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ABSTRACT

Background: Ocular Surface Squamous Neoplasia (OSSN) represents a range of conditions
from epithelial dysplasia to invasive carcinoma. Recent advancements in OSSN management
have incorporated topical pharmacological agents as alternatives or complements to surgical
interventions. This systematic review summarizes the current documentation on the efficacy,
safety, and recurrence rates associated with various OSSN therapeutic modalities.
Methods: A systematic literature search was conducted across PubMed, ScienceDirect,
SpringerLink, and Google Scholar to locate primary studies published between 2019 and
2024 investigating OSSN therapies. Eighteen out of the 292 initially identified articles were
selected. The data extracted included therapy type, clinical outcome, and adverse effects.
Results: Topical administration of interferon alfa-2b (IFNα2b) had a high efficacy, low 
toxicity, and low recurrence rate. The combination of IFNα2b and 5-fluorouracil (5-FU)
achieved complete tumor resolution without recurrence for up to 16 months. Mitomycin-C
and 5-FU were effective; however, these options were associated with higher local toxicities
than those produced by IFNα2b or combination of IFNα2b and 5-FU. Surgical excision 
was identified as crucial for extensive or invasive lesions, with recurrence contingent on 
margin status and adjuvant therapy. An individualized therapeutic approach based on lesion
characteristics and patient condition was strongly emphasized.
Conclusions: Current OSSN management favors safe, effective, non-surgical therapies.
Topical IFNα2b was identified as a preferred modality due to its optimal efficacy and safety
profile. Combination therapies and long-term surveillance are critical for minimizing 
recurrence, while the tailoring of treatment strategies to specific tumor characteristics and
patient conditions is essential for achieving superior outcomes.
Keywords: ocular surface squamous neoplasia, Interferon alfa-2b, 5-fluorouracil, Mitomycin
C, topical therapy

INTRODUCTIONINTRODUCTION

Ocular Surface Squamous Neoplasia (OSSN) is a neoplasm of the ocular 
surface originating from the squamous epithelium of the conjunctiva, limbus,
and cornea. The term encompasses a spectrum of lesions ranging from mild
dysplasia and Conjunctival Intraepithelial Neoplasia (CIN) to invasive Squamous
Cell Carcinoma (SCC) (1). OSSN is the most common epithelial tumor of the 
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ocular surface and timely diagnosis and treatment is
required to prevent a serious negative impact on visual
function. Although the disease predominantly affects
older adults, males, and people with prolonged 
exposure to ultraviolet radiation, OSSN has been
observed in younger patients, particularly immuno­
compromised individuals, such as HIV/AIDS patients or
organ transplant recipients (2).

The incidence of OSSN varies globally depending on
geographic factors, environmental exposure, and
genetic predisposition. The condition has a high 
prevalence in developing countries, where it is often
associated with intense ultraviolet (UV) radiation 
exposure, limited access to eye care services, and
delayed diagnosis (1). In addition to UV exposure, 
infection with human papillomavirus (HPV), particularly
types 16 and 18, and mutations in the tumor suppressor
gene p53 have been identified as significant carcino­
genic factors. Furthermore, immunosuppression due to
HIV infection or iatrogenic causes accelerates the 
progression of OSSN lesions toward more aggressive
and invasive forms (3).

OSSN can present with highly variable clinical 
manifestations, ranging from flat lesions resembling
pterygium to prominent, vascularized nodular tumors.
Accurate diagnosis often requires histopathological 
confirmation via biopsy; however, imaging modalities
such as Anterior Segment Optical Coherence
Tomography (AS­OCT) are increasingly utilized as non­
invasive diagnostic tools to delineate lesion margins and
assess lesion depth (4).

The management of OSSN has evolved considerably
over the past decades. Traditionally, surgical excision
using the “no­touch” technique combined with adju­
vant cryotherapy has been the primary treatment
modality. However, the subclinical margins and high
postoperative recurrence rates observed with this
approach have prompted the exploration of non­
surgical alternatives (2). Topical pharmacologic 
therapies such as interferon alfa­2b (IFN­α2b), mito­
mycin C (MMC), and 5­fluorouracil (5­FU) have 
demonstrated high efficacies in tumor resolution,
albeit with varying toxicity profiles (5). IFN­α2b can
induce tumor regression with minimal side effects;
therefore, this treatment it an ideal first­line therapy,
especially for patients with small lesions or a high risk of
surgical complications (6,7).

A global consensus on the optimal management
algorithm for OSSN has yet to be established, although
various therapeutic options are available. Recent 
studies have compared the efficacy of monotherapy to
that of combination therapy, analyzed the advantages

of primary versus adjuvant treatment, and investigated
the ideal duration of therapy to prevent long­term
recurrence. This literature review was conducted to
summarize the scientific evidence on OSSN manage­
ment published during the past five years, focusing on
therapeutic efficacy, adverse effects, recurrence rates,
and clinical considerations in modality selection. This
knowledge is intended to assist clinicians in the formu­
lation of individualized treatment strategies based on
current evidence and patient­specific characteristics. 

MATERIALS AND METHODSMATERIALS AND METHODS

This study is a systematic literature review 
evaluating recent studies on the management of
OSSN. The research was conducted based on the 
principles of evidence­based medicine, adheres to the
Preferred Reporting Items for Systematic Reviews and
Meta­Analyses (PRISMA) framework (8­10), and is
registered in the Prospective Register of Systematic
Reviews (PROSPERO) under registration number
CRD420251058042.

Literature Search Strategy

A systematic literature search was conducted using
four electronic databases: PubMed, ScienceDirect,
SpringerLink, and Google Scholar. Specific search terms
were employed, using the following combination of key
phrases: "Ocular Surface Squamous Neoplasia" AND
(management OR treatment OR therapy).

Each database was searched independently, and
the results were screened according to predefined
inclusion and exclusion criteria. In addition, the 
reference lists of selected articles were reviewed to
identify other relevant studies. The final database
search was conducted on 9 February 2024.

Inclusion criteria  

The inclusion criteria for this review comprised
studies that discussed the management of OSSN
through surgical, topical, or combined therapies; 
were published within the last five years (2019­2024); 
written in English; available in full­text format; and 
classified as primary research, including clinical trials,
observational studies, and case reports. 

Exclusion criteria 

The exclusion criteria encompassed articles written
in languages other than English and studies that were
not available in full text; irrelevant to OSSN manage­
ment; or classified as narrative reviews, editorials, 
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commentaries, conference abstracts, or experimental
studies conducted on animals or in vitro.

Study Selection and Data Extraction

A total of 292 initial articles were identified across
the four databases. After removing duplicates (n=134),
158 studies were screened based on title and abstract.
From this process, 89 full­text articles were assessed for
eligibility, and 18 met the inclusion criteria for further
analysis. The article selection process is illustrated in
the PRISMA flow diagram (fig. 1).

Data from the selected studies were manually
retrieved using a structured extraction form. The
extracted information included author names, year of
publication, study location, study design, sample size,
type of therapy administered (topical, surgical, or 
combination), level of evidence (according to the 2011
Oxford Centre for Evidence­Based Medicine), clinical
outcome (resolution rate, duration of therapy, and
recurrence), and reported adverse effects.

Data Extraction and Synthesis

Two reviewers independently carried out the

extraction process, and the other authors verified the
accuracy of the retrieved information. Any differences
were resolved by consensus among all four authors. In
accordance with PRISMA 2020 guidelines, the data
were synthesized integratively and summarized in both
tables and narrative text.

RESULTSRESULTS

A total of 18 studies met the inclusion criteria after
screening 292 initial records. Design spanned retro­
spective cross­sectional studies, cohort analyses, case
series, and systematic reviews. Therapeutic approach­
es included surgical excision (often with adjuvant
cryotherapy), topical pharmacotherapy (interferon
alfa­2b [IFNα2b], mitomycin­C [MMC], 5­fluorouracil
[5­FU]), combined regimens (particularly IFNα2b plus
5­FU), and novel procedural options such as laser.

Topical IFNα2b demonstrated high tumor control
rates of up to 95% with recurrence between 0­7% 
during mean treatment durations of 3­6 months. 
The IFNα2b+5­FU combination achieved complete
resolution with no recurrences during follow­up of up
to 16 months. Surgical excision with negative margins

Figure 1 - PRISMA diagram 
for systematic review search
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Table 1 - Summary of Recent Clinical Research Results on the Effectiveness of OSSN Therapy

Author, Year Study Design Age Sample Size Type of Therapy Study Findings

Bowen et al., Systematic Review - a The mean age at The study included Primary excision of OSSN excision with a 2 mm margin and cryotherapy 
2021 (14) single-center diagnosis among 80 cases in the OSSN with 2 mm showed a very low recurrence rate when margins were

retrospective study participants quantitative analysis. margins and negative (1.5 %), but recurrence increased to 17 % with
was 71 years, adjuvant cryotherapy. positive margins and 20 % with indeterminate margins.
ranging from All patients with positive margins who received adjuvant
36 to 91 years. therapy (IFNα2b, MMC, or 5-FU) experienced no 

recurrence. Mean follow-up duration: 42 months.

Kozma et al., Systematic Review Not specifically A total of 159 patients, Topical Topical pharmacotherapy (IFN, MMC, 5-FU) demonstrated 
2022 (5) stated; varied aggregated from the pharmacotherapy comparable efficacy and tolerability to surgical excision. 

across the included studies and surgical excision Recurrence was reported at approximately 10 % for both
included studies treatment modalities. While surgical excision offered faster

lesion resolution, it was associated with a higher recur-
rence rate (24–50 %). No significant difference in overall
recurrence was observed. The duration of pharmacological
therapy ranged from several weeks to months.

Mirzayev et al., Retrospective Cross- Participant age A total of 112 eyes Surgical excision Surgical excision combined with adjuvant cryotherapy
2019 (2) sectional ranged from 22 from 112 patients produced better outcomes compared to excision alone.

to 87 years,  The mean follow-up duration was 20.1 months.
with a mean age  Cryotherapy was effective in reducing recurrence, 
of 63.7 years particularly during follow-up periods ranging from less

than 6 months to more than 24 months.

Mercado et al., Retrospective Cross- Participant age A total of 41 patients, Surgical and medical No difference in recurrence rates was observed between
2019 (17) sectional ranged from 42.8 including 22 who (topical IFNα2b drops) surgical therapy and topical IFNα2b treatment. The study

to 86.5 years, received IFNα2b eye primarily focused on quality of life (QoL) outcomes.
with a mean age drops and 19 who Duration of therapy and follow-up were not specified.
of 64.6 years underwent surgical 

treatment

Höllhumer et al., Observational Non- Not specifically The study included Surgical excision, OSSN treatment was tailored according to lesion size:
2020(18) randomized reported 180 participants adjuvant cryotherapy, surgical excision with cryotherapy or topical 5-FU ±

and 5-fluorouracil retinoic acid. Complete resolution was achieved in 90-96
(5-FU) % of cases. IFN was considered the safest agent, MMC

the most toxic, and 5-FU the most cost-effective.
Recurrence was managed with repeat 5-FU treatment or
radiotherapy. Follow-up duration ranged from 3 to 24
months.

Shields et al., Retrospective Cross- Participant age The study included 64 Topical IFNα2b Topical IFNα2b monotherapy was effective in 95 % of
2021(6) sectional review ranged from 30 cases, with specific monotherapy patients. Recurrence occurred in 7 % of cases. The

to 97 years inclusion criteria of average duration of therapy was 3.7 months for flat
primary treatment tumors and 6.3 months for dome-shaped tumors. Mean
using topical IFNα2b follow-up was 22–23 months. No adjuvant therapies
monotherapy only were administered.

Rodriguez et al., Cohort Participant age The study included 38 Laser Laser photocoagulation for OSSN showed a notable
2021(16) ranged from 40 patients photocoagulation failure rate, particularly when lesions failed to respond

to 83 years, with after three sessions. Some patients with recurrence sub-
a mean age of sequently underwent excision, topical chemotherapy, or
65.5 years subconjunctival IFN injections. Follow-up duration: 12

months.

Meel et al., Retrospective Cross- Participant age A total of 27 OSSN Interferon alfa 2b Of the cases reviewed, 56 % were recurrent, and 75 %
2021(15) sectional review ranged from 10 cases were reviewed (IFNα2b) of those had previously undergone surgical excision.

to 80 years to assess treatment Topical IFNα2b was effective, achieving complete
outcomes regression in 80 % of cases. Non-responders were 

treated with 5-FU. Median follow-up duration: 24 months.

Ghaffari et al., Retrospective Cohort Patient age 92 OSSN tumors from Interferon alfa-2b IFNα2b was administered topically, with surgical
2021(7) ranged from 92 patients  excision performed if resolution was not achieved. No

26 to 91 years recurrences were reported. Duration of therapy until
response: 4 months. Follow-up duration: 13.57 months.

and adjuvant therapy produced recurrence rates as
low as 1.5%, while recurrence rose to 17–20% with
positive or indeterminate margins. MMC and 5­FU
were effective but consistently associated with higher
ocular surface toxicity compared with IFNα2b.

In addition to these conventional strategies, newer
reports highlighted rapid remission of extensive
corneal surface neoplasia with topical interferon thera­
py (24), as well as successful management of recurrent

or nodulo­ulcerative variants using combined surgical
and adjuvant approaches (25,26).

The characteristics of the studies included in this
systematic review are presented in table 1.

DISCUSSIONDISCUSSION

A deeper understanding of the biological behavior
of tumors and the emergence of safer and more 
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effective non­surgical therapies have resulted in 
considerable advancements in the management of
OSSN through effective surgical and/or topical pharma­
cologic approaches. Traditional surgical interventions,
such as excision using the “no­touch” technique 
combined with adjuvant cryotherapy, have long been
the standard of care, particularly for large or invasive
lesions (2). However, the limitations of surgery in
addressing subclinical tumor margins have driven the
adoption of topical therapies as both alternative and
adjuvant treatments.

Interferon alfa­2b (IFNα2b), an immunomodulatory
agent, is increasingly employed as a first­line therapy
for OSSN due to its favorable toxicity profile and high
efficacy in reducing recurrence rates (6). Topical
IFNα2b monotherapy has been shown to achieve a

tumor control rate of up to 95 %, with no significant 
differences in efficacy based on tumor configuration.
Sripawadkul et al. (2022) corroborated these findings
by reporting a post­treatment OSSN recurrence rate of
7 %, with a cumulative recurrence rate of 3.1 % after
five years (11).

Compared to other chemotherapeutic agents such
as mitomycin C (MMC) and 5­fluorouracil (5­FU),
IFNα2b has a milder side effect profile. While MMC has
shown resolution rates of up to 100 %, it is frequently
associated with severe local complications, including
epithelial toxicity, hyperemia, toxic keratitis, punctal
stenosis, and even limbal stem cell deficiency (12). As a
result, MMC is often reserved for refractory OSSN cases
or used as an adjuvant therapy following surgery under
strict supervision.

Table 1 - Cont’d

Author, Year Study Design Age Sample Size Type of Therapy Study Findings

Geng et al., Retrospective Cross- Participant age The study involved 26 Combination of topical The combination therapy of topical IFNα2b and 5-FU
2022 (13) sectional ranged from 22  patients (27 eyes) IFNα2b and 5-FU was effective, with no recurrences reported (0 %).

to 83 years, with clinically diagnosed with Complete resolution was achieved within 3 to 11 weeks.
a mean age of OSSN by two corneal Duration of IFN therapy ranged from 8 to 15 weeks; 5-FU 
63.9 years specialists using slit- was administered in 1 to 3 cycles. Follow-up duration:

lamp biomicroscopy 16.1 months.

Sripawadkul Retrospective Cross- Participant age 143 eyes from 138 Interferon α-2b eye Topical IFNα2b was associated with a 7 % recurrence
et al., 2022 sectional ranged from 29 patients drops rate, with higher recurrence observed in HIV-positive
(11) to 97 years patients. The average duration of therapy was 4.8

months, and the mean follow-up was 44 months. 
MMC and 5-FU were reported to have higher toxicities 
compared to IFN.

Sun and Hua, Retrospective Case Mean patient age Six eyes (one each from Perilesional sub- Subconjunctival 5-FU injection was effective, with no
2019 (19) Series Review was 58.5 years, five male patients and conjunctival injection recurrence observed in 5 out of 6 patients. Duration of

with an interquartile one female patient) of 5-fluorouracil therapy: 13 weeks. Follow-up period: 13 months.
range of 53.0 to (5-FU)
75.3 years

Sun and Hua, Retrospective Case Participant age Six eyes (one each Perilesional sub- Subconjunctival 5-FU (mean of 17 injections over 13 
2020 (12) Series Review ranged from 54 from five male patients conjunctival injection weeks) resulted in complete resolution with no relapse

to 69 years, with and one female patient) of 5-fluorouracil (5-FU) during a 3-year follow-up period.
a mean age of 
62.3 years at 
baseline

Zhang et al., Retrospective Case 61, 73, and 86 Three male patients Interferon alfa-2b (IFN), In patients with atopic disease, IFN therapy was
2019 (3) Report review years with a mean age of  5-fluorouracil (5-FU), associated with a high recurrence rate. Following IFN

73 years, all diagnosed and mitomycin-C failure, patients were treated with 5-FU, with most
with OSSN and a history (MMC), depending  showing clinical improvement. All three cases
of atopic disease with on individual case  experienced recurrence within 3 months after IFN
ocular manifestations presentation treatment.

Lossada et al., Case Report 54 years 1 patient Topical IFN-α-2β Topical IFNα2b administered over 6 months resulted in 
2019 (20) complete tumor regression with no recurrence during a
3-year follow-up. The patient was monitored every 6 months using 

conjunctival impression cytology.

Yadav et al., Case Report 73 years 1 patient Perilesional interferon “No-touch” excision combined with cryotherapy was
2020 (21) alfa-2b (IFNα2b) followed by a perilesional injection of IFNα2b (3 million

injection IU). No recurrence was observed, and the wound healed
completely within 8 weeks. Follow-up duration: 6 months.

Galvis et al., Case Report 53 years 1 patient Subconjunctival The combination of topical and subconjunctival IFNα2b
2022 (22) (3.0 million IU weekly) was effective, with no recurrence reported for up to 85

and topical (1.0 million months (over 7 years). No significant adverse effects
IU/mL four times daily) were observed.
interferon alfa-2b

Nuruddin et al., Case Report 60 years 1 patient Pegylated interferon- The patient had previously failed MMC therapy due to
2022 (23) alfa-2a (peg-IFNα-2a) severe side effects. Following administration of 

peg-IFNα2a, the lesion resolved within 12 weeks, with
no recurrence observed during a 6-month follow-up.
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Meanwhile, 5­FU has been proven effective in the
treatment of OSSN, both topically and via perilesional
injection. Geng et al. (2022) reported that the combina­
tion of topical IFNα2b and 5­FU resulted in high tumor
resolution rates with no recurrence observed during
the follow­up period of 16.1 months. This combination
was well­tolerated, caused no significant irritation,
more cost­effective, and did not require the special
storage conditions necessary for IFNα2b or MMC;
therefore, this option is an attractive therapeutic 
alternative, particularly in developing countries (13).

Topical IFNα2b remains a cornerstone in the 
medical management of OSSN, consistently demon­
strating high resolution rates with minimal side effects
compared to MMC or 5­FU. Recent studies confirm its
broader applicability, including rapid remission in
extensive lesions (24). The combination of IFNα2b and
5­FU has further strengthened medical therapy
options, achieving complete resolution without recur­
rence during medium­term follow­up, and proving 
particularly relevant in resource­limited settings.

Bowen et al. (2021) used surgical excision with a 2
mm margin combined with adjuvant cryotherapy to
yield favorable outcomes, with a recurrence rate of 1.5
% in patients with negative margins, compared to 17–
20 % in those with positive or unclear margins (14).
These findings highlight the importance of strict margin
control and underscore the critical role of adjuvant
therapy in preventing tumor recurrence. A study by
Kozma et al. (2022) supported these observations by
reporting that topical therapy exhibited a recurrence
rate comparable to surgical excision ­ approximately 
10 % ­ but with a lower risk of complications (5).

Despite these advances, surgical excision continues
to hold a crucial role for large or invasive lesions, espe­
cially where margin control can be achieved. The stark
difference between recurrence rates in negative versus
positive/indeterminate margins highlights the impor­
tance of meticulous technique. In addition, newer
reports of nodulo­ulcerative and recurrent variants
(25,26) emphasize the importance of individualized,
multimodal approaches that combine surgical and
pharmacologic strategies.

In recurrent cases, combination therapy has proven
to be more effective than monotherapies. Meel et al.
(2021) reported that 56 % of the OSSN cases in their
study were recurrences, and most of these involved
prior surgical excisions. The administration of primary
immunotherapy with IFNα2b followed by topical
chemotherapy in cases of incomplete regression 
prevented the need for re­excision and provided long­
term tumor control (15).

HIV­positive patients demonstrated higher recur­
rence with IFNα2b therapy, suggesting the need for
closer follow­up and potential use of combination reg­
imens. Patients with atopic disease showed early recur­
rence after IFN therapy, requiring alternative strategies
such as 5­FU or MMC. Emerging insights into the genet­
ic and epigenetic landscape of OSSN may explain inter­
individual variability in treatment response and recur­
rence, suggesting a potential role for molecular stratifi­
cation in future therapeutic algorithms (27).

Other alternative therapies explored by Rodriguez et
al. (2021), such as laser photocoagulation, perilesional
bevacizumab, and cidofovir, remain in the exploratory
phase and cannot yet be recommended as standard
treatments due to limited long­term clinical evidence
(16). However, in cases of large or refractory OSSN,
viable options may include radiotherapy modalities such
as plaque brachytherapy and proton beam therapy (16).

Overall, the choice of OSSN therapy largely depends
on tumor size and location, degree of invasion, patient
immune status, availability of medical facilities, and
patient preferences. IFNα2b appears to offer the most
balanced profile in terms of efficacy and safety, while
MMC and 5­FU remain strong alternatives under 
specific clinical circumstances. Long­term follow­up is
crucial for the early detection of recurrence and the
assessment of ensuing outcomes associated with each
therapeutic modality (11).

Clinicians should consider topical IFNα2b as first­
line therapy for limited lesions, escalate to IFNα2b+5­
FU for suboptimal responders or cost­sensitive con­
texts, reserve MMC for refractory disease with careful
toxicity monitoring, and employ surgery for invasive
cases with adjuvant support. Long­term follow­up
remains essential to monitor recurrence and late com­
plications. Collectively, these contemporary studies
(24,25,26,28) emphasize that the therapeutic land­
scape of OSSN is rapidly evolving, and clinicians should
integrate both clinical evidence and emerging molecu­
lar data to optimize patient outcomes.

Limitations

The limitations of this study include the restricted
temporal scope (2019­2024), which may have resulted
in the exclusion of some essential foundational research
or long­term follow­up data for understanding evolving
therapeutic trends and the sustained efficacy of 
established treatments. In addition, considerable 
heterogeneity was observed among the included 
studies regarding patient demographics, lesion charac­
teristics, specific treatment protocols (e.g., dosage,
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duration, surgical techniques), and outcome­reporting
methodologies. This heterogeneity precluded a robust
meta­analysis and limited both the direct comparability
and generalizability of the synthesized results. In 
addition, the predominance of observational or retro­
spective study designs, along with a paucity of head­to­
head randomized comparative trials, caused an increase
in the inherent risks of selection bias and confounding,
thereby weakening the evidence supporting definitive
therapeutic recommendations. Finally, the potential for
publication bias and the varied and often limited follow­
up durations reported in several studies restrict the
thorough assessment of long­term recurrence rates
and sustained safety profiles that are key considera­
tions for a condition such as OSSN, which is known for
its potential for late relapse.

CONCLUSIONSCONCLUSIONS

This review indicated that the management of
OSSN has undergone considerable advancements over
the past five years, with topical therapies such as 
interferon alfa­2b (IFNα2b) proving to be an effective
and safe primary treatment option. Furthermore, 
the combination of IFNα2b with agents such as 
5­fluorouracil (5­FU) has shown promising clinical out­
comes with low recurrence rates. Although surgical
therapy remains an important option, particularly in
invasive cases, strict margin control and the use of
adjuvants are required to reduce the risk of relapse.
The clinical relevance of these findings highlights the
importance of an individualized therapeutic approach
based on lesion characteristics and patient conditions,
as well as the necessity for long­term follow­up to 
prevent recurrence and complications.
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