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Abstract
Purpose To assess margins and the rate of local recurrence of ocular surface squamous neoplasia after excision with a 2 mm
margin and cryotherapy at a single ophthalmic oncology center.
Outcome measures (1) Conjunctival margin were assessed as positive, negative, or indeterminate margins. (2) Feasibility of
repair without a graft. (3) Local recurrence.
Methods Retrospective chart review of histologically proven conjunctival intraepithelial neoplasia and invasive squamous
cell carcinoma cases that underwent excision with a 2 mm margin and cryotherapy.
Results Eighty cases met inclusion criteria for the quantitative analysis. The margin was positive in six cases (7.5%), four of
which were treated with post-op topical immunotherapy/chemotherapy. Of the six positive margin cases, there was one
recurrence which occurred in the patient who did not receive post-op topical adjuvant therapy, however resolved after
starting topical treatment. Conjunctival repair without use of a graft was feasible in 74 (93%) cases with a mean basal
diameter of 6.4 mm. Total number of local recurrence was seen in three cases (4%), which were successfully treated with
adjuvant topical treatment (one positive margin case, one indeterminate margin case) or repeat resection followed by
episcleral plaque brachytherapy (one negative margin case).
Conclusion Excision with 2 mm margin of OSSN is not associated with high rates of positive surgical margins. Even those
with positive margins, when treated with adjuvant topical therapy did not develop recurrence. While achieving low rates of
local recurrence, the conjunctiva is conserved, thereby minimizing the need for amniotic membrane or free conjunctival
grafts for conjunctival repair.

Introduction

Ocular surface squamous neoplasia (OSSN) describes the
spectrum of mild ocular surface dysplasia to advanced
intraepithelial dysplasia to invasive squamous cell carci-
noma with extension beyond the basement membrane [1].
Treatment of OSSN ranges from purely surgical resection
to exclusively topical (Interferon (IFN)-2B (injections
or drops), fluorouracil (5-FU) 1%, or mitomycin C

(MMC) 0.04%) to a combination of surgical and topical
therapy [2].

In surgical oncology, tissue margin evaluation following
excision is of paramount importance [3]. Although HIV [4],
ultraviolet light exposure [5], petroleum products [6], heavy
cigarette smoking [6], age [7], male sex [7], and human
papilloma virus [8] are risk factors for OSSN, positive
margin status is the most important factor in predicting
recurrence of OSSN [9]. An array of techniques have been
undertaken to reduce the rate of recurrence by performing
excision using 4 mm margins, adjuvant cryotherapy, and
postsurgical topical therapy [10, 11]. The 4 mm margin was
an attempt to obtain negative margins, however this often
occurred at the expense of a larger conjunctival defect
requiring auto grafts or an amniotic membrane for con-
junctival repair [11–13].

Conversely, a few studies have reported outcomes fol-
lowing excision with variable 2–4 mm margin [10, 14–16].
Although published OSSN recurrence rates vary
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significantly [9–11, 13–20], recent studies from USA
compared to non-USA studies are associated with lower
rates of recurrence as well as fewer invasive squamous cell
carcinoma (SCC) cases compared to conjunctival intrae-
pithelial neoplasia (CIN) [9–11, 13–24]. Yet the margin
status (positive, negative, or indeterminate) that reflects not
only surgical technique but also sample handling, and his-
topathological evaluation following primary excision has
been reported only infrequently [9, 17]. Surgical margin
status is an important outcome measure as it is independent
of the histopathologic grade (CIN vs. invasive SCC) [19],
use of adjuvant therapy (cryotherapy, chemotherapy) [10],
and follow-up duration, all of which influence commonly
reported outcome of recurrence rates.

In efforts to conserve the conjunctiva to facilitate closure
without a graft, we have excised OSSN with narrow (2 mm)
margins using standard surgical techniques. In this study,
we report outcome measures of surgical margin status, the
feasibility of conjunctival closure without a graft, and local
recurrence rates of OSSN, while comparing these results
with the published data.

Methods

We performed a systematic review of literature and identi-
fied published studies from PubMed (National Library of
Medicine) from inception to October 2019. Non-English
papers were excluded. Papers which described primary
excision of OSSN were included in the analysis. Outcome
measures included conjunctival margin status (positive,
negative, or indeterminate margins), feasibility of repair
without a graft and local recurrence. Data regarding corneal
and scleral positive margins were collected, but is not part
of the comparative analysis since the focus of this study is
to evaluate outcomes with 2 mm conjunctival margin.
Values extracted were total number of OSSN cases, pro-
portion of CIN cases, size of surgical margin, margin status,
use of cryotherapy, recurrence rate, and mean/median
follow-up duration. Studies were excluded that did not
contain the outcome values or if exenteration was the pre-
dominant initial treatment. The reviewed literature outcome
data were compared with the current study for statistical
difference with paired t test. Statistically significant was
determined as equal or less than p= 0.05. Descriptive sta-
tistical analyses were performed.

We then conducted a single-center retrospective chart
review of ophthalmic oncology patients who were clinically
diagnosed by slit-lamp evaluation with OSSN at the Cole
Eye Institute of the Cleveland Clinic between 2004 and
2019. Patients were included in the quantitative analysis
who underwent primary excision with a 2 mm margin with

double freeze cryotherapy in all cases and had pathology
proven OSSN. This study protocol was approved by the
institutional review board of the Cleveland Clinic, and
adhered to the ethical principles of the Declaration of Hel-
sinki. Patient files were reviewed for demographic infor-
mation, OSSN characteristics, and initial treatment method
as well as follow-up treatment in cases of recurrence. Cases
were excluded if initial excision was done by a provider
other than senior author (ADS), surgical margins were <2
mm, used topical immunotherapy or chemotherapy alone or
in conjunction with surgery in the setting of negative mar-
gins, or lacked necessary data. For tumors with diffuse
involvement or ill-defined edges, following confirmation of
diagnosis with incisional biopsy, topical therapy was used.
The quantitative data was de-identified.

The details of surgical technique are described else-
where [25, 26], but the key component for a conjunctival
limbal lesion included a sterile field and lid speculum
followed by identifying and measuring the size of con-
junctival lesion up to the edge of the thickened epithelium
as seen through microscope. Using a fine tip ink pen the
incision site was marked 2 mm from the thickened epi-
thelial edge. Bipolar cautery was applied along the
marked edges. The epithelium and stroma were cut down
to sclera with Wescott scissors. The specimen was only
elevated using forceps applied to the margin and not on
the tumor. Then, using a beaver blade, the lesion was
undermined and evaluated for tumor adhesions to the
sclera. If scleral adhesion suggestive of invasion was
present, then 10–30% scleral flap was performed reflect-
ing it toward the limbus. For corneal involvement, an
alcohol epitheliectomy was done by applying absolute
alcohol for 1 min to the involved epithelium with 1 mm
healthy epithelium as a safety margin while rest of the
cornea was protected by viscoelastic. The denatured cor-
neal epithelium was reflected toward the limbus. The
excision was completed by limbal dissection removing the
corneal component and the conjunctival component as a
single piece. Double freeze cryotherapy was applied to
conjunctival edges, but not along limbus. Direct closure
was performed if wound defect was 10 mm or less. In
general, for defects greater than 10 mm an autograph or
amniotic membrane was placed. Special care was taken to
flatten the specimen on round filter paper in order to avoid
curling of the tissue edges. Specimens were inked for
assessment of margins and/or presence of cauterized edge
was indicative of margin when seen on microscopy.
Formalin fixed paraffin embedded tissue with hematoxylin
and eosin staining were classified as conjunctival intrae-
pithelial neoplasia (CIN or Tis) or invasive SCC accord-
ing to the American Joint Committee on Cancer
classification system (8th edition) [27].
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Results

From the literature review, fifteen articles met the inclusion
criteria [9–11, 13–24]. There was one randomized control
trial [24], 14 were observational studies (13 retrospective
cohort studies [9–11, 14–23], and 1 case-control study)
[13]. Of the 15 studies, 7 were from the USA. A total
of 1257 OSSN cases were analyzed in the 15 studies,
979 (78%) were CIN and 278 (22%) were SCC. On
weighted average, 33% of cases had positive margins
[9, 13–17, 19, 21–24]. The average number of indetermi-
nate tumor margin was 5% in two studies [9, 17]. The
application of cryotherapy was variable in each study with
an average use in 42% of cases [9–11, 13–16, 18–22, 24].
The overall weighted rate of recurrence was 19%
[9–11, 13–20]. Of the positive margin cases, recurrence rate
was 31% while it was 14% in excisions with negative
margins [9, 11, 13–15, 17, 19]. The average follow-up time
was 42 months (Table 1). Seven of the studies performed
excision with margins greater than 2 mm beyond the visible
tumor, of which six studies analyzed recurrence showing an
overall weighted rate of recurrence of 15%.

In our study, 80 cases were included in the quantitative
analysis. Thirty-eight cases were excluded (diffuse tumors
without a biopsy [20], topical therapy prior to excision [5],
incomplete data [12], and <2 mm excision margin [1]). Of
the 80 cases, 67 cases were CIN and 13 were SCC (Fig. 1).
Median age at diagnosis was 71 years (range: 36–91), and
mean follow-up time was 24 months. Most OSSN were
located on nasal bulbar limbus (n= 44; 56%), then temporal
(n= 34; 41%), and inferior (n= 2; 2.5%). The predominant

appearance was as a gelatinous lesion (28, 45%), followed
by papillomatous (18, 29%), and then leukoplakic (16,
26%). Vast majority of tumors (73, 91%) were 10.0 mm or
less in largest basal diameter (LBD) (Fig. 2). The patholo-
gical classification was predominately CIN (Tis) (55%)
(Table 2).

The assessment of tissue margins revealed that con-
junctival margins were positive in 6 cases (8%), negative in
69 cases (86%), and indeterminate in 5 cases (6%). Post-
operative topical therapy (immunotherapy or chemother-
apy) was used in four cases with positive margins. Of these
four cases, there was no recurrence. However, one of the
two positive margin cases that were observed developed
recurrence, but resolved after starting topical treatment. The
subset of six positive margins was followed for average of
55 months. Additionally, scleral invasion of SCC was
observed in three cases (4%) unrelated to the six positive
conjunctival margin cases. Episcleral plaque brachytherapy
(Iodine-125) was used in all three cases of scleral invasion.

Of the 80 primary excisions, 74 (93%) were able to
undergo primary closure of the conjunctiva, while 3 (4%)

Table 1 Primary excision of OSSN: comparison with summary data
derived from published studies.

Variable Literature review Current study

Studies
containing data

Mean
(Range)

Mean

Cases of OSSN 15 83 (7–612) 80

Positive margin after
excision

11 33%
(4–80%)

8%

Recurrence with
positive margin

7 31%
(0–24%)

17%

Recurrence with
negative margin

7 14%
(0–22%)

1.5%

Follow-up 13 42 monthsa 24 monthsb

Literature review did not report recurrence with indeterminate margins.
Comparison of recurrence in “unknown” margin status is not
equivalent to indeterminate margins and therefore a comparison was
not made for this category.
aRange for follow-up in literature review was not available.
bMean= 24 months, median= 13.2 months, and range:
0–172 months.

Fig. 1 Flow chart of study selection. Flow chart illustrates the cases
identified, screened for eligibility, and ultimately included in the study
while outlines cases that were excluded.

Fig. 2 Doughnut graph showing tumor size distribution (Color
segments represent the largest basal diameter in mm).
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required amniotic membranes and 3 (4%) free flap auto
grafts. The average LBD of OSSN was 6.4 mm (Table 2).

There were three cases of recurrence. When comparing
with margin status, the recurrence rate was 17% (1/6 cases)
in the positive margin and 1.5% (1/69 cases) in negative
margin group and 20% (1/5 cases) in the indeterminate
group. Case 1 was a papillomatous nasal CIN 3/3 with the
LBD of 5 and 4 mm corneal involvement initially received
MMC 0.04% for four cycles (1 week on, 1 week off) for
chemoreduction and then underwent excision with cryo-
therapy which had positive conjunctival margins (low grade
dysplasia). No topical treatment was initially given, however
once recurrence was detected (28 months later) by anterior
segment (AS)-OCT, patient was then started on IFNα2b 3
million IU/mL injections every 2 weeks with topical IFNα2b
1 million IU/mL. After 2 months, progression was noted
while on IFN and therefore switched to 5-FU 1% drops for
1 week with partial regression. Due to surface toxicity, he
was switched back to IFNα2b 1 million IU/mL for 6 months
to achieve full resolution. There was no recurrence over the
subsequent 3 years of follow-up. Case 2 was a papillomatous
nasal CIN 3/3 with LBD of 5 and 2.5 mm of corneal
involvement which underwent excision with episcleral dis-
section and cryotherapy resulting in negative margins.
Recurrence was seen on AS-OCT 7 months after excision.
Patient was started on IFNα2b 1 million IU/mL topical drops
QID for 4 months, which included 1 month beyond com-
plete resolution by AS-OCT. Patient has not had recurrence
for the past 3.5 years. Case 3 was a leukoplakic nasal SCC
diagnosed clinically and with AS-OCT with a LBD of 8 and
3 mm corneal involvement that underwent excision, scleral
flap, and cryotherapy which had indeterminate tumor
involvement at the conjunctival margins. Recurrence was
detected at slit-lamp 10 months after primary excision. Due
to concern for scleral invasion, repeat excision with scleral
flap was performed. Pathology showed scleral invasion
requiring iodine-125 plaque brachytherapy following which
remains recurrence free at last follow-up (1.5 years).

Discussion

At our center we primarily treat localized OSSN with sur-
gical excision with a 2 mm margins in order to conserve
normal tissue. We additionally apply double freeze thaw
cryotherapy to the conjunctival wound edges as cryotherapy
has been shown to reduce rates of recurrence [16, 28]. Our
approach is supported by equivalent long-term recurrence
rates and complications between topical interferon alpha2b
(INFα2b) drops versus surgery [13]. We acknowledge that
primary topical immunotherapy has an important role
especially in non-discrete or diffuse tumors [29]. We

Table 2 Primary excision of OSSN: baseline characteristics of study
patients (n= 80).

Characteristic N (%)

Age at diagnosis—years (range)

Mean (range) 69 (36–91)

Median (range) 71 (36–91)

Sex

Male 64 (80)

Female 16 (20)

Average time of follow-up (months) 24

<6 months 25

6–12 months 12

12–24 months 19

>24 months 24

Site of OSSN

Nasal 44 (56)

Temporal 34 (41)

Inferior 2 (3)

Clinical presentation (predominant)

Gelatinous 28 (45)

Papillomatous 18 (29)

Leukoplakic 16 (26)

Not classified 18 (29)

Largest basal diameter of OSSN

2.5–5 mm 31 (39)

5.1–7 mm 32 (40)

7.1–10 mm 10 (12)

>10 mm 7 (9)

Conjunctival closure method

Direct closure 74 (93)

Amniotic membrane 3 (4)

Conjunctival autograft 3 (4)

Pathology stage

CIN 1/3 10 (13)

CIN 2/3 13 (16)

CIN 3/3 44 (55)

Invasive SCC 13 (16)

Conjunctival margin status

Conjunctival margin positive 6 (8)

Conjunctival margin negative 69 (86)

Conjunctival margin indeterminate 5 (6)

Other margin status

Corneal margin positive 1 (1)

Scleral margin positive 3 (4)

Adjuvant therapy

Conjunctival margin positive

Surgical excision followed by topical (IFN, MMC, 5FU) 2 (3)

Topical (IFN, MMC, 5FU) 3 (4)

Observe 1 (1)

Scleral margin positive—episcleral plaque brachytherapy 3 (4)

Conjunctival tumor recurrence 3 (4)

Recurrence in positive margin 1/6 (17)

Recurrence in negative margin 1/69 (1.5)

Recurrence in indeterminate margin 1/5 (20)

Clinicopathological characteristics of included patients. Note decimal
rounding with percentages.

IFN interferon alpha2b, MMC mitomycin C, 5FU 5-fluorouracil.
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identified over 3 decades of data evaluating 1257 eyes
which underwent surgical excision with evaluation of sur-
gical margins and/or recurrence rates from review of the
literature. Overall, the published literature showed lower
incidence of SCC than CIN in the USA (15%) compared to
non-USA studies (40%). Additionally, rates of recurrence of
OSSN were lower in the USA (5%; including our study)
than non-USA studies (22%) [9–11, 13–24].

Conjunctival margin assessment

The reviewed literature supports the notion that positive
tissue margins may be the most important factor predicting
recurrence, with 31% occurring in positive tissue margins
and 14% in negative tissue margins [9, 11, 13–15, 17, 19].
Although seven of the reviewed studies reported excision
with a margin >2 mm, the average weighted proportion of
positive margins was 33% in contrast to 8% in our data set
(P < 0.01). This may be due to our surgical technique
wherein we carefully identify the extent of the thickened
epithelium and mark the measured 2 mm clear zone margin
following careful assessment of photos, topographic draw-
ings (to highlight specific details not evident on slit-lamp
photos to guide follow-up changes and detection of recur-
rences), and intraoperative examination, which ensures
accurate dissection. We believe that proper handling of the
excised sample by placement on the filter paper and
spreading of the tissue and unrolling of edges prior to
immersion in fixative are critical for accurate assessment of
the conjunctival margin [12]. Our rate of indeterminate
margins of 6% was comparable to the average rate of 5%
reported in two studies (P= 0.62) (Table 3) [9, 17].

Feasibility of primary repair

In an effort to obtain negative surgical margins and reduce
the rate of recurrence, many have performed wide 4 mm
margins, however this often resulted in a large wound defect
requiring either an amniotic membrane or a conjunctival

autograft to close the defect [11–13]. Reducing surgical area
also is important to reduce the rate of limbal stem cell
deficiency. This study showed that using a 2 mm margin did
not increase the risk of recurrence compared to wider
margins 2–4 mm in size. In addition, due to the smaller
margin (2 mm) we were able to use primary conjunctival
closure in the vast majority of cases (74 [93%]) (Fig. 3) with
only three cases that required auto grafts and three cases
amniotic membranes with excellent ocular surface healing.
The mean LBD of our OSSN cases was 6.4 mm (median
and mode= 6 mm) (Table 2). As an example, an average
size 6 mm LBD limbal OSSN with a 2 mm margin would
result in a 10 mm LBD wound defect in contrast to a 14 mm
wound defect in a 4 mm margin resection. The effects on
the surface area of the surgical defect are even more evident,
wherein the total area (πr2) resected with a 2 mm margin
when comparted to a 4 mm margin would be almost 50%
smaller (79 mm2 vs. 154 mm2, respectively) (Fig. 4).

Local recurrence

There are many variables including histopathologic grade
(CIN vs. invasive SCC) [19], use of adjuvant therapy
(cryotherapy, chemotherapy) [10], and follow-up duration
that can influence recurrence rates making it challenging to
compare recurrence rates between series (Table 3). Surgical
margin status, an important factor predicting recurrence
[9, 11, 13–15, 17, 19], can be an important outcome mea-
sure when comparing surgical techniques. Of the six cases
that were margin positive for OSSN, four were treated with
post-op topical chemotherapy, of which there were no cases
of recurrence. Only 1 of the 2 positive margin cases that
were observed developed recurrence, however resolved
with topical immunotherapy/chemotherapy. We found that
the rate of recurrence of OSSN after primary surgical
resection with 2 mm was 4% compared to the weighted
average of 19% in 12 studies [9–11, 13–20], and 15% in the
six studies that performed surgical margins greater than
2 mm beyond the visible tumor [11, 13, 15, 16, 20, 24]. The

Fig. 3 Ocular surface
squamous neoplasia prior and
postsurgical excision.
Papillomatous conjunctival
intraepithelial neoplasia with
corneal involvement (A) and
postoperative results (B).
Gelatinous conjunctival
intraepithelial neoplasia with
corneal involvement (C) and
post-excision results (D).
Leukoplakic squamous cell
carcinoma (E) and post-excision
results (F).
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recurrence rate was much lower (1.5%, 1/69 cases) with
negative margins compared to positive margin (17%, 1/6
cases) and indeterminate groups (20%, 1/5 cases) again
emphasizing the importance of achieving negative margins.
Each of the three recurrences in our study were successfully
treated with adjuvant therapy. Since the recurrence rate was
high in the indeterminate group (20%, 1/5 cases) and was
comparable to positive margin (17%, 1/6 cases), we
recommend providing adjuvant topical therapy to not only
all positive margins cases but also indeterminate margins
cases. We are unable to compare recurrence rates in the
indeterminate margin group with previous studies because
such classification of margin status has not been reported
and should be distinguished from margin status “unknown”.
The recurrence of OSSN with negative histopathologic
margins can be explained on the basis of “sampling error”
induced by limited number of histopathologic sections of
the sample or microscopic “skip area”. In addition, non-
contiguous recurrence is not likely to be influenced by the
status of the surgical margins.

Limitation

This study included only discreet tumors, which allow for
visualization of the thickened epithelial edge as describe in
the surgical procedure methods that in addition to excision
received cryotherapy. All non-discreet tumors underwent
topical therapy and were not included in this study.
Another limitation is that 4 of the 15 studies did not dis-
close margin status, likewise, 5 of the studies did not
discuss the excised margins measurement. In addition, in
review of literature, recurrence rate was not only influence
by the excised margin size but also use of cryotherapy
(Table 3). However, our results are not surprising given
the findings of a systematic review that concluded the

optimal approach for minimizing the likelihood of disease
persistence or recurrence was primary surgical excision
followed by topical INFα2b for cases with positive sur-
gical margins [30].

In conclusion, excision with 2 mm margin of CIN is not
associated with high rates of positive surgical margins.
While achieving low rates of local recurrence, the con-
junctiva is conserved, thereby minimizing the need for
amniotic membrane or free conjunctival grafts for con-
junctival repair while preserving limbal stem cells. If sur-
gical margins are positive or indeterminate, adjuvant topical
therapy should be considered. All cases with positive
margins that received postoperative adjuvant therapy did
not develop recurrence.

Summary

What was known before

● OSSN has a high incidence of recurrence without
cryotherapy after resection.

What this study adds

● Excision of OSSN with 2 mm margins is not associated
with high rates of positive surgical margins.
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