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Abstract

Purpose—Treatment for ocular surface squamous neoplasia (OSSN) has historically been

surgery, but non-surgical interventions are increasingly employed. Treatment with interferon is

efficacious, but evidence is needed regarding recurrence and complication rates in comparison to

surgery. The objective of this study is to compare the recurrence and complication rates of surgical

versus interferon treatment for OSSN.

Design—A matched, case-control study.

Participants—Ninety eight patients with OSSN, 49 of whom were treated with interferon alpha

2b (IFNα2b) therapy and 49 of whom were treated with surgical intervention.

Methods—Patients with OSSN were treated with surgery versus IFNα2b therapy, either in

topical or injection form. Median follow up after lesion resolution for the IFNα2b group was 21

months (range 0–173 months) and for the surgery group was 24 months (range 0.9–108 months).

Main outcome measure—The primary outcome measure for the study was the rate of

recurrence of OSSN in each of the treatment groups. Recurrence rates were evaluated using

Kaplan-Meier survival analysis.

Results—Mean patient age and gender were similar between the groups. There was a trend

toward higher clinical American Joint Committee on Cancer tumor grade in the IFNα2b group.

Despite this, the number of recurrences was equal at 3 per group. The one year recurrence rate was

5% in the surgery group versus 3% in the IFNα2b group (p=0.80). There was no statistically

significant difference in the recurrence rate between the surgically and medically treated groups.

Non-limbal location was a risk factor for recurrence (hazard ratio 8.96), in the entire study

population. In patients treated successfully, the side effects of the two treatments were similar,

with mild discomfort seen in the majority of patients in both groups. There was no limbal stem
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cell deficiency, symblephara, or diplopia noted in either group. Two patients were excluded from

the IFNα2b group due to intolerance to the medication.

Conclusion—No difference in the recurrence rate of OSSN was found between surgical versus

IFNα2b therapy.

Ocular surface squamous neoplasia (OSSN) is a term that encompasses a spectrum of

epithelial squamous malignancies, ranging from dysplasia to invasive carcinoma. It

represents the most common non-pigmented tumor of the ocular surface. Risk factors for

this disease include human immunodeficiency virus (HIV)1, 2, ultraviolet light exposure3, 4,

exposure to petroleum products5, heavy cigarette smoking5, age6, and male gender6. Human

papilloma virus (HPV) has also been implicated in the pathogenesis of OSSN, although its

role remains controversial.7–11

Traditional treatment for OSSN involves excision alone with a no-touch technique.12

However, there is likely microscopic disease beyond the edge of the clinically-identified

lesion, and the frequency of recurrence with excision alone has been reported to be as high

as 56%.13 Even with clear margins on pathology specimens, recurrences of up to 33% have

been reported.13 As a result, adjuvant therapies are often performed with excision, including

cryotherapy or topical chemotherapy, with reduction in the rates of recurrence.14–16

Tumor excision does, however, carry risks of limbal stem cell deficiency and symblephara

formation. In order to potentially avoid these risks and treat the entire ocular surface,

medical treatment alone has increased in popularity.17 Chemotherapeutic agents used for

treatment of OSSN include mitomycin-C, 5-fluorouracil, and interferon-alpha-2b (IFNα2b),

all of which have been shown to be effective.16–24 In particular, topical IFNα2b has gained

appeal for OSSN treatment because of its minimal toxicity.25, 26

Interferons are naturally occurring glycoproteins that are released by various types of

immune cells and activate effector proteins by binding to the cell surface of their targets.

Interferons have antiviral, antimicrobial, and antineoplastic activities.27 Their role as

antineoplastic agents is thought to be secondary to a combination of anti-proliferative, anti-

angiogenic, and cytotoxic effects, as well as through a possible enhancement of the host

antitumor surveillance mechanism.28 Systemic interferon-alpha has been used in treatment

for hairy cell leukemia, follicular lymphoma, Kaposi’s sarcoma, renal cell carcinoma, and

other malignancies.29, 30 With respect to OSSN, interferon has been used in a recombinant

form, IFNα2b, both topically as a drop and as a subconjunctival/perilesional

injection.20, 21, 31

Although several studies have been performed to evaluate recurrences after medical

treatment, there is limited direct and long term comparison in the literature of recurrence

rates between surgical and medical therapy. Therefore, when choosing treatment for

patients, physicians are limited to theoretical advantages, personal experience, and patient

preferences. An understanding of the recurrence rates and complications of treatment with

surgery or medical therapy is important in determining which treatment should be

recommended to individual patients. Such information is also valuable in the discussion of

the specific risks of each treatment. We therefore performed a case-control study of patients
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with OSSN treated with surgery or IFNα2b in order to compare the recurrence rates and

complications of these treatments.

Methods

This study was approved by the institutional review board of the University of Miami, and

the methods adhered to the tenets of the Declaration of Helsinki and were compliant with the

Health Insurance Portability and Accountability Act. The design was a retrospective,

matched, case-control study. The medical records of 98 patients, who presented with OSSN

to the Bascom Palmer Eye Institute between 01/1997 to 11/2011 and who received either

surgery or IFNα2b treatment with complete resolution of the tumor, were reviewed.

Twenty-seven of the medically treated and all of the surgically treated patients were

subgroups of previously reported cases.20, 21, 25,32 These patients were included in the

current study in order to obtain the most comprehensive follow up times for evaluation of

recurrence rates.

Patients treated with IFNα2b were selected by a screening of the Bascom Palmer Eye

Institute (BPEI) pharmacy database. Patients were included if they had OSSN and were

treated with IFNα2b as the primary treatment for their lesion. Patients were excluded from

the analysis if their OSSN did not successfully resolve with medical therapy or excisional

biopsy, as the primary outcome of this study was to evaluate recurrence rates between the

two modalities. Of the 61 patients identified, 49 met the criteria for inclusion. Of the 12

excluded patients, 6 failed treatment with IFNα2b or were lost to follow up prior to possible

resolution, 3 used IFNα2b for treatment of positive surgical margins, 2 were unable to

tolerate IFNα2b and preferred excision, and 1 had been started on IFNα2b by an referring

ophthalmologist but with a unclear diagnosis. In order to select the matched cases for the

surgical arm of the study, the Florida Lions Eye Bank pathology database, which contains

over 500 patients with excisional surgery as the primary treatment for OSSN from 01/1997

to 11/2011, was screened. Matches were created based on patient age (within 10 years) and

date of surgical excision (within 10 years). Matched patients were treated with surgery only;

patients treated with adjuvant medical therapy after their surgeries were not eligible for the

matching process. The treatment modality used was based on patient preference after a

discussion of the options between the patient and physician. Patients were treated with

IFNα2b in the form of drops (n =40), subconjunctival/ perilesional injections (n=1) or

combination drop and injection therapy (n=8). A dose of 1 million IU/mL (n=35) or 3

million IU/mL (n=11; n=2 for combination of doses) was used for topical therapy. A dose of

3 million international units (in 0.5 ml) was used for subconjunctival injections. Eye drops

were administered with an initial dose of 4 times daily (with one exception of 3 times daily)

until clinical resolution, after which the frequency was tapered. Patients were initially seen

on a monthly basis to assess treatment response, with a gradual lengthening of follow up

time to every 2 to 3 months. Duration of IFNα2b therapy was based on treatment response.

Surgical treatment consisted of lesion excision with up to 4 mm of tumor-free conjunctival

margins (mean 2.7mm for those with known margin width, n=34). Cryotherapy was applied

to the limbus and conjunctival edges in a double freeze-thaw method in 41 of the excisions,

intra-operative mitomycin C was applied in 1 case, and sclerectomy was performed in 6
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cases. Amniotic membrane was used to cover the area of excision in 14 cases, conjunctival

autograft in one case, primary closure in ten cases, and the rest were left open to bare sclera.

Pathology to identify the lesion as an OSSN was performed by one of two experienced

ocular pathologists at the Bascom Palmer Eye Institute.

Patient records were reviewed for demographic information (age, race, ethnicity), OSSN

risk factors (skin cancer, HPV, HIV, smoking), and prior history of OSSN as well as

previous treatment. Characteristics of the current lesion were also documented including the

involved eye, tumor location, tumor size and involved ocular structures (conjunctiva, cornea,

limbus, orbit), uni-vs. multi-focality, and appearance (leukoplakic, gelatinous,

papillomatous, flat/nodular) based on descriptions and photographs. The tumor size and

location provided the basis for American Joint Committee on Cancer (AJCC) clinical stage

of the tumor.33 Pathologic grading of the tumor (mild, moderate, severe, carcinoma in situ,

or invasive squamous cell carcinoma) and margin positivity were also recorded for all

surgical lesions and for any other lesions that underwent biopsy. Treatment information

documented included modality of treatment, and for medical therapy included the dose,

frequency, and length of treatment.

Response information was recorded in terms of complete resolution of the lesion (defined

clinically) and time to lesion resolution. Recurrence was defined as a reappearance of a

lesion, in the same or similar location as the original tumor, after complete resolution of the

original tumor. A new lesion was defined to be in a distant location (180 degrees away from

the original lesion). Follow up was carried out from the time of clinical resolution of the

lesion until the last visit. Documented complications included those volunteered by the

patient as well as those elicited by the examiner during the clinic visit; this information was

not obtained by a questionnaire. Complications recorded included redness, pain, irritation,

itching, flu-like symptoms, infection, hyphema, limbal stem cell deficiency, symblepharon,

and diplopia.

The main outcome measure was recurrence rate after IFNα2b treatment or surgical excision.

A secondary outcome of the study was the frequency of complications associated with each

therapy during the follow-up period. Statistical analyses were performed using the SPSS

20.0 (SPSS Inc, Chicago, IL) statistical package. Frequencies of demographic and clinical

variables were calculated for each group. Categorical variables were compared using a Chi

square analysis; continuous variables were compared using the student t-test. Uni- and

multivariable Cox proportional hazards analyses were employed to evaluate 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.

Kaplan-Meier times included the time from lesion resolution to censorship, defined as loss

to follow-up, recurrence, or presence of a new lesion.

Results

There was no statistically significant difference in age, gender, race, area of the tumor,

clinical AJCC stage, or history of prior OSSN between the IFNα2b (n=49) and surgical

(n=49) groups (Table 1). Mean patient age at the time of treatment was 62, with a range
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from 29 to 87. The majority of the patients were male (53%) and Caucasian (83%). There

was a statistically significantly higher proportion of Hispanic patients in the surgical group

(54% vs. 33%, p=0.03). Five patients had a known history of HIV, 4 of whom were

diagnosed with OSSN prior to age 50. Eight percent of patients in the surgery group and

20% of those in the IFNα2b group had a history of prior OSSN. There was a trend, although

not statistically significant, toward a higher clinical AJCC stage overall in patients treated

with IFNα2b (p=0.07). Patients treated with IFNα2b were more likely to have corneal (82%

vs. 61%, p=0.03) and limbal (94% vs. 74%, p=0.001) involvement of their lesions compared

to the surgical group. Median follow up after lesion resolution for the IFNα2b group was 21

months (range 0–173 months) and for the surgery group was 24 months (range 0.9–108

months).

Patients treated with any form of IFNα2b received drops for a median of 3.9 months, with

treatment continued for a median of 1 month past the time of lesion resolution (range two

months prior to resolution to seven months after resolution). Although treatment was never

stopped by the physician prior to resolution, there were 5 patients who self-discontinued

their drops 1 week to 2 months prior to the visit at which resolution was noted. For those in

whom only topical IFNα2b was used (no IFNα2b injections), median time to resolution was

2.3 months (range 0.7–9.4 months) and median total treatment time was 4.0 months. For

those treated with subconjunctival injections, a median of 6 injections were performed

(range 1–10) with a frequency between 1 and 3 times per week. The median time to

resolution for patients treated with injections as part of their IFNα2b therapy was 1.5

months (range 1–3 months).

The number of recurrences was equal in both the surgically and medicallytreated groups. A

total of 3 recurrences were seen in each cohort. Using Kaplan-Meier survival analysis, the 1

and 5 year recurrence rates in the surgical group were 5% and 11% versus 3% and 25% in

the IFNα2b group (Figure 1). There was no significant difference between these rates (p=.

80). In addition, a multivariable analysis including treatment, and patient and lesion

characteristics that were unequal between the 2 groups (p<0.1), showed that type of

treatment (surgical or IFNα2b) was not a significant predictor of recurrence (Table 2). No

increased risk of recurrence (Table 2) was noted with respect to area, tumor characteristics

(nodular vs. flat and presence of leukoplakia), history of OSSN, or AJCC classification of

the tumor. There was a trend toward recurrence, though not statistically significant, in

patients with a higher pathologic grade of the initial tumor (hazard ratio (HR) 6.65, p=0.07).

Non-limbal location was predictive of recurrence (HR 8.96, p=0.02). All recurrences in the

surgical group occurred in patients with negative margins, and 2 of the 3 recurrences

occurred in patients who had cryotherapy at the time of the excision.

One new lesion (180 degrees away from the original lesion) was seen in a patient previously

treated with IFNα2b. There were no new lesions seen during follow up in patients treated

with surgical excision. Even if this new lesion was classified as a recurrence, there was no

statistically difference in recurrence rates between the medical and surgical groups.

Treatment complications (Table 3) were similar between the 2 groups with respect to mild

adverse effects of redness and discomfort. More patients in the surgical group complained of
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pain during their treatment course. There was 1post-operative hyphema in the surgical

group. Flu-like illness was seen more often in the IFNα2b group (10% vs. 0%, p=0.03),

although this reaction was seen only in patients who received the injected form of the drug

and is a known side effect of IFNα2b injections. No evidence of limbal stem cell deficiency,

symblephara, or diplopia was seen as a result of treatment in either group. No other systemic

adverse effects were noted.

Discussion

Previous reports have found treatment with either IFNα2b or surgery to be effective as

therapy for OSSN.26 However, our paper is the first to directly compare long term

recurrence rates and complications between these two treatment modalities. In our study,

with a mean of almost three years of follow-up, there was no significant difference in

recurrence rates between these two therapies.

Patients in this study treated with topical IFNα2b had a similar time to lesion resolution

(median 2.3 months) and total time of treatment (median 4.0 months) as has been found in

many previous studies.20, 25, 34 The majority of patients in the current study used topical

IFNα2b at a dose of 1 million IU/mL although some were treated with a dose of 3 million

IU/mL; a previous report by Galor et al. showed no difference in recurrence rates between

these two dosing regimens.20 It is notable, however, that there was a large range in our study

in time to resolution in patients treated with IFNα2b. Several recent reports have

documented a longer mean time to resolution, of 7–8 months, compared with earlier

studies,35, 36 indicating that even tumors that do not resolve within the first few months of

IFNα2b treatment might respond completely if treated for a longer period.

Recurrences after surgical excision have been found to be consistently higher if the lesion is

not removed in its entirety13, but are much lower with adjunctive therapies such as

cryotherapy and chemotherapy. Long-term follow up in studies evaluating excision with

cryotherapy, as was performed for the majority of the patients in our study, have found a

recurrence of 12%37; the recurrence rate of OSSN in the surgical group in the current study

was 5% at 1 year and a comparable 11% at 5 years. In this series, all of the cases of

recurrence in the surgical arm had negative margins, and 2 of the 3 had received

cryotherapy. Recurrence rates of OSSN with IFNα2b treatment in its topical form, as

evaluated in the recent literature, have ranged from 0–17% over a range of average follow

up from 7 to 42 months.20, 25, 26, 34, 35, 38, 39 Karp et al.21 showed a frequency of recurrence

of 7.7% using perilesional injections with a median follow up of 55 months. The recurrence

rate of OSSN in patients treated with IFNα2b in the current study was 3% at 1 year and 25%

at 5 years. Regarding the 5-year data, it is important to note that only patients with at least

five years of follow-up (n=6) were included in this analysis. All recurrences occurred in

patients who received topical drops (as opposed to perilesional injections) of IFNα2b. Most

patients treated with IFNα2b therapy received only topical drop treatment, so we are unable

to make any significant conclusions regarding recurrence rates after topical versus injection

therapy.
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Risk of recurrence in this study was higher in patients with only conjunctival involvement of

the lesion (and with no corneal or limbal involvement) and there was a trend toward

increased recurrence with higher pathologic grade of tumors. The latter of these findings is

consistent with previous work.32, 40 In the current study, the surgical group was more likely

to have lesions involving the conjunctiva only. Of note, although 18% of the cases in the

surgical group had positive margins on pathology, all recurrences occurred in patients with

negative pathologic margins. Patients with OSSN are at risk of recurrent disease regardless

of the initial treatment and pathologic findings.

The excellent side effect profile of IFNα2b allows for significantly improved patient

acceptance over other medical therapies with proven efficacy such as mitomycin C. Previous

reports have described side effects with IFNα2b of irritation, conjunctival hyperemia, and

follicular conjunctivitis that resolves with treatment cessation.25, 26, 35, 36 Rarely, corneal

epithelial defects develop during treatment.35, 41 With use of perilesional injections of

IFNα2b, transient flu-like symptoms may occur in up to 100% of patients, usually lasting a

few hours after the injection.21, 41 In the current study, patients in both treatment groups

were likely to experience discomfort, although this was more likely to be milder in the

interferon group than in the surgical group. Febrile episodes in this study, as in previous

work, were limited to patients receiving the injected form of IFNα2b. One caveat with

regard to evaluation of complications within this study, however, is that patients were only

included if they were able to be treated to resolution of the disease; patients who were

unable to tolerate IFNα2b prior to resolution were excluded from evaluation. In this study,

two such patients were excluded, one who developed corneal epithelial defects during

IFNα2b use and the other who developed dizziness one day after beginning topical

treatment.

The findings of this study must be interpreted within its design. The purpose of the study

was to evaluate whether recurrence rates were different between medically and surgically

treated patients. As a result, only patients who experienced successful lesion resolution with

either modality were included. Rates of OSSN resolution with IFNα2b therapy have been

reported to range between 80–100% across different studies.20, 25, 26, 34–36, 39 In the current

study, 6 of the 55 patients (11%) who were treated with and tolerated IFNα2b as their

primary treatment for OSSN, did not resolve or were lost to follow-up prior to lesion

resolution. Two of the total of 61 patients (3%) who were treated with IFNα2b for any

reason did not tolerate the medication. Clinicians opting to use IFNα2b must therefore keep

in mind that although the recurrence rate between the two treatment modalities (IFNα2b and

surgical excision) was not different in this study, not all patients will experience resolution

of their disease with IFNα2b and some may not tolerate the medication.

The conclusions must also be evaluated within the study’s limitations. As a retrospective

study, the patients differed on several baseline characteristics, including, likely, unmeasured

ones. Additionally, patients with both primary and recurrent disease were evaluated and

there was a trend toward more patients with recurrent disease in the IFNα2b group; these

patients with previous episodes of recurrence may also have been more likely to get

additional recurrences subsequently. The retrospective nature of the study also allowed for

possible bias in the treatment algorithm, with patients with more extensive disease or
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multifocal disease more likely to be treated with medical treatment to avoid limbal stem cell

deficiency (of note, this difference was not detected in the analysis of baseline

characteristics). There may have also been a bias toward medical treatment in patients with

recurrent disease and previous surgery, in order to avoid subjecting the patients twice to

surgical risks. Side effect data was obtained from comments in the charts, which included

those volunteered by the patient as well as those elicited by the examiner during the clinic

visit; some side effects may therefore be under-reported. Additionally, the size of our sample

was not large enough to make comparisons regarding recurrence with respect to length of

continued IFNα2b treatment after lesion resolution, size of surgical margins, or other

treatment characteristics.

In conclusion, we found that there was no statistically significant difference in recurrence

rates in those patients successfully treated with IFNα2b and those treated with surgery for

OSSN in this case-control study. Additionally, side effects were mild in both groups. A

large, multi-centered, randomized trial would be needed to compare surgical and medical

modalities for OSSN, in order to provide the most evidence-based therapeutic approach for

these patients long term.
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Figure 1.
Kaplan-Meier survival curve depicting time to recurrence in patients treated with surgical excision versus interferon therapy for

ocular surface squamous neoplasia (p=0.80).
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Table 1

Demographic and clinical information in patients with ocular surface squamous neoplasia treated by

excisional removal or IFNα2b therapy

Surgical Medical P-value

Number of eyes/patients 49 49

Pt information

Age (years), mean [SD] 64 [14] 64 [15] 0.97

Gender, male n [%] 26 [53%] 26 [53%] 1.00

Race

 white n [%] 41 [84%] 33 [82.5%]

0.33 black n [%] 5 [10%] 2 [5%]

 other n [%] 3 [6%] 5 [12.5%]

Ethnicity, Hispanic n [%] 26 [54%] 16 [33%] 0.03

Clinical information

Involved eye, right n [%] 25 [51%] 20 [41%] 0.31

History of OSSN, n [%] 4 [8%] 10 [20%] 0.08

Area, mm2 24 [30] 34 [36] 0.14

Location

 nasal* n [%] 25 [51%] 24 [49%] 0.84

 temporal 23 [47%] 16 [33%] 0.15

 superior 2 [4%] 10 [20%] 0.01

 inferior 12 [25%] 12 [25%] 0.99

Corneal involvement, n [%] 30 [61%] 40 [82%] 0.03

Tarsal involvement, n [%] 0 [0%] 1 [2%] 0.32

Limbal involvement, n [%] 36 [74%] 46 [94%] 0.001

Clinical AJCC stage

 T1 n [%] 13 [27%] 5 [10%]

0.07 T2 6 [12%] 4 [8%]

 T3 30 [61%] 40 [82%]

Multifocal tumor, n [%] 1 [2%] 3 6%] 0.31

Appearance†

 leukoplakia, n [%] 21 [51%] 14 [29%] 0.03

 papillomatous 9 [18%] 10 [22%] 0.64

 nodular 28 [57%] 15 [31%] 0.008

 gelatinous 22 [58%] 16 [33%] 0.02

Pathology Biopsy performed, n [%] 49 [100%] 27 [55%]
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Surgical Medical P-value

Pathologic grade

 mild dysplasia [%] 6 [12%] 0 [0%]

0.05**

 moderate dysplasia 8 [16%] 5 [28%]

 severe dysplasia 9 [18%] 0 [0%]

 CIS 23 [47%] 12 [67%]

 SCC 3 [6%] 0 [0%]

Positive margins, n [%] 9 [18%]

Pathologic multifocality, n [%] 1 [2%] 2 [4%] 0.56

n=number of individuals in group; IFNα2b = Interferon-alpha-2b; OSSN= ocular surface squamous neoplasia; SD=standard deviation; CIS=
carcinoma in situ; SCC=squamous cell carcinoma; AJCC=American Joint Committee on Cancer clinical stage (Edge SB, Compton CC. The
American Joint Committee on Cancer: the 7th edition of the AJCC cancer staging manual and the future of TNM. Ann Surg Oncol 2010;17(6):
1471–4); TNM = Tumor, node, metastasis.

*
Tumors could involve more than one quadrant, e.g. a tumor involving the temporal and superior bulbar conjunctivae would appear both in the

temporal and the superior location categories.

†
Tumors could have more than 1 descriptor for appearance

**
Pathologic grade not available for 10 specimens in the incisional biopsy group and not all patients in the medical group had a biopsy performed.
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Table 2

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

the entire patient population.

Univariable

HR 95% CI p-value

Treatment group: IFNα2b versus surgical 1.23 0.24–6.16 0.80

Stage: AJCCc T3 versus T1 1.19 0.14–10.20 0.88

Grade: As continuous, from mild CIN to SCC 6.65 0.88–49.78 0.07

Characteristics:

 Nodular versus flat 0.93 0.17–5.28 0.93

 Leukoplakia versus no leukoplakia 0.02 0.00–76.3 0.35

Location: Conjunctival versus limbal 8.96 1.49–53.8 0.02

Area: As continuous variable 0.96 0.91–1.03 0.25

History: h/o OSSN vs no history 3.43 0.62–18.9 0.16

HR = hazard ratio; HR greater than 1 signifies increased risk of tumor recurrence; CI=confidence interval; IFNα2b=Interferon-alpha-2b;
CIN=conjunctival intraepithelial neoplasia; SCC=squamous cell carcinoma; AJCC=American Joint Committee on Cancer clinical stage (Edge SB,
Compton CC. The American Joint Committee on Cancer: the 7th edition of the AJCC cancer staging manual and the future of TNM. Ann Surg
Oncol 2010;17(6):1471–4); TNM=tumor, node, metastasis
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Table 3

Treatment complications in patients with ocular surface squamous neoplasia treated by excisional removal

(surgical) or IFNα2b therapy (medical)

Surgical Medical p-value

Any discomfort (pain, irritation, itching), n [%] 29 [59%] 31 [63%] 0.68

 Pain 20 [41%] 13 [27%] 0.14

 Irritation 23 [47%] 26 [53%] 0.54

 Itching 9 [18%] 6 [12%] 0.40

Redness 19 [39%] 14 [29%] 0.29

Flu like symptoms 0 [0%] 5 [10%] 0.003

Hyphema 1 [2%] 0 [0%] 0.32

Limbal stem cell deficiency 0 [0%] 0 [0%]

Symblephara 0 [0%] 0 [0%]

Diplopia 0 [0%] 0 [0%]
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