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Abstract
Introduction: Proton beam therapy is an established prima-
ry treatment for patients with nonmetastasized uveal mela-
noma. Adjuvant local interventions, like intravitreal injec-
tions or surgery, were shown to improve long-term eye pres-
ervation; however, their impact on the patient’s quality of life 
(QOL) remains unknown. Methods: In a post-radiotherapeu-
tic follow-up, we prospectively collected data on QOL, visual 
acuity, and interventional adjuvant procedures. QOL was 
measured with QOL-C30 questionnaire and quality of life 
questionnaire OPT30 at baseline, and at 3 and 12 months 
after proton therapy. Patients were grouped by the type of 
adjuvant treatment. The impact on QOL was analyzed by 
comparing changes in the mean score values and visual acu-
ity for different interventional subgroups, with generalized 
linear mixed models and Wilcoxon signed-rank tests. Re-
sults: We received 108 (100%) and 95 (88.0%) questionnaires 
at 3 and 12 months post-therapy, respectively. Adjuvant in-
terventions included observation (n = 61, 56.5%), intravitreal 

injections (n = 17, 15.7%), and an intraocular surgical proce-
dure (n = 30, 27.8%). In the latter group, several QOL items 
significantly declined after the 3-month adjuvant interval, 
but they partially recovered at the 12-month follow-up. In all 
adjuvant-intervention groups, global QOL scores returned 
to baseline levels at 12 months. Conclusion: Posttreatment 
adjuvant interventions had no long-lasting effects on QOL in 
patients with uveal melanoma. © 2021 S. Karger AG, Basel

Introduction

Uveal melanoma is a rare malignancy that affects 5–8 
individuals per million annually [1]. It is the most com-
mon primary intraocular malignant disease in adults in 
the Northern Hemisphere. The established eye-conserv-
ing treatment options include brachytherapy, with iodine 
or ruthenium, proton beam radiotherapy, and photon 
beam radiotherapy. Treatment selection is based on the 
tumor’s location and prominence and on the availability 
of treatment modalities.

Several primary treatment methods are associated 
with low local recurrence. Therefore, treatments for pa-
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tients with nonmetastasized uveal melanoma aim to pro-
vide long-term eye preservation, the best possible visual 
acuity, and an acceptable quality of life (QOL) [2]. How-
ever, eye preservation can often be challenging, particu-
larly for large, highly prominent tumors. Proton therapy 
(PT) often causes complications, including extensive tu-
mor exudation, retinal detachment, rubeosis iridis, and 
neovascular glaucoma, which may inevitably lead to sec-
ondary enucleation [3–8]. Different adjuvant treatment 
strategies have been developed to prevent these complica-
tions, and at some institutions, adjuvants have become 
routine in a multimodal approach.

For most patients with small tumors, which were lo-
cated centrally or in the mid-periphery, observation with 
regular follow-up visits is a reasonable approach [9]. In 
other patients, radiation-induced optic nerve and retinal 
changes can be reduced with repeated intravitreal injec-
tions with corticosteroids or an anti-vascular endothelial 
growth factor agent [10, 11]. Alternatively, for patients 
with highly prominent tumors, early adjuvant endoresec-
tion or endodrainage can limit gross inflammatory reac-
tions after PT and improve eye preservation rates [6, 7, 
12]. However, adjuvant interventions may substantially 
lower the QOL outcome of radiotherapy for uveal mela-
noma; thus, adjuvants may outweigh the potential bene-
fits of eye preservation. To our knowledge, no previous 
study has investigated how different adjuvant interven-
tions after PT might affect patient-reported QOL. The 
present study aimed to determine how adjuvant strategies 
applied after PT affected QOL in patients treated for uve-
al melanoma.

Methods

Patients and Study Design
This prospectively designed QOL study included 131 patients 

with a primary diagnosis of nonmetastasized uveal melanoma and 
an indication for proton beam therapy, between May 2019 and 
January 2020. All patients completed 2 questionnaires from the 
European Organization for Research and Treatment of Cancer 
(EORTC). These questionnaires surveyed QOL, in general (qual-
ity of life questionnaire (QLQ)-C30), and QOL specifically for pa-
tients with uveal melanoma (EORTC-OPT30). The study was ap-
proved by the Charité Ethics Committee, and it was conducted in 
accordance with the Declaration of Helsinki.

Questionnaires were completed immediately after PT (base-
line, t1), after 3 months (t2), and at 12 months (t3) after completing 
PT. To determine the potential impact of different adjuvant inter-
ventional strategies on the QOL of our patients, we compared re-
sults from the EORTC QLQ-C30 and EORTC-OPT30 question-
naires and from visual acuity tests performed at t1 to the same 
results collected at t2 and t3. To compare the effects of different 

adjuvant interventions, we analyzed the following groups: obser-
vation group: patients who received no adjuvant treatment; injec-
tion group: patients who received an adjuvant intravitreal injec-
tion and laser treatment; and surgery group: patients who under-
went an adjuvant vitrectomy with endoresection or endodrainage.

Measures
The EORTC QLQ-C30 (version 3.0) is a validated question-

naire and is frequently used in the context of cancer care [13]. It 
comprises 30 questions and 6 functional scales, covering a wide 
range of physical and mental symptoms. The EORTC QLQ-OPT30 
is an ophthalmologic extension module for the QLQ-C30, de-
signed to assess QOL in patients with ocular tumors. It focuses on 
visual and ocular symptoms [14]. Both EORTC questionnaires 
were evaluated with standardized procedures, according to the re-
spective EORTC scoring manuals. Visual acuity was assessed as the 
best corrected visual acuity. Results are expressed in decimal nota-
tion.

Procedures
Proton Beam Therapy
For treatment planning, we performed fundoscopy, ultra-

sound, CT, and, in some cases, MRI. These data were integrated 
into a three-dimensional eye model.

In preparation for proton beam therapy, 4 tantalum clips were 
sutured onto the sclera to ensure an accurate eye position and gaze 
angle during the irradiation procedure. Immediately before each 
proton beam session, the correct eye position, according to the 
treatment plan, was verified with 2-plane X-ray imaging. During 
treatment, patients were immobilized with a thermoplastic mask 
and an integrated bite block.

PT was delivered on 4 consecutive days, at fractions of 15 cobalt 
gray equivalent per day, with a 40- to 60-s beam-on time. Detailed 
procedures and beam specifications were described previously [15, 
16].

Intravitreal Injection and Laser Treatment
Intravitreal injections of corticosteroid (triamcinolone) or an-

ti-vascular endothelial growth factor antibody (bevacizumab) 
were administered for treating minor subretinal fluid exudations 
from the tumor. Injections were performed with a standardized 
procedure, according to national guidelines. Briefly, either 0.1 mL 
triamcinolone (10 mg/mL) or 0.05 mL bevacizumab (5 mg/0.2 mL) 
was injected with a 30-g syringe into the vitreous body, at 3.5 mm 
from the limbus. When residual fluid persisted, the injection could 
be repeated after an interval of at least 4 weeks.

When intravitreal injections did not suffice, transpupillary 
thermotherapy was applied to the surface of the tumor to reduce 
tumor exudation. Briefly, after applying analgesia and local anes-
thesia, thermotherapy was performed at 810 nm with a diode laser 
mounted on a slit-lamp biomicroscope. Deeper penetration was 
achieved with a long exposure time and lower energy settings. The 
entire tumor surface was covered in an overlapping manner. To 
treat postradiation peripheral retinal ischemia, we applied retinal 
laser scatter treatment to the ischemic areas.

Surgical Intervention with Vitrectomy and Endoresection or 
Endodrainage
Patients with large, highly prominent tumors (i.e., height >6 

mm) underwent preplanned endoresections as part of a multi-
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modal treatment. Smaller tumors with excessive exudation re-
ceived vitrectomy, followed by endodrainage of the subretinal flu-
id.

Prior to an endoresection, the crystalline lens was removed 
by phacoemulsification, and the posterior chamber lens was im-
planted to facilitate the intraocular procedure. After a pars plana 
vitrectomy, the irradiated tumor tissue was removed with a vit-
rectome. During resection, the systemic blood pressure was low-
ered to a mean arterial pressure of 60–65 mm Hg, and the intra-
ocular pressure was elevated to reduce the risk of bleeding com-
plications.

Prior to an endodrainage, a pars plana vitrectomy was per-
formed. Then, a retinal tear was surgically performed in the pe-
riphery of the retina, within the 10–2 clock-hour section of the eye. 
Next, a perfluorocarbon liquid was injected into the vitreous cav-
ity to drive out any fluid from the subretinal space. Finally, the 
perfluorocarbon liquid was replaced with silicon oil, which was 
removed after 6 months.

Statistics
Statistical evaluations were performed with R (version 4.1.0). 

To examine the effects of adjuvant treatments over time, we con-
structed generalized linear mixed models with a baseline adjust-
ment. Exploratory interaction analyses included a post hoc com-
parison of mean questionnaire scores recorded at different time 
points in all subgroups; scores were compared with a paired Wil-
coxon signed-rank test and the Bonferroni correction for mul-
tiple testing. Changes with p values ≤0.05 were considered sig-
nificant. Differences between independent subgroups regarding 
patient and tumor characteristics were analyzed with Kruskal-
Wallis and Mann-Whitney U tests, with a significance threshold 
of p ≤ 0.05.

Results

Study Sample
Of 131 prospectively included participants, 120 

(91.6%) returned the questionnaires immediately after 
proton beam therapy (t1). Three months after proton 
beam therapy (t2), 108 (82.4%, 50 female) patients com-
pleted the follow-up assessment and therefore were in-
cluded in the analyses. Of these, 95 (88.0%) patients com-
pleted the questionnaires at 12 months after PT (t3). Dur-
ing the 12-month follow-up, 1 patient was excluded for 
an unplanned enucleation; thus, the eye preservation rate 
was 99.1%. Three patients (2.8%) developed distant me-
tastasis, and no patient experienced local tumor recur-
rence. The mean time intervals between the end of radio-
therapy and questionnaire completion were 98.8 (SD 7.0) 
days (t2) and 383.4 (SD 12.3) days (t3).

During t2, 61 (56.5%) patients were observed, 17 
(15.7%) patients received injections, and 30 (27.8%) pa-
tients received intraocular surgery. Overall, 87.0% of the 
actual adjuvant treatments adhered to the pretreatment 
tumor board protocol. Adherence rates were 95.1% in the 
observation group, 64.7% in the injection group, and 
83.3% in the surgery group.

Five patients in the injection group received addition-
al transpupillary thermotherapy due to persistent or re-
curring subretinal fluid. The average time from proton 

Table 1. Patient and tumor characteristics for patients treated for uveal melanoma, stratified by adjuvant treatment strategy

Characteristics All patients Adjuvant treatment strategy p value

no adjuvant 
treatment (OS)

intravitreal 
injection (IN)

endoresection 
(SU)

Patients, n 108 61 56.5% 17 15.7% 30 27.8%
Male 52 48.1% 28 45.9% 8 47.1% 16 53.3% 0.797*
Female 56 51.9% 33 54.1% 9 52.9% 14 46.7%

Mean age, years 59.8 ±13.7 59.8 ±14.1 58.5 ±13.6 60.5 ±13.3 0.919
AJCC tumor stages

T1a/c 42 38.9% 41 67.2% 1 5.9% 0 0.0%

<0.001*
T2a/b 37 34.3% 18 29.5% 9 52.9% 10 33.3%
T3a/b 23 21.3% 2 3.3% 6 35.3% 15 50.0%
T4a/b 6 5.6% 0 0.0% 1 5.9% 5 16.7%

Tumor characteristics
Tumor prominence, mm 4.4 ±3.0 2.6 ±1.2 4.6 ±2.2 8.1 ±2.8 <0.001
Tumor base diameter, mm 14.8 ±3.8 12.9 ±3 16.7 ±4.1 17.7 ±2.7 <0.001
Tumor volume, mm3 458 ±445 196 ±156 608 ±491 904 ±430 <0.001
Distance between tumor and fovea, mm 1.9 ±3.1 1.6 ±3.1 1.5 ±1.8 3 ±3.4 0.034
Distance between tumor and optic disc, mm 2.6 ±3.3 2.3 ±2.9 1.3 ±1.3 4.1 ±4.4 0.090

Values are the mean and standard deviation (±SD). AJCC, American Joint Cancer Committee. * Significant differences between inde-
pendent subgroups based on the Kruskal-Wallis test (p < 0.05). or χ2 test (p < 0.05), as appropriate.
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beam therapy to thermotherapy was 6 months. In 1 pa-
tient, retinal laser treatment was performed 11 months 
after proton beam therapy due to radiation-induced reti-
nopathy.

In the surgery group, 23 patients received a pars plana 
vitrectomy with endoresection of the tumor. Addition-
ally, 7 patients underwent a pars plana vitrectomy with 
endodrainage of the subretinal fluid.

Among the 108 included patients, the mean age was 
59.2 (SD 13.7) years. The subgroups were equivalent with 
respect to age and sex. Significant differences among sub-
groups included tumor stage (p ≤ 0.001), tumor volume 
(p ≤ 0.001), maximal basal diameter (p ≤ 0.001), tumor 
thickness (p ≤ 0.001), and distance between the tumor 
and fovea (p ≤ 0.034; Table 1).

Quality of Life
EORTC QLQ-C30
At t2 and t3, we observed a trend of gradual improve-

ment in global QOL (Table 2) in the observation and in-
jection groups, although the changes did not reach sig-
nificance. In contrast, in the surgery group, the global 
QOL declined insignificantly during t1-t2, but then, it 
significantly improved at t3 (t1 QOL = 68.52 vs. t3  
QOL = 72.57, p = 0.018).

In the surgery group, the mean scores for all the indi-
vidual QLQ-C30 functional scales declined during the t1-
t2 period. In this group, “physical functioning” (p = 0.020) 
and “role functioning” (p = 0.002) declined significantly. 
After these marked declines, neither score recovered ful-
ly, although “role functioning” partially recovered at the 
12-month follow-up (t1 = 80.25, t2 = 67.82, t3 = 71.53). 
These declines reflected the substantial impact of intra-
ocular surgery on everyday activities. In the observation 
and injection groups, “emotional functioning” improved 
at t2. This change was significant in the observation group 
(p = 0.05), and it continued to improve at t3. In contrast, 
the surgery group showed no improvement in “emotion-
al functioning” at t2 or t3.

EORTC QLQ-OPT30
In the observation subgroup, we observed a significant 

improvement in “ocular irritation” at t2 (p ≤ 0.001, Ta-
ble 3). In contrast, in the other 2 groups, patients report-
ed only minor, nonsignificant changes in symptoms re-
lated to “ocular irritation.” However, at t2, the surgery 
group reported significant increases in symptoms for sev-
eral QLQ-OPT30 items, including “problems with exte-
rior aspect” (p = 0.041), “functional problems with visual 
impairment” (p = 0.002), “functional problems with the 

treated eye” (p = 0.005), and “problems with driving” (p 
≤ 0.001). In contrast, at t2, the injection and observation 
groups showed no change or improvements in most 
QLQ-OPT30 items, and the only significant change was 
in “ocular irritation” in the observation group.

At t3, the surgery group showed improvements in all 
QLQ-OPT30 items, with significant recoveries noted in 
“functional problems with visual impairment” (p = 
0.009), “problems with driving” (p = 0.009), and “head-
ache” (p = 0.012). At the same time, the observation and 
injection groups showed a trend of worsening ocular 
symptoms. Only the observation group showed signifi-
cant deteriorations at t3 in “ocular irritation” (p = 0.003) 
and “functional problems with visual impairment” (p = 
0.006).

Correlations between the QOL Outcome and Baseline 
(t1) Tumor Characteristics
Immediately after PT (t1), no tumor characteristics 

were significantly correlated to the QOL items on the 
QLQ-C30 except one: a short distance between the tumor 
and fovea was correlated to the global QOL (p = 0.013) 
and “emotional functioning” (p = 0.036). However, the 
baseline QLQ-OPT30 showed significant correlations be-
tween tumor prominence and “visual impairment” (p = 
0.04), “functional problems with visual impairment” (p = 
0.021), and “functional problems with the treated eye”  
(p = 0.013) (Fig. 1). In addition, tumor volume was sig-
nificantly correlated with “functional problems with the 
treated eye” (p = 0.013). No tumor characteristics were 
significantly correlated with “ocular irritation,” “head-
ache,” “problems with reading,” “problems with exterior 
aspect,” or “problems with driving.”

Visual Acuity
In the observation group, the median visual acuity de-

clined from 0.63 (SD 0.38) at baseline to 0.50 (SD 0.34) at 
t2 (p = 0.020) and then recovered to 0.63 (SD 0.35) at t3. 
In the surgery group, visual acuity significantly deterio-
rated, from 0.4 at baseline (SD 0.34) to 0.08 (SD 0.15) at 
t2 (p ≤ 0.001), and then, it subsequently improved to 0.20 
(SD 0.16) at t3 (p = 0.003). In the injection group, visual 
acuity did not significantly change over time (Fig. 2).

Visual acuity was significantly correlated with worsen-
ing QOL in several functional subscales. At t2, worse vi-
sual acuity was associated with declines in “role function-
ing” (p = 0.009), “visual impairment” (p ≤ 0.001), “func-
tional problems with visual impairment” (p ≤ 0.001), 
“functional problems with the treated eye” (p = 0.005), 
and “problems with driving” (p = 0.004).
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Discussion

The present study revealed that all patients had stable 
global health scores in the short-term after proton beam 
therapy, regardless of the adjuvant treatment strategy. A 

direct comparison of the QOL outcome between the sub-
groups was not feasible because the baseline QOL results 
clearly reflected a selection bias for adjuvant treatments. 
Indeed, the adjuvant treatment strategies proposed by the 
local tumor board were based on significantly different 
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Fig. 1. Mean score values for the multi-item scales and single items 
of the European Organization for Research and Treatment of Can-
cer Quality of Life ophthalmologic cancer module (EORTC QLQ-
OPT30). Bars show values recorded directly after PT (dark blue), 
3 months after PT (medium blue), and 12 months after PT (light 
blue), grouped by the adjuvant treatment type. *p ≤ 0.05, **p ≤ 

0.01, ***p ≤ 0.001, and ****p ≤ 0.0001 indicate significant changes 
between assessments, detected with the paired Wilcoxon signed-
rank test. ns, not significant; PT, proton therapy; EORTC, Euro-
pean Organization for Research and Treatment of Cancer; QLQ, 
quality of life questionnaire.
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tumor characteristics and tumor stages among the 3 sub-
groups. Therefore, we analyzed longitudinal changes in 
QOL for each subgroup by comparing QOL question-
naire results collected immediately after the radiotherapy 
to those collected at 3 and 12 months.

We observed a nonsignificant trend in improved glob-
al QOL at t2 in the observation group, which was not ob-
served in the surgery subgroup. This trend could be es-
sentially explained by recoveries in the emotional (p = 
0.05) and social functioning (p = 0.062) subscales after the 
initial treatment. At the same time, physical functioning 
declined in the observation group (p = 0.049), which 
could be explained by the deterioration in visual acuity. 
These results were consistent with observations in sev-
eral previous studies on the general QOL of patients with 
uveal melanoma after various primary treatments [17–
20]. For example, Suchocka-Capuano et al. [19] and 
Brandberg et al. [17] found that plaque therapy or enucle-
ation had an overall low impact on the general QOL at 1 
year after treatment, and anxiety symptoms declined 
within 2 months after treatment. However, our results 
contrasted with those of Suchocka-Capuano et al. [19], 

who described a decline in “social functioning” during a 
12-month follow-up.

Our findings on social functioning in the observation 
group may reflect a faster reintegration into their social 
life due to less hospitalization and better outcomes in 
“problems with exterior aspect” (p = 0.091) and “ocular 
irritation” (p ≤ 0.001). Interestingly, “worry about recur-
rence” did not significantly improve during the follow-
up, regardless of the adjuvant treatment. In contrast, pre-
vious studies consistently reported improvements in anx-
iety issues for patients with uveal melanoma within the 
1st 2 years after a primary treatment, compared to pre-
treatment assessments [19, 21, 22]. However, another 
study found that anxiety receded, to a large extent, im-
mediately after PT and remained relatively stable thereaf-
ter [23].

We observed a similar trend of improved global QOL 
in the injection subgroup. However, we did not detect any 
significant changes in the EORTC QLQ-C30 subscales, in 
the QLQ-OPT30 subscales or in visual acuity.

As expected, the surgery group showed the worst QOL 
outcome, in terms of “physical functioning” (p < 0.001) 
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and “role functioning” (p < 0.001) at t2 compared to t1. 
In previous studies without pretreatment assessments, 
these early changes were attributed to the more advanced 
tumor stages in this group, or they were considered early 
radiation side effects. Indeed, our surgery group showed 
a significant recovery of global QOL (p = 0.018) at t3, 
which supported the notion that major parts of the early 
transient QOL decline could be related to the type of ad-
juvant treatment.

In the surgery subgroup, the most significant deterio-
rations at t2 reflected the functional aspects of ocular im-
pairment, like “functional problems with visual impair-
ment” (p = 0.002), “functional problems with the treated 
eye” (p = 0.005), and “problems with driving” (p < 0.001). 
Importantly, all these ocular deteriorations recovered at 
t3 in the surgery subgroup. Significant recoveries were 
observed in “functional problems with visual impair-
ment” (p = 0.002) and “problems with driving” (p = 
0.009). These characteristic changes were clearly related 
to the adjuvant treatment period, and they were only ob-
served in the surgery group. Therefore, these changes 
most likely reflected the impact of the surgical interven-
tions on QOL issues and visual acuity.

Previous studies reported improved eye preservation 
rates in patients with large tumors after an adjuvant en-
doresection compared to an observational control group 
[7]. However, it remains unclear whether the QOL in 
those patients was related to successful eye preservation 
alone or whether the QOL might also have been influ-
enced by additional morbidities associated with the adju-
vant surgical treatment. Several authors reported that 
QOL was similar between patients who underwent enu-
cleation and patients who underwent eye-preserving 
therapy [17, 18, 21, 24–26]. In a large study with 1,596 
patients, Damato et al. found that QOL outcomes were 
worse after primary enucleation than after radiotherapy 
[26]. A more detailed look at those data revealed that pa-
tients who underwent enucleation were older and had 
more comorbidities than patients who received radio-
therapy; thus, these differences might have influenced the 
results.

Study Strengths and Limitations
The present study strengths were the prospectively 

collected data and the longitudinal design, which al-
lowed comparisons between subgroups with very dif-
ferent tumor characteristics. Another strength was the 
high adherence to adjuvant strategies planned by the 
pretreatment tumor board protocol. This adherence 
minimized confounding factors related to ad hoc inter-

ventions that are occasionally performed during the ad-
juvant period.

Our study also had some limitations. The overall fol-
low-up time was relatively short; thus, it mainly reflected 
transient ocular symptoms associated with adjuvant in-
terventions. However, long-term studies run the risk that 
these side effects might be confounded with evolving ra-
diation-induced late toxicity. Consequently, our findings 
may be limited in portraying the long-term impact of ad-
juvant interventions on the QOL of patients treated for 
uveal melanoma. In addition, our adjuvant treatment 
subgroups varied considerably in size. In particular, the 
injection subgroup only included 17 patients; therefore, 
the results for that subgroup should be interpreted with 
caution.

Conclusion

The present study showed that, after 12 months, the 
global QOL may be unaffected, regardless of the adjuvant 
therapy applied. Nevertheless, patients and treating phy-
sicians should be aware that adjuvant surgical interven-
tions may compromise the ophthalmological QOL of the 
patient. Our findings may inform patients and treating 
physicians in making individually tailored decisions, 
when selecting the appropriate primary treatment and 
consecutive interventional strategies.
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