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Abstract

Purpose: To visualize and quantify vascular networks in individuals with ocular surface 

squamous neoplasia (OSSN) through optical coherence tomography angiography (OCTA).

Method: Cross-sectional study of OSSN patients. Vascular networks were measured by OCTA 

in the epithelium and sub-epithelial space in the tumors, adjacent tissue, and in the contralateral 

eye. Vessel area density (VAD, percent of blood vessels within 2.14 mm2), was calculated for 

each location. Total tumor density (TTD, percent of blood vessels within the entire tumor) was 

calculated. VAD was assessed separately for corneal and conjunctival locations and compared.

Results: Fifteen patients with OSSN were included. The mean age was 61 ± 12 years and the 

majority were male (80%). The mean tumor area, volume, depth, VAD, and TTD were 28.6 ± 

8.1 mm2 (range, 14.1–39.0), 9.1 ± 4.2 mm3 (range, 3.4–18.8), 317 ± 107 μm (range, 177–570), 

and 32.2% ± 11.7% (range, 18.3–58.8), respectively. The VAD was highest under the conjunctival 

component of tumor (42.6% ± 9.6%) followed by within the conjunctival tumor (32.8% ± 8.3%). 

These densities were higher than the VADs measured in all other tissues (all P < 0.01). The 

VAD within conjunctival component of tumor was significantly higher than those with corneal 

component (33.5% ± 9.6% vs. 26.8% ± 6.1%, p = 0.046). The VAD under conjunctival tumor was 

also significantly higher than under corneal component (46.4% ± 8.6% vs. 35.2% ± 5.6%, p = 

0.001).
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Conclusions: OCTA imaging allowed for visualization and quantification of vessel structure and 

density within, under, and surrounding OSSN.
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1. Introduction

Ocular surface squamous neoplasia (OSSN) is the most common non-pigmented tumor 

of the ocular surface [1]. It is comprised of a wide spectrum of dysplastic changes of 

the ocular surface epithelium, including corneal and conjunctival intraepithelial neoplasia 

(CIN) and squamous cell carcinoma (SCC) [2,3]. Clinically, OSSN typically arises in 

the inter-palpebral limbus area. Features of OSSN on the conjunctiva include papillary, 

gelatinous, leukoplakic, and/or nodular appearances. When OSSN involves the cornea, 

it appears as an opalescent lesion[4]. High-resolution anterior segment optical coherence 

tomography (HR-OCT) has been used as an optical biopsy to aid in the diagnosis of OSSN 

and guide treatment and has been found to have a high sensitivity and specificity for 

diagnosing OSSN when compared to biopsy[5]. The classical pattern visualized on HR-OCT 

is a thickened, hyper-reflective epithelium with an abrupt transition between normal and 

abnormal epithelium [6–9].

Little is known about tumor vascular patterns within and around OSSN. However, studies in 

tumors in other parts of the body have demonstrated that vessel patterns and density can vary 

both within the tumors and when compared to non-involved adjacent tissue [10–12]. Some 

features that have been found characteristic of tumors outside the eye include structural 

vessel heterogeneity, tortuosity, and dilation [13,14]. Tumor vessels have been found to lack 

smooth muscle cells, have discontinuous endothelial cell lining, and an abnormal basement 

membrane, all of which result in vessel hyper-permeability [10–12,15,16]. Similar features 

have been found in OSSN using fluorescein angiography (FA) and indocyanine green 

angiography (ICGA). In one paper encompassing 6 OSSN lesions, FA showed abnormal 

vascular leakage and ICGA demonstrated focal or sea fan-shaped intra-tumoral vessels and 

feeding vessels in the non-involved conjunctiva [17].

Optical coherence tomography angiography (OCTA) is a rapid, non-invasive imaging 

modality that can detect vessel network via motion contrast imaging of erythrocyte 

movement across sequential B-scans [18,19]. It is commonly used to profile retinal and optic 

disc vasculature and has the advantage of acquiring images without the need for contrast 

dyes, unlike FFA and ICGA [20–22]. OCTA can generate high-resolution cross-sectional 

images that approach a histological level of resolution. This unprecedented resolution, 

coupled with the simple, fast and non-invasive nature of this imaging platform, has allowed 

a host of basic and clinical research applications. For example, OCTA has been applied to 

a number of retinal vascular diseases, including diabetic retinopathy, age-related macular 

degeneration, retinal vascular occlusion, macular telangiectasia, and uveitis [23].
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Unlike its frequent use in the assessment of posterior segment vasculatures, OCTA has 

been less frequently applied to the study of anterior segment disorders [24]. However, 

OCTA has several advantages compared to traditional imaging techniques including the 

acquisition of 3-D images as compared to slit lamp photography (SLP) and its ability to 

visualize blood vessels non-invasively, compared to dye-based angiography using FA and 

ICGA. Further advantages of OCTA include its ability to capture images with minimal 

operator training [24,25]. Prior studies have shown that OCTA can reproducibly visualize 

blood vessels within the conjunctiva, cornea, sclera, and iris [19,26–30]. OCTA has also 

been used to detect and quantify microvascular networks in and under areas of severe 

corneal opacification, which were not visible under slit lamp visualization [31]. As OCTA 

technology has not been robustly applied to the study of OSSN, in this paper, we aim to 

evaluate vessel density and morphology within tumors, under the tumors and compare them 

to other areas of the ocular surface, to gain insight on vessel abnormalities in OSSN.

2. Methods

2.1 Study design, setting, and population

This was a cross-sectional study of 15 patients with OSSN who were prospectively 

recruited from the Bascom Palmer Eye Institute, University of Miami Miller School of 

Medicine between November 2018 and August 2019 and underwent a complete ocular 

surface examination. OSSN was diagnosed by clinical and OCT appearance in all cases [5]. 

Biopsy was intentionally not performed as our goal was to study vascular patterns within 

OSSN and adjacent to the tumor in its natural state. Any surgical or incisional biopsy 

would change the observed patterns. This study was approved by the institutional review 

board for the University of Miami, Miller School of Medicine. Written informed consent 

was obtained from all subjects. All patients were treated according to the Declaration of 

Helsinki. Demographics of the study population were obtained.

2.2 Tumor characteristics

All patients were examined by an experienced ophthalmologist (CLK). Tumors were 

photographed and the appearance of the tumor categorized as: papillary (defined as a tumor 

having multiple abnormal blood vessels), leukoplakic (defined as a white, keratinized plaque 

overlying the tumor), and/or gelatinous (defined as having a gelatin-like appearance) [32]. 

In addition, tumor location was noted, including areas of involvement. In all cases, high-

resolution OCT revealed thickened, hyper-reflective epithelium with an abrupt transition 

from normal to abnormal tissue.

2.3 Anterior segment optical coherence tomography angiography examination

The AngioVue OCTA system (Optovue, Fremont, California, USA) mounted with an 

adaptor lens for the anterior segment was used to image the anterior segment. The device has 

a central wavelength of 840 nm and performs 70,000 A-scans per second. The system has an 

axial resolution of approximately 5 μm and a beam width of approximately 22 μm. It takes 

approximately 3–4 seconds to obtain one raster scan, and two scans are needed to create 

an angiogram using proprietary angiography algorithms and motion correction technique 

(MCT). In the present study, the 6 × 6 mm scan pattern was utilized to acquire AS-OCTA 
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images of the anterior segments. Each OCTA scan contained a raster scan with 304 (A-scan) 

x 304 (B-scan). As measured and reported previously [33], the field of view (FOV) of the 

OCTA with the 6 × 6 mm scan was 8.775 × 8.775 mm.

2.4 Location of acquisition, image segmentation and quantitative analysis

Images were obtained in 8 different areas (Figure 1). This included (a) within the 

conjunctival component of tumor; (b) within the corneal component of tumor (in the 11 

patients with corneal involvement); (c) the sub-epithelial tissue under the conjunctival 

component of tumor and (d) under the corneal component of tumor (if applicable); (e) 

the sub-epithelial tissue adjacent to the conjunctival OSSN; (f) the conjunctival epithelium 

adjacent to OSSN; (g) the conjunctival epithelium in the same location but in the 

contralateral eye without OSSN; (h) the sub-epithelial tissue in the same location but in 

contralateral eye without OSSN.

All regions of interest (ROI) were segmented using a commercial software program 

(Orion™, Voxeleron LLC, Pleasanton, CA, USA). The volumetric OCTA data were using 

the software utility provided by the OCTA manufacturer. The dataset containing the OCT 

structure and angiograph data was read in the Orion software. When processing the images, 

the tumor area in the enface view (Figure 1B) and depth in the cross-sectional images 

(Figure 1D) were first outlined. Next, the superficial and deep boundaries of the tumor 

and connecting epithelium of the conjunctiva and/or cornea were outlined (Figure 1J). In 

addition, 200 μm underneath the bottom boundary of the tumor and adjacent epithelium 

were also outlined. In the contralateral eye, the conjunctival epithelium and sub-epithelial 

tissue were outlined in the same way (200 μm below the bottom boundary of the epithelium) 

as the eye with the tumor (Figure 1P). The vessels in the ROIs were cropped and 

analyzed using a fixed area of 1.463 × 1.463 mm (2.14 mm2). Images were processed 

using Photoshop (Adobe, San Jose, CA, USA). Equalization was performed and the image 

was converted to a grayscale mode (Figure 1 B, E, H, K, N, and Q). After that, the 

grayscale image processing of these cropped images was further processed using Image J 

(NIH Bethesda, Maryland, USA). A series of filtering and thresholding, including Gaussian 

blurring (Sigma = 4), bandpass filtering, and Otsu’s Thresholding were used to create the 

binary image (Figure 1A, F, G, L, M, R). Vessel area density (VAD) of the binary images 

was calculated as the ratio of the area occupied by the vessels per unit area as described 

previously [30,34]. Total tumor density (TTD) was calculated as the vascular density within 

the entire volume of the tumor.

2.5 Statistical analysis

All values are presented as mean ± standard deviation. All analyses were performed using 

IBM SPSS Statistics software package (ver. 25, IBM Corp., Armonk, NY, USA). Descriptive 

statistics were used to summarize patient demographic and clinical information. The main 

outcome variable was VAD which was compared between the different areas. ANOVA 

analysis was used to evaluate differences of the vascular measurements, and the post hoc test 

was used to test the pair-wise difference. Vessel patterns were also qualitatively described 

and compared to clinical tumor appearance. P values less than 0.05 were considered 

statistically significant.
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3. Results

3.1. Baseline Characteristics

Table 1 reports the baseline characteristics of 15 patients who underwent OCTA. The mean 

age was 61 ± 12 years old. The majority were male (80%), and approximately half of the 

patients were Hispanic (53.3%).

3.2. Characteristics and quantitative analysis of the angiography images

The mean tumor area, volume, depth, VAD, and TTD were 28.6 ± 8.1 mm2 (range, 14.1–

39.0), 9.1 ± 4.2 mm3 (range, 3.4–18.8), 317 ± 107 μm (range, 177–570), and 32.2% ± 11.7% 

(range, 18.3–58.8), respectively. Eleven tumors involved both the conjunctiva and cornea, 

while 4 were located only in the conjunctiva. In the 11 tumors with corneal involvement, the 

mean length of vessel invasion into the cornea was 2.1 ± 0.7 mm (range, 1. 4–3.8) (Table 2).

The highest VAD was found in the area directly beneath (200 μm) the conjunctival 

component of the tumor (42.6% ± 9.6%) followed by within the conjunctival tumor itself 

(32.8 ± 8.3%) (Figure 2). Both of these locations had significantly higher VAD than tissues 

adjacent to the tumor and tissues in the non-involved eye (all P values < 0.01, Figure 2). 

Not surprisingly, VAD was low in the adjacent epithelium, both in eyes with OSSN and in 

non-involved eyes.

In the 11 tumors with corneal involvement, the VAD in the conjunctival component of 

the tumor was significantly higher than the VAD in the corneal component of the tumor. 

Similarly, VAD in the sub-epithelial tissue under the conjunctival OSSN was significantly 

higher than the sub-epithelial tissue under corneal OSSN (P < 0.05, Figure 3).

3.3. Select individual cases demonstrate differences in the vascular pattern by OSSN 
type

Case 1 was a 69-year-old female who presented with an OSSN with papillomatous and 

gelatinous components involving the conjunctiva and cornea. The angiography image 

revealed a “sea fan” like picture with branching abnormal blood vessels in the limbus and 

cornea. Vessels were prominent in both in the OSSN and the sub-epithelial tissue under the 

OSSN (Figure 4).

Case 2 was a 56-year-old male who presented with a primarily corneal OSSN with a 

small gelatinous component involving the limbal conjunctiva. The conjunctival boundary 

of the tumor was not clear at the slit lamp due to its flat appearance. Interestingly, the 

OCTA demonstrated blood vessels in the corneal that were not apparent clinically. This was 

visualized in the corneal portion of the tumor. Furthermore, angiography images disclosed 

that blood vessels inside the lesion connected to the tissue under the tumor (Figure 5).

Case 3 was a 60-year-old female who presented with a gelatinous conjunctival OSSN 

accompanied by cornea involvement. The cross-sectional cut had typical features of OSSN 

with thickened hyper-reflective epithelium and abrupt transition from normal. Importantly, 

abnormal blood flow signals were found underneath the tumor that could not be detected 
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clinically. The angiography image disclosed that the blood vessels scattered inside the lesion 

connected to blood vessels in the underlying tissue (Figure 6).

Case 5 was a 46-year-old female patient who presented with a gelatinous OSSN without 

corneal involvement. The angiography image disclosed blood vessels scattered inside the 

lesion. There was no corneal tumor, and no abnormal blood vessels were noted in the cornea 

(Figure 7).

Case 7 was a 71-year-old male patient who presented with a papillomatous OSSN. The 

tumor was located on the superior and temporal bulbar conjunctiva and involved the 

limbus and cornea. The angiography image of this case showed that the vascular pattern 

of the tumor mirrored the “sea fan” with tufts of branching abnormal blood vessels in the 

peripheral cornea and tissue underlying the tumor (Figure 8).

Case 11 was a 38-year-old male who presented with an OSSN with papillomatous and 

leukoplakic components involving the limbus and cornea. The angiography image, in this 

case, disclosed a dramatic vasculature pattern with in the conjunctival/papillary portion 

of the tumor and in particular, the deep surrounding sub-epithelial tissue. Due to the 

leukoplakia and the thick, large head of the lesion over the cornea, shadowing limited view 

of the corneal portion of the tumor (Figure 9).

3.4 Summary of OCTA signs in ocular surface squamous neoplasia

In conclusion, OCTA was able to demonstrate vasculature patterns in corneal and 

conjunctival OSSN, the tissue beneath the tumor (200 μm) and the tissue adjacent to the 

OSSN. Cross-sectional cuts of the OSSN showed thickened hyper-reflective epithelium with 

an abrupt transition between normal and abnormal epithelium. In additional to these classic 

findings for OSSN, the OCTA was able to demonstrate blood flow in the epithelial and 

sub-epithelial tissues.

Interestingly, the highest density of blood vessels in all cases was found in the tissue 

directly under the tumor, which we measured at 200 μm. This was followed by the density 

in the tumor, then the adjacent sub-epithelial tissues. These differences were statistically 

significant. In tumors that involved the cornea, vessel density within the corneal component 

and sub-epithelial tissue was visualized with the OCTA even when not seen clinically under 

the slit lamp. Not surprisingly, the vessel density under the corneal component was lower 

than the conjunctival component but more so than in normal corneas. OCTA was able 

to demonstrate corneal blood vessels within and under the tumor that were not apparent 

clinically.

As described, the most impressive network of vessels was in the sub-epithelial tissue, 

adjacent to OSSN, followed by the vessel density found in the conjunctival portion of the 

tumor. The vessels in the adjacent and sub tumor spaces connected to vessels within the 

tumor. Shadowing limited the enface evaluation of vessel density and characteristics in cases 

of leukoplakia or significant tumor thickness. The thickness of > 300 μm also diminished the 

blood flow signal of the underlying tissue in tumors on the cross-sectional cuts.
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4. Discussion

To summarize, in this study, we used optical coherence tomography angiography (OCTA) 

to visualize and characterize the vasculature pattern in 15 patients with OSSN. Based on 

volumetric segmentation, the tumor boundary, tumor volume, tumor area, tumor depth, 

vessel area density (VAD), and total tumor density (TTD) were quantitatively measured in 

all cases. In addition, we quantified and characterized the vasculature patterns of OSSN and 

compared these findings to non-involved tissue.

We found that the area of highest VAD was in the sub-epithelial tissue under the tumor 

followed by within the tumor itself. Interestingly, VAD in the sub-epithelial tissue near the 

tumor was higher than in the contra-lateral uninvolved eye, indicating possible changes to 

tissue adjacent to the tumor and “feeding” it. We noted connections between vessels near the 

tumor and vessels directly under the tumor.

Interestingly, the OCTA was able to demonstrate vessels enface and blood flow on corneal 

lesions that were not visualized clinically. This was the most interesting finding (Figure 4, 

5, 8). Not surprisingly, the VAD in the corneal component of OSSN was lower than in the 

conjunctival component of the same tumor.

OCT imaging has been a powerful tool in the characterization of OSSN. We and others have 

previously shown that OSSN has typical features on OCT including epithelial thickening, 

hyper-reflectivity, and an abrupt transition between normal and abnormal epithelium [5,35–

38]. A limitation of OCT, however, is that it lacks the ability to detect vasculature inside 

and surrounding OSSN. We showed that OCTA can fill in these gaps by imaging vascular 

structures within and near OSSN in three dimensions. It was interesting to learn that the 

VAD below the tumor was significantly higher than in the tumor itself.

The angiographic features of OSSN seen on OCTA have been described in ICGA and 

FA. Specifically, we noted a high density of blood vessels in OSSN with papillomatous 

features that are similar to the sea fan-shaped vessels seen on ICGA. The limitation of 

OCTA compared to ICGA and FA is that OCTA cannot evaluate for feeder vessels as the 

direction of flow is not known and it cannot assess for vascular leakage [17]. However, 

OCTA has the advantage of collecting images in a fast and non-invasive manner. Certain 

vascular features of OSSN have been described with ICGA. For example, afferent vessels 

(feeder vessels) were fewer and smaller than efferent vessels (draining vessels) vessels 

in OSSN. Furthermore, the number of afferent and efferent vessels positively associated 

with the thickness of the lesion. ICGA also showed a difference in lesion filling time in 

benign, preinvasive, and invasive tumors, with the fastest filling times seen in invasive 

lesions and the slowest in benign lesions [39]. ICGA and FA were also able to detect 

a change in the vascular pattern with chemotherapy, both intra-tumoral and conjunctival 

feeding vessels disappeared [15,17]. While OCTA cannot measure these metrics based on 

limitations described above, our preliminary data suggest that some OCTA measures may 

help monitor the extent of blood vessel abnormalities in the tissue surrounding the tumor 

and in the cornea and perhaps detect changes with treatment. However, we do not yet know 

which metrics will be most important in sub-typing and following treatment (e.g., VAD 
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under the tumor, in the tumor, and the sub-epithelial area near the tumor) and this is an 

important avenue of future study.

As with all studies, our findings must be considered in light of our study limitations. We 

intentionally did not biopsy the lesions. With classic clinical and OCT characteristics, we 

did not want to alter the virgin blood vessel pattern by inducing vascular change from 

surgical intervention. Despite only including 15 eyes, we found significant differences in 

VAD in different locations within and around the tumor, suggesting that these numbers 

were sufficient to answer our study question. Additionally, technical difficulties included 

nonparallel segmentation, projection artifacts, and inaccurate vessel density calculations 

during deep-resolved analysis. As such, we standardized our processing protocols to 

quantify VAD in an area near the edge of the tumor, and not in its center, to avoid 

such inaccurate measurements. As above, visualization of the vessel pattern was limited 

in the case of thick leukoplakia and extreme thickening (Figure 9). Additionally, there are 

inherent limitations in OCTA technology (e.g. cannot accurately identify afferent (feeder) 

and efferent (draining) tumor vessels). However, unlike ICGA, we were able to detect blood 

vessel density underneath the tumor. Our processing methodology uses manual outlining 

in the Orion software. Further development of automated segmentation will be needed to 

facilitate large scale studies. Finally, we cannot comment on the change of vessels with 

treatment as we did not follow patients over time. This is an important avenue for future 

study.

5. Conclusion

We describe results from a preliminary evaluation of optical coherence tomography 

angiography (OCTA) in the imaging vascular patterns in eyes with ocular surface 

squamous neoplasia (OSSN). We demonstrate our ability to visualize and quantify VAD 

and vasculature features in all cases of OSSN, irrespective of clinical features. The rich 

vasculature within the OSSN appeared to be significantly highest within 200 μm sub-

epithelial tissue under the tumor, then within the tumor, and finally, adjacent to the tumor. 

Our findings set the foundation for future prospective studies that can assess which OCTA 

detected features can aid in the diagnosis and sub-typing of OSSN, guide treatment, and 

follow treatment response.
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Figure 1. Image processing to extract the vasculature network in the region of interest (ROI).
In the eye with OSSN (top two rows, A-L), the boundaries of OSSN and adjacent epithelium 

were manually outlined in the three-dimensional dataset of the structure. In addition, the 

sub-epithelial tissue underneath (200 μm) the OSSN and epithelium adjacent to the OSSN 

were also outlined. Using the boundaries, the enface angiograph of OSSN and adjacent 

epithelium in the regions of interest were exported as well as the tissue underneath the tumor 

and adjacent epithelium (top two rows, A-L). The vessels were extracted using a series 

of image processing procedures to create the vessel images of OSSN, sub-epithelial tissue 

under OSSN (top row, A-F), epithelium adjacent to OSSN, and the sub-epithelial tissue 

under OSSN. In the contralateral eye without OSSN, the epithelium and sub-epithelial tissue 

were also processed in the same way as control (bottom row, M-R). All vessel densities 

were calculated based on a fixed area of 1.463 × 1.463 mm (2.14 mm2). The green arrow 

indicates the location of the corresponding cross-sectional images in the center column. The 

vertical dashed lines and yellow square boxes indicate the lateral boundaries of the regions 

of interest. OSSN, ocular surface squamous neoplasia.

Liu et al. Page 12

Ocul Surf. Author manuscript; available in PMC 2022 September 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Vessel area density (VAD) in regions of interest in the conjunctiva (n = 15). The VAD 

was highest in sub-epithelial tissue under the conjunctival component of OSSN, followed 

by within the conjunctival component of the tumor itself. VAD in both of these areas was 

significantly higher than all other areas studied (P < 0.01). OSSN, ocular surface squamous 

neoplasia. Bar = standard error.

Liu et al. Page 13

Ocul Surf. Author manuscript; available in PMC 2022 September 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
Comparison of vessel area density (VAD) in conjunctival vs. corneal components of OSSN 

(n = 11). The VAD in the conjunctival component was significantly higher than the corneal 

component of OSSN. Similarly, VAD in the sub-epithelial area under the conjunctival OSSN 

was significantly higher than under the corneal OSSN (P < 0.05). OSSN, ocular surface 

squamous neoplasia. Bar = standard error.
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Figure 4. A 69-year-old female with a papillomatous and gelatinous OSSN involving the 
conjunctiva and cornea.
(A) Slit-lamp photograph of the OSSN showing multiple abnormal blood vessels 

surrounding and within the lesion. White dashed arrow shows the cross-sectional cut of 

the OCT. (B) Cross-sectional imaging detects hyper-reflective thickened epithelium (white 

asterisk) with an abrupt transition from normal to abnormal (white arrow) characteristic 

of OSSN. The yellow line shows the bottom boundary of OSSN and sub-epithelial tissue 

adjacent to the tumor. The red line shows the sub-epithelial tissue (200 μm) underneath the 

tumor. (C) Blood flow signals are seen within the tumor, beneath the tumor as well as in 

the surrounding sub-epithelial tissue and epithelium adjacent to the OSSN. Note the shadow 

from the hyper-reflective thick lesion diminishes the blood flow signals under the central 

portion of the OSSN. (D) The tumor thickness map depicts the thickness of the tumor, 

demonstrating that it is thickest in the center. (E) Overlay of the enface angiograph with 

grayscale slit-lamp illustrates the vessels on the ocular surface in relation to the slit-lamp 

view. (F) The enface angiograph of OSSN and epithelium adjacent to OSSN shows a high 

density of vessels within the OSSN, in a “sea fan” pattern and no such vasculature pattern in 

the epithelium adjacent to the OSSN (yellow asterisk). (G) The enface angiograph 200 μm 

below the tumor also demonstrates dense vessels in the sub-epithelial tissue under the OSSN 

at the tumor edge and the sub-epithelial tissue adjacent to the OSSN. (H) The merged image 

from the angiographic enface images (F and G) shows the vessels within the tumor OSSN 

(red) and under the tumor in the sub-epithelial tissue (green).

OSSN, ocular surface squamous neoplasia. Dashed white lines (D, F, G, and H) indicate the 

tumor boundary. Curve dashed yellow line (D, F, G, and H) indicates the limbus.
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Figure 5. A 56-year-old male with a primarily corneal OSSN with adjacent gelatinous lesion 
involving the limbus and cornea.
(A) Slit-lamp photograph depicts a primarily opalescent corneal OSSN with limbal 

conjunctival involvement. No blood vessels were visible under the slit lamp in the corneal 

portion of the OSSN. White dashed arrow shows the cross-sectional cut. (B) The cross-

sectional image reveals mildly thickened hyper-reflective epithelium on the cornea and 

conjunctiva (asterisk) with an abrupt transition from normal to abnormal (arrow). The yellow 

line shows the bottom boundary of OSSN. The red line shows the sub-epithelial tissue (200 

μm) underneath the tumor. (C) Cross-sectional OCT detects the blood flow signals in the 

epithelium of both the corneal and conjunctival OSSN and the sub-epithelial tissue under 

limbal portion of the OSSN. (D) The tumor thickness map depicts the thickness of the 

tumor, demonstrating that it is thickest at the limbus. (E) Overlay of the enface angiograph 

with grayscale slit-lamp illustrates the vessels on the ocular surface in relation to the 

slit-lamp view. (F) The enface angiograph of OSSN and epithelium adjacent to OSSN shows 

scattered vasculature in the conjunctival and corneal portion of the OSSN. (G) Interestingly, 

there were tufts of abnormal blood vessels under the corneal component, which could not be 

visualized with the slit lamp. (H) The merged image from the angiographic enface images (F 

and G) shows the vessels within the tumor OSSN (red) connecting to the vessels under the 

tumor in the sub-epithelial tissue (green).

OSSN, ocular surface squamous neoplasia. Dashed white lines (D, F, G, and H) indicate the 

tumor boundary. Curve dashed yellow line (D, F, G, and H) indicates the limbus.
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Figure 6. A 60-year-old female patient with a gelatinous OSSN involving cornea and limbus.
(A) Slit-lamp photograph shows OSSN with multiple abnormal blood vessels surrounded 

the lesion. A white dashed arrow shows the location of the cross-sectional cut. (B) The 

cross-sectional image reveals mildly thickened epithelium on the cornea and conjunctiva 

(asterisk) with an abrupt transition from normal to abnormal (arrow). The yellow line shows 

the bottom boundary of OSSN and sub-epithelial tissue adjacent to the tumor. The red 

line shows the sub-epithelial tissue (200 μm) underneath the tumor. (C) Cross-sectional 

OCT detects the blood flow signals in the epithelium of both the corneal and conjunctival 

OSSN, and the subepithelial tissue under the limbal portion of the OSSN. (D) The tumor 

thickness map depicts the thickness of the tumor, demonstrating that it was overall uniform 

in the thickness. (E) Overlay of the enface angiograph with grayscale slit-lamp illustrates 

the vessels on the ocular surface in relation to the slit-lamp view. (F) The enface angiograph 

of OSSN and epithelium adjacent to OSSN shows a high density of vessels within both 

the corneal and limbal portion of the OSSN. (G) The enface angiograph demonstrates 

dense vessels 200 μm below the tumor, in the sub-epithelial tissue under the OSSN. In the 

sub-epithelial tissue adjacent to the OSSN, dense vessels were also noted, some of which 

connected to the vessels under the tumor. (H) The merged image from the angiographic 

enface images (F and G) shows the vessels within the tumor (red) connect to vessels under 

the tumor in the sub-epithelial tissue (green).

OSSN, ocular surface squamous neoplasia. Dashed white lines (D, F, G, and H) indicate the 

tumor boundary. Curve dashed yellow line (D, F, G, and H) indicates the limbus.
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Figure 7. A 46-year-old female with a gelatinous conjunctival OSSN.
(A) Slit-lamp photograph depicts a gelatinous conjunctival lesion without the involvement 

of the cornea. White dashed arrow shows the cross-sectional cut. (B) The cross-sectional 

image reveals thickened epithelium on the conjunctiva (asterisk) with an abrupt transition 

from normal to abnormal (arrow). The yellow line indicates the bottom boundary of OSSN 

and the red line shows the sub-epithelial tissue (200 μm) underneath the tumor. (C) Cross-

sectional OCT detects the blood flow signals in the epithelium OSSN, and the sub-epithelial 

tissue under the OSSN. (D) The tumor thickness map depicts the elevation at the area of 

the elevated nodule (yellow spot on the map). (E) Overlay of the enface angiograph with 

grayscale slit-lamp illustrates the vessels on the ocular surface in relation to the slit-lamp 

view. (F) The enface angiograph of OSSN shows only mild vascularity. (G)The enface 
angiograph of the sub-epithelial tissue 200 μm under the OSSN shows dramatically more 

vessels under the tumor and in the sub-epithelial tissue adjacent to the OSSN. (H) The 

merged image from the angiographic enface images (F and G) shows the few vessels within 

the tumor OSSN (red) and the greater network under the tumor in the sub-epithelial tissue 

(green).

OSSN, ocular surface squamous neoplasia. Dashed white lines (D, F, G, and H) indicate the 

tumor boundary. Curve dashed yellow line (D, F, G, and H) indicates the limbus.
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Figure 8. A 71-year-old male patient with a papillomatous OSSN involving limbus and cornea.
(A) Slit-lamp photograph of a papillomatous OSSN on the conjunctiva and cornea. 

White dashed arrow shows the cross-sectional cut. (B) The cross-sectional image reveals 

significantly thickened epithelium on the conjunctiva (asterisk) with an abrupt transition 

from normal to abnormal (arrow). The yellow line shows the bottom boundary of OSSN. 

The red line shows the sub-epithelial tissue (200 μm) beneath the tumor. (C) Cross-sectional 

OCT detects the blood flow signals in the epithelium of both the corneal and conjunctival 

OSSN, and the sub-epithelial tissue of the OSSN. (D) The tumor thickness map depicts the 

thickness of the tumor, demonstrating that it is thickest at the bulbar conjunctival margin. (E) 

Overlay of the enface angiograph with grayscale slit-lamp in relation to the slit-lamp view. 

The corneal vasculature is easily visualized. (F)The enface angiograph of OSSN illustrates 

the vessels are primarily within the conjunctival portion of the OSSN. (G) The enface 
angiograph of the sub-epithelial space, 200 μm below the tumor demonstrates dramatic 

vessel “sea fan” under the corneal component, which was not well seen under the slit lamp. 

(H) The merged image from the angiographic enface images (F and G, show the vessels 

within the tumor OSSN (red) and under the tumor in the sub-epithelial tissue (green). (H) 

The merged image from the angiographic enface images (F and G) shows the vessels within 

the tumor OSSN (red) and under the tumor in the sub-epithelial tissue (green) demonstrating 

that the majority of the vessels are deep in the sub-epithelial space.

OSSN, ocular surface squamous neoplasia. Dashed white lines (D, F, G, and H) indicate the 

tumor boundary. Curve dashed yellow line (D, F, G, and H) indicates the limbus.
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Figure 9. A 38-year-old male patient with OSSN with papillomatous and leukoplakic features 
involving limbus and cornea.
(A) Slit-lamp photograph showed highly elevated OSSN with leukoplakia at the head, and 

papillary tail. White dashed arrow shows the cross-sectional cut. (B) The cross-sectional 

image reveals dramatically thickened epithelium on the cornea and conjunctiva (asterisk) 

with an abrupt transition from normal to abnormal (arrow). The yellow line shows the 

bottom boundary of OSSN. The red line shows the sub-epithelial tissue (200 μm) underneath 

the tumor. (C) Cross-sectional OCT detects the blood flow signals in the superficial layers 

of the elevated epithelium and the sub-epithelial tissue under the limbal portion of the 

OSSN. Note the shadow from the hyper-reflective thick lesion diminishes the blood flow 

signals within the OSSN. (D) The tumor thickness map depicts the thickness of the tumor, 

demonstrating that it is thickest at the elevated leukoplakic head. (E) Overlay of the enface 
angiograph with grayscale slit-lamp illustrates the vessels on the ocular surface in relation 

to the slit-lamp view. Note that vessels are not visualized under the leukoplakic head. 

(F) The enface angiograph of OSSN and epithelium adjacent to OSSN shows a high 

density of vessels within the conjunctival/limbal part of the OSSN. No vasculature in the 

epithelium of the leukoplakic head was noted, only shadowing. (G) The enface angiograph 

also demonstrates dense vessels in the sub-epithelial tissue under the OSSN at the tumor 

edge and the surrounding tissue.

(H) The merged image from the angiographic enface images (F and G) shows the vessels 

within the tumor OSSN (red) and under the tumor in the sub-epithelial tissue (green). Note 

the limitation of the OCTA in the setting of the dense leukoplakia.

OSSN, ocular surface squamous neoplasia. Dashed white lines (D, F, G, and H) indicate the 

tumor boundary. Curve dashed yellow line (D, F, G, and H) indicates the limbus.
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Table 1:

Demographics and co-morbidities of the patient population (n=15)

Demographics

Age, mean (SD) [range] 61 (12) [38–79]

Gender, male, n (%) 12 (80.0%)

Race

White, n (%) 14 (93.3%)

Ethnicity

Hispanic, n (%) 8 (53.3%)

Smoking

Former, n (%) 2 (13.3%)

Current, n (%) 1 (6.7%)

Co-morbidities, n (%)

Hypertension 6 (40.0%)

Hypercholesterolemia 0 (0%)

Diabetes 3 (20.0%)

SD = standard deviation; n = number in group.
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Table 2:

Characteristics of patients with ocular surface squamous neoplasia

Case # Sex Age 
(years) Eye LC

Conjunctiva
Cornea Shadow LKNV 

(mm)
TA 

(mm2)
TV 

(mm3)
TD 

(μm)
TTD 
(%)

P G L

1 F 69 OS T + + - + + 1.9 39.0 13.8 353 35.2

2 M 56 OS N - + - + - 2.1 36.9 6.6 179 25.8

3 F 60 OS N - + - + - 2.0 38.0 8.9 234 34.9

4 M 66 OS N - + - - + 0 20.9 7.8 371 36.0

5 F 46 OD T - + - - + 0 14.1 3.4 241 38.1

6 M 70 OS T - + - + + 1.4 20.4 7.0 344 38.0

7 M 71 OS S,T + - - + + 1.7 39.7 18.8 473 31.3

8 M 79 OD N - + - + + 3.8 36.2 12.1 335 58.8

9 M 65 OD T - + - + - 2.0 30.9 9.4 305 35.3

10 M 58 OD T - - + - - 0 25.7 5.8 227 49.7

11 M 38 OD N + - + + + 1.8 25.8 14.7 570 21.8

12 M 73 OD T + + - + + 2.4 10.9 6.2 571 32.9

13 M 46 OD T - + + + + 2.6 24.8 9.2 370 22.1

14 M 49 OD N - + - + - 1.5 24.8 4.4 177 18.7

15 M 65 OD N - + - + - 2.6 33.7 8.8 260 19.7

LC, location; LKNV, length of corneal neo-vessel invasion; TA, tumor area; TV, tumor volume; TD, tumor depth; TTD, total tumor density; F, 
female; M, male; OS, left eye; OD, right eye; P, papillary; G, gelatinous; L, leukoplakic; T, temporal; N, nasal; S, superior.
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