 One study compared 
a 1 MIU/ml dosage to a 3 MIU/ml dosage and found 
no significant difference in outcomes between the two.35 
IFN injections can be given as 3 MIU in a .5 mL solution, 
administered once a week29 or 10 MIU in 0.5 mL given 
monthly.34

Topical IFN eye- drops are very well tolerated by patients 
and generally have no side effects.30 31 Injections of IFN 
are also well tolerated, but patients typically experience 

mild flu- like symptoms for about 24 fours following the 
injection.28

Like 5FU, topical IFN eye- drops must be compounded 
and are not typically covered by insurance, thus presenting 
an additional cost to the patient. IFN has become signifi-
cantly more expensive in the USA, at around US$800 per 
month, although it may be less costly in other countries. 
We recommend refrigeration of IFN eye- drops as well. 
Injections of IFN are typically covered by insurance.

Expert opinion
IFN is highly effective and has essentially no side effects, 
making it an ideal choice for topical chemotherapy 
for OSSN. Its major drawback is the cost, as it can be 
much more expensive than 5FU and MMC in the USA. 
Additionally, it is becoming increasingly difficult to 
obtain. However, it may be much less costly and easier 
to obtain in other countries. Furthermore, it must be 
used four times a day consistently until tumour resolu-
tion, so patient compliance is vital for tumour response. 
For patients who may have issues with maintaining the 
treatment regimen for topical IFN eye- drops, clinic- 
administered subconjunctival injections may be a good 
alternative. However, patients must commit to weekly or 
biweekly clinic visits. This option reduces patient respon-
sibility, has tolerable side effects, has been proven to be 
effective, and is generally covered by insurance in the 
USA. We recommend patients take 1 g of acetamino-
phen at the time of injection and every 4 hours for the 
next day to help with the flu- like symptoms associated 
with IFN injections.

Figure 3 (A) Slit lamp photo of the right eye demonstrating 
an ocular surface squamous neoplasia with papilliform 
features on the temporal aspect of the conjunctiva and 
limbus (arrow). (B) High- resolution anterior segment optical 
coherence tomography image of the temporal conjunctiva 
and limbus demonstrating a thickened and hyper- reflective 
epithelium (asterisk) and an abrupt transition between 
normal and abnormal epithelium (arrowhead). Inset denotes 
anatomical location of scan. (C) Slit lamp photo of the right 
eye 4 months after topical interferon α−2b 1 MIU/mL four 
times daily with clinical tumour resolution. (D) High- resolution 
anterior segment optical coherence tomography image of 
the temporal conjunctiva and limbus demonstrating tumour 
resolution with thin, normalised epithelium (asterisk) after 
4 months of topical interferon α−2b treatment. Inset denotes 
anatomical location of scan. MIU, million international unit.
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Mitomycin C
MMC is an antimetabolite originally isolated from Strep-
tomyces caespitosus.3 Its antineoplastic and antibiotic 
properties make it useful in glaucoma and pterygium 
surgery; it is also used as an adjuvant therapy in OSSN 
excision surgery and for medical treatment of OSSN.2 36–38 
MMC was first used to treat OSSN by Frucht- Pery and 
Rozenman and is one of the three major topical chemo-
therapies for OSSN.39

MMC is generally used in the form of topical eye- 
drops in strengths of 0.02–0.04%3 (figure 4). One study 
compared 0.02% and .04% strengths and found no differ-
ence in time to resolution or recurrence rates among the 
two.37 MMC is also very effective, with high resolution 
rates ranging from 76% to 100% and low recurrence 
rates ranging from 0% to 20%.16 37 40–44

Many different administration regimens of MMC have 
been studied; we recommend MMC in 4 week cycles of 
0.04% four times a day for 1 week, followed by 3 weeks 
of no treatment, with cycles repeated until resolution. 
Others may use MMC with shorter breaks or longer 
consecutive days of treatment.16 19 40–46

The main drawback of MMC is the intensity of its side 
effects. MMC has more adverse effects than IFN and 5FU; 
these include redness, itching, tearing, pain, corneal 
erosion, hyperaemia, punctate staining of cornea, punctal 
stenosis and limbal stem cell deficiency.16 37 40–44 46 47 In 
order to alleviate these effects and prevent severe toxicity, 
patients are commonly instructed to use steroids and arti-
ficial tears throughout the course of treatment.16 46 MMC 
should be paused with any epitheliopathy, as this can 

lead to more toxic effects and intolerance. Additionally, 
punctal plugs are used to prevent punctal stenosis.42 44

As with IFN and 5FU, MMC is a compounded medi-
cation and is generally not covered by insurance. It is 
typically less costly than IFN but more expensive than 
5FU, costing around US$100–US$190 in the USA, but 
may be less expensive elsewhere. We recommend refrig-
eration of MMC.

Expert opinion
While it is very effective for OSSN, its propensity for 
causing ocular surface toxicity and other serious adverse 
effects is much greater than 5FU or IFN. Patients using 
MMC should be carefully monitored for signs of toxicity. 
They should be advised to lubricate liberally with 
preservative- free artificial tears throughout treatment, as 
epitheliopathy can lead to intolerance and limbal stem 
cell deficiency. We wait until the eye is white and quiet 
before starting the next cycle, as treatment when epithe-
liopathy is present can lead to unwanted toxicity. Punctal 
occlusion is also recommended, and silicone punctal 
plugs may be a good option to achieve this. Applying 
petroleum jelly to the lower eyelid skin is recommended 
to reduce skin irritation and toxicity. Additionally, 
patients may be given topical steroids to minimise ocular 
surface irritation.

ANTERIOR SEGMENT HR-OCT
OCT is an excellent technology for imaging various parts 
of the eye. OCT produces two- dimensional imagery of 
optical scattering by using low- coherence interferom-
etry.48 Although its first in vivo use was for the retina in 
1993,49 it was soon after used to capture in vivo images 
of the anterior segment in 1994.50 Over time, OCT has 
advanced from time- domain, to spectral- domain, to 
current swept- source technology capable of producing 
ultrahigh resolution imagery of the anterior segment.51 
Today, available OCT technology is capable of producing 
imagery with high resolutions of 3.5–5 μm or less.52 53

HR- OCT is highly useful for detecting and monitoring 
several pathologies of the cornea and conjunctiva, such 
as OSSN (figures 2–4),54 pterygia and pingueculae,55 dry 
eye disease,56 Fuchs’ dystrophy57 and more. It provides 
fast, noninvasive and high- resolution imaging of the 
ocular surface that can be easily interpreted by novice 
clinicians.58

HR- OCT is particularly valuable for diagnosing and 
managing OSSN. On HR- OCT, OSSN can be identi-
fied as thickened, hyper- reflective epithelium with an 
abrupt transition from normal to abnormal tissue.54 
Additionally, one study showed that HR- OCT can detect 
subclinical OSSN in 17% of cases that were determined 
to be resolved clinically.59 Thus, HR- OCT is especially 
useful for monitoring progression of OSSN treatment 
with topical chemotherapy.

HR- OCT can also potentially be useful for surgical 
treatment of OSSN. One recent pilot study used HR- OCT 
during surgical excision of OSSN as an ‘optical Mohs’ to 

Figure 4 (A) Slit lamp photo of the left eye demonstrating 
an ocular surface squamous neoplasia with leukoplakic 
and opalescent features on the temporal aspect of the 
conjunctiva and limbus. (B) High- resolution anterior segment 
optical coherence tomography image of the temporal 
conjunctiva and limbus demonstrating a thickened and 
hyper- reflective epithelium (asterisk) and an abrupt transition 
between normal and abnormal epithelium (arrowhead). 
Inset denotes location of scan. (C) Slit lamp photo of the 
left eye after three cycles of topical mitomycin C treatment 
with clinical tumour resolution. (D) High- resolution anterior 
segment optical coherence tomography image of the 
temporal conjunctiva and limbus demonstrating tumour 
resolution with thin, normalised epithelium (asterisk) after 
3 weekly cycles of topical mitomycin C 0.04% treatment. 
Inset denotes anatomical location of scan.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jophth.bm
j.com

/
B

M
J O

pen O
phth: first published as 10.1136/bm

jophth-2021-000842 on 27 July 2021. D
ow

nloaded from
 

http://bmjophth.bmj.com/


5Alvarez OP, et al. BMJ Open Ophth 2021;6:e000842. doi:10.1136/bmjophth-2021-000842

Open access

predict the margins of the tumour to be excised.51 Such 
use of HR- OCT may further reduce the risk of recurrence 
after surgical excision of OSSN and may become more 
common in the future.

Expert opinion
HR- OCT is a valuable tool for the diagnosis and manage-
ment of OSSN. HR- OCT allows the physician to identify 
OSSN, track the progression of treatment and check 
for recurrences during follow- up. It can also help find 
tumour margins during surgical excision. In subtle cases, 
OSSN can be difficult to detect when present with other 
ocular surface pathologies such as pannus, pterygia, 
pinguecula and scarring. As such, HR- OCT serves as an 
‘optical biopsy’. It is fast, non- invasive and presents virtu-
ally no discomfort to the patient. Recent models offering 
ultrahigh resolution offer impressive visualisations of 
OSSN and other lesions. It should be noted that OSSN 
occurring on the cornea may appear less thickened than 
conjunctival OSSN, but usually also show the other classic 
features of hyper- reflective epithelium and abrupt transi-
tion from normal to abnormal tissue.

CONCLUSION
While surgical excision has traditionally been the gold- 
standard treatment for OSSN, topical chemotherapies 
are now available as valuable and effective alternatives. 
These medical treatments offer the advantage of treating 
the entire ocular surface and can avoid some of the 
unfavourable sequelae associated with surgery. However, 
their various side effect profiles, need for compliance 
and financial implications should be taken into account 
by the patient and physician. Additionally, advanced 
HR- OCT technology can complement both medical 
and surgical treatments. HR- OCT can aid the physician 
in diagnosing OSSN, monitoring it throughout medical 
treatment and detecting subclinical disease. Future inte-
gration with operating microscopes will potentially allow 
the surgeon more accurately mark the margins of the 
tumour to be removed, hopefully further reducing the 
risk of recurrence.
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