
1Sreenivasa S, et al. Br J Ophthalmol 2023;0:1–8. doi:10.1136/bjo-2022-322750

Clinical science

Impact of tumour volume and treatment delay on the 
outcome after linear accelerator- based fractionated 
stereotactic radiosurgery of uveal melanoma
Shanthala Sreenivasa,1 Markus Wösle,1 Yann Gager,2 Dirk Vordermark,3 
Luise Grajewski,4 Lothar Krause,4 I. Frank Ciernik    1,3

To cite: Sreenivasa S, 
Wösle M, Gager Y, et al. 
Br J Ophthalmol Epub ahead 
of print: [please include Day 
Month Year]. doi:10.1136/
bjo-2022-322750

 ► Additional supplemental 
material is published online 
only. To view, please visit 
the journal online (http:// dx. 
doi. org/ 10. 1136/ bjo- 2022- 
322750).

1Department of Radiation 
Oncology, Städtisches Klinikum 
Dessau, Brandenburg Medical 
School Theodor Fontane, 
Dessau, Germany
2Department of Research and 
Development, PathoNext GmbH, 
Leipzig, Germany
3Department of Radiation 
Oncology, Martin Luther 
Universität Halle- Wittenberg, 
Halle (Saale), Germany
4Department of Ophthalmology, 
Städtisches Klinikum Dessau, 
Brandenburg Medical School 
Theodor Fontane, Dessau, 
Germany

Correspondence to
Prof. I. Frank Ciernik, 
Department of Radiation 
Oncology, Städtisches Klinikum 
Dessau, Brandenburg Medical 
School Theodor Fontane, 
Dessau, Germany;  
 ilja. ciernik@ klinikum- dessau. de

Received 22 October 2022
Accepted 19 January 2023

© Author(s) (or their 
employer(s)) 2023. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published 
by BMJ.

ABSTRACT
Background/aims Primary radiation therapy is used 
to treat malignant uveal melanoma (UM). We report our 
single- centre experience with fractionated radiosurgery 
(fSRS) with a linear accelerator (LINAC) after specific 
adaptation for small target volumes with HybridArc.
Methods From October 2014 to January 2020, 101 
patients referred to Dessau City Hospital with unilateral 
UM underwent fSRS with 50 Gy given in five fractions 
on five consecutive days. Primary endpoints were local 
tumour control, globe preservation, metastasis and 
death. Potential prognostic features were analysed. 
Kaplan- Meier analysis, Cox proportional hazards model 
and linear models were used for calculations.
Results The median baseline tumour diameter was 
10.0 mm (range, 3.0–20.0 mm), median tumour 
thickness 5.0 mm (range, 0.9–15.5 mm) and median 
gross tumour volume (GTV) 0.4 cm³ (range, 0.2–2.6 cm³). 
After a median follow- up of 32.0 months (range, 
2.5–76.0 months), 7 patients (6.9%) underwent 
enucleation: 4 (4.0%) due to local recurrence and 3 
(3.0%) due to radiation toxicities, and 6 patients (5.9%) 
revealed tumour persistence with a GTV exceeding 
1.0 cm³. Of 20 patients (19.8%) who died, 8 (7.9%) 
were tumour- related deaths. Twelve patients (11.9%) 
suffered from distant metastasis. GTV showed an impact 
on all endpoints, and treatment delay was associated 
with reduced odds of eye preservation.
Conclusion LINAC- based fSRS with static conformal 
beams combined with dynamic conformal arcs and 
discrete intensity- modulated radiotherapy results in a 
high tumour control rate. The tumour volume is the most 
robust physical prognostic marker for local control and 
disease progression. Avoiding treatment delay improves 
outcomes.

INTRODUCTION
Local treatment of uveal melanoma (UM) 
comprises different treatment modalities. Histor-
ically, enucleation was the treatment of choice. 
However, strategies towards earlier detection and 
modern therapies provided the feasibility of ocular 
globe preservation.1–4 Hence, primary radiation 
therapy (RT) became the most common local treat-
ment option for UM, showing comparable long- 
term survival rates to enucleation for all sizes of 
tumours.5–7 Enucleation stays reserved for extended 
local disease.4 8 9 RT by brachytherapy or external 
beam radiation therapy (EBRT) aims to maximise 
local disease control and improve visual outcomes 

while retaining an acceptable quality of life.10–12 
Brachytherapy is delivered by episcleral plaque 
radiotherapy with Iodine- 125 (low- dose rate γ 
radiation) or Ruthenium- 106 (β- radiation).8 EBRT 
includes charged particle therapy (ie, protons, 
helium ions) and stereotactic radiotherapy.9 13 The 
choice of the appropriate treatment option depends 
on tumour characteristics, such as size and prox-
imity to vulnerable structures.14 However, therapy 
options might be limited due to timely access to 
experienced radiation clinics. Diagnosis and treat-
ment planning for UM is based on clinical findings, 
and a histological confirmation for the initiali-
sation of oncological treatment is generally not 
required.15–17

Tumour size often determines therapy, and 
survival analyses underline its prognostic 
impact.13 18–27 Size is usually described as the 
largest basal diameter (LBD) and tumour thickness 
(TT).28 The tumour classification systems for UM 
used by the Collaborative Ocular Melanoma Study 
(COMS) Group and the American Joint Committee 
on Cancer (AJCC) are based on these two tumour 
parameters.29 30 However, a better assessment of the 
actual tumour load is provided by volumetric data, 
like the gross tumour volume (GTV). Besides eval-
uating the efficacy of linear accelerator (LINAC)–
based hypofractionated stereotactic radiotherapy, 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Various radiation techniques have proven their 
efficacy as a local treatment option for uveal 
melanoma (UM), with tumour size determining 
therapeutic outcomes.

WHAT THIS STUDY ADDS
 ⇒ This study demonstrates that fractionated 
stereotactic radiosurgery with a linear 
accelerator after specific adaptation for small 
target volumes results in a high tumour control 
rate. The tumour volume is the most robust 
physical prognostic marker for local control and 
disease progression.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ The tumour volume should be considered in 
clinical evaluation and staging systems, and 
immediate access to radiotherapy of UM 
improves outcomes.
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this study emphasises the prognostic impact of the GTV and 
treatment delay regarding the local and systemic outcomes of 
patients with UM.

MATERIALS AND METHODS
From October 2014 to January 2020, 263 patients with UM were 
referred to the Dessau City Hospital, Germany. The patients 
were treated with brachytherapy (n=151), enucleation (n=3) or 
fractionated stereotactic radiosurgery (fSRS) (n=109). In total, 
101 patients were analysed regarding their clinical outcomes. 
Patients’ characteristics are summarised in table 1.

Inclusion criteria were treatment with 50 Gy delivered within 
five consecutive working days; metastatic melanomas were 
excluded. Pretreatment assessment included biomicroscopy, 
indirect ophthalmoscopy, colour fundus photography, ocular 
A- scan/B- scan ultrasonography, orbital MRI, best- corrected 
visual acuity (VA) and eye tonometry; complete tumour staging 
comprised anamnesis, physical and laboratory examination, 
chest X- ray and abdominal ultrasonography. Staging was based 
on the eighth edition of the AJCC Classification of posterior 
UM.30 The size was classified according to the COMS staging.29

Planning and treatment techniques have been described previ-
ously.14 31 Briefly, four tantalum markers were sutured to the 
sclera; three encompassed the tumour, and one was placed on the 
opposite side of the eye. Planning CT was obtained with a slice 
thickness of 1 mm. An individualised thermoplastic head mask 
was used for immobilisation (BrainLAB AG, Munich, Germany). 
A contrast- enhanced T1- weighted orbital MRI was fused with 
the planning CT to delineate the GTV for three- dimensional 
radiation treatment planning. An isotropic margin of 0 to 2 mm 
was added to the GTV to create the planning target volume 
(PTV) to compensate for planning and dose delivery uncertain-
ties.32 A dose of 50 Gy was given in five fractions on five consec-
utive working days. The dose that covered 98% (D98%) of the 
PTV was ≥45 Gy. The minimum dose values in the GTV were 
98% in 39, ≥95% in 78 and ≥90% in 92 patients. A combi-
nation of dynamic conformal arcs, static conformal beams, and 
intensity- modulated static fields (IMRT), available as HybridArc 
(BrainLAB AG), was administered by a linear accelerator (Novalis 
powered by TrueBeam STx) with 5.6 MeV flattening filter- free 
photons (BrainLAB AG; VARIAN Medical Systems, Palo Alto, 
CA, USA).14 Position verification and correction were based 
on four tantalum markers (ExacTrac 6.0.6 and Robotics 2.0; 
BrainLAB AG). All patients were additionally trained to mini-
mise eye movements before initiating fSRS. iPlan RT Dose 4.5.3 
and 4.5.4 radiation treatment planning systems with the module 
HybridArc (BrainLAB AG) were used for treatment planning and 
dose calculation. Steep dose gradients allowed sparing of organs 
at risk, that is, optic disc, optic nerve, lenses, fellow eye, lacrimal 
gland and cornea.33

Follow- up was performed after 1 week and by 3- month inter-
vals within the first year, then every 6 months, including thoracic 
and abdominal restaging. Patients were assigned to three groups 
based on the WHO ICD- 11 classification for vision impairment 
including blindness.34 Group 1 had a initial decimal visual acuity 
(VAdec) ≥0.5, group 2 had a VAdec between 0.10 and 0.4, and 
group 3 had a VAdec ≤0.08. The course of the VA of the three 
groups was assessed.

IBM SPSS Statistics for Windows, V.28.0 (IBM Corp, Armonk, 
NY, USA), and MedCalc for Windows, V.20.110 (MedCalc Soft-
ware, Ostend, Belgium), were used for statistical analyses. R 
for Windows, V.4.2.1 (R Foundation for Statistical Computing, 
Vienna, Austria), with the package ggplot2, was used for VA 

Table 1 Patients’ characteristics (n=101)

Characteristic Value

Sex (n)

  Male 55

  Female 46

Age (years)

  Median (range) 69.47 (26.48–91.26)

ECOG Performance Status (n)

  0 69

  1 22

  2 9

  3 1

  4 0

  5 0

Hypertension (n)

  Yes 62

  No 39

Diabetes mellitus (n)

  Yes 13

  No 88

Follow- up (months)

  Mean (SD) 34.56 (±14.70)

  Median (range) 31.97 (2.53–75.99)

Location (n)

  Choroidal 90

  Ciliochoroidal 11

Affected eye (n)

  Left 56

  Right 45

Affected eye segments (n)14

  3 affected eye segments 44

  >3 affected eye segments 57

Location specifications (n)

  Juxtapapillary 45

Initial characteristics (n)

  Subretinal fluid at diagnosis 71

  Macular oedema at diagnosis 9

  Orange pigment at diagnosis 16

  Conversion from nevus 9

Tumour thickness (mm)

  Mean (SD) 5.99 (±3.75)

  Median (range) 5.03 (0.87–15.52)

Largest basal diameter (mm)

  Mean (SD) 11.06 (±4.03)

  Median (range) 10.00 (3.00–20.00)

Gross tumour volume (cm³) at diagnosis

  Mean (SD) 0.60 (± 0.57)

  Median (range) 0.42 (0.18–2.60)

Planning target volume (cm³)

  Mean (SD) 1.75 (± 1.18)

  Median (range) 1.34 (0.33–5.66)

Tumor size (COMS29) (n)

  Small 30

  Medium 38

  Large 33

Clinical Stage Group (AJCC Cancer Staging Manual 8th ed, 201730) (n)

  I 38

  IIA 31

Continued
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versus months.35 36 The regression line was based on the linear 
model. The correlation coefficient and the p value were calcu-
lated using the Pearson method. All patients were reviewed for 
local tumour control (LC), metastatic disease, eye preserva-
tion, overall survival (OS) and disease- specific survival (DSS). 
Descriptive statistics were expressed as mean and standard 
deviation (SD) and median and interquartile range. Absolute 
numbers were given for categorical variables. Survival rates and 
figures were analysed with the Kaplan- Meier method and life 
tables. For univariate and multivariable analysis, Cox propor-
tional hazards assessment calculated the hazard ratio (HR) with 

a 95% confidence interval (CI). A p value <0.05 was considered 
significant. All time- related events were calculated from the last 
day of treatment to the last follow- up or death. The following 
clinicopathological parameters were included: age (continuous), 
sex (dichotomous, female vs male), affected eye (dichotomous, 
right vs left), diagnosis (dichotomous, choroidal vs ciliocho-
roidal), GTV (continuous), tumour thickness (continuous), 
largest basal diameter (continuous), juxtapapillary tumour loca-
tion (dichotomous, no vs yes), the time between diagnosis and 
therapy (continuous), and affected eye segments (dichotomous, 
>3 vs 3 affected segments). The schematic segmentation of the 
eye was described previously.14

RESULTS
In total, 90 (89.11%) of the UM were choroidal melanomas, 
and 11 (10.89%) were ciliochoroidal melanomas. The eye was 
divided into eight segments.14 In 56.44% of the treated cases, the 
tumour exceeded three segments. In 43.56%, tumour growth 
was limited to three segments. Forty- five (44.55%) of the UM 
were located juxtapapillary. At diagnosis, 70.30% of the tumours 
were accompanied by subretinal fluid and 8.91% by macular 
oedema. Moreover, 15.84% had orange pigment at diagnosis, 
and 8.91% UMs converted from nevus. The median LBD was 
10.00 mm (range, 3.00–20.00 mm), the median TT was 5.03 
(range, 0.90–15.50 mm) and the median GTV was 0.42 cm³ 
(range, 0.18–2.60 cm³). Thirty- eight (37.62%) UMs were staged 
T1; 33 (32.67%), T2; 18 (17.82%), T3; and 12 (11.88%), T4. 
The median follow- up was 31.97 months (range, 2.53–75.99 
months).

Survival analysis: A summary is depicted in table 2 and illus-
trated in figures 1 and 2.

The association between variables and survival times is illus-
trated in table 3.

Local tumour control
The 1- year LC rate was 97.96%±1.43%, and the 2- year LC rate 
was 95.65%±2.13%, respectively (figure 1A). In six patients, 
recurrent tumour growth could be detected after a median 
follow- up time of 17.94 months (range, 10.91–43.66 months). 
Of these six, metastatic disease occurred in two patients. Four 
patients with local recurrence (LR) were immediately enucle-
ated, having a bad forecast of vision and complications. One 
patient’s eye was removed in the presence of concomitant side 
effects of radiation therapy. In one patient, metastatic disease 
preceded LR. This patient was referred to another hospital 
to receive systemic therapy; therefore, no eye removal was 
performed. Histology of the enucleated eyes confirmed high 
mitotic activity. Two UMs were composed of spindle cells, two 
of epithelioid cells, and one of a combination of spindle and 

Characteristic Value

  IIB 14

  IIIA 12

  IIIB 6

T category (AJCC Cancer Staging Manual 8th ed, 201730) (n)

  T1 38

  T2 33

  T3 18

  T4 12

Endoresection after radiotherapy (n)

  Yes 19

  No 82

Complications (n)

  Cataract progression 71

  Neovascular glaucoma 21

  Rubeosis iridis 24

  Keratopathy 40

  Macular oedema 20

  Hyphema 3

  Vitreous haemorrhage 12

  Retinopathy 14

  Optic neuropathy 8

  Radiation scarring 32

  Sicca symptoms 18

Overall survival (n)

  Death 20

  Disease- specific death 8

  Local recurrence 6

  Metastasis 12

  Enucleation 7

AJCC, American Joint Committee on Cancer; COMS, Collaborative Ocular Melanoma 
Study; ECOG, Eastern Cooperative Oncology Group; n, number of patients; SD, 
standard deviation.

Table 1 Continued

Table 2 Summary of event calculation and life tables

Event Number of events
Mean survival 
(months)

Cumulative proportion surviving at the time

12 months (%) 24 months (%) 36 months (%)

Overall death 20 patients 58.63±2.92 98.00±1.40 90.16±3.12 84.76±4.22

Disease- specific 
survival

8 patients died of disease 67.96±2.06 100.00±0.00 94.16±2.54 94.16±2.54

Local tumour control 6 local failures 69.22±1.95 97.96±1.43 95.65±2.13 95.65±2.13

Metastasis- free survival 12 metastasis (11 liver, 1 multiple organs) 65.79±2.22 97.98±1.41 91.03±3.04 83.94±4.45

Eye retention 7 enucleations (4 local recurrences, 1 corneal ulcer and local recurrence, 
1 corneal necrosis, 1 persistent pain)

67.86±2.41 97.94±1.44 94.44±2.42 94.44±2.42

Numerical values are mean values with a SD.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjo-2022-322750 on 9 M

arch 2023. D
ow

nloaded from
 

http://bjo.bmj.com/


4 Sreenivasa S, et al. Br J Ophthalmol 2023;0:1–8. doi:10.1136/bjo-2022-322750

Clinical science

epithelioid cells. The diagnosis (p=0.002), the GTV (p<0.001), 
the TT (p=0.012), the LBD (p=0.031) and the time between 
diagnosis and therapy (p=0.003) were identified as prognostic 
factors for local recurrence- free survival in univariate analysis. 
Local failure was observed in UM exceeding an initial tumour 
volume of 1 cm³ (figure 1B).

Enucleation-free survival
During follow- up, enucleation was performed in seven patients. 
Enucleation- free survival (EFS) was 97.94%±1.44% after 1 year 
and 94.44%±2.42% after 2 years (figure 1C). Four eyes were 
enucleated due to LR, another two for major radiotoxicity and 
one as a combination of LR and toxicity. One patient with major 
side effects of radiation therapy suffered from a corneal ulcer, 

Figure 1 Local treatment outcomes. (A) Local control. (B) Local 
control: tumour volume ≤1 cm³ (dotted line) vs ≥1 cm³ (full line). 
(C) Enucleation- free survival.

Figure 2 Oncological outcomes. (A) Metastasis- free survival. 
(B) Disease- specific survival. (C) Overall survival.
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Table 3 Risk factors associated with treatment outcome: univariate Cox proportional hazard analysis

Covariate

Univariate

HR 95% CI p Value

Overall survival

Age (continuous; median 69.47 years) 1.056 1.015 to 1.100 0.008

Sex (dichotomous; female (n=46) vs male (n=55)) 0.402 0.146 to 1.108 0.078

  Affected eye (dichotomous; right (n=45) vs left (n=56)) 0.964 0.398 to 2.331 0.934

  Diagnosis (dichotomous; choroidal (n=90) vs ciliochoroidal (n=11)) 1.465 0.487 to 4.410 0.497

  Gross tumour volume (continuous; median 0.42 cm3) 2.650 1.556 to 4.512 <0.001

  Tumour thickness (continuous; median 5.03 mm) 1.197 1.072 to 1.336 <0.001

  Largest basal diameter (continuous; median 10.00 mm) 1.185 1.063 to 1.321 0.002

  Affected eye segments (dichotomous; >3 (n=44) vs 3 (n=57) affected segments) 2.846 1.032 to 7.849 0.043

  Juxtapapillary tumour location (dichotomous; no (n=56) vs yes (n=45)) 0.819 0.337 to 1.988 0.659

  Time between diagnosis and therapy (continuous; median 35.00 days) 0.991 0.963 to 1.020 0.531

Disease- specific survival

  Age (continuous; median 69.47 years) 1.055 0.990 to 1.125 0.098

  Sex (dichotomous; female (n=46) vs male (n=55)) 0.732 0.175 to 3.063 0.669

  Affected eye (dichotomous; right (n=45) vs left (n=56)) 1.254 0.313 to 5.019 0.749

  Diagnosis (dichotomous; choroidal (n=90) vs ciliochoroidal (n=11)) 0.885 0.108 to 7.223 0.909

  Gross tumour volume (continuous; median 0.42 cm3) 3.152 1.352 to 7.346 0.008

  Tumour thickness (continuous; median 5.03 mm) 1.171 0.987 to 1.338 0.070

  Largest basal diameter (continuous; median 10.00 mm) 1.123 0.948 to 1.329 0.178

  Affected eye segments (dichotomous; >3 (n=44) vs 3 (n=57) affected segments) 0.966 0.241 to 3.867 0.961

  Juxtapapillary tumour location (dichotomous; no (n=56) vs yes (n=45)) 0.338 0.068 to 1.693 0.187

  Time between diagnosis and therapy (continuous; median 35.00 days) 1.004 0.979 to 1.030 0.739

Local recurrence- free survival

  Age (continuous; median 69.47 years) 1.010 0.951 to 1.073 0.738

  Sex (dichotomous; female (n=46) vs male (n=55)) 0.563 0.103 to 3.083 0.508

  Affected eye (dichotomous; right (n=45) vs left (n=56)) 0.018 0.000 to 13.128 0.232

  Diagnosis (dichotomous; choroidal (n=90) vs ciliochoroidal (n=11)) 15.108 2.764 to 82.587 0.002

  Gross tumour volume (continuous; median 0.42 cm3) 5.911 2.161 to 16.163 <0.001

  Tumour thickness (continuous; median 5.03 mm) 1.303 1.061 to 1.600 0.012

  Largest basal diameter (continuous; median 10.00 mm) 1.244 1.020 to 1.518 0.031

  Affected eye segments (dichotomous; >3 (n=44) vs 3 (n=57) affected segments) 5.024 0.582 to 43.390 0.142

  Juxtapapillary tumour location (dichotomous; no (n=56) vs yes (n=45)) 0.204 0.024 to 1.766 0.149

  Time between diagnosis and therapy (continuous; median 35.00 days) 1.021 1.007 to 1.036 0.003

Distant metastasis- free survival

  Age (continuous; median 69.47 years) 1.024 0.978 to 1.073 0.308

  Sex (dichotomous; female (n=46) vs male (n=55)) 0.612 0.184 to 2.033 0.423

  Affected eye (dichotomous; right (n=45) vs left (n=56)) 1.176 0.379 to 3.646 0.779

  Diagnosis (dichotomous; choroidal (n=90) vs ciliochoroidal (n=11)) 2.320 0.627 to 8.577 0.207

  Gross tumour volume (continuous; median 0.42 cm3) 3.052 1.505 to 6.191 0.002

  Tumour thickness (continuous; median 5.03 mm) 1.182 1.029 to 1.357 0.018

  Largest basal diameter (continuous; median 10.00 mm) 1.136 0.993 to 1.299 0.063

  Affected eye segments (dichotomous; >3 (n=44) vs 3 (n=57) affected segments) 1.733 0.521 to 5.759 0.370

  Juxtapapillary tumour location (dichotomous; no (n=56) vs yes (n=45)) 0.382 0.103 to 1.415 0.150

  Time between diagnosis and therapy (continuous; median 35.00 days) 0.997 0.970 to 1.024 0.825

Enucleation- free survival

  Age (continuous; median 69.47 years) 1.031 0.968 to 1.098 0.338

  Sex (dichotomous; female (n=46) vs male (n=55)) 0.401 0.076 to 2.107 0.281

  Affected eye (dichotomous; right (n=45) vs left (n=56)) 0.017 0.000 to 7.399 0.188

  Diagnosis (dichotomous; choroidal (n=90) vs ciliochoroidal (n=11)) 7.693 1.550 to 38.193 0.013

  Gross tumour volume (continuous; median 0.42 cm3) 5.763 2.130 to 15.590 0.001

  Tumour thickness (continuous; median 5.03 mm) 1.192 0.988 to 1.437 0.066

  Largest basal diameter (continuous; median 10.00 mm) 1.219 1.017 to 1.461 0.033

  Affected eye segments (dichotomous; >3 (n=44) vs 3 (n=57) affected segments) 1.359 0.299 to 6.180 0.692

  Juxtapapillary tumour location (dichotomous; no (n=56) vs yes (n=45)) 0.706 0.151 to 3.303 0.658

  Time between diagnosis and therapy (continuous; median 35.00 days) 1.020 1.007 to 1.034 0.003

Bold values are significant (p value <0.05).
95% CI, 95% confidence interval; HR, hazard ratio; n, number of patients.
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and the second suffered from corneal necrosis. The third patient 
had persistent pain due to secondary neovascular glaucoma and 
vitreous haemorrhage and refused further therapy and preferred 
the removal of the eye. All enucleations with LR were performed 
after a median follow- up of 18.14 months (range, 11.27–40.41 
months). Enucleation due to radiation toxicity was conducted 
after a median time of 19.65 months (range, 18.14–55.85 
months). The diagnosis (p=0.013), the GTV (p=0.001), the 
LBD (p=0.033), and the time between diagnosis and therapy 
(p=0.003) were risk factors for EFS. Histological features 
of two UMs in eyes enucleated due to radiation toxicity were 
composed of spindle cells and one of epithelioid cells. Patients’ 
characteristics, ultrasound and histology of the enucleated eyes 
are summarised in online supplemental table 1.

Metastasis-free survival
Twelve patients developed metastases after a median follow- up 
time of 20.67 months (range, 10.28–33.91). Metastasis- 
free survival (MFS) was 97.98%±1.41% after 1 year and 
91.03%±3.04% after 2 years (figure 2A). In 11 patients, only 
the liver was involved. One patient suffered from metastases in 
multiple organs. Only 3 of the 12 suffered from concomitant 
local failure. Five patients with liver metastases received tran-
scatheter arterial chemoembolisation. Of all metastatic patients, 
two are known to have received immunotherapy in other facili-
ties. The GTV (p=0.002) and tumour thickness (p=0.018) had 
a statistically significant negative impact on MFS.

Overall and disease-specific survival
The 1- year disease- specific survival (DSS) rate was 
100.00%±0.00%, and the 2- year DSS rate was 94.16%±2.54%, 
respectively (figure 2B). Twenty patients died during follow- up. 
One- year OS rate was 98.00%±1.40%, and 2- year OS rate was 
90.16%±3.12%, respectively (figure 2C). Among 20 deaths, 8 
were tumour related. The mean DSS was 68.0 months (range, 
63.9–72.0 months). The GTV had a statistically significant nega-
tive impact on DSS (p=0.021). The mean OS was 58.6 months 
(range, 52.9–64.3 months). Univariate analysis showed a signif-
icant impact of age (p=0.008), GTV (p<0.001), TT (p<0.001), 
LBD (p=0.002) and the number of affected eye segments 
(p=0.043).

Toxicity
Secondary neovascular glaucoma was observed in 21 patients, 
median 15.51 months (range, 2.76–56.31 months) after RT, 
leading to eye enucleation in one patient. A total of 71 patients 
had cataract progression leading to cataract surgery in 40 patients. 
In these 71 patients, the median mean dose (Dmean) given to the 
lens was 3.74 Gy (range, 0.49–50.20 Gy). Retinopathy occurred 
in 14 patients after a median time of 23.82 months (range, 
1.25–48.76 months) and optic neuropathy in 8 patients after a 
median time of 17.63 months (range, 7.89–37.19 months). The 
median Dmean at the optic disc in patients with optic neuropathy 
was 42.80 Gy (range, 26.51–49.73 Gy).

VA as a function over time after radiotherapy is shown in 
figure 3. At baseline, 35 patients had no visual impairment (group 
1), 37 mild to moderate impairment (group 2) and 29 severe 
impairments to blindness (group 3). All patients’ VA decreased 
after fSRS, with no significance in group 3 (p=0.164). Group 1 
had a median VAdec of 0.7 at baseline, 0.18 at 12 months, 0.08 
at 24 months and 0.01 at 36 months. Group 2 started with a 
median VAdec of 0.25, altered to 0.15, 0.10 and 0.13 at 12, 24 
and 36 months, respectively. The median VAdec of group 3 at 

baseline was 0.02. At 12 and 24 months, VAdec reduced to 0.01 
and slightly increased to 0.03 at 36 months.

DISCUSSION
RT techniques for UM balance between tumoricidal dose, 
sparing dose in organs to retain the eye and maintaining visual 
functionality.2 8 9 37–42 We report an overall local control rate of 
94.1% after a median follow- up of 32 months. Photon beam 
therapy has been increasingly used due to availability and opti-
mised techniques for dose delivery. Eibl- Lindner et al analysed 

Figure 3 Evolution of visual acuity over time after radiotherapy with 
photons. (A) Patients with a visual acuity ≥0.5 before radiotherapy. 
(B) Patients with a visual acuity of 0.10–0.4 before radiotherapy. 
(C) Patients with a reduced visual acuity ≤0.08 before radiotherapy.
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217 patients treated with stereotactic radiosurgery (SRS) using a 
CyberKnife with a median follow- up of 26.4 months. The actu-
arial LC was 87.4% at 3 years and 70.8% at 5 years, respectively.43 
Local control rates with Gamma Knife have been reported to 
range from 91% to 98%.18 19 44 45 Dunavoelgyi et al presented a 
5- year local control rate of approximately 95.9% with LINAC- 
based RT.25 Size distribution among all studies varies, as different 
classifications exist.29 30 Muller et al reported 102 patients with 
T2 tumours (44.1%). T4 tumours were rare (2.0%). The overall 
LC rate was 96%, with a median follow- up of 32 months.23 
Our cohort included one- third of large UM (COMS), 17.2% T3 
tumours and 11.9% T4 tumours, respectively.

Eye removal is rarely indicated.3 The enucleation rate of 
6.93% in the present series compared favourably with the enucle-
ation rate of 14.71% observed by Muller et al.23 Damato et al 
reported 25 eyes (7.16%) undergoing secondary enucleation 
in a cohort of 349 patients treated with proton beam radiation 
therapy (PBRT).20 Neovascular glaucoma or local recurrence are 
the main reasons for enucleation, and size and tumour location 
are the major risk factors.20 23 25 46

Metastatic disease is a primary reason for death.8 Median 
survival in patients with distant metastasis ranges from 4 to 15 
months, mostly due to cytogenetic characteristics.28 47 48 In our 
series, 12 patients (11.88%) developed metastatic disease after a 
median time of 28.16 months after fSRS. Muller et al reported 
metastatic progression in 13.7% of102 patients. Dunavoelgy 
et al presented a 5- year metastasis- free survival of 84.6% and 
74.9% after 10 years. OS and DFS were 82.4% and 90.2% after 
5 years and 65.5% and 76.1%, respectively.23 25 In our study, 20 
patients (19.8%) died from any cause during follow- up. Only 
eight deaths (7.9%) were tumour related.

Basal diameter and thickness are prognostic characteristics.28 49 
Shields et al reviewed 8033 eyes and showed that tumour thick-
ness was associated with a higher risk of metastasis. Regarding 
toxicity, the larger the UM, the more toxicity was observed, and 
more enucleations had to be performed.28 Notably, the impact of 
the tumour volume on all outcome parameters was more sensi-
tive than thickness and diameter in the present series (table 3). 
Local recurrences were observed only for GTVs >1 cm³. Ten of 
the 12 patients with metastatic progression had a GTV >0.8 cm³. 
Consequently, the larger the tumour volume, the more likely radi-
ation toxicity occurred. The median GTV leading to secondary 
neovascular glaucoma was 0.6 cm³. Our data confirm the nature 
of the volume- dependent therapeutic outcome.

Combined modality treatment might lead to better LC, as 
suggested by Suesskind et al.46 In their study of 78 patients, 
eyes treated with radiation followed by resection had a local 
control rate of 100% after 3 years, compared with patients 
receiving radiation monotherapy with a 3- year LC rate of 85%. 
In our study, 19 (18.81%) patients received tumour endoresec-
tion after a median time of 45.3 days after RT. Patients under-
going endoresection had a median GTV of 0.87 cm³, while two 
(10.53%) still developed local recurrence and four (21.05%) 
suffered from distant metastasis. Tumour- related death occurred 
in four (21.05%) patients. Three (15.79%) had a GTV greater 
than 1.0 cm³. Only one eye (5.26%) had to be removed due to 
LR. However, survival analysis showed no significant differences 
in PFS and OS or the development of radiation toxicities (all 
p values exceeded 0.05). The increased investigations regarding 
cytogenetics and emerging targeted therapies might lead to 
further developments. In summary, the main advantage of PBRT 
seems to be the physical characteristics of the dose distribution. 
PBRT can spare sensitive structures using a simple beam geom-
etry even if the UM is large.50 The advantage of PBRT for small 

and medium- sized tumours remains unproven, as results with 
SRS yield comparable LC.13

In our study, light perception was preserved in 86 of the 101 
patients, 78 identified hand motions and 62 could count fingers. 
Papakostas et al reported on 336 patients after PBRT.50 They 
reported a visual acuity of 20/200 of less than 20% after PBRT, 
compared with 35.64% after fSRS. However, Papakostas et al 
treated large choroidal melanoma.

An important observation in the present series was the nega-
tive impact of treatment delay on LC. The observation needs to 
be confirmed, but as access to PBRT is limited,51 LINAC- based 
fSRS can be used safely as a primordial treatment option, leaving 
PBRT amenably to selected cases. To estimate the advantages 
of PBRT over fSRS, the dose gradients at the target volume’s 
boundary can be compared by means of the anisotropic dose 
gradient measures, like the superficially averaged dose gradient.52 
Due to existing comparative data of PBRT and photon beam 
therapy, it remains reasonable to accept photons as an equipo-
tent oncological treatment.13 53

Furthermore, image acquisition by MRI can provide more 
accurate measurements for treatment planning than ultrasound. 
Functional scans substantiate clinical diagnosis and treatment 
response.16 54 55

The main limitation of our study is the retrospective design, 
affecting statistical reliability due to referral and treatment 
biases. The cases were heterogeneous, and a biopsy prior to 
radiation was not required. The median follow- up of 32 months 
after the end of therapy was relatively short, and due to the small 
number of events, an investigation of the influencing variables 
using multivariate Cox regression analysis was not sensible.56 
VA comparisons are subjected to bias, RT toxicity and interven-
tions after definitive RT. A prospective randomised trial needs to 
confirm our results.

In summary, the present series highlights the efficacy of 
LINAC- based fSRS for UM using the combination of dynamic 
conformal arcs, static conformal beams, and discrete intensity- 
modulated radiotherapy. The gross tumour volume, GTV, should 
be considered as a prognostic factor in staging systems. Early 
diagnosis and treatment are beneficial, and access to photon 
treatment facilities should reduce the waiting times for rare 
technologies.

Contributors Study conception and design: SS, IFC; data collection: SS, LG, LK, 
MW; analysis and interpretation of results: SS, YG, LK, MW, DV, IFC; draft manuscript 
preparation: SS, IFC; guarantor: IFC. All authors reviewed the results and approved 
the final version of the manuscript.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.

Competing interests None declared.

Patient consent for publication Not applicable.

Ethics approval This study involves human participants and was approved by the 
Ethics Committee of the Medical Society of Sachsen- Anhalt, Germany, approval ID 
number 47/17 (Certificate of nonobjection), and was performed according to the 
tenets of the Declaration of Helsinki. Participants gave written informed consent to 
participate in the study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available on reasonable request.

Supplemental material This content has been supplied by the author(s). 
It has not been vetted by BMJ Publishing Group Limited (BMJ) and may not 
have been peer- reviewed. Any opinions or recommendations discussed are 
solely those of the author(s) and are not endorsed by BMJ. BMJ disclaims all 
liability and responsibility arising from any reliance placed on the content. 
Where the content includes any translated material, BMJ does not warrant the 
accuracy and reliability of the translations (including but not limited to local 
regulations, clinical guidelines, terminology, drug names and drug dosages), and 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjo-2022-322750 on 9 M

arch 2023. D
ow

nloaded from
 

http://bjo.bmj.com/


8 Sreenivasa S, et al. Br J Ophthalmol 2023;0:1–8. doi:10.1136/bjo-2022-322750

Clinical science

is not responsible for any error and/or omissions arising from translation and 
adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
I. Frank Ciernik http://orcid.org/0000-0003-2538-9246

REFERENCES
 1 Abrams MJ, Gagne NL, Melhus CS, et al. Brachytherapy vs. external beam radiotherapy 

for choroidal melanoma: survival and patterns- of- care analyses. Brachytherapy 
2016;15:216–23. 

 2 Yazici G, Kiratli H, Ozyigit G, et al. Stereotactic radiosurgery and fractionated 
stereotactic radiation therapy for the treatment of uveal melanoma. Int J Radiat Oncol 
Biol Phys 2017;98:152–8. 

 3 Zahorjanová P, Sekáč J, Babál P, et al. Enucleation after stereotactic radiosurgery in 
patients with uveal melanoma. Cesk Slov Oftalmol 2020;76:46–51. 

 4 Özcan G, Gündüz AK, Mirzayev İ, et al. Early results of stereotactic radiosurgery 
in uveal melanoma and risk factors for radiation retinopathy. Turk J Ophthalmol 
2020;50:156–62. 

 5 Collaborative Ocular Melanoma Study Group. The COMS randomized trial of iodine 
125 brachytherapy for choroidal melanoma: V. Twelve- year mortality rates and 
prognostic factors: COMS report no. 28. Arch Ophthalmol 2006;124:1684–93. 

 6 Branisteanu DC, Bogdanici CM, Branisteanu DE, et al. Uveal melanoma diagnosis and 
current treatment options (review). Exp Ther Med 2021;22:1428. 

 7 Seddon JM, Gragoudas ES, Albert DM, et al. Comparison of survival rates for patients 
with uveal melanoma after treatment with proton beam irradiation or enucleation. 
Am J Ophthalmol 1985;99:282–90. 

 8 Messineo D, Barile G, Morrone S, et al. Meta- analysis on the utility of radiotherapy for 
the treatment of ocular melanoma. Clin Ter 2020;170:e89–98. 

 9 Rusňák Š, Hecová L, Kasl Z, et al. Therapy of uveal melanoma. A review. CSO 
2021;77:1–13. 

 10 van Beek JGM, Buitendijk GHS, Timman R, et al. Quality of life: fractionated 
stereotactic radiotherapy versus enucleation treatment in uveal melanoma patients. 
Acta Ophthalmol 2018;96:841–8. 

 11 Quality of life assessment in the Collaborative Ocular Melanoma Study: design and 
methods. COMS- qols report no. 1. COMS quality of life study group. Ophthalmic 
Epidemiol 1999;6:5–17. 

 12 Damato B. Developments in the management of uveal melanoma. Clin Exp 
Ophthalmol 2004;32:639–47. 

 13 van Beek JGM, Ramdas WD, Angi M, et al. Local tumour control and radiation side 
effects for fractionated stereotactic photon beam radiotherapy compared to proton 
beam radiotherapy in uveal melanoma. Radiother Oncol 2021;157:219–24. 

 14 Wösle M, Krause L, Sreenivasa S, et al. Stereotactic radiotherapy for choroidal 
melanomas by means of HybridArc™: physics and technique of linac- based photon 
beam therapy. Strahlenther Onkol 2018;194:929–43. 

 15 Frizziero L, Midena E, Trainiti S, et al. Uveal melanoma biopsy: a review. Cancers 
(Basel) 2019;11:1075. 

 16 Tang MCY, Jaarsma- Coes MG, Ferreira TA, et al. A comparison of 3 T and 7 T MRI for 
the clinical evaluation of uveal melanoma. J Magn Reson Imaging 2022;55:1504–15. 

 17 Solnik M, Paduszyńska N, Czarnecka AM, et al. Imaging of uveal melanoma- current 
standard and methods in development. Cancers (Basel) 2022;14:3147. 

 18 Kang DW, Lee SC, Park YG, et al. Long- term results of gamma knife surgery for uveal 
melanomas. J Neurosurg 2012;117 Suppl:108–14. 

 19 Modorati G, Miserocchi E, Galli L, et al. Gamma knife radiosurgery for uveal 
melanoma: 12 years of experience. Br J Ophthalmol 2009;93:40–4. 

 20 Damato B, Kacperek A, Chopra M, et al. Proton beam radiotherapy of choroidal 
melanoma: the Liverpool- Clatterbridge experience. Int J Radiat Oncol Biol Phys 
2005;62:1405–11. 

 21 Dendale R, Lumbroso- Le Rouic L, Noel G, et al. Proton beam radiotherapy for uveal 
melanoma: results of Curie Institut- Orsay Proton Therapy Center (ICPO). Int J Radiat 
Oncol Biol Phys 2006;65:780–7. 

 22 Mosci C, Mosci S, Barla A, et al. Proton beam radiotherapy of uveal melanoma: Italian 
patients treated in Nice, France. Eur J Ophthalmol 2009;19:654–60. 

 23 Muller K, Naus N, Nowak PJCM, et al. Fractionated stereotactic radiotherapy for uveal 
melanoma, late clinical results. Radiother Oncol 2012;102:219–24. 

 24 Mor JM, Semrau R, Baus W, et al. CyberKnife®: new treatment option for uveal 
melanoma. Ophthalmologe 2018;115:302–8. 

 25 Dunavoelgyi R, Dieckmann K, Gleiss A, et al. Local tumor control, visual acuity, 
and survival after hypofractionated stereotactic photon radiotherapy of choroidal 
melanoma in 212 patients treated between 1997 and 2007. Int J Radiat Oncol Biol 
Phys 2011;81:199–205. 

 26 Zehetmayer M. Stereotactic photon beam irradiation of uveal melanoma. Dev 
Ophthalmol 2012;49:58–65. 

 27 Castro JR, Char DH, Petti PL, et al. 15 years experience with helium ion radiotherapy 
for uveal melanoma. Int J Radiat Oncol Biol Phys 1997;39:989–96. 

 28 Shields CL, Furuta M, Thangappan A, et al. Metastasis of uveal melanoma millimeter- 
by- millimeter in 8033 consecutive eyes. Arch Ophthalmol 2009;127:989–98. 

 29 Skinner CC, Augsburger JJ, Augsburger BD, et al. Comparison of alternative tumor 
size classifications for posterior uveal melanomas. Invest Ophthalmol Vis Sci 
2017;58:3335–42. 

 30 Amin MB, Edge SB, Greene FL, et al. Uveal melanoma. In: AJCC Cancer Staging 
Manual. 8. American Joint Committee on Cancer, Springer International Publishing, 
2018.

 31 Ciernik IF, Wösle M, Krause L, et al. Optimizing radiosurgery with photons for ocular 
melanoma. Phys Imaging Radiat Oncol 2018;6:83–8. 

 32 Burnet NG, Thomas SJ, Burton KE, et al. Defining the tumour and target volumes for 
radiotherapy. Cancer Imaging 2004;4:153–61. 

 33 Bellmann C, Fuss M, Holz FG, et al. Stereotactic radiation therapy for malignant 
choroidal tumors: preliminary, short- term results. Ophthalmology 2000;107:358–65. 

 34 World Health Organization. International classification of diseases, eleventh revision 
(ICD- 11). 2022. Available: https://icd.who.int/browse11/l-m/en

 35 R Core Team. R: A language and environment for statistical computing. Vienna, 
Austria R Foundation for Statistical Computing; 2022. Available: https://www.R- 
project.org/

 36 Wickham H. Ggplot2: elegant graphics for data analysis, ISBN 978- 3- 319- 24277- 4. 
New York: Springer- Verlag, 2016. Available: https://ggplot2.tidyverse.org

 37 Dogrusöz M, Jager MJ, Damato B. Corrigendum: Uveal melanoma treatment and 
prognostication. Asia Pac J Ophthalmol (Phila) 2017;6:186–96. 

 38 Shields CL, Shields JA, Cater J, et al. Plaque radiotherapy for uveal melanoma: 
long- term visual outcome in 1106 consecutive patients. Arch Ophthalmol 
2000;118:1219–28. 

 39 Wang JZ, Lin V, Toumi E, et al. Development of new therapeutic options for the 
treatment of uveal melanoma. FEBS J 2021;288:6226–49. 

 40 Robertson DM. Changing concepts in the management of choroidal melanoma. Am J 
Ophthalmol 2003;136:161–70. 

 41 Singh AD, Turell ME, Topham AK. Uveal melanoma: trends in incidence, treatment, and 
survival. Ophthalmology 2011;118:1881–5. 

 42 Akbaba S, Foerster R, Nicolay NH, et al. Linear accelerator- based stereotactic 
fractionated photon radiotherapy as an eye- conserving treatment for uveal 
melanoma. Radiat Oncol 2018;13:140. 

 43 Eibl- Lindner K, Fürweger C, Nentwich M, et al. Robotic radiosurgery for the treatment 
of medium and large uveal melanoma. Melanoma Res 2016;26:51–7. 

 44 Mueller AJ, Schaller U, Talies S, et al. Stereotactic radiosurgery using the gamma knife 
for large uveal melanomas. Ophthalmologe 2003;100:122–8. 

 45 Zehetmayer M, Kitz K, Menapace R, et al. Local tumor control and morbidity after 
one to three fractions of stereotactic external beam irradiation for uveal melanoma. 
Radiother Oncol 2000;55:135–44. 

 46 Suesskind D, Scheiderbauer J, Buchgeister M, et al. Retrospective evaluation of 
patients with uveal melanoma treated by stereotactic radiosurgery with and without 
tumor resection. JAMA Ophthalmol 2013;131:630–7. 

 47 Carvajal RD, Schwartz GK, Tezel T, et al. Metastatic disease from uveal melanoma: 
treatment options and future prospects. Br J Ophthalmol 2017;101:38–44. 

 48 Lane AM, Kim IK, Gragoudas ES. Survival rates in patients after treatment for 
metastasis from uveal melanoma. JAMA Ophthalmol 2018;136:981–6. 

 49 Kaliki S, Shields CL, Shields JA. Uveal melanoma: estimating prognosis. Indian J 
Ophthalmol 2015;63:93–102. 

 50 Papakostas TD, Lane AM, Morrison M, et al. Long- term outcomes after proton 
beam irradiation in patients with large choroidal melanomas. JAMA Ophthalmol 
2017;135:1191–6. 

 51 Group PTC- O. Particle therapy facilities in clinical operation. 2022. Available: www. 
ptcog.ch/index.php/facilities-in-operation [Accessed May 2022].

 52 Wösle M. The superficially averaged dose gradient at the target volume’s boundary: a 
two- dimensional formulation and solution of anisotropic dose gradient problems.  
Z Med Phys 2020;30:70–86. 

 53 Weber DC, Bogner J, Verwey J, et al. Proton beam radiotherapy versus fractionated 
stereotactic radiotherapy for uveal melanomas: a comparative study. Int J Radiat 
Oncol Biol Phys 2005;63:373–84. 

 54 Beenakker J- WM, Ferreira TA, Soemarwoto KP, et al. Clinical evaluation of 
ultra- high- field MRI for three- dimensional visualisation of tumour size in uveal 
melanoma patients, with direct relevance to treatment planning. MAGMA 
2016;29:571–7. 

 55 Foti PV, Longo A, Reibaldi M, et al. Uveal melanoma: quantitative evaluation of 
diffusion- weighted MR imaging in the response assessment after proton- beam 
therapy, long- term follow- up. Radiol Med 2017;122:131–9. 

 56 Peduzzi P, Concato J, Feinstein AR, et al. Importance of events per independent 
variable in proportional hazards regression analysis. II. Accuracy and precision of 
regression estimates. J Clin Epidemiol 1995;48:1503–10. 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjo-2022-322750 on 9 M

arch 2023. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-2538-9246
http://dx.doi.org/10.1016/j.brachy.2015.12.001
http://dx.doi.org/10.1016/j.ijrobp.2017.02.017
http://dx.doi.org/10.1016/j.ijrobp.2017.02.017
http://dx.doi.org/10.31348/2020/6
http://dx.doi.org/10.4274/tjo.galenos.2019.78370
http://dx.doi.org/10.1001/archopht.124.12.1684
http://dx.doi.org/10.3892/etm.2021.10863
http://dx.doi.org/10.1016/0002-9394(85)90357-5
http://dx.doi.org/10.7417/CT.2020.2195
http://dx.doi.org/10.31348/2020/X10
http://dx.doi.org/10.1111/aos.13823
http://dx.doi.org/10.1076/opep.6.1.5.1565
http://dx.doi.org/10.1076/opep.6.1.5.1565
http://dx.doi.org/10.1111/j.1442-9071.2004.00917.x
http://dx.doi.org/10.1111/j.1442-9071.2004.00917.x
http://dx.doi.org/10.1016/j.radonc.2021.01.030
http://dx.doi.org/10.1007/s00066-018-1349-4
http://dx.doi.org/10.3390/cancers11081075
http://dx.doi.org/10.3390/cancers11081075
http://dx.doi.org/10.1002/jmri.27939
http://dx.doi.org/10.3390/cancers14133147
http://dx.doi.org/10.3171/2012.8.GKS121002
http://dx.doi.org/10.1136/bjo.2008.142208
http://dx.doi.org/10.1016/j.ijrobp.2005.01.016
http://dx.doi.org/10.1016/j.ijrobp.2006.01.020
http://dx.doi.org/10.1016/j.ijrobp.2006.01.020
http://dx.doi.org/10.1177/112067210901900421
http://dx.doi.org/10.1016/j.radonc.2011.06.038
http://dx.doi.org/10.1007/s00347-017-0560-5
http://dx.doi.org/10.1016/j.ijrobp.2010.04.035
http://dx.doi.org/10.1016/j.ijrobp.2010.04.035
http://dx.doi.org/10.1159/000328259
http://dx.doi.org/10.1159/000328259
http://dx.doi.org/10.1016/s0360-3016(97)00494-x
http://dx.doi.org/10.1001/archophthalmol.2009.208
http://dx.doi.org/10.1167/iovs.16-20465
http://dx.doi.org/10.1016/j.phro.2018.06.001
http://dx.doi.org/10.1102/1470-7330.2004.0054
http://dx.doi.org/10.1016/s0161-6420(99)00081-0
https://icd.who.int/browse11/l-m/en
https://www.R-project.org/
https://www.R-project.org/
https://ggplot2.tidyverse.org
http://dx.doi.org/10.22608/APO.201734
http://dx.doi.org/10.1001/archopht.118.9.1219
http://dx.doi.org/10.1111/febs.15869
http://dx.doi.org/10.1016/S0002-9394(03)00265-4
http://dx.doi.org/10.1016/S0002-9394(03)00265-4
http://dx.doi.org/10.1016/j.ophtha.2011.01.040
http://dx.doi.org/10.1186/s13014-018-1088-9
http://dx.doi.org/10.1097/CMR.0000000000000199
http://dx.doi.org/10.1007/s00347-002-0713-y
http://dx.doi.org/10.1016/s0167-8140(00)00164-x
http://dx.doi.org/10.1001/jamaophthalmol.2013.697
http://dx.doi.org/10.1136/bjophthalmol-2016-309034
http://dx.doi.org/10.1001/jamaophthalmol.2018.2466
http://dx.doi.org/10.4103/0301-4738.154367
http://dx.doi.org/10.4103/0301-4738.154367
http://dx.doi.org/10.1001/jamaophthalmol.2017.3805
https://www.ptcog.ch/index.php/facilities-in-operation
https://www.ptcog.ch/index.php/facilities-in-operation
http://dx.doi.org/10.1016/j.zemedi.2019.09.002
http://dx.doi.org/10.1016/j.zemedi.2019.09.002
http://dx.doi.org/10.1016/j.ijrobp.2005.01.057
http://dx.doi.org/10.1016/j.ijrobp.2005.01.057
http://dx.doi.org/10.1007/s10334-016-0529-4
http://dx.doi.org/10.1007/s11547-016-0697-3
http://dx.doi.org/10.1016/0895-4356(95)00048-8
http://bjo.bmj.com/


Supplementary Table 1: Patients undergoing enucleation. M = Male; F = Female; T Category = Initial T Category based on the 8th edition of the AJCC 

Classification of posterior uveal melanoma; GTV = Initial Gross Tumor Volume in cm³; TT = Initial tumor thickness in mm; LBD = Initial largest basal 

diameter in mm; EFS = Enucleation free survival in months. 

 

 Sex Age T Category GTV TT LBD EFS Cause of eye enucleation Ultrasound Histology Cell Type 

1 M 69 T3a 1.176 8.2 15.0 19.65 
Radiation Toxicity 
(corneal necrosis) 

  

Spindle cell 

2 M 74 T2a 1.476 4.4 13.0 11.93 Local failure 

  

Spindle cell 

3 M 55 T3b 2.544 9.6 16.0 18.14 
Local failure and  
Radiation Toxicity 

(corneal ulcer) 

  

Epithelioid 
cell 

4 F 84 T3b 1.075 10.0 11.0 11.27 Local failure 

  

Spindle cell 

5 F 58 T1a 0.040 2.0 6.1 55.85 

Radiation Toxicity  
(persistent pain by secondary 
neovascular glaucoma and 

vitreous hemorrhage) 

  

Spindle cell 

6 M 79 T3b 1.103 12.3 15.0 40.41 Local failure 

  

Epithelioid 
cell 

7 M 70 T4b 1.707 11.4 20.0 18.30 Local failure 

  

Spindle cell 
and 

epithelioid 
cell 
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