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Abstract

Purpose—Coexistence of an ocular surface disease can mask the typical features of ocular
surface squamous neoplasia (OSSN). The purpose of this study was to evaluate high resolution
optical coherence tomography (HR-OCT) as an adjunct in the detection and differentiation of
OSSN within coexisting ocular surface pathologies.

Methods—Retrospective study of 16 patients with ocular surface disease and lesions suspicious
for OSSN that were evaluated with HR-OCT. HR-OCT images of the lesions were taken to look
for evidence of OSSN. Biopsies were performed in all cases, and the HR-OCT findings were
compared to the histological results.

Results—Of the 16 patients with OSSN and a coexisting ocular surface disease, 12 were found
to have OSSN by HR-OCT and all were subsequently confirmed by biopsy. Two patients had
OSSN with rosacea, one with pingueculum, two within pterygia, one with Salzmann’ nodular
degeneration, six with limbal stem cell deficiency (LSCD)/scarring. In all 12 cases HR-OCT
images revealed classical findings of hyper-reflective, thickened epithelium and an abrupt
transition from normal to abnormal epithelium. OSSN was ruled out by HR-OCT in four cases (2
Salzmann’s, 1 mucous membrane pemphigoid, and 1 LSCD). Negative findings were confirmed
by biopsy. HR-OCT was used to follow resolution of the OSSN in positive cases, and it detected
recurrence in 1 case.

Conclusions—While histopathology is the gold standard in the diagnosis of OSSN, HR-OCT
can be used to noninvasively detect the presence of OSSN in patients with coexisting ocular
conditions.
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1. Introduction

The term ocular surface squamous neoplasia (OSSN) encompasses neoplasms of squamous
cell origin that involve the conjunctiva or the cornea[1]. Individual histopathologic entities
include dysplasias, graded I-111, carcinoma in situ (CIS), and invasive carcinoma[1-3]. The
lesions are commonly, but not exclusively, located at the limbus. They typically present as
elevated lesions with a leukoplakic, gelatinous, or papilliform appearance and can have
abnormal blood vessel patterns[4,5].

The diagnosis of OSSN has traditionally relied on detecting the above-noted characteristics
on slit lamp examination, which can be challenging when concomitant ocular pathology is
present. This is not rare, as OSSN and other ocular surface diseases such as pterygium and
pingueculum share common risk factors, including ultra-violet exposure. Furthermore,
certain patients, such as those with atopic keratoconjunctivitis, have a higher incidence of
OSSN than the general population[3,6-9]. In diseases such as mucus membrane pemphigoid
(MMP) and limbal stem cell deficiency (LSCD), the ocular surface can be so altered that it is
difficult to identify the classic OSSN features. Therefore, there is a critical need for a
reliable, noninvasive diagnostic tool in complex cases to aid with the diagnosis and
treatment, and guide localization of biopsy.

Optical coherence tomography (OCT) has recently emerged as a versatile tool to
noninvasively study the anterior segment, especially with the introduction of ultrahigh
resolution frequency domain techniques[10]. In fact, high resolution OCT (HR- OCT) can
attain an axial resolution of less than 5 micra[11]. This elucidates enough detail to allow
reliable assessment of OSSN lesions[11-15].

While several studies have investigated the role and reliability of HR-OCT in the diagnosis
of OSSN, its usefulness in eye diseases with multiple pathologies needs further evaluation.
Previous reports of OSSN in the setting of coexisting ocular surface conditions and
masquerading syndromes have emphasized the difficulty in diagnosing OSSN in these
circumstances [6,16—29]. The purpose of this study was to evaluate HR-OCT as a tool in
detecting and differentiating OSSN in the setting of coexisting ocular surface pathologies.

2. Methods

The study was approved by the University of Miami Institutional Review Board and was
conducted in concordance with the tenets of the Declaration of Helsinki and compliant with
the Health Insurance Portability and Accountability Act. This retrospective study took place
at Bascom Palmer Eye Institute from 2010 through 2016 and included patients with an
ambiguous or suspicious ocular surface lesions coexisting with an ocular surface pathology.
Patients with no HR-OCT or those with no biopsy confirmation were excluded.
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Sixteen eyes of 16 patients with known ocular surface diseases presenting with lesions
suspicious for OSSN were evaluated by CLK. HR-OCT images of the lesions were taken at
presentation. Findings of OSSN by HR-OCT included a hyper-reflective thickened
epithelium, an abrupt transition from normal to abnormal, and sometimes a cleavage plane
from underlying tissue[14,15]. The HR-OCT findings were documented, after which
biopsies were performed in all cases. This study retrospectively evaluated the OCT findings
and compared them with biopsy results. For the cases with confirmed OSSN, follow-up
using HR-OCT was done after appropriate treatment. Three patients were part of a previous
cohort[11].

Two HR-OCT machines were used in this study. One is a custom-built device that operates
at a wavelength of 840 nm and can achieve an axial resolution of 3 pm. Details are described
in previous publications[14]. The second is the commercially available RTVue Premier
Scanner (Optovue Inc., Fremont, CA) with a wavelength of 840 nm and an axial resolution
of 5um.

Demographic data and diagnostic summary of existing ocular pathologies as well as
histopathological findings are provided in Table 1. Four females and 12 males were included
in the study with a mean age of 58.5 + 18.7 years and a range of 28 to 90 years. Eight
suspicious lesions involved the right eye and eight involved the left.

HR-OCT was positive for OSSN in 12 patients, with classic epithelial layer thickening and
an abrupt transition in epithelium suggestive of OSSN. These findings were confirmed by
pathology in all cases. Four cases with suspected OSSN were scanned with the HR-OCT and
were found to have normal epithelium, ruling out OSSN. HR-OCTSs negative for OSSN
occurred in one patient with MMP, two with Salzmann’s nodular degeneration, and one with
LSCD. As this was a new technology, a biopsy was done to confirm the non-neoplastic
status of these patients. Follow-up imaging after appropriate treatment allowed the
resolution of the disease to be monitored in all cases and was able to detect recurrence of
OSSN in one case. The specific findings are grouped and presented below.

3.1 Ocular rosacea

Two patients presented with severe ocular rosacea. Both had ocular surfaces changes of
corneal pannus, areas of thinning, and conjunctival injection. A small area with leukoplakia
near the corneal scarring (case 1), and an opalescent, ground glass appearance of the pannus
with abnormal vasculature pattern (case 2) were suspicious for possible OSSN (Figures la
and 1c). Due to the overall ocular surface condition in both cases, clinical examination alone
was not definitive regarding the presence of OSSN. HR-OCT in both cases showed hyper-
reflective thickened epithelium with an abrupt transition from normal to abnormal, features
characteristic for OSSN (Figures 1b and 1d). Biopsy confirmed the HR-OCT findings and
revealed CIS in both patients.
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3.2. Pterygia and pinguecula

One patient with pingueculum and two patients with existing pterygia presented with
atypical features. Neoplastic foci within the existing lesions were suspected due to areas of
leukoplakia (case 3, Figure 2a), and a subtle thickening and opalescence at the pteryigum
head in two cases (cases 4 and 5). Such subtle findings could be easily missed clinically
given the coexisting pterygium (Figure 2¢). HR-OCT images performed demonstrated the
classic findings of OSSN in all of these cases (Figures 2b and 2d). Biopsy revealed
conjunctival CIS in cases 3, 4, and 5, thus confirming HR-OCT findings.

3.3. Salzmann’s nodular degeneration

Three patients with paracentral nodular elevations were referred for possible OSSN. In case
6, a nodular corneal lesion was seen, but, in addition, there was epithelial opacification
emanating from the limbus (Figure 3a). As Salzmann’s often has an opaque non-elevated
adjacent scarring, it was clinically difficult to determine the nature of this opacification.

On HR-OCT, a Salzmann’s nodule is characterized by a subepithelial hyper-reflective lesion
with an overlying non-thickened or even thin epithelium. HR-OCT imaging of case 6
showed a subepithelial Salzmann’s nodule, as well as epithelial thickening consistent with
OSSN adjacent to the nodular changes (Figure 3b). Biopsy of this case confirmed corneal
intraepithelial neoplasia coexistent with a Salzmann’s nodule. In cases 7 and 8, no epithelial
thickening was noted on HR-OCT and only a subepithelial hyper-reflective lesion was seen
(Figure 3d), consistent with Salzmann’s and ruling out OSSN. Biopsy confirmed the HR-
OCT findings and was negative for neoplasia in both.

3.4. Mucous membrane pemphigoid

One patient (case 9) with a history of OSSN (CIS) developed biopsy-proven Stage |1l MMP
by Foster classification. He was referred for a new suspicious conjunctival lesion. The
clinical evaluation for OSSN was challenging, as the ocular surface had areas of
symblephara, keratinization, and a gelatinous appearance at the limbus (Figure 4a). HR-OCT
revealed normal thickness epithelium and no evidence of OSSN (Figure 4b). A biopsy
confirmed that no malignancy was present in the area of limbus or lateral canthus.

3.5. Corneal scarring and limbal stem cell deficiency

Case 10 presented with a gelatinous atypical-looking lesion adjacent to an iatrogenic
pseudopterygium/focal area of LSCD. The lesion could have been easily attributed to the
scarring; however, a HR-OCT showed a hyper-reflective, thickened epithelium. A biopsy
demonstrated conjunctival CIS.

Case 11 had a history of OSSN treated with interferon and presented with total LSCD and
lipid keratopathy (Figure 5a). Given the presence of scaring and pannus, OSSN recurrence
could not be determined clinically. HR-OCT demonstrated dark, uniform epithelium with no
transition zone (Figure 5b), ruling out OSSN. A subepithelial band of hyper-reflectivity
suggestive of scarring/opacity was seen. This HR-OCT was consistent with conjunctival
pannus formation, not OSSN. Biopsy confirmed the absence of OSSN.
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Case 12 had diffuse subtle corneal scarring that was initially thought to be scarring from a
herpetic infection (Figure 5¢). HR-OCT was indicative of suspicious for OSSN (Figure 5d).
Biopsy confirmed CIS.

Case 13 had partial LSCD and a band-like corneal scar with calcium deposits. A thickening
at the para-central area was noted, and the patient was sent for evaluation of possible OSSN.
HR-OCT of this case showed a subtle thickened, hyper-reflective epithelium consistent with
OSSN, which was overlying the scar tissue and adjacent to the calcific deposits. Biopsy
verified the presence of CIS.

Case 14 had human immunodeficiency virus (HIV) and extensive LSCD in the setting of
vernal keratoconjunctivitis (Figure 6a). Evaluation of this ocular surface was very
challenging, given the complicated condition of the cornea. A HR-OCT scan demonstrated
epithelial thickening overlying subepithelial scarring (Figure 6b). A biopsy directed to the
area seen on HR-OCT confirmed the presence of conjunctival intraepithelial neoplasia
overlying subepithelial inflammation/scarring. The patient was followed up after topical
interferon treatment with serial HR-OCT’s, which monitored resolution of the disease and
the recovering ocular surface (Figures 6¢ and 6d).

Case 15 had penetrating keratoplasty for progressive opacification secondary to herpes
simplex virus (HSV) keratitis. Her graft failed, with neovascularization and opacification of
the corneal transplant consistent with LSCD and a subtle gelatinous change (Figure 6e). HR-
OCT showed the typical OSSN features and confirmed the clinical suspicion (Figure 6f).
Biopsy verified the presence of a CIS with severe dysplasia (1 o’clock) and corneal
intraepithelial neoplasia (7 o’clock).

Case 16 presented with LSCD and a suspicious gray lesion (Figure 7a). HR-OCT
demonstrated epithelial thickening overlying dense non-epithelial tissue consistent with
OSSN and underlying scaring (Figure 7b). OSSN was confirmed by biopsy. The patient
responded well to combined medical and surgical treatment. Nineteen months after
treatment, a subtle new opacity was detected (Figure 7c). Clinically it was difficult to
determine if the opacity was OSSN or simply scarring. HR-OCT, however, revealed
epithelial thickening with marked hyper-reflectivity (Figure 7d) suggesting recurrence. A
biopsy confirmed the HR-OCT findings of OSSN.

4. Discussion

While OSSN is often clinically easy to identify, its coexistence with other ocular surface
disease can make it difficult to determine what is occurring on the ocular surface. OSSN can
occur with corneal ulcer [16], chronic blepharoconjuctivitis [17], pterygium [6,19,20],
necrotizing scleritis [21,22], sclerokeratitis[18,29], orbital cellulitis [23], superior limbic
keratoconjuctivitis [24], ocular prosthesis [25,26], fibroxanthoma[27], and MMP [28]. In the
published literature, several cases of the OSSN were not recognized clinically, but were
found when biopsies were done for other presumed diagnoses. This emphasizes the need for
better noninvasive diagnostic tools to survey the ocular surface.
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In the current study, we evaluated the role of HR-OCT in 16 patients with OSSN and a
coexisting ocular surface disease and lesions potentially suspicious for OSSN. HR-OCT was
able to consistently discern OSSN features that were otherwise difficult to assess clinically.
While the custom device was 2-3 um and the commercially available one was 5-7 um, both
were found to provide excellent resolution in order to visualize the features of OSSN. Our
series encompassed a diverse group of ocular surface pathologies, including MMP, LSCD,
rosacea, HSV keratitis, and pterygia. Characteristic features of OSSN by OCT, namely
epithelial thickening, hyper-reflectivity, and abrupt transition zone, were identified in the 12
patients with OSSN and were ruled out in 4 cases. All findings were confirmed by biopsy.

Other technologies that can be used to identify OSSN in the setting of coexistent ocular
pathology include exfoliative cell cytology [30,31], papanicolau [32], impression cytology
[33-35]), in vivo staining [36,37], and in vivo confocal microscopy [38—41]. While all can
play a role in the diagnosis of OSSN, HR-OCT stands out with several advantages in that it
is noninvasive, easily scans the entire ocular surface, and requires minimal operator training
and no need for laboratory processing.

While histopathology remains the gold standard, HR-OCT can be an important adjunct in
surveillance and follow-up of treated lesions. It is especially helpful when multiple biopsies
can have adverse effects, as in patients with MMP or LSCD. HR-OCT can also direct the
biopsy location to potentially decrease the risk of false negative results. Furthermore,
patients can be noninvasively scanned over the whole ocular surface to assess for OSSN
resolution and detect subclinical recurrence. In medical treatment of OSSN patients, HR-
OCT can help to monitor resolution and avoid premature termination of therapy.

It is important, however, to recognize the limitations of HR-OCT. For instance, the current
HR-OCT devices cannot yet detect invasion of the tumor or the grade. Shadowing can also
limit penetration and full view of the lesion. Ideal images of areas such as the inferior fornix
and caruncle are not provided with current technology. Our study was a retrospective one
designed to evaluate agreement between HR-OCT and biopsy findings in patients with
coexisting ocular surface conditions. A prospective, masked study with a larger sample size
would best be able to determine the predictive value of this diagnostic technique and to
uncover any false positive or false negative results not detected with our sample size.

5. Conclusions

We demonstrated that HR-OCT is a powerful tool for detecting OSSN in patients with
coexisting ocular conditions. In these cases, clinical determination of neoplasia can be
challenging due to extensive ocular surface pathologies. With HR-OCT, subtle or suspicious
lesions can be scanned at the office visit and decisions pertaining to management can be
made promptly.
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Figure 1.
(a) A 76-year-old male with longstanding scarring, trichiasis and chronic inflammation. An

inferior leukoplakic opacification (black arrow) appeared suspicious. (b) HR-OCT (custom
device, white line scan in a) demonstrated hyper-reflective thickened epithelium (above
arrow heads) with an abrupt transition from normal to abnormal (white arrow). (c) A 67-
year-old female with ocular surface inflammation and a suspicious area of elevation at the 5
o’clock position (black arrow). (d) HR-OCT (custom device, white line scan in c)
demonstrated hyper-reflective thickened epithelium (above arrowheads) with an abrupt
transition from normal to abnormal (white arrow). OSSN confirmed by biopsy in both cases.
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Figure 2.
() A 37-year-old male boat captain with a longstanding conjunctival lesion presented with a

subtle area of leukoplakia (black arrow) at the corneal margin of the lesion. (b) HR-OCT
image (commercial device, white line scan in a) demonstrated hyper-reflective thickened
epithelium (above arrow heads) and an abrupt transition zone (white arrow). (c) Similarly, a
subtle opacification and elevation was noted at the head of a longstanding pterygium of a 64-
year-old male (black arrow). (d) HR-OCT (commercial device, white line scan in c) revealed
the anatomy of the folded pterygium tissue (P) with normal epithelium (E), and an adjacent
area of thickened epithelium (above arrow heads, T), with two abrupt transition zones (white
arrows) suspicious for OSSN. Biopsy confirmed OSSN in both cases.
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Figure 3.
(a) A 76-year-old male seen with an opacity (area within bracket) adjacent to a long standing

nodule (black arrow). (b) HR-OCT (custom device, white line scan in a) showed the
subepithelial opacities (long white arrow) consistent with Salzmann’s nodular changes but
also subtle adjacent epithelial thickening (T) and a transition zone (short white arrow)
consistent with OSSN. Biopsy confirmed OSSN. (c) A 57-year-old female referred for a
corneal opacity thought to be OSSN (black arrow). (d) HR-OCT (commercial device, white
line scan in c) demonstrated thin, dark epithelium (above the arrowheads) with a hyper-
reflective subepithelial lesion (black arrow) consistent with Salzmann’s, which was
confirmed by biopsy.
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Figure 4.
(a) A 73-year-old male with a history of OSSN in the lateral canthus 7 years prior to

presentation developed Stage Il MMP (Foster classification) with symblepharon formation
(black arrow) and presented for possible OSSN recurrence at the limbus. (b) HR-OCT
(commercial device) along the white line, however, demonstrated thin epithelium (above
arrowheads) with a subepithelial hyper reflectivity consistent with scarring (S) and no
OSSN. Biopsy was negative for OSSN.
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Figure 5.
(a) A 66-year-old female with history of lipid keratopathy, stem cell deficiency and a prior

history of OSSN was referred for possible OSSN recurrence. (b) HR-OCT (commercial
device, white line scan in a) demonstrated a uniform, only mildly thickened epithelium
(above white arrow tips) but without a transition zone and a diffuse subepithelial scar (above
black arrow heads) and stromal scar (black arrow) ruling out OSSN. Biopsy was negative for
OSSN. (c) A 28-year-old male with diffuse corneal scarring presumed to be herpetic
keratitis. The opacity had a whirling opalescent appearance (black arrows). (d) HR-OCT
(commercial device, white line scan in c¢) revealed hyper-reflective epithelial thickening
(above arrow heads) with an abrupt transition from normal epithelium (white arrow)
suggestive of OSSN, which was confirmed on biopsy.
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Figure 6.
(a) A 35-year-old male with HIV, vernal keratoconjunctivitis, and extensive LSCD with

chronic epithelial defects presented for evaluation of possible OSSN. (b) HR-OCT (custom
device, white line scan in a) demonstrated epithelial thickening (above arrow heads), an
abrupt transition (arrow) and subepithelial scarring (below arrow heads) consistent with
OSSN, which was confirmed by biopsy. (c) Slit lamp photograph showing resolution after
treatment with topical interferon and (d) HR-OCT (commercial device) demonstrating thin,
normalized epithelium on OCT (white arrowheads). (e) A 43-year-old female who presented
with neovascularization and opacification of her penetrating keratoplasty implant. A subtle
gelatinous change was noted in the limbal conjunctiva (black arrows) suspicious of OSSN.
(f) HR-OCT (commercial device, white line scan in €) was consistent with OSSN showing a
thickened mildly hyper reflective epithelium (above arrow heads) and a transition zone
(white arrow). Biopsy confirmed OSSN.
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Figure 7.
(a) 61-year-old male with LSCD presented with a gray lesion (black arrow). (b) HR-OCT

(custom device, white line scan in a) revealed thickened and hyper reflective epithelium
(above arrow heads) consistent with OSSN. A band of scar/inflammation was seen (between
Bowman’s and arrowheads). Biopsy confirmed the OSSN. (c) Nineteen months after
resolution, a new opacity was detected at the 4 o’clock area. (d) HR-OCT (custom device,
white line scan in c) revealed epithelial thickening, hyper reflectivity (above arrow heads)
and a visible transition zone (white arrow) suggestive of OSSN recurrence. OCT finding was
confirmed on biopsy.
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