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Abstract

Purpose—To identify predictors of ocular surface squamous neoplasm (OSSN) recurrence after
surgical resection.

Design—Retrospective case series.

Participants—Three hundred and eighty nine consecutive patients who underwent excisional
biopsy for OSSN lesions at the Bascom Palmer Eye Institute from January 1, 2001, to September
20, 2010

Methods—Review of pathology records and patient charts.
Main Outcome Measures—Identification of factors predictive of OSSN recurrence.

Results—Of 389 excised OSSN lesions, forty-four recurred during follow up. The 1 year
recurrence rate was 10% and the 5 year recurrence rate was 21% with a mean time to recurrence in
those with a recurrence of 2.5 years (standard deviation (SD) 3.4). Using the American Joint
Committee on Cancer (AJCC) clinical staging system, T3 and T2 lesions portended a higher risk
of recurrence compared to T1 (T2/T1: hazard ratio (HR) = 2.05, p=0.04; T3/T1: HR=2.31,
p=0.07). In addition, a /ocation characteristic that increased the risk of tumor recurrence was tarsal
involvement (AJCC T3 stage lesion) (HR=4.12, p = 0.007). Nasal location was associated with a
decreased risk of tumor recurrence (HR=0.41, p=0.008). Pathologic characteristics significantly
associated with tumor recurrence were the presence of positive margins (HR=2.73, p=0.008) and
higher grade lesions (carcinoma in situ and squamous cell carcinoma versus dysplasia) (HR=2.55,
p=0.02). Treatmentwith adjuvant cryotherapy significantly decreased the risk of tumor recurrence
(HR=0.51, p=0.03). In those patients with positive margins, the use of post-operative topical
interferon therapy lowered the recurrence rate to a level similar to that of patients with negative
margins.

Conclusions—Certain patient and tumor factors are associated with a higher risk of OSSN
recurrence after surgical excision, such as tarsal tumor location and positive surgical margins.
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Post-operative adjuvant therapy should be considered in patients with high risk OSSN
characteristics.

Introduction

Ocular surface squamous neoplasia (OSSN) represents a spectrum of disease ranging from
mild dysplasia to invasive squamous cell carcinoma (SCC).1 2 Reported risk factors for
disease include ultraviolet light exposure, fair skin, human papilloma virus (HPV), human
immunodeficiency virus, dysfunctional DNA repair, and cigarette smoking.3-19 Surgical
excision is the predominant treatment modality for OSSN and its approach has evolved with
time. Initially, tumors were removed by simple excision11-13 with the later implementation
of Shields’*no touch” technique and increased surgical margins.1* The theoretical value of
the wide margin “no touch” technique is to avoid the potential risk of seeding and to
increase the likelihood clear margins. Some groups have also reported using a modified
Mohs technique to further ensure tumor free margins.1 16

Intraoperative adjuvant agents including cryotherapyl4 16-19 absolute alcohol4 19, and
mitomycin C (MMC)2%: 21 are now routinely used and the ocular surface is frequently
reconstructed with amniotic membrane instead of primary closure.1® Cryotherapy is applied
to the conjunctival and limbal margins in a “double freeze slow thaw” technique and causes
cellular death through the rupture of cell membranes and alterations in blood vessel
architecture.22 Mitomycin C is an alkylating agent with cytotoxic and antiproliferative
effects that targets rapidly diving cells.23 While it is difficult to compare recurrence rates
between series as most report recurrences as a percentage in patients with variable follow up
times, there is a suggestion that these newer techniques have resulted in decreased tumor
recurrences, 14 16,19, 24

It is important to understand which factors are associated with OSSN recurrence as this
information can help to tailor therapy based on risk. For example, physicians may choose to
employ intraoperative and postoperative adjuvant agents, such as interferon and MMC, in
patients at higher risk of recurrence. However, limited data exists on which patient and
tumor factors predict a more severe disease course. Regarding patient factors, Lee et al
found that those who presented with ocular irritation had a 2.4 fold risk of recurrence after
treatment (95% confidence interval (CI) 1.2-4.8) compared to those without this
complaint.1! Regarding tumor factors, the same group found that higher pathologic grade
(carcinoma in-situ (CIS) versus dysplasia) increased the risk of recurrence by 3.2 fold (95%
Cl 1.4-7.3).11 Data from other groups, however, did not support an association between
grade and recurrence.12 13. 18 positive pathologic margins, on the other hand, have
consistently been shown to increase the risk of recurrence.12: 13

Regarding treatment approaches, few papers have directly compared OSSN approaches to
determine whether certain techniques lead to superior results. This is important as the
physician must consider both the potential benefits of adjuvant agents, such as cryotherapy
and MMC, and their potential side effects. Two case series compared outcomes after
cryotherapy and surgery versus surgical excision alone and while both found a lower risk of
recurrence in patients treated with the combined modality, neither had sufficient sample size
to show a statistically significant difference.1”- 25 Birkholz et al compared the use of intra-
(n=4) or postoperative MMC (n=13) to no MMC (n=15) and found that patients treated with
any MMC had significantly fewer recurrences.29 Over the past 10 years, physicians at the
Bascom Palmer Eye Institute have treated a large number of patients with OSSN and each
has employed his/her own surgical approach to tumor removal. Technical variations in
OSSN treatment have included utilizing a variable surgical margin size, some employing a
“no touch” technique, and variable use of adjuvant agents such as cryotherapy, absolute
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alcohol, and interferon. The aim of this study was to evaluate which patient, tumor, and
treatment factors affected tumor recurrences with the goal of developing an evidence-based,
tailored approach for the treatment of OSSN.

Materials and Methods

Study population

Approval was obtained from the University of Miami Institutional Review Board and the
methods adhered to the tenets of the Declaration of Helsinki and were compliant with the
Health Insurance Portability and Accountability Act (HIPAA). The pathology records of the
Florida Lions Ocular Pathology Laboratory at the Bascom Palmer Eye Institute (BPEI) were
searched for diagnoses containing the words “conjunctival” or “corneal” and “dysplasia,”
“intraepithelial neoplasia,” or “squamous cell carcinoma.” A total of 703 lesions from 612
subjects were identified in our database from January 1, 2001, to September 20, 2010.
Review of patient records revealed that 396 subjects were treated with excisional biopsy at
BPEI. The remaining subjects were either treated at an outside institution (n=179) or
underwent incisional biopsy only (n=37).

Data collection

All lesions had been previously examined by a single experienced ocular pathologist (SRD).
Pathology reports were reviewed for tumor grade, location, and presence at surgical
margins. Corresponding patient records were reviewed for age; gender; self-identified race
(Caucasian, African-American, Asian, mixed, other) and self- identified ethnicity (Hispanic,
non-Hispanic); involved eye; previous history of OSSN lesions; visible lesion location
(tarsal, limbal (with or without corneal involvement), non-limbal conjunctivae, corneal) and
affected quadrant(s) of bulbar conjunctivae (superior, inferior, nasal, temporal); clinical
appearance of the lesion (papillomatous/not, leukoplakic/not, gelatinous/not, flat/nodular);
and size (determined by assuming a corneal dimension of 12 mm x 12 mm and estimating
tumor area as it related to cornea/conjunctivae covered). Furthermore, tumors were staged
based on the American Joint Committee on Cancer (AJCC) clinical staging system.26 A
multifocal lesion was defined as a tumor that had two or more clinically non-connected foci
of disease (Figure 1). A papillomatous lesion was defined as a tumor that had multiple
abnormal blood vessels with fleshy tissue surrounding the blood vessels (Figure 2). A
leukoplakic lesion was defined as one that had a white, keritanized plaque overlying the
tumor (Figure 3). A gelatinous lesion was defined as one that had a smooth, gelatin like
appearance (Figure 4). A nodular lesion was defined as one that had any appreciable
elevation on clinical examination (Figure 5). Charts were reviewed for those descriptive
terms, and if clinical photographs were present, these descriptions were verified.

The use of any pre-, intra-, or post-operative adjuvant treatments, including the use of
cryotherapy, interferon, 5-Fluorouracil (5FU), and MMC, was recorded. Although we were
not always able to determine the exact excisional technique employed by the surgeon, the
use of cryotherapy to the limbal and conjunctival margins in a double freeze slow thaw cycle
was recorded. In patients with multiple tumor recurrences, only first treatment information
was recorded. The main outcome measure was the determination of which patient, tumor,
and treatment approaches influenced the risk of disease recurrence. Disease recurrence was
defined as the appearance of a clinically identifiable tumor in an eye where there was no
identifiable tumor after surgery. This definition likely included patients with a re-growth of
incompletely excised disease and along with patients that had new tumor formation.
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Statistical analysis

Results

All statistical analyses were performed using the SPSS 18.0 (SPSS Inc, Chicago, IL)
statistical package. Frequencies of demographic and clinical variables were calculated for
the group. Uni- and multi-variable Cox proportional hazards analyses were employed to
evaluate for factors associated with disease recurrence. A forward step-wise approach was
used for the multi-variable analysis. Time-to-event curves were generated using the Kaplan-
Meier method.

Demographic and clinical information is listed in Table 1. Patient age ranged from 21 to 99
years (mean 61 years), and males (n=282, 71%) outnumbered females (n=108, 29%). Two-
hundred ninety-seven subjects were white (79%), and 177 self-identified themselves as
Hispanic (47%). Fifty-two had a previous history of OSSN (16%). The right eye was
affected in 196 cases (50%).

Regarding treatment, an excisional surgical approach was undertaken in all cases. Two-
hundred seventy four patients had concomitant cryotherapy to the surgical margins at the
time of tumor removal (69%). Pre- or post-operative adjuvant therapy with interferon, 5FU,
or MMC was employed in 110 patients (28%). Table 2 details the treatment information of
patients who received adjuvant medical therapy before or after surgery. Of 396 OSSN
lesions, 7 lesions were inexcisable, leaving 389 lesions available for the outcome analysis.
Of those, forty-four recurred during follow up. Using Kaplan Meier survival analysis, the 1
year recurrence rate was 10% and the 5 year recurrence rate was 21% (Figure 6). The mean
time to recurrence in those with a recurrence was 2.5 years (standard deviation (SD) 3.4).
Mean follow up was 23.4 months (SD 28.0, range 0.1-166.1 months).

Predictive factors of tumor recurrence on univariable analysis are listed in Table 3. With
regards to AJCC classification, 201 lesions were classified as T1 (tumor <5 mm in greatest
dimension), 140 were classified as T2 (tumor >5 mm in greatest dimension, without
invasion of adjacent structures), 36 were classified as T3 (tumor invades adjacent structures,
excluding the orbit) in light of tarsal or corneal involvement, and 4 were classified as T4
(tumor invades orbit with or without further extension). No tumors had nodal or metastatic
involvement at presentation (i.e. all were NOMO). Larger size (T2) and involvement of
adjacent structures (T3) had a higher risk of recurrence compared to smaller size lesions
(T1) (p-value =0.04) (Figure 7).

The only patient factor associated with an increased risk of tumor recurrence was a previous
history of OSSN (hazard ratio (HR) 2.32, p = 0.03). Location characteristics that increased
the risk of tumor recurrence were superior location (HR=3.33, p = 0.003) and tarsal
involvement (HR=4.12, p = 0.007). Nasal location was associated with a decreased risk of
tumor recurrence (HR=0.41, p=0.008). A tumor characteristic predictive of increased
recurrence was papillomatous appearance (HR=1.95, p=0.04). A foci of OSSN within a
clinically diagnosed ptergyium was associated with a decreased risk of tumor recurrence
(HR=0.38, p=0.047). A pathologic characteristic significantly associated with tumor
recurrence was the presence of positive surgical margins (HR=2.73, p= 0.008). No
association was noted between tarsal involvement and positive pathologic margins (p-
value=0.23), as there was no statistically significant difference in the percent of specimens
with positive pathologic margins in eyes with (63% of 11) and without (45% of 307) tarsal
disease.

When considering histological grade as a 5 stage categorical variable (SCC, CIS, severe
dysplasia, moderate dysplasia, and mild dysplasia), there was a suggestion of increasing risk
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with increasing grade. When analyzing pathologic grade using two categories: severe (CIS
and SCC) versus less severe (mild, moderate, and severe dysplasia), higher pathologic grade
was found to be a significant predictor of recurrence with a 2.6 increased risk of tumor
reappearance (95% CI 1.18-5.53, p=0.02).

Treatment with adjuvant cryotherapy significantly decreased the risk of tumor recurrence
(HR=0.51, p=0.03) (Figure 8). At one year, the recurrence rate was 13% in the no
cryotherapy group as opposed to 8% in those who received cryotherapy. At 5 years, the
recurrence rate was 31% in the no cryotherapy group as opposed to 16% in those who
received cryotherapy. In those patients with positive margins, the use of post-operative
topical interferon therapy lowered the recurrence rate to a level similar to that of patients
with negative margins (Figure 9). Patients who received post-operative interferon eye drops
used the medication for a median of 62.5 days (range 2—-385 days).

In a multivariable Cox proportional hazards analysis evaluating all factors significant in the
univariable analysis, tarsal involvement was the strongest predictor of recurrence (HR 5.7
95% CI 1.8-17.8, p=0.003) followed by positive pathologic margins (HR 3.8, 95% CI 1.5-
9.9, p=0.006). Nasal location portended a decreased risk of tumor recurrence (HR 0.36, 95%
Cl 0.14-0.93, p=0.04) as did the use of adjuvant cryotherapy at the time of surgery (HR
0.44, 95% C1 0.20-0.97, =0.04). In a multivariable model including the condensed
classification of grade (CIS/SCC versus dysplasia), higher grade remained a significant
predictor of recurrence while positive pathologic margins did not remain significant. In our
series of patients with excisable tumors, none developed intra-ocular extension, nodal
spread, metastasis, or cancer related mortality during the follow up period.

Discussion

Our series is the largest to date to evaluate the patient, tumor, and treatment factors that
predict OSSN recurrence after excisional removal. We found that tarsal involvement (i.e.
AJCC T3 stage) and positive pathologic margins were the strongest predictors of clinical
recurrence. Furthermore, higher grade lesions (CIS and SCC) portended an increased
recurrence risk over dysplasia grade lesions. The importance of adequate surgical margins
has been demonstrated in previous studies with increased recurrence rates in those with
incompletely excised tumors.12: 13 This data also confirms earlier suggestions that
cryotherapy reduces the risk of recurrence. Our data compares favorably to that of Yousef
and Finger, who similarly demonstrated that higher AJCC stage and higher pathologic grade
were associated with an increased risk of tumor recurrence.?’

Our current approach to OSSN removal includes taking out the tumor using a “no-touch”
technique with 3-4 mm margins, applying absolute alcohol to the limbus for 1 minute, and
using a double-freeze thaw cycle of cryotherapy at the limbus and conjunctival margins. Our
data suggest that post-operative interferon use may decrease recurrence rates in patients with
positive pathologic margins. As an extension of this finding, we advocate considering
adjuvant interferon therapy in patients at high risk for recurrence after surgery, namely in
those with positive margins, tarsal involvement and recurrent disease. Our preferred
approach is to prescribe two months of topical interferon (1 million units/ml) four times
daily in such patients. The advantage of topical interferon is that it is a very benign treatment
with minimal side effects.28 There are economic implications to this recommendation,
however, as the average cost of treatment is approximately $225/month and many insurance
companies do not cover this off-label medication. Furthermore, the medication is not
commercially available and must be obtained from select compounding pharmacies. As
MMC was not routinely used intra- or post-operatively by our physicians, we were not able
to evaluate its utility as an adjuvant agent in the management of OSSN. While Birkholz et al

Ophthalmology. Author manuscript; available in PMC 2013 October 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Galor et al.

Page 6

found that its use resulted in significantly fewer recurrences??, we favor the use of topical
interferon as an adjuvant agent in high risk cases due to its more favorable side effect
profile,28-30

Interestingly, other tumor factors, including papillomatous appearance and superior location
were univariably associated with increased recurrence risk, although these factors did not
remain significant in the multivariable analysis. One may postulate that these two findings
are linked to HPV infection, the role of which is still being elucidated in OSSN. Scott and
Karp found HPV DNA and mRNA (subtypes 16 and 18) in 10 OSSN specimens (100%) but
not in 5 controls or in clinically uninvolved conjunctiva (P < 0.001).3 Other studies,
however, did not replicate these findings with some reporting no HPV in affected tissue32-34
and others reporting lower rates of HPV detection.3>: 36 As superiorly located lesions have
less ultraviolet-B light (UVB) exposure, a known factor in OSSN development5, other
factors, like viral presence, may drive the development and aggressiveness of tumors in this
location. Similarly, HPV lesions are thought to manifest themselves in papillomatous-like
patterns. A limitation of this study, however, is that data on HPV presence was not available
for the majority of patients.

Our findings must be interpreted bearing in mind the limitations of this study. This includes
its retrospective nature and non-randomized treatment algorithms, including variability in
the post operative application of interferon. Furthermore, our main outcome measure of a
clinical recurrence likely represents both re-growth of remaining cancer cells and the
development of new cancers. Finally, due to its retrospective review, the effect of certain
surgical variations, such as “no-touch” technique and the size of surgical margin, could not
be assessed as this information was not easily discernable from the medical records. Our
study strength, however, lies in the large number of patients with information available for
review. In conclusion, we found that several clinical and pathologic factors were associated
with OSSN recurrence. Furthermore, our data supports using cryotherapy at the time of
surgical removal and employing post-operative topical interferon in patients at higher risk
for tumor recurrence. As such, this is the first study to show that topical interferon can be
used as a post-operative adjuvant and may decrease the risk of recurrence in those with
positive margins to the level of patient with negative margins on pathology. These findings
can help clinicians stratify patients with OSSN in terms of recurrence risk, and provides an
evidence-based treatment approach to OSSN.
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Figure 1.
Slit lamp photograph of a multifocal ocular surface squamous neoplasia demonstrating two
foci of tumor, one at 6 and one at 9’oclock.
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Figure 2.
Slit lamp photograph of a papillomatous ocular surface squamous neoplasia demonstrating
multiple abnormal blood vessels surrounded by fleshy tissue.
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Figure 3.
Slit lamp photograph of a leukoplakic ocular surface squamous neoplasia demonstrating a
white, keritanized plaque overlying the tumor.
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Figure4.
Slit lamp photograph of a gelatinous ocular surface squamous neoplasia demonstrating a
smooth, gelatin like appearance.
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Figure5.
Slit lamp photograph of a nodular ocular surface squamous neoplasia demonstrating
significant elevation.
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Figure6.
Kaplan Meier survival curve demonstrating the recurrence rate of ocular surface squamous
neoplasia (OSSN) over time.
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Kaplan Meier survival curve demonstrating an increased recurrence rate of ocular surface
squamous neoplasia (OSSN) in patients with higher clinical stage American Joint
Committee on Cancer (AJCC) tumors (T3 and T2 compared to T1).

Ophthalmology. Author manuscript; available in PMC 2013 October 01.




1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuei\ Joyiny Vd-HIN

Galor et al.

Percent with tumor recurrence

Page 16

100
80
60~
40
l-m--&-t---t--ﬁ-t-—-
- — e p=0 03
==t
o s et
’ )
20 :
0—
I I 1 1 I I I I I
0 1 2 3 4 5 6 7 8
Time (years)
- Adjuvantcryotherapy = No adjuvantcryotherapy
Figure8.

Kaplan Meier survival curve demonstrating a decreased recurrence rate of ocular surface

squamous neoplasia (OSSN) in patients treated with adjuvant cryotherapy.
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Kaplan Meier survival curve demonstrating a trend towards a decreased recurrence rate of
ocular surface squamous neoplasia (OSSN) in patients with positive pathologic margins who
were treated with topical interferon therapy after surgery.
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Demographic and clinical information in patients with ocular surface squamous neoplasia treated by

Table 1

excisional biopsy at Bascom Palmer Eye Institute

Number of eyes/patients

396

Age (years), mean [SD]

61 [16]

Gender, male n [%]

282 [71%]

Race, white n [%]
black n [%]

297[79%]
47[12%]

Ethnicity, Hispanic n [%)]

177 [47%)]

Involved eye, right n [%]

196 [50%]

History of OSSN n [%]

52 [16%)]

n=number of individuals in group; OSSN= ocular surface squamous neoplasia; SD=standard deviation
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Treatment information in patients with ocular surface squamous neoplasia treated by excisional biopsy who

Table 2

received medical therapy either before or after surgery.

Medical therapy after
excisional surgery

Medical therapy before
excisional surgery

Medical therapy given, n [%]
Interferon drops
Interferon injections
Mitomycin C
5-FU

85 [77%)]
67 [81%]
7 [50%]
7 [50%]
1[33%]

25 [23%)]
16 [19%]
7 [50%]
7 [50%]
2 [67%]

n=number of individuals in group; 5-FU= 5-fluorouracil
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Table 3

Univariable Cox Proportional Hazards analysis of factors predictive of ocular surface squamous neoplasia
recurrence

Univariable

HR 95% ClI p-value

Patient factors
Age 1.15 | 0.93-1.43 0.19
Gender: Male (n=279) /Female (n=110) 2.13 | 0.95-4.81 0.07
Race: Black (n=46) /White (n=292) 1.16 | 0.48-2.78 0.74
Ethnicity: Hispanic (H) (n=173) /NH (n=201) 0.77 | 0.41-1.42 0.40
Recurrent OSSN (n=51) /primary tumor (n=263) 2.32 | 1.08-4.99 0.03

Size of OSSN 1.00 | 1.00-1.00 0.39

AJCC Classification 2.05 | 1.04-4.04 0.04
T2(n=140)/T1 (n=201) 2.31 | 093577 | 0.07
T3(n=36) /T1 (n=201)

Location of OSSN
Temporal (n=159) /Not temporal (n=227) 1.82 | 0.99-3.36 0.06
Inferior (n=84) /Not inferior (n=302) 1.29 | 0.66-2.53 0.45
Superior (n=28) /Not superior (n=358) 3.33 | 1.51-7.37 0.003
Nasal (n=210)/Not nasal (n=176) 0.41 | 0.21-0.79 0.008
Tarsal (n=10) /Not tarsal (n=370) 412 | 1.46-11.6 0.007

Corneal onlyf; (n=27)/Not corneal only (n=337) 1.02 | 0.98-1.02 0.98

Multifocal (n=17)/Not multifocal (n=370) 2.04 | 0.73-5.73 0.18
Appearance of OSSN
Papillomatous (n=124)/Not papillomatous (n=255) 1.95 | 1.03-3.67 0.04
Nodular (n=283)/Not nodular (n=100) 1.09 | 0.55-2.14 0.81
Leukoplakia (n=215)/No leukoplakia (n=162) 0.88 | 0.47-1.65 0.70
Gelatinous (n-240)/Not gelatinous (n=139) 0.90 | 0.47-1.71 0.75
In pterygium (PTG) (n=16) /not in PTG (n=368) 0.38 | 0.00-46.3 0.047
Pathological findings
Grade: Moderate CIN/mild CIN 0.58 | 0.10-3.45 0.55
Severe CIN/mild CIN 1.24 | 0.21-7.44 0.81
CIS/mildCIN 1.95 | 0.46-8.24 0.36
SCC/mild CIN 2.93 | 0.62-13.8 0.18
Multifocal (n=31)/unifocal (n=356) 1.21 | 0.43-3.41 0.71
Margins: Positive (n=146)/Negative (n=175) 273 | 1.30-5.74 0.008
Treatment

Initial surgery (n=280) /surgery after medical therapy (n=24) | 0.34 | 0.15-0.77 0.009

Adjuvant therapy (n=109) /none (n=280) 1.81 | 0.99-3.30 0.05

Cryotherapy (n=271) /none (n=118) 0.51 | 0.28-0.93 0.03

*
Tumors could involve more than one quadrant, e.g. a tumor that involved the temporal and superior bulbar conjunctivae would be represented
both in the temporal and the superior location category.
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No conjunctival involvement appreciated on clinical examination.

HR = hazard ratio; HR greater than 1 signifies increased risk of tumor recurrence; n=number in each group; Cl=confidence interval;
CIN=conjunctival intraepithelial neoplasia; CIS= carcinoma
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