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Norwegian ocular oncology service
In the early 1990s, the Norwegian ocular 

oncology services were centralized in 
Bergen and Oslo, except for retinoblastoma 
treatment, which has traditionally been 
based in Oslo. The catchment areas of 
the two centers were established, with 
Haukeland University Hospital primarily 
serving the Western and Central Norway 
Health Regions and Oslo University Hospital 
covering the South-Eastern and Northern 
Norway Health Regions.1 Having two centers 
rather than a single national center offers 
some advantages. The national service is 
more resilient in the event of unplanned 
shutdowns caused by equipment failure and 
other technical issues, as well as unforeseen 
shortages of qualified personnel. Moreover, 
travel distances for most patients are 
substantially reduced, which is particularly 
important given the typically long follow-
up, often extending to 10 years or more. 
Although integrating clinical data from two 
separate centers into a unified national 
registry for research and regulatory 
reporting can pose administrative and 
technical challenges, these are generally 
manageable.
Both centers have consistently delivered 

comprehensive ocular oncology care, 
including diagnosis and management of 
a wide range of benign and malignant 
ocular tumors. Our primary treatments for 
posterior uveal melanoma have remained 
largely unchanged, with both centers 
offering episcleral brachytherapy with 
ruthenium-106 and iodine-125 plaques 
or, alternatively, enucleation as standard 
modalities. Selected patients have been 
offered surgical tumor resection in Oslo, 
and some patients, especially those with 

large tumors near the optic disc, have 
received proton therapy abroad. Over time, 
adjunctive treatments have been adopted, 
including transpupillary thermotherapy 
for residual or recurrent tumors and 
intravitreal anti-VEGF injections to manage 
radiation retinopathy and optic neuropathy 
after brachytherapy.

Tumor biology and genomics
Over the past 30 years, it has become 

clear that uveal melanoma arises from 
melanocytes through a series of mutations 
and chromosomal alterations. First, 
chromosome 3 loss and other recurrent 
chromosomal changes were recognized as 
key features of uveal melanoma,2 followed 
by the identification of GNAQ and GNA11 
mutations as initiating drivers of malignant 
transformation.3 Later, mutations in genes 
such as BAP1, SF3B1, and EIF1AX were found 
to further influence metastatic potential 
and tumor behavior.4

In the 1990s, cytogenetic studies 
showed that monosomy of chromosome 
3 in the primary tumor is associated with 
a significantly higher risk of metastases 
than normal chromosome 3 disomy.2,5 
Gene expression profiling in the early 2000s 
enabled classification of uveal melanomas 
into Class 1 (later subdivided into 1A and 1B) 
and Class 2, with metastasis risks generally 
ranging from 5–15% for Class 1 tumors and 
55–75% for Class 2 tumors, depending on 
patient cohorts and follow-up.6–8 Since 
around 2010, next-generation sequencing 
has facilitated screening of mutations 
in BAP1, SF3B1, EIF1AX, and other genes, 
which — in combination with chromosome 
3 and 8 status — further strengthened long-
term prognostication.9 These advances in 

Diagnosis and management 
of uveal melanoma:  

prognostic prediction of uveal melanoma 
have markedly improved the efficiency of 
treatment trials by allowing researchers 
to focus on high-risk patients and thereby 
reduce the required sample size and follow-
up time, without compromising statistical 
power. This strategy also supports research 
on adjuvant therapies aimed at reducing 
the risk of metastasis following primary 
treatment, with ongoing studies evaluating 
various immunotherapeutic agents.10 In 
addition, neoadjuvant therapies designed to 
shrink the uveal melanoma before primary 
treatment, facilitating radiation therapy 
and potentially avoiding enucleation, are 
currently under investigation.10

Metastatic uveal melanoma treatment
While treatments for primary uveal 

melanoma have changed little since the 
early 1990s, the management of metastatic 
disease has evolved from surgical 
resection of metastases and systemic 
chemotherapy to liver-directed arterial 
therapies like chemoembolization and 
radioembolization, all with limited efficacy. 
Notably, the recent advances in tumor 
genomics and molecular mechanisms 
of tumor progression have led to major 
breakthroughs in cancer immunotherapy, 
including the development of so-called 
immune checkpoint inhibitors. These are 
monoclonal antibodies that block inhibitory 
receptors, such as PD-1 and CTLA-4, on 
T lymphocytes, enabling T cells to attack 
and eliminate melanoma cells.11 Since their 
introduction in the early 2010s, immune 
checkpoint inhibitors have substantially 
improved outcomes in advanced cutaneous 
melanoma and several other cancers. 
The significance of these innovations was 
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Figure 1. Fundus images of the right eye of a man in his mid-60s with a nasal choroidal 
melanoma (Published with the patient’s consent). (A) Schematic drawing of the right fundus. 
The large and small circles indicate the approximate fields of view of a widefield fundus camera 
and a conventional 40° fundus camera, respectively. (B) Fundus photograph of the melanoma 
acquired using a 40° field of view (Canon CF 60 DSi; Canon Inc., Tokyo, Japan) immediately 
prior to brachytherapy. (C) Widefield composite fundus photograph of the melanoma (Zeiss 
Clarus 500; Carl Zeiss Meditec, Dublin, USA) 6 months prior to brachytherapy. (D) Widefield 
fundus photograph obtained immediately prior to brachytherapy, showing the melanoma 
measuring 10 mm in largest diameter and 4.3 mm in thickness. Note the slight tumor growth 
centrally and inferiorly compared with the image obtained 6 months earlier (C). (E) Widefield 
composite fundus photograph of the melanoma obtained 4 years after brachytherapy with an 
eccentrically positioned ruthenium CCA plaque measuring 15 mm in diameter. (F) Widefield 
fundus photograph obtained 2 years after brachytherapy. Note the sharply demarcated, 
circular atrophic zone corresponding to the plaque-treated area, illustrating the steep dose 
fall-off of ruthenium-106.

recognized in 2018, when James P. Allison and Tasuku Honjo 
were awarded the Nobel Prize for their pioneering work in 
cancer immunotherapy.12

Although many patients with metastatic uveal melanoma 
are treated with immune checkpoint inhibitors, such as 
nivolumab and ipilimumab, the low mutational burden and 
limited immunogenicity of their metastases make these 
therapies far less effective than in metastatic cutaneous 
melanoma. Encouragingly, novel immunotherapeutic 
agents have been developed. One example is tebentafusp, a 
bispecific fusion protein designed to couple T cells to uveal 
melanoma cells in HLA-A*02:01-positive patients, which has 
demonstrated superior survival in metastatic uveal melanoma 
compared with other treatments.13 Ongoing research is 
exploring oncolytic viral and epigenetic strategies to enhance 
uveal melanoma immunogenicity, as well as adoptive cellular 
therapies, all aimed at improving the patients’ responses to 
immunotherapy.10

Ancillary diagnostics
Most uveal melanomas can be diagnosed reliably with 

clinical evaluation, including indirect ophthalmoscopy, 
ultrasound, and other imaging techniques. Traditionally, 
biopsy of a suspected uveal melanoma was performed 
to confirm the diagnosis and differentiate it from other 
malignant tumors such as metastases. Choroidal biopsies 
may also provide information on histopathologic features with 
prognostic relevance, such as cell type and mitotic activity. The 
recent advances in tumor genomics have further enhanced the 
value of choroidal biopsies, by providing additional prognostic 
information on metastatic risk.14 However, apart from its 
role in research and in patient-tailored metastasis screening 
and surveillance, the clinical value and implications of such 
prognostication remain uncertain. As long as the genetic data 
cannot provide definitive predictions regarding metastatic 
outcomes and have no impact on treatment decisions, 
informing patients about their risk may offer limited clinical 
utility. While some patients are reassured by a favorable 
prognosis, those predicted to have poor outcomes are likely to 
experience negative impacts on their health-related quality of 
life.
Although the development of new diagnostic tools 

has been relatively limited, high-frequency ultrasound 
biomicroscopy, optical coherence tomography, and fundus 
autofluorescence — all introduced in the 1990s — have proven 
useful in diagnosing uveal melanoma. Most importantly, 
the overall quality and resolution of all relevant imaging 
modalities have markedly improved over time, including 
fundus photography, ultrasonography, angiography, optical 
coherence tomography, and magnetic resonance imaging. 
This has also had significant implications for the rapidly 
evolving fields of artificial intelligence and machine learning, 
where high image resolution is essential for optimal sensitivity 
and specificity in the characterization of intraocular tumors. 
Such algorithmic approaches are likely to influence future 
practice in ocular oncology, supporting diagnostic accuracy 
and efficient management of uveal melanoma.15,16

Advances in ophthalmic imaging and primary eye care
The introduction of widefield fundus photography in the 

early 2000s represented a major improvement in ancillary 
diagnostics, though its significance for ocular oncology may not 

have been fully recognized. In contrast to conventional fundus cameras, 
which offer only a 40–60° field of view, modern widefield fundus cameras 
can capture digital images exceeding 200°, covering more than 80% of 
the retinal surface in one or two acquisitions (Figure 1A–C).17 This allows 
visualization of peripheral lesions that previously could only be detected 
by careful indirect ophthalmoscopy under mydriasis. Certain widefield 
imaging systems provide additional widefield assessment of fluorescein 
and indocyanine green angiography, fundus autofluorescence, and 
optical coherence tomography, thus increasing their diagnostic value 
for ocular oncology. In addition, widefield fundus photography is an 
invaluable tool for monitoring progression of indeterminate melanocytic 
lesions and for assessing treatment response after radiation therapy 
(Figure 1C–F). A single widefield image that captures the entire tumor, 
including its surroundings and location relative to the macula and optic 
disc, enables far more accurate assessments than multiple standard-
field images.
Norwegian optometrists, usually referred to as opticians, have 

long played an important role in detecting and referring patients with 
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uveal melanoma, often through incidental screening of 
asymptomatic individuals. Following the introduction 
of non-mydriatic widefield fundus cameras, they 
have increasingly integrated fundus photography into 
routine examinations, or regular “eye check-ups.” In 
Norway, the first widefield cameras were implemented 
in 2007. Today, more than 250 cameras are in daily use 
by optometrists throughout the country. Around the 
same time, optometrists were allowed to prescribe 
ophthalmic diagnostic drugs and refer patients directly to 
ophthalmologists.18

The expanding role of optometrists and the 
introduction of widefield fundus photography suggest 
that the diagnosis and management of posterior uveal 
melanoma have changed over time. A recent study from 
Bergen investigated the impact of these developments 
on patient and tumor characteristics over the past three 
decades.18 A total of 409 patients were included, with 
comparisons made between the first and second 15-
year periods of the study (1993–2007 vs. 2008–2022). 
The advancements in primary eye care and ophthalmic 
imaging were introduced midway through the study 
period. The results of this study strongly suggest 
that patients with uveal melanoma are currently 
being diagnosed earlier in the course of their disease. 
Comparisons between the first and second halves of the 
study period showed a slight decrease in mean age at 
diagnosis, despite an aging general population. Tumors 
diagnosed in the latter half were more peripherally 
located and significantly smaller, in both diameter and 
thickness, with a mean thickness decreasing from 7.2 
mm to 5.7 mm (Figure 2A). Notably, the proportion of 
asymptomatic patients almost doubled from 24% to 42%. 
The proportion of uveal melanomas incidentally detected 
by optometrists increased from 3% to 18%, and those 
detected by fundus photography rose from 2% to 18%. 
The largest changes occurred in the final 5-year period, 
during which most patients were incidentally detected 
by fundus photography. These trends coincided with 
improved visual outcomes after brachytherapy (Figure 
2B), which may be related to significantly better baseline 
visual acuity in patients from the latter half of the study 
period and to a higher proportion of patients eligible for 
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Figure 2. (A) Tumor dimensions at diagnosis for 409 patients treated for uveal melanoma between 
1993 and 2022. The horizontal dashed green line at 6.5 mm marks the threshold, for which thicker 
tumors are preferably treated with iodine plaques and thinner tumors with ruthenium plaques. 
Error bars represent the 95% confidence interval. (B) Mean best-corrected visual acuity (BCVA) in 
logMAR units at diagnosis (blue) and at 3 years ±6 months after brachytherapy (orange) for 191 
patients. Vision loss following brachytherapy gradually diminished over the study period, as 
demonstrated by the decreasing gap between the two lines. Both diagrams present data grouped 
by 5-year intervals of diagnosis.

ruthenium brachytherapy due to the reduced tumor thickness (Figure 2A). 
Tumor thickness is a critical parameter in episcleral brachytherapy, as tumors 
below 6–7 mm can be treated with ruthenium plaques, while thicker lesions 
require iodine plaques.19 Owing to its steep dose fall-off, ruthenium-106 
delivers a more confined radiation field than iodine-125, thereby reducing 
radiation exposure to critical visual structures such as the macula and optic 
nerve (Figure 1E, F). Over the 30-year study period, the median time from 
first symptom to definitive diagnosis decreased significantly, from 153 to 81 
days, likely reflecting improved access to primary eye care following a near 
doubling in the number of optometrists and ophthalmologists in Norway 
during the same period.18
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Key points:
 • Over the past 30 years, ocular 
oncology services in Norway have 
been provided by two regional centers 
covering separate geographic regions.
 • While treatments for primary uveal 
melanoma have remained largely 
unchanged, advances in tumor 
genomics and molecular oncology have 
improved prognostication and driven 
the development of novel systemic 
immunotherapies.
 • Expanded access to eye care, 
implementation of widefield fundus 
photography, and increased incidental 
screening have led to earlier detection 
of uveal melanoma in mostly 
asymptomatic patients, who present 
with smaller tumors and better vision.
 • Posterior uveal melanoma is currently 
diagnosed at an earlier stage, potentially 
improving treatment outcomes.
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Concluding remarks
The Norwegian ocular oncology service is provided by two centers that have operated continuously since the beginning of the 1990s. 

Although the treatment options have changed little for primary uveal melanoma, insights into the molecular and genetic mechanisms of 
tumorigenesis have advanced markedly. These discoveries have improved prognostication and driven the development of novel systemic 
immunotherapies, offering hope to patients with metastatic disease, whose prognosis has remained poor and largely unchanged over 
time. Another significant improvement has been the enhanced imaging quality across nearly all diagnostic modalities, particularly with 
the introduction of widefield fundus photography, which has become an invaluable tool in ocular oncology. Together, these advances have 
enabled earlier diagnosis, improved functional outcomes after primary treatment, and 
supported the development of innovative therapies for metastatic disease, shaping the 
future of uveal melanoma management.


