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Abstract 
Ocular surface squamous neoplasia (OSSN) is a malignant or dysplastic lesion that has its origins in the epithelial cells at the ocular surface. 
The structures from which these lesions can arise are the conjunctiva, the limbus, and the cornea. Our study was conducted on a group of 
seven patients with ocular surface squamous cell carcinoma (SCC). Histopathologically diagnosed SCCs were then assessed as well, 
moderately and poorly differentiated, depending on which area of differentiation dominated in Hematoxylin–Eosin staining. For the 
immunohistochemical analysis, the following antibodies (markers) were used: Ki67, p53 and B-cell lymphoma 2 (Bcl-2), E-cadherin, and 
vascular endothelial growth factor (VEGF). Our study group was composed of seven cases of SCCs of the ocular surface. Three were 
below in T1 American Joint Committee on Cancer (AJCC) stage, two cases were in T2 AJCC stage, and two cases were in T3 AJCC 
stage. None of our cases were T4, N1 or M1 AJCC tumors. Four of the cases were histopathologically moderately differentiated SCCs of 
the ocular surface and three were poorly differentiated SCCs. None of the seven patients present human immunodeficiency virus (HIV) 
infection. P53 immunostaining was strongly present in our study. Bcl-2 overexpression is not a fact that our study highlights. The expression 
of Ki67 proliferation marker was low in our study. Our study on ocular surface SCC reveals negative assessment of VEGF immunostaining. 
E-cadherin expression in our study was positive. Ocular surface SCCs are slow growing tumors, with very low metastasis potential, when 
HIV-infection is not present. 
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 Introduction 

Ocular surface squamous neoplasia (OSSN) is a 
malignant or dysplastic lesion that has its origins in the 
epithelial cells at the ocular surface. The structures from 
which these lesions can arise are conjunctiva, limbus, 
and cornea. Histologically, OSSN comprises several 
lesions, starting from simple dysplasia, continuing with 
carcinoma in situ (CIS) and completing with invasive 
squamous cell carcinoma (SCC) [1, 2]. 

OSSN represents the most common non-pigmented 
tumor of the ocular surface [3], being the third most 
common eye malignancy, after retinoblastoma and 
melanoma [4]. Estimated incidence of the OSSN is in 
between 0.02 to 3.5 cases per 100 000 worldwide [5], 
with the highest incidence found in Africa, with 1.38 and 
1.18 cases/year/100 000 inhabitants [6, 7]. OSSN can occur 
mostly anywhere in the world but the most increased 
incidence is statistically considered at 16º South latitude [7]. 
OSSN predominantly affects males in temperate countries; 
in Africa, there is no gender-related incidence different-
iation, with both genders being equally affected [7]. 

OSSN is strongly associated with several risk factors, 
including ultraviolet (UV) radiation exposure, human 
immunodeficiency virus (HIV), human papilloma virus 

(HPV) infection, chronic use of contact lens, exposure to 
petroleum product drugs [5, 8, 9], heavy cigarette smoking 
[10], age, and male gender [9]. Clinical symptoms are 
various from patient to patient, from none at all or mild 
epiphora to severe eyeball pain and visual loss [1, 2], 
but the most frequent presentation of OSSN patients is 
with red eye and ocular irritation [11]. Neoplastic lesions 
can easily be clinically misdiagnosed as pinguecula, 
pterygium, leukoplakia, hyperplasia, papilloma, or 
granuloma [1, 9]. Due to clinical similarities between 
dysplasia, CIS, and invasive SCC, it is very difficult to 
differentiate them only judging by clinical appearance [1, 
12], therefore histopathological examination is mandatory 
in order to assess their pathological grade correctly [1]. 

There are very few papers in the literature regarding 
immunohistochemical (IHC) analysis of OSSN, whilst 
most studies are clinical studies. Thus, the authors aim to 
assess the immunoexpression of several immunomarkers 
in ocular surface SCCs. 

 Patients, Materials and Methods 

The study was conducted on a group of seven patients 
with ocular surface SCCs admitted to the Clinic of 
Ophthalmology, Emergency County Hospital of Craiova, 
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Romania, conducted between 2015 and 2018. The inclusion 
criterion was the histological diagnosis of invasive SCC 
of the ocular surface. Therefore, any other lesion that was 
clinically masquerading SCC (pinguecula, pterygium, 
leukoplakia, hyperplasia, papilloma, granuloma, dysplasia, 
or CIS) was excluded from this study. 

Prior to surgery, all the patients were clinically 
examined and several imaging investigations were 
performed. Thorough inspection of the tumor was 
performed as well as slit lamp and fundus examination. 
Ocular and/or orbital invasion was also investigated via 
ocular and orbital ultrasound examination. General clinical 
examination was also performed insisting on head and 
neck lymph nodes palpation, especially submandibular, 
preauricular, and cervical lymph nodes. In order to assess 
chest or brain extension, chest X-ray and head computed 
tomography (CT)-scan were also performed. HIV infection 
was also tested via the Rapid HIV test. 

Subsequent to clinical examination and imaging, the 
tumors were clinically staged according to the American 
Joint Committee on Cancer (AJCC) [13]. 

The histopathological diagnosis of SCC was established 
at the Laboratory of Pathology, Emergency County Hospital 
of Craiova, where the excised tumors were sent. Resection 
parts were placed in formalin containers, immediately after 
surgery. After the process of formalin fixation, the excised 
tumors were placed in paraffin beds. Several sections were 
cut and then stained with Hematoxylin–Eosin (HE). Histo-
pathologically diagnosed SCCs were then assessed as well, 
moderately, and poorly differentiated depending on which 
area of differentiation dominated. We mention that in our 
study the tumors presented areas of variable differentiation. 

In order to perform the IHC assessment, seriate sections 
of 4 μm were cut from the paraffin-embedded samples. 
These sections were applied on poly-L-lysine coated 
slides and included in thermostat, at 370C, for six hours. 
The following antibodies (markers) were used: Ki67 
(proliferation marker), p53 and B-cell lymphoma 2 (Bcl-2) 
(apoptosis markers), E-cadherin (adhesion marker), vascular 
endothelial growth factor (VEGF) (growth marker) (Table 1). 

Table 1 – Panel of used antibodies 

Antibody 
Clone /  

Producer 
Dilution 

Antigen 
retrieval 

Positive 
control 

Ki67 Dako 1:100 Citrate, pH 6 Skin 

E-cadherin 
NCH-38 / 
Invitrogen 

1:50 EDTA, pH 9 
Mammary 

gland 
p53 Dako 1:50 EDTA, pH 8 Skin 

Bcl-2 Dako 1:50 Citrate, pH 6 Tonsil 

VEGF C1 / Dako 1:100 Citrate, pH 6 Kidney 

Bcl-2: B-cell lymphoma 2; VEGF: Vascular endothelial growth factor; 
EDTA: Ethylenediaminetetraacetic acid. 

Depending on the percent of tumor stained cells, the 
cases were staged as follows (score 1 in Table 2): 0 (less 
than 10%), 1+ (10–25%), 2+ (25–50%), and 3+ (over 50%). 
The staining intensity was graded as poor, moderate and 
strong (score 2 in Table 2). Ki67 grading was calculated 
by reporting the number of tumor stained (positive) cells 
(nuclei) to the total cells number (positive and negative), 
and multiplying the result by 100. The score was as 
follows (score 3 in Table 2): 0 (negative), 1 (less than 
10%), 2 (10–50%), and 3 (over 50%). 

Composed score was obtained by multiplying the 
intensity score by stained (positive) cells score, with 

values ranging from 1 to 12. The score was considered 
low for values between 1 and 4, moderate for values 
between 6 and 8 and high for values between 9 and 12. 

Table 2 – Immunostaining interpretation 

Score 1 0 1+ 2+ 3+ 

Positive cells <10% 10–25% 25–50% >50% 

Score 2 1 2 3 

Staining intensity poor moderate strong 
 

Score 3 0 1 2 3 

Positive cells negative ≤10% 10–50% >50% 

All samples with inadequate quantitative material were 
excluded from this study. Samples for which primary 
processing (e.g., fixation) did not provide high standard 
quality results were also excluded from this study. 

For IHC validation, primary antibody omission as 
negative external control was used. Positive external 
controls were also used for reactions validation. Nikon 
Eclipse E600 microscope with Lucia 5 soft and camera 
for image processing was used for image acquirement. 

The research was conducted in compliance with ethical 
rules in force and existing medical ethics. 

 Results 

Our study group was composed of seven cases of 
SCCs of the ocular surface. All tumors occurred in the 
interpalpebral aperture, arising from the bulbar conjunctiva. 
Three of the seven SCCs were less than 5 mm in greatest 
dimension and did not invade any adjacent structures 
(T1) (Figure 1), whilst two cases were larger than 5 mm in 
greatest dimension without adjacent structures’ invasion 
(T2). In one case, the tumor invaded the cornea (T3) 
(Figure 2) and in another case, the lower forniceal 
conjunctiva was invaded (T3) (Figure 3). None of the 
cases in our study presented orbital (T4) or regional lymph 
node invasion (N0) or distant metastasis (M0; Table 3). 
Four of the cases were histopathologically moderately 
differentiated SCCs of the ocular surface and three were 
poorly differentiated SCCs (Table 3, Figures 4 and 5). 
None of the seven patients present HIV infection. 

Ki67 immunoexpression in our study group was 
between 10% and 20% stained cells; T3 tumors presented 
the highest scores, while T1 tumors presented the lowest 
scores (Table 3, Figures 6 and 7). P53 presented 70–75% 
positive cell nuclei with heterogeneous staining intensity, 
as follows: moderate staining intensity in central, more 
differentiated tumor areas, and strong staining intensity 
to the periphery; T3 tumors and one T2 tumor presented 
the highest scores. The composed scores for p53 were 
moderate in four cases (all T1 cases and one T2 case) 
and high for three cases (both T3 cases and one T2 case) 
(Table 3, Figures 8 and 9). Bcl-2 was considered negative 
in five cases (less than 10% positive tumor cells) and 
strongly positive in two cases (over 75% positive tumor 
cells) with diffuse and intense cytoplasmic expression; 
the peritumoral inflammatory infiltrate was though positive 
for Bcl-2; both T3 tumors were positive for Bcl-2 with 
high scores, while T1 and T2 tumors were negative for 
Bcl-2. Composed scores for Bcl-2 were either nil or high 
(Table 3, Figures 10 and 11). VEGF was negative in our 
study – there were no stained cells (Figures 12 and 13). 
E-cadherin presented an incomplete membrane expression 
with moderate to strong intensity in 40–75% of the tumor 
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cells; the highest scores were in T1 tumors and the lowest 
scores were in T3 tumors. Composed scores for E-cadherin 

were moderate in five cases (T1 and T2 tumors) and high 
in two cases (T3 tumors) (Table 3, Figures 14 and 15). 

 

 
Figure 1 – Ocular surface SCC, 
clinical aspect: 2/3 mm vascular 
tumor at the nasal part of the inter-
palpebral fissure with few feeder 
vessels, without limbus invasion 
(AJCC T1). SCC: Squamous cell 
carcinoma; AJCC: American Joint 
Committee on Cancer. 

Figure 2 – Ocular surface SCC,  
slit lamp aspect: 5/3 mm gelatinous 
vascular tumor at the nasal part  
of the interpalpebral fissure with 
numerous feeder vessels; two clock 
hours of limbus and corneal invasion 
(AJCC T3). SCC: Squamous cell 
carcinoma; AJCC: American Joint 
Committee on Cancer. 

Figure 3 – Ocular surface SCC, 
clinical aspect: 16/15 mm tumor  
at the temporal part of the inter-
palpebral fissure, with inferior fornix 
invasion; the tumor is partially 
covering the cornea without invasion 
(AJCC T3). SCC: Squamous cell 
carcinoma; AJCC: American Joint 
Committee on Cancer. 

Table 3 – Clinical staging, histopathological grading and immunostaining in our study 

Case 
No. 

TNM  
staging 

Histopathology 
Ki67 
PC 

p53 
PC/SI/CS 

Bcl-2 
PC/SI/CS 

VEFG 
PC/SI/CS 

E-cadherin 
PC/SI/CS 

1. T1 Moderately differentiated SCC 
12% 

2 
75% 
4/2/8 

Negative 
0/–/0 

Negative 
0/–/0 

70% 
4/2/8 

2. T1 Moderately differentiated SCC 
10% 

1 
80% 
4/2/8 

Negative 
0/–/0 

Negative 
0/–/0 

75% 
4/2/8 

3. T2 Poorly differentiated SCC 
17% 

2 
75% 
4/2/8 

Negative 
0/–/0 

Negative 
0/–/0 

55% 
4/3/12 

4. T3 Moderately differentiated SCC 
20% 

2 
70% 

4/3/12 
75% 

4/3/12 
Negative 

0/–/0 
40% 
3/2/6 

5. T2 Poorly differentiated SCC 
15% 

2 
80% 

4/3/12 
Negative 

0/–/0 
Negative 

0/–/0 
50% 
4/2/8 

6. T3 Poorly differentiated SCC 
18% 

2 
75% 

4/3/12 
80% 

4/3/12 
Negative 

0/–/0 
45% 
3/3/9 

7. T1 Moderately differentiated SCC 
10% 

1 
75% 
4/2/8 

Negative 
0/–/0 

Negative 
0/–/0 

75% 
4/2/8 

TNM: Tumor, Node, Metastasis; Bcl-2: B-cell lymphoma 2; VEGF: Vascular endothelial growth factor; PC: Positive cells; SI: Staining intensity; 
CS: Composed score; SCC: Squamous cell carcinoma. 
 

Figure 4 – Ocular surface poorly differentiated SCC. 
Infiltrating fibrovascular lobules, nests, and cords of 
cells with marked atypia (darker cytoplasm, pleomorphic 
nuclei). HE staining, ×200. SCC: Squamous cell 
carcinoma. 

Figure 5 – Ocular surface moderately differentiated 
SCC. Acanthotic squamous epithelium with cores of 
malignant cells and two keratosic pearls; mild cell atypia 
is present with pleomorphic, hyperchromatic nuclei. 
HE staining, ×100. SCC: Squamous cell carcinoma. 
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Figure 6 – Ocular surface poorly differentiated SCC. 
Anti-Ki67 antibody immunostaining, ×200. Staining  
is about 10% of the tumor cells. SCC: Squamous cell 
carcinoma. 

Figure 7 – Ocular surface moderately differentiated SCC. 
Anti-Ki67 antibody immunostaining, ×200. Peripheral, 
less differentiated areas tend to be positive for Ki67, 
while central, better-differentiated areas tend to be 
negative for Ki67. SCC: Squamous cell carcinoma. 

 

Figure 8 – Ocular surface poorly differentiated SCC. 
Anti-p53 antibody immunostaining, ×200. Moderate to 
strong intensity of the stained cells. SCC: Squamous 
cell carcinoma. 

Figure 9 – Ocular surface moderately differentiated 
SCC. Anti-p53 antibody immunostaining, ×200. Weak 
staining intensity in central, differentiated areas and 
moderate intensity in peripheral, less differentiated areas. 
SCC: Squamous cell carcinoma. 

 

Figure 10 – Ocular surface poorly differentiated SCC. 
Anti-Bcl-2 antibody immunostaining, ×100. Staining is 
absent in tumor cells and weak in peritumoral inflam-
matory infiltrate. SCC: Squamous cell carcinoma; Bcl-2: 
B-cell lymphoma 2. 

Figure 11 – Ocular surface moderately differentiated SCC. 
Anti-Bcl-2 antibody immunostaining, ×100. Moderate 
staining in tumor cells and weak staining in stromal 
cells. SCC: Squamous cell carcinoma; Bcl-2: B-cell 
lymphoma 2. 
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Figure 12 – Ocular surface poorly differentiated SCC. 
Anti-VEGF antibody immunostaining, ×200. Absence 
of staining. SCC: Squamous cell carcinoma; VEGF: 
Vascular endothelial growth factor. 

Figure 13 – Ocular surface moderately differentiated SCC. 
Anti-VEGF antibody immunostaining, ×100. Very weak 
staining of the peritumoral inflammatory infiltrate, but 
the tumor is negative for VEGF. SCC: Squamous cell 
carcinoma; VEGF: Vascular endothelial growth factor. 

 

Figure 14 – Ocular surface poorly differentiated SCC. 
Anti-E-cadherin antibody immunostaining, ×200. Moderate 
to strong intensity staining of tumor cell membrane. SCC: 
Squamous cell carcinoma. 

Figure 15 – Ocular surface moderately differentiated SCC. 
Anti-E-cadherin antibody immunostaining, ×100. Moderate 
intensity staining of tumor cell membrane. SCC: Squamous 
cell carcinoma. 

 
 Discussions 

OSSN presents most commonly as a vascularized 
unilateral limbal mass, located in the interpalpebral fissure 
either medially or laterally (sun-exposed area of the ocular 
surface). Occasional features may include tortuous dilated 
feeder vessels, foamy infiltration of the adjacent corneal 
epithelium, and leukoplakia [14]. The conjunctival SCC 
rarely presents intraocular or intraorbital invasion [14, 15]. 

Clinically, our study stresses that the tumors were 
located nasally or temporally in the interpalpebral fissure 
and there was no clinical or imaging sign of intraocular 
or intraorbital invasion. All cases were in an early stage, 
only with invasion of the cornea (one case) or the lower 
fornix (one case) (T1 to T3). With reported incidence of 
0–16% in cases of SCC, metastasis is considered a rare 
event in OSSN [16]. Other authors report metastasis in 
6% cases of their studies, all arising from T4 tumors. 
Same authors point that lymph node metastasis occurred 
in 4% cases, while distant metastasis occurred in 2% of 
the cases and it was central nervous system metastasis 

[17]. HIV infection is a certain risk factor for OSSN and it 
is also associated to severe OSSN disease. Studies report 
that HIV-infected patients presented larger tumors and 
higher-grade malignancy than non-HIV patients did. HIV 
patients also presented increased risk of tumor recurrence 
and higher incidence of tumor extension to the sclera, 
cornea, and orbit as the same studies stress [18–20]. 
However, none of HIV-infection or T4-tumors situations 
were present in this study which makes authors believe 
in clinical favorable outcome for our patients. 

An established cause of disease is chronic UV exposure. 
The areas where lesions exclusively occur are the ones 
exposed to the sun. Solar elastosis is associated with those 
lesions that contain classical UV-induced p53 mutations 
[1, 21, 22]. P53 is a phosphoprotein found in the cell 
nucleus that regulates the cell cycle in order to protect 
cells from the effects of deoxyribonucleic acid (DNA) 
damage [6, 23–25], thus it is also known as the ‘guardian 
of the genome’ [26]. Mutated p53 though is one of the key 
events in OSSN etiology, leading to genomic instability 
[6, 27]. P53 is an apoptosis marker that is affected directly 
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by UV radiation, its expression being a common finding 
in ocular surface SCC [28]. P53 immunostaining was 
strongly present in our study and presented heterogeneous 
intensity: in central, more differentiated areas the staining 
intensity was moderate, whereas in peripheral, less differ-
entiated areas, the staining intensity was strong. Regarding 
p53 scores and tumor stage, the pattern highlighted by 
our study is that p53 expression is increasing along with 
the tumor. 

Apoptosis inhibition is produced by a protein, which 
is codified by the BCL-2 apoptotic gene. Any alteration 
in BCL-2 gene expression may increase neoplasia 
predisposition via modified cells’ control loss [29–31]. 
Linked to increased tumor aggressiveness, Bcl-2 over-
expression is not a fact that our study highlights. Its 
expression pattern is though interesting as it is negative in 
tumor cells and positive in the peritumoral inflammatory 
infiltrate in most cases and it is strongly positive with 
moderate intensity in tumor cells in few cases. The Bcl-2 
positive tumors in our study were in more advanced TNM 
(Tumor, Node, Metastasis) stage (T3). Other studies suggest 
that Bcl-2 immunoexpression occurs in the minority of 
cases [28]. 

Widely used in immunohistochemistry, Ki67 prolife-
ration marker measures the population of active cycling 
cells. Expressed in all proliferating cells, the Ki67 nuclear 
antigen is used to evaluate the growth fraction of normal 
and neoplastic cells [32, 33]. It is thus identified as a 
significant marker in diagnosis and prognosis of several 
types of malignancies [34]. It has been found that Ki67 
scores represent a significant predictor of clinical behavior 
for some tumors, in terms of local evolution, metastasis, 
and recurrence risk. Regarding the ocular surface SCC, 
Ki67 it is acknowledged as an independent prognostic 
marker, as certain studies suggest [34]. The proliferation 
marker Ki67 expression was low in our study (less than 
20% nuclei) regardless the tumor stage or differentiation 
grade. The authors observed a slight increase of Ki67 
scores along with tumor progression, but the score 
differences between T3, T2 and T1 tumors were not 
significant. Another study notes that Ki67 expression was 
low in OSSN, even in HIV-positive lesions thus stating 
that OSSN is a slow-growing tumor, even when associated 
to HIV [28]. 

As tumor size increases, the metabolic demand also 
increases and thus neovascularization occurs [35]. In this 
process, one of the crucial events is the overproduction of 
VEGF [36]. OSSN develops feeder vessels that clinically 
appear as enlarged blood vessels in the conjunctiva that 
perfuse the tumor and support its growth. A study on ocular 
adnexa tumors emphasizes that numerous proangiogenic 
factors, including VEGF, were significantly increased  
in SCC [37]. Our study on ocular surface SCC reveals 
negative assessment of VEGF immunostaining in all 
cases. This might be proof that VEGF production is not 
mandatory for ocular surface SCC angiogenesis (at least 
not in early stage) and we might have to search for other 
angiogenesis markers. Another clinical study that used 
perilesional/subconjunctival injections of Bevacizumab 
in OSSN treatment observed that the size and vascularity 
of OSSN decreased and in some lesions limited to the 
conjunctiva the treatment was curative [38]. Corneal 
extension of OSSN was not significantly modified after 

this treatment, as the same study suggests [38]. This study 
might be indirect proof that there is VEGF production in 
this type of tumors, but it is not immunohistochemically 
highlighted thus further studies on larger numbers of 
patients are required. VEGF immunoexpression in locally 
and/or generally advanced tumors would also be of high 
interest. 

E-cadherin represents a crucial component of the cell–
cell adhesion complex. Its loss has often been associated 
with poor clinical prognosis and tumor metastasis. The loss 
of E-cadherin at the cell membrane has been associated 
with several malignancies, such as hepatocellular, colorectal, 
and ovarian carcinomas, as well as UV-induced skin basal 
cell carcinoma [39] and cutaneous SCC. A study conducted 
on eyelid sebaceous gland carcinomas proves that the loss 
of membrane-bound E-cadherin is associated to reduced 
disease-free survival [40]. E-cadherin expression in our 
study was positive in all cases. Of course, the percent of 
stained tumor cell membranes was different from case 
to case, varying between 40% to 75%; more advanced 
tumors presented lower percentage of E-cadherin immuno-
staining. Staining intensity though tended to be stronger 
in poorly differentiated ocular surface SCCs than in 
moderately differentiated SCCs. 

 Conclusions 

Despite high p53 expression (UV-induced neoplasia), 
ocular surface SCCs are slow growing tumors (low Ki67 
index, Bcl-2 rarely positive), with very low metastasis 
potential (negative VEGF expression and increased E-
cadherin score), when HIV-infection is not present. Adding 
up the easily noticeable clinical location, the authors 
may conclude that these tumors are life threatening only 
exceptionally. 
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