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Abstract

Purpose: Optical coherence tomography angiography (OCTA) was utilized to examine changes 

in ocular surface squamous neoplasia (OSSN) vascular patterns over time in individuals treated 

with topical medical therapy.

Methods: Ten individuals with OSSN diagnosed by clinical examination and high resolution 

(HR)-optical coherence tomography (OCT) were recruited. All individuals received topical 

immuno- or chemotherapy. OCTA images were obtained and analyzed at three points: 

presentation, mid-treatment and tumor resolution. Tumor metrics including tumor area (TA), 

tumor volume (TV), tumor depth (TD), and total tumor density (TTD) were calculated. Vessel area 

density (VAD) was also quantified within the OSSN, the subepithelium under and adjacent to the 

OSSN and the subepithelium of the uninvolved, contralateral eye. Vascular network changes were 

also subjectively evaluated.

Results: TA, TV, TD and TTD all significantly decreased with time (p<0.001). The mean VAD 

within the OSSN significantly decreased (p<0.001) between visits (presentation: 26.52±6.8%, 

mid-treatment: 7.19±5.88%, tumor resolution: 0.11±0.34%). The mean subepithelial VAD under 

#Correspondence: ckarp@med.miami.edu; Bascom Palmer Eye Institute, University of Miami Miller School of Medicine, 900 NW 
17th Street, Miami, FL 33136, USA.
*These two authors contributed equally and should be considered as co-first authors.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review 
of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered 
which could affect the content, and all legal disclaimers that apply to the journal pertain.
5.Disclosure/Conflict of Interest Statement:
The authors have no financial disclosures that would be a potential conflict of interest.

HHS Public Access
Author manuscript
Ocul Surf. Author manuscript; available in PMC 2023 July 01.

Published in final edited form as:
Ocul Surf. 2022 July ; 25: 8–18. doi:10.1016/j.jtos.2022.03.006.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



the OSSN also decreased with time (23.22±11.03%, 20.99±5.99% and 19.58±7.08%), and after 

resolution the sub-tumor VAD (19.58±7.08%) was comparable to the subepithelial VAD in 

the contralateral eye (15.47±4.37%, p>0.05). The mean VAD in the subepithelium adjacent 

to the OSSN increased with treatment, then decreased significantly between mid-treatment 

and resolution (23.26±4.54, 28.30±7.43% and 21.68±6.10%, p=0.009). Qualitatively, the tumor 

subepithelial vascular network was complex and dense but with tumor resolution appeared less 

tortuous and similar to the uninvolved eye.

Conclusion: OCTA provided insight into the pathophysiology of tumor angiogenesis, showing 

decreased vascular density and normalization of vascular networks associated with tumor 

resolution.
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1. Introduction

The term ocular surface squamous neoplasia (OSSN), first described by Lee and Hirst in 

1995 (1), encompasses a spectrum of neoplastic changes in the squamous epithelium of 

the cornea and conjunctiva ranging from dysplasia to invasive squamous cell carcinoma 

(SCC). OSSN was found to be the most common non-pigmented conjunctival tumor in a 

retrospective study of 2412 conjunctival lesions, in which 29% (n=716) of the lesions were 

pre-malignant or malignant squamous epithelial neoplasms. (2) Treatment modalities for 

OSSN include wide surgical excision and intraoperative cryotherapy, topical immuno- and 

chemotherapy such as 5- fluorouracil (5-FU), interferon α-2b (IFN α-2b) and mitomycin C 

(MMC) or a combination of surgical and medical treatment. (3) Topical medical treatment 

has recently become the treatment of choice especially in diffuse or multifocal lesions as it 

has the advantage of treating the entire ocular surface and avoid scarring. (4)

The clinical appearance of OSSN varies and it can appear as a flat or elevated lesion. It may 

present as a gelatinous, leukoplakic, papillary or opalescent lesion. It is mostly commonly 

at the limbus and is often accompanied by abnormal vessels (hairpin or prominent feeder 

vessels). (3, 5) Although histopathologic analysis remains the gold-standard for diagnosis, 

high resolution optical coherence tomography (HR-OCT) has proven to be a valuable tool 

in the diagnosis of OSSN. The characteristic findings of OSSN on HR-OCT include a 

thickened, hyperreflective epithelium with an abrupt transition of the abnormal to the normal 

epithelium. (6) HR-OCT can also assist in disease management as clinical progression or 

regression of the tumor can be identified and treatment may be adjusted accordingly. (7) 

For example, HR-OCT may reveal subtle epithelial thickening which cannot be visualized 

clinically, preventing premature termination of treatment. (8) However, HR-OCT is not able 

to visualize angiographic characteristics of OSSN.

OCT angiography (OCTA) is a novel diagnostic method that has emerged as an important 

tool for imaging ocular vascular patterns. Compared to fluorescein angiography (FA) and 

indocyanine green angiography (ICGA) (9, 10), OCTA is less invasive and comes without 
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the risks associated with the use of dyes (e.g., anaphylaxis; contraindications with pregnancy 

and liver or kidney disease). While OCTA technology has mostly been applied to the 

posterior segment of the eye, there is increasing research on the use of OCTA for imaging 

the anterior segment (11), with several studies describing vascular patterns in the cornea, 

conjunctiva, sclera and iris. (11-13)

OCTA has only recently been applied to the study of OSSN. We previously characterized the 

morphology of vascular patterns in OSSN through OCTA prior to any treatment. We found 

that tumor vascular networks which were not visualized clinically were identified by OCTA. 

(14) In this paper, we further investigate how these vascular patterns change with medical 

treatment for OSSN.

2. Methods

2.1 Study design, setting, and population

Thirty individuals with a new diagnosis of OSSN were prospectively recruited from the 

Bascom Palmer Eye Institute, University of Miami Miller School of Medicine between 

November 2018 and July 2020. A complete ocular examination was performed on all 

patients in our ocular surface oncology clinic and the diagnosis of OSSN was established 

through clinical and HR-OCT presentation. Biopsy was deliberately not performed in order 

to preserve the original vascular patterns within and surrounding the tumor. Subjects were 

medically treated with topical 5-FU 1% (4 times daily for 1 week, followed by 3 weeks 

of drug holiday), IFN α-2b (1 million IU/ml (MIU/ml) 4 times daily without holiday), 

or MMC (0.04%, 4 times daily for 1 week, followed by 2-3 weeks of drug holiday). 

Subjects were evaluated every 2 months and at each visit, a complete ocular examination, 

slit-lamp photograph, HR-OCT, and OCTA were performed. The treatment regimen was 

continued until the tumor was deemed resolved by clinical exam and HR-OCT imaging. 

The criterion for clinical resolution was slit-lamp examination revealing resolution of the 

OSSN lesion and its associated abnormal blood vessels. The criteria for OCT resolution 

were (1) normalization of epithelial thickness (2) no longer abrupt transition from normal to 

abnormal epithelium, and (3) resolution of epithelial hyper-reflectivity.

Demographics, medical history and medication information were collected from the 

patients’ medical records. This study was approved by the Institutional Review Board of 

the University of Miami, Miller School of Medicine and was conducted in accordance with 

the principles of Declaration of Helsinki. Written informed consent was obtained from all 

participants.

2.2 Tumor characteristics

An ocular surface oncology expert (CLK) examined all patients. The diagnosis of OSSN 

was made based on clinical examination, slit-lamp photographs and anterior segment HR-

OCT findings. The appearance of the tumor (leukoplakic, papillary and/or gelatinous, flat 

or raised, localized or diffuse), as well as the location described in the context of clock 

hours were documented in all cases. All lesions were stained with rose bengal or lissamine 

green to evaluate for the presence of devitalized cells. The classic characteristics of OSSN 
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on HR-OCT, thickened, hyperreflective epithelium with an abrupt transition of the normal 

from the abnormal epithelium (3, 6-8) were identified and documented in all individuals as 

well. Clinical and HR-OCT tumor characteristics were documented in the same manner on 

all follow-up visits.

2.3 Anterior segment optical coherence tomography angiography examination

The Optovue OCTA device (Optovue, Fremont, CA, USA) mounted with an adaptor lens 

for the anterior segment (CAM-L, Optovue) was utilized to acquire anterior segment 

angiography images. The device performs 70,000 A-scans every second with an 840 nm 

central wavelength, a 5 μm resolution, and a 22 μm beamwidth. Each scan of anterior 

segment angiography included a raster scan with 304 (A-scan) x 304 (B-scan). As reported 

previously (14, 15), the angiography dataset of 6 × 6 mm scan pattern with a field of view 

(FOV) of 8.775 × 8.775 mm was utilized. OCTA was performed by the same well-trained 

technician until high-quality images were obtained and quantification was performed twice 

by the same observer. Poor quality images were excluded from the analysis.

2.4 Location and timing of image acquisition

An image of the entire tumor was obtained. The central area was defined as the geometric 

center of the tumor. The peripheral area was defined as an area of 2.14 mm2 at the 

conjunctival border of the tumor, in an area where the tumor thickness measured less than 

300 μm. In our previous work (16) we demonstrated that blood flow signals in layers deep to 

the tumor were diminished in tumors with thickness more than 300 μm, leading to inaccurate 

VAD measurements. This was especially important for analyzing the subepithelial layers 

as shadowing from the overlying tumor made it even more challenging to measure the 

subepithelial blood vessels. As such, VAD was measured in peripheral areas of the tumor to 

avoid blockage and false negative density evaluation.

Thus, three different areas were analyzed at every visit.

1. The epithelium within the tumor at the tumor edge

2. The subepithelial tissue under the tumor epithelium at the tumor edge (200 μm)

3. The subepithelial tissue adjacent to the tumor (200 μm)

In addition, the subepithelial tissue was analyzed in the contralateral, uninvolved eye in a 

mirrored area.

For the analysis, three different time points were examined: presentation prior to treatment 

initiation, mid-treatment, and tumor resolution. The contralateral, uninvolved eye was 

analyzed at presentation only. Mid-treatment was defined as a point in time during topical 

chemotherapy in which tumor was reduced in size but still present. Tumor resolution was 

based on clinical resolution as seen on slit-lamp examination as well as findings on HR-OCT 

images.
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2.5 Image segmentation and quantitative analysis

All ROI were segmented using a commercial software program (OrionTM, Voxeleron 

LLC, Pleasanton, CA, USA). The volumetric OCTA data were analyzed using the software 

utility provided by the OCTA manufacturer. The dataset containing the OCT structure and 

angiography data was exported and loaded into the Orion software, which was utilized to 

perform manual segmentations of the volumetric OCTA data. During image processing, 

enface and cross-sectional images of the OSSN were analyzed, first outlining the area and 

the depth of the lesion. The superficial and deep boundaries of conjunctival and/or corneal 

tumor were outlined in the cross-sectional image. Subepithelial tissue, 200 μm underneath 

the inferior boundary of OSSN, was also outlined. That cutoff was selected based on the 

rationale that the area underneath 200 μm may contain vessels from the sclera which might 

alter the vascular density calculations. Similarly, the epithelium and sub-epithelial tissue 

(200 μm) immediately adjacent to the OSSN were delineated. In the contralateral, unaffected 

eye, the area mirroring the area of the tumor in the affected eye was analyzed; the superficial 

and deep boundaries of the epithelium were outlined and the subepithelial tissue 200 μm 

underneath the inferior boundary of the epithelium was also outlined.

Then, the enface vessel images of the epithelial and the subepithelial segmented tissue were 

exported. A region of interest (ROI) was selected in the peripheral area along the edge of the 

conjunctival component of the tumor. Then the vessels were analyzed in that ROI (1 × 1 mm 

in the Orion Software). This resulted in an area of 1.463 × 1.463 mm (2.14 mm2) due to the 

magnification effect of the CAM-L anterior segment lens attached to the OCTA. This was 

the same for all subjects. After cropping the enface images of the segmented tissue, the ROI 

had specific coordinates.

Photoshop (Adobe, San Jose, CA, USA) was used for image editing and equalization and 

image conversion to a grayscale mode was performed. In addition, projection artifacts were 

removed by applying the subtract blend mode to subtract the vessel image of the superficial 

layer (tumor or epithelium) from the deep layer. Image J (NIH Bethesda, Maryland, USA) 

was used for further processing of the grayscale image. To generate the binary image, 

a series of filtering and thresholding, involving Gaussian blurring (Sigma = 4), bandpass 

filtering, and Otsu’s Thresholding were utilized.

Vessel area density (VAD) within the binary images was calculated as the ratio of the area 

(ROI) occupied by the vessels per unit area as described previously (14, 15). We measured 

VAD in three locations: the epithelium within the tumor at the tumor edge (where the tumor 

was less than 300 μm in thickness), the subepithelial tissue under the tumor epithelium at 

the tumor edge and the adjacent uninvolved subepithelial tissue (200 μm). We measured the 

subepithelial VAD of the contralateral, unaffected eye in a mirroring location. In addition, 

we measured the total visible vascular density of the entire tumor epithelium which was 

named total tumor density (TTD). Other metrics evaluated included tumor area, tumor 

volume and tumor depth. Tumor area and tumor volume were automatically calculated 

through the Orion software while tumor depth was calculated through the following 

formula tumor volume /tumor area* 1000. Additionally, the vascular network was evaluated 

subjectively through visual evaluation. Vascular features, including the presence of feeder 
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and hairpin vessels were examined on all OCTA images. All measurements were performed 

twice by one observer.

The analysis was performed in the same way for images of the contralateral unaffected eye 

and for images of subsequent visits. The same location of cornea/conjunctiva as the original 

tumor location was imaged in the affected eye and in the fellow eye over time. The area for 

vessel calculation matched the area of the eye with the tumor, based on the ROI coordinates. 

Anatomical landmarks were also used to help ensure the area mirrored the original tumor 

location.

2.6 Statistical analysis

IBM SPSS Statistics software package (version 25, IBM Corp., Armonk, NY, USA) was 

utilized for the statistical analysis. All values are presented as mean ± standard deviation. 

Descriptive statistics were used to summarize patient demographic and clinical information. 

The measured metrics were VAD (presented as mean ± standard deviation, %), tumor area 

(measured in mm2), tumor volume (measured in mm3), tumor depth (measured in μm), and 

total tumor density (presented as mean ± standard deviation, %), which were measured at the 

different locations mentioned above and compared at 3 time points. We used parametric tests 

to analyze VAD parameters and we did not perform Bonferroni correction for multiple tests, 

as this methodology has its own limitation. (17) Generalized estimating equation (GEE) 

was used to determine significance of change over time. The main outcome variable was 

VAD which was compared between the different points in time. Paired t tests were used 

to compare mean differences in VAD between the involved and uninvolved (contralateral) 

eye. Relationships between baseline VAD of epithelial and sub-epithelial under and adjacent 

to the tumor and change in VAD (presentation-resolution) were examined with respect to 

months to clinical resolution using Pearson correlational analyses.

Vessel patterns were also qualitatively described and compared to clinical tumor appearance 

during treatment. P value less than 0.05 was considered statistically significant.

3. Results

3.1 Patient population

Of 30 individuals, 10 had high-quality OCTA images suitable for analysis at all 3 time 

points. The mean age of the 10 individuals was 61.4± 15 years, 70% were male, all were 

white, 50% self-identified as Hispanic (Table 1).

3.2 Timeline

Due to variability in follow up and tumor response, the mid-treatment time point varied, with 

6 lesions measured 2 months after initiation of topical medical therapy, 3 lesions measured 

at 4 months and 1 lesion at 6 months. Time to tumor resolution from initiation of therapy 

ranged from 6 to 13 months with an average of 9 months. We did not observe tumor 

recurrence after completion of topical medical treatment in the ten individuals.
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3.3 Analysis of the angiography images

Quantitative analysis of images in all 10 individuals was performed at the 3 times points. 

The mean tumor area, tumor volume, tumor depth, and total tumor density were found to be 

29.59±9.48 mm2, 9.05±3.43 mm3, 318±117 μm and 33.49±11.12% at presentation (n=10), 

11.37±7.34 mm2, 2.69±2.37 mm3, 204±78 μm and 5.32±3.07% at mid-treatment (n=6 for 

tumor area, tumor volume, tumor depth and n=4 for total tumor density) and zero at tumor 

resolution, statistically decreasing between all visits (p<0.001), (Figure 1). In four cases, 

the tumor was too small to be accurately measured through the Orion software (unable to 

measure tumor area, tumor volume, tumor depth, and total tumor density) and in two cases 

keratinization prevented quantification of total tumor density.

The mean VAD in the tumor epithelium significantly decreased over time: 26.52±6.8% at 

presentation, 7.19±5.88% at mid-treatment and 0.11±0.34% at tumor resolution (p<0.001), 

(Figure 2). The mean VAD in the subepithelial space immediately beneath the tumor (200 

μm) also decreased overtime: 23.22±11.03% at presentation, 20.99±5.99% at mid-treatment 

and 19.58±7.08% at tumor resolution (Figure 2), however this change was not significant. 

The subepithelial VAD under the tumor at tumor resolution (19.58±7.08%) was similar 

to values obtained in the contralateral healthy eye at the same location (15.47±4.37%, 

p>0.05). The mean VAD in the subepithelial tissue (200 μm) adjacent to the OSSN first 

increased from presentation to mid-treatment, then decreased from midpoint to tumor 

resolution (23.26±4.54% at presentation, 28.30±7.43% at mid-treatment, and 21.68±6.10% 

at tumor resolution, p=0.009 between mid-treatment and tumor resolution), (Figure 2). 

Figure 3 and Figure 4 demonstrate the noted observation that blood vessel density in 

the subepithelial tissue adjacent to the neoplastic epithelium first increased and then 

subsequently decreased. We observed statistically significant correlations between baseline 

subepithelial VAD adjacent to the tumor and change in subepithelial VAD adjacent to the 

tumor (presentation-resolution) and months to clinical resolution (p<0.05 for both, pearson 

correlation=0.733 and 0.696 respectively).

Qualitatively, the tumor vascular network was noted to be irregular, complex and dense at 

presentation. This chaotic vascular network was noted within the epithelial tumor as well 

as in the subepithelial tissue immediately beneath and adjacent to the epithelial tumor. In 

particular, the two tumors with papillomatous features (Figures 3 and 6) exhibited a “sea 

fan” pattern of blood vessels. This chaotic tumor vascular network gradually disappeared in 

the epithelium as the tumor regressed. The blood vessels in the area immediately beneath 

and adjacent to the epithelial tumor slowly demonstrated a more regular appearance as the 

tumor was treated and ultimately looked similar to the contralateral unaffected eye. On 

OCTA, we identified vascular trunks which appeared larger in diameter and traveled towards 

the lesion which may represent feeder vessels. At presentation, 9 of 10 lesions had hairpin 

vessels visible on OCTA images which regressed in all cases with treatment. Larger vessels 

which may represent feeder vessels, were visible on OCTA images in 8 of the 10 lesions at 

presentation, which also all regressed with treatment.

When looking at the control location, no blood vessels were seen in the epithelium of the 

contralateral, unaffected eye. After tumor resolution, the subepithelial VAD in the location 
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of tumor (VAD=19.57%) was similar to the subepithelial VAD in the control location 

(VAD=15.47%), p=0.62.

Selective cases demonstrating qualitative changes in vascular network 
patterns with chemotherapy—As described above, tumor metrics including tumor area, 

tumor volume, tumor depth and total tumor density significantly decreased with treatment 

and were not quantifiable upon tumor resolution in all cases. (p<0.001) Not surprisingly, 

VAD within the OSSN also significantly decreased with treatment and it was calculated 

as almost zero with tumor resolution. (p<0.001) When looking at individual cases, they all 

followed this significant pattern.

Concerning VAD in the subepithelial tissue adjacent to the OSSN, we expected levels 

to decrease at each timepoint since the tumor gradually decreased in size in all cases, 

however more variation was noted in the VAD. The mean VAD in the subepithelial 

tissue adjacent to the OSSN actually increased before decreasing (minimum change to 

classify cases as increased or decreased was that of 1 point). Interestingly, when analyzing 

on a case-by-case basis, VAD levels notably increased in mid-treatment in 50% (5/10) 

of cases, remained stable in 10% (1/10) of cases and decreased in 40% (4/10) of 

cases, however that decrease was of a smaller amplitude. With continued treatment and 

subsequent tumor resolution, VAD decreased in 50% (5/10) of cases, remained stable in 

40% (4/10) of cases and marginally increased in 10% (1/10) of cases. We did notice 

statistically significant correlations between baseline and change (presentation-resolution) in 

subepithelial VAD adjacent to the tumor and months to clinical resolution (p<0.05 for both, 

Pearson correlation=0.733 and 0.696 respectively).

Furthermore, we measured VAD in the subepithelial tissue under the tumor. Although the 

mean VAD in the subepithelial tissue under the tumor decreased between visits, VAD levels 

directly under the tumor exhibited the highest variation when looking at individual cases. 

This was likely due to tumor thickness and leukoplakia which precluded clear visualization 

of the underlying subepithelial vascular plexus in some cases, and thus underestimating the 

VAD due to blockage by the tumor.

Some select cases are described below:

Case 1 highlighting an increase in the adjacent subepithelial vascular plexus at mid-
treatment with subsequent decrease at tumor resolution.: A 38-year-old male presented 

with an OSSN with a leukoplakic edge and a papillomatous base encroaching on the cornea 

nasally from 2 to 4 o’clock in the right eye. (Figure 3). It was characterized clinically by 

prominent vascularity within the tumor and multiple feeder vessels. HR-OCT confirmed 

the presence of a thickened, hyperreflective epithelium with abrupt transition from the 

normal epithelium. The head of the tumor was especially thick and leukoplakic as seen 

in HR-OCT and in the thickness map. Posterior shadowing was present under the thicker 

parts of the tumor. En face angiography imaging revealed a dense vascular network within 

the papillomatous portion/tail of the OSSN peripherally and in the adjacent underlying 

subepithelial tissue. No blood vessels were seen within the tumor head (asterisk) as they 
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were blocked by the leukoplakia. Throughout treatment, the tumor area, tumor volume, 

tumor volume, tumor depth, and total tumor density all decreased.

When evaluating VAD at presentation, the leukoplakia prevented visualization of blood 

vessels at that corresponding part of the tumor and the respective subepithelial tissue. 

Nevertheless, VAD in the epithelium and the subepithelial tissue was measured at the 

non-leukoplakic part of the tumor. At mid-treatment, post 2 cycles of 5-FU and 3 cycles 

of MMC, the OSSN had shrunk remarkably. The leukoplakic component of the OSSN 

resolved while some papillomatous component remained. HR-OCT confirmed the presence 

of a small residual tumor. This was dramatically decreased in thickness when comparing 

with presentation. As the lesion decreased in size, vessels in the tumor tail were resolved, 

however a “sea-fan” vascular pattern was visualized within the remaining papillomatous 

tumor head (white arrow). At tumor resolution, post 2 additional cycles of MMC, the OSSN 

was resolved on slit-lamp and HR-OCT imaging. En face angiography showed a grossly 

avascular epithelium while the subepithelial vascular network appeared to have normalized.

During the course of the treatment, the tumor area, tumor volume, tumor volume, tumor 

depth, and total tumor density decreased with treatment and eventually were calculated 

as zero with tumor resolution. As expected, VAD within the OSSN greatly decreased 

and eventually approached zero with tumor resolution. Most interestingly, the VAD in the 

subepithelial tissue adjacent to the OSSN increased in mid-treatment (arrowheads) before 

decreasing with tumor resolution. VAD in the subepithelial tissue under the OSSN at 

the non-leukoplakic tumor edge decreased in mid-treatment and then further decreased 

with tumor resolution. At resolution, the VAD in the subepithelial tissue below the tumor 

(19.56%) was comparable to subepithelial VAD in the contralateral uninvolved eye in a 

similar location (15.13%). (Figure 3).

Case 3 highlighting an increase in the adjacent subepithelial vascular plexus at 
mid-treatment with subsequent decrease at tumor resolution.: A 60-year-old woman 

presented with corneal and limbal gelatinous OSSN in the left eye nasally from 6 to 

12 o’clock. (Figure 4). HR-OCT confirmed the presence of a thickened, hyperreflective 

epithelium with abrupt transition from the normal epithelium. En face angiography imaging 

showed a vascular network within the tumor and a rich vascular network underneath the 

tumor.

At mid-treatment, after 4 cycles of 5-FU, the tumor was dramatically improved clinically, 

but some opalescence and gelatinous changes persisted around 8 to 9 o’clock. By OCTA, the 

internal tumor vascular network appeared mostly resolved and only some scattered vessels 

were seen within the epithelium on en face angiography at the mid-point of treatment. The 

adjacent subepithelium vessel network at this point appeared denser, instead of the expected 

decrease (arrowheads). The patient underwent 2 additional cycles of 5-FU which led to 

clinical and HR-OCT tumor resolution. With lesion resolution, no blood vessels were seen 

within the epithelium while the subepithelial vascular plexus appeared normalized.

In this patient, tumor metrics including tumor area, tumor volume, tumor depth, and total 

tumor density decreased with treatment as expected. Similarly, VAD within the OSSN 
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greatly decreased between the different time points. Interestingly and similar to the previous 

case, the VAD in the subepithelial tissue adjacent to the tumor increased from presentation 

(28.45%) to mid-treatment (40.22%), and then decreased with tumor resolution (20.80%). 

VAD in the subepithelial tissue under the OSSN remained stable between presentation 

and mid-treatment and then increased with tumor resolution, possibly due to a better 

unobstructed visualization of the blood vessels. At resolution, subepithelial VAD levels 

below the resolved tumor (13.14%) were comparable with subepithelial VAD levels in a 

similar location in the contralateral uninvolved eye (15.98%). (Figure 4).

Case 4 highlighting gradual decrease in the epithelial and subepithelial vascular 
plexus with tumor resolution.: A 46-year-old female patient presented with a gelatinous 

conjunctival OSSN located inferior nasally in the right eye and accompanied by 

multiple abnormal vessels. (Figure 5). HR-OCT confirmed the presence of a thickened, 

hyperreflective epithelium with abrupt transition from the normal epithelium, classic for 

OSSN. The epithelial thickness map similarly showed thickening in the area of the 

tumor. En face angiography imaging revealed blood vessels within the lesion and a dense 

vascular network in the subepithelial space. Shadowing caused by the tumor nodule blocked 

visualization of some blood vessels directly beneath the tumor (asterisk). At mid-treatment, 

after 4 cycles of 5-FU, a small opacity persisted clinically at 8 o’clock. Small areas 

of slightly thickened, hyperreflective epithelium were seen on HR-OCT around 7:30 to 

8 o’clock. By OCTA, blood vessels were dramatically decreased in the epithelium by 

the mid-point. The subepithelial vascular plexus under and adjacent to the tumor also 

decreased on en face angiography. After 2 additional cycles of 5-FU, the OSSN appeared 

resolved clinically and by HR-OCT imaging. The scattered epithelial vessels disappeared 

and subepithelial vascular plexus further decreased and acquired a normal appearance. The 

VAD within the OSSN greatly decreased at mid-treatment and was not quantifiable at tumor 

resolution. In this case, the VAD in the subepithelial tissue under and adjacent to the tumor 

gradually decreased over the course of treatment. Interestingly, subepithelial VAD in the 

contralateral uninvolved eye was found to be higher than the VAD in the subepithelial tissue 

adjacent to the now resolved tumor. (Figure 5).

Case 7 highlighting dramatic decrease in the sea-fan vascular network of tumor 
epithelium and adjacent subepithelial vascular plexus with tumor resolution. Note 
improved visualization of the subepithelial vascular plexus as the tumor resolved.: A 

69-year-old female presented with a papillomatous and gelatinous OSSN of the left 

conjunctiva temporally and the cornea from 12 to 6 o’clock with multiple abnormal blood 

vessels. (Figure 6). HR-OCT images revealed thickened hyperreflective epithelium with 

abrupt transition, classic features of OSSN. En face angiography imaging revealed a “sea 

fan” abnormal vascular network within the OSSN. Additionally, 200 um subepithelial to 

the tumor and in the adjacent subepithelial tissue there was a dense subepithelial vascular 

network. The patient underwent 2 cycles of 5-FU with dramatic tumor regression seen 

clinically and by HR-OCT examination. At this midpoint, the angiography images revealed 

decreasing vascular network within the OSSN. Vessels directly underneath the tumor were 

initially not visible due to blockage from the thick tumor, but as the tumor was decreasing 

in thickness, more blood vessels were visible in the subepithelial tissue under the tumor. 
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5-FU was continued for 6 more cycles, leading to clinical and HR-OCT evidence of 

tumor resolution. At resolution, en face angiography was void of any blood vessels in 

the epithelium and the subepithelial blood vessels appeared normalized. Tumor metrics 

including tumor area, tumor volume, tumor depth, and total tumor density decreased 

with treatment as expected. In addition, VAD within the OSSN greatly decreased at mid-

treatment and was calculated as zero with tumor resolution. In this case, VAD in the 

subepithelial tissue adjacent to the tumor did not increase but rather remained relatively 

stable at mid-treatment and then decreased with tumor resolution. Interestingly, the VAD 

beneath the OSSN gradually increased between the different time-points, likely because 

as the tumor resolved it allowed for better visualization of the subtumor vascular plexus. 

At resolution, subepithelial VAD levels below the tumor (19.28%) were comparable with 

subepithelial VAD levels in a similar location in the contralateral uninvolved eye (21.01%). 

In this case, post treatment incisional biopsy was performed which confirmed tumor 

resolution. (Figure 6).

4. Discussion

Tumor microcirculation is highly complex and yet to be completely understood. Initiation 

of tumor angiogenesis requires the release of chemical signals from tumor cells in a 

rapid growth phase. This stimulates responsive blood vessels in the tissue surrounding the 

tumor. (18) Vasculature in neoplastic lesions exhibits functional and structural heterogeneity 

and has been noted to significantly differ from adjacent unaffected tissue. (19) While 

normal vasculature is hierarchically organized, tumor vasculature is immature, tortuous and 

hyperpermeable due to an abnormal basement membrane and diminished muscle cell and 

endothelial cells. (20) These abnormal vascular networks are thought to be key factors in 

assisting tumor growth and metastasis. While the above findings have been well described 

for different types of tumors, the literature on vascular networks of ocular surface tumors is 

currently limited.

Hence in this study, we utilized OCTA to assess tumor vasculature in 10 individuals with 

a diagnosis of OSSN that were treated with topical medical therapy. As expected, we 

found that tumor related metrics including tumor area, tumor volume, tumor depth and total 

tumor density significantly decreased over time with topical immuno- or chemotherapy. This 

aligned to what we noted on clinical examination. The novel information provided in this 

study by the OCTA technology is the quantification of vascular metrics in and around the 

tumor during treatment. This may provide possible insights into tumor vascular networks, 

pathophysiology and host response.

Similar to our previous work (16), the VAD at presentation was highest within the tumor, 

but in that study, we did not evaluate changes with treatment. The purpose of the study was 

to take this a step further and evaluate the changes with topical chemo and immuno-therapy. 

We found that VAD within the tumor significantly decreased (p<0.001) over treatment, 

almost completely disappearing with tumor resolution (Table 3). Overall, the VAD in the 

subepithelial tissue beneath the tumor showed a similar trend, decreasing from presentation 

to mid-treatment and then remaining relatively stable thereafter. However, in cases of thick 

tumors (e.g., case 7), the VAD in the subepithelium beneath the OSSN at presentation was 
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likely under-estimated, due to decreased visibility/blockage of the vessels. In such cases, 

VAD in the subepithelium beneath the OSSN actually increased with treatment, as tumor 

resolution allowed for better visualization of the subepithelial vascular plexus. In most 

cases, the subepithelial VAD beneath the OSSN after tumor resolution was similar to the 

subepithelial VAD at the same location in the contralateral, unaffected eye, suggesting a 

normalization of the subepithelial blood vessel density.

In contrast, blood vessels in the subepithelial tissue adjacent to the tumor were not 

obstructed by the presence of a tumor, thus facilitating VAD calculation. While most tumor 

metrics decreased over treatment, a more intriguing finding of this study is that the mean 

VAD in the subepithelial tissue adjacent to the tumor overall increased before decreasing 

(Table 4). This increase was seen in 50% (5/10) of cases. In some cases (e.g., case 4, 

8), VAD in the subepithelial tissue adjacent to the tumor decreased with treatment and in 

one case, the VAD remained relative stable (e.g., case 10). The decrease from mid to final 

resolution was significant (p=0.009). We examined the relationship between VAD and time 

to tumor resolution and noted a significant relationship between VAD in the subepithelial 

area adjacent to the tumor and tumor resolution. This indicates that tumors with higher 

baseline vascular density adjacent to the tumor required more cycles of treatment for clinical 

resolution. More studies are needed to further explore these findings.

Finally, we observed not only a change in quantitative density but also in the appearance of 

the vascular networks. More specifically, with resolution of OSSN lesions, the intraepithelial 

vessels disappeared. Furthermore, the vascular network of the subepithelial tissue and 

the adjacent subepithelial tissue appeared less tortuous and more organized and also 

looked similar to the vascular network of the unaffected eye. Our findings align with the 

general concept of a chaotic tumor vasculature in neoplasia as we observed irregular and 

dense vascular plexuses within the tumor at presentation that regressed quantitatively and 

qualitatively as the tumor responded to topical therapy. We were also able to identify 

vascular trunks which appeared large in diameter and traveled towards the lesion which 

may represent feeder vessels in 8 of the 10 lesions. These findings agree with similar data 

recently published by Binotti et al. (21) In that paper, it was reported that malignant lesions 

exhibit a greater perilesional vessel diameter and depth, and these vessels may represent 

feeder vessels. In contrast, it was reported that in 22 patients with benign, pre-invasive 

and invasive ocular surface tumors, the mean diameter of afferent vessels was smaller than 

efferent vessels on IGCA. It is important to note that OCTA cannot identify blood flow 

direction. (10)

Similar findings with respect to changing density and complexity have been seen on 

biopsy in other cancers. In a small cell lung cancer mouse model (22), cisplatin 

injected intraperitoneally led to a decrease in vessel density when measured through 

immunohistochemistry in the entire tumor as compared to pre-treatment. In a rat 

model of mammary adenocarcinoma (23), treatment with photodynamic therapy and a 

cysteine protease inhibitor led to decreased vascular network complexity (quantified via 

fractal dimension (FD) of immunohistochemistry specimens) compared to pre-treatment. 

Interestingly, OCTA has demonstrated similar changes in-vivo in other models. In a murine 

mammary tumor model (24), intraperitoneal cyclophosphamide (CTX) led to the resolution 
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of abnormal, disorganized blood vessels networks with the appearance of less complex and 

more organized vessels when observing OCTA images as well as based on FD (measure of 

complexity) and lacunarity (measure of homogeneity).

Concerning the ocular surface, one study used ICGA to describe OSSN vascular networks 

and their changes in 6 patients receiving subconjunctival/perilesional injections of 5-FU. 

(25) Following the injection therapy with 5-FU, intratumoral and conjunctival feeding 

vessels vanished in five of the six cases, and patchy ischemic regions were identified in three 

of the six cases. Similarly, in our study, blood vessels within the tumor completely vanished 

in all cases by the end of the treatment. Similarly, blood vessels within the subepithelial 

tissue decreased in density in all cases. These findings reinforce the idea that similar to 

tumors elsewhere in the body, that normalization of tumor vasculature in OSSN occurs in 

response to treatment.

Unexpectedly, in some cases we found an initial increase in vascular density in the 

subepithelial tissue adjacent to the tumor with treatment. The significance of the finding 

is unclear but several explanations are possible. For example, it has been reported that 

chemotherapy regimens may induce a cancer-mediated release of cytokines and chemokines 

which may then generate an inflammatory response or stimulate angiogenesis. (26) 5-FU, 

in particular, has been shown to increase levels of IL-6 and other inflammatory mediators. 

(27) The inflammatory response can also cause temporary vasodilation of the subepithelial 

tissue blood vessels. Dilated blood vessels increase the pixels within the OCTA frame and 

can affect the VAD calculation. 5-FU associated angiogenesis has also been demonstrated in 

other tumor models. In mice, circulating endothelial progenitor cell (CEP) numbers rapidly 

increased (within 24 hours) after a single bolus of 5-FU was injected intraperitoneally. (28) 

CEPs then populated and integrated into the tumor vasculature in mice with lung carcinoma, 

potentially linking antitumor therapy with transient angiogenesis. In a breast carcinoma 

mouse model, intraperitoneal administration of 5-FU led to an initial increase in blood vessel 

density of tumor samples (imaged via immunofluorescence) taken on day 4 followed by a 

decrease in vascular density of tumor samples taken on day 8 and a return to baseline levels 

on day 12. (29) Perhaps a similar effect of 5-FU on blood vessels adjacent to the OSSN 

tumor may explain the findings noted in our study. Future studies using other treatment 

medications may further explore this observation.

Our study findings do not come without limitations. First, our cases were diagnosed with 

OSSN through clinical examination and HR-OCT findings. A biopsy was purposefully 

not performed as surgical intervention could potentially induce changes in the virgin 

blood vessel network. However, we have previously published on the high sensitivity and 

specificity of HR-OCT in assisting in the diagnosis of OSSN. (30) Similarly, resolution 

was confirmed clinically and by OCT normalization. Second, our results are limited by 

our sample size, of which only 10 of 30 individuals had the high-quality images necessary 

to evaluate our metrics of interest. Patient movement created artifact which eliminated 

several cases. Nevertheless, significance was achieved, suggesting that our sample size was 

sufficient to detect changes in VAD over time. In addition, thick tumors and leukoplakia 

precluded detailed visualization of blood vessels especially in the subepithelial tissue in 

certain cases. Especially in cases of thick tumors, we likely under-estimated the subepithelial 
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VAD under the OSSN. If so, the change over treatment might in fact be even more dramatic. 

To counteract this, our measurements were performed in a peripheral area of the tumor 

where thickness was less than 300 μm, not in the central tumor area. This was done to avoid 

false negative underestimations of the VAD in the thickened tumor and subepithelial space 

under the tumor. As technology evolves for better penetration and less shadowing, thicker 

tumors will potentially be better evaluated. Fourth, as a biopsy was not performed, tumor 

grade could not be determined. Further studies are needed to examine relationships between 

baseline and change in vessel characteristics and tumor grade and stage. In a similar manner, 

further studies examining VAD in individuals without neoplastic conjunctival lesions are 

needed. Similar to our first study (14), we encountered difficulties with image processing 

in some cases, including manual segmentation of the tumors, projection artifacts, vascular 

density calculations. Hopefully these will be minimized in the future as the technology 

and software improves. Future automation of vascular density calculations will certainly 

facilitate analysis and increase accuracy in calculations. Lastly, we did not measure variation 

in the vascular plexus of the contralateral, non-affected eye over time as we did not expect 

significant changes.

Despite these limitations, this study provides novel information on changes in blood vessel 

networks within and around OSSN with medical therapy. The OCTA provided insight 

into the pathophysiology of tumor angiogenesis, describing decreasing epithelial vascular 

density with tumor resolution and normalization in appearance of subepithelial vascular 

networks associated with tumor resolution. The finding of increased vascular density at the 

midpoint of treatment in some cases brings new questions to the understanding of tumor 

angiogenesis. It is unclear why this occurred in some cases and not in others. Future studies 

will need to evaluate tumor angiogenesis and how different treatment modalities affect 

vascular networks.
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Fig. 1. 
Changes of tumor area (A), tumor volume (B), tumor depth (C), and total tumor density (D) 

at presentation, mid-treatment, and at tumor resolution, all showing statistically significant 

changes throughout treatment.

Theotoka et al. Page 17

Ocul Surf. Author manuscript; available in PMC 2023 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 2. 
Changes in vessel area density within OSSN (A), sub-epithelial tissue adjacent to OSSN 

(B) and sub-epithelial tissue under OSSN (C) at presentation, mid-treatment and at tumor 

resolution. OSSN; ocular surface squamous neoplasia.
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Fig. 3. A 38-year-old male presenting with a leukoplakic and papillomatous OSSN (Case 1). SLP:
At presentation, a leukoplakic and papillomatous OSSN from 2 to 4 o’clock with 

intrinsic vascularity and feeder vessels is seen. At mid-treatment, after 2 cycles of 5-FU 

and 3 cycles of MMC, the leukoplakic component resolved while the papillomatous 

remains. Conjunctiva hyperemia is seen. At tumor resolution, there is some remaining 

mild hyperemia. White dashed arrow shows cross-sectional cut of OCT. B-scan images: 
At presentation, a thickened, hyperreflective epithelium (asterisk) with abrupt transition 

(arrows) and significant posterior shadowing is seen. Blood flow (shown in red color) within 

the superficial part of the tumor as well as in the adjacent subepithelium is noted. Shadowing 

limits visualization of some blood flow within and below the tumor. At mid-treatment, 

thickened, hyperreflective epithelium (asterisk) with abrupt transition (arrows) is improved 

but persists. Blood flow is seen within the tumor as well as in the subepithelium. At tumor 

resolution, thin avascular epithelium and blood flow in the subepithelium is seen. Thickness 
map: Changes in the thickness of the tumor are shown at presentation, mid-treatment, 

and at tumor resolution. Dashed white lines indicate the tumor boundary. Note highly 

elevated tumor head at presentation (red) which corresponds to areas of blockage of vessel 

visibility. Enface angiograph of epithelial vessels: At presentation, dense BV (white 

thin arrows) are seen within the papillomatous part/tail of the OSSN. Straight horizontal 

lines represent artifacts from patient movement. Leukoplakia prevents visualization of BV 

at that corresponding thick part of the tumor (asterisk). At mid-treatment, “sea-fan” BV 

(white arrow) are seen within the remaining papillomatous head of the OSSN and at 

tumor resolution epithelium appears to be grossly avascular. Dashed white lines indicate the 

tumor boundary. Enface angiograph of the subepithelial vessels (200 μm): At presentation, 

dense BV are seen in the subepithelium at the OSSN edge and adjacent to it (arrowhead). 

Shadowing precluded full visualization of BV directly under the tumor at presentation. 

At mid-treatment, BV increased in the area adjacent to the tumor (two arrowheads). At 

tumor resolution BV appear decreased and more regular , similar to the contralateral eye. 

Dashed white lines indicate the tumor boundary. Merged vessels: The tumor BV (red) 

and sub-epithelial BV angiographies (blue) were merged at presentation, mid-treatment and 

at tumor resolution. Note “sea-fan” visible (arrow) at mid-treatment. Dashed white lines 

indicate the tumor boundary. Merged vessels and SLP: Overlay of the enface angiograph 

with grayscale slit-lamp at presentation, mid-treatment and at tumor resolution.OSSN; 

Theotoka et al. Page 19

Ocul Surf. Author manuscript; available in PMC 2023 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



ocular surface squamous neoplasia, SLP; slit lamp photograph, OCT; optical coherence 

tomography, BV; blood vessels.
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Fig. 4. A 60-year-old woman presenting with a gelatinous OSSN involving the nasal limbus of the 
left eye (Case 3).SLP:
A corneal and limbal gelatinous OSSN from 6 to 12 o’clock nasally in the left eye with 

multiple BV is seen at presentation. At mid-treatment, after 4 cycles of 5-FU, the tumor 

is dramatically improved, but some opalescence and gelatinous changes persist from 8 

to 9 o’clock. Normal conjunctiva is seen at tumor resolution. White dashed arrow shows 

cross-sectional cut of OCT. B-scan images: At presentation, a thickened, hyperreflective 

epithelium (asterisk), with abrupt transition (arrows) is seen. Blood flow within part of the 

corneal and conjunctival epithelium as well as in the subepithelium is noted (shown in red). 

At mid-treatment, greatly normalized epithelium with a focal area of slightly thickened, 

hyperreflective epithelium is seen in the conjunctiva (arrowheads). Blood flow signals in 

the subepithelium is seen. At tumor resolution, epithelium is avascular and thin and blood 

flow is noted only in the subepithelium. Thickness map: Changes in the thickness of the 

tumor are shown at presentation, mid- treatment, and at tumor resolution. Dashed white lines 

indicate the tumor boundary. Enface angiograph of epithelial vessels: Dense BV within 

the cornea and conjunctiva are seen at presentation, resolving at mid-treatment with some 

BV remaining at the cornea (white arrow) and disappearing at tumor resolution. Dashed 

white lines indicate the tumor boundary. Enface angiograph of the subepithelial vessels 
(200 μm): Dense BV are seen at presentation (arrowhead) which appear denser and complex 

at mid-treatment adjacent to the tumor (arrowheads). At tumor resolution, subepithelial 

BV have decreased and acquired a more regular appearance and were quantitatively 

and qualitatively similar to the uninvolved contralateral eye. Dashed white lines indicate 

the tumor boundary. Merged vessels: The tumor vessels (red) and sub-epithelial BV 

angiographies (blue) were merged at presentation, mid-treatment, and at tumor resolution. 

Dashed white lines indicate the tumor boundary. Merged vessels and SLP: Overlay of 

the enface angiograph with grayscale slit-lamp at presentation, mid-treatment, and at tumor 

resolution. OSSN; ocular surface squamous neoplasia, SLP; slit lamp photograph, OCT; 

optical coherence tomography, BV; blood vessels.
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Fig. 5. A 46-year-old female presenting with a gelatinous OSSN of the right eye (Case 4).SLP:
At presentation, a conjunctival gelatinous OSSN is seen inferior temporally with feeder 

vessels. At mid-treatment, after 4 one week cycles of 5 FU, the tumor is greatly improved. 

After another 2 cycles of 5-FU, conjunctiva appears normal. White dashed arrow shows 
cross-sectional cut of OCT. B-scan images: At presentation, a thickened, hyperreflective 

epithelium (asterisk), with abrupt transition (arrows) is noted. There is blood flow within 

the tumor and in the subepithelium (shown in red). At mid-treatment, small areas of slightly 

thickened, hyperreflective epithelium (asterisk and thin white arrows) remain around 7:30 

to 8 o’clock. Blood flow is seen in the subepithelium. At tumor resolution, the epithelium 

is thin and avascular. Blood flow is noted in the subepithelium only. Thickness map: 
Changes in the thickness of the tumor are shown at presentation, mid-treatment, and at 

tumor resolution. Note thickened epithelium at presentation which resolved with treatment. 

Dashed white lines indicate the tumor boundary. Enface angiograph of epithelial vessels: 
A vascular network is seen at presentation (thin white arrows) however the tumor nodule 

blocks complete visualization of BV at that corresponding area (asterisk). At mid-treatment, 

there is significant decrease in the epithelial BV with one BV remaining (white thin 

arrow) and at tumor resolution, all of the epithelium appears avascular. Horizontal lines 

represent artifacts. Dashed white lines indicate the tumor boundary. Enface angiograph 
of the subepithelial blood vessels (200 μm): Dense BV are seen at presentation. Focal 

shadowing from the tumor nodule blocks visualization of the respective BV (asterisk). 

At mid-treatment, BV have decreased. As the tumor has also decreased in size, there is 

no longer shadowing and all subepithelial BV are now visualized. At tumor resolution, 

BV have further decreased and appear normalized. Dashed white lines indicate the tumor 

boundary. Merged vessels: The tumor BV (red) and sub-epithelial BV angiographies (blue) 

were merged at presentation, mid-treatment, and at tumor resolution. Dashed white lines 

indicate the tumor boundary. Merged vessels and SLP: Overlay of the enface angiograph 

with grayscale slit-lamp at presentation, mid-treatment and at tumor resolution. OSSN; 

ocular surface squamous neoplasia, SLP; slit lamp photograph, OCT; optical coherence 

tomography, BV; blood vessels.

Theotoka et al. Page 22

Ocul Surf. Author manuscript; available in PMC 2023 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 6. A 69-year-old woman presenting with a gelatinous and papillomatous OSSN of the left eye 
(Case 7). SLP:
A gelatinous and papillomatous OSSN of the conjunctiva encroaching on the cornea 

temporally from 12 to 6 o’clock in the left eye with intrinsic vascularity and feeder 

vessels is seen at presentation. At mid-treatment, after 2 cycles of 5-FU, the gelatinous 

and papillomatous OSSN has dramatically decreased in size. At tumor resolution, the 

conjunctiva appears normal while some opacity (consistent with scar) remains in the cornea 

temporally. White dashed arrow shows cross-sectional cut of OCT. B-scan images: At 

presentation, thickened hyperreflective epithelium (asterisk) with abrupt transition (arrows) 

is seen. Blood flow (shown in red) within the tumor as well as in the subepithelium is 

noted. Some shadowing limits complete blood flow visualization under the tumor. At mid-

treatment, the flow in the epithelium and subepithelium is still present. At tumor resolution, 

thin epithelium is noted and blood flow in subepithelium is normalized. Thickness map: 
Changes in the thickness of the tumor are shown at presentation, mid-treatment, and at 

tumor resolution. Dashed white lines indicate the tumor boundary. Enface angiograph 
of epithelial vessels: Dense BV in a “sea fan” pattern seen at presentation, decreasing 

at mid-treatment and disappearing at tumor resolution. Straight horizontal lines represent 

artifacts due to patient movement. Dashed white lines indicate the tumor boundary. Enface 
angiograph of the subepithelial vessels (200 μm): Dense BV at and adjacent to the tumor 

edge are seen at presentation. Complete visualization of BV immediately underneath the 

tumor is blocked due to the thick size of the tumor. At mid-treatment, BV adjacent to 

the tumor appear similar to presentation. In the contrary, BV immediately beneath the 

tumor are now more visible as the tumor is decreasing in thickness. With tumor resolution, 

BV adjacent to the tumor and immediately beneath the tumor disappeared. At resolution, 

subepithelial VAD levels below the tumor were comparable with subepithelial VAD levels in 

a similar location in the contralateral uninvolved eye. Dashed white lines indicate the tumor 

boundary. Merged vessels: The tumor BV (red) and subepithelial BV angiographies (blue) 

were merged at presentation, mid-treatment and at tumor resolution. Dashed white lines 

indicate the tumor boundary. Merged vessels and SLP: Overlay of the enface angiograph 

with grayscale slit-lamp at presentation, mid-treatment and at tumor resolution, showing 

gradual resolution of the epithelial vasculature and normalization of the subepithelial 

BV.OSSN; ocular surface squamous neoplasia, SLP; slit lamp photograph, OCT; optical 

coherence tomography, BV; blood vessels.
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Table 1:

Patient characteristics with ocular surface squamous neoplasia

Case # Sex Age
(years)

Eye LC Conjunctiva Cornea Treatment Outcome P M TR

P G L

1 M 38 OD N + - + + 5-FU, MMC Resolution + + +

2 M 56 OS N − + − + 5-FU, IFN α-2b Resolution + + +

3 F 60 OS N − + − + 5-FU Resolution + + +

4 F 46 OD T − + − − 5-FU, MMC Resolution Neg post Tx Bx + + +

5 M 70 OS T − + − + 5-FU Resolution + + +

6 M 79 OD N − + − + 5-FU Resolution + + +

7 F 69 OS T + + − + 5-FU Resolution Neg post Tx Bx + + +

8 M 66 OS N − + − − 5-FU Resolution Neg post Tx Bx + + +

9 M 46 OD T − + + + 5-FU Resolution + + +

10 M 84 OD T − + − + 5-FU Resolution + + +

LC; location, LKNV; length of corneal neo-vessel invasion, F; female, M; male, OS; left eye, OD; right eye, P; papillary, G; gelatinous, 
L; leukoplakic, T; temporal, N; nasal, S; superior, 5-FU; 5-fluorouracil, MMC; mitomycin, IFN α-2b; Interferon α-2b, P; presentation, M; 
mid-treatment, TR; tumor resolution, Neg post Tx Bx; Negative post treatment biopsy.
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Table 2:

Tumor area, tumor volume, tumor depth, total tumor density values measured at presentation, mid-treatment 

and tumor resolution.

Case # TA-P
(mm2)

TV-P
(mm3)

TD-P
(μm)

TTD-
P

(%)

TA-
M(m
m2)

TV-M
(mm3)

TD-M
(μm)

TTD-
M

(%)

TA-
TR

(mm2)

TV-
TR

(mm3)

TD-
TR

(μm)

TTD-
TR
(%)

1 25.77 14.68 569.77 25.60 15.13 4.04 267.33 1.98 0 0 0 0

2 36.92 6.61 179.13 25.8 NA NA NA NA 0 0 0 0

3 38.03 8.9 234.10 34.9 NA NA NA NA 0 0 0 0

4 14.1 3.4 241.27 38.1 NA NA NA NA 0 0 0 0

5 20.42 7.02 343.82 38 10.55 1.8 170.39 5.38 0 0 0 0

6 36.23 12.13 334.91 58.8 NA NA NA NA 0 0 0 0

7 37.11 13.33 359.28 35.2 23.07 6.76 293.14 9.39 0 0 0 0

8 20.89 7.75 370.90 36 10.06 1.24 123.40 4.55 0 0 0 0

9 41.67 7.45 178.47 20.47 1 0.12 115.88 NA* 0 0 0 0

10 24.78 9.18 370.47 22.1 8.43 2.16 256.35 NA* 0 0 0 0

TA; tumor area, TV; tumor volume, TD; tumor depth, TTD; total tumor density, P; presentation, M; mid-treatment, TR; tumor resolution, NA; 
unable to calculate due to small tumor size, NA*; unable to calculate due to keratinization.
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Table 3:

Changes in VAD within the OSSN measured at presentation, mid-treatment and at tumor resolution. P<0.001

VAD within
the OSSN

Presentation Mid-treatment Tumor
resolution

1 21.80 1.94 0.02

2 28.80 8.65 0.00

3 24.64 5.63 1.09

4 22.88 4.73 0.00

5 34.82 2.10 0.00

6 39.90 2.71 0.00

7 28.79 19.62 0.00

8 25.97 15.37 0.00

9 18.01 6.01 0.00

10 19.68 5.10 0.02

VAD; vessel area density, OSSN; ocular surface squamous neoplasia
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Table 4:

Changes in VAD in subepithelium adjacent to the OSSN measured at presentation, mid-treatment and at tumor 

resolution.

VAD in the
subepithelium
adjacent to
the OSSN

Presentation Mid-treatment Tumor resolution

1 17.51 37.03 16.54

2 22.04 18.25 18.38

3 28.45 40.22 20.80

4 31.15 29.96 17.89

5 18.39 33.07 33.56

6 17.93 28.69 30.54

7 24.68 24.59 16.40

8 22.95 17.14 16.53

9 26.00 39.11 20.61

10 25.97 24.73 24.62

VAD; vessel area density, OSSN; ocular surface squamous neoplasia
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