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Introduction

Choroidal melanoma is the most common primary malig-
nant intraocular tumour in the adult population.1 Proton 
beam radiotherapy (PBRT) is one valuable treatment option 
for choroidal melanoma,2 especially for large or posterior 
tumours close to the macula or the optic disc.3 As in other 
radiation methods, factors that can negatively influence the 
visual outcome after PBRT are radiation retinopathy, macu-
lopathy, optic neuropathy and toxic tumour syndrome.4

Photographic documentation and ultrasound scanning 
are important tools for the follow-up of intraocular neo-
plasms. One of the most commonly used system for ultra-
wide-field scanning laser ophthalmoscopy (UWF-SLO) is 

the Optos (Optos PLC, Dunfermline, Scotland). It uses 
two laser wavelengths: a green wavelength (532 nm), 
which delivers images of the retina surface and its 
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vasculature (green channel), and a red wavelength 
(633 nm), which penetrates the deeper layers of the retina 
and the choroid (red channel). The combination of these 
two wavelengths results in a pseudo-colour image. It is 
also capable of obtaining auto-fluorescence (AF) images 
using the green laser of 532 nm for excitation and a 570–
780 nm emission filter, as a result it is less influenced by 
cataract.5–7 A typical high-resolution scan can be obtained 
in a fraction of second, thus reducing motion artefacts.

Due to the design of the mirrors in the Optos, the lesion 
resolution in pixels depends on its anterior-posterior loca-
tion.8 Peripheral images can be magnified and the horizon-
tal axis appears stretched compared with vertical axis.9

Several studies have used these Optos utilities for docu-
menting and differentiating choroidal and retinal lesions to 
enhance diagnosis of choroidal tumours.10–15 Our study, in 
contrast, is evaluating tumour characteristics documented 
on Optos images before and their changes after PBRT.

Methods

Aim of this study was to focus on the imaging of characteris-
tics of uveal melanomas before and after PBRT. This is cru-
cial because clinicians are confronted with the question 
whether a change or no change of the imaging characteristics 
after PBRT suggest local tumour control or not. The study 
adhered to the tenets of the Declaration of Helsinki and was 
approved by the Ethics Committee of the Medical University 
Innsbruck, Austria. It is a retrospective study that included 
38 patients diagnosed with choroidal melanoma and treated 
PBRT at the Helmholtz Centre in Berlin, Germany and at 
Paul Scherrer Institute in Switzerland between October 
2008 and October 2016. One of our patients had bilateral 

choroidal melanoma; we listed the investigated characteris-
tics from both eyes as separate. Thus a total of 39 tumours 
were included in our study. All patients received tantalum 
clip implantation surgery in our department prior to PBRT. 
The treatment protocol consisted of a total radiation dosage 
of 60 Gy delivered in four sessions of 15 Gy each over four 
consecutive days. Exclusion criteria for our study were: sur-
gical resection after radiation, ciliary body melanomas and 
initial fundus colour imaging with camera systems other than 
Optos. The fundus imaging system used was OPTOS 200 
Tx (Optos PLC, Dunfermline, Scotland). It offers images 
using multiple wavelengths, including options for pseudoc-
olour, red channel, green channel, fluorescein angiography 
and AF with a view of the retina over 200° with a single 
capture. Each channel was viewed separately and analysed 
with the Optomap Vantage V2 Software with ProView™ 
option, which minimises distortion and magnification 
irregularities.16

The following data were evaluated (pre-treatment and at 
the last follow-up visit): Snellen visual acuity (hand percep-
tion was noted as 20/2000), tumour location as well as post 
PBRT retinopathy (telangiectasias, microaneurysms, neo-
vascularisation, vitreous haemorrhage, hard exudates, cotton 
wool spots, retinal edema) (Figure 1); maculopathy (macular 
edema); optic neuropathy (pale optic disc, disc edema along 
with haemorrhage and microangiopathy); and toxic tumour 
syndrome (all of the above plus exudative retinal detachment 
and/or rubeosis iridis and neovascular glaucoma).4

A number of parameters on the Optos images were doc-
umented (Table 1). Red channel and AF signal intensity of 
the tumour was graded as hypo-, iso-, hyper-intense or 
mixed compared with the surrounding healthy tissue. The 
presence of subretinal fluid was noted as a haze reducing 

Figure 1.  Images of the same patient with choroidal melanoma before (a) and after (b) proton beam radiotherapy (last 
follow-up 32 months). 1(a) and (b): pseudo-colour mode, pigmented tumour; the arrow indicates lipid exudation. 2(a) and (b): 
autofluorescence, mixed tumour; the arrows indicate the presence of subretinal fluid (confirmed by spectral-domain optical 
coherence tomography). 3(a) and (b): red channel, mixed tumour; the arrow indicates lipid exudation.
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detail recognition of the surrounding tissue around the 
tumour in the pseudo-colour and red channel mode, 
whereas it could be detected as an area of higher signal 
intensity in fundus autofluorescence (AF) (Figure 1). 
Subretinal fluid was always confirmed with spectral-
domain optical coherence tomography (SD-OCT) to 
ensure accuracy. In pseudocolour, drusen and orange pig-
ment on the tumour surface were documented as yellow 
and orange spots, respectively. The discrimination between 
bright-coloured drusen and other dark-coloured pigmen-
tary changes showed no difficulty in pseudocolour. On the 
contrary, orange pigment (lipofuscin deposits) was diffi-
cult to detect in pseudo-colour images, thus we used AF, 
where it was intensely hyperautofluorescent. Tumour 
diameter was also evaluated in the pseudo-colour and red 
channel mode. Maximal initial diameter was chosen after 
measuring it in various axes, the maximal final diameter 
was measured in the same axis of the initial one. All men-
tioned parameters were graded by two observers inde
pendently (A.P. and G.B.). In case of disagreement, the 
patient would be excluded from the study. In addition, 
B-sonographic maximal mean tumour basal diameter and 
height before and after PBRT were documented.

Statistics and mathematical analyses

We performed all analyses using R version 3.4.2 (R core 
team, R foundation for statistical computing, Vienna, 
Austria; https://www.R-project.org; 2017) and MedCalc 
statistical software version 16.8.4 (MedCalc Software bvba, 
Ostend, Belgium; https://www.medcalc.org; 2016). Chi-
square and Wilcoxon tests were performed to compare 
tumour characteristics before and after radiation. GraphPad 
Prism 7 (GraphPad Software Inc.2017, La Jolla, USA) was 
performed in paired analysis to compare maximal diameter 
in red channel mode and in pseudo-colour mode, as well as, 
to compare ultrasound basal diameter and ultrasound height 
before and after therapy. A 2-tailed p value of <0.05 was 
considered statistically significant for all tests.

Bland-Altman plot analysis was performed using 
MedCalc to compare the measurements of continuous var-
iables between two methods.

Results

Our sample consisted of 23 men (61%) and 15 women 
(39%). Mean follow-up period was 24 months (standard 
deviation (SD): 12, range 6–48).

Median age was 60 years (range: 41–85). Almost 82% (31 
of 38) of the patients had symptoms before seeking medical 
advice. The tumour was located post-equatorial in almost 
90% and equatorial or pre-equatorial in 10% of the cases.

Median best-corrected visual acuity was initially 20/40 
(range: 20/2000 to 20/20) compared with 20/63 (range: 
20/2000 to 20/20) at the last follow-up examination after 
treatment. This difference was statistically significant 
(Wilcoxon signed-rank test, p = 0.001). Radiation retinopa-
thy, maculopathy and optic neuropathy were documented 
in 62%, 54% and 10% after therapy, respectively. Toxic 
tumour syndrome was documented in 10% of patients. All 
of them had subretinal fluid at presentation. Orange pig-
ment was found in 51% (n = 20) before and 46% (n = 18) 
after PBRT; the difference was also not statistically signifi-
cant (chi-square test, p = 0.651). Drusen were found in 8% 
(n = 3) and 10% (n = 4) of cases pre- and post-therapy 
respectively (chi-square test, p = 0.692).

Concerning the presence of subretinal fluid changes 
before PBRT it was noted in 79% of the pseudo-colour 
mode, in 74% of the red channel mode and in 95% of the 
AF mode. After therapy, the presence of subretinal fluid 
was noted in 74% of the pseudo-colour mode, in 62% of 
the red channel mode and in 92% of the AF mode. Neither 
in the pseudo-colour nor in the red channel or AF mode 
was the presence of subretinal fluid statistically significant 
before and after therapy (chi-square test: pseudo-colour 
p = 0.591, red channel p = 0.225, AF mode p = 0.644).

Regarding the intensity grade in the red channel, 20% 
of the tumours were hypo-intense, 3% iso-intense and 77% 

Table 1.  Tumour characteristics before and after radiotherapy.

Pre-therapy Post-therapy p value

Presence of orange pigment 51% 46% 0.65
Presence of drusen 8% 10% 0.69
Presence of subretinal fluid
  Red channel 74% 62% 0.22
  Pseudocolour 79% 74% 0.59
  Autofluorescence 95% 92% 0.64
Intensity grade
  Red channel Iso-intense 3%

Hypo-intense 20%
Mixed 77%

Iso-intense 3%
Hypo-intense 15%
Mixed 82%

0.83

  Autofluorescence Hypo-intense 3%
Mixed 97%

Hypo-intense 5%
Mixed 95%

0.55

https://www.R-project.org
https://www.medcalc.org
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had mixed intensity at presentation. At the last follow-up 
visit, 15% were hypo-intense, 3% iso-intense and 82% had 
mixed intensity. In 95% of the cases the intensity grade 
remained unchanged before and after PBRT and the statis-
tical difference pre- and post-therapy was not significant 
(chi-square test, p = 0.839).

The AF intensity was in 3% hypo-intense and in 97% of 
the cases mixed before therapy, and in 5% hypo-intense 
and in 95% of the cases mixed after therapy. The intensity 
grade changed in only one patient; this difference was not 
statistically significant (chi-square test, p = 0.556). The 
results are summarised in Table 1.

In the pseudo-colour mode, mean maximal tumour 
diameter was 989 (SD: 368) pixels before radiation and 
994 (SD: 364) pixels at the last follow-up visit; this differ-
ence was not significant (Wilcoxon signed-rank test, 
p = 0.295). In the red channel mode, mean maximal tumour 
diameter was 1008 (SD: 367) pixels at initial examination 
compared with 1012 (SD: 366) pixels after therapy, this 
was not statistically significant either (Wilcoxon signed-
rank test, p = 0.174) (Figure 2(a) and (b)).

In the ultrasound examination, the initial and the final 
mean tumour height were 3.88 mm (SD: 1.69) and 3.02 mm 
(SD: 1.19), respectively; this difference was statistically 
significant (Wilcoxon signed-rank test, p = 0.001). The 
mean basal diameter was 9.7 mm (SD: 2.84) and 8.63 mm 
(SD: 2.59) at initial and last findings, respectively, which 

was statistically significant (Wilcoxon signed rank test, 
p = 0.001) (Figure 2(c) and (d)).

The maximal diameter of the tumour in red channel 
mode was bigger than in the pseudo-colour mode before 
radiation in 13% of the cases (5 of 39). Because of the 
clinical importance of exactly defining tumour diameter 
and tumour borders before planning therapy, we further 
analysed this issue using the Bland-Altman plot (Figure 3). 
It was found that the diameter in the pseudo-colour chan-
nel mode was 0.9% smaller than in the red mode. Three 
outliers (8%) were outside the −1.96 SD and +1.96 SD 
range. The difference of measurements in these cases 
between pseudo-colour and red channel mode were +8%, 
–11% and –12%, respectively.

Discussion

The questions that this study is attempting to answer are on 
one hand, how the characteristics of uveal melanomas on 
Optos are distributed before therapy and, on the other 
hand, how they change after therapy. There is no other 
study in the literature so far that compares the imaging 
characteristics using UWF-SLO before and after PBRT. 
This issue is crucial, because the clinician is confronted 
with the question if the therapy has been successful or not.

Despite its limitations compared with other fundus 
imaging systems,15,17–21 such as pseudocolour instead of 

Figure 2.  Paired analysis before and after radiotherapy for each patient: (a) maximal diameter in red channel mode (pixels), (b) 
maximal diameter in pseudo-colour mode (pixels), (c) ultrasound basal diameter (mm) and (d) ultrasound height (mm).
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true colour imaging and the need for a dilated pupil to get 
good quality images of the fundus periphery, Optos has the 
advantage of ease of use and digital capturing, offering the 
opportunity to acquire within very short time ultra-wide-
field fundus images collecting additional information 
depending on the wavelength used.

Apart from only one case of an iso-intense tumour in the 
red channel, in our results 100% and 97% of choroidal mel-
anomas will be visible on the AF and the red channel, 
respectively, either as an area of mixed signal intensity or 
reduced intensity (Table 1). This makes the Optos also a 
valuable tool for screening purposes for choroidal melano-
cytic tumours. There was no significant change in the imag-
ing pattern of most tumours in our study, such as from 
hypo-intense to mixed, for example. PBRT induces DNA 
damage to tumour cells and late apoptosis, in a pattern that 
is different than the radionecrosis induced by other radia-
tion modalities. As a result, there are no significant retinal 
pigment epithelium (RPE) changes on or around the tumour 
seen after PBRT, in contrast to other radiation methods.4 
Clinicians should expect slight changes in the AF and red 
channel patterns during the follow-up period of uveal mela-
nomas treated with PBRT, but the overall categorisation 
should remain the same. In a different scenario, suspicion 
for recurrence should be raised and the issue should be co-
evaluated with other parameters, such as tumour growth.

Subretinal fluid in our study was confirmed with 
SD-OCT and equally often documented in the pseudo-
colour and red channel mode. The easiest way to visualise 
it is nevertheless AF. One should keep in mind that the 
hypofluorescent changes seen in AF could either indicate 
subretinal fluid at the time point of the examination or dif-
fuse damage of RPE after resorption of previously existing 
subretinal fluid.

It was found that cases with subretinal fluid accumula-
tion initially had a higher probability of developing toxic 

tumour syndrome. This is in accordance with the observa-
tion that toxic tumour syndrome is expected in large 
tumours, which almost invariably present with an exuda-
tive retinal detachment of some extent.

In three cases (8%), we found substantial differences in 
the measurements between the pseudo-colour and red 
channel acquisitions. When performing treatment planning, 
this error can influence the size of designated target volume 
and thus treatment success. The red laser penetrates deeper 
into the retina and choroid. Consequently, in slightly pig-
mented or amelanotic choroidal lesions that are difficult to 
discern from the surrounding normal choroid, it delineates 
them with more precision without the negative green chan-
nel influence of the retinal surface. In two cases, the tumour 
diameter was measured 11% and 12% less in the pseudo-
colour mode than in the red channel mode, respectively. 
With an average diameter of approximately 10 mm in our 
study population, 12% means a difference of over 1 mm. 
Taking into consideration that a safety margin of 2 mm is 
applied when radiating a tumour with protons, an underes-
timation of the tumour size via the pseudo-colour mode 
could lead to inadequate treatment and tumour recurrence. 
No patient had local tumour recurrence in our series. On the 
contrary, image sharpness can be slightly reduced in ante-
rior parts of the lesion thus compromising the accuracy of 
the diameter measurements in the red channel mode. This 
can explain the discrepancy in the diameter measurements 
between the pseudo-colour and red channel mode in the 
single case where the tumour diameter in the former was 
larger than in the latter. Thus, it is advisable to use and com-
pare both channels when determining tumour borders 
before therapy, in order to avoid mistakes.

Ultrasound examination is so far the ‘gold standard’ in 
following up uveal melanoma.22,23 Although in our study, 
tumour diameter did not significantly change in Optos 
before and after therapy, it did so in the ultrasound exami-
nation. This initially paradoxical issue can be explained 
by the fact that Optos obtains an en-face image, whereas 
tumour diameter in the ultrasound is determined from the 
side, by putting the markers at the border of the elevation. 
As tumours shrink in height after PBRT, their sonographic 
diameter consequently decreases (like a melting iceberg 
with its diameter measured at sea level). The explanation 
for this is that tumour margins become thin enough not to 
show in ultrasound during tumour regression after PBRT, 
thus resulting in wrong sonographic diameter estimations.24 
Although ultrasound still remains the gold standard, new 
imaging technology is implemented in our everyday prac-
tice and knowledge gained can be intergraded in the fol-
low-up protocols we have so far.

Limitations of the study

One of the drawbacks of this study is that it is retrospective 
and some of the characteristics that are being evaluated are 
qualitative. To overcome this issue, an agreement between 

Figure 3.  Bland-Altman plot of agreement between tumour 
maximum diameter in pseudocolour (1F) and in red channel 
(1RF) before treatment.
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both observers in every characteristic was required for 
each case in order to be included in the study. Unfortunately, 
there is no qualified software at present that can objec-
tively classify the tumours according to the qualitative 
characteristics that we evaluated. Should such a software 
protocol become available, this would greatly improve the 
objectivity of such measurements. Nevertheless, the main 
aim of the study was not to measure the absolute maximal 
diameter of the tumour, but to document the changes after 
PBRT. No significant changes were noted. A further  
possible weak point of this study is the great range in the 
follow-up period (6–48 months) as well as the fact that the 
post-treatment image was not taken at the same follow-up 
time point for all patients.

To conclude, Optos wide-field imaging can be a sub-
stantial tool additionally to the gold standard techniques 
used so far, such as ultrasound, in the clinical evaluation of 
uveal melanomas before and after PBRT. Further studies 
are necessary to adequately evaluate the utility of this 
imaging option for intraocular malignancies.
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