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Purpose: To describe clinical, optical coherence tomography (OCT) and fundus autofluorescence
(FAF) findings in patients with intraocular tumors and determine if OCT and FAF could be
helpful in the differential diagnosis and management of different choroidal tumors.
Methods: Forty-nine patients with untreated, macular, midperipheral, and extrapapillary intraoc-
ular tumors were included. All patients underwent ophthalmic examination: best-corrected visual
acuity, slit-lamp biomicroscopy, funduscopy, and standardized B mode, and if possible A mode,
ultrasonography, and OCT and FAF imaging of the surface of the intraocular tumors.
Results: Of the 49 patients studied, 19 had choroidal nevi, ten had indeterminate choroidal
melanocytic lesions (IMLs), ten had malignant melanomas, and ten had other choroidal tumors.
The choroidal nevi revealed subretinal fluid (SRF) on OCT in only 11%. FAF detected isoauto-
fluorescence in 42%, hypoautofluorescence in 37%, patchy FAF pattern in 16%, and a diffuse
FAF pattern in 5%. Seventy percent of patients with IML showed SRF on OCT and 20% showed
tumor growth on follow-up, detected only by OCT and FAF imaging. FAF revealed a patchy
pattern in 50% and a diffuse pattern in 40% of cases with IML. Ninety percent of the patients
with choroidal melanoma had SRF on OCT and FAF revealed a patchy pattern in 60% and a
diffuse pattern in 40%. Patients with other choroidal tumors had SRF on OCT in 30% of cases
and no characteristic pattern on FAF.

Conclusion: Both OCT and FAF were helpful in the differential diagnosis of choroidal nevi
versus IMLs, choroidal melanomas, and other choroidal tumors. Also, detailed and periodical
clinical evaluation of patients with intraocular tumors using OCT and FAF imaging for the
detection of both SRF and FAF patterns overlying the tumor can be useful for detection of
tumor growth.

Keywords: intraocular tumors, optical coherence tomography, fundus autofluorescence,
tumor growth

Introduction

During the past 2 decades, two noninvasive imaging methods, optical coherence
tomography (OCT) and fundus autofluorescence (FAF) photography, have become
available in routine clinical practice. These methods provide qualitative and quantita-
tive information about retinal changes that are not only important for the management
of patients with many retinal diseases but also for patients with intraocular tumors.'
OCT and FAF imaging, when used together and combined with fundus photography,
fluorescein angiography/indocyanine green angiography (FA/ICG), and ultrasonog-
raphy, have been shown to be useful for early tumor diagnosis, monitoring of tumor
growth, and follow-up of the results of therapies.! !
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Today, spectral domain (SD)-OCT can provide cross-
sectional images of the individual retinal layers and SD-OCT
scans have been used for the detection and quantification of
secondary retinal, retinal pigment epithelium (RPE), and
choroidal changes overlying ocular tumors, for example,
subretinal fluid (SRF), which may have predictive value
for ocular tumor growth and could be a clinical indicator
for malignancy in eyes with indeterminate choroidal mel-
anocytic lesions (IMLs).1%112 OCT was found to be more
sensitive than clinical examination or ultrasonography for the
identification of SRF."3 SD-OCT findings have recently been
reported to be helpful in the diagnosis, follow-up, and treat-
ment of different choroidal tumors, such as nevi, melanomas,
metastases, hemangiomas, and lymphomas.®!+18

Secondary retinal and RPE changes associated with
various intraocular tumors can also be documented by
FAF. FAF imaging is a noninvasive method that provides a
topographical map of lipofuscin, which is the main fundus
fluorophore." Lipofuscin (a mixture of proteins, lipids, and
small chromophores) is the end product of phagocytosed
photoreceptor outer segments, mostly accumulating within
the RPE cells. It has been shown that excessive accumulation
of lipofuscin may impair the function of RPE cells, which
may cause atrophy or death of the cells and, secondarily, the
death of the overlying photoreceptors.?**! Using FAF, it is
possible to assess the metabolic health and functionality of
the RPE cells.?

Today, FAF can be measured using a confocal scanning
laser ophthalmoscope. FAF images can also be obtained
using a Topcon fundus-based camera system. The auto-
fluorescence images produced by a confocal scanning laser
ophthalmoscope and fundus camera are similar.>? Several
authors have used confocal scanning laser ophthalmo-
scope to examine FAF images in patients with intraocular
tumors,® %2225 while others have studied the autofluorescence
using a fundus camera.’?¢3!

The documented growth of an IML has been used as a
surrogate for malignancy or a risk factor for the malignancy
of the lesion since 1994.3235 There is evidence that large
tumors are associated with a poor prognosis and higher
metastatic rates.’3® Shields et al*” reported that each extra
millimeter in melanoma thickness meant a 5% higher risk
of metastasis. Recently, Damato et al*® revealed that ocular
treatment of choroidal melanoma may prevent tumor growth,
dedifferentiation, and metastatic disease in younger patients
with small and less malignant tumors. The findings in these
two reports illustrate the importance of early detection and
treatment of malignant uveal melanomas to ensure a more
favorable prognosis. Apart from clinical risk factors, such

as large tumor size, documented tumor growth, the presence
of chromosome 3 monosomy (loss of heterozygosity), and
somatic mutations in genes, GNAQ or GNA11 have also been
found to be strongly associated with death due to metastases
in patients with uveal melanoma.?**?

A good clinical evaluation of intraocular tumors, espe-
cially, of IML should include examination with ultrasound,
OCT, FAF, FA/ICG and, if necessary, biopsy for histological,
cytological, and genetic analysis to enhance the accuracy of
early diagnosis and improve prognosis.*®

In this study, we have evaluated the clinical, OCT, and
FAF findings in 49 patients with intraocular tumors to deter-
mine if OCT and FAF could be helpful in the differential
diagnosis and management of different choroidal tumors.

Subjects and methods

Forty-nine patients with untreated, macular, midperipheral,
and juxtapapillary intraocular tumors, who had been periodi-
cally examined or who were referred for examination due
to the finding of a new intraocular tumor between 2014 and
2015, were prospectively included in the study and follow-up
between 5 and 23 months. Patients were excluded if they had
a choroidal tumor that had been treated previously, had non-
clear media that would reduce the quality of the OCT scans
and FAF images, or had very peripheral choroidal tumors
that could not be imaged using OCT and FAF.

A diagnostic decision was made by an experienced
specialist in ocular oncology for each patient included in
this study, on the basis of clinical manifestation, including
A- and B-scan ultrasonography, biomicroscopy, fundus
photography, and in some cases FA/ICG characteristics. The
characteristics showed in OCT and FAF under study were
not used to confirm the initial diagnosis. In one patient, the
choroidal melanoma was diagnosed by transretinal biopsy.
The patients studied were divided into four groups: nevi,
IMLs, melanomas, and other choroidal tumors, which were
compared. All patients included in the study underwent oph-
thalmic examination, including best-corrected visual acuity
(VA), slit-lamp biomicroscopy, funduscopy, standardized
B mode, and if possible A mode, ultrasonography, and color
fundus photography. Some patients also underwent FA and
ICG. In addition, all patients underwent OCT and FAF imag-
ing of the surface of intraocular tumors and macula.

A- and B-scan ophthalmic ultrasonography was per-
formed on all patients using a CineScan S (Quantel Medical,
Clermont-Ferrand, France).

OCT was performed using the SD 3D OCT-1000,
version 3.00 software (Topcon, Tokyo, Japan). The 3D macu-
lar scan option was used for all scans in this study, centered on
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the tumor and the fovea, covering 6xX6 mm, with a resolution
of 512x128 pixels. The presence of SRF was documented in
each studied group and compared between groups.

FAF was performed with a Topcon TRC-50DX retinal
camera (Topcon, with an excitation bandpass filter of
535-585 nm and a barrier bandpass filter of 605—715 nm). All
OCT and FAF images were reviewed by two reviewers. The
FAF patterns in choroidal tumors were classified as patchy
or diffuse when applicable. The patchy pattern was defined
as the presence of distinct areas of increased FAF between
areas of normal autofluorescence. The diffuse pattern was
characterized by the presence of increased FAF with indis-
tinct borders over a larger part of the tumor in the absence
of intervening areas of normal FAF.® Abnormal autofluo-
rescence was also defined as either increased or decreased
FAF in comparison with background FAF, and classified as
isoautofluorescence, hypoautofluorescence, or a combination
of hypoauto and hyperautofluorescence (mixed).?+’

The following patient characteristics and clinical exami-
nation findings at the time of OCT and FAF imaging were
recorded and analyzed: sex (male, female), age, affected eye
(right eye, left eye), initial Snellen VA, tumor location (dis-
tance to the optic nerve and to the foveola [mm]) and largest
basal diameter (mm) measured using fundus photography,
tumor thickness (mm) measured by B-scan ultrasonography,
tumor color (pigmented, partially pigmented, and nonpig-
mented), tumor configuration (flat, dome-shaped), SRF on
OCT (yes/no), and FAF findings (patchy, diffuse, isoauto-
fluorescence, hypoautofluorescence, or a combination of
hypoauto and hyperautofluorescence [mixed]).

The study was approved by the Ethics Committee of
Lund University and all the participants gave their written
consent to participate according to the principles outlined in
the Universal Declaration of Helsinki.

Statistical analysis

The data were analyzed using computer software SPSS
version 22 (IBM Corporation, Armonk, NY, USA). VA was
measured using a Snellen chart and then converted to the
logarithm of the minimum angle of resolution (logMAR)
before statistical analysis. The Mann—Whitney U-test was
used for continuous variables and Fisher’s exact test was used
for categorical variables. Values of P=0.05 were considered
to indicate statistical significance.

Results

The study consisted of 49 patients with intraocular tumors
(19 males and 30 females). The mean age was 64 years
(median, 68 years; range, 18-93 years). The intraocular

tumors were in the right eye in 24 patients and in the left eye
in 25 patients. The mean VA (logMAR) was 0.26 (median,
0.16; range, 0.0-2.0). The mean distance from the tumor
margin to the optic nerve was 2.6 mm (median, 2.1 mm;
range, 0.0-9.3 mm) and the mean distance to the foveola was
1.7 mm (median, 0.8; range, 0.0-7.5 mm). The mean tumor
thickness was 2.3 mm (median, 2.4 mm; range, 0.0—11 mm)
and the mean value of the larger basal diameter of the tumor
was 6.4 mm (median, 6.0 mm; range, 1.6—14.5 mm). Of the
49 patients studied, 19 had choroidal nevi, ten had IMLs,
ten had malignant choroidal melanomas, and ten had other
choroidal tumors (two choroidal metastases, three choroidal
osteomas, and five choroidal hemangiomas) (Table 1). The
mean follow-up (months) for all tumors was 13.51+5.4;
choroidal nevi, 14.8+4.7; IMLs, 16.9+4.8; choroidal mela-
nomas, 10.4+5.5; and other choroidal tumors, 10.7+4.8.
Both patchy and diffuse FAF patterns were found to be
associated with decreased VA in all studied tumor groups
(Tables 1 and 2).

Patients with choroidal nevi under

observation

Nineteen of the patients had a diagnosis of choroidal nevus
and had been managed by regular observation. The character-
istics, clinical, OCT, and FAF findings, are given in Tables 1
and 3. Fundus photographs, FAF images, and OCT scans of
two patients with choroidal nevi are presented in Figure 1.

No significant difference was observed between patients
with choroidal nevi and IMLs, melanomas, and other
choroidal tumors regarding sex, age, affected eye, and dis-
tance from the tumor margin to the optic nerve and foveola
(Table 1). Patients with choroidal nevi had significantly
better VA (logMAR) than those with IMLs and melanomas
(P=0.016 and P=0.040, respectively) (Table 1).

Significant differences were observed between chor-
oidal nevus and IMLs, choroidal melanomas, and other
choroidal tumors regarding tumor thickness, largest basal
diameter, tumor color, configuration, and fluid on OCT and
FAF findings (Tables 1 and 3). Choroidal nevi were often
pigmented (89%), had a flat configuration (79%), had no
fluid on OCT (89%), and often demonstrated isoautofluo-
rescence (42%) and hypoautofluorescence (37%) on FAF
imaging (Table 3).

Patients with indeterminate choroidal
melanocytic lesion under observation
Ten of the patients had a diagnosis of IML and had been

managed by regular observation. The characteristics,
clinical, OCT, and FAF findings, are given in Tables 1-4.
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Table | Demographics and clinical findings in patients with nevi, indeterminate choroidal melanocytic lesions, choroidal melanomas,

and other choroidal tumors, together with statistical comparison

All tumors n=49 Nevi n=19 IMLs n=10 Melanomas Other choroidal
n=10 tumors n=10

Sex
Male 19 (38%) 8 (42%) 6 (60%) 2 (20%) 3 (30%)
Female 30 (62%) 11 (58%) 4 (40%) 8 (80%) 7 (70%)
P-value 0.450 0414 0.694
Age (years)
Mean + SD 64+15 6819 65+10 69+15 51422
Median (min—max) 68 (18-93) 69 (52-90) 64 (53-85) 70 (44-93) 55 (18-74)
P-value 0.377 0.701 0.094
Affected eye
oD 24 (49%) 11 (58%) 5 (50%) 5 (50%) 3 (30%)
(ON 25 (51%) 8 (42%) 5 (50%) 5 (50%) 7 (70%)
P-value 0.714 0.714 0.245
Visual acuity (logMAR)
Mean + SD 0.26+0.40 0.1040.11 0.314+0.26 0.49+0.62 0.30+0.40
Median (min—max) 0.16 (0.0-2.0) 0.10 (0.0-0.40) 0.18 (0.0-0.7) 0.30 (0.0-2.0) 0.15 (0.0-1.22)
P-value 0.016* 0.040* 0.308
Tumor location distance to optic nerve (mm)
Mean + SD 2.6+2.4 2.7+2.6 3.1£2.5 2.8+2.2 1.9+2.5
Median (min—max) 2.1 (0.0-9.3) 2.2 (0.0-9.3) 3.2 (0.0-7.5) 2.6 (0.0-6.7) 1.1 (0.0-7.8)
P-value 0.573 0.804 0.286
Distance to foveola (mm)
Mean + SD 1.7+2.1 2.0+2.1 1.6+2.8 1.5£1.9 1.6+2.4
Median (min—max) 0.8 (0.0-7.5) 1.3 (0.0-6.0) 0.6 (0.0-7.5) 0.5 (0.0-5.4) 0.0 (0.0-6.0)
P-value 0.429 0.429 0.429
Tumor thickness (mm)
Mean + SD 2.3+1.7 1.3£1.2 2.6+0.5 3.6+2.6 2.6+1.4
Median (min—max) 2.4 (0.0-11.0) 1.8 (0.0-3.2) 2.4 (1.9-3.3) 3.1 (1.9-11.0) 2.7 (1.0-4.6)
P-value 0.005* <0.001* 0.027*
Largest basal diameter of tumor (mm)
Mean + SD 6.413.2 4.1£1.6 7.5433 8.613.1 7.4+33
Median (min—max) 6.0 (1.6-14.5) 3.8 (2.1-8.5) 8.3 (1.6-11.4) 8.6 (3.7-13.3) 7.0 (3.1-14.5)
P-value 0.008* <0.001* 0.003*
Follow-up (months)
Mean + SD 13.5+5.4 14.8+4.7 16.9+4.8 10.4£5.5 10.7+4.8
Median (min—max) 14.0 (5-23) 15.0 (6-23) 17.5 (7-22) 7.5 (6-20) 10.5 (5-19)
P-value 0.247 0.045* 0.040*

Notes: P-value — nevus vs IML, melanoma, and other choroidal tumors. * denotes statistical significance.
Abbreviations: IML, indeterminate choroidal melanocytic lesion; logMAR, logarithm of the minimum angle of resolution; OD, right eye; OS, left eye; SD, standard deviation.

Fundus photographs, FAF images, and OCT scans of two
patients with IML are presented in Figure 1.

No significant difference was observed between patients
with IML and patients with choroidal melanoma and other
choroidal tumors regarding sex, age, affected eye, VA
(logMAR), distance from the tumor margin to the optic nerve
and foveola, tumor thickness, largest basal diameter, and fluid
on OCT and FAF findings (Tables 2 and 4).

A significant difference was observed only between IML
and other choroidal tumors regarding tumor color (P=0.001)
(Table 4). Two of ten (20%) patients with IML exhibited
tumor growth on follow-up <12 months. This was detected

only with OCT and FAF imaging. Color fundus photographs,
FAF images, and OCT scans before and 11 months after
presentation of one patient with IML who showed tumor
growth and FAF pattern changes from patchy to diffuse are
shown in Figure 1.

Patients with choroidal melanoma

Ten of the patients had a diagnosis of choroidal melanoma.
The characteristics, clinical, OCT, and FAF findings, are
given in Tables 1-4. Color fundus photographs, FAF images,
and OCT scans of two patients with melanoma are presented
in Figure 2. No significant difference was observed between
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Table 2 Statistical comparison of demographics and clinical findings in patients with indeterminate choroidal melanocytic lesions,

choroidal melanomas, and other choroidal tumors

IMLs n=10 Melanomas n=10 P-value® Other choroidal P-value® P-value®
tumors n=10
Sex
Male 6 (60%) 2 (20%) 3 (30%)
Female 4 (40%) 8 (80%) 0.170 7 (70%) 0.370 0.635
Age (years)
Mean + SD 65+10 69+15 51+22
Median (min—max) 64 (53-85) 70 (44-93) 0.393 55 (18-74) 0.393 0.075
Affected eye
oD 5 (50%) 5 (50%) 3 (30%)
(ON 5 (50%) 5 (50%) 1.000 7 (70%) 0.650 0.650
Visual acuity (logMAR)
Mean + SD 0.31+0.26 0.49+0.62 0.3040.40
Median (min—max) 0.18 (0.0-0.7) 0.30 (0.0-2.0) 0.729 0.15 (0.0-1.22) 0.529 0.481
Tumor location distance to optic nerve (mm)
Mean + SD 3.1+25 2.8+2.2 1.9+2.5
Median (min—max) 3.2 (0.0-7.5) 2.6 (0.0-6.7) 0.853 1.1 (0.0-7.8) 0.280 0.218
Distance to foveola (mm)
Mean + SD 1.6+2.8 1.5+1.9 1.6+£2.4
Median (min—max) 0.6 (0.0-7.5) 0.5 (0.0-5.4) 1.000 0.0 (0.0-6.0) 0.796 0.853
Tumor thickness (mm)
Mean + SD 2.610.5 3.612.6 2.6x1.4
Median (min—max) 2.4 (1.9-3.3) 3.1 (1.9-11.0) 0.280 2.7 (1.0-4.6) 1.000 0.579
Largest basal diameter of tumor (mm)
Mean + SD 7.5£33 8.613.1 74433
Median (min—max) 8.3 (1.6-11.4) 8.6 (3.7-13.3) 0.481 7.0 (3.1-14.5) 0.739 0.353
Follow-up
Mean + SD 16.9+4.8 10.4+5.5 10.7+4.8
Median (min—max) 17.5 (7-22) 7.5 (6-20) 0.011* 10.5 (5-19) 0.015% 0.853

Notes: *P-value, IML vs melanoma and other choroidal tumors; ®P-value, melanoma vs other choroidal tumors. * denotes statistical significance.
Abbreviations: IML, indeterminate choroidal melanocytic lesion; logMAR, logarithm of the minimum angle of resolution; OD, right eye; OS, left eye; SD, standard deviation.

Table 3 Statistical comparison of clinical findings of nevi versus indeterminate choroidal melanocytic lesions, choroidal melanomas,

and other choroidal tumors

Nevi n=19 (%) IMLs n=10 (%) P-value Melanomas P-value Other choroidal P-value
n=10 (%) tumors n=10 (%)
Tumor color
Pigmented 17 (89) 3(30) 2 (20) 0(0)
Partially pigmented 2(1) 5 (50) 4 (40) 0(0)
Nonpigmented 0(0) 2 (20) 0.002% 4 (40) <0.001* 10 (100) <0.001*
Tumor configuration
Flat 15 (79) 0(0) 0(0) 0(0)
Dome-shaped 4(21) 10 (100) <0.001* 10 (100) <0.001* 10 (100) <0.001*
Fluid on OCT
Yes (SRF) 2(1) 7 (70) 9 (90) 3 (30)
No (SRF) 17 (89) 3 (30) 0.002%* I (10) <0.001* 7 (70) 0.306
FAF findings
Patchy 3(l6) 5 (50) 6 (60) 2 (20)
Diffuse 1 (5) 4 (40) 4 (40) I (10)
Isoauto 8 (42) 1 (10) 0(0) 4 (40)
Hypoauto 7 (37) 0(0) 0 (0) I (10)
Hypoauto/hyperauto (mixed) 0 (0) 0 (0) <0.001*  0(0) <0.001* 2 (20) <0.001*
FAF findings and VA
Patchy (VA <20/20) 2/3 (67) 5/5 (100) 4/6 (67) 1/2 (50)
Diffuse (VA <20/20) 0/1 (0) 3/4 (75) 4/4 (100) I/1 (100)

Note: * denotes statistical significance.

Abbreviations: FAF, fundus autofluorescence; IML, indeterminate choroidal melanocytic lesion; OCT, optical coherence tomography; SRF, subretinal fluid; VA, visual acuity.
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Figure | Color fundus photographs, FAF images, and OCT scans of patients with choroidal nevi and indeterminate choroidal melanocytic lesions.

Notes: Images from a female aged 73 with a choroidal nevus in her left eye (A—C). (A) Color fundus photo shows pigmented choroidal nevus in the macula. (B) FAF image
shows only isoautofluorescence over the nevus. (C) OCT scan of the surface of the nevus reveals a bright signal (arrow) from the nevus underlying the RPE and no evidence
of intra- or subretinal fluid. Images from a male aged 75 with choroidal nevus in his right eye, unchanged over the past year (D-F). (D) Color fundus photo shows partially
pigmented choroidal nevus in the macula of the right eye. (E) FAF image shows a patchy pattern characterized by distinct areas of increased autofluorescence between areas
of normal autofluorescence. (F) OCT scan of the surface of the nevus shows irregularity at the level of the RPE and minimal subretinal fluid. Images from a male aged 63 with
an IML in his right eye, unchanged over the past 4 years (G-I). (G) Color fundus photo shows a partially pigmented IML in the macula. (H) FAF image shows a patchy pattern.
(I) OCT scan of the surface of the IML reveals the elevated choroidal mass (arrow) with RPE changes and intraretinal fluid. Images from a female aged 53 with an IML in her
left eye show tumor growth and FAF pattern changes from patchy to diffuse || months after presentation (J-O). (J) Color fundus photo shows a partially pigmented IML.
(K) FAF image shows a patchy pattern. (L) Color fundus photo and OCT scan reveal IML temporal. (M) Color fundus photo shows more pigmented IML. (N) FAF image
shows a diffuse pattern || months after presentation. (O) Color fundus photo and OCT scan show tumor growth to the macula center (arrow). The arrows at the color
fundus photographs (A, D, G) correspond to the B-scan lines of the OCT images.

Abbreviations: FAF, fundus autofluorescence; IML, indeterminate choroidal melanocytic lesion; OCT, optical coherence tomography; RPE, retinal pigment epithelium.

patients with choroidal melanoma and IML and other  melanoma and other choroidal tumors regarding tumor color
choroidal tumors regarding sex, age, affected eye, distance  and fluid on OCT (P=0.011 and P=0.020, respectively)
from the tumor margin to the optic nerve and foveola, tumor  (Table 4). One patient with a tumor thickness of 1.9 mm,
thickness, or largest basal diameter (Table 2). Significant ~ which was nonpigmented, was diagnosed as having choroidal
differences were observed between patients with choroidal ~ melanoma by transretinal biopsy (Figure 2).
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Table 4 Statistical comparison of clinical findings of indeterminate choroidal melanocytic lesions versus choroidal melanomas, other
choroidal tumors, and choroidal melanomas versus other choroidal tumors

IMLs n=10 (%) Melanomas P-value® Other choroidal P-value® P-value®
n=10 (%) tumors n=10 (%)
Tumor color
Pigmented 3 (30) 2 (20) 0(0)
Partially pigmented 5 (50) 4 (40) 0(0)
Nonpigmented 2 (20) 4 (40) 0.727 10 (100) 0.001* 0.011*
Tumor configuration
Flat 0(0) 0 (0) 0(0)
Dome-shaped 10 (100) 10 (100) 10 (100)
Fluid on OCT
Yes (SRF) 7 (70) 9 (90) 3(30)
No (SRF) 3 (30) I (10) 0.582 7 (70) 0.179 0.020%*
FAF findings
Patchy 5 (50) 6 (60) 2 (20)
Diffuse 4 (40) 4 (40) 1 (10)
Isoauto 1 (10) 0 (0) 4 (40)
Hypoauto 0(0) 0(0) 1 (10)
Hypoauto/hyperauto (mixed) 0(0) 0(0) 1.000 2 (20) 0.230 0.141

Notes: *P-value, IMLs vs choroidal melanomas and other choroidal tumors; °P-value, melanomas vs other choroidal tumors. * denotes statistical significance.
Abbreviations: FAF, fundus autofluorescence; IML, indeterminate choroidal melanocytic lesion; OCT, optical coherence tomography; SRF, subretinal fluid.

Patients with other choroidal tumors
Ten of the patients had been classified as having other
choroidal tumors. Five of them had choroidal hemangiomas,
three osteomas, and two metastases (one breast cancer and
one systemic lymphoma). The characteristics, clinical, OCT,
and FAF findings, are given in Tables 1—4. Color fundus pho-
tographs, FAF images, and OCT scans of four patients with
other choroidal tumors are presented in Figures 3 and 4.
There was no significant difference between other choroi-
dal tumors and IML and choroidal melanoma regarding sex,
age, affected eye, VA, distance from tumor margin to the optic
nerve and foveola, tumor thickness, or largest basal diameter
(Table 2). All other choroidal tumors were nonpigmented;
70% of them had no fluid on OCT images and 40% showed
isoautofluorescence on FAF images (Table 4).

Discussion

The results of the present study demonstrate that the
choroidal nevi located in the macular region, midperiphery,
and juxtapapillary regions were pigmented in 89%, flat in
79%, and only 11% showed SRF on OCT. These findings
can be compared with those of several other studies on chor-
oidal nevi using OCT imaging in which it was reported that
between 16% and 30% of the patients with choroidal nevi had
SRF on OCT.”!*" The choroidal nevi included in the present
study exhibited isoautofluorescence in 42%, hypoauto-
fluorescence in 37%, a patchy FAF pattern in 16%, and a
diffuse pattern in 5% of the cases. The FAF abnormalities

in the choroidal nevi identified in our study were somewhat
different from FAF findings reported by Shields et al*® who
found hypoautofluorescence in 56% and isoautofluorescence
in only 18% of cases with choroidal nevi. The higher rate
of isoautofluorescence in our study could be due to the
fact that maybe we included less chronic choroidal nevi
with less chronic RPE degenerative features compared to
Shields et al.*® We also found both patchy FAF patterns
and diffuse patterns in choroidal nevi, while Giindiiz et al®
reported that all the choroidal nevi in their study showed a
patchy FAF pattern. The present study demonstrates that
apart from tumor features, such as tumor thickness, and the
largest basal diameter, OCT and FAF findings were also
very valuable in differentiating choroidal nevi from IMLs
and choroidal melanomas.

The IMLs in this study exhibited significantly greater
tumor thickness and larger basal diameter than the choroidal
nevi, and did not show any significant differences between
choroidal melanoma and other choroidal tumors regarding
VA, all tumor characteristics, or OCT and FAF findings.
Singh et al'® studied 38 patients with IML or with a small
tumor according to the size-based nomenclature used in the
Collaborative Ocular Melanoma Study using SD-OCT and
FAF imaging and found that nearly 60% of cases had SRF on
OCT. Espinoza et al* detected SRF in 63% of cases of IML.
SRF was detected in 70% of the cases of IML using OCT in
this study, which is very similar to the OCT findings reported
in the two studies mentioned above. Patients with IMLs had
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Figure 2 Color fundus photographs, FAF images, and OCT scans of patients with melanomas.

Notes: Images from a female aged 45 with a nonpigmented tumor in her right eye, confirmed as a malignant melanoma by transretinal biopsy (A-F). (A) Color fundus photo
shows nonpigmented tumor. (B) FAF image shows a patchy pattern characterized by distinct areas of increased autofluorescence between areas of normal autofluorescence.
(C and E) OCT scans before (C) and after (E) transretinal biopsy are unchanged with minimal subretinal fluid. (D and F) Color fundus photos before (D) and after (F) biopsy
show no complications. Images from a female aged 63 with a partially pigmented tumor in her right eye confirmed as choroidal melanoma by documented tumor growth
(G-0). (G) Color fundus photo shows partially pigmented melanoma. (J) Tumor growth. (M) marked tumor reduction 8 months after thermotherapy. (H) Fluorescein
angiography, late phase shows pinpoint hyperfluorescent hot spots. (K and N) FAF images show a patchy pattern before treatment (K) and marked reduction of FAF
8 months after thermotherapy (N). (I and L) OCT scans demonstrate the elevated choroidal mass with subtle subretinal fluid. (L) Marked increased elevation of the tumor.
(O) Disappearance of choroidal mass after treatment. The arrows at the color fundus photographs (A, G, J, M) correspond to the B-scan lines of the OCT images.

Abbreviations: FAF, fundus autofluorescence; OCT, optical coherence tomography.

both patchy and diffuse FAF patterns. These FAF findings
are almost identical to the FAF findings in patients with
choroidal melanoma in the present study. Only a few authors
have studied FAF overlying IML and found no characteristic
patterns of FAF.31%2 Our study demonstrates that tumor
characteristics, OCT, and FAF findings, were not valuable
in differentiating an IML from choroidal melanoma or other
choroidal tumors, but were valuable in monitoring tumor

growth. Two of ten patients (20%) with IML in this study
showed tumor growth on follow-up <12 months. Tumor
growth was only detected using OCT and FAF imaging. The
presence of documented growth of an IML has been used as
a surrogate for malignancy for many years and is important
in identifying IMLs that require treatment.**>> The two most
important predictive clinical risk factors for tumor growth are
the presence of SRF overlying the tumor and orange pigment
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Figure 3 Color fundus photographs, FAF images, and OCT scans of patients with breast cancer metastasis and choroidal osteoma.

Notes: Images from a female aged 72 with breast cancer metastasis in her left eye (A-F): (A and D) Color fundus photos show nonpigmented tumor (A) and 3 months
after cytostatic agents choroidal mass reduction with partial pigmentation (D). (B and E) FAF images show a patchy pattern characterized by distinct areas of increased
autofluorescence between areas of normal autofluorescence (B), and 3 months after treatment the FAF is unchanged (E). (C and F) OCT scans before (C) and after
treatment (F) show minimal intra- and subretinal fluid. Images from a female aged 30 with choroidal osteoma in her left eye (G-L). (G and J) Color fundus photos show
orange-yellow inferotemporal tumor in contact with the optic nerve (G) and minimal progress of the tumor 10 years later (J). (H) Indocyanine green angiography, late phase
shows diffuse hyperfluorescence due to staining. (K) FAF image shows mostly hypoautofluorescence due to RPE atrophy. (I and L) OCT scans show RPE detachment (I) and
increased subretinal fluid 10 years later (L). The arrows at the color fundus photographs (A, D, G, J) correspond to the B-scan lines of the OCT images.

Abbreviations: FAF, fundus autofluorescence; OCT, optical coherence tomography; RPE, retinal pigment epithelium.

on the surface of the tumor. The evaluation of these two risk
factors is most useful using OCT and FAF imaging.*!

The choroidal melanomas in this study were nonpig-
mented in 40% of the cases, and 90% of the cases had SRF
on OCT. Muscat et al” detected SRF overlying the untreated
choroidal melanomas in 100% of their cases using OCT. The
FAF patterns of choroidal melanomas were classified as either
patchy or diffuse in this study. This classification was used
previously by Giindiiz et al.® They defined the patchy FAF
pattern over choroidal melanomas as the presence of distinct
areas of increased FAF between areas of normal autofluores-
cence, and the diffuse pattern of FAF was characterized by
the presence of increased FAF with indistinct borders over a

larger area of the tumor. We found that 60% of the cases of
choroidal melanoma had a patchy FAF pattern, while Giindiiz
et al® reported that 68% of choroidal melanoma cases had a
diffuse FAF pattern. The higher rate of diffuse FAF patterns
reported by Giindiiz et al® compared to the present results
could be due to the fact that they included larger choroidal
melanomas in their study, and their observations that the dif-
fuse FAF pattern was significantly associated with increased
tumor thickness and increased largest basal diameter. Shields
et al*’ also found that the hyperautofluorescence of choroidal
melanomas increased with larger tumors, pigmented tumors,
and those with disrupted overlying RPE. Only one of the ten
(10%) patients with choroidal melanoma in this study was
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Figure 4 Color fundus photographs, FAF images, and OCT scans of patients with choroidal hemangioma and choroidal lymphoma metastasis.

Notes: Images from a female aged 42 with a choroidal hemangioma in her right eye (A-F). (A) Color fundus photo shows an orange-pink circumscribed tumor. (B) FAF
image shows isoautofluorescence over the tumor. (C and F) OCT scans of the tumor reveal the abruptly elevated choroidal mass without intra- or subretinal fluid.
(D and E) ICG in the midphase shows homogeneous hyperfluorescence of the tumor (D) and in the late phase dye washout with peripheral leakage (E). Images from a female
aged 34 with a choroidal metastasis of systemic lymphoma in her right eye (G-L). (G) Color fundus photo shows a nonpigmented choroidal mass. (H) FAF image shows
isoautofluorescence of the tumor. (I) OCT scan reveals the abruptly elevated choroidal mass. (J) FA, late phase shows minimal hyperfluorescence. (K) ICG angiography, late
phase shows hypoautofluorescence of the tumor. (L) Normalized OCT scan | month after treatment with cytostatic agents. The arrows at ICG image (D), the color fundus
photograph (G), and FA image (J) correspond to the B-scan lines of the OCT images.

Abbreviations: FA, fluorescein angiography; FAF, fundus autofluorescence; ICG, indocyanine green angiography; OCT, optical coherence tomography.

diagnosed by transretinal biopsy. The majority of patients
with malignant choroidal melanoma are today managed
by brachytherapy. This is often done without biopsy for
histopathological, molecular, or cytological analysis, which
prevents adequate prognosis based on histopathological and
genetic analysis. Kiveld and Kujala* reported that the most
adequate criteria for prognosis of choroidal melanomas were
analysis of chromosomal alternations and gene expression
profiling. The presence of only one copy of chromosome 3
(complete monosomy 3) was observed in many choroidal
melanomas that had metastasized and at 3-year follow-up,
for tumors with complete monosomy 3, the occurrence of
metastasis was 0% for small, 24.4% for medium, and 57.5%

for large melanomas.*'** The recent findings by Shields et al*’
that each extra millimeter increase in melanoma thickness
was associated with 5% increased risk of metastasis and
Damato et al®® that ocular treatment of choroidal melanoma
may prevent tumor growth, dedifferentiation, and metastatic
disease in younger patients with small and less malignant
tumors indicate the importance of early and accurate diag-
nosis by sound clinical evaluation, including OCT, FAF
imaging, and biopsy.

Patients with other choroidal tumors in this study exhib-
ited no significant difference regarding clinical and tumor
characteristics compared with IMLs and choroidal melanoma
cases. All were nonpigmented, and only 30% of the cases had
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SRF on OCT. None of our cases of choroidal hemangioma
showed SRF on OCT. A low rate of the SRF on OCT (in
only 19% of the cases with choroidal hemangioma) was
also reported by Ramasubramanian et al.’! We found SRF
on OCT in 67% of the cases with osteoma (all had choroidal
neovascularization), while Freton and Finger'® found SRF
in only 27% of the cases with osteoma. Our patients with
choroidal metastatic lesions exhibited SRF in 50% of cases,
whereas Collet et al** found SRF in 73% of their cases.
In two of our cases (breast cancer metastasis and choroidal
lymphoma metastasis), OCT was valuable in monitoring the
response to treatment (Figures 3 and 4). OCT and FAF imag-
ing have been demonstrated to be important for monitoring
the response to treatment of intraocular tumors by several
authors.? No characteristic patterns of FAF were found in
our patients with other choroidal tumors.

Previous studies on FAF imaging in intraocular tumors
have revealed that choroidal nevi typically had overlying
hypoautofluorescence due to the degeneration or atrophy
of RPE cells, and choroidal melanomas, especially large
melanomas, generally had confluent/diffuse overlying hyper-
fluorescence due to the accumulation of lipofuscin within the
RPE cells and within SRF.81022273% Patients with choroidal
metastases and choroidal hemangiomas in the present study
showed both a patchy FAF pattern and isoautofluorescence.
It has been reported that choroidal metastases and choroidal
hemangiomas often exhibit overlying hyperautofluorescence
that is correlated to focal lipofuscin accumulation in the
overlying RPE cells as well as in SRF, particularly in acute
tumors.?*3%3! Two patients with osteoma in this study had
both hypo- and hyperautofluorescence (mixed) overlying
the tumors. Characteristic FAF patterns have recently been
reported in patients with osteomas, with isoautofluorescence
overlying calcified regions of the tumor due to the intact RPE,
and general hypoautofluorescence in decalcified regions due
to hyperplasia, metaplasia, and atrophy of the RPE.>3°

Our study had several limitations, including the small
patient number in each studied group, and the grading of
patchy versus diffuse FAF pattern of intraocular tumors was
not done in a masked fashion but interobserver variability
was tested in the classification of FAF pattern. All patients
but one had the preliminary diagnosis based on clinical
tumor features, funduscopy, ultrasound measurements, and
FA/ICG findings.

There is thus considerable evidence that OCT and FAF
imaging should be incorporated into diagnostic algorithms
for intraocular tumors in clinical care in order to improve the
characterization of tumors, and promote early diagnosis and

treatment to improve patient survival and decrease the risk of
metastasis, especially in patients with IML,*6-810.11.20.22-31

Conclusion

This study demonstrates that both OCT and FAF were helpful
in the differential diagnosis of choroidal nevi versus IMLs,
choroidal melanomas, and other choroidal tumors. The
accurate and periodical clinical evaluation of patients with
intraocular tumors using ultrasound in combination with OCT
and FAF for the detection of both SRF and characteristic FAF
patterns overlying the tumors may be useful for detection of
tumor growth.
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