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Abstract
Purpose To investigate the visual prognosis of ocular surface squamous neoplasia (OSSN) after tumor resection and ocular 
surface reconstruction, and clarify factors that influence recurrence.
Study design Retrospective cohort study.
Methods Medical records of all patients who underwent surgical treatment for OSSN at our hospital between January 
1996 and December 2019 were reviewed. Tumor size/location, histological classification, surgical procedure, intraoperative 
mitomycin-C use, and postoperative topical 5-fluorouracil (5-FU) administration were examined, and pre and postoperative 
visual acuity (VA) were compared to elucidate factors that influence disease recurrence.
Results Tumor excision was performed in 70 eyes of 70 cases (43 men, 27 women; average age: 71.6 ± 12.6 years) with 
dysplasia (8 eyes), carcinoma in situ (26 eyes), and invasive squamous cell carcinoma (36 eyes). Tumors were found in the 
limbus (N = 59 eyes), palpebral conjunctiva (N = 8 eyes), and from the bulbar to palpebral conjunctiva (N = 3 eyes). Surgi-
cal procedures performed were limbal transplantation/keratoepithelioplasty (N = 29 eyes), cultivated oral mucosal epithelial 
transplantation (N = 3 eyes), and auto-conjunctival epithelium transplantation (N = 2 eyes). Ocular surface was reconstructed 
using amniotic membrane, donor cornea, or cultivated epithelial sheet. The mean follow-up was 38.6 ± 38.6 months (range, 
2 months to 13.8 years). VA postoperatively improved in 25 (61.0%) cases. Recurrence occurred in 19 (27.1%) cases at from 
2 to 50 months (median: 12.5 months) postoperative. Uni- and multivariate analyses revealed that presurgical tumor size and 
postoperative administration of 5-FU were significantly related to recurrence.
Conclusion Combined surgical excision and postoperative topical 5-FU administration effectively prevented OSSN recur-
rence, and ocular surface reconstruction contributed to improvement of VA.

Keywords Conjunctival intraepithelial neoplasia (CIN) · Mitomycin-C (MMC) · Ocular surface squamous neoplasia 
(OSSN) · Squamous cell carcinoma (SCC) · 5-fluorouracil (5-FU)
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Introduction

Conjunctival/corneal intraepithelial neoplasia (CIN) and 
invasive squamous cell carcinoma (SCC) are comparatively 
rare diseases with a reported incidence rate of 0.13–1.9 per 
100,000 persons [1]. Although rare, they are reportedly the 
most common types of ocular surface squamous neoplasia 
(OSSN) associated with epithelial cells [2–5]. In advanced 
cases of OSSN that include the pupillary area, the tumor 
impairs best-corrected visual acuity (VA) (BCVA). Gener-
ally, the standard treatment for OSSN is surgical excision, 
yet the rate of recurrence post surgery is reportedly high (i.e., 
21–39%) [6–8]. Thus, one primary aim of surgical treatment 
is to achieve an improvement of BCVA, while another is to 
prevent the recurrence of the disease.

In cases where the limbal epithelial defect extends to 
more than half of the circumference due to tumor removal, 
corneal epithelial transplantation (i.e., limbal transplanta-
tion and corneal epithelial plasty) is performed to provide 
epithelial supply and prevent conjunctival invasion (pseu-
dopterygia) [9]. In cases in which the tumor involves less 
than 50% of the entire circumference of the limbus, epi-
thelial transplantation is not always necessary. However, 
to prevent the occurrence of pseudopterygium, the use of 
a cryopreserved donor cornea is useful. In cases in which 
conjunctival tissue defects occur over a wide area, amniotic 
membrane transplantation (AMT) is used to compensate for 
the tissue loss and prevent adhesions and scarring. Amni-
otic membrane is the innermost layer of the human placenta, 
and it has the characteristic of promoting epithelial growth 
and differentiation with less fibrosis [10, 11]. AMT makes 
it possible to excise large tumors with a excellent margin of 
safety [12].

Over the past few decades, the use of various topical che-
motherapeutic treatments for CIN/SCC, such as 5-fluoro-
uracil (5-FU) [13–18], mitomycin-C (MMC) [19–26], and 
interferon (IFN)-α-2b [27–33] have been reported. There are 
some reports that the intraoperative use of MMC reduced 
the tumor recurrence rate [34]. In some of those previous 
studies it is reported that when those topical chemothera-
peutics are used alone as the primary therapy, the size of 
the tumor diminished or even completely disappeared [14, 
16, 19, 30]. Hence, the clinical use of topical chemothera-
peutic agents for the treatment of OSSN has recently been 
increasing, often as the primary treatment without the need 
for surgical excision of the tumor. On the other hand, those 
reports cautioned that topical chemotherapeutics are most 
effective for CIN, and less effective for diseases that exist at 
a deeper level of the conjunctival and corneal tissue. Thus, 
we theorized that the combination of surgical excision 
and the topical administration of 5-FU post surgery would 
greatly reduce the risk of recurrence. Moreoever, although 

the benefits of adjuvant chemotherapy has previously been 
reported [8, 35, 36], there have been no reports focused on 
evaluating both disease recurrence and VA prognosis.

In this retrospective study, we analyzed the medi-
cal records of patients surgically treated for OSSN at the 
Department of Ophthalmology, Kyoto Prefectural Uni-
versity of Medicine Hospital, Kyoto, Japan to investigate 
visual prognosis post surgery and the factors that influence 
the rate of disease recurrence.

Methods

This retrospective study involved 70 eyes of 70 patients 
surgically treated for OSSN at the Department of Ophthal-
molgy of Kyoto Prefectural University of Medicine Hos-
pital between January 1996 and December 2019. OSSN 
patients who did not undergo surgical treatment, or who 
were referred to us after undergoing surgical treatment at 
another hospital, were excluded from the study. The clinical 
records of all patients were reviewed in relation to their past 
clinical history, the site and extent of the tumor at the time 
of the initial examination, the histological classification, the 
surgical treatment applied (e.g., the combination of ocular 
surface reconstruction and intraoperative use of MMC), 
and the postoperative use of topically administered 5-FU or 
IFN. Factors that influence the rate of recurrence were ana-
lyzed, and the VA prognosis in the eyes that underwent ocu-
lar surface reconstruction was assessed. The main outcome 
measure was VA prognosis, and the secondary outcome was 
the rate of recurrence over a long-term postoperative period. 
This study was approved by the Ethics Review Committee 
of Kyoto Prefectural University of Medicine (Approval No.: 
ERB-C-1808), and was conducted in accordance with the 
tenets set forth in the Declaration of Helsinki.

Detection of human papillomavirus (HPV) 16

We performed polymerase chain reaction (PCR) testing to 
amplify and detect HPV DNA in tear samples from 55 eyes 
of 55 patients after informed consent was obtained. In 15 
cases, PCR tests were not performed because informed con-
sent could not be obtained. Both the sample collection and 
the PCR tests were performed in accordance with our previ-
ously reported methods [37].

Surgical procedure

In each patient, the primary surgical procedure was the 
excision of the tumor. Briefly, the tumor margin was con-
firmed prior to surgery via slit-lamp examination with fluo-
rescein sodium and/or lissamine green staining. Then, a 
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conjunctival incision was made more than 2 mm outside the 
tumor margin to ensure that the excision was complete, with 
the tumor then being separated and excised from the cor-
nea and sclera and/or tarsal plate. The tumor on the corneal 
sclera was bluntly removed with a spatula, and if it adhered 
to the limbus and could not be removed, the superficial layer 
was removed with a scalpel.

Intraoperative MMC was used in combination with sur-
gical excision, except in cases in which the tumor size was 
small. Briefly, a surgical sponge containing 0.04% MMC 
was applied on the tumor excision site for 4 min, followed 
by washing of the site with 300 ml of saline. In cases in 
which the palpebral conjunctiva was involved, cryotherapy 
was performed. Ocular surface reconstruction (i.e., AMT 
and/or epithelial transplantation) was performed depending 
on the site and extent of the tumor.

The tumor was submitted for pathological examination 
to determine the extent of the tumor. If the margin was posi-
tive on the side where margins could not be obtained, such 
as on the eyelid margin or corneal side, careful follow-up 
was conducted. Since a margin of 2 mm or more could be 
secured on the conjunctival side, no cases of positive mar-
gins were observed.

Postoperative topical chemotherapy

After confirming both malignancy by pathological examina-
tion and complete epithelialization and stabilization of the 
ocular surface post surgery, 1% topical 5-FU was admin-
istered 4-times daily for 1 week as 1 cycle post surgery to 
prevent a recurrence of the tumor, with the frequency and 
duration of the applications being determined based on the 
extent of the lesions and the pathological findings. In addi-
tion, 5-FU was prescribed at the outpatient visits at 2–3 
months postoperative. Moreover, topical IFN (1 M IU/ml) 
was administerd 4-times daily for at least 1 month.

Statistical analysis

For statistical analysis, the number and percentage of 
patients were tabulated in regard to tumor size and loca-
tion. For patient characteristics, we calculated the median 
and range for the continuous variables, and the number and 
percentage of cases per category for the categorical vari-
ables. A univariate and multivariate Cox proportional haz-
ards model was used to identify the prognostic factors of 
recurrence. All variables, except HPV-16 with missing val-
ues, were included in the multivariate analysis. Moreover, 
Cox proportional hazards model was used to evaluate the 
effect of the treatment (i.e., surgical intervention and MMC, 
5-FU, and IFN administration) on the prevention of recur-
rence, with patient age, sex, pathological diagnosis, lesion 

location, and tumor size included as covariates in the model. 
Kaplan–Meier survival curve analysis was used to estimate 
the probability of disease recurrence with or without post-
operative application of topical 5-FU. In addition, scatter 
plots were created to examine the relationship between 
pre- and postoperative BCVA, and a two-sided P value of 
< 0.05 was considered statistically significant. Python ver-
sion 3.8.5 (available at https://www.python.org/), lifelines 
version 0.26.0 (available at https://lifelines.readthedocs.io/
en/latest/), and SAS version 9.4 (SAS Institute Inc. Cary, 
NC) statistical software was used for the analysis.

Results

Patients

Surgery was performed in 70 eyes of 70 cases (43 men and 
27 women), and patient age at diagnosis ranged from 32 to 
91 years (median age: 71.6 ± 12.6 years). The postoperative 
follow-up period ranged between 2 months and 13.8 years 
(median period: 38.6 ± 38.6 months).

Tumor size and location

At the initial examination, the tumor was found in the lim-
bus in 59 patients, in the palpebral conjunctiva in 8 patients, 
and from the bulbar to the palpebral conjunctiva in 3 
patients. Among the cases in which the tumor was located 
on the limbus, it was found to be present within 1 quadrant 
in 31 patients, within 2 quadrants in 15 patients, within 3 
quadrants in 8 patients, and in all quadrants in 5 patients 
(Table 1).

Histological classification

Histopathological examination of the tumor revealed that 
among the 70 patients, there was dysplasia in 8, carcinoma 
in situ in 26, and invasive SCC in 36 (Table 1).

Surgical treatment

Surgical excision of the tumor was successfully carried out 
in all 70 patients, and MMC was administered intraopera-
tively in 58 of the 70 patients. Epithelial transplantation was 
combined when the tumor was larger than 3 quadrants of 
the corneal limbus (Fig. 1). When the tumor was less than 
2 quadrants of the corneal limbus, a patient-specific appro-
priate treatment method was selected. If the limbal epithe-
lial defect is less than half the circumference, the epithelial 
supply is not needed and it is better to combine corneal 
transplantation to prevent pseudopterygium. In all cases, 
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Postoperative topical chemotherapy

Topical 5-FU was administered postoperatively in 30 cases 
(i.e., in 18 cases with invasive SCC and in 12 cases with 
carcinoma in situ). Topical IFN was administered postop-
eratively in 5 cases (i.e., in 2 cases with invasive SCC and 3 
cases with carcinoma in situ).

Visual prognosis

When the tumor size exceded 3 quadrants, it covered the 
pupillary area and produced visual dysfunction. In such 
cases, the preoperative BCVA was less than 20/20, yet in 25 
of 31 cases it improved postoperatively through the combi-
nation of epithelial transplantation (in 3 cases that under-
went epithelial transplantation, the preoperative BCVA data 
was missing) (Fig. 3).

Recurrence

Fluorescein staining and scleral scattering were performed 
at every follow-up visit in order to detect any new abnor-
mal appearances of the epithelium, and “recurrence” was 
defined as the appearance of a new tumor lesion post sur-
gery. Post surgical excision, recurrence of the tumor was 
clinically observed in 19 (27.1%) of the 70 patients at from 
2 months to 50 months (median: 12.5 months) postoperative 
(Tables 1 and 2). For histological classification, the rate of 
recurrence was: dysplasia, 1 (12.5%) of 8 patients; SCC in 
situ, 7 (26.9%) of 26 patients; and invasive SCC, 11 (30.6%) 
of 36 patients.

The average tumor size in the patients in whom recur-
rence occurred was 10.5 ± 3.4 mm, while that of the patients 
without recurrence was 8.0 ± 3.3 mm. Recurrence occurred 
in 5 (16.1%) of 31 cases in which the tumor was localized 
to less than 1 quadrant of the limbus, in 4 (26.7%) of 15 
cases in which it involved 2 quadrants, in 3 (37.5%) of 8 
cases in which it involved 3 quadrants, in 4 (80.0%) of 5 
cases in which it involved all quadrants, in 1 (12.5%) of 8 
cases in which it involved the palpebral conjunctiva, and in 
2 (66.7%) of 3 cases in which it involved both the bulbar 
and the palpebral conjunctiva.

Although MMC was administered intraoperatively in 
58 patients, recurrence occurred in 15 (25.9%) of those 
patients. However, recurrence also occurred in 4 (33.3%) 
of the 12 patients in whom MMC was not administered 
intraoperatively.

Among the 30 cases in which topical 5-FU was adminis-
tered postoperatively (i.e., 18 cases with invasive SCC and 
12 cases with carcinoma in situ), recurrence was observed 
in only 2 (6.7%) of those cases. Of note, patients in whom 
topical 5-FU was not administered post surgery had a 

the surgeon made the final decision, taking into consider-
ation the patient’s age, surgical time, and the availability of 
a donor eye. In 4 of 8 patients in which the tumor was found 
in the palpebral conjunctiva, and in all 3 patients in which 
the tumor was found from the bulbar to the palpebral con-
junctiva, AMT was combined (Fig. 2; Table 2). The epithe-
lial transplantation procedures performed in this study were 
limbal transplantation/keratoepithelioplasty (N = 29 cases), 
cultivated oral mucosal epithelial transplantation (N = 3 
cases), and auto-conjunctival epithelium transplantation 
(N = 2 cases).

Table 1 Demographic characteristics, diagnoses, and treatments of the 
study participants

Recurrence 
(+)
n=19

Recurrence 
(-)
n=51

All
n=70

Age - year, median (range) 76 (33, 91) 78 (32, 89) 76 (32, 
91)

Sex - male, n (%) 11 (57.9) 32 (62.8) 43 (61.4)
Pathological diagnosis, n (%)
   Dysplasia 1 (5.3) 7 (13.7) 8 (11.4)
   CIN 7 (36.8) 19 (37.3) 26 (37.1)
   SCC (TNM: T1) 0 (0) 5 (9.8) 5 (7.1)
   SCC (TNM: T2) 9 (47.4) 20 (39.2) 29 (41.4)
   SCC (TNM: T3) 2 (10.5) 0 (0) 2 (2.9)
Lesion location, n (%)
   Corneal limbus
      < 1 quadrant 5 (26.3) 26 (51.0) 31 (44.3)
      < 2 quadrants 4 (21.1) 11 (21.6) 15 (21.4)
      < 3 quadrants 3 (15.8) 5 (9.8) 8 (11.4)
      All quadrants 4 (21.1) 1 (2.0) 5 (7.1)
   Palpebral conjunctiva 1 (5.3) 7 (13.7) 8 (11.4)
   In bulbar & palpebral 
conjunctiva

2 (10.5) 1 (2.0) 3 (4.3)

Size - mm, median (range) 7.0 (3.0, 
17.0)

10.0 (6.0, 
20.0)

8.0 (3.0, 
20.0)

HPV16 - positive, n (%) 2 (11.1) 3 (8.1) 5 (9.1)
   Missing 1 14 15
Operation, n (%)
   LT/KEP 10 (52.6) 12 (23.5) 22 (31.4)
   COMET 1 (5.3) 0 (0) 1 (1.4)
   CT 0 (0) 2 (3.9) 2 (2.9)
   AMT 2 (10.5) 11 (21.6) 13 (18.6)
   ET + AMT 3 (15.8) 6 (11.8) 9 (12.9)
   None 3 (15.8) 20 (39.2) 23 (32.9)
MMC, n (%) 15 (78.9) 43 (84.3) 58 (82.9)
5-FU, n (%) 2 (10.5) 28 (54.9) 30 (42.9)
IFN, n (%) 2 (10.5) 3 (5.9) 5 (7.1)
CIN, carcinoma in situ; SCC, squamous cell carcinoma; HPV16, 
human papillomavirus 16; LT, limbal transplantation; KEP, kerato-
epithelioplasty; COMET, cultivated oral mucosal epithelial trans-
plantation; CT, auto-conjunctival transplantation; AMT, amniotic 
membrane transplantation; ET, epithelial transplantation; None, only 
excision of the tumor; MMC, (intraoperative) mitomycin-C; 5-FU, 
(postoperative) 5-fluorouracil; IFN, (postoperative) interferon-α-2b

1 3

734



Excision combined with ocular surface reconstruction followed by topical chemotherapy for ocular surface…

Fig. 1 Images of ocular surface squamous neoplasia (OSSN) tumors 
of the corneal limbus obtained before and after epithelial transplanta-
tion. a Preoperative appearance of a tumor involving 1 quadrant of 
the corneal limbus. b Appearance of the eye shown in a after tumor 
excision and epithelial transplantation. c Preoperative appearance of 

a tumor involving 2 quadrants of the corneal limbus. d Appearance 
of the eye shown in c after tumor excision, epithelial transplantation 
and amniotic membrane transplantation. e Preoperative appearance of 
a tumor involving 3 quadrants of the corneal limbus. f Appearance of 
the eye shown in e after tumor excision and epithelial transplantation
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patients’ tear samples. Among the treatment factors, includ-
ing surgical intervention, postoperative 5-FU administration 
was the only factor found to reduce the risk of recurrence 
(HR = 0.12, 95% CI 0.02 to 0.60, P = 0.010) (Table 4). No 
significant difference was observed between the patients in 
whom MMC was, or was not, administered intraoperatively 
(HR = 1.16, 95% CI 0.29 to 4.59, P = 0.834).

Adverse events

In the eyes that underwent ocular surface reconstruction, 
no complications such as epithelial defects, graft rejec-
tion, or infections occurred. Moreover, in all cases in which 
MMC was administered intraoperatively, no complications 
occurred. Among the 30 eyes in which 1% topical 5-FU was 
administered, a large corneal epithelial defect with asso-
ciated eye pain suddenly occurred in 1 case at 16 days of 

significantly higher incidence of recurrence compared to the 
patients in whom it was administered (Fig. 4).

Uni- and multivariate analyses of risk factors for 
OSSN recurrence

Among the prognostic factors, the rate of postoperative 
recurrence was found to be related to patient age (hazard 
ratio [HR] = 1.05, 95% confidence interval [CI] 1.00 to 1.09, 
P = 0.028), lesion location (i.e., in bulbar and palpebral con-
junctiva: HR = 7.17, 95% CI 1.10 to 46.73, P = 0.039), and 
tumor size (HR = 1.20, 95% CI 1.01 to 1.41, P = 0.037) 
(Table 3). All eyes in which the tumor location was in the 
bulbar and palpebral conjunctiva presented an extended 
large size of OSSN.

The rate of postoperative recurrence was found to not 
be statistically related to the detection of HPV-16 in the 

Table 2 Combination of ocular surface reconstruction
Epithelial Transplantation
LT/KEP COMET CT subtotal (%) AMT (%) ET+AMT (%)* Total recurrence (%)

Corneal limbus <1 quadrant 8 0 2 10 (32.3) 5 (16.1) 2 (6.5) 31 5 (16.1)
<2 quadrants 11 0 0 11 (73.3) 6 (40) 3 (20) 15 4 (26.7)
<3 quadrants 7 0 0 7 (87.5) 3 (37.5) 2 (25) 8 3 (37.5)
All quadrants 3 2 0 5 (100) 1 (20) 1 (20) 5 4 (80)
     Subtotal 29 2 2 33 (55.9) 15 (25.4) 8 (13.6) 59 16 (27.1)

Palpebral conjunctiva palpebral only 0 0 0 0 (0) 4 (50) 0 (0) 8 1 (12.5)
both bulbar & palpebral 0 1 0 1 (33.3) 3 (100) 1 (33.3) 3 2 (66.7)
     Subtotal 0 1 0 1 (9.1) 7 (63.6) 1 (9.1) 11 3 (27.3)

Total 29 3 2 34 (48.6) 22 (31.4) 9 (12.9) 70 19 (27.1)
ET, epithelial transplantation; LT, limbal transplantation; KEP, keratoepithelioplasty; COMET, cultivated oral mucosal epithelial transplanta-
tion; CT, auto-conjunctival transplantation; AMT, amniotic membrane transplantation
* Cases that underwent both epithelial transplantation and amniotic membrane transplantation

Fig. 2 Images of OSSN tumors of the palpebral conjunctiva obtained before and after amniotic membrane transplantation (AMT). a Appearance 
of the tumor in the palpebral conjunctiva. b Appearance of the eye shown in a after tumor excision and AMT
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Discussion

In this retrospective study, we investigated the medical 
records of 70 eyes of 70 patients who were surgically treated 
for OSSN, and our findings revealed that BCVA improved 
post surgery through the combination of epithelial trans-
plantation in 25 of 31 cases. Recurrence of the tumor was 
clinically observed in 19 (27.1%) of the 70 patients at from 
2 to 50 months post surgical excision. Among the prognos-
tic factors, the rate of postoperative recurrence was found 
to be related to patient age, lesion location, and tumor size. 
Among the treatment factors, postoperative 5-FU adminis-
tration was the only factor that was found to reduce the risk 
of recurrence.

Since corneal epithelial stem cells are mainly located at 
the limbus [38], a surgical excision of the tumor involving 
the corneal limbus can induce the loss of corneal epithe-
lial stem cells, thus resulting in visual dysfunction due to 
corneal conjunctivalization. Thus, in patients who undergo 
ocular surface reconstruction, proper patient-specific plan-
ning of the surgery is key to obtaining a favorable visual 
prognosis.

In this present study, 47 of the 70 cases had a widely 
extended tumor and needed ocular surface reconstruction 
in combination with the tumor excision. In all eyes that 
underwent epithelial transplantation, the ocular surface 
was successfully covered by corneal epithelium and the VA 
prognosis was favorable. Since AMT has the potential to 
prevent such scarring [12, 39], it was performed in the cases 
with large CIN or SCC located in the palpebral or bulbar 
conjunctiva. All of those cases healed without scarring, and 
with no functional or cosmetic problems post surgery. Pre-
vious studies have reported that histopathological findings 
indicate the malignancy and the mitotic activity of OSSN 
[1, 40]. In this present study, the histopathological diagnosis 

treatment, yet the defect in that eye healed within 1 week 
after the treatment was discontinued. In eyes that underwent 
topical IFN, no complications occurred.

At the final follow-up examination, 67 of the 70 cases 
had no serious visual disturbance, and there were no cases 
with scleral invasion and no cases in which metastasis devel-
oped. In all cases, the appearence of the ocular surface was 
favorable; i.e., no conjunctival injection and no synechia.

Fig. 4 Kaplan-Meier survival 
curve analysis estimate of no 
recurrence for all patients. Results 
are shown for the group in which 
topical 5-fluorouracil (5-FU) was 
administered postoperatively 
(solid line) and the group in which 
topical 5-FU was not administered 
postoperatively (dotted line)

 

Fig. 3 Pre- and postoperative best-corrected visual acuity of the 31 
patients who underwent epithelial transplantation
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located only in the palpebral conjunctiva or the corneal 
limbus.

As mentioned above, to guarantee complete excision 
of the tumors, the conjunctival incisions were made more 
than 2 mm outside the tumor margin. In 58 cases MMC was 
intraoperatively administered in combination with the sur-
gical excision of the tumor, and recurrence occurred in 15 

was found to be unrelated to the rate of recurrence, yet the 
size of the tumor was found to be significantly related to 
recurrence. Moreover, the location of the tumor was found 
to influence the rate of the recurrence, possibly due to the 
fact that tumors located from the bulbar to the palpebral 
conjunctiva presented extremely larger in size than tumors 

Table 3 Uni- and multivariate analyses of risk factors for OSSN recurrence (prognostic factors)
Univariate Multivariate

n = 70
Variable HR 95%CI P

value
HR 95%CI P value

Age - year 1.02 [0.98, 1.06] 0.297 1.05 [1.00, 1.09] 0.028
Sex - Male 0.81 [0.32, 2.01] 0.646 0.69 [0.26, 1.81] 0.449
Pathological diagnosis
    Dysplasia Ref. Ref.
    CIN 2.02 [0.25, 16.45] 0.511 2.82 [0.37, 21.36] 0.316
    SCC 2.46 [0.32, 19.07] 0.389 2.85 [0.41, 19.81] 0.289
Lesion location
    Corneal limbus (1–2 quadrant) Ref. Ref.
    Corneal limbus (3–4 quadrant) 2.79 [1.04, 7.50] 0.043 1.92 [0.60, 6.13] 0.271
    Palpebral conjunctiva 0.55 [0.07, 4.35] 0.570 1.35 [0.19, 9.63] 0.766
    In bulbar & palpebral conjunctiva 4.08 [0.88, 18.95] 0.073 7.17 [1.10, 46.73] 0.039
Size - mm 1.19 [1.05, 1.34] 0.005 1.20 [1.01, 1.41] 0.037
HPV16 - positive 1.26 [0.29, 5.54] 0.757
OSSN, ocular surface squamous neoplasia; HR, hazard ratio; CI, confidence interval; CIN, carcinoma in situ; SCC, squamous cell carcinoma

Table 4 Uni- and multivariate analyses of risk factors for OSSN recurrence (treatment)
Univariate Multivariate

n = 70
Variable HR 95%CI P

value
HR 95%CI P

value
Age - year 1.02 [0.98, 1.06] 0.297 1.03 [0.98, 1.09] 0.251
Sex - Male 0.81 [0.32, 2.01] 0.646 0.79 [0.29, 2.13] 0.646
Pathological diagnosis
    Dysplasia Ref. Ref.
    CIN 2.02 [0.25, 16.45] 0.511 2.63 [0.35, 19.88] 0.349
    SCC 2.46 [0.32, 19.07] 0.389 3.42 [0.45, 26.18] 0.237
Lesion location
    Corneal limbus (1–2 quadrant) Ref. Ref.
    Corneal limbus (3–4 quadrant) 2.79 [1.04, 7.50] 0.043 1.15 [0.30, 4.36] 0.836
    Palpebral conjunctiva 0.55 [0.07, 4.35] 0.570 1.55 [0.21, 11.77] 0.670
    In bulbar & palpebral conjunctiva 4.08 [0.88, 18.95] 0.073 17.22 [1.42, 209.59] 0.026
Size - mm 1.19 [1.05, 1.34] 0.005 1.10 [0.88, 1.39] 0.403
Operation
    None Ref. Ref.
    LT/KEP 3.74 [1.03, 13.59] 0.045 1.45 [0.30, 7.04] 0.645
    AMT 1.17 [0.19, 6.99] 0.866 0.92 [0.12, 6.82] 0.939
    Others (COMET, CT, ET + AMT) 2.84 [0.63, 12.74] 0.172 0.98 [0.11, 8.74] 0.985
MMC 0.77 [0.25, 2.32] 0.639 1.16 [0.29, 4.59] 0.834
5-FU 0.10 [0.02, 0.45] 0.003 0.12 [0.02, 0.60] 0.010
IFN 1.50 [0.34, 6.52] 0.591 1.27 [0.23, 6.95] 0.784
OSSN, ocular surface squamous neoplasia; HR, hazard ratio; CI, confidence interval; None, only excision of the tumor; LT, limbal transplanta-
tion; KEP, keratoepithelioplasty; AMT, amniotic membrane transplantation; COMET, cultivated oral mucosal epithelial transplantation; CT, 
auto-conjunctival transplantation; ET, epithelial transplantation; MMC, mitomycin-C; 5-FU, 5-fluorouracil; IFN, interferon-α-2b
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