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Chapter 5.1

ABSTRACT

Purpose: To compare retinal vessel oxygenation in eyes with an untreated choroidal nevus or

choroidal melanoma.

Methods: The affected and fellow eye of patients with an untreated choroidal nevus (n=42) or
choroidal melanoma (n=45) were investigated using noninvasive retinal oximetry (Oxymap T1).
Oxygen saturation of arterioles (ArtSat) and venules (VenSat) was determined, together with the

arteriovenous difference (AV-difference).

Results: In choroidal nevus patients, retinal oximetry did not differ between the affected and fellow
eye: the mean ArtSat was 94.5% and 94.2% (p=0.56), the VenSat was 60.5% and 61.3% (p=0.35)
and the AV-difference was 34.0% and 32.9% (p=0.18), respectively. In choroidal melanoma
patients, alterations were detected: the mean ArtSat was 94.8% and 93.2% (p=0.006), the VenSat
was 58.0% and 60.0% (p=0.014) and the AV-difference was 36.8% and 33.2% (p<0.001),
respectively. The largest increase in AV-difference was observed between the retinal halves without
the lesion in melanoma eyes compared with the corresponding half in the fellow eye (37.5% vs.
32.1%, p<0.001).

Conclusion: Although retinal oximetry was not significantly altered in eyes with a choroidal nevus,
eyes with choroidal melanoma showed an increased ArtSat and decreased VenSat, leading to an
increased AV-difference. These changes may be caused by inflammation and a higher metabolism,

with larger oxygen consumption, leading to altered blood flow and intraocular oxygen relocation.

252



Oximetry in Choroidal Melanoma and Nevi

INTRODUCTION

Although both arise from ocular melanocytes, a choroidal nevus (CN) is a benign ocular tumor,
whereas a choroidal melanoma (CM) is a malignancy. A choroidal nevus is rather common, with
a prevalence of 4.7 per 100 in the United States' and up to 6.5 per 100 in Australia.? Chroidal
melanoma is more rare, with an incidence of 4.3 per million,’ but forms the majority (>70%)
of all ocular melanoma.? Both lesions occur more often in Caucasians and are associated with a
phenotype of light skin and light eye color. Choroidal nevi are generally without symptoms and
can remain untreated, although occasionally (in about 1%) treatments, including laser treatment
or anti-vascular endothelial growth factor (VEGF) injections, are necessary to treat subretinal fluid
or choroidal neovascular membranes.* Typical symptoms of CM are flashes, floaters, and a decrease
in visual acuity (VA) or visual field defects. Despite treatment, including proton beam irradiation,

brachytherapy, or enucleation, up to 50% of CM patients will die from metastases.’

In the development of CM, angiogenesis is an important parameter because growing tumors require
new vessels to satisfy their demand to obtain oxygen and nutrients. An increased (histological)
microvascular density of the tumor was found to relate to a worse prognosis in choroidal and ciliary
body melanoma,®” and has been associated with the presence of monosomy 3, which is a major risk

factor for metastasis formation.®

Vascular changes are not restricted to the tumor tissue in CM. Using modern optical coherence
tomography angiography (OCTA) technology, retinal changes were identified in eyes with
untreated CM. These changes include enlargement of the deep foveal avascular zone and a decrease
of the capillary vascular density, suggesting tumor-related parafoveal microvascular ischemia.” These

retinal changes were not observed in a study on eyes containing a CN.'

A new technique to study retinal disease is through analysis of retinal vessel oxygenation by
noninvasive retinal oximetry."" Vessel oximetry provides information on the oxygen levels in arteries
and veins and the difference between them. A recent review describes findings in various (retinal)
disorders, including diabetic retinopathy and central retinal vein occlusion.’ After treatment for
CM, altered levels of retinal arterial and venous oxygenation were detected in patients with radiation
retinopathy.'® No pretreatment values were determined however, although such information might
help to understand why some eyes develop radiation retinopathy and others do not. To the best
of our knowledge, no studies on retinal oximetry in untreated melanoma or nevus eyes have as yet

been reported.

In this study, retinal oxygenation was investigated in eyes with untreated choroidal melanoma or

choroidal nevi. The aim was to identify whether the presence of a benign or malignant choroidal
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tumor affects the retinal vessels, and if so, to elucidate the mechanisms responsible. We hypothesized
that eyes with choroidal melanoma show increased oxygen consumption compared with nondiseased

eyes due to the tumor’s metabolism, with a lesser effect in eyes with choroidal nevi.

METHODS

Study Population

Patients with an untreated CM or CN were included in this study at the Leiden University Medical
Center (Leiden, The Netherlands), between September 2017 and May 2018. Patients were examined
by an experienced oncologic ophthalmologist, using clinical examination, ultrasound investigation,

and commonly fluorescein angiography.

Patients had to be 18 years or older at the moment of inclusion. Exclusion criteria were as follows:
a melanoma or nevus in the fellow eye, previous removal (enucleation or exenteration) of the
fellow eye, retinal disease in any eye (including age-related macular degeneration, central retinal
vein occlusion, branch retinal vein occlusion, and diabetic retinopathy), previous ocular treatment
with anti-VEGF medication in either eye, severe cataract, other opacities, or patient-related factors
limiting the investigation. The study was approved by the Institutional Medical Ethics Committee
of the LUMC (approval P17.134) and adhered to the tenets of the Declaration of Helsinki. Written

informed consent was obtained from all participants.

Clinical Examination

Lesion size was evaluated using ultrasound and color fundus photography. Thickness measurements
included the sclera. Flat lesions with no measurable thickness on ultrasound were assigned a default
thickness of 1.50 mm for the purpose of analysis. The location of lesions was scored as ‘central’ if the
lesion was fully between the arcades (or extended to the area between the arcades), as ‘arcades’ if it
was not central but touching the arcades or optic disc, or as ‘peripheral’ if it was fully outside of the
arcades and not touching the optic disc. Visual acuity was measured with Snellen charts. All ocular
symptoms were recorded, including (but not limited to) decrease of visual acuity, flashes, floaters,
pain, redness of the eye, or metamorphopsia. Both the affected (melanoma or nevus containing)
and fellow eye were investigated. Pupils were dilated for clinical examination with eye drops of
Tropicamide 0.5% and Phenylephrine 5%. Melanomas were staged according to the eighth edition
of the AJCC TNM classification.'

The presence of risk factors for growth of choroidal nevi was determined. These are a thickness of >2
mm, subretinal fluid, clinical symptoms, orange pigment, a margin within 3 mm of the optic disc,

absence of halo, absence of drusen, and ultrasound hollowness."®
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Oximetry in Choroidal Melanoma and Nevi

Retinal Oximetry

Retinal oximetry was performed with the Oxymap T1 device (Oxymap, ehf., Reykjavik, Iceland).
This noninvasive retinal oximeter is composed of two digital cameras, mounted on a fundus camera.
The device simultaneously takes two fundus images with different wavelengths of light, at 570
nm and 600 nm. Specialized software automatically selects measurement points on the images
and calculates the so-called ‘optical density’. The optical density of hemoglobin is sensitive to
oxygenation at 600 nm, but not at 570 nm; the ratio of the optical densities has a relationship
to oxygen saturation. A pseudo color fundus map is automatically generated. The reliability and

reproducibility of the Oxymap technique have been demonstrated before."!

Images were analyzed with the Oxymap Analyzer software version 2.5.2. An adapted version of
the protocol by Geirsdottir et al was used to select vessel segments.'® In short, a retinal image
centered on the optic disc was used for analysis (Figure 1). Oxygen saturation was determined by
the software in all retinal vessels in the area between two concentric circles of 1.5 and 3 optic disc
diameters around the optic disc. Vessel segments were manually selected with a width of at least 8
pixels (approx. 74 pm), and a length of at least 50 pixels. Vessel crossings or areas with extremes in
background brightness (due to e.g., undetected nearby vessels, scars, or hemorrhages) were excluded

from the analysis.

Figure 1. Pseudo color fundus map of a choroidal melanoma eye. The image is centered on the optic disc. In
this specific case the choroidal melanoma is visible at the lower right (arrow). The Oxymap software automatically
calculates vessel saturation and produces a color map (values correspond to the scale bar on the right side, ranging
from 0% (purple) to 100% (red)). Vessel segments between the concentric circles at 1.5 (A) and 3 (B) disc diameters
are manually selected for analysis. Vessels that are dark gray on the color map were too thin to acquire reliable

measurements, and are not included in the analysis.
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The mean width of selected arterial and venous vessel segments was reported (1 pixel corresponds to
approx. 9 um). The Oxymap Analyzer software provided an overall image quality score (0 low, 10

high) based on focus and contrast.

The overall retinal saturation of arteries (ArtSat), venules (VenSat), and the difference between
these (AV-difference) was calculated. The affected eye was compared with the fellow eye of the
same individual; the difference between two AV-differences was termed ‘relative AV-difference’
(Rel-AVdiff). A secondary analysis was performed on the saturation of the vessels in the retinal half

overlying or not overlying the lesion (Figure 2).

affected eye fellow eye

A

€ 4

affected retinal halves

non-affected retinal halves

€ 4

B

Figure 2. Comparison of retinal halves. In eyes with a choroidal melanoma or nevus, one retinal half can be defined
containing the lesion (“affected halves”) and one retinal half without the lesion (“nonaffected halves”). These halves
were compared with the corresponding halves in the fellow eye (visualized by “A” and “B”). Retinal halves were divided
by a horizontal or vertical line, seen from the optic disc, fitting the most appropriate division according to the location

of the melanoma or nevus.

Statistics

Nominal data were analyzed with the chi-square test or Fisher exact test. Continuous data were
analyzed with the independent t-test, paired t-test, or Kruskal-Wallis test, as appropriate. Linear
univariate regression analysis was performed, and hazard rations with 95% confidence intervals
were provided. Study data were analyzed with SPSS software version 23. P-values < 0.05 were

considered statistically significant.
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Oximetry in Choroidal Melanoma and Nevi

RESULTS

Patient Characteristics

A total of 45 patients with CM and 42 patients with CN were included. The mean age of the CM
patients was 65.5 years, and this was 66.0 years for the patients with CN (p=0.85). The melanomas
had a mean thickness of 4.0 mm and a mean largest basal diameter (LBD) of 11.9 mm; the nevi had a
mean thickness of 1.8 mm (p<0.001) and a mean LBD of 6.4 mm (p<0.001). Choroidal melanoma
lesions were staged T'1 (14 cases, 31%), T2 (21 cases, 47%), T3 (7 cases, 16%) or T4 (3 cases, 7%).
The general medical history showed that 18 (40%) of the CM patients had a cardiovascular disease
(including diabetes, hypertension, hypercholesterolemia and atrial fibrillation) as did 18 (43%)
of the CN patients (p=0.79). Of the CM patients, 9 (20%) had mild cataract in both eyes, versus
11 (26%) of CN patients (p=0.49). None of the studied patients had marked exudative retinal
detachment. The mean visual acuity of CM patients was 0.89 (20/22) for the affected eye, and 1.09
(20/18) for the fellow eye (p=0.001). For CN patients this was 1.06 (20/19) and 1.08 (20/19),
respectively (p=0.58). Table 1 shows the characteristics of the CM and CN patients.

Retinal Oximetry

We compared oximetry values between melanoma- or nevus-containing eyes with their fellow
eyes. In CM patients, a difference was noticed between the affected and fellow eye: the overall
ArtSat of the affected versus fellow eye was 94.8% versus 93.2% (p=0.0006), the overall VenSat was
58.0% versus 60.0% (p=0.014), and the AV-difference was 36.8% versus 33.2% (p<0.001). In CN
patients, the affected and fellow eye did not differ significantly: the overall ArtSat of the affected
versus fellow eye was 94.5% versus 94.2% (p=0.57), the overall VenSat was 60.5% versus 61.3%
(p=0.35), and the AV-difference was 34.0% versus 32.9% (p=0.18) (Table 2).

When we compared affected CM eyes to affected CN eyes, the AV-difference was found to be
significantly higher in melanoma-containing eyes (36.8% for CM and 34.0% for CN, p=0.04),
although the separate ArtSat (p=0.77) or VenSat (p=0.14) did not differ significantly.

Venous vessel segments of affected CM eyes were thicker compared with their fellow eyes (15.5
pixels vs. 14.9 pixels, p=0.019), whereas venous segments of the affected CN eyes were equally
thick compared with their fellow eyes (15.3 pixels vs. 15.3 pixels, p=0.83). There were no significant
differences in image quality between affected and fellow eyes for both CM and CN patients (p=0.19
and p=0.87, respectively) (Table 2).
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Table 1. Baseline Characteristics of Patients with Choroidal Melanoma or Nevus.

Melanoma patients

Nevus patients

Cases (%) Cases (%) p-value
Total 45 (100) 42 (100)
Sex
Male 27 (60) 14 (33) 0.013*
Female 18 (40) 28 (67)
Age
Mean + SD 65.5+14.2 66.0 £ 10.6 0.857
Side
OD 19 (42) 23 (55) 0.24*
(ON 26 (58) 19 (45)
Location
Central 9 (20) 8(19) 0.26%
Arcade 12 (27) 18 (43)
Peripheral 24 (53) 16 (38)
Thickness
Mean + SD 40+1.6 1.8+0.5 <0.001F
Largest Basal Diameter
Mean + SD 11.9+3.1 6.4+£2.7 <0.001F
TNM, T group (8")
T1 14 (31) N.A. N.A.
T2 21 (47)
T3 7 (16)
T4 3(7)
COMS size
Small 14 (31) N.A. N.A.
Medium 27 (60)
Large 409
Tumor pigmentation
Pigmented 36 (80) 34 (81) 1.00*
Amelanotic/Mixed 9 (20) 8 (19)

"Pearson Chi Square test.
" independent samples t-test.

# Fisher Exact test.

TNM, AJCC TNM classification; N.A., not applicable.
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Table 2. Outcome of Retinal Oximetry in Eyes With a Choroidal Melanoma or Nevus Versus the Contralateral Eyes.

Melanoma patients (n=45) Nevus patients (n=42)

Affected eye Fellow eye p-value  Affected eye ~ Felloweye  p-value

ArtSat (%) 94.8 £+ 4.8 93.2+49 0.006 94.5+ 4.2 942 £3.6 0.56
VenSat (%) 58.0 + 8.4 60.0+9.3 0.014 60.5+7.2 61.3+6.7 0.35
AV-diff (%) 36.8+6.3 33.2+7.0 <0.001 34.0 6.0 329+55 0.18
Art. Diam. (pixels)* 120+ 1.2 120+ 1.0 0.98 12.1+1.2 121+ 1.1 0.80
Ven. Diam. (pixels)* 155+ 1.6 149+ 1.5 0.019 153+1.5 153+ 1.4 0.83
Image Quality (score)t 7.6+0.8 7.8+0.8 0.19 7.9+0.6 7.9+0.6 0.87

Values are reported as mean + SD. All p-values were obtained using the paired samples t-test

*One pixel width corresponds to approx. 9 u.

#Overall image quality as provided by the Oxymap Analyzer software (scale: 0 = low, 10 = high).

ArtSat, Arterial Saturation; VenSat, Venous Saturation; AV-diff, Arteriovenous difference; Art. Diam., Arterial Diameter;

Ven. Diam., Venous Diameter.

To determine whether the presence of a tumor affected the whole eye, we compared the affected and
nonaffected retinal halves with their corresponding half in the fellow eye. A visual representation
of these comparisons is provided in Figure 2. When we compared the affected retinal halves in
CM patients with the corresponding halves in their fellow eye, a significant increase in ArtSat
(94.9% vs 93.1%, p=0.027) was observed in the CM eye. There were no differences in VenSat or
AV-difference (p=0.92 and p=0.096, respectively). A comparison of the nonaffected retinal halves
in CM patients demonstrated a significant increase in ArtSat in the affected eye (94.5% vs. 93.0%,
p=0.02), with additionally a significant decrease in VenSat (57.0% vs. 60.8%, p=0.001) and a
significant increase in AV-difference (37.5% vs. 32.1%, p<0.001) In CN patients, no significant
differences in ArtSat, VenSat or AV-difference were detected between the affected and nonaffected

retinal halves of affected and fellow eyes (Table 3).

We wondered whether patient- or tumor-related factors contributed to the observed oximetry
values in CM and CN patients. We noticed that a correlation existed between the AV-differences
of the affected and the fellow eye in both groups: the Pearson correlation for CM patients was 0.77
(p<0.001), and for CN patients was 0.57 (p<0.001). This implies that further analyses should be
performed using the relative AV-difference, as this parameter indicates the difference between the

two eyes in one individual and, therefore, yields the overall effect of the presence of either a CM

or CN.

In CM patients, a significant relation was found between older age and a higher Rel-AVdiff (linear
regression, B=0.19, 95%CI 0.11-0.27, p<0.001). None of the other parameters (including tumor
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thickness and location of the lesion in relation to the macula, arcades or periphery) was found to
correlate significantly with the Rel-AVdiff (see Table, Supplemental Digital Content 1, htep://links.
Iww.com/IAE/B156).

In CN patients, right eyes were related to a higher Rel-AVdiff (p=0.002), as was absence of
ultrasound hollowness (p=0.015). None of the other parameters, including the presence of multiple
risk factors for melanoma progression, was found to correlate significantly with the Rel-AVdiff (see

Table, Supplemental Digital Content 2, http://links.Iww.com/IAE/B157).

Table 3. Outcomes of Retinal Oximetry per Retinal half.

Melanoma patients (n=45) Nevus patients (n=42)

Affected eye Fellow eye ~ p-value  Affected eye Fellow eye p-value

(A) Comparison of affected retinal halves

ArtSat (%) 949+5.8 93.1 £5.1 0.027 95.4 6.0 939 +4.4 0.079

VenSat (%) 58.3+9.7 58.4+11.7 0.92 60.9 £ 8.4 60.4 £ 8.1 0.65

AV-diff (%) 36.6 + 8.4 347+9.2 0.096 345+7.6 33.5+6.6 0.41
(B) Comparison of nonaffected retinal halves

ArtSat (%) 94.5+5.3 93.0+6.3 0.020 93.5 + 4.1 94.3 +3.9 0.093

VenSat (%) 57.0 £9.6 60.8 +9.1 0.001 59.5+8.2 61.4+7.2 0.10

AV-diff (%) 375+7.3 321+7.7 <0.001 34.0£6.8 32.9+6.6 0.33

Values are reported as mean + SD. All p-values were obtained using the paired samples t-test.

ArtSat, Arterial Saturation; VenSat, Venous Saturation; AV-diff. Arteriovenous difference.

Reported is the saturation of the affected versus similar retinal half in the fellow eye (A), and the saturation of the non-affected
versus similar half in the fellow eye (B). A schematic explanation of the comparisons is provided in Figure 2.

DISCUSSION

In this study, we compared retinal oximetry of eyes with untreated choroidal melanoma or choroidal
nevi with their fellow eye. We identified alterations in ArtSat and VenSat with a higher AV-difference
in eyes with CM, whereas this was not observed in eyes with CN. In CM patients, older age was
related to a higher Rel-AVdiff comparing affected and fellow eyes. As far as we know, these are new
observations in CM, implicating that the presence of a melanoma is related to widespread retinal

changes.

We hypothesize that multiple events contribute to the increased AV-difference in CM eyes. The

increased oxygen demand of active tumor cells is the first step. Because CM is considered to be
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Oximetry in Choroidal Melanoma and Nevi

mainly fed by vessels from the choroid, this would imply a role in tumor nourishment for the
retinal vasculature that was investigated in this study. Because there is interaction between the
choroidal and retinal circulation,"” and oxygen can diffuse within these layers,'® this can be plausible
although it should be noted that we are unaware of studies that examined the retinal contribution
to nourishment of choroidal lesions. There must be a second step, however, as regional differences
in oxygenation also occurred in the nonmelanoma-containing part of the retina in CM eyes. This
means that the presence of a tumor affects a large part of the eye. We did not observe a relation
between oximetry values, obtained from vessels around the optic disc, and the location of the
tumor as being central, near the arcades, or periphery. This contributes to the idea of a generalized

involvement of the eye.

Central to overall retinal changes in CM eyes may be the presence of inflammation. Melanoma eyes
contain higher concentrations of VEGF-A in both the aqueous and vitreous fluid,'**" and several
other inflammatory cytokines and chemokines (including IL-6, IL-10, TNF-alfa) were found to
be clevated in the vitreous as well.?! Supporting the relation between inflammation and retinal
oximetry, aberrant retinal oximetry values were correlated with the presence of various inflammatory
markers of the aqueous humor in patients with diabetic retinopathy.” In diabetic retinopathy, as
well as other ischemic retinopathies, inflammation and angiogenesis are known to be linked.?** The
production of VEGEF-A in eyes with UM, as measured in aqueous humor, was positively related to
UM tumor diameter and originated from both the tumor and overlying retinal tissue.” Because
these cytokines reach other parts of the retina besides the tumor-overlying tissue, metabolic changes

(which can be measured with the retinal oximetry) can be expected there as well.

An increased AV-difference of the nonaffected retinal halves in melanoma eyes may additionally
be explained by oxygen relocation. Because the melanoma needs an increased amount of blood,
a relative decrease in flow can be expected in the nonaffected retinal parts. A larger AV-difference
would thereby reflect the increased extraction of oxygen from the reduced amount of available
blood. This mechanism would be comparable to eyes with ischemic disease as central retinal vein

occlusion, similarly detecting an increased overall AV-difference in the area with diminished flow.”

Another factor that may be of importance to the amount of oxygen in retinal vessels of melanoma
eyes is the Warburg effect. This effect describes the phenomenon that cancer cells use anaerobic
glycolysis for nourishment rather than aerobic pathways, despite the presence of oxygen.?® This effect
underlies modern-day positron emission tomography (PET) scans, using the enhanced glucose
uptake to demonstrate the presence of malignancies. As mentioned before, there is interaction

between the choroidal and retinal circulation,!”!8

although the magnitude of this interaction is
not known for CM eyes. Implying a role for the Warburg effect in ocular melanoma, the relation
between tumor presence and oxygen uptake may be complicated (as both an increased oxygen

uptake due to tumor activity or a decreased oxygen uptake due to altered metabolism can be
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expected). This effect may explain the absence of a relation between tumor size and AV-difference
in our study, as larger tumors would not necessarily require more oxygen (Figure 3). Even more, it
may add to the mechanism of increased oxygen uptake in the nonaffected retinal half, as the affected

retinal half demonstrates an aberrant metabolism relying more on glucose than on oxygen.
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Figure 3. Relative AV-difference versus largest basal tumour diameter in choroidal melanoma patients. The
relative AV-difference (i.e. the AV-difference of the affected eye minus the AV-difference of the fellow eye) is plotted
against the largest basal diameter of the tumour in choroidal melanoma patients. The correlation is not statistically
significant, with a correlation coefficient of 0.180 (p=0.24). This implies that in our study, no relation exists between

tumour size and the relative AV-difference.

Older age was related to a larger Rel-AVdiff in CM patients. This means that the effect of melanoma
presence on retinal oximetry is larger in older patients than in younger patients. We hypothesize that
increased vessel wall stiffness in older patients limits flow alterations to account for increased oxygen
demand, resulting in a larger extraction of oxygen from the available blood. In addition, tumor
infiltrate may be involved because murine experiments demonstrated a relationship between older
age and an increase of macrophages;*”*® which have been suggested to be relevant for differences in
tumor angiogenesis.>*

In this study, we detected retinal oxygen imaging changes in CM eyes but not in CN eyes. This is in
line with findings using OCTA, demonstrating foveal changes in melanoma eyes but not in nevi."
Differences may be due to a lower metabolic activity in nevi and to less local inflammation. Also,
because of slow growth and a longer presence, recovery mechanisms may be more pronounced in

nevus eyes, limiting differences in oximetry. Lesion size may be relevant as well, as it may act as
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Oximetry in Choroidal Melanoma and Nevi

a barrier between the choroidal and retinal vasculature, and choroidal nevi are often smaller than
melanoma. However, becuase lesion size did not relate to retinal oximetry within both the groups

of melanoma or nevi in this study (Figure 3), this effect may be of limited concern.

Retinal oximetry has been described in many (ischemic) retinal diseases,'** but, as far as we
know, not in untreated CM or nevi. In a small study of eight patients with radiation retinopathy
after treatment for CM, a reduced blood flow with increased ArtSat and VenSat was identified in
affected eyes.” No pretreatment values were reported however. An interesting comparison can be
made with studies on retinal vasculature in treatment-naive melanoma and nevi using OCTA. It
was found that the deep foveal avascular zone was larger in macular melanoma compared with
healthy eyes. This was not the case for extramacular melanoma or nevi. Capillary vessel density
was reduced in melanoma eyes but not in nevus eyes.'” The authors hypothesized that parafoveal
ischemia occurred due to tumor-related ischemia and intraocular leakage of cytokines. Our results
on whole-eye involvement of saturation changes are in line with this finding, although we did not
detect a difference between tumors located close to the macula and extramacular lesions. Another
study detected higher ocular (choroidal) blood flow in eyes with uveal melanoma compared with

the fellow eye, in line with the theory of increased demand due to the presence of a tumor.”!

Our study is the first study to report on retinal oximetry in treatment-naive melanoma and nevi.
This provides baseline values for CM and CN, without the influence of earlier treatments. Because
both eyes of each patient were examined in our study, a good comparison could be made, adjusting
for patient-related parameters as systemic disease and age. Also, we could compare similar areas
between the affected and fellow eyes, as it is known that oxygen levels are different for various areas

of the retina, hampering comparisons within one eye."

Because image quality and presence of comorbidity were similar between affected and fellow
eyes, we feel that is unlikely that our results are due to measurement artifacts. Even more, low
image quality or presence of cataract would lead to lower values of saturation in both arteries and

32,33

venules,”** although we detected a higher ArtSat in melanoma eyes; an additional mechanism is

therefore needed to explain our findings.

It could be hypothesized that co-occurring retinal detachment, a condition that might cause
retinal nonperfusion, may influence the AV-difference in our study. None of the studied patients
had marked exudative retinal detachment, however, so it is not expected that this has biased the
conclusions. Even so, the presence of subretinal fluid (which was more prevalent in melanoma
eyes) could be hypothesized to have influenced the results. To test this, we compared melanoma
eyes without subretinal fluid (n=19) to nevus eyes with subretinal fluid (n=3), as this should force
effects into opposite directions. We found that the AV-difference in melanoma eyes remained higher
compared with nevus eyes (mean 37.3%, SD 4.9 vs. 35.8%, SD 6.8; p=0.66) although this was not
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statistically significant. However, the small number of nevus eyes hampers a statistical comparison.
Although we observed that right eyes in CN patients were related to a higher Rel-AVdiff, we believe

that this was by chance only and not reflecting a relevant pathophysiologic mechanism.

Currently, fluorescein angiography is a commonly used imaging technique to help differentiate CM
from other lesions as hemangioma or nevi. This is an invasive technique, requiring the intravenous
injection of a contrast agent. Although no pathognomonic pattern exists for CM, the characteristics
include intrinsic circulation (due to abnormal vessels), hot spots (due to pinpoint leaks from the
retinal pigment epithelium) and late leakage. Our study identifies a new parameter that differs
between CM and CN (i.e. increased oxygen use). Because the observed differences between eyes with
CM and CN are small, this will currently not be of use as a diagnostic criterion, but it demonstrates
that melanoma-related vascular alterations are present. An interesting future project would be to
investigate whether retinal oximetry identifies patients with a higher risk of developing radiation
retinopathy after radiation therapy, which could then have clinical implications to detect or follow
selected patients, allowing for early treatment. Also, knowledge obtained by retinal oximetry may

aid in the understanding of other imaging techniques, such as OCTA.

Concluding, our current study demonstrates that the presence of a CM influences the vessel
oxygenation of the whole eye, which is probably due to an increased oxygen metabolism; this was not
observed in eyes with CN. Future projects may test the value of oximetry in the identification and
follow-up of patients with radiation retinopathy, and may guide future studies into antiangiogenic

therapies.
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SUPPLEMENTARY MATERIAL

Supplemental Digital Content 1, Table. Clinical parameters related to Rel-AVdiff in choroidal melanoma patients.

Low Rel-AVdiff* High Rel-AVdiff*
Cases (%) Cases (%)
Total 23 (100) 22 (100) p-value
Sex
Male 15 (65) 12 (55) 0.47¢
Female 8 (35) 10 (45)
Age
Mean + SD 60.3 +15.6 70.9 £ 10.4 0.0117
Side
OD 10 (43) 9 (41) 0.86¢
(o) 13 (57) 13 (59)
Location
Central 6 (26) 3 (14) 0.417
Arcade 7 (30) 5(23)
Peripheral 10 (44) 14 (64)
Thickness
Mean + SD 4.00 + 1.4 4.02+1.8 0.97'
Largest Bas Diameter
Mean + SD 11.9+2.9 11.8+3.4 0.927
TNM, T group (8")
T1 6 (26) 8 (36) 0.67**
T2 11 (48) 10 (46)
T3 5(22) 2(9)
T4 1(4) 209
COMS
Small 6 (26) 8 (36) 0.81**
Medium 15 (65) 12 (55)
Large 2(9) 2(9)
Pigmentation
Pigmented 19 (83) 17 (77) 0.87**
Amelanotic 3(13) 3 (14)
Mixed 1(4) 209
Subretinal fluid
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Supplemental Digital Content 1, Table. Continued

Low Rel-AVdiff* High Rel-AVdiff*
Cases (%) Cases (%)

Total 23 (100) 22 (100) p-value
No 11 (48) 8 (36) 0.44*
Yes 12 (52) 14 (64)

Symptoms
No 10 (43) 9 (41) 0.86°
Yes 13 (57) 13 (59)

Orange pigment
No 13 (59) 15 (68) 0.53*
Yes 9 (41) 7(32)

Margin < 3mm of optic disc
No 17 (74) 20 (91) 0.24*
Yes 6 (26) 2(9)

SD = Standard Deviation; TNM = AJCC TNM classification.

* Low and High groups are separated based on the median Rel-AVdiff-
" One lesion could not be scored on these items due to its location.

# Pearson Chi Square test.

** Fisher Exact test.

" Independent samples t-test.
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Supplemental Digital Content 2, Table. Clinical parameters related to Rel-AVdiff in choroidal nevus

patients.
Low Rel-AVdiff* High Rel-AVdiff*
Cases (%) Cases (%)
Total 21 (100) 21 (100) p-value
Sex
Male 5(24) 9 (43) 0.19**
Female 16 (77) 12 (57)
Age
Mean + SD 65.4+12.3 66.5 + 8.8 0.74%
Side
OD 6(29) 17 (81) 0.002**
oS 15 (71) 4(19)
Location
Central 4(19) 4(19) 0.927
Arcade 10 (48) 8 (38)
Peripheral 7 (33) 9 (43)
Thickness
Mean + SD 1.76 £ 0.35 1.84 £ 0.54 0.61%
Largest Bas Diameter
Mean + SD 6.96+2.8 5.89+2.7 0.22%
Nevus Thickness Cat
Small (<1.5mm) 10 (48) 12 (57) 0.54**
Large (21.5mm) 11 (52) 9 (43)
Pigmentation
Pigmented 18 (86) 16 (76) 0.83""
Amelanotic 2 (10) 4(19)
Mixed 1(5) 105
Risk Factors™
0-4 18 (90) 16 (89) 1.00%*
5-8 2 (10) 2(11)
Thickness >2 mm
No 15 (71) 15 (71) 1.00**
Yes 6(29) 6(29)
Subretinal fluid
No 20 (95) 19 (90) 1.00**
Yes 1(5) 2 (10)
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Supplemental Digital Content 2, Table. Continued.

Low Rel-AVdiff* High Rel-AVdiff*
Cases (%) Cases (%)
Total 21 (100) 21 (100) p-value
Symptoms
No 18 (86) 18 (86) 1.00%*
Yes 3 (14) 3 (14)
Orange pigment
No 18 (86) 15 (71) 0.45**
Yes 3 (14) 6(29)
Margin < 3mm of optic disc
No 14 (67) 14 (67) 1.00**
Yes 7 (33) 7 (33)
Ultrasound Hollow*
No 10 (50) 16 (89) 0.015**
Yes 10 (50) 2(11
Halo Absent®
No 165 2 (10) 0.61*
Yes 20 (95) 18 (90)
Drusen Absent
No 11 (52) 7 (33) 0.21**
Yes 10 (48) 14 (67)

SD = Standard Deviation; TNM = AJCC TNM classification.

* Low and High groups are separated based on the median Rel-AVdiff:

" Risk factors are: thickness of >2mm, subretinal fluid, clinical symptoms, orange pigment, a margin within 3mm of the optic
disc, absence of halo, absence of drusen, and ultrasound hollowness.”

¥ Four lesions in total could not be scored due to missing data.

" Pearson Chi Square test.

" Fisher Exact test.

# Independent samples t-test.
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