
 
 

 

The utility of the Liverpool Uveal Melanoma Prognostication Online 

 ‘LUMPO’ as a prognostication algorithm in determining metastatic risk in uveal 

melanoma 

 

 

 

 

 

 

 

 

 

 

 

Thesis submitted in accordance with the requirements of the University of Liverpool for the 

degree of Doctor in Philosophy 

 

Dr Alda Cunha, MBBS, FAPGCMSphth 

 

March 2022 

 

Supervisors: 

Prof. Sarah Coupland - Consultant Histopathologist/George Holt Chair of Pathology,  

University of Liverpool  

Prof. Azzam Taktak - Clinical Scientist, Liverpool University Hospitals NHS Foundation Trust 

Dr Joseph Sacco - Medical Oncologist, Clatterbridge Cancer Centre 

Prof. Dyfrig Hughes - Health Economist, Bangor University



2 
 

 

DEDICATION 

 

For all those who have supported me for the past four years, writing this thesis would 
have been impossible without them.  

 

“Who doesn't thank for the little things doesn't thank enough” 

- Angolan Proverb - 

 

 

 

  



3 
 

Acknowledgements 

 

Firstly, I would like to express my sincere gratitude to my P.I. Prof. Sarah Coupland for her 

continued support of my Ph.D. study and related research, especially her patience, motivation, 

and immense knowledge. I am also deeply grateful to Prof. Azzam Taktak for his guidance 

and support, essentially for his experience in statistics, above all for his ability to convey this 

knowledge to me in a way that I could understand. My sincere thanks also to Dr Helen Kalirai 

for her limitless assistance, wisdom, and support in so many ways along this long journey. I 

would also like to express my gratitude to Dr Joseph Sacco and Prof. Dyfrig Hughes for their 

guidance and constructive criticism during this research. I could not have had a better team 

of mentors and advisors to supervise this thesis. 

I gratefully acknowledge the Instituto Nacional de Gestão de Bolsas de Estudo de Angola – 

INAGBE, for the generous funding of my project. My sincere thanks to Dr Maria Madalena 

Chimpolo, for recommending and encouraging me to complete my PhD, and essentially for 

her friendship and support throughout this journey. 

I would like to express my gratitude to Dr Antonio Eleuteri for his enormous contribution to this 

research. He and his team developed LUMPO, and its new version that was used to validate 

LUMPO externally, as well as its new feature, which was used to perform a liver screening 

cost analysis on UM patients for this thesis. I would also like to express my gratitude to Prof. 

Heinrich Heimann and Dr Rumana Hussein for their clinical research support, and I also thank 

the rest of the clinical team at the LOOC. I would also like to express my sincere thanks to all 

uveal melanoma patients who kindly gave their consent to the LOORG Biobank to use their 

clinical data for investigation, making this study possible. I would also like to thank the 

collaborating members of the European Ocular Oncology Group for their invaluable 

contributions, time, and efforts in participating in the multi-centre study of this thesis.  

My sincere thanks to the excellent research group, LOORG, and its present and past 

members: Karen, Sophie, Luna, Carlos, Jodi, Jo, Gemma, Simon, Amelia, Jakub, Debbie, 

Dawn, Jenna, Max, Yamini, Sam, Natalie, Graham, Hayley, Luisa, Martina, Hongrun. Mainly 

for having been a family present in multiple ways, where laughter, fun, tears, encouraging 

hugs, and the warm “tea time” were never lacking. 

I thank my colleagues at the medical school, we are a friendly and close-knit group of over 30 

years, thank you Drs; Ana Paula, Euridice, Ana Ruth, Filipa, Joana, Manuela Clementina, 

Kuku Elizabeth, Luzia, Sandra, Elsa, Vanda Marina, Marilinda, Alaíde, Ana Teresa, Dulce, 

and so many other colleagues throughout my career. 



4 
 

I also thank my colleagues at the Instituto Nacional de Oftalmologia de Angola (IONA) for their 

friendship and companionship throughout my training and career as an ophthalmologist; thank 

you Drs Luisa, Carmen, Rosa, Alcina, Amelia, Sara, David, Walter, and all the other former 

and current new colleagues, as well as all the members of the IONA. 

I am also grateful to the INAGBE fellows for all their support and friendship throughout this 

long way of study in the UK. Thank you Lídia, José, Arsénio, Paulo, Gabriel, Arlete, Abreu. 

I am grateful to all my close friends and family "and I have so many". They have always been 

there and are very precious to me, I have always had prayers, kind words and encouragement 

from all of them. A special thanks to my friends, Ana Paula Pereira and Eurídice dos Santos, 

we walked a long journey together from high school, Medical School, and through so many 

stages of our lives, you are always present even from a distance. I also thank my friend Carlos 

Figueiredo for his friendship and encouragement throughout this thesis. 

Finally, I would like to thank my family. Thank you, Paulo Jorge Manuel, for being on my 

corner, minimizing my daily thousand tasks. Thank you for having surprised me in so many 

ways and for bringing me so much wisdom and joy. You are my safe harbour. My dear siblings, 

Fernando Cunha, Jorge Cunha, and Ana Paula Cunha Cruz, who would I be without you. You 

looked after me in so many ways. I thank my children Fabio Cunha Rola, Daniel Cunha Rola, 

Ruben Cunha Rola, Joel Cunha Rola and Miriam Cunha Rola, for their understanding, 

encouragement, and support along the way. You have always been and continue to be my 

inspiration! Thank you, my lovely children. 

To my parents, Henrique Cunha, and Maria Cunha, I am eternally grateful. Your unconditional 

support, inspiration and Blessings have been my encouragement. Thank you for teaching me 

habits of hard work and persistence and for believing in me.  



5 
 

Abstract 

Uveal melanoma (UM) is the most common primary intraocular malignancy in adults. Approximately 50% of 

patients with UM develop metastatic disease, usually occurring in the liver. Patient survival is directly related 

to the presence of hepatic metastases and how they affect liver function. After the identification of 

metastases, most patients die within a year, and the differing forms of existing treatment rarely extend life 

considerably. It has been proposed that prognostication can improve the quality of life, even when the 

probability of survival is reduced. Certain prognostic factors have been identified in UM that are associated 

with an increased risk of metastatic disease: these are clinical parameters as well as the histomorphological 

and genetic features of the primary UM. A team from Liverpool designed in 2011 a multiparameter algorithm 

called the “Liverpool Uveal Melanoma Prognostication Online” (LUMPO), to establish the prognosis for UM 

patients, stratifying them according to their relative risk of metastatic death. This was based on data collected 

over 20 years, and was validated externally by other ocular oncology centres. It was later updated to 

LUMPO3, and included new parameters and functions. The objective of this thesis was to perform a 

retrospective study, analysing the liver scan reports of patients with UM; examining whether LUMPO3 is able 

to predict the appearance of metastases in patients in Liverpool, and to determine the cost analysis of liver 

screening for the detection of metastases in patients with UM; and also to validate LUMPO3 externally. 

Following the Introductory chapter, the characteristics of the scan reports of 615 patients diagnosed with UM 

were analysed in Chapter 2. The data were collected over an eleven-year period (2008-2018). Data of the 

characteristics of liver scanning and the metastases detected were analysed, and later combined with the 

demographic, histological, genetic and patient outcome data. It was estimated that 37% of UM patients 

treated in Liverpool developed metastases at different stages of the disease. The analysis of the 

characteristics of the primary UM demonstrated that increasing tumour size and hence TNM staging category 

of the UM, was associated with an increasing risk of metastatic disease and reduced survival. Most metastatic 

UM were associated with monosomy 3 and gain of chromosome 8q. Many previous studies have identified 

different risk groups (low, intermediate and high) for UM patients to develop metastases: in this study, I 

identified 3 groups of patients that were divided according to when and whether they developed metastatic 

disease. Liver surveillance was most frequent in patients who ultimately developed metastases and the most 

frequent modality employed was magnetic resonance imaging (MRI).  

In chapter 3, the same cohort of 615 UM patients were analysed, here focussing on the estimated costs for 

all scans performed for which both the minimum and maximum costs were calculated using the NICE costing 

for clinical imaging. A feature of LUMPO3 called “linear predictor of death due to metastases” (lpmd) was 

extracted to predict the onset of liver metastases and to determine the hypothetical costs of liver surveillance 

in UM patients. Model performance was determined in terms of discrimination and calibration. Results 

showed consistent discrimination performances over a 5-year time period from date of initial treatment. 

Calibration performance was determined visually with good agreement between observed and predicted 

onset of UM metastases up to 10 years following initial treatment. The results suggested that unnecessary 

radiological examinations could be avoided in the UM patients with low metastatic risk, without any adverse 

effects to patient management. These results suggested that this lpmd could save costs by minimizing the 

number of examinations for metastases screening, and likely decrease the patient angst associated with liver 

screening.  

Chapter 4 study was a multicentre project that allowed the recruitment of a sufficient number of patients from 

7 external collaborative centres, using the existing clinical network within the Ocular Oncology Group and 

the USA. Data were collected from patients diagnosed and / or treated for UM at these collaborating centres. 

The results showed that LUMPO3 is a reasonably accurate and valuable tool for predicting all-cause mortality 

in UM patients, despite the differences in the recording of clinical, histopathological and genetic data between 

the centres and hence the various cohorts studied. The calibration graphs presenting the expected 

probabilities of actuarial survival showed a good agreement between the observed and the predicted 

probabilities. In conclusion, I examined in detail “real world” data of UM patients treated in various ocular 

oncology centres that allowed the construction of the LUMPO3 model, and its validation in Liverpool. These 

data are valuable when considering the costs of surveillance programs, as well as potential modifications 

and revisions to the predictive algorithms for UM.  
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1.1 Definition and Incidence  

Uveal melanoma (UM) is the most common primary intraocular malignant tumour in adults [1]. 

UM are thought to arise from the melanocytes of the uvea, which is the middle and 

vascularized pigmented layer of the eye, including the iris, ciliary body, and choroid. The 

choroid is the posterior and major part of the uveal tract and is interposed between the outer 

sclera and the innermost layer of the neuro-ectodermal retina. The term ‘uvea’ comes the 

Latin word ‘uva’ (grape) as a result of fits similarity in appearance to a black-purple grape, 

when the sclera is stripped from its surface [2]. UM account for about 98% of all ocular 

melanomas with the remainder occurring in the conjunctiva and eyelids. Most UM arise in the 

choroid (90%), followed by the ciliary body (6-8%) with about 1-2% developing in the iris [2-6] 

(Figure 1.1). 

 

 

 

 

 

 

 

 

 

Figure 1.1 Anatomical location of UM: The uveal tract is comprised of the choroid, the ciliary body and the iris. The 

majority of ocular melanomas arise within the uvea (90%), followed by the ciliary body (5-10%), and iris (3-5%) 

(Courtesy of Prof. Heimann). 
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UM differ significantly from cutaneous counterparts, including in their clinical, epidemiological 

and prognostic features, despite the common embryological origin being melanocytes, which 

are thought to arise from neural crest cells. Whilst an increasing incidence of cutaneous 

melanoma has been observed in recent years, the incidence rates of UM have remained 

relatively stable over decades [7]. In one study from the United States of America (USA) [8], 

the incidence of UM ranges from 5.3 to 10.9 cases per million inhabitants [6], with it occurring 

most commonly in the Nordic countries compared to those around the Mediterranean or in 

Asia [9,10]. 

1.1.1. Age and sex specific incidence 

UM is most often observed in older age groups, although it has been reported in patients at 

all ages. It has a specific incidence rate that increases with ageing, with a peak at age 70  

years. Only about 1% of UM cases occur in young patients under eighteen years [11,12]. It 

affects males and females similarly, although a slight predominance is observed in males 

[12,13]. 

1.1.2 Etiological factors 

The aetiology of UM remains uncertain [13,14] but various host and environmental factors 

have been described, and will be considered in more detail below.  

1.1.3. Host factors 

1.1.3.1 Ethnicity 

UM predominantly affects the white fair-skinned population [12,14]. Based on data from the 

Surveillance, Epidemiology and End Results (SEER) [12], the relative risk of UM is 1.2 for 

Asians and Pacific Islanders, 5.4 for Hispanics and 19.2 for non-Hispanic white patients 

compared to black patients [8,13] The fundamental basis of ethnic predisposition for UM 

remains unclear. However, light skin colour, blonde hair and blue eyes are also specific risk 

factors for the host. This is a potential link between the light colour of the eyes and the greater 

propensity for the development of UM. Blue or grey irises are related to pheomelanin (yellow-
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brown pigment), while brown irises are related to eumelanin (black-brown pigment) [15]. 

Melanocytes with reduced functional OCA2 (Oculocutaneous albinism), which are likely to be 

involved in the synthesis of melanin by rate-limiting steps, demonstrate a defective synthesis 

of eumelanin while presenting a normal synthesis of pheomelanin [16]. UM can range from 

being amelanotic, slightly pigmented to excessively pigmented. Amelanocytic tumours are 

associated with catalytically inactive or less active tyrosinase [16]. 

1.1.3.2 Choroidal Naevi 

Cutaneous naevi are a well-known risk factor for the development of cutaneous melanoma. It 

is believed that some (a very small proportion) UM also arise from choroidal naevi [17,18]. 

Choroidal naevi involve the entire thickness of the choroid, with the exception of the 

choriocapillaris [17]. They usually do not cause symptoms and are diagnosed mainly in routine 

ophthalmoscopy. They appear as a grey-brown slate lesion with minimal thickness. The 

margins are generally poorly defined. Similar to UM, choroidal naevi are associated with 

ethnicity, and increase with age, with an age-adjusted prevalence of 0.6% in the black 

population, 2.7% in the Hispanic population and 2.1% in the other [19]. Approximately 3% of 

individuals over 30 years of age present with naevi in the posterior half of the choroid, and it 

is estimated that 1 in 4800 choroidal naevi per year may modify into a melanoma [20]. Existing 

clinical and histopathological evidence suggests that choroidal melanoma may arise from a 

pre-existing choroidal naevi [17,18] or de novo [21]. However, there is a scarcity of risk 

estimates for malignant transformation of a choroidal naevi, due to the lack of reliable 

population-based data [20]. The risk of malignant transformation can be estimated at 1 in 

8845, assuming that all melanoma arises from pre-existing naevi [20]. 

Special types of uveal naevi include the Naevus of Ota and magnocellular naevus 

(melanocytoma). The former is being defined as a congenital pigmentary abnormality that 

consists of the presence of excess melanocytes in the periocular skin, sclera, uvea, orbit, 

meninges, palate, or tympanic membrane. This pigmentation is, in most cases, unilateral. 

Melanocytic pigmentation can affect only the skin or eyes and can also occur as a combination 
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of both; therefore, the term ocular-dermal melanocytosis (ODM) is also used. The main 

concern of the ODM is the risk of developing melanoma, principally in the uvea [22,23]. ODM 

is a rare condition in the general population, with a prevalence estimated of 0.04%, but in 

those with UM ODM is found to be approximately 3% of patients [24-26]. 

Melanocytoma is defined as a specific variant of the melanocytic naevus, typically located at 

the optic disc or in the ciliary body, clinically characterized by dark brown to black colour and 

histopathologically composed of deeply pigmented cells round to oval with small, round and 

uniform nuclei. Uveal melanocytomas appear as very dark pigmented tumours of the choroid, 

ciliary body or iris. Although they are probably congenital lesions, the age range of 

presentation does not differ from UM, being useful in the differential diagnosis. Frangieh et al. 

[27] reported that the majority of reported cases occurred in the white population. Therefore, 

unlike optic nerve melanocytomas, uveal melanocytomas do not occur usually in black people. 

Distinguishing this benign tumour from UM can be tricky due to the slow-growing ability of 

melanocytomas. This slow growth can result in the tumour extension through the sclera to the 

epi-sclera. In addition, melanocytomas may undergo necrosis, resulting in pigment dispersion, 

uveitis and ‘melanomalytic’ glaucoma (i.e., the trabecular meshwork and drainage channels 

are blocked by pigment). 

1.1.3.3 Genetic predisposition 

Development of UM is usually considered to be a sporadic event.  However, some cases of 

familial UM have been reported in the literature [28]. It is very rare, occurring in only 0.6% of 

all patients with UM [29]. Uncommon occurrences of UM that manifest characteristics 

indicating a hereditary predisposition have been rarely described; such as the familial UM, 

primary bilateral UM, those in young individuals, and primary multifocal UM [30]. As above, 

UM is also known in association with ODM: it is estimated that about 1 in 400 Caucasian 

individuals with ODM followed for life will develop UM [25]. The biological basis for the 

susceptibility to develop UM, could be a large number of melanocytes in the uveal tract of 

patients with ODM [25], particularly for bilateral [31] and multifocal UM [32]. UM usually 
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develops alongside ocular and dermal hyperpigmentation. Recent genetic studies have 

identified Guanine nucleotide-binding protein Q polypeptide (GNAQ) as a link between naevus 

of Ota and UM, thus explaining the increased risk of patients with naevus of Ota to develop 

UM [33,34]. UM associated with melanocytosis has a high risk of metastases: it is estimated 

that the risk is approximately 60% higher than UM not associated with melanocytosis [24,35]. 

 

Recently, BAP1 [(ubiquitin carboxy-terminal hydrolase) or "protein associated with BRACA1"] 

germline mutations [36,37] have been identified in families with uveal and cutaneous 

melanoma [38,39], and also in patients with familial cutaneous melanoma and familial UM. 

The germline mutation of the BAP1 gene has been identified to be responsible for 

predisposition to the “BAP1 syndrome, comprising UM, malignant mesothelioma, 

meningioma, lung adenocarcinoma and other cancers, e.g. renal cell carcinoma and some 

skin cancers [40].  

Despite the fact that germline BRCA1 / BRCA2 mutation has not been universally observed 

[41], some cases of UM in the germline BRCA1 / BRCA2 mutation scenario have been 

reported [42] [43,44]. Based on this finding, the authors Easton et al. and Wooster et al. [42,45] 

advocate that such mutations should be suspected in patients with a personal or family history 

of breast and ovarian cancer, and advise the screening of families with these mutations, even 

in the absence of other cancers [44]. 

1.1.4 Environmental factors 

1.1.4.1 Sunlight exposure 

Several factors of the host, such as ethnicity, association with choroidal naevi and genetic 

predisposition, have been investigated. Numerous environmental factors, such as 

occupational association and exposure to sunlight, were also investigated in case-control 

studies [46]. Evidence regarding the contributory role of exposure to sunlight and ultraviolet 

radiation (UVR) to the aetiology of posterior UM is insufficient, and contrasts that of 
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cutaneous melanoma [14,47]. In most of these studies, the results showed a lack of 

statistical significance or a weak positive correlation [48] between posterior UM and UVR. 

The relationship between UVR and posterior UM has been explored in various ways in several 

case-control studies [9]. Exposure to sunlight has been quantified taking into account the 

estimated time spent outdoors [49], the cumulative exposure to UV-B light throughout life [48] 

and the propensity to sunburn [50]. Analysis of all somatic coding and noncoding somatic 

single nucleotide substitutions in UM; however, shows the absence of a mutation signature 

induced by UV (pyrimidine dimers) [51], which are commonly seen in cutaneous and 

conjunctival melanomas [52,53]. 

 

The iris receives a greater amount of UV light than the posterior structures of the uvea (i.e. 

choroid) due to the specific filtering effects of the cornea, lens, the retinal pigment epithelium 

and the vitreous [47]. Iris melanomas located in front of the lens could be influenced by DNA 

damage induced by UV exposure [47]. Indeed iris melanomas have been suggested to 

demonstrate slightly different genetic alterations than the posterior UM, hinting at a role of UV 

in these anterior UM (see below) [54]. On the other hand, blue eyes with a decreased number 

of melanosomes within the melanocytes are at greater risk of developing UM, [55] [56]. The 

colour and melanin content of the iris generally remains constant in adult life [57]. Similar 

variations in the melanin content of the ciliary body and the choroid between blue eyes and 

brown eyes have been demonstrated [58]. 

1.1.4.2 Occupation 

There is no consistent evidence to indicate occupational exposure to other environmental 

agents as a risk factor for UM development [48], although a few case-control studies have 

evaluated occupation as a risk factor for UM. A significant excess of cases of UM in electrical 

workers, technicians and other in-house workers, such as scientists, judges, teachers and 

managers have been pointed as a risk group for UM in studies in England and Canada [9]; 

yet a particular pathogenic factor has not been identified. Some carcinogenic factors have 
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been investigated and indicated as causative agents, including as chemicals, 

electromagnetic fields, endocrine disrupters, pesticides, artificial hormones and mobile 

phones [49,59]. However, the association of occupational exposure to external agents 

remains questionable. 

1.2 Clinical features of UM 

1.2.1 Choroidal melanoma 

About 80-90% of UM arise in the choroid, as reported by numerous epidemiological and 

clinical studies [60]. The human choroid comprises blood vessels, melanocytes, fibroblasts, 

resident immunocompetent cells, and supporting collagenous and elastic connective tissue 

[61,62]. The choroid contains three interconnected layers of blood vessels that increase in 

size as they approach the sclera (Figure 1.2). An inner layer of leaky, fenestrated capillaries 

is called the choriocapillaris; a second layer of medium-sized vessels, called Sattler’s layer; 

and a third most outermost layer called Haller’s layer. 

 

 

Figure 1.2 Histology of the choroid: The choroid is the posterior part of the uveal tract.  A: The choriocapillaris, 

the inner layer containing small vessels that is located directly below the Bruch's membrane. B: The Sattler’s 

layer, the medium-sized vessel layer. C: The large vessel layer (Haller’s layer, outer layer) (Image sourced Eagle 

RC. Eye pathology: an atlas and text: Lippincott Williams & Wilkins; 2012) [2]. 

C 

A 

B 
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The choroid’s highly vascularized nature reflects its main function, i.e. the supply of oxygen 

and nutrients to either the outer retina in species that possess a retinal vasculature or to the 

entire retina in species that lack a retinal blood supply. Other functions include 

thermoregulation, intraocular pressure modulation, and aqueous humour drainage via the 

uveoscleral pathway [61,63]. The numerous melanocytes present in the human choroidal 

stroma are distributed below the choriocapillaris and between the vascular layers of Haller and 

Sattler, some being closely opposed to the outer blood vessel walls. They are also present in 

the lamina fuscia of the suprachoroid, where they take on a fusiform morphology. The 

choroidal melanocytes exhibit a pigment content, which varies depending on the ethnicity 

and the colour of the eye. An equivalent number of melanocytes are present in all ethnic 

backgrounds, but individuals with dark pigmentation have larger cells filled with larger 

melanin granules. The melanin granules found in the uveal melanocytes are easily 

distinguished from the large ellipsoidal melanin granules found in the apical cytoplasm of 

the epithelial cells of the retinal pigment epithelium (RPE), which line the inner surface of 

Bruch’s membrane (Figure 1.2). Apart from providing pigmentation to absorb light, it is 

unclear what other functions the choroidal melanocytes perform. Just below the inner layer 

of the choroid lies Bruch’s membrane, which is a sandwich-like structure composed of an 

extracellular matrix material, much of its composition is type I collagen and has a central 

core of elastic tissue. 

 

In the early stage of development, when choroidal melanoma is smaller and containing an 

intact Bruch's membrane, the melanomas have a dome shape with a thickness equal to 

about half of their diameter (Figure 1.3). If Bruch's membrane is ruptured, the tumour 

morphology resembles a mushroom or collar-stud shape with ‘strangulation’ of the 

melanoma at its ‘neck’ by Bruch’s membrane, causing engorgement of the blood vessels 

within the tumour ‘head’ (Figure 1.4). Should Bruch's membrane rupture at the tumour edge, 

the melanoma develops an irregular ‘lop-sided’ shape. Sporadically, the presence of multiple 
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ruptures of Bruch's membrane may result in various sub-retinal or intra-vitreal neoplastic 

hernias. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.3 Large dome-shaped choroidal melanoma (courtesy of Prof. S. E. Coupland). 

 

 

 

 

 

 

 

 

 

 

Figure 1.4 Large mushroom-shaped choroidal melanoma - The arrows point to the edge of the rupture in Bruch's 

membrane (Image sourced Eagle RC. Eye pathology: an atlas and text: Lippincott Williams & Wilkins; 2012)[2]. 
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Choroidal melanomas present with a variety of clinical features and may manifest a 

progressive multiplicity of symptoms. Several factors may influence the clinical presentation 

of UM, such as its site, pigmentation, size, extent of secondary retinal detachment, 

haemorrhage or inflammation, or any extra-scleral extension of the tumour. About 10% of 

cases are asymptomatic, usually discovered on routine ocular fundus examinations [60]. In 

general, choroidal melanomas can cause multiple symptoms, but most patients complain of 

reduced visual acuity or blurred vision, and about 10-30% of patients may report symptoms 

such as photopsia, scotomas, vitreous floaters, metamorphosis or micropsia [64]. 

1.2.2 Ciliary body melanoma 

The ciliary body is interposed between the iris and the choroid and has two main 

components, the pars plicata and the pars plana. The anterior pars plicata is composed of 

ciliary processes, which secrete the aqueous humour that fills the anterior chamber. The 

stroma of the posterior pars plana is composed of smooth muscle, whose function is the 

focusing of the lens (i.e. accommodation). 

About 5% of UM cases affect the ciliary body [60]. Ciliary body melanomas may present as 

a circumscribed or annular form ("ring" of melanoma) (Figure 1.5). The circumscribed ciliary 

body melanoma at the time of diagnosis is generally larger than the iris melanoma and has 

a nodular shape. Initially, this tumour is confined to the ciliary body and is therefore 

asymptomatic. Generally, they are brown, corresponding to the colour of the ciliary pigment 

epithelium around it, unless the tumour, in which case the exact colour of the tumour 

becomes visible, has invaded it. Ciliary body melanomas usually invade the iris root and the 

anterior chamber, where they become visible clinically through the cornea. They can sow 

cells into the anterior chamber, on the surface of the iris and into the anterior chamber angle, 

causing elevated intraocular pressure [65]. Ultimately, they can exit via Schlemm’s canal 

into the systemic circulation.  
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Figure 1.5 Ciliochoroidal melanoma, which has abutted the lens causing its indentation (courtesy of Prof. S. E. 

Coupland).  

 

 

 

 

 

 

 

 

 

 

Figure 1.6 Histology of the iris and ciliary body: The iris, the most anterior part composed of three layers; the 

anterior layer, which is the most superficial tract, the middle layer or stroma, composed of pigmented and non-

pigmented cells, and the posterior layer, composed of the dilating muscle of the iris and the pigment epithelium 

(courtesy of Prof. S. E. Coupland). 
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1.2.3 Iris melanoma  

The iris is the anterior visible part of the uveal tract. It is composed of three layers; the 

anterior layer, which is the most superficial tract composed by an arrangement of fibroblasts, 

melanocytes and collagen, the middle layer, or the stroma, consisted by pigmented and non-

pigmented cells, and the posterior layer, which is composed by the iris dilating muscle and 

the pigment epithelium (Figure 1.6). Iris melanomas are the least frequent of all UM.  

 

Non-pigmented irises have a higher risk of developing iris melanoma [66]. As above, ODM 

is also a risk factor for iris melanoma [67]. Melanoma of the iris may arise from pre-existing 

nevi or de novo. The rate of malignant transformation of iris nevi into melanoma is estimated 

to be about 3% in 5 years [68]. Due to their location, iris melanomas are diagnosed and 

treated when they are relatively small, compared to tumours located in the ciliary body and 

choroid. Iris melanoma cells are usually less aggressive compared to posterior UM cells. Iris 

melanomas generally present as a small, pigmented, vascularized nodular lesion with an 

indolent clinical course and may be circumscribed or diffuse. Those located within the 

peripheral iris may represent an anterior extension of the ciliary body or choroidal melanoma, 

and therefore, it is of utmost importance to examine the posterior segment in all cases of iris 

melanoma. Slit lamp examination, gonioscopy and ultrasonography allow staging of the 

tumour to guide the most appropriate treatment [66]. Certain clinical features within a 

melanocytic iris tumour, such as inferior location, diffuse iris extension, episodes of hyper-

chromic heterochromia are often associated with glaucoma and predict a greater risk of 

growth [68]. 

1.3 Histopathological features of UM 

To understand UM’s biology, a range of laboratory techniques have been applied to these 

tumours. These have included morphological analyses, immunohistochemistry techniques 

and more recently genetic tools, all of which have contributed to the discovery and 
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description of several prognostic features in UM. These prognostic factors have helped to 

stratify UM patients into metastatic risk groups, which in turn enable clinical management.  

 

A morphological classification for UM was proposed in 1931 by Callender [69,70] based on 

cytological and histopathological characteristics, showing the prognostic value of this 

classification. Callender basically divided UM cells into two main cytological types: spindle 

and epithelioid (Figure 1.7).  

 

 

Figure 1.7 Melanoma cells: A) Spindle melanoma cells. The nuclei are thin, smooth and cigar-shaped, with 

finely dispersed chromatin and indistinct nucleoli. B) Melanoma epithelioid cells. The cytoplasmic margins of 

these large and poorly cohesive cells of epithelioid melanoma are easily discernible. Epithelioid cell nuclei are 

typically round and have a coherently grouped peripheral margin of chromatin (courtesy of Prof. S. E. Coupland). 

 

Having identified two subtypes of spindle cells based on their nuclear characteristics. 

Subtype A cells that have a thin nucleus with fine chromatin and an indistinct nucleolus, 

generally they have a fold in the nuclear envelope, giving the appearance of a chromatin 

web. The subtype B cells have a denser nucleus, coarser chromatin and more prominent 

and eosinophilic nucleolus. Since this original description by Callender, it is now thought that 
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the Spindle A cells represent naevus cells, and so the term “Spindle-celled” UM typically 

means that it is composed of Spindle B cells [71].  

 

The epithelioid cells of UM are larger and more pleomorphic than spindle-type cells, and 

frequently they have plentiful clear cytoplasm and a distinct cell membrane, and often exhibit 

an extracellular space between adjacent epithelioid-type cells. One of the characteristics 

that differentiate them from fusiform cells is exactly this loss of cell cohesion. UM of spindle 

cell type are associated with better prognosis, while tumours of epithelioid cell types are 

linked with a poorer prognosis [72]. 

Other histopathological characteristics routinely used to evaluate the malignant potential of 

UM are the mitotic figures, and the presence of closed connective tissue loops. The 

prognostic value of mitotic counts in UM was first demonstrated by McLean and associates 

[73]. They found that UM often contains some mitotic figures and recommended that a 

minimum of 40 high power fields (40x targets) be scanned. Greater numbers of mitoses are 

associated with a greater chance of metastatic disease; these findings have since been 

confirmed by others [74-76]. Vascular or connective tissue patterns have a high significance 

in the prognosis of UM [77,78]. The presence of Periodic Acid Schiff (PAS)-positive 

connective tissue loops is significantly associated with UM-related death [72]. It is worth 

mentioning here that both parameters - i.e. mitotic count (>5) and the presence/absence of 

connective tissue loops – are included in the Liverpool uveal melanoma prognosticator, 

described in more detail below. 

 

Recently, features that link molecular changes in invasive and metastatic properties of 

cultured UM cells and the formation of microvessels have been reported [79]. To assess 

tumour vascularization as a histological prognostic factor for metastases of eyes removed 

for choroidal and ciliary body melanomas, two methods were adopted: The calculation of 

vascular density [80] and the detection of microcirculation patterns [81] formed by micro-

remodelling circulation [82]. 
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Vascular density is measured in histological sections, in which the number of vessels in a 

given unit area of the tumour is counted, which presents a positive point for an endothelial 

marker [83]. In addition, the measurement of vascular density between histological levels of 

UM is variable. Vascular density can vary within a given histological section and between 

different levels of the same tumour [84]. On the other hand, independent groups have 

confirmed the significance of the association between microcirculatory architecture and the 

result in several studies in other tumour systems [73,76,85] 

 

Other histological parameters of primary UM associated with a poor prognosis, include high 

density of lymphocytes and macrophages [86]. In UM, the presence of a substantial number 

of inflammatory cells does not represent an effective anti-tumour immune response. Instead, 

a pronounced infiltration of UM by lymphocytes is associated with a poor prognosis. 

Similarly, a significant infiltration of UM by macrophages is associated with poor prognosis 

[87,88]. This may be related to immuno-regulation influence of the intraocular 

microenvironment [89]. There are two main types of macrophages, of which have been 

identified - 1) the classically activated macrophage, which can stimulate immune responses 

and has antibacterial and antiangiogenic functions, and - 2) the alternately activated 

macrophage, which differently, exhibits anti-inflammatory and pro-angiogenic functions. 

These two types of macrophages are called M1 and M2 macrophages, respectively [90]. 

The tumour support functions of M2 macrophages may explain the relationship between low 

survival and density of macrophages in UM, since M2 is the dominant non-tumorous cells in 

both primary and secondary UM [91], and is considered pro-angiogenic and tumour 

promoter.  
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1.4 Genetic alterations in UM 

For some decades, it has been acknowledged that changes in the number of copies on certain 

chromosomes in the tumour cells correlate with an enhanced risk for the development of 

metastases in UM. The main somatic chromosomal number alterations (SCNA) identified 

associated with patient survival include monosomy 3, polysomy 8q, polysomy 6p and loss of 

1p [92]. Loss of chromosome 3, gain in 8q, loss in chromosome 1p and loss in chromosome 

6q are associated with poor prognosis [93]. 

1.4.1 Chromosome 3 

Monosomy 3, which is the complete loss of a copy of chromosome 3, is the most common 

alteration and is the most important prognostic factor within most cases with chromosome 3 

aberrations in UM. Partial aberrations on chromosome 3 (partial deletion of a copy of 

chromosome 3) and isodisomy (loss of one copy of chromosome 3 and duplication of the 

remaining defective copy) were also both reported as having metastatic potential. It has been 

proposed that there can be heterogeneity for chromosome 3 in rare UMS. For example, 

Schoenfield et al. described in a study of UM the presence of monosomy 3 at the base of the 

tumour and disomy 3 at the apex of the tumour [94,95]. The presence of monosomy 3 indicates 

high-risk melanoma and an increased risk of metastatic disease. Monosomy 3 is often 

associated with clinical and histopathological risk factors, which include increased tumour 

diameter, the involvement of the ciliary body, tumour location, epithelioid cell type, high mitotic 

rate, vascular loops, and the extraocular extension of the tumour [72,93,96]. In more recent 

studies, the BRCA1 tumour suppressor gene 1 (BAP1) has been mapped on chromosome 

3p21.1. Its somatic mutation has been associated with metastatic disease in UM [97]. 
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1.4.2 Chromosome 8q 

Chromosome 8q gain is the most common alteration in most cases with aberrations on 

chromosome 8 and can affect about 41 to 53% of cases of UM, whereas 8p loss rarely occurs 

[98-100]. The most common forms of 8q gain are trisomy 8, isochromosome 8q and 

amplification of the c-myc gene [101]. Gain of chromosome 8q is an important prognostic 

factor for UM, either when presented alone or when it coexists with monosomy 3. The 8q 

chromosome gain commonly co-exists more with monosomy 3 and is associated with worse 

prognosis than the 8q gain alone or monosomy 3 alone. Damato et al. reported that in a study 

of 356 patients with UM, in 42% of the cases UM did not show cytogenetic abnormalities of 

chromosomes 3 or 8, 11% in 8q, 21% in monosomy 3 in 8%, and 27% in 8q gain and 

monosomy 3 combined [96]. 8q gain was associated with clinical and histopathological risk 

factors, which included the largest tumour diameter, ciliary body tumour location, epithelioid 

cell type, high mitotic rate, and vascular loops [96].  

1.4.3 Chromosome 1 

When loss of part or whole chromosome 1p occurs alone or coexists with monosomy 3, it is 

associated with poor prognosis [98,102]. Loss of chromosome 1p occurs more frequently in 

UM with monosomy 3 (40%) than with disomy 3 (10%) [103]. The concomitant loss of 

chromosomes 1p and 3 combined have a stronger association with UM metastatic disease 

than either one of them separately.  

1.4.4 Chromosome 6 

Gain of chromosome 6p is generally reciprocally exclusive with monosomy 3 [104]. For 

chromosome 6p gain UM, it was proposed that they represent a separate group of UM with 

an alternative genetic pathway in carcinogenesis compared to those with monosomy 3 [104]. 

The gain of chromosome 6 is a strong indicator of good prognosis of UM and has an inverse 

association with UM-related metastases [105]. Coexistence of 6p gain and monosomy 3 

occurs in only 4% of cases of UM [106]. Loss of chromosome 6q is associated with poor 

prognosis. 
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1.4.5 Genetic mutations in UM 

1.4.5.1 GNAQ and GNA11 

Mutations in GNAQ are present in about 50% of UM and can occur in all stages of the disease 

[33,107]. Studies have shown that mutations in exons 4 (R183) and 5 (Q209) of GTPases 

GNAQ and guanine nucleotide binding protein α11 (GNA11) are unique to UM and uveal nevi 

[108], and the two genes are found mutated in approximately 80- 90% of UM and are 

reciprocally exclusive [109]. They are believed to be an initial event in the development of UM 

[110]. GNA11 mutations are seen in 30-50% of UM at different stages of tumour progression 

[108]. 

1.4.5.2. SF3B1 

SF3B1 (Splicing factor 3B subunit 1) is one of the few genes that are commonly mutated in 

UM, allowing a more accurate molecular taxonomy of this cancer. Consistent with this idea, 

GNAQ or GNA11 mutations were present in most of our SF3B1 and BAP1 mutants, 

suggesting that they appeared earlier than the SF3B1 and BAP1 mutations [107]. However, 

the SF3B1 and BAP1 mutations were almost mutually exclusive, indicating that they may 

represent alternative pathways for the progression of the tumour [33]. SF3B1 encodes the 

subunit 1 of the protein complex of union factor 3b, which is a component of the small nuclear 

complex of U2 ribonucleoprotein (snRNP) that participates in the alteration of pre-mRNAs 

[111]. Splicing factor 3b is also a component of the small U129-type spliceosome [111]. 

Further investigations are under way to elucidate the consequences of SF3B1 mutations on 

uveal melanoma progression in order to therapeutically target these effects [112]. 

1.4.5.3 EIF1AX 

Mutations in EIF1AX (Eukaryotic translation initiation factor 1A, X-chromosomal) in UM are 

considered a relatively recent finding, occurring through access points in exons 1 and 2 [113]. 

They are associated with a more favourable prognosis, since they have only been shown to 

occur in cases of disomy 3 and are reciprocally exclusive of BAP1 and SF3B1 mutations. 
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Various studies have demonstrated that mutations in EIF1Ax play a protecting role in the 

prevention of metastases, even taking into account other risk factors [113,114]. 

1.4.5.4 BAP1 

BAP1 or "protein associated with BARCA1” is a deubiquitinating enzyme found on the short 

arm of chromosome 3. The BAP1 gene is mapped to chromosome 3p21.1 and codes for a 

cutting enzyme located in the cell nucleus [115]. The enzyme regulates cell growth and 

appears to be important in the pathogenesis of cancer. Inactivating mutations of BAP1 are 

found in up to 84% of metastatic UM [97,116]. Recently, the lack of nuclear expression of the 

BAP1 protein has been associated with metastatic diseases in UM and their progression 

[117,118]. In addition, lack of BAP1 gene expression has also been associated with an 

immune profile modulation towards a regulatory and dysfunctional immune response, which 

favours tumour growth, metastatic dissemination and potentially immunotherapy failure [119].  

1.4.6 Next generation sequencing panels for prognostication  

Recently, research using whole genome sequencing has led to the discovery of several 

genetic changes, which correlate with a different survival pattern [120,121]. The novel custom-

designed next-generation sequencing (NGS) assays for UM can be used to predict prognosis 

for patients with UM based on the status of the mutation and the chromosomal status of 

chromosomes 1, 3 and 8. The assays can be performed using newly isolated DNA or DNA 

obtained from formalin fixed and paraffin embedded (FFPE) tumour material.  

Recent genomic studies have reported that UM could be subdivided into four main groups 

using unsupervised hierarchical clusters, according to genetic changes (SCNA, mutations and 

RNA-Sequencing), which have been associated with an increasingly poor prognosis [53,122]. 

Based on these findings, several efforts have been made to design the NGS specifically 

targeted for UM. In one of the most recent studies, Thornton et al. 2020, reported the largest 

cohort of UM patients to be analysed using a targeted NGS panel to date. The ability of the 

NGS to detect SCNA in chromosome 1, 3, 6 and 8 and mutations in GNAQ, GNA11, BAP1, 
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SF3B1, and EIF1AX was examined [121]. Primary UM DNA samples from 117 consenting 

patients treated at LOOC, Liverpool University Hospitals NHS Foundation Trust, with a median 

follow-up of 65 months were analysed. The study revealed, among other findings, that 

monosomy 3-UM that was wild-type for BAP1, but that had SF3B1 mutations. New mutations 

were also identified in TTC28 (Tetratricopeptide repeat domain 28), KTN1 (Kinectin protein), 

CSMD1 (CUB and Sushi multiple domains 1) and TP53BP1 (Tumour suppressor p53-binding 

protein 1) [121]. 

1.4.7 Most commonly genetic methods used for prognostication in UM 

The genetic prognosis test for UM patients is routinely performed as part of the patient 

management protocol, a practice used at the Liverpool Ocular Oncology Centre (LOOC), one 

of the three supraregional reference centres for the treatment of adult eye tumours in England 

[123].  

As above, certain SCNA that mainly affect chromosomes 1p, 3, 6 and 8 have been identified 

by a variety of genetic techniques which facilitate the ability to perform genetic prognostic tests 

for metastatic risk stratification. These methods vary from low resolution techniques such as 

fluorescence in situ hybridization (FISH) and microsatellite analysis (MSA) to higher resolution 

methods, such as comparative genome hybridization (CGH), multiplex ligation-dependent 

probe amplification (MLPA) and SNP (Single Nucleotide Polymorphism) arrays [92]. As above, 

monosomy 3 continues to be the strongest genetic predictor for the development of the 

metastatic disease in UM. 8q polysomy, which is a predictive marker independent of poor 

prognosis, increases the predictive diagnostic when this information is associated with the 

presence of monosomy 3 and the clinical and histomorphological characteristics of the tumour. 

In contrast to monosomy 3 and polysomy 8q, the presence of 6p polysomy has been described 

as an indicator of a good prognosis for the UM, being associated with disomy of chromosome 

3 and better patient survival. 
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1.4.7.1 Gene expressing profiling 

Different molecular prognostic methods, such as the gene expression profile (GEP), have also 

been explored to overcome some of the limitations of cytogenetic techniques and provide 

physicians with an alternate clinical test to determine the prognosis of individual UM patients. 

Notably, it was found that UM could be divided into two basic categories based on their GEP, 

and these categories were strongly associated with prognosis. Class 1-low risk of metastases 

or class 2-high risk of metastases [124]. This GEP test, which has since been commercialised 

via Castle Biosciences, is based on the messenger RNA (mRNA) expression of 12 

discriminant genes and three control genes [125] [126].  

1.5 Diagnosis and treatment of UM  

1.5.1 Diagnosis 

The management of UM patients involves the consideration of many factors such as tumour 

detection, diagnosis, patient counselling and care planning, treatment of local tumour 

recurrence and other ocular complications, prognostication, psychological support, screening 

for metastatic disease, if appropriate, and treatment of metastases. A specialist 

multidisciplinary team best delivers these management measures. The diagnosis of UM is 

mainly based on clinical examination by biomicroscopy and indirect ophthalmoscopy. 

Auxiliary tests may be used to confirm the diagnosis and may include colour fundus 

photography, ultrasonography (USG), fundus fluorescein angiography (FFA), Indocyanine 

green angiography (ICGA), ultrasound biomicroscopy (UBM), optical coherence tomography 

(OCT), and fundus auto fluorescence (FAF) (Figures 1.8 and 1.9). When the clinical 

diagnosis is unclear, a fine needle biopsy of the tumour can be performed. Early detection 

of UM considerably enhances the chances of maintaining a functional eye, and possibly of 
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crucial importance in the prevention of metastatic dissemination, particularly if the tumour is 

small.  

 

 

Figure 1.8 Dome-shaped choroidal melanoma in which there is a secondary serous retinal detachment. (a) 

Fundoscopy image. (b) Ultrasonography (image sourced from Singh, 2019) [127]. 

 

 

Figure 1.9 Mushroom-shaped choroidal melanoma with a vascular congestion at its apex and covering the optic 

disc. (a) Fundoscopy view. (b) ICG angiography. (c) 10 MHz ultrasonography (image sourced from Singh, 

2019)[127]. 
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Some studies describing delays in the diagnosis of UM have reported that about 28-37% of 

these lesions were not detected during the first examination [35,128]. It is of primary 

importance that patients exhibiting any symptoms suggestive of posterior segment 

pathologies, such as loss of vision, metamorphosis or photopsia, should be submitted to 

examination of the fundus of the eye with dilatation of the iris [128,129]. UM have been 

previously classified based on tumour thickness in research and clinical settings. In the 

Collaborative Ocular Melanoma Study (COMS) classification system: small tumours were 

defined as those up to 3 mm thick with a base diameter of not more than 16 mm, medium 

tumours range from 3.1 to 8 mm thick with a base diameter of not more than 16 mm and the 

large tumours are those thicker than 8 mm and have a base diameter greater than 16 mm. It 

was described by the COMS that the risk of metastases increases 5% with each increase of 

1 mm in tumour thickness measured by ultrasonography [130].  

 

More recently, the anatomical classification of UM has been updated to new evidence-based 

categories that provide a basis for UM staging as component of the American Joint Committee 

of Cancer (AJCC)/Tumour, Node, Metastases (TNM) staging system applied in all types of 

cancer (Table 1.1 and Table 1.2). In the classification for the tumour node metastases staging 

system in the AJCC/TNM staging system, tumour size is assessed and defined in the category 

T (1-4), involvement of lymph node in the N category (NX, N0, N1) and the existence of distant 

metastases in the M category (MX, M0, M1a, M1b, M1c).  

For UM, T is classified based on the width and basal thickness of the tumour (T1, T2, T3, T4) 

and then divided into subgroups reflecting the involvement of the iris, ciliary body, choroid and 

the extra-scleral extension of the tumour (a, b, c, and d and e). For the staging of UM, two 

systems are used, one for anteriorly located iris melanomas and the other for posterior ciliary 

and choroidal body melanomas, since the two types differ not only in anatomical location but 

also regarding prognosis. Both systems are based on the parameters of evaluation of the 

anatomical extension of the tumour. The AJCC staging system (7th and 8th editions) proved to 

be a good predictor of survival in UM patients [131]. 
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Table 1.1: Posterior Uveal Melanoma Category Based on the 

American Joint Cancer Committee (8th Edition) Classification 

 

   

T1  Tumour base < 3-9 mm with thickness ≤ 6 mm 

  Tumour base 9.1-12 mm with thickness ≤ 3 mm  

 T1a T1 tumour without ciliary body involvement and extraocular extension  

  T1b T1 tumour with ciliary body involvement  

  T1c T1 tumour without ciliary body involvement but with extraocular extension  ≤ 5mm in diameter 

  T1d T1 tumour with ciliary body involvement and extraocular extension ≤ 5 mm in diameter  

T2  Tumour base < 9 mm with thickness 6-9 mm  

  Tumour base 9.1-12 mm with thickness 3.1-9 mm 

  Tumour base 12.1-15 mm with thickness ≤ 6 mm  

  Tumour base 15.1-18 mm with thickness ≤ 3 mm 

 T2a T2 tumour without ciliary body involvement and extraocular extension  

 T2b T2 tumour with ciliary body involvement  

 T2c T2 tumour without ciliary body involvement but with extraocular extension ≤ 5mm in diameter 

 T2d T2 tumour with ciliary body involvement and extraocular extension ≤ 5mm in diameter 

T3  Tumour base 3.1-9 mm with thickness 9.1-12 mm  

  Tumour base 9.1-12 mm with thickness 9.1-15 mm 

  Tumour base 12.1-15 mm with thickness 6.1-15 mm  

  Tumour base 15.1-18 mm with thickness 3.1-12 mm 

 T3a T3 tumour without ciliary body involvement and extraocular extension  

 T3b T3 tumour with ciliary body involvement  

 T3c T3 tumour without ciliary body involvement but with extraocular extension ≤ 5mm in diameter 

 T3d T3 tumour with ciliary body involvement and extraocular extension ≤ 5mm in diameter  

T4  Tumour base 12.1-15 mm with thickness >15 mm  

  Tumour base 15.1-18 mm with thickness >12 mm 

  Tumour base >18 mm with any thickness 

 T4a T4 tumour without ciliary body involvement and extraocular extension  

 T4b T4 tumour with ciliary body involvement  

 T4c T4 tumour without ciliary body involvement but with extraocular extension ≤ 5mm in diameter  

 T4d T4 tumour with ciliary body involvement and extraocular extension ≤ 5mm in diameter  

 T4e Any tumour size with extraocular extension ≤ 5mm in diameter  

 

 

Table 1.2: Distant Metastases of Posterior Uveal Melanoma Category  

Based on American Joint Cancer Committee (8th Edition) Classification 

  

M0  No distant metastases  

M1  Distant metastases  

M1a  Largest diameter of the largest metastases 3 cm or less  

M1b  Largest diameter of the largest metastases 3.1–8.0 cm  

M1c  Largest diameter of the largest metastases 8.1 cm or more  

Mx Unknown 
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As mentioned above, small UM can present as flat or dome-shaped tumours. Over time, the 

UM may rupture Bruch's membrane and can shape its pathognomonic form "mushroom", 

which can be clearly visualized on USG. If the tumour has infiltrated the retina after Bruch's 

membrane rupture, vitreous haemorrhage may occur. The most commonly used auxiliary 

method in the diagnosis of UM is the USG. Usually, the tumour presents low to medium 

internal reflectivity in A-mode USG that decreases toward the sclera. In B-mode, the tumour 

appears as an acoustically hollow dome-shaped or mushroom mass or as a hyper-echoic 

masse with less reflectivity than the surrounding choroid, thus giving an acoustically hollow 

appearance.  Additionally, USG is also helpful in evaluating extraocular extension of the 

tumour. The areas of hyporeflectivity compared to normal orbital tissue are considered an 

orbital extension of the tumour. For the evaluation of UM that originate in the ciliary body, UBM 

is a useful diagnostic tool that allows the visualization and evaluation of hyporeflective plaques 

on the surface of the tumour, internal tumour reflectivity, specific vascularization and, if 

present, extraocular extension of the tumour.  

 

UM can be simulated by a variety of lesions, among these lesions are the choroidal tumours, 

especially choroidal naevi, metastatic tumours, choroidal haemangioma and osteoma; 

haemorrhagic lesions such as AMD (Age Macular Degeneration) associated with 

haemorrhagic detachment of the choroid; retinal tumours such as congenital retinal pigment 

epithelium hypertrophy, and retinal pigment epithelial adenocarcinoma; and certain 

inflammatory lesions, such as posterior scleritis.  

 

1.5.1 UM treatment options 

There is range of therapeutic possibilities for primary UM treatment. These include various 

forms of radiotherapy, surgical resection (local tumour resection and enucleation) and 

phototherapy [132,133]. The local tumour control rates at five years in most specialised 

treatment centres exceed 90% [133]. The selection of the most appropriate treatment option 
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applicable is made based on the size, location, and extension of the tumour and always 

taking into consideration the expectations and the preferences of the patient.  

In general, the treatment of the first choice for choroidal melanomas is radiotherapy, 

selecting some form of resection when radiation therapy is capable of causing collateral 

damage by a toxic syndrome or excessive collateral damage to healthy tissues. In most 

centres, the first choice of radiotherapy is brachytherapy, which is performed with plate-

shaped applicators containing isotopes such as iodine-125 or ruthenium-106, which emit γ 

and β irradiation, respectively. Iodine-125 plates are more largely used in the USA, while 

ruthenium-106 plates are more widely used in Europe [134]. The plaque is sutured to the 

external surface of the sclera overlying the tumour, and removed days after the necessary 

dose of at least 80 Gy [135,136] has been delivered to the tumour. 

Surgery – either local tumour resection or enucleation – are also commonly used operative 

procedures in the treatment of UM.  

 

Despite the progress in treatment methods for the primary UM, and a growing trend of eye-

saving therapies over the past 30 years, survival rates of UM patients have continued 

unchanged. Almost 50% of UM patients develop disseminated disease, predominantly in the 

liver, but also in the lungs (24%) and the bones (16%) [132,133]. Early surgical removal of 

metastases improved the survival of some patients [137]. However, in general, the prognosis 

for UM patients with metastatic disease is currently poor due to the lack of efficient 

therapeutic agents [133]. That being said, massive efforts are presently underway to improve 

patient outcomes with metastatic disease. Consequently, by identifying patients at high risk 

of metastases and their referral to the various clinical trials involving a range of novel 

therapies, may enable the breakthrough discovery, as seen in other cancers. 
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1.6 Metastatic Disease in UM 

1.6.1 Metastatic dissemination and incidence 

 

Metastases are the leading cause of death in patients with UM, whether in the short or long 

term [132]. It would appear that the ocular treatment type does not influence survival [138]; 

however, it has been recently been proposed that treatment of high-risk UM at a very early 

stage may limit tumour cell dissemination [139].  

The production of metastases is a highly complex process: due to the lack of lymphatic vessels 

within the eye, UM metastatic dissemination occurs via the bloodstream[140]. Circulating 

tumour cells have indeed been detected in the peripheral blood of UM patients at all stages of 

the disease [141]. The cells that survive in the circulation may eventually become entrapped 

at the microvasculature, and extravasate out of the blood. Metastases are most commonly 

detected initially in the liver on screening, although at an advanced stage they involve other 

organs, such as skin, bones and lungs. This marked hepatotropism suggests that there must 

be something specific about the liver with regard to the development of the metastatic niche 

for UM cells ("seeds"). This concept was first described by the Austrian ophthalmologist Ernst 

Fuchs in 1882, who wrote about “the metastatic embolus and its relationship with the recipient 

tissue”, later inspiring Stephen Paget, who described the concept of "seed and soil", in which 

“seeds” refer to certain tumour cells with metastatic capacity, and “soil” is any organ or tissue 

that provides an adequate environment for seed growth [142]. Finally, metastatic cells must 

be able to respond to the local microenvironment to proliferate in distant organs. 

 

In only <1% of all UM patients, is it clinically evident metastatic disease at the time of its initial 

presentation [143]. However, studies of patients undergoing long-term follow-up revealed 

metastases in 31% of cases in 5 years, 45% in 15 years and almost 50% in 25 years [132]. It 

was proposed by these findings that subclinical metastases are present in these cases at the 

time of primary treatment. The association of primary and metastatic growing data for UM 



58 
 

suggests that metastases arise when the primary tumour is still with a small size [144]. 

Metastases are too small to be clinically detected by the current imaging procedures, at the 

time of the diagnosis of the primary UM [144] [145]. After 10 years of observation, more than 

40% of patients with large UM would develop metastatic disease, while less than 20% of 

patients with medium or small primary tumour will develop this disease [146]. 

1.6.2 Sites of metastases 

 

As mentioned above, the liver is the main target organ for metastatic dissemination of UM 

(Figure 1.10); being involved in up to 90% of UM patients with metastatic disease [147-149], 

while other potential sites such as lung, bone and skin, may be affected beyond the liver in 

almost half of the cases, with lymph nodes and the brain being less commonly involved [143], 

but almost exclusively after liver invasion [150]. Extremely rare are the metastases to the 

contralateral eye or orbit [151]. The extent of metastatic disease is greater than clinically 

suspected in cases submitted to autopsy. The possibility of coexistence of a second primary 

tumour should be considered in an atypical clinical setting. 

 

 

 

 

 

 

 

 

 

 

Figure 1.10 Multiple liver metastases (arrow heads) of UM. (Image sourced from Kivelä, 2013) [152].  
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1.6.3 Early diagnosis and conventional screening tools for metastatic UM 

 

The hope that ocular treatment may prolong the life of patients with UM, even after the onset 

of metastatic dissemination, leading to the interruption of the dissemination of tumour cells to 

the bloodstream, thus limiting metastatic burden, is the reasoning behind the early detection 

and treatment of UM [153]. Detection and early treatment of UM should improve opportunities 

for eye and vision preservation and prolong life [64]. For example, smaller tumours require 

less extensive radiation in the eye and are less likely to approach the optic disc and fovea 

[153]. According to Damato et al. [64] in an audit in the LOOC between 1996 and 2011, these 

authors reported that patients who did not show symptoms had more likelihood of retaining 

the eye. On the other hand, symptomatic patients, in whom the tumour was initially not 

diagnosed, were more likely to experience further delays in treatment. They are more likely to 

have a reduction in vision, greater diameter of the basal tumour, the involvement of the optic 

disc and extraocular tumour spread [153].  For this reason, in case they are not detected more 

promptly, they are more likely to require primary enucleation. This audit reported that there is 

a likelihood of improving the detection of UM, particularly if detected early by optometrists in 

the community. It has also been reported that patients are not undergoing a complete eye 

examination. In this case, the enclosure of the use of photography of the fundus of the eye, 

during the primary eye care procedures, should improve this situation. 

 

As previously mentioned, the presence of UM metastases in the liver is directly related to the 

patient's survival; when metastases are present, the prognosis is poor and survival is reduced 

to less than 6 months in the absence of treatment [154]. Improvement in survival has been 

demonstrated in recent series using novel therapies in some patients [155,156]; this will be 

discussed further below. Patients generally have ‘liver failure’ as their cause of death due to 

extensive parenchymal invasion by melanoma cells [129]. A variety of systemic therapies, 

immunotherapies and loco-regional treatments have shown promising results in pre-clinical 

settings and are currently being reviewed in clinical trials worldwide [155,157]. So far, 
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however, the best survival results have been observed in patients with the localized liver 

disease who were diagnosed early enough to be eligible for surgical removal by liver resection 

[158]. Similarly, early detection of metastatic disease may potentially increase the 

effectiveness of existing therapies. It is necessary to examine the considerations for routine 

surveillance for the development of metastatic disease after definitive management of UM and 

describe the various surveillance methodologies that are available. Given the immense 

predominance of hepatic implication, the liver has become the main focus in metastatic 

surveillance strategies.  

1.6.3.1 Follow-up strategies in UM 

Several screening protocols are used for the systematic screening of UM, although it is 

controversial because of the lack of efficient treatment for metastatic disease. For instance, in 

a report from the COMS, patients with medium and large size choroidal melanomas were 

selected annually for metastases screening through physical examination, imaging and liver 

function tests (LFTs) [159].  

1.6.3.1.1 Liver Function Tests 

LFTs include a series of liver tests, such as aspartate aminotransferase (AST), alanine 

aminotransferase (ALT), alkaline phosphatase (AP), and bilirubin. All high LFTs lead to a 

diagnostic evaluation (imaging with or without biopsy), to confirm the presence of melanoma 

metastases. In the COMS study, the sensitivity and specificity of the LFTs were 14.7 and 

92.3%, respectively. Sensitivity improved to only 19% in large tumours [159]. The positive 

predictive value was 45.7% and the predicted negative value was 71.0%. Of all LFTs, alkaline 

phosphatase showed the highest sensitivity. These findings indicate that abnormal LFTs 

values accurately predict metastases in only 50% of cases. On the other hand, normal LFTs 

are not reliable, with a 30% false negative rate. Chest X-rays were not effective as they were 

positive in only 3% of the patients selected [159]. 
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The combination of LFTs provides an indirect measurement of the liver function, presenting 

the benefit of being substantially less costly and largely accessible. Nevertheless, LFTs are 

narrowed by low sensitivity [160]. For example, increases in LFT results may not be 

specifically caused by UM but are the result of other conditions such as inflammations, 

infections, or other liver malignancies, which may be caused by alcohol or drugs. There is 

some disagreement about the most sensitive components of the panel comprising the LFTs; 

some authors may have a preference for lactate dehydrogenase and others prefer the 

gamma-glutamyl transpeptidase and alkaline phosphatase. Due to the low sensitivity of LFTs, 

studies have questioned their effectiveness as a surveillance method [160]. Consequently, it 

is considered important to inform patients of the chances of still having metastases, where 

LFTS are normal. Some suggest that the combination of LFTs with other tests (e.g. US) can 

increase their value [158]; however, general consensus is that LFTs add little to liver 

surveillance strategies. 

 

Currently, there is no consensus on the favoured surveillance modality [161]. New blood 

biomarkers are being assessed to predict and measure response to therapy because of the 

inclination of UM for haematogenous dissemination. Growth factors, circulating tumour cells, 

microRNA, beta-2 microglobulin molecules and immunological markers are all among the 

most recently used biomarkers [162]. 

1.6.3.1.2 Imaging 

The main purpose of systemic surveillance is based on liver imaging. Even though survival 

seems to be no different, even in adequately selected individuals, and despite the fact if 

patients are diagnosed based on the symptoms or screening methods currently used 

(imaging, physical examination, hepatic panel) [163,164].  

  



62 
 

1.6.3.1.2.1 Hepatic ultrasonography 

Abdominal hepatic ultrasound (US) (Figure 1.11) is a non-invasive, inexpensive methodology 

that is widely available and, if performed by an experienced operator, may have high 

sensitivity, even in the presence of small lesions [161]. In Finland, for example, it is estimated 

that about 95% of cases are detected in asymptomatic patients when LFTs are combined with 

semi-annual ultrasound [158]. There is the ability to detect liver disease with US even in 

patients with normal LFTs. However, the technique depends on the operator and the 

assessment may be limited by the body mass index. There is evidence suggesting that 

screening for isolated hepatic metastases using US, which can be performed every 6-12 

months, may be adequate to detect subclinical metastatic melanoma [165]. In a retrospective 

review of 265 patients, six-month hepatic ultrasonography was isolated and had a positive 

predictive value of 53% [166].  

 

 

Figure 1.11 Hepatic Ultrasound image. A) Image showing metastatic lesion (arrow) in the medial segment of the 

left lobe of the liver. B) Ultrasound-guided core biopsy of the same lesion was performed, confirming metastases. 

The arrow points to the needle (Image sourced from Balasubramanya et al. 2016).   
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1.6.3.1.2.2 Computer tomography  

Computer tomography (CT) (Figure 1.12) has also been used for routine radiologic 

surveillance in UM and is used to confirm studies after abnormal serum markers or abdominal 

US. It is less expensive, faster and has greater availability compared to Magnetic Resonance 

Image (MRI). Compared to US, it is independent of the operator, since patient images are 

generated using a computer algorithm. There are no published studies comparing CT and MRI 

for surveillance in UM, making it difficult to make an appropriate choice between these two 

approaches. However, there are reported cases in which only isolated lesions of metastatic 

disease are visualized in the liver with the CT, whereas contrast-enhanced MRI is the most 

specific modality for detecting small hepatic metastases [167]. CT has the disadvantage of 

being related to radiation exposure associated with CT. 

 

 

 

Figure 1.12 CT image of the abdomen. A) Non-contrast CT showing ill-defined lesions in the right lobe of the liver. 

B) Contrast-enhanced CT performed on the same patient. It appears that lesions are better assessed in the images 

post-contrast. (Image sourced from Balasubramanya et al. 2016). 
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1.6.3.1.2.3 Magnetic Resonance Image 

Magnetic Resonance Image (MRI) (Figure 1.13) is a popular method for surveillance of UM, 

particularly for patients with a high risk of metastases. It is an expensive methodology and it 

has some limitations for its performance such as those with larger body habitus, the presence 

of metallic implants, and the claustrophobia. As observed in other techniques, MRI also has 

the disadvantage of presenting false-positive results, although it may be more sensitive in the 

identification of relevant lesions. It may not be adequate for the distinction between lesions of 

benign or malignant origin (e.g. liver haemangiomas versus metastases), and as like other 

imaging methodologies, this may complicate the screening process, leading to additional 

diagnostic evaluations, more resources, and having to subject the patients to invasive 

procedures [168]. Even so, MRI has advantages over other imaging devices, provides high-

resolution images with relative accessibility compared to Positron Emission Tomography 

(PET), CT, and newer devices have some non-radiation functions, making this method a safe 

option for repeated testing, particularly for young women. Evidence in the literature reported 

by a UK group suggest that MRI can detect asymptomatic liver metastases in patients with 

high-risk UM [169]. MRI scans performed every six months successfully detected metastatic 

disease in 92% of UM patients before they had symptoms, and almost 50% of patients had 

fewer than five lesions measuring less than 2 cm in diameter.  
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Figure 1.13 MRI image. A) Demonstration of multiple hypodense lesions concerning metastases. B) Post-contrast 

image demonstrating several other lesions in addition to the previously seen lesions (arrow). (Image sourced from 

Balasubramanya et al. 2016). 

 

1.3.1.2.4 Positron Emission Tomography 

Positron Emission Tomography (PET) (Figure 1.14) is also commonly used to assess 

melanoma metastases. The literature reports that UM metastases are avid fludeoxyglucose 

(FDG), similar to metastases from cutaneous melanoma [170]. However, PET is much less 

sensitive than MRI with regard to the assessment of liver metastases, due to the irregular FDG 

uptake in the liver which can obscure small, avid lesions as there is a small target to 

background proportion.  Another limitation for locating small metastases using PET are the 

artefacts caused by breathing movements. Although PET is a good method of detecting 

metastases, there are still other disadvantages to consider including the fact that it is not 

universally accessible, is relatively expensive, and is insensitive to small lesions, especially 

those less than 1 cm. It is also important to ponder the disadvantageous fact that PET uses a 

substantial amount of radiation. 
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Figure 1.14 Positron emission tomography images. A) Fused images through the liver where no focal uptake of 

fludeoxyglucose that suggests metastases is seen. B) The post-contrast image taken on the same day shows 

multiple, tiny, consistent and rounded hypointense lesions compatible with metastases (arrow) (Image sourced 

from Balasubramanya et al. 2016).  

 

Due to the absence of available convincing data, the decision regarding the continuation of 

hepatic surveillance should be made after a detailed discussion between the patient and the 

physician implementing the surveillance, regarding the risks, benefits and limitations of the 

tests that will be performed. In the case of opting for surveillance, the interval time could be 

adjusted in relation to the estimated recurrence risk, considering a more intensive surveillance 

program for those with a higher risk of recurrence. For these patients, routine imaging may be 

reasonable at each 6-month interval, while for those at lower risk; the image at one interval of 

6 or 12 months may be appropriate. The ideal length of follow-up remains controversial so far. 

Despite the well-documented late recurrences of UM that occur more than 10 years after the 

initial diagnosis of the disease, the benefit of routine radiologic follow-up after 10 years should 

be evaluated in relation to the risks and costs associated with continuous imaging. 
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1.6.4 Signs and symptoms in metastatic UM  

Patients with UM metastases may have a variety of organ involvement-based symptoms. At 

the time of detection of their metastases, about 60% of the patients are asymptomatic [165]. 

Some of the common complaints are nonspecific symptoms such as general malaise, loss of 

appetite and jaundice. Abnormal LFTs, hepatomegaly, and abnormal liver appearance on 

imaging tests are highly suspected of metastases. However, LFTs may be normal in about 

one third of patients with hepatic metastases [165]. To confirm the diagnosis, a needle biopsy 

is usually conducted. 

 

1.6.5 Determination of risk of metastases 

The risk of metastases and the period between the diagnosis of the primary tumour and its 

metastases is determined by various clinical, histopathological, cytogenetic and molecular 

genetic factors [171]. This will be discussed in greater detail below in section 1.7.4. when 

describing prognostication in UM. In the management of cancer, one of the most difficult 

challenges is metastases - contributed by recurrent invasion of tumour cells, which eventually 

result in tumours at sites far from the body [172]. Regardless of the aetiology of this disease, 

little is known about the fundamental biology of its aggressiveness in some patients and 

relative quiescence in others. At the moment of the diagnosis, many patients may have 

subclinical metastases [173], which emphasises the crucial need to recognise prognostic 

markers suggestive of UM and with invasive and metastatic potential. Histologically, the UM 

typical cells are associated with poor prognosis [174] and metastatic behaviour. 

 

1.6.6 Treatment for metastatic disease 

Systemic metastases of UM are difficult to treat, despite advances in the diagnosis and 

management of primary UM [175]. Management of metastatic UM will depend on whether the 

metastatic disease is confined to the liver or not. Regional therapies - such as surgical 

resection [176,177] isolated hepatic perfusion [178], intra-arterial liver chemotherapy 
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[178,179] or chemoembolization of hepatic metastases [180,181] - are used for the treatment 

of metastatic disease confined to the liver. Systemic approaches using chemotherapy, 

immunotherapy, or a combination of both are used when extra hepatic metastases are present 

[182]. 

1.6.6.1 Systemic therapy  

Traditionally, chemotherapy is a treatment option, although responses are infrequent (<10%) 

and no survival benefit has been shown in clinical trials [183]. For the treatment of metastatic 

UM, several chemotherapeutic agents have been investigated. The combination of bleomycin, 

fotemustine, dacarbazine and vincristine with interferon (BOLD) have been reported [184] 

These treatments were subsequently proven and reported as overly optimistic in a substantial 

number of patients [185] [186]. In addition, the Eastern Cooperative Oncology Group 

suggested that liver metastases from UM have a 10% of response rate to combined treatment 

(combination of Darmouth - dacarbazine, carmustine, cisplatin and tamoxifen), compared with 

metastatic cutaneous melanoma, which positive response rates are 33% [187]. However, 

encouraging results have been obtained using combined targeted therapy in 14 patients who 

received treosulfan and gemcitabine, improving the survival rate survival rate to 14 months 

[188]. 

 

Immunotherapy is a type of cancer treatment that boosts the body's natural defences to fight 

cancer. Include here that Immunotherapy has been considered the state of the art of cancer 

treatment of most advanced metastatic solid cancers [189]. It uses cytokines or antibodies to 

restore the host anti-tumour immune system functions. Immunotherapy with bacillus Calmette-

Guerin (BCG) extracted with methanol, interleukin 2 or with lymphokine-activated killer cells 

has shown low efficacy [190,191] [192]. However, immunotherapy using immune checkpoint 

inhibitors (ICI), have significantly improved the survival of metastatic cutaneous melanoma 

and many other cancer patients, whether isolated or in combination with other ICI [193]. There 

are limited data about the antitumor effects of the ICI ipilimumab and nivolumab in the 
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treatment of metastatic UM. However, the combination of both ipilimumab and nivolumab for 

the management of metastatic UM had shown promising results, in terms of toxicity, tolerability 

and survival [155,157,194]. 

 

An experimental immunotherapy drug helped to prolong lives of UM patients more than other 

patients who received current treatments for the disease according to the results of large 

clinical trials [146]. The drug, called tebentafusp, which is an ImmTAC [immune-mobilising 

monoclonal TCRs (T-cell receptors) against cancer], designed to recognize intracellular 

cancer antigens with ultra-high affinity and selectively eliminate these cancer cells through an 

effector function of anti-CD3 immune activation. It is a type of treatment called a bispecific 

fusion protein. In its mechanism of action, the ImmTAC targets a fragment of the specific 

lineage of melanocytes, the antigen gp100280-288 antigen presented by HLA-A * 2:1. To date, 

clinical trials with tebentafusp in metastatic UM have been reported [195,196] and other clinical 

studies are still ongoing. Sacco et al [197] published results in abstract form of a phase II multi-

centre study tebentafusp (IMCgp100) in UM patients. Although the first endpoint of the overall 

response rate was 5%, 44% patients had a reduction in the target lesions. The overall survival 

rate was 12 months, being 62% in all patients and 86% of reduction in patients with target 

lesion. This study has very recently been published as a full paper in the New England Journal 

of Medicine, and represents the first breakthrough in metastatic UM treatment [156]. 

 

Adoptive transfer of autologous Tumour Infiltrating Lymphocytes (TILs) has shown promising 

results to mediate objective tumour regression in patients with metastatic UM [198]. Specific 

vaccines for UM, with specificity for Xenogeneic and human cells, are being exploited from a 

therapeutic and preventive point of view for the treatment of metastases [199,200]. 

 

The definition of targeted therapy indicates the interference of aimed drugs with a specific 

molecular pathway considered to represent a critical role in the development and progression 

of the tumour [201]. In contrast to cutaneous melanoma, in UM, BRAF (human gene that 



70 
 

encodes a protein called B-Raf) mutations are extremely rare (<1%), and the vast majority, 

more than 75%, demonstrate mutations in the GNAQ and GNA11 genes [107,108]. Studies 

reported that these target therapies include drugs that can modify the pathways that regulate 

the cell cycle, which inhibits the molecules involved in invasion and metastases, and also 

interrupt tumour angiogenesis [201]. 

1.6.6.2. Loco regional Therapy 

In patients with metastatic UM that are confined to the liver, treatments with a loco-regional 

approach may be implemented, ranging from surgical excision of lesions, radiofrequency 

ablation (RFA), intra-arterial chemotherapy, radioembolization and chemoembolization. All 

these therapeutic modalities may offer the advantage of limiting systemic side effects, but on 

the other hand, do not prevent the progression of extra hepatic micro-metastases. Although 

some results showing response to these therapies are observed, they do not generally 

influence the general survival rate [202]. 

 

Complete resection of solitary metastases at the liver or other sites offers a distinct survival 

advantage [176,177,203,204]. However, when it is feasible to perform total excision of 

metastases, followed by intra-arterial hepatic chemotherapy, a greater median survival is 

observed [205]. In patients with metastatic UM eligible for total resection of metastases that 

are isolated, whether in the liver or in other locations, were observed the longest average 

survival times [176,177,203]. Lamentably, only 10% of the patients with metastatic UM have 

this profile, and it is also verified that furthermore, the majority of patients end up developing 

hepatic or extra hepatic metastases [177]. Some studies have suggested that the RFA, a 

therapeutic approach in which the use of a heating probe based on changeable 

radiofrequency electric current, may be useful for the treatment of hepatic metastases of UM. 

However, only limited cases were reported [206]. A promising therapeutic approach published, 

based on the combination of surgery with chemotherapy (fotemustine and / or dacarbazine + 
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cisplatin) was tested with the aim of presenting better results, and may prolong the median 

survival of life for about 22 months [205]. 

 

Chemoembolization is a palliative treatment for tumours found in the liver, is used to achieve 

a prolonged and high concentration of local chemotherapeutic agents. Such chemotherapeutic 

agents are loaded into eluting drug spheres, which also obstruct the blood vessels, thereby 

decreasing blood flow to the tumour. The most commonly used embolic agents are polyvinyl 

alcohol or the gelatine sponge. It should be noted that this approach is generally confined to 

patients who have preserved liver function and in whom the disease is essentially 

concentrated in the liver. Chemoembolization until now, it has been studied only in patients 

who did not respond prior to chemotherapy regimens. Treatments with cisplatin, fotemustine 

and irinotecan have been studied in patients with hepatic metastases related to UM. Not all 

Centres have been able to reproduce the results of chemoembolization, but the MD Anderson 

Cancer Centre [148] reported objective responses in more than a third of their cases [148,207]. 

 

In the last decade, a new therapy has been developed to improve the survival of patients with 

metastatic UM, immune-embolization (IE), which is used to delay or suppress the growth of 

extra hepatic metastases, investigators have used granulocyte macrophage colony–

stimulating factor (GM-CSF) for IE. IE with GM-CSF is designed to destroy hepatic metastases 

through the ischemic effects of embolization; these cytokines are injected directly into the 

arteries supplying the liver, combined with embolization of the hepatic artery. The antigen 

present in the cells will be stimulated with the GM-CSF and the systemic immunity against the 

tumour cells could be enhanced. The procedure improves the survival of patients with hepatic 

metastases of up to five months under conventional treatment for an average of 14.5 months 

[207,208]. 

 

Hepatic UM metastases may benefit from treatment from selective chemotherapy by infusion 

through a catheter through the hepatic artery (Intra-arterial hepatic chemotherapy), since the 
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blood supply to liver tumours (primary and secondary) comes from the hepatic artery, whereas 

portal circulation mainly supplies normal liver tissue [209,210]. This intra-arterial approach will 

allow a high local concentration of drugs with reduced systemic toxicity. Several drugs have 

been tested using various procedures, ranging from isolated hepatic perfusion, hepatic arterial 

infusion, and peripheral hepatic perfusion. Basically, Isolated hepatic perfusion involves the 

installation of an extracorporeal circuit, through which the chemotherapeutic agent will be 

circulating through the hepatic artery and flow only through the hepatic parenchyma, 

circumventing the systemic circulation. Melphalan and tumour necrosis factors (TNF) or 

cisplatin, have been used for this technique, but no change in survival rates has been 

observed [209-211]. Encouraging results have been reported by Karydis et al. [179] by utilizing 

percutaneous isolated hepatic perfusion with Melphalan, using a double-balloon catheter 

(Delcath Systems Inc., New York, US). They reported that the use of Melphalan percutaneous 

hepatic perfusion led to lasting control of the intrahepatic disease. 

 

An accepted treatment modality that extended its applicability in recent years for 

chemosensitive and unresectable hepatic neoplasms, is the radio-embolization also known as 

selective internal radiotherapy (SIRT). Radio-embolization is based principally on the 

administration of 90 Y-loaded microspheres in the arterial vasculature of the liver, Ytrin90 

[212]. Currently, two types of microspheres have been accepted and are commercially 

accessible from the Food and Drug Administration: resin microspheres (SIR-spheres; SirTex 

Medical) and glass microspheres (TheraSpheres; BTG International Ltd.). Ytrin90 has been 

traditionally utilised for liver malignancies. The minute size of the Y-loaded microspheres 

permits them to preferentially installing the tumour microcirculation, delivering radiation in a 

small circuit. Owing to the fact of the preferred arterial flow, the microspheres occlude small 

tumour arterioles, selectively irradiating the tumours. Hepatic radio-embolization is also 

performed for palliative purposes and is based on the same principle of chemoembolization 

(i.e., double blood supply, the tumour being primarily perfused by the hepatic artery). The aim 
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is to provide a high dose of radiation to the malignant tissue, sparing the normal parenchyma, 

thus limiting the lesions associated with radiation [213]. 

1.6.6.3 Adjuvant Therapy 

 

The lack of survival benefit for current treatment modalities for UM and the presence of 

asymptomatic metastases at the time of diagnosis led to the exploration of adjuvant therapies 

for UM patients, whether systemic or loco regional. Such studies are currently in experimental 

stages and have not yet become a standard for care for high risk UM patients [186,214,215].  

Adjuvant therapy in these patients is intended to prevent or delay micro-metastases from 

development to macro-metastases. It is often used after primary treatments, such as surgery, 

to decrease the chance of tumour recurrence. Even if surgery has been successful and 

removal of any tumour is visible, microscopic fragments of the tumour may sometimes remain 

and be undetectable with current methods. Adjuvant therapy administered prior to the main 

treatment is termed neo-adjuvant therapy. This type of adjuvant therapy can also decrease 

the chance of recurrence, and is often used to make primary treatment - such as surgery or 

radiation treatment - easier or more effective. It may cause significant side effects and these 

treatments do not benefit all patients. The main treatments used as adjuvant therapies are 

chemotherapy, hormone therapy, radiation therapy, Immunotherapy and targeted therapy. 

Because none of these treatments is completely harmless, it is important to determine the 

risks of adjuvant therapy versus the benefits. Molecular and cytogenetic studies can help to 

determine whether adjuvant therapy is appropriate or not, and if so, which type [216]. 

1.6.7 Prognostic for metastatic disease in UM 

In patients with extrahepatic UM metastases, essentially at the level of the lung, skin or soft 

tissues in the early stages, with an age of less than 60 years, females, and a longer interval 

from the moment they were diagnosed to the time when the metastatic disease arose, are 

associated with a good prognosis [163]. As mentioned above, life expectancy in patients with 

metastatic UM, is generally poor  [217], although recent studies have reported improved 
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survival using  innovative treatments and so there is hope on the horizon in some subgroups 

of UM patients [155]. 

1.7. Prognostication in UM 

1.7.1. Identifying risk factors 

Presently, to identify patients who are likely to benefit from regular screening, there is until 

now no clinical risk assessment tools available to clinicians. There is a vast literature about 

the potential risk factors for metastatic disease in UM, which includes physical characteristics 

or personal and family history of specific cancers or clinical syndromes that predispose to UM. 

However, the evidence supporting the association of prognostic factors with UM has a 

considerable variation; some of which have been investigated only in single observational 

studies, while others have been systematically reviewed and meta-analysed. To begin a 

process for developing a clinical risk assessment tool, it is necessary first to identify the risk 

factors for UM those have already been established through a systematic review of meta-

analyses. Thus, the awareness of these variables will guide future searches using additional 

resources that would merit consideration in a scoring system based on risk factors, and from 

which clinicians could already be guided in relation to the distinction of patients presenting a 

higher risk profile while developing and validating formal and standardized tools. 

 

1.7.2 Accurate prognostication 

It is described that almost all UM patients want to know their prognosis for survival, whether 

this is ‘good’ or ‘bad’ tumour, and even when they are told that prognostication is most unlikely 

to improve their chances of prolonging life [133]. Patients, who cannot receive a precise 

prognosis because genetic testing failed, are the most distressed. As with other cancers, 

prognostication is an important aspect of patient care, identifying high-risk patients requiring 

special care while allowing low-risk patients to be reassured of their good survival prospects. 
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The pathologist is well placed to play a valuable role in this process. This is because 

histological grade, and genetic type of melanoma profoundly influence prognosis. 

 

1.7.3 Benefits of prognostication 

Damato et al. [218] [219,220] first put forward the practice of providing a personalized survival 

curve for each UM patient, to be sent then to the oncologists allowing individualized or 

personalised management with respect to surveillance for metastatic disease, the modality to 

be used and how often this was undertaken. This enables screening to be targeted only at 

high-risk UM patients, avoiding expensive and stressful investigations in those who are 

unlikely to develop metastases. Whether such screening is cost-effective is a controversial 

subject, about which we will investigate within this thesis. The survival curves calculated after 

obtaining the predictor factors, and identified the high-risk patients, should enhance the 

statistical power of survival studies, thereby reducing the number of patients required, 

increasing the study’s feasibility, and shortening recruitment time. When estimating the 

chances of metastatic disease and the chances of metastatic death in an individual patient, it 

is first necessary to determine whether or not the tumour has some metastatic potential. 

Prognosis can help save those with a good prognosis of unnecessary investigations, saving 

to themselves and to the Health Systems, unnecessary expenses. It also allows for screening 

tests for high-risk individuals, which can therefore be investigated more fully than would 

otherwise be possible. Another advantage is that it may increase the possibilities of research 

in innovative systemic therapies, such as adjuvant therapy, which aims to help prevent or 

delay the onset of metastatic disease in high-risk patients. 

 

1.7.4 Survival predictors 

The survival time is best estimated by the combination of anatomical, histological and genetic 

predictors [219]. Nevertheless, one difficulty with the multivariate analysis is the bias produced 

by the lack of data. Bias also occurs due to conflicting causes of death, regardless of UM. 
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Many authors have listed several risk factors such as clinical, histopathological and 

cytogenetic for adequate identification and subsequent management of UM, which may 

identify those patients who are at high risk of developing metastases and are likely to benefit 

from adjunctive prophylactic or therapeutic treatments. With the advent of molecular biology 

and cytogenetics, several biological and cytological markers have been identified, which can 

further predict the prognosis and assist the clinician in making decisions. 

 

1.7.4.1 Clinical Prognostic Factors 

 

 It has been known for many years that clinic-pathological factors, such as sex, increased 

patient age, increased thickness and diameter of the primary tumour, involvement of the ciliary 

body, extraocular tumour extension and epithelioid cell type, are associated with an increased 

risk of metastatic UM disease [221] (Table 1.3). These factors are essentially useful for the 

development of classification systems in which patients are grouped into categories based on 

a similar prognosis.  
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Table 1.3: Clinical Prognostic factors in UM 

 

   

Category Factor Features 

Clinical Age Increased age 

                           Sex Slight predominance in males 

 Tumour dimensions Largest basal diameter/ Greater tumour thickness 

 Ciliary body involvement Often associated extraocular invasion 

 Extraocular extension Often associated with larger tumours (but not always). 

Histological Epithelioid cells Associated worse prognosis 

 Spindle cells Associated with better prognosis 

 Extravascular matrix patterns Closed vascular loops associated metastases and increased mortality. 

 Mitotic count per specified number of high 

power fields 

Higher numbers associated with a greater chance of metastatic death.  

 Non-neoplastic cellular infiltrates Macrophages and lymphocytes – increased mortality.  

Genetic Chromosome 3 loss Most important prognostic factor - chromosome 3 aberrations. Correlated - 
metastatic death. 

 Chromosome 8 gain Increased mortality, alone or when it coexists with monosomy 3. 

 Chromosome 1p loss Chromosomes 1p and 3 combined stronger risk. 

 Chromosome 6 gain Relatively good prognosis. 

Genetic 
Mutations 

GNAQ and GNA11 

SF3B1 

EIF1Ax  

BAP1 

Believed to be an initial event in UM. 

May represent alternative pathways for the progression of UM. 

Play a protecting role in the prevention of metastases. 

Associated with metastatic diseases and their progression. 
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1.7.4.1.1 Age and gender 

Although the influence of age on the prognosis of UM is uncertain, recent studies indicate that 

worse prognosis is more likely to be associated with increasing age [3] Until now, few studies 

have concluded that the age of presentation does not influence the prognosis of UM [222]. In 

contrast, other studies indicate that the prognosis of life is more favourable in children with 

UM compared to adults. More recent studies have also shown no differences in death-related 

metastases based on gender. However, some reports suggest a better prognosis in women 

compared to men [3,92], with a twice as high mortality rate in men compared to women in the 

first 10 years of diagnosis of posterior UM [223]. Certain hormonal factors, especially 

oestrogen, may lead to direct or indirect inhibition of the development of metastases in women. 

 

1.7.4.1.2 Tumour size 

One of the most important clinical prognostic factors of UM is tumour size (greater basal 

diameter and thickness) [130,224]. Some studies on meta-analyses reported that the 

combined pondered estimates of 5-year mortality rates associated with UM were 16% for small 

tumours (<2-3 mm tumour thickness and <10-11 mm baseline diameter), 32% for mean 

tumours (3-8 mm tumour thickness and <15-16 mm baseline diameter) and 53% for large 

tumours (> 8 mm tumour thickness and > 15 mm baseline diameter) [224]. Kujala et al. 

reported a significant association between the largest basal diameter (LBD) of the tumour and 

the mortality related to UM [132]. 

1.7.4.1.3 Extraocular extension 

The presence of tumour extraocular extension (EOE)  (Figures 1.15 and 1.16) is a poor 

prognostic factor for UM, and can be found in about 8 to 15% of cases [225-227] [3]. Usually 

EOE results in a poor prognosis and is associated with tumours with larger diameters, anterior 

tumour extension, and large basal tumour diameter; diffuse UM, epithelioid cellularity, and 

closed vascular loops, high rate mitotic and monosomy 3. Overall survival may be more related 

to the characteristics of the intraocular portion of the tumour than to EOE unless the EOE is 
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largely extensive (> 5 mm). (58) Mortality rates are markedly higher for patients with large 

EOE and can be 5 years in 78% of patients [228]. 

 

 

 

 

 

 

 

 

 

Figure 1.15: Vortex vein involvement in UM with EOE, shows melanoma in the lumen of the vessel (courtesy of 

Prof. S. E. Coupland). 

 

 

 

 

 

 

 

 

 

Figure 1.16: Posterior choroidal melanoma extended extra-sclerally, forming a large pigmented orbital mass, also 

present invasion of the optic nerve (Image sourced Eagle RC. Eye pathology: an atlas and text: Lippincott Williams 

& Wilkins; 2012)[2]. 
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1.7.4.1.4 Ciliary body involvement 

As above, melanomas of the ciliary body are less common than choroidal tumours. Most 

tumours involving the ciliary body are likely to arise in the peripheral choroid and invade the 

ciliary body. Tumours that initially appear in the ciliary body tend to be smaller and more 

spherical in shape than the choroidal tumours that invade the ciliary body. Anterior invasion 

involving the root of the iris, angular structures and the anterior chamber is common. Clinically, 

the patient can notice the anterior extension, and what is thought to be a small tumour of the 

iris may represent only a small part of the remaining tumour. Melanoma of the underlying 

ciliary body may show other clinical signs such as dilation and tortuosity of conjunctival blood 

vessels, called ‘sentinel’ vessels. 

 

Ciliary body melanomas usually invade the posterior chamber, retreating the lens, thus 

creating a lenticular notch. The diffuse type of melanoma also occurs in the ciliary body, where 

the tumour tends to grow circumferentially in a ring configuration [70,171]. Like diffuse 

choroidal tumours, these tumours often have extraocular invasion. 

1.7.4.1.5 Histopathological Prognostic Factors 

Please read description above in the sub-section 1.3. 

1.7.4.1.6 Cytogenetic Prognostic Factors 

The most recent studies have highlighted the importance of cytogenetic features in the 

prognosis of UM. Tumour samples for genetic testing are obtained from enucleation 

specimens or intraoperatively by fine needle aspiration biopsy. Survival in patients with UM is 

determined by aberrations on chromosomes 1, 3, 6 and 8 [93,229]. Please read description 

above in more detail above in the sub-section 1.4. 
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1.7.5 Risks of prognostication 

Prognostication is considered by some to be expensive, taking into account the cost of biopsy 

procedures and, in addition, the cost of laboratory procedures and investigations. It can 

sometimes be inaccurate since in some cases patients with a good prognosis may develop 

metastatic disease and some of those who receive a poor prognosis may survive longer than 

expected [230]. 

 

One limitation of prognostic tools is the reliance on ‘black-box’ methods, such as artificial 

neural networks. Such methods contribute little to the understanding the underlying 

mechanisms. However, in the context of a clinically useful tool, good correlation with the 

Kaplan-Meier analysis in different risk groups is reassuring. Other risks include complications, 

which may occur during procedures, or biopsy techniques. Such complications include 

intraocular bleeding, infections, intraocular seeding and dissemination of the tumour to 

extraocular tissues. 

1.7.6 Alternative prognostication 

The alternative approach is to screen all patients for metastatic disease before treatment of 

the ocular tumour then every six months for at least ten years. Such screening would involve 

some form of liver imaging and biochemical liver function tests. Most patients undergoing such 

screening will probably never develop metastatic disease. In such cases, screening would 

incur unnecessary expenses both to the patients and to the National Health Service (NHS).  

 

There have been significant discussions regarding the role of routine surveillance for 

metastatic disease after the definitive treatment of UM, which may be a reflection of different 

patient populations and different practice patterns between ophthalmologists and oncologists. 

Risks of excessive diagnosis and false-positive or false-negative results, as well as a very low 

cost-benefit ratio, should be weighed against the potential benefit that early diagnosis of the 

recurrent disease could prevent premature death. 



82 
 

As previously described, early detection of asymptomatic metastases may increase the ability 

to identify the disease since certain potentially curative treatments for liver metastases could 

be attempted, reducing the risk of developing significant tumour-related morbidity and 

identifying patients who may be eligible for participation in clinical trials accessing new agents 

for the treatment of UM metastases. It should be noted that recent advances in understanding 

the underlying biology of UM and the development of new-targeted agents now offer new 

optimism in what was once a bleak landscape. And ultimately, even if the effect of surveillance 

on survival is minimal, it can provide to the patient and family another valuable advantage, 

including better emotional well-being and the chance of making plans for the future. 

 

Although prospective, randomized, and routine surveillance studies of UM have not been 

reported, they were conducted in patients with resected colorectal cancer who did not 

demonstrate a survival benefit of surveillance in these patients [231]. In contrast, there are 

only a few sporadic reports of surveillance in patients with UM, some of them suggesting a 

survival benefit due to the identification of patients eligible for resection or other loco-regional 

treatment techniques for metastatic liver disease. However, the effects of waiting time bias in 

these reports are not clear, and no studies have been reported demonstrating convincing 

evidence of a survival advantage with routine surveillance practice. These data cast doubt on 

the utility of surveillance for metastatic UM. Although several proposals have been suggested, 

there is currently no universally accepted screening approach. Remaining pertinent questions 

such as: whether routine surveillance should be conducted; who should be monitored for 

surveillance; how often tests should be done; duration of follow-up; and what are the optimal 

surveillance methodologies. Because there is a lack of consensus regarding routine 

surveillance not only in UM but in many types of cancer, it is important that patients have clear 

instructions about the ‘pros and cons’ of surveillance as well as the existing surveillance 

options. 
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1.7.7 Elaboration of a clinical risk-assessment tool 

Survival analysis is an important part of medical research as it allows clinicians to review their 

practice and plan treatment effectively. It is also of equal importance to patients as it gives 

them the opportunity to make choices and plan care for their dependents. Survival curves can 

be generated for various subgroups to investigate the importance of individual variables in 

predicting outcome. However, in several different variables outcome, the number of subgroups 

with distinct combinations of variables increases rapidly, and the number of cases in the 

reference set that match exactly the risk profile in any test case will generally be too small for 

meaningful prediction. Clinicians routinely make diagnostic and therapeutic decisions based 

on the patient's prognosis. In addition, prognostic information is also important in counselling 

patients and family members in this critical scenario. However, clinicians generally believe that 

their predictions may be inaccurate. In recent years, specific diagnostic processes, and health 

technology assessment (HTA) tests have been developed in response to the increased 

pressure from the health systems to decide not only which tests to perform but also the best 

way from the information provided. 

 

Therefore, it was necessary to develop prognostic models that allow the identification of 

influential variables in the prediction of patient outcomes and the use of these multiple risk 

factors in a systematic and reproducible way to the evidence-based methods. The reliability 

of the models depends on the informed use of statistical methods, in combination with prior 

knowledge of the disease. Prognostic models are statistical models that combine two or more 

items of patient data to predict clinical outcome. Multiple prognostic models for UM have been 

accumulated for decades, but none of them is widely used in clinical practice. 

 

The prognostic models that have been used for the prognosis of UM take into account the 

several strongest prognostic parameters in UM which have been incorporated into statistical 

systems created, using test and validation sets for prognostic prediction. These models have 

been shown to increase prognostic accuracy, in some centres. Prognostic models have been 
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widely used for patient counselling and to determine the frequency and model of screening to 

be applied into certain health systems [169]. A series of combined prognostic models has 

been designed and validated by some centres of ocular oncology worldwide [219,220,232-

236]. 

1.8 The Liverpool Uveal Melanoma Prognosticator Online (LUMPO) 

A prognostic tool for predicting probability of survival of patients treated with UM has been 

developed by the team in Liverpool over a number of years [219,220,233,237]. The Liverpool 

Ocular Oncology Clinic (LOOC) was the first specialist centre to present personalised curves 

for UM patients generated from a combination of clinical, histopathological and genetic factors. 

These have been incorporated into a prognostic tool called the Liverpool Uveal Melanoma 

Prognostication Online (LUMPO); (www.lumpo.net), [236] to establish the prognosis for UM  

patients according to the initial tumour characteristics and cytogenetic data. It includes 

anatomical predictors, such as the largest basal diameter of the tumour, tumour thickness, 

ciliary body involvement and extra-ocular dissemination; histological predictors, including 

epithelioid cell type, presence of closed loops and tumour mitotic count; and genetic 

predictors, which include loss of one copy of chromosome 3 [238]. 

 

LUMPO was trained using existing data sets from patients treated with UM, with an average 

follow-up ranging to more than 20 years (1984-2009) [236]. LUMPO produces estimates 

relevant for each individual patient. This is because the multivariate analysis includes not only 

clinical features but also the histological grade of malignancy and tumour genetics. The output 

generates a survival curve for the patient as compared with an age and gender-matched 

healthy individual. A pictogram was also designed to facilitate communication with patients. 

  

The first version of LUMPO was validated externally for the first time in 2015, in the 

Department of Ophthalmology, at the University of Medical Sciences in Poznan, Poland [239]. 

This study aimed to test the prognosticator in a homogeneous group of patients treated with 

http://www.lumpo.net/
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ruthenium brachytherapy, in which the genetic analysis was not performed. More recently, it 

was validated in the USA in 2016, in a cohort of patients treated at the University of California, 

San Francisco (UCSF) [240]. A retrospective study review was performed on 390 patients 

treated between 2002 and 2007 for UM at UCSF, and 1175 patients with similar characteristics 

treated at the LOOC. The results of the study revealed that there were differences between 

the two patient cohorts, especially regarding the clinical and anatomical characteristics, the 

type of treatment and the genetic data.  

Since the first version of LUMPO was created in 2011, the scientists who developed the tool 

have continued to improve the program. A transitional version (LUMPO2) was then created, 

but it was never utilised in the clinic, as the revised third version LUMPO3, quickly overtook it 

[241]. This new tool incorporates information from chromosome 8q and calculates survival 

using competing risk methods (Figure 1.17). The updated LUMPO3 tool also includes a 

function that calculates the screening interval based on the ‘number needed to scan’ (NNS) 

metric (Figures 1.18 and 1.19). To use this function, the user is prompted to enter the time 

when the initial scan was performed, the desired NNS and an estimate of time from onset of 

metastases to death. LUMPO3 uses this information to calculate the time point of the 

subsequent scan. This functionality has not been validated as a surveillance tool yet. 
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Figure 1.17 Example of a personalized survival curve representing a hypothetical 60-year-old female patient with 

a UM 10mm in diameter and 5mm thick. The tumour contains epithelioid cells with chromosome3 loss but no other 

histologic / cytogenetic risk factors. The model shows that at 5 years after treatment the patient has a 9% probability 

of dying from metastases, 4% probability of dying from an unrelated cause, therefore 87% probability of surviving 

5 years or more. (Accessed from lumpo.net 24 August 2020). 
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Figure 1.18 The same hypothetical patient above with an initial liver scan performed 6 months after treatment as 

per usual practice. The estimated time from the onset of metastases to death was 6 months and the NNS was 10. 

The model uses this information to calculate the time of the next scan which is 3.71 years. (Accessed from 

lumpo.net 24 August 2020). 
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Figure 1.19 The same hypothetical patient above but with more risk factors including the presence of closed loops, 

higher mitotic rate and chromosome 8q gain. The time of the second scan is now 1.4 years associated with a higher 

probability of developing metastases at 39%. (Accessed from lumpo.net 24 August 2020). 
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In the past, several models were developed using neural networks in which pathological, 

clinical and genetic data were integrated to increase the prognostic accuracy so that the 

probability of survival for individual patients was relevant [122,124,125]. Validation studies 

showed that when clinical and laboratory data sets were available, these models functioned 

adequately in patients treated for local resection or enucleation [216]. However, the prediction 

was not reliable when only biopsy samples were analysed, such as in patients treated with 

radiotherapy or phototherapy. This is because biopsies prevented mitotic counts and 

assessment of extravascular artery patterns and because neural networks failed to adequately 

compensate for missing data. Such lack of information has become more common in recent 

years, since prognostic biopsies for irradiated melanomas have become routine. 

 

Prognostic models have been widely used for patient counselling and to determine the 

frequency and model of screening to be applied to specific health systems [242]. A series of 

combined prognostic models have been designed and validated by some centres of ocular 

oncology worldwide, some in Liverpool [219,220,232,233], and others at other institutions 

overseas [234,235] (Table 1.4) but none of them are as widely used in clinical practice as 

LUMPO and LUMPO3.  
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Table 1.4: Summary of alternative prognostic models in UM 

 

  

 
Authors 

 
Name of the model 

 
Strengths and weaknesses 
 
 

 
Kaiserman, 
Rosner et 
al. (2005) 

 
ANN 

 
Strengths: ANN could help predict the prognosis of an 
individual case of UM based on information available to the 
clinician at the time of brachytherapy and during follow-up. 
  
Weaknesses: Some risk factors did not reached statistical 
significance, possibly attributed to the small sample size 
used, compared to the large number of predictive factors 
included in the analysis. 
 

 
Vaquero-
Garcia et al., 
(2017) 

 
PRiMeUM 

 
Strengths: Provides prognostic information for 
personalised risk of metastases in UM using clinical and 
chromosomal information.  
 
Weaknesses: Not all risk factors included. Not possible to 
collect information related to cytology because of small cells 
collected during FNAB procedure. 
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1.9 Outline of the thesis 

The main aim of this thesis was to test the robustness of LUMPO, and in particular its latest 

version, i.e. LUMPO3. 

The aims and objectives of this thesis are described in greater detail below, as well as with a 

brief explanation of the content of each chapter. 

In Chapter 2, the characteristics of the liver scan reports of patients diagnosed with UM were 

analysed. The data from these cases corresponded to a period of eleven years were collected 

and included specific data such as: the median time from the treatment of the primary tumour 

to the detection of metastases, and the time from the detection of metastases to death, when 

metastases occurred, and its characteristics (for example, number, size, and location). Results 

of this study were published in Computers and Biology Medicine. 2021 Mar; 130:104221. doi: 

10.1016/j.compbiomed.2021.104221. Epub.  

Subsequently, the hypothetical costs of liver surveillance were examined demonstrating the 

cost-benefit analysis of LUMPO3, this time using a new model that was an output of LUMPO3. 

The costs of all scans performed, and the number of missed metastases were analysed. In 

addition, estimated costs savings were calculated which would be obtained by using 

LUMPO3-advised liver surveillance strategies, as discussed in Chapter 3. Results of this 

study were also published in Computers and Biology Medicine. 2021 Mar; 130:104221. doi: 

10.1016/j.compbiomed.2021.104221. Epub. 

To demonstrate that LUMPO3 has a good ability to discriminate between UM patients who 

died and those who survived, in independent data sets, LUMPO3 was subjected to a 

multicentric validation test, and the results showed that it is a reasonably accurate tool and 

valuable for predicting all-cause mortality in UM patients, despite clinical, histopathological 

and genetic differences between the various cohorts studied. Kaplan-Meier curves for all 

causes of mortality were presented. The calibration graphs showing the expected probabilities 

of actuarial survival showed a good agreement between the observed and predicted 
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probabilities, as detailed in Chapter 4. The results were published in Cancers (Basel). 

February 18, 2020; 12 (2): 477. doi: 10.3390 / cancers12020477. 

Finally, in Chapter 5, the results of each chapter were discussed and summarized in one 

conclusion. Recommendations for future research were made considering the implications of 

the findings made, highlighting how the contributions during this research were contributing to 

knowledge in the field of ocular oncology. 
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Chapter 2 

Liver-screening analysis to identify uveal melanoma metastases in 

patients treated at the Liverpool Ocular Oncology Centre between the 

years 2008-2018 
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2.1 Introduction 

Hepatic metastases are the leading cause of death in patients with UM [132]. In contrast to 

most cancers, <1% of UM patients have metastatic disease at the time of the initial diagnosis 

[143]. Although time to metastases varies - and can even be up to 42 years after the diagnosis 

of UM - [243], it is usually identified about 3 years after the diagnosis of the primary tumour 

[169]. The median survival time after the diagnosis of metastases is 13 months [244]. It has 

been reported that some patients in whom the liver metastases are resected may survive 

longer, although resection requires timely detection of metastases [244,245].  

 

Taking into consideration the long time period during which metastases can occur, it is 

essential to create a rational surveillance program. Aspects related to the different types of 

investigations used in screening protocols for metastatic disease in UM was mentioned in the 

Introduction in Chapter 1. However, there are other important factors in the management of 

liver surveillance that are crucial for the early and pre-symptomatic identification of 

metastases, such as the patients’ compliance to the surveillance examinations. Some studies 

on metastatic surveillance of patients with a variety of malignancies, such as breast-, colon 

and prostate cancer, have indicated that patient's socioeconomic, demographic, and 

psychological factors all play a key role in patients’ ability to follow the recommendations of 

the surveillance programs [246,247]. Other aspects that may interfere with compliance to 

surveillance protocols are the patient's age, comorbidities, and degree of understanding of 

their illness as well as anxiety regarding the disease process [246,247]. All these elements 

are taken into account when designing liver surveillance programs. 

Considering the high rates of metastases in UM patients, there is a significant interest in the 

development of improved methods for liver surveillance for metastases detection [248]. 

Currently, each institution has its modality and image frequency for the screening of UM 

metastases, and there is no consensus protocol. The frequency varies depending on the 

participation in ongoing clinical trials and the spread risk of the tumour as indicated by its stage 
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at diagnosis, its histological features, and its genetic profile. 

2.1.1 Risk stratification 

As mentioned in Chapter 1, the risk of metastases in UM depends on several factors, including 

clinical and pathological characteristics of the tumour – i.e., its size and location, and molecular 

genetic abnormalities, such as one copy of chromosome 3 (monosomy 3) and gain of copies 

of the long arm of chromosome 8 (polysomy 8q). These factors are associated with higher 

metastatic risk than others. Generally, oncologists recommend more intensive surveillance for 

patients with ‘high-risk’ UM [249]. The definition of UM patients at high risk of metastases (and 

associated death) varies but can be determined using the AJCC/TNM staging (8th edition) 

[250], the Cancer Genome Atlas (TCGA) classification [251], from prognostic biopsies where 

cytogenetic tests are performed [72], or using prognostic models that incorporate various 

prognostic factors [235,241]. The UM guideline development group (GDG) [252] suggested 

that several factors are included in UM patients at high-risk, such as the large size of the 

tumour, ciliary body involvement, and the AJCC staging with a prognosis of >30% probability 

of death in 5 years.  

2.1.2 Surveillance protocols 

In Europe, the usual surveillance practice is: liver US performed every 6 months for 10 years, 

and in the case of a suspected localized lesion, CT or MRI is performed [253]. In the UK, the 

GDG [252] uses a systematic evidence-based approach to make recommendations in critical 

areas of UM management. Regarding the surveillance of patients followed after the primary 

treatment of UM, it was outlined that it should be conducted by a multidisciplinary group of 

specialists that includes ophthalmologists, oncologists, radiologists and oncology nursing and 

hepatic services. They also recommend that, regardless of the degree of risk of developing 

metastases, all patients should undergo a holistic evaluation, which consists of an assessment 

where the risks, benefits and consequences of entering a surveillance program are discussed. 

Thus, it was defined that high-risk UM patients should have a semi-annual lifelong 

surveillance, which includes specialized nursing support, clinical reviews and specific liver 
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imaging exams by non-ionizing modality, such as MRI and US. Due to the high doses of 

radiation, ionization modalities such as PET and CT are not considered recommended for UM 

surveillance [252]. 

The Scottish Consensus Statement Group (SCSG) [254] suggested that the surveillance 

protocol should be individualized for each patient and discussed at the time of diagnosis, to 

be reviewed periodically if necessary. They recommended for high-risk UM patients, MRI with 

and without contrast at time of the diagnosis, and then semi-annual MRI without contrast 

according to the protocol. For low-risk patients, they recommend liver US at time of the 

diagnosis, half-yearly liver US, and should there be limited visualization or any suspicious 

findings, they indicate MRI with contrast, and the additional surveillance modality to be done 

later [254]. 

As mentioned in the Chapter 1, the COMS [143] conducted in the USA also described 

screening procedures reporting the predictive value of liver function tests (LFTs), chest X-rays 

(CXR) and liver imaging for the detection of melanoma metastases as a routine follow-up after 

treatment for UM, and concluded that periodic screening for UM metastases is essentially 

beneficial when patients are eligible to be candidates for clinical trials for optimistic treatments, 

or when effective treatments are available. Similar to these guidelines, there are others at the 

national level [158,255-257]; however, so far, no international consensus measures have been 

outlined. It should also be mentioned that in some countries, due to the limited impact of liver 

screening on survival in UM, it is believed to have no benefit and not undertaken [147,258-

260]. 
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2.1.3 Surveillance modality  

There is a significant variation in the modalities of obtaining images of the liver for surveillance 

of UM patients. In the UK, in some centres, MRI with or without contrast is used in high-risk 

UM patients, while in other centres, a liver evaluation is performed initially where only US is 

used. Only when abnormalities are detected, surveillance continues with other modalities 

[252]. Balasubramanya et al. reported that CT is the most performed imaging modality for 

assessing melanoma metastases in their melanoma clinic, like others in the USA. They 

suggest that it has considerable advantages, both for the imaging quality and for being well 

tolerated and widely available. Its disadvantages include it being relatively insensitive to small 

liver lesions, specifically those smaller <1 cm; in these cases, MRI is undertaken [170]. 

Choudhary et al. analysed the utility of liver US in patients undergoing liver surveillance after 

primary treatment for UM to detect asymptomatic liver metastases: they selected hepatic US 

instead of CT or MRI referring to factors, such as not using contrast material, easiness of 

administration, and prevention of radiation [261].  

In summary, liver US it is a non-invasive imaging modality, it has no side effects, is inexpensive 

and widely available; however, it is operator dependent, and it may not be possible to scan 

the entire liver due to some patients' larger body mass index. In comparison, MRI with contrast 

is considered a more specific modality for detecting small liver metastases and is thought to 

be more sensitive than CT [170,262,263]. However, it is expensive and may not be suitable 

for all patients, such as patients with metallic implants or who suffer from claustrophobia [264]. 

Some studies have reported that with repeated MRI with contrast, there may be an 

accumulation of contrast medium in the brain [265]. 

To conclude, in addition to the significant variability in the type and frequency of surveillance 

implemented for metastatic disease in UM, there is no convincing evidence that UM screening 

prolongs life, and there is no consensus regarding liver surveillance in UM patients, with 

respect to the modality used and the frequency of screening. These factors led us to 

investigate and correlate in detail the characteristics of UM patients included in liver screening 
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programs, from the time of diagnosis of their primary UM to the time of detection of metastases 

and their subsequent follow-up. 

The objectives of Chapter 2 were to: (1) calculate the number of scans and screening modality 

in patients undergoing liver screening in Liverpool; (2) determine factors, such as time from 

the primary treatment of UM to the detection of metastases and time from the detection of 

metastases to death; and to (3) describe characteristics of the detected metastases such us; 

number, its size and location. 
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2.2 Patients and Methods  

2.2.1 Study design 

Patients diagnosed with UM and who had a primary treatment between 1988 and 2018 at the 

LOOC were identified by the OOB (Figure 2.1). The identified patients seen at LOOC between 

2008 and 2018 had given their consent to review of their health-related records for research 

purposes. The NHS/Hospital numbers for the identified patients were passed to me in an 

encrypted/ password-protected spread sheet for review of their liver scan reports whose 

examinations were performed in the following Trusts; the Liverpool University Hospitals NHS 

Foundation Trust (LUHFT), the Clatterbridge Cancer Centre (CCC) and the Aintree University 

Hospital NHS Trust (AUHT) following both Health Research Authority (HRA) (NRES REC 

REF: 18/NW/0748), and Confidentiality Advisory Group (18/CAG/0181) approval. An account 

was created at the LUHFT, which provided me with access to review of patients corresponding 

data from the 3 above-mentioned hospitals. When available, liver scan data were reviewed 

and relevant information was collected through the hospital software called CRIS (Clinical 

Record Interactive System).  

The liver scan reports found through CRIS provided the information previously detailed in an 

available proforma (Appendix 1), in which the variables were coded, in order to facilitate the 

collection and analysis of data (Appendix 2). These variables were detailed as follows: 

patient’s demographic (age and sex); anatomical data - such as tumour largest basal diameter 

(LBD), ultrasound height (UH), ciliary body involvement (CBI), extraocular extension (EOE)-; 

histological data including presence or absence of epithelioid cells (Epi), presence or absence 

of extravascular closed connective tissue loops (loops), and mitotic count per 40 high powered 

fields (Mitoc); as well as tumour cell genetic data, including information on status of 

chromosomes 1p, 3, 6p, 6q, 8p and 8q.  

In order to account for the unreported values in the categories Epi, Loops, Mitoc, status of 

chromosomes 1p, 3, 6p, 6q, 8p and 8q, the category not available (N/A) was included when it 
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was not possible to access the result of the corresponding tests due to factors such as: failure 

to perform or report a biopsy; when the information to all chromosomes was not available; and 

when a genetic test was not taken. The category ‘others’ was also included, for describing a 

mix of alterations in the status of the genetic factors, as follows: 1) gain and unclassified - for 

chromosome 1p; 2) partial loss, unclassified and allelic imbalance - for chromosome 3; 3) loss, 

unclassified - for chromosome 6p, 8p and 8q, and 4) unclassified - for chromosome 6q.  

The variable ‘Mitoc’ was categorized according to the number of mitoses per 40 high powered 

fields, divided into 4 groups as follows: group 1 (0-1 mitoses), group 2 (2-3 mitoses), group 3 

(4-7 mitoses) and group 4 (>7 mitoses). 

The modality of imaging used and referred to in the reports of the hospitals accessed were 

MRI, US and CT. Data from these liver scan reports included:  

1) When the first liver scan occurred;  

2) The number of liver scans performed;  

3) The number, size and location of metastases detected;  

4) Time from primary treatment to the detection of the first metastases; and 

5) Time from the detection of metastases to death.  

The description of how metastases were diagnosed was presented as follows: 1) diagnosis 

by clinical imaging - when metastases were detected through the liver screening; and 2) 

diagnosis at autopsy - when metastases were detected by histopathological examination post-

mortem, for these cases, it was assumed that the date of the diagnosis of the metastases was 

the date of death. 

Depending on the diagnosis from the pathology report post-mortem, the cause of death was 

specified whether due to metastatic disease, another disease or another unspecified cause. 
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The follow-up time for this study was defined as the time interval between the date of primary 

treatment and the date of the last follow-up at the time of study closure – i.e., 15th of May of 

2020.  

After collecting these data from the liver scan reports, the dataset was then returned to the 

OOB custodian, Dr Helen Kalirai, BSc. PhD. Postdoctoral Research Fellow at UoL, who 

replaced patient identifiers with a unique OOB identifier (ID) and added the patient’s clinica l, 

histological, genetic, follow-up and outcome data for completion of patient’s data before 

creating a research database for this study (Figure 2.1). The Cancer Registry of the National 

Health Service (NHS) automatically provided the certified cause of death, with patients being 

flagged at the time of diagnosis.  
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Figure 2.1 Flow diagram for data collection for Liver-screening analysis to identify uveal melanoma metastases in 

patients treated at the LOOC (image published in Comput. Biol. Med. 2021 Mar; 130:104221. doi: 

10.1016/j.compbiomed.2021.104221. Epub. 2021 Jan 20). 
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2.2.2 Data Collection 

A retrospective review was performed of data from the UM patients identified by the OOB with 

the diagnosis of UM who had primary treatment between 1988 and 2018. 2254 patients seen 

at LOOC over the mentioned period were approved by the OOB (Figure 2.1). Of these, 

1448/2254 (64.2%%) patients were excluded as no radiological reports were found in the 

LUHFT, presumably because most of these patients had their examinations in other hospitals, 

or had not undergone any radiological examination. So, 806/2254 (35.2%%) had radiological 

reports in LUHFT; however, of the 806 UM patients, 191 (23.7%%) patients did not appear to 

have any liver surveillance, instead they had other radiological examinations e.g. CXR, X-ray 

of the extremities, abdominal US for the diagnosis of concurrent abdominal diseases not 

related to liver metastases, etc.  

In total, 615  radiological liver screening reports of UM patients were found for our analysis. 

Patients were categorized into year groups, according to the year they had commenced their 

treatment at the LOOC. In total, there were 11 year groups. There were also 11 patients 

included in the  group of 2008, whose primary treatment was performed prior to the period 

established for this study, but who had second or more treatments during the defined study 

period. These included: 1 UM case from 1988; 1 from 1996; 1 from 1997; 1 from 2001; 1 from 

2004; 1 from 2005; and 5 UM cases from 2007.  

Data were collected, filed, and processed in Excel format (Microsoft, Inc., UoL, UK) and SPSS 

Statistics V27. After transferring the data to Dr Helen Kalirai for compilation, the dataset was 

returned to me, to Professor Azzam Taktak, Consultant Clinical Scientist at the LUHFT, and 

to Dr Antonio Eleuteri, Mathematician at the Department of Clinical Engineering at the LUHFT, 

for statistical analysis and model construction (Figure 2.1). The description of the new model 

designed to predict the onset of metastases, which is an output of LUMPO, will be discussed 

in Chapter 3.  
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2.2.3 Data for analyses 

As above, patients were categorized into eleven 1-year groups (2008-2018). Categorical 

variables of sex, CBI, EOE, Epi, Loops, Mitoc, chromosome 1p, 3, 6p, 6q, 8p and 8q status, 

type of primary treatment, and outcome were summarized with counts. The variables – i.e., 

age, LDB, UH, follow-up, type of liver scan, largest diameter of the largest metastases (LDLM), 

time to detected metastases, and time from the onset of metastases until death - were 

summarized as median with range and categorized according to the group in which the 

patients were included.  

A distribution was used to group primary UM into categories based on the AJCC tumour nodal 

metastases (TNM) staging (8th edition), which comprises the UM thickness (height), the 

largest basal diameter of the tumour, involvement of the ciliary body, and any extraocular 

extension of the tumour. In this study, the UM were subdivided into the T1, T2, T3 and T4 

categories, with their respective subcategories a, b, c, and d, please refer to Table 1.1 in 

Chapter 1. 

The number of scans per patient was divided into groups with time intervals of 5 years each 

(1-5, 6-10, 11-15, 16-20 and >20), reporting the number of scans undertaken in each patient 

per year.  

To distribute patients according to the regularity of liver screening, patients were categorized 

into 2 groups: “regular” liver surveillance - when the frequency of surveillance included more 

than 1 scan, and “irregular” liver surveillance - when for various possible reasons patients 

underwent only 1 scan. These reasons varied considerably between patients, such as the 

presence of comorbidities, distance to hospitals, anxiety associated with surveillance, 

motivation and compliance, amongst other factors. 

The number of metastases detected was subdivided in 3 groups (0, 0-1 and >1), according to 

the size description in the scan reports. This distribution was created in this way because not 

all scan reports quantified metastases, i.e., in a considerable number of cases, the term 
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"multiple" or "various" metastases was used when more than 1 was diagnosed. 

A distribution that allowed the appropriate number of patients with metastases according to 

the diameter of the largest liver metastases detected, was used including them in groups of 

30 mm size (< 30mm, 31-80mm and >80mm), in concordance with the AJCC /TNM in cancer 

substaging of metastatic UM [266]. Here, “M” describes systemic metastases, where: M0 – 

No distant metastases present, M1 - Distant metastases present, with subcategories a, b, c, 

and Mx - unknown.  Please refer to Table 1.2 in Chapter 1. 

In order to include all patients according to the time when metastases occurred and to the 

patients’ characteristic, 3 groups of patients were defined:  

Group 1 - Characteristics of 108/615 (17.5%) UM patients who developed metastases within 

2 years of diagnosis of the primary UM. 

Group 2 - Characteristics of 121/615 (20%) UM patients who developed metastases after 2 

years of diagnosis of the primary UM. 

Group 3 - Characteristics of 386/615 (62.76%) UM patients in whom metastases were not 

demonstrated in Liverpool throughout the liver screening study period. 

2.2.3.1 Statistical analysis 

Survival analysis of all prognostic factors, including gender, tumour size, epithelioid cells, 

closed loops, high mitotic count, ciliary body involvement, extraocular melanoma, and copy 

number of chromosomes status associated with development of metastatic UM, was 

undertaken using Kaplan-Meier survival curves and tables for all UM. Survival time was 

calculated from the date of the treatment of the primary UM until death, or the end of this study, 

on the 15th of May 2020. All analyses were performed using SPSS Statistics V27 (IBM).  
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2.3 Results 

2.3.1 Baseline characteristics of the patients 

The cohort used for this study comprised 615 cases with data reviewed and collected from 

liver scans of patients diagnosed and treated for UM at the LOOC. Of these, 45 UM cases 

were in 2008; 47 in 2009; 52 in 2010; 80 in 2011; 54 in 2012; 57 in 2013; 66 in 2014; 57 in 

2015; 51 in 2016; 50 in 2017; and 56 in 2018 (Table 2.1).  

2.3.1.2 Demographic and clinical analysis 

Table 2.1 summarises the general characteristics of these 615 UM patients. As can be seen 

in this table, the study of 615 enrolled patients consisted of 278/615 (45.2%) females and 

337/615 (54.8%) males. The median age at primary treatment was 61 years (range 22-94 

years). The tumours had a median LBD of 14.6 mm (range 2.4 – 26 mm) and a median UH of 

6.3 mm (range 0.7 – 20.2 mm). 183/615 (29.8%) UM involved the ciliary body, and 57/615 

(9.3%) UM had EOE. It was not possible to obtain information on the measurements of the 

primary UM of two patients as this information was not included in the database. 

2.3.1.3 Histological analysis 

As mentioned in Material and Methods, the histological information regarding the morphology 

of the UM cells was not available for all subjects. This was due to the range of tumour material 

sent in for histological examination – i.e. intraocular biopsies would be worked up for cytology, 

whilst any tumour excisions or enucleations would be paraffin embedded and analysed using 

histological sections. Therefore, the information gained varied according to tissue processing. 

Where the information was available, 334/578 (57.8%) UM contained epithelioid cells, 238/363 

(65.6%) had PAS+ ‘loops’, and 369/369 (100%) mitotic counts per 40 high-powered fields had 

between 1 to more than 7, with the following subsets; 1 – 31/369 (8.4%); 2 – 121/369 (32.7%); 

3 – 141/369 (38.2%); and 4 – 76/369 (20.6%) (Table 2.1). The analysis for epithelioid cells 

was missing in 37/615 (6.1%) UM; PAS+ loops was missing in 252/615 (41%) UM; and Mitoc 

was missing in 246/615 (40%) UM. 
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2.3.1.4 Genetic analysis 

Genetic information was also not available for all UM: this was due to varying reasons – e.g. 

the patient had no consented to tumour genetic testing; there was insufficient material for 

testing (e.g. tiny intraocular UM biopsies), and/or the extracted tumour DNA was of poor quality 

due to fixation reasons. Further, chromosome copy number variation is assessed in two 

differing ways at the LOOC – using MSA and MLPA [267]. In MSA, only chromosome 3 status 

is evaluated; using MLPA, chromosomes 1, 3, 6 and 8 are assessed. 

Therefore, information to alterations in the subsets of chromosomes were available as follows: 

chromosome 3 for 392/615 (63.7%) tumours (monosomy, partial loss, unclassifiable). The 

copy number status of chromosomes 1p, 6p, 6q, 8p and 8q (gain, loss, or unclassifiable) was 

available for subsets with the following values; Chromosome 1p 175/615 (28.4%), 

chromosome 6p 216/615 (31.1%), chromosome 6q 139/615 (22.6%), chromosome 8p 

161/615 (26.2%) and chromosome 8q 294/615 (47.8 %). Information regarding changes in 

chromosomes 1p, 6p, 6q, 8p and 8q was missing in 183/615 (30%) UM; chromosome 3 in 

65/615 (10.6%); and chromosome 8q was missing in 182/615 (29.6%) UM.  

2.3.1.5 Follow-up and outcome analysis 

The 615 UM patients had a median follow-up time of 5.1 years (range 0.2 – 32 years) (Table 

2.1). Additionally, in this table it can be seen that of the total patients studied, 375/615 (61%) 

were alive at the study closure, i.e., 15th of May of 2020. Unfortunately, 240/615 (39%) 

patients had died whose causes of death were: metastatic UM in 187/240 (77.9%); in 24/240 

(10%), their death was attributed to other causes; and in 29/240 (12.1%) UM patients, the 

cause of death was unknown (Figure 2.2).  
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Figure 2.2 Overview of patients included in the Liver-screening analysis to identify uveal melanoma metastases 

in patients treated at the LOOC between the years 2008-2018.  
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Table 2.1: Patient Characteristics, overall data (2008-2018) 
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Table 2.1: (Continued) Patient Characteristics, overall data (2008-2018) 
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2.3.2 Type of primary treatment performed 

The 615 patients seen at the LOOC underwent different types of surgical and non-surgical 

treatments, as can be seen in Table 2.2. It can be observed that enucleation was most often 

performed in 314/615 (51.1%), followed by plaque brachytherapy in 131/615 (21.3%), and 

proton beam irradiation in 118/615 (19.2%). 

Table 2.2: Type of primary treatment 

 

 

 

 

 

 

 

 

 



112 
 

2.3.3 Survival 

All prognostic factors related to LUMPO3 were analysed for this study. Kaplan-Meier survival 

curves were analysed specifically for each predictor factor. 

2.3.3.1 Gender 

Kaplan-Meier survival curves and tables were examined for all patients stratified according to 

gender. Log-rank tests were utilised to compare survival across gender (p= 0.182). As 

mentioned above, the majority of patients in this study were males [337/615 (54.8%)]. These 

patients also had a higher number of detected metastases 136/337 (40.4%) compared to 

females 93/278 (33.5%), as well as higher metastatic mortality 108/337 (32.1%) versus 79 

(28.4%) in females (Figure 2.3). The survival was also compared and was improved for 

females. 

 

 

 

 

 

 

 

 

 

 

Figure 2.3: Kaplan-Meier survival curve and table for all primary UM stratified according to gender. All patients 

were classified as: female (p = .182) 278 patients and male (p= .182) 337 patients. The number of metastases 

detected in each group of patients was calculated, and the number of events indicates the number of patients who 

died of liver metastases. 

Gender 
Number of 

patients (%) 
Number of 

metastases (%) 
Number of 
Events % 

Censored % 
Mean 

survival 
(years) 

95% confidence 
interval 

Lower Upper 

Female 278/615 45.2% 93 33.5% 79 28.4% 199 71.6% 21.116 19.104 23.128 

Male 337/615 54.8% 136 40.4% 108 32.1% 229 68.0% 14.526 12.952 16.101 

Overall 615 100% 229 37.4% 187 30.5% 426 69.6% 19.828 18.292 21.364 
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2.3.3.2 Primary tumour size 

Kaplan-Meier survival curves and tables were examined for all primary UM stratified according 

to the classification of the 8th edition of AJCC staging for UM, whose categories are listed in 

Table 1.1 (Chapter 1). Log-rank tests were utilised to compare survival across the 4 groups 

(p= <0.001). Of the 615 primary UM, the majority of UM [226/615 (36.9%)] were classified as 

T3. Patients with larger tumours (T4) were those with the highest number of detected 

metastases, [82/140 (58.6%) patients]. The number of metastases detected, and metastatic 

mortality was significantly associated with the increase in the size of the primary UM (Figure 

2.4). Survival was compared for all categories. In this study, it was found that increasing in 

tumours category was significantly associated with reduced survival (Figure 2.4). 
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Primary 

tumour 
TNM stage 

Number of 

patients (%) 

Number of 

metastases (%) 

Number of 

events % 
Censored % 

Mean 

survival 
(years) 

95% confidence 

interval 

Lower Upper 

T1 107/613 17.5% 16 15% 12 11.2% 95 88.8% 11.263 10.542 11.983 

T2 140/613 22.8% 37 26.5% 29 20.7% 111 79.3% 21.526 17.916 25.135 

T3 226/613 36.9% 94 41.6% 76 33.6% 150 66.4% 14.936 13.349 16.523 

T4 140/613 22.8% 82 58.6% 70 50% 70 50.0% 9.490 7.304 11.676 

Overall 613 100% 229 37.4% 187 30.5% 426 69.5% 19.691 18.139 21.243 

 
 

Figure 2.4: Kaplan-Meier survival curve and table for all primary UM stratified according to TNM staging based on 

the AJCC (8th Edition) classification. Based on tumour categories, all UM were classified as follows: T1 (p = <0.001) 

in 107 patients T2 (p= <0.001) in 140 patients, T3 (p= <.001) in 226 patients, and T4 (p= <0.001) in 140 patients. 

The number of metastases detected in each category of tumours was calculated, and the number of events 

indicates the number of patients who died of liver metastases. 
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2.3.3.3 Primary tumour histopathological features 

Kaplan-Meier survival curves and tables were examined for all UM stratified according to 

primary tumour histopathological features (epithelioid cells, closed vascular loops, and mitotic 

count per 40 high-powered fields). Presence of epithelioid cells was associated with worse 

outcome (Log Rank, p= 0.000) (Figure 2.5). Presence of closed vascular loops was 

significantly associated with metastatic disease and metastatic death (Log Rank, p= 0.000) 

(Figure 2.6). Mitotic count showing more than 7 per 40 high-powered fields was associated 

with poor outcome (Log Rank, p= 0.000) (Figure 2.7).  

 

 

 

 

 

 

 

 

 

 

 

Figure 2.5: Kaplan-Meier survival curve and table where patient survival was stratified according to epithelioid 

cells status: Absence of epithelioid cells (n=244/615), presence of epithelioid cells (n=334/615), and N/A (not 

available) (37/615). The number of metastases detected in each category was calculated, and the number of events 

indicates the number of patients who died of liver metastases.  

Epithelioid 
cells 

Number of 
patients (%) 

Number of 
metastases (%) 

Number of 
events % 

Censored % 
Mean 

survival 
(years) 

95% confidence 
interval 

Lower Upper 

Absent 244/615 39.7% 55/244 22.5% 42 17.2% 202 82.8% 24.570 22.224 26.915 

Present 334/615 55.9% 167/334 50% 138 41.3% 196 58.7% 12.016 10.668 13.364 

N/A 37/615 6% 7/37 19% 7 18.9% 30 81.1% 10.107 8.774 11.473 

Overall 615 100% 229 37.4% 187 30.4% 428 69.6% 19.828 18.292 21.364 
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Figure 2.6: Kaplan-Meier survival curve and table where patient survival was stratified according to closed loops 

status: PAS+ loops absent (n=125/615), presence of PAS+ loops (n=238/615), and N/A (252/615). The number of 

metastases detected in each category was calculated, and the number of events indicates the number of patients 

who died of liver metastases.  

Closed 
Loops 

Number of 
patients (%) 

Number of 
metastases (%) 

Number of 
events % 

Censored % 
Mean 

survival 
(years) 

95% confidence 
interval 

Lower Upper 

Absent 125/615 20.3% 54/125 43.2% 44/125 35.2% 81 64.8% 14.537 12.419 16.656 

Present 238/615 38.7% 119/238 50% 101/238 42.4% 137 57.6% 14.401 11.811 16.991 

N/A 252/615 41% 56/252 22.2% 42/252 16.7% 210 83.3% 12.798 12.011 13.385 

Overall 615 100% 229 37.4% 187 30.4% 428 69.6% 19.828 18.292 21.364 
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Figure 2.7: Kaplan-Meier survival curve and table where patient survival was stratified according to mitotic counts 

per 40 high-powered fields. Based on the subsets analysed, the results were as following: between 0-1 (n= 31/615), 

2-3 (n= 121/615); 4-7 (n= 141/615); >7 (n= 76/615), and N/A (n= 246/615). The number of metastases detected in 

each category was calculated, and the number of events indicates the number of patients who died of liver 

metastases.  

Mitotic count 
Number of 

patients (%) 
Number of 

metastases (%) 
Number of 
events % 

Censored % 
Mean 

survival 
(years) 

95% confidence 
interval 

Lower Upper 

0-1 31/615 5.1% 14/31 45.2% 12/31 38.7% 19 61.3% 19.268 13.781 24.755 

2-3 121/615 19.7% 39/121 32.2% 29/121 24% 92 76.0% 15.511 12.646 18.337 

4-7 141/615 22.9% 74/141 52.5% 62/141 44% 79 76.0% 7.057 6.197 7.917 

>7 76/615 12.4% 47/76 61.8% 43/76 56.6% 33 43.4% 5.516 4.558 6.474 

N/A 246/615 40% 55/246 22.4% 41/246 16.7% 205 83.3% 12.814 12.020 13.607 

Overall 615 100% 229 37.4% 187 30.4% 428 69.6% 18.828 18.292 21.364 
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2.3.3.4 Primary tumour clinical features 

Kaplan-Meier survival curves and tables were examined for all UM stratified according to 

primary tumour ciliary body involvement and extraocular extension. Ciliary body involvement 

was associated with poor outcome (Log Rank, p= 0.000) (Figure 2.8). Extraocular extension 

was associated with reduced survival (Log Rank, p= 0.000) (Figure 2.9).  

 

 

 

 

 

 

 

 

 

 

Ciliary body 
involvement 

Number of 
patients (%) 

Number of 
metastases (%) 

Number of 
events % 

Censored % 
Mean 

survival 

(years) 

95% confidence 
interval 

Lower Upper 

Absent 432/615 70.2% 136/432 31.5% 107/432 24.8% 325 75.2% 21.903 20.139 23.666 

Present 183/615 29.8% 93/183 50.8% 80/183 43.7% 103 56.3% 9.905 8.411 11.398 

Overall 615 100% 229 37.4% 187 30.4% 428 69.6% 19.828 18.292 21.364 

 

Figure 2.8: Kaplan-Meier survival curve and table where patient survival was stratified according to ciliary body 

involvement. Absence of ciliary body involvement (n=432/615), presence of ciliary body involvement (n=183/615). 

The number of metastases detected in each category was calculated, and the number of events indicates the 

number of patients who died of liver metastases. 
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Extraocular 
extension 

Number of 
patients (%) 

Number of 
metastases (%) 

Number of 
events % 

Censored % 
Mean 

survival 
(years) 

95% confidence 
interval 

Lower Upper 

Absent 558/615 90.7% 195/558 34.9% 158/558 28.3% 400 71.7% 20.474 18.851 22.098 

Present 57/615 9.3% 34/57 59.6% 29/57 50.9% 28 49.1% 8.622 6.052 11.192 

Overall 615 100% 229 37.4% 187 30.4% 428 69.6% 19.828 18.292 21.364 

 

Figure 2.9: Kaplan-Meier survival curve and table where patient survival was stratified according to extraocular 

extension. Absence of extraocular extension (n=558/615), presence of extraocular extension (n=57/615). The 

number of metastases detected in each category was calculated, and the number of events indicates the number 

of patients who died of liver metastases. 
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2.3.3.5 Primary tumour chromosomal status 

Kaplan-Meier survival curves and tables were examined for all UM according to chromosome 

status. Log-rank tests were used to compare survival across the 6 groups. Loss of 

chromosome 1p was associated to poor survival (Log rank, p= <0.001) (Figure 2.10). 

Monosomy 3 was significantly associated with metastatic disease and poor survival (Log rank 

p= <0.001) (Figure 2.11). With regard to chromosome 3, it was also found that 65/615 (10.6%) 

patients in whom it was not possible to obtain genetic tests (N/A) had a lower survival than 

patients with normal status. When data was analysed in detail, and correlated the sizes of the 

tumours with chromosomes status, it was found that of all chromosome 3 not available (N/A) 

UM, 28/64 (35.9%) were categorized as T3 and T4, which may explain the low survival in this 

group of patients (Appendix 3). Gain in chromosome 6p was associated with improved 

survival (Log rank p= <0.001); conversely, chromosome 6p normal status was associated with 

a reduced survival (Figure 2.12). In a deeper analysis, it was found that 231/295 (78.4%) of 

UM with normal Chromosome 6p status coincided with monosomy 3 (Appendix 4). Alterations 

in chromosome 6q were associated with reduced outcome (Log rank p = .002); similarly, 

chromosome 6q normal status was also associated with decreased survival time (Log rank, p 

= <0.001) (Figure 2.13). Chromosome 6q normal was associated with 231/335 (69%) of 

monosomy 3 and with 198/335 (59%) of gains of chromosome 8q (Appendix 4). Alterations 

in chromosome 8p were associated with reduced survival time (Log rank, p= <0.001) (Figure 

2.14), whereas gain of chromosome 8q was significantly associated with metastatic disease, 

and poor survival (Log rank, p= <0.001) (Figure 2.15). 
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Figure 2.10: Kaplan-Meier survival curve and table where number of metastases, metastatic mortality and patient 

survival were stratified according to copy number of chromosome 1p normal (n=297), loss (n=135) and N/A (n=183) 

(p= <.001). The number of events indicates the number of patients who died of liver metastases. 

 

 

 

  

Chr1p 
Number of 

patients (%) 
Number of 

metastases (%) 
Number of 
events % 

Censored % 
Mean 

survival 
(years) 

95% confidence 
interval 

Lower Upper 

Normal 297 48.3% 124 41.8% 102 34.3% 195 65.7% 14.726 13.256 16.197 

Loss 135 29.7% 71 34.8% 60 44.4% 75 55.6% 7.808 6.572 9.045 

N/A 183 29.8% 34 18.6% 25 13.7% 158 86.3% 26.481 24.439 28.523 

Overall 615 100% 229 37.4% 187 30.4% 428 69.6% 19.742 18.193 21.290 
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Figure 2.11: Kaplan-Meier survival curve and table where number of metastases, metastatic mortality and patient 

survival were stratified according to copy number of chromosome 3 normal (n=220), monosomy (n=330) and N/A 

(n=65) (p= <0.001). The number of events indicates the number of patients who died of liver metastases. 

 

  

Chr3 
Number of 

patients (%) 
Number of 

metastases (%) 
Number of 
events % 

Censored % 

Mean 

survival 
(years) 

95% confidence 

interval 

Lower Upper 

Normal 220 35.8% 39 17.7% 23 10.5% 197 89.5% 27.785 24.347 29.223 

Loss  330 53.7% 179 54.2% 153 46.4% 177 53.6% 9.211 8.115 10.307 

N/A 65 10.6% 11 16.9% 11 16.9% 54 83.1% 10.362 9.364 11.361 

Overall 615 100% 229 37.4% 187 30.4% 428 69.6% 19.742 18.193 21.290 
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Chr6p 
Number of 

patients (%) 
Number of 

metastases (%) 
Number of 
events % 

Censored % 
Mean 

survival 
(years) 

95% confidence 
interval 

Lower Upper 

Normal 295 48% 151 51.2% 130 44.1% 165 55.9% 10.005 8.868 11.141 

Gain 137 22.3% 44 24.8% 32 23.4% 105 76.6% 17.299 15.124 19.473 

N/A 183 22.8% 34 26.5% 25 13.7% 158 86.3% 26.481 24.439 28.523 

Overall 615 100% 229 37.4% 187 30.4% 428 69.6% 19.742 18.193 21.290 

 
Figure 2.12: Kaplan-Meier survival curve and table where number of metastases, metastatic mortality and patient 

survival were stratified according to copy number of chromosome 6p normal (n=295), gain (n=137) and N/A (n=183) 

(p= <0.001). The number of events indicates the number of patients who died of liver metastases. 
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Figure 2.13: Kaplan-Meier survival curve and table where number of metastases, metastatic mortality and patient 

survival were stratified according to copy number of chromosome 6q normal (n=334), loss/gain (n=98) and N/A 

(n=183) (p= .002). The number of events indicates the number of patients who died of liver metastases. 

 

  

Chr6q 
Number of 

patients (%) 
Number of 

metastases (%) 
Number of 
events % 

Censored % 

Mean 

survival 
(years) 

95% confidence 
interval 

Lower Upper 

Normal 334 54.3% 160 47.9% 131 39.2% 203 60.8% 13.163 11.753 14.573 

Loss/Gain 98 15.9% 35 35.7% 31 31.6% 67 68.4% 8.922 7.874 9.969 

N/A 183 36.9% 34 18.6% 25 13.7% 158 86.3% 26.481 24.439 28.523 

Overall 615 100% 229 37.4% 187 30.4% 428 69.6% 19.742 18.193 21.290 
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Figure 2.14: Kaplan-Meier survival curve and table where number of metastases, metastatic mortality and patient 

survival were stratified according to copy number of chromosome 8p normal (n=303), loss/gain (n=129) and N/A 

(n=183) (p= <0.001). The number of events indicates the number of patients who died of liver metastases. 

 

  

Chr8p 
Number of 

patients (%) 
Number of 

metastases (%) 
Number of 
events % 

Censored % 
Mean 

survival 
(years) 

95% confidence 
interval 

Lower Upper 

Normal 303 49.3% 114 37.6% 91 30.1% 212 70.0% 15.496 14.039 16.953 

Loss/Gain 129 21% 81 36.4% 71 55% 58 45.0% 6.078 5.225 6.930 

N/A 183 36.9% 34 18.6% 25 13.7% 158 86.3% 26.481 24.439 28.523 

Overall 615 100% 229 37.4% 187 30.4% 428 69.6% 19.742 18.193 21.290 
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Figure 2.15: Kaplan-Meier survival curve and table where number of metastases, metastatic mortality and patient 

survival were stratified according to copy number of chromosome 8q normal (n=176), gain (n=257) and N/A (n=182) 

(p= <0.001). The number of events indicates the number of patients who died of liver metastases. 

 

 
 
 
 
  

Chr8q 
Number of 

patients (%) 
Number of 

metastases (%) 
Number of 
events % 

Censored % 
Mean 

survival 
(years) 

95% confidence 
interval 

Lower Upper 

Normal 176 29.6% 50 28.5% 41 23.3% 135 76.7% 17.807 16.170 19.443 

Gain 257 41.8% 146 56.8% 122 47.5% 135 52.5% 8.847 7.568 10.127 

N/A 182 29.6% 33 18.1% 24 13.2% 158 86.8% 26.621 24.587 28.656 

Overall 615 100% 229 37.4% 187 30.4% 428 69.6% 19.742 18.193 21.290 
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2.3.4 Liver screening analysis 

 

2.3.4.1 Frequency and modality of the scans 

During the screening period, the enrolled patients underwent in total 3854 scans, of which 

2419 were MRI; 945 US; and 490 CT (Table 2.3). The median number of scans per patient 

was 6.2 (range 1-40). These data will be analysed in more detail, with respect to the Health 

Economic Costs, in chapter 3. 

Table 2.3: Patients grouped according to the modality 

 and the frequency of scans performed 

 

 
Modality of 

scan 

Years 

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Total 

MRI 
 
Median 
Range 

221 

6.8 

(1-22) 

240 

8.3 

(1-21) 

152 

5.6 

(1-16) 

418 

7.9 

(1-21) 

185 

6.2 

(1-19) 

165 

7.9 

(1-17) 

429 

8.9 

(1-21) 

235 

7.1 

(1-12) 

182 

5.9 

(1-14) 

119 

4.9 

(1-12) 

73 

2.9 

(1-9) 

2419 

6.8 

(1-22) 

 

US 
 
Median 
Range 

51 

2.2 

(1-12) 

44 

1.5 

(1-5) 

79 

2.3 

(1-17) 

176 

3.1 

(1-17) 

69 

1.8 

(1-15) 

73 

1.6 

(1-11) 

104 

2.5 

(1-11) 

114 

2.4 

(1-11) 

59 

1.6 

(1-7) 

86 

2.3 

(1-6) 

90 

1.8 

(1-5) 

945 

2.1 

(1-17) 

CT 
 
Median 

Range 

34 

2.3 

(1-5) 

62 

3.9 

(1-11) 

36 

3 

(1-14) 

101 

3.6 

(1-13) 

46 

3.8 

(1-20) 

23 

3.8 

(1-8) 

79 

3.6 

(1-10) 

39 

3 

(1-8) 

30 

2.1 

(1-4) 

18 

2.3 

(1-6) 

22 

3.7 

(2-7) 

490 

3.2 

(1-20) 

 
Total 
 
Median 
 

Range 

306 

6.8 

(1-22) 

346 

7.4 

(1-22) 

267 

5.1 

(1-25) 

695 

8.7 

(1-34) 

300 

5.6 

(1-40) 

261 

4.6 

(1-27) 

612 

9.3 

(1-30) 

388 

6.8 

0 

271 

5.3 

(1-18) 

223 

4.5 

(1-20) 

185 

3.3 

(1-16) 

3854 

6.2 

(1-40) 

MRI = Magnetic Resonance Imaging 
CT = Computed tomography 
US = Ultrasound 
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As described above in the Material and Methods, the number of scans per patient was 

accessed in 5-year groups. Of the 615 patients, 353 (57.3%) were categorized to group 1-5, 

119/615 (19.4%) to group 6-10, 90/615 (14.6%) to group 11-15, 34/615 (5.7%) to group 16-

20, and 19/615 (2.9%) to group >20 (Table 2.4).  

Table 2.4: Patients grouped according to the number of scans per patient 

 
Liver 
Scans 

 

Years 

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Total 

Number of patients 

45 47 52 80 54 57 66 57 51 50 56 615 

 
Number 

scans 
1-5 
6-10 
11-15 
16-20 

>20 
 

 
 

 
22 
10 
8 
4 

1 
 

 
 

 
24 
10 
6 
5 

2 
 

 
 

 
34 
9 
5 
3 

1 
 

 
 

 
36 
12 
19 
9 

4 
 

 
 

 
38 
5 
5 
2 

4 
 

 
 

 
42 
6 
6 
0 

3 
 

 
 

 
17 
18 
24 
4 

3 
 

 
 

 
28 
13 
11 
4 

1 
 

 
 

 
25 
21 
4 
1 

0 
 

 
 

 
37 
11 
1 
1 

0 
 

 
 

 
50 
4 
1 
1 

0 
 

 
 

 
353 
119 

90 
34 

19 
 

 

2.3.4.2 Regularity of liver surveillance 

Each UM patient enrolled in the study underwent a number of scans, as indicated. From our 

retrospective analysis, it was observed that some patients ceased their screening program for 

varying reasons, i.e., presumably, patients underwent the rest of the follow-up in local 

hospitals at their request, or the program screening has ended. As mentioned in the Material 

and Methods, liver screening in this study was considered to be “regular” (when more than 

one scan was performed) or “irregular” (when for different possible reasons only one scan was 

performed). Therefore, it was found that; 407/615 (66.2%) patients had regular scanning in 

Liverpool, while in 208/615 (33.8%) patients, scanning was ‘irregular’. Kaplan-Meier survival 

curves and tables were examined for all patients according to the regularity of the liver 

screening (Log rank test, p = 0.043). An improvement in survival was observed in patients 

who had “regular” scanning (Figure 2.15).  

Of the patients who had regular scanning, 246/407 (60.4%) never demonstrated metastases, 

while 161/407 (39.6%) patients were diagnosed of hepatic metastases, 142/161 (88.2%) of 
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whom through the liver screening, and in 19/161 (11.8%) patients, metastases were only 

detected post-mortem.  

With regard to UM patients in the “irregular” scanning cohort, in 68/208 (32.7%) of the patients, 

metastases were detected with no metastases being observed in 140/208 (67.3%) patients. 

Most of these metastases were detected post-mortem 60/68 (88.2%). Unfortunately, all of 

these patients died, 67/68 (98.5%) of liver metastases, and 1/68 (1.5%) patient of unknown 

causes (Figure 2.16). Due to the fact that a considerable number of patients had irregular 

surveillance, the general characteristics of patients with irregular surveillance were analysed 

in detail as shown in Table 2.5. 

This group of patients with the ‘irregular’ surveillance comprised 119/208 (57.2%) males and 

89/208 (42.8%) females with a median age of 62 years at primary management (range, 23-87 

years). The median LBD and UH of the primary UM had a median of 15.3 mm and 7.8 mm, 

respectively. 76/208 (36.5%) involved the ciliary body and 24/208 (11.5%) had EOE. 106/208 

(51%) UM contained epithelioid cells and 92/208 (44.2%) contained PAS+ loops. Mitotic count 

was assessed in 148/208 (71.2%) tumours; most between 4-7 mitotic figures in 40 high-

powered fields 58/148 (39.2%). The majority of the cases were monosomy 3 - 98/208 (47.1%), 

and showed chromosome 8q gains in 91/208 (43.8%).  

Patients had a median time from primary treatment to the first and only scan of 0.4 years (4 

months) (range, 0.1-26.1 years). The most frequent modality of scan was US - 179/208 

(86.1%), with 6/179 (3.4%) in patients who developed metastases and 173/179 (96.6%) in 

patients who did not demonstrated metastases by clinical imaging. In 8/208 (4%) patients, 

metastases were detected in the only scan performed.  

The median follow-up time was 4.9 years (range, 0.2-32 years). At the end of this study 

116/208 (55.8%) patients of this group were still alive, and 92/208 (44.2%) died whose causes 

were: melanoma metastases in 67/92 (72.8%), other causes in 9/92 (9.8%), and unknown 

causes in 16/92 (17.4%) patients (Table 2.5). 
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Figure 2.16 Kaplan-Meier survival curve and table for patients stratified according to regularity of the liver 

screening. Based on regularity of the scanning, all Patients were classified as: Regular (p = .043) in 407 patients, 

and Irregular (p= .043) in 208 patients. Patients were also stratified according to the development of metastases. 

It was calculated the number of patients who did not developed metastases, and patients who developed 

metastases. Metastases were stratified according to the method metastases were detected (ante-mortem, and 

post-mortem). The number of events indicates the number of patients who died of liver metastases. 

 

 

 

  

Regularity 
Of 
scanning 

Total 
Number 

(%) 

Absence of 
Metastases 

(%) 

Number of metastases 
detected Number of 

events (%) 

Censored 

Sig. 
Mean 

survival 
(years) 

95% confidence 
interval 

Ante-mortem 
(%) 

Post-mortem 
(%) 

Number Percent Lower Upper 

Regular 407 (66.2%) 246 (60.4%) 142 (34.9%) 19 (4.7%) 120 (29.5%) 259 63.6% P= .043 16.033 13.656 18.411 

Irregular 208 (33.8%) 140 (67.3%) 8 (3.8%) 60 (28.8%) 67 (32.2%) 116 55.8% P= .043 13.617 12.272 14.962 

Overall 615 386 (62.8%) 150 (24.4%) 79 (12.8%) 

 

187 (30.4%) 375 61.0% 
 

16.971 15.470 18.471 
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Table 2.5: Characteristics of 208 patients who had only one scan  

during the liver screening study 
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Table 2.5: (continued) 
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2.3.4.3 Detection of metastases at time of the primary treatment 

In many centres, liver imaging tests are performed at the time of diagnosis or only when 

treatment of the primary UM is planned. In the present study, 286/615 (46.5%) had their first 

scan at the time of the first treatment. Of these, in 7/286 (2.4%) patients, metastases were 

detected in the liver scan. 6/286 (2.1%) patients had liver lesions suspicious of metastases, 

which were confirmed in subsequent examinations between 0 and 6 years later (Figure 2.17). 

Figure 2.17 Patients who had a first liver scan at time of the primary treatment. 

 

2.3.5 Management of metastatic disease 

Screening detected metastases in 150/615 (24.4%) patients (Figure 2.18). However, after the 

provision of information from the pathology reports into the study, it was found that a total of 

187/615 (30.4%) patients were diagnosed of metastatic disease post-mortem. It would appear 

that in 79/187 (42.3%) of these patients, metastases were never detected during the liver 

screening period. There was no access to information on the detection of these metastases 

ante-mortem, because the patients underwent liver surveillance examinations in other 

hospitals and metastases were detected in those hospitals, or the surveillance program for 

certain patients has been interrupted; and/or patients abandoned the surveillance program.  

Thus, a total of 229/615 (37.3%) patients were diagnosed of liver metastases during this study. 

It can also be shown in Figure 2.18 that a total of 108/150 (93.9%) patients in which melanoma 
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metastases were detected by clinical imaging, died. 4/150 (3.5%) patients died of other causes 

unrelated to UM metastases, and 3/150 (3.5%) died of unknown causes. 35/150 (23.3%) 

patients developed UM metastases at some point during the course of their illness and were 

still alive at the end of this study. 

 

Figure 2.18 Patients distribution scheme. This scheme represents the assessment of the 615 patients initially 

evaluated regarding their outcome considering the detection of metastases and cause of death. 
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2.3.5.1 Characteristic of detected hepatic metastases through liver surveillance 

With respect the number of metastases detected through the clinical imaging, 17/150 (11.3%) 

patients had between 0-1 metastases, and 133/150 (86.7%) had more than 1 metastases 

(Table 2.6). 

Table 2.6: Number of liver metastases detected through  

liver surveillance in the 615 UM patients 

 

The metastases detected were categorized according to their size, location and AJCC TNM 

staging. The median LDLM was 35.98 mm (range 4-196 mm). Most of the metastases were 

located in both hepatic lobes 70/150 (46.7%). With regard to the size of metastases, most 

measured less than 30 mm [87/150 (58%)] and hence categorized as M1a; 50/150 (33.3%) 

measured between 31 and 80 mm (M1b); and 13/150 (8.7) % measured more than 80 mm 

(M1c) (Table 2.7). Of these 150 patients, 18 (12%) were found to have extrahepatic 

metastases, located in the lung, skin, bone, peritoneum, and para-aortic lymph nodes (Table 

2.8). 

  

Number of 

Metastases 

per patient 

Years 

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Total 

0 25 30 38 54 42 52 46 42 40 46 50 465 

0 - 1 4 1 2 4 0 1 0 2 1 2 0 17 

> 1 16 16 12 22 12 4 20 13 10 2 6 133 

Total 45 47 52 80 54 57 66 57 51 50 56 615 
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Table 2.7: Size, location and TNM staging of the detected  

metastases (n=150 patients) 

 

 

 

Table 2.8: Extra hepatic metastases in the 150 patients in whom  

metastases were detected during the liver screening study 
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2.3.5.2 Metastases-related mortality 

Of the 150 patients whose metastases were demonstrated by clinical imaging, 81 (54.7%) 

developed metastases within 2 years after the primary treatment of the tumour; 27/150 (18%) 

developed metastases between 2-3 years; and in 42/150 (28%) patients’ metastases 

developed after 3 years of the primary treatment (Table 2.9). The median time observed 

between the primary treatment and the detection of the first metastases was 2.6 years (range 

0 to 17.8 years). The median time between the detection of the first metastases to death was 

1 year (range 0.1-4.3 years). Of the 115 patients who died, 98 (85.2%) died within 2 years 

after the development of metastatic disease; 11/115 (9.6%) died 2-3 years later, and 6/115 

(5.2%) patients died after 3 years of the first detected metastases.  35/150 (23.3%) patients 

were still alive at the close of this study. This group of 35 patients had a median follow-up time 

of 7 years (range, 1.6-19.3). The median time from the primary treatment to the first 

metastases was 4.6 years (range, 0.2-17.8). Of these, 5/35 (14.3%) patients developed 

metastases within 1 year, 3/35 (8.6%) between 1-2 years, 8/35 (22.9%) between 2-3 years, 

and 19/35 (54.3%) after 3 years. 
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Table 2.9: 150 UM Patients grouped according to time to first  

metastases detection to death 

 

2.3.6 Categorizing 615 patients into 3 groups according to when and whether patients 

had metastases  

As mentioned in Material and Methods, the 615 patients were categorized into three distinct 

groups. Clinical, histological, and genetic characteristics, and also the findings on liver 

screening, and outcome of the patients, are listed in tables 2.10, 2.11 and 2.12. Overall, it was 

found an improvement in survival from Group 1, Group 2 to Group 3 (log rank, p = <0.001) 

(Figure 2.19). 

Table 2.10 shows the 108 UM patients (Group 1) who developed metastases within 2 years 

after the diagnosis of the primary tumour. This group of patients consisted of 59/108 (54.6%) 
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males and 49/108 (45.4%) females with a median age of 66 years at primary management 

(range, 38-93 years). In 81/108 (75%) patients, the diagnosis of metastases was 

demonstrated by clinical imaging, and in 27/108 (25%) patients, the metastases were 

established at autopsy.  

The primary UM of this Group had a median LBD of 17 mm (range, 7-26 mm), and a median 

UH of 9 mm (range, 1.5-20 mm). 51/108 (47.2%) involved the ciliary body and 20/108 (18.5%) 

had extraocular extension. 82/108 (75.9%) tumour samples contained epithelioid cells and 

70/108 (64.8%) contained PAS+ loops. Mitotic count could be assessed in 87/108 (80.5%) 

tumours, with most showing between 4-7 mitotic figures in 40 high-powered fields 40/87 

(45.9%). The majority of the cases were monosomy 3 - 91/108 (84.3%).  

With respect to liver screening findings, in patients in whom metastases were found ante-

mortem, a total of 588 scans were performed 190 times in 81 patients, with a median of 7.3 

scans per patient (range, 1-25). 324/588 (55.1%) of these scans were MRI, 161/588 (27.4%) 

were CT and 103/588 (17.6%) were US.  

In the 27 UM patients in whom the metastases were detected at post-mortem only (within 2 

years of diagnosis of the primary UM), a total of 36 scans has been performed, with a median 

of 1.1 (range, 1-4). 10/36 (27.8%) of these scans were MRI, 3/36 (8.3%) were CT and 23/36 

(63.9%) were US. Overall, the 108 patients in this group averaged 5.7 scans per patient 

(range, 1-40). The median follow-up was 1.9 years (range, 0.2-5.6 years).   

At the time of study closure, on 15/05/2020, only 8/108 (7.4%) Group 1 patients were alive, 

100/108 (92.6%) had died; 96/100 (96%) from metastatic disease, 3/100 (3%) patients died 

from other causes, and 1/100 (1%) patient died from unknown causes.  
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Table 2.10: Characteristics of 108 uveal melanoma patients who developed 

metastases within 2 years of diagnosis of the ocular tumour 
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Table 2.10: (continued) 
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Table 2.11 shows 121 UM patients (Group 2) who developed metastases after 2 years of 

diagnosis of the primary tumour. This group comprised 77/121 (63.6%) males and 44/121 

(36.4%) females, with a median age of 60 years at primary treatment (range, 27-87 years). In 

69/121 (57%) patients, the diagnosis of metastases was demonstrated by clinical imaging, 

and in 52/121 (43%) patients, the metastases were established at autopsy.  

The primary tumours had a median LBD of 15.3 mm (range, 4.3-22 mm), and a median UH of 

7.4 mm (range, 1-18.3 mm). 42/121 (47.2%) UM involved the ciliary body and 14/121 (18.5%) 

had EOE. Epithelioid cells were observed in 85/121 (70.2%) tumours and PAS+ loops in 

49/121 (40.5%) tumours. Mitotic count was assessed in 87/121 (71.9%) tumours, the majority 

34/87 (39.1%) showing between 4-7 mitotic figures in 40 high-powered fields. Most of the 

cases presented chromosome 3 loss, 88/121 (72.7%).  

Liver screening in those patients in whom metastases were shown ante-mortem totalled 1012 

scans, undertaken 169 times in 69 patients, median 14.6 (1-40). Of these scans, 637/1012 

(62.9%) were MRI, 262/1012 (25.9%) was CT and 113/1012 (11.2%) was US. In those UM 

patients in whom the metastases were found post-mortem, a total of 104 scans were 

undertaken, 62 times in 52 patients, with a median of 2 scans per patient (range, 1-4). Of 

these scans, 60/104 (57.7%) were MRI, 3/104 (2.9%) was CT and 41/104 (39.4%) was US. 

Overall in this group, patients had an average of 9.3 scans per patient (range, 1-40).  

The median follow-up was 5.5 years (range, 2.2-19.3 years). At the end of the study, 27/121 

(22.3%) patients in this group 2 were alive, 94/121 (77.7%), patients had died; 91/94 (96.8%) 

from metastatic disease, 1/94 (1.1%) patient died from other causes, and 2/94 (2.1%) patients 

died from unknown causes.  
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Table 2.11: Characteristics of 121 patients who developed metastases after  

2 years of diagnosis of the ocular tumour 
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Table 2.11: (continued) 
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Table 2.12 shows 386 UM patients (Group 3) in whom metastases were not demonstrated in 

LUHFT throughout the liver screening study period. This group included 201/386 (53.1%) 

males and 185/386 (46.9%) females. The median age was 59 years at primary treatment 

range (range, 23-94 years).  

The primary tumours had a median LBD of 13.2 mm (range, 2.4-23.6 mm), and a median UH 

of 6 mm (range, 0.7-18.5 mm). Of these 90/386 (23.3%) UM involved the ciliary body and 

23/386 (5.9%) had EOE. Epithelioid cells were observed in 167/386 (43.3%) tumours and 

PAS+ loops in 119/386 (30.9%) tumours. Mitotic count was assessed in 195/386 (50.5%) UM, 

with 82/195 (42.1%) between 2-3 mitotic figures in 40 high-powered fields. The majority of the 

UM patients had tumours with chromosome 3 loss, 151/386 (39.1%).  

A total of 2114 scans were undertaken 491 times in this Group of 386 patients, median 5.5 

per patient (range, 1-22), of which MRI 1388/2114 (65.7%), CT 61/2114 (2.9%), and US 

665/2114 (31.5%). The median follow-up was 5.8 years (range, 0.2-32 years). At the end of 

the study, 340/386 (88.1%) patients in this group were alive. Unfortunately, 46/386 (11.9%) 

patients had died; all of them from causes unrelated to UM. Twelve of these 46 patients 

(26.1%) died within 2 years after the primary treatment, and 34/46 (73.9%) patients died after 

2 years of the primary treatment.   
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Table 2.12: Characteristics of 386 UM patients in whom metastases were not 

demonstrated in Liverpool throughout the liver screening study period 
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Table 2.12: (continued) 
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2.3.7 Survival for the 3 categorized groups of patients: 1) developed metastases 

within 2 years 2) after 2 years 3) never demonstrated metastases 

Kaplan-Meier survival curve and table were examined for all patients according to the 3 groups 

categorized on when and whether they developed metastases. Log-rank tests were used to 

compare survival across the 3 groups (p= <.001). Patients from Group 1 were associated to 

the poorest outcome. Group 2 was significantly associated with metastatic disease and poor 

survival. Group 3, was associated with improved outcome (Figure 2.19).  

  

 

 

 

 

 

 

 

 

 

Figure 2.19: Kaplan-Meier survival curve and table where all the patients were stratified according to when and 

whether developed metastases; Group1 - patients diagnosed of metastases within 2 years (n=108), Group 2 - 

patients diagnosed of metastases after 2 years (n=121), and Group 3 - patients who have never been diagnosed 

of metastases (n=386), (p= <0.001). The number of events indicates the total number of patients who died. 

Groups 
Total Number of 

patients (%) 
Number of 
events % 

Censored % Sig. 
Mean 

survival 
(years) 

95% confidence 
interval 

Lower Upper 

1 108 17.6% 100 92.6% 8 7.4% P= <.001 2.011 1.791 2.232 

2 121 19.6% 94 77.7% 27 22.3% P= <.001 6.810 5.778 7.841 

3 386 62.8% 46 11.9% 340 88.1% P= <.001 26.484 24.847 28.071 

Overall 615 100% 240 30.3% 375 61.1%  5.065 15.440 18.471 
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2.4 Discussion 

In this study, I undertook an extensive retrospective analysis of liver surveillance scans in 615 

UM patients diagnosed at the LOOC between 2008-2018. Although several studies have 

investigated the impact of surveillance in UM patients, the current study is important because 

I used a ‘real world’ dataset – with its associated strengths and weaknesses - that correlated 

the characteristics of UM patients included in liver screening programs with the features of the 

primary tumours, examining particularly the onset of the metastases and the scanning 

characteristics of the metastases.  

The main ‘top level’ findings of my analyses are summarised under the following subheadings, 

and will be discussed in more detail below: 

A – Frequency of UM metastases: Of all 615 UM patients reviewed over an 11-year period, 

386/615 (62.8%) patients did not demonstrate metastases in scans available at LUHFT, 

229/615 (37.3%) developed metastases, and 18/229 (7.9%) patients had extrahepatic 

metastases. 

B – Primary UM size and risk of metastases: This analysis demonstrated that 107/613 

(17.4%) primary UM were categorised as T1; 140/613 (22.8%) as T2; 226/613 (36.8%) as T3; 

and 140/613 (22.8%) as T4. Increasing size of the primary UM and increasing tumour TNM 

category were associated with increasing number of metastases (T4 - 58.6%), melanoma 

specific mortality (T4 - 50%), and reduced survival (T4 – 9.4 years). Of the 140 T4-primary 

UM, 5 (3.6%) patients had synchronous with M1c metastases. 

C – Primary UM genetics and risk of metastases: Patients who developed metastases had 

large primary UM, the majority of which demonstrated monosomy 3 (54.2%) and chromosome 

8q gain (56.8%). Liver surveillance was undertaken more frequently in these high-risk UM 

patients, and the survival mean time was 9.2 and 8.8 years, respectively, (range, 8.1-10.3, 

and 7.5-10.1 years, correspondingly). 
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D – Liverpool liver surveillance – detected metastases, number, and type of scans: 

Within the liver surveillance programme performed in Liverpool, metastases were detected in 

150 (24.4%) patients, and in 465 (75.6%) patients, metastases were not detected by clinical 

imaging during the study period. In the 150 patients, metastases were diagnosed mostly by 

MRI – in total 961 scans were performed over 11 years in these patients, with an average of 

7 scans per patient; followed by CT – 423 scans, with a median of 3.8 scans per patient, and 

US - 216 scans, with 2 scans per patient. Liver surveillance showed that the most frequent 

modality was MRI for all patients, with a total of 2419/3854 (62.8%) examinations and an 

average of 6.8 scans per patient. 

E. UM metastases characteristics in the Liverpool liver surveillance programme: Most 

patients in whom metastases were detected by imaging had multiple metastases 133/150 

(88.7%). The majority of metastases were categorized as M1a - measuring less than 30 mm 

87/150 (58%). From the metastases categorized as M1a, 24/87 (27.6%) had primary tumours 

with T4 stage, whereas M1b metastases had 16/50 (32%) primary UM T4, and M1c 

metastases had 5/13 (38.5%) primary tumours T4. 

F. Outcome of patients with UM metastases in the Liverpool liver surveillance 

programme: 81/150 (54%) of the patients in whom clinical imaging metastases were 

detected, developed the metastases within 2 years after the primary treatment of the tumour. 

The median time to metastases was 2.6 years, and the median time to death after the 

detection of metastatic disease was 1 year (range 0.1-4.3 years). However, there were still 

27/229 (11.8%) patients who developed metastases in two years, but these were detected 

only at post-mortem, in which it was not possible to obtain information such as: 1) when these 

metastases were diagnosed, 2) if metastases were detected during the period of liver 

surveillance in other hospitals, or 3) if metastases were ever detected ante-mortem. 
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G. Three groups of patients stratified according to when and whether patients had 

metastases: This analysis showed that it was possible to stratify the 615 patients into three 

distinct groups according to when and whether metastases occurred. In Group 1, patients 

developed metastases within two years of the treatment of the primary tumours and were 

associated with a worse outcome: [100/108 (92.6%)] died, [96/100 (96%)] of which from 

melanoma metastases. Group 2, patients developed metastases 2 years after the treatment 

of primary tumours.  These patients had improved outcome than Group 1. [94/121 (77.7%)] of 

the patients died, [91/94 (96.8%)] of liver metastases. Patients from Group 3 never 

demonstrated metastases and were associated with an improved outcome. At the end of the 

study, 46/386 (11.9%) patients had died, none of them due to liver metastases.  

H - Regularity of liver surveillance: This analysis demonstrated that not all UM patients had 

a regular scanning interval. In most patients [407/615 (66.2%)], the results of scanning were 

considered regular (more than 1 scan); however, the remaining patients [208/615 (33.3%)], 

liver screening was considered irregular (only 1 scan performed). Factors associated with 

patients' follow-up were some of the limitations of this study, which may have influenced the 

absence of a number of surveillance imaging. 
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2.4.1 Frequency of UM metastases  

The incidence of UM metastases varies between studies in the literature. Our results (37.3%) 

are similar to those of Diener-West et al. [143] who analysed 2,320 cases of UM, in which 

metastases were detected in 32% using LFTs, CXR and diagnostic imaging to detect UM 

metastases. Rantala et al. (2021) [268] also described 32% of metastases in their study to 

assess patients with liver metastases managed with the best supportive care. 

In contrast, Eskelin et al. [158] in a study of 390 UM patients over an 11-year period, reported 

62/390 (15.9%) of UM metastases, but only 37 (59.8%) patients had hepatic metastases only, 

the remaining 25 (40.3%) patients having extrahepatic metastases, either both liver and other 

sites, or other sites only. Although this figure differs to our analysis (37.3%), in the same study 

26.1% of UM patients were diagnosed on the basis of symptoms, since the study criteria 

included not only liver imaging, but also LFT values. Other studies also showed variability in 

the percentage of detected metastases: Frenkel et al. (13%) [204], Gomez et al. (71.1%) [245], 

and Rantala et al. reported that 72% of the patients developed only hepatic metastases [269]. 

Such variability can be explained by the type of studies undertaken, and the detection methods 

of UM metastases in the liver. 

2.4.2 Primary UM size and risk of metastases 

There are numerous studies that investigate the prediction and risk of mortality from UM 

[235,244,270,271] and liver surveillance to detect liver metastases 

[143,158,169,170,252,253,269,272-274]; however, none have undertaken such a wide 

analysis as that conducted here, combining clinical, histomorphological and genetic data. The 

risk of developing metastases in UM is determined by several factors, which include clinical 

and pathological characteristics, such as the size and location of the tumour [275] as well as 

molecular genetic abnormalities, mainly the loss of chromosome 3 [219].  

In the current study, in the 613/615 (99.7%) patients in whom the tumour measurements were 

obtained, the median tumour diameter and thickness was 14.6 mm (range, 2.4-26mm), and 
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6.3 mm (range, 0.7-20.2 mm), respectively. Similar data were found in a study by Damato et 

al. [72] in Liverpool, where the tumours had a mean LBD of 15.4 mm, and a mean thickness 

of 8.1 mm. A greater percentage of metastases was detected in UM with LBD of >18 mm 

(72.7%) and UH (12.1-15.0 mm) (73.5%), respectively. Other studies [276-279] also reported 

tumour size, as strongly associated with metastatic risk. Shields et al. [274] conducted a study 

in which they evaluated patients for the onset of UM metastases, using US measurements of 

the primary UM, particularly in cases where genetic tests or histopathological evaluation could 

not be obtained. In their analysis, Shields et al. analysed the risk of metastases based on a 

single millimetre increment in tumour thickness. They reported that tumour size significantly 

determined metastases risk with metastatic UM being observed in all 12% patients over a 38 

years’ time period: 5% incidence in patients with small UM (0-3.0 mm); 12.8% in patients with 

medium-sized melanomas (3.1-8.0 mm); and 21.8% for large melanomas (>8 mm).  

As mentioned above, the frequency of metastases found was higher at 229/615 (37.3%), 

however our results were in agreement in that an increasing size of UM was significantly 

associated with detection of metastases (T4 – 58.6%, p= <.001), and poor survival (T4 – 9.4 

years, p= <.001). This study is in agreement that the size of the tumour, is in fact a risk factor 

for poor outcome as previously described [102,280]. 

 In this analysis, the focus was a comprehensive review of the features of liver imaging 

performed after the treatment of the primary UM; however, in a detailed analysis of the primary 

tumours, a strong correlation was also observed between the increase in tumour size and 

chromosomal abnormalities. For example, the metastatic risk seen in T1 (17.5%), T2 (22.8%), 

tumours versus T3 (36.9%) and T4 (22.8%) tumours for genetic alterations, suggested that 

medium and large UM carry a substantially higher risk of changes compared to small UM, 

suggesting that an early intervention could prevent the accumulation of such genetic changes. 

Rantala et al. [269] evaluated the sensitivity of US as a screening modality in the detection of 

metastases in primary UM patients when associated with LFTs and confirmatory MRI in case 
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of detection of a suspected lesion. They categorized the sizes of primary tumours according 

to AJCC-TMN in; T1 (10%), T2 (39%), T3 (41%), T4 (10%), and 41% involved the ciliary body 

or the sclera [269]. Kujala et al. [278] classified UM as T1 (24%), T2 (33%), T3 (31%), and T4 

(12%). Comparatively, in the present study a higher percentage for T4 tumours was found 

(22.8%, p= <.001). A gradual increasing risk for metastases was noticed with the increasing 

category of the tumours (T1 – 15%, T2 – 26.5%, T3 – 41.6%, and T4 – 58.6%), and other 

studies have shown the same [132,143,281]. Survival analysis confirmed tumour size to be a 

risk factor for metastases and mortality (Log rank, p= <.001). The risk of synchronous 

metastases has been reported in the literature [269,282]. Garg et al. [283] analysed ocular 

and systemic findings in patients with metastatic disease. They reported that 1.9% of UM 

patients had clinical metastases (stage IV), having reported that patients with synchronic 

metastases had larger UM, as well as more frequent involvement of the ciliary body and extra-

scleral extension, concluding that although the tumours with higher stage have been 

associated with the risk of metastases at diagnosis, some small T1 tumours were classified 

as stage IV at initial presentation. In the present study, 5/140 (3.6%) of the primary tumours 

categorized as T4 had synchronic metastases M1c; 1/5 (20%) patient had involvement of the 

ciliary body and 2/5 (40%) had extra-scleral extension. This is in agreement with the study by 

Garg et al. who also reported that stage IV patients were more likely to develop multi-organ 

diseases, supporting a whole-body initial staging of all UM patients [283]. 
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2.4.3 Primary UM genetics and risk of metastases 

Although tumour size remains one of the most important clinical predictive factors, it is not the 

only parameter-influencing prognosis [274]. Several factors must be considered [284]. Damato 

et al. [72] in their analysis of prognostic factors predicting metastatic death, included genetic 

analysis and reported that the most important independent predictors were the basal diameter 

of the tumour, histopathology of epithelioid cells and the loss of chromosome 3. The study 

also confirmed that monosomy 3 is associated with a high rate of metastatic death in the first 

5 years after treatment for UM. Their results showed monosomy 3 (47.2%), and chromosome 

8 gain (37.1%).  

In our current study, cytogenetic data were comparatively similar to the study of Damato et 

al., monosomy 3 (53.7%), and chromosome 8q gain (41.8%). These figures had a greater 

correlation with liver metastases and metastatic death.  

As described in previous studies, monosomy 3 and gains in chromosome 8q are associated 

with a poor prognosis for survival [72,98,105,121,285], and this study confirms this. In the 

current analysis, I was able to demonstrate a significant association between chromosome 3 

and 8 abnormalities with poor survival. Chromosome 3 loss (46.4% - 9.2 years, p = <.001); 

gains or loss in chromosome 8p (55% - 6 years, p= <.001) and gains in chromosome 8q 

(47.5% - 8.8 years p= <.001).  

In 2020, Damato et al. [271] also described poor outcome associated with monosomy 3. They 

reported a parsimonious model developed to estimate mortality from melanoma metastases 

in patients with choroidal melanoma when it was not possible the apply either the LUMPO 

algorithm, or the TNM staging system. In a cohort of 8,348 patients with choroidal melanoma, 

Damato et al. found 4,174 (50%) who had chromosome 3 status. 1,553 (18.6%) of the patients 

died, where 956 (61.5%) deaths were attributed to UM metastases. The most informative 

predictors of metastatic death were LBD and chromosome 3 status. In our analysis, 

corresponding numbers were found – that is, of the 330 (53.7%) patients who had monosomy 



156 
 

3 UM, 179/330 (54.2%) had metastases, and 153/330 (46.4%) died of melanoma metastases. 

However, with regard to the overall mortality of the 615 patients studied here compared to 

their figures, higher percentages were found: the number of patients who died was 240/615 

(39%), of which 187/240 (77, 9%), due to liver metastases. 

In the current analysis, I demonstrated a significant correlation between loss of chromosome 

1p and metastatic death, and a decrease in overall survival (44.4% - 7.8 years, p = <0.001). 

Consistent with these findings, in a study analysing the genotypic profile of 452 choroidal 

melanomas with MLPA, Damato et al. [99] also reported that the increase in mortality is 

correlated with loss of 1p, as well as loss of chromosome 3 and gain of chromosome 8q. 

Another study showing consistency with our findings was the analysis of Kilic et al. [286]. 

Conversely, abnormalities of chromosome 6p are described as almost mutually exclusive to 

monosomy 3 and are therefore associated with a good prognosis [102,286]. This analysis also 

showed gains in chromosome 6p associated with a decreased metastatic death and improved 

survival: (23.4% - 17.3 years, p = <.001). 

2.4.4 Liverpool liver surveillance – detected metastases, number and type of scans 

As previously shown, surveillance allows early detection of metastases before symptoms 

develop, even though the debate on which tests will be most effective and the most beneficial 

cost-benefit ratio continues. Although a survival benefit for surveillance has not yet been 

proven, most centres perform periodic screening of all patients with high-risk UM, and 

surveillance is now considered good clinical practice [254]. 

In 2004, Diener-West et al. [143] in a study by the COMS Group, reported that in a cohort of 

2320 patients, 714 (32%) patients developed metastases and 679 (95.1%) died, 675 (99.4%) 

with confirmed metastases and 4 (0.6%) had clinical suspicion and histopathological 

confirmation of melanoma metastases. They considered that the use of LFTs associated with 

diagnostic imaging has a high specificity and predictive value, but a low sensitivity, and that 

better tests would be needed to identify melanoma metastases earlier. In the present study, 
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we did not include the analysis of LFTs or other tests used for metastatic screening. 

Comparatively, it was found 37.3% of metastases, 24.4% diagnosed clinically, and 12.8% by 

pathologic confirmation; in these patients, metastases have not been demonstrated ante-

mortem but may eventually be developed at different stages of the disease. For various 

reasons already mentioned previously, many patients did not continue their surveillance 

programs, and it was not possible to obtain this information. 

Marshall et al. [169] conducted a prospective study to evaluate the detection of asymptomatic 

UM liver metastases by MRI. 188 patients were included in which the 5-year mortality 

prediction exceeded 50%. The median follow-up time was 28.8 months (range, 1-118 months). 

The screening was continued for a minimum period of 5 years, until the detection of 

metastases. Six months of MRI screening detected metastases in 83 (92%) of the 90 patients 

who developed systemic disease. They concluded that performing MRI for a period of 6 

months in patients at high risk of developing metastases before the onset of symptoms 

increases the possibilities for early treatment of metastases and participation in clinical trials. 

Conversely, in our study, the liver screening period was defined to 11 years, with an additional 

follow-up period of 15 months (until 30th of March 2020) and a surveillance modality constituted 

of MRI, US, and CT. The median follow-up time was 5.1 years (range 0.2-32 years). A 

relatively lower number of metastases 229 (37.4%) were detected. The retrospective modality 

of this study did not enable the attainment of information on follow-up for a certain number of 

patients in whom there was no continuity of the surveillance, and consequently, an amount of 

metastases were not identified. 

On average, metastatic disease is detected about 3 years after the diagnosis of the primary 

tumour [169]. At the time of the primary diagnosis, less than 4% of UM patients have occult 

liver metastases [259]. Once diagnosed, metastases are predictive of poor survival [287]. In 

the recent study published by Rantala et al. [269], they analysed the US's inconsistency with 

CT or MRI and compared CT and MRI. They reported that of the 215 selected patients; 

metastases were detected in 10 (4.7%) patients before the tumour's primary treatment. A total 
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of 155 (72%) liver metastases were detected, with 215 (47.7%) US, 167 (37.1%) CT and 69 

(15.3%) MRI. They opted for the US as their first imaging modality, except for CT in 18 patients 

(8%) and MRI in 2 (0.9%) patients. The median interval was 17 days (range, 0-56 days) from 

the first to the second imaging modality, US, CT, and MRI. 

In our analyses, there were only a few similarities, since our study period was longer, and we 

did not analyse the specificity of the examinations, but their frequency and the characteristics 

of the liver metastases. In the 150 patients in whom metastases were demonstrated by 

imaging, 1600 scans were performed, of which 961/1600 (60.1%) was MRI, 423/1600 (26.4%) 

was CT and 216/1600 (13.5%) was US. The MRI was the most used, because it is considered 

to be the study choice for evaluating metastases in high-risk patients or when abnormalities 

are detected in some centres in the UK [252], particularly in Liverpool [169]. Due to the 

characteristics of melanoma metastases, in which even very small melanotic deposits can be 

seen as bright foci, MRI is considered to be more specific and at least more sensitive than CT 

to detect metastases, and US is even less specific, and additionally it is highly operator-

dependent, time-consuming and technically challenging [170]. In this study, it was 

demonstrated that in 286/615 (46.5%) patients the first scan was performed on the eve of the 

primary treatment of the tumour, and in 7/286 (2.4%) patients it were detected metastases at 

time of primary treatment, as also referred in other studies [288]. Albert et al. reported that, 

while patients are being examined for preoperative metastases, an increasing number of 

patients with metastatic UM are being identified before primary treatment [289].  
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2.4.5 UM metastases characteristics in the Liverpool liver surveillance programme 

In this study, during the liver screening analysis it was found that of most patients presented 

multiple metastases 133/150 (88.7%). Conversely, Rivoire et al. [183] described a total of 602 

patients treated for UM who had an abdominal US scan every 6 months over a period of 14 

years. 10.5% of the patients developed liver metastases as the first extraocular metastatic 

site. When possible, liver surgery was performed. Most of the patients 39.3% had < 4 liver 

metastases, 34% had between 5 and 8 liver metastases, and 27% of the patients had <10 

metastases.  

The median LDLM of the metastases identified in this study was 35.98 mm (range, 41-196 

mm). 87/150 (58%) patients had metastases with less than 30 mm (M1a), 50/150 (33%) had 

between 30 and 80 mm (M1b), and 13/150 (9%) patients had metastases with more than 81 

mm (M1c).  

Comparatively, other studies reported metastases with smaller sizes. Rantala et al. [269] 

reported 380 patients undergoing liver surveillance. They found a median LDLM of 26 mm 

(range, 6-130). Other study describing the characteristics of liver surveillance was from 

Marshall et al. [169], in which they described 90 patients who developed metastases. Here 

again describing smaller metastases, 66% of patients had metastases with less than 20 mm, 

21% between 25 and 50mm, 8% 50-100 mm and 6%> 100 mm. Servois et al. [253] reported 

a study of preoperative staging of hepatic metastases from UM, also describing metastases 

with smaller size. Of the 28 lesions resected, in 27 metastases confirmed surgically and 

histologically, 32.3% were smaller than 5 mm, 25.9% measured between 5 and 10 mm, and 

40.7% measured more than 10 mm. Smaller metastases were also found in the study by 

Rivoire et al. [183] describing treatment procedures for hepatic metastases in UM and reported 

that the diameter of the largest metastases was < 30 mm (median, 12 mm; range, 5-75 mm). 

However, a study from Eskelin et al. [158] describing screening for melanoma metastases 

reported larger metastases than those found in our study, the median LDLM was 48 mm 

(range 10-300 mm).  
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2.4.6 Outcome of patients with UM metastases in the Liverpool liver surveillance 

programme  

As previously mentioned, in this study were detected metastases in 229 patients; however, in 

patients in whom metastases were detected at autopsy, it was not possible to obtain the time 

in which metastases occurred after primary treatment. Thus, the following results are related 

to metastases detected by clinical imaging. 81/150 (54%) patients developed metastases 

within 2 years after primary treatment. Overall, 115/150 (76.7%) patients died 1 year after the 

detection of the first metastases (range, 0.1-4.3 years). 

Rietschel et al. [163] evaluated survival parameters in metastatic UM. They found 119 patients 

with metastases over a 10-year period. The estimated median overall survival was 12.5 

months. The median time to the detection of metastases was 4.4 years (range, 0.2-9.9 years), 

and the median follow-up of the survivors was 17 months. 22% patients were alive at 4 years. 

Comparing to our analysis, we found an estimated median overall survival of 3.5 years. The 

median time to metastases was shorter - 2.6 years (range, 0.1-17.8 years). 35/150 (23.3%) 

patients diagnosed of metastases ante-mortem were alive at the close of this study, for a 

follow-up time - 2.5 years (range, 0.4-7.7 years) after the detection of the metastases.  

Other previous studies have reported survival data for metastatic UM. Rivoire et al. [183] 

reported similarities: time to metastases of 29 months and, 87% patients died within 2 years 

after the diagnosis of metastases compared with 85.5% in our analysis. In contrast, they 

reported an improved median follow-up time of survivors of 29 months. Lane et al. [217] 

described a poor median survival time after the diagnosis of metastases of 3.9 months. Unlike 

our study, the median time from the initial treatment of the tumour to metastases was 3.45 

years, and the overall survival rate was 13% in 1 year. In total, only 11.7% of patients survived 

for more than 1 year. 

Lorigan et al. [150] in a study on the prevalence and location of UM metastases reported  92% 

of detected metastases. In 61% patients, metastases were detected 4.3 years after the 
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treatment of the primary tumour. A poorer survival after metastases was observed, 95.5% of 

patients died 10 months after the diagnosis of metastases, compared with 85.5% who died 

within two years of diagnosis in our study. Only 2.7% of patients were alive after metastases, 

with progressive disease, compared to 23.3% who survived up to 2.5 years after the detection 

of metastases in this analysis. 

2.4.7 Three groups of patients stratified according to when and whether developed 

metastases 

For the identification of patients at high risk of developing metastatic disease, many 

anatomical, histological and, more recently, genomic prognostic characteristics have been 

used [122,290-292]. Mazloumi et al. [291] investigated the accuracy of the TCGA classification 

by comparing it with the AJCC classification system. Based on the tumour largest basal 

diameter, thickness, location, and EOE, tumours were classified according to the AJCC into 4 

tumour categories, 17 subcategories, and 4 stages. TCGA classification was based on genetic 

results into 4 classes: A, B, C, and D. Patients classified according to the AJCC, the main 

differences were: the category of more advanced tumours had a shorter follow-up time, a 

greater number of metastases and poor outcome, and the median time to metastases was 

shorter. Comparisons of the AJCC tumour categories and stages with TCGA classification 

showed that more advanced TCGA classes were associated with more advanced AJCC 

categories. The results suggested that the TCGA classification provides greater precision than 

AJCC categories for predicting UM metastases.  

In contrast in this study, 3 groups of patients (Groups 1, 2, 3) were stratified according to the 

time of the development of the metastases, integrating clinical and cytogenetic characteristics 

of the patients, as well as the characteristics of the liver screening and outcome. The results 

showed that the distinct characteristics in each group, differentiated patients as having: better, 

intermediate and worse outcome (p= <.001).  
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The comparison showed that in Group 1 (patients who developed metastases within two 

years) the tumours were larger, (LDB median 17 mm and UH median 9 mm), and had a higher 

incidence of monosomy 3 [91/108 (84.3%)] and gains of chromosome 8q [77/108 (71.3%)]. 

The median frequency of scans was 5.7 examinations per patient. The comparison between 

groups in this study, also demonstrated that patients from Group 1 had worse outcome. A 

shorter follow-up time (1.9 years), a higher mortality rate 100/108 (92.6%), in which metastatic 

death was 96%, and a survival rate of 8/108 (7.4%) at 1.9 years of follow-up was shown. 

Although with some similar characteristics, in Group 2 (patients who developed metastases 

after 2 years of primary treatment) It was verified smaller tumours than Group 1 (LDB median 

15.3 mm and UH median 7.4 mm), the incidence of monosomy 3 was lower [88/121 (72.7%)] 

and also gains of chromosome 8q [69/121 (57.1%)]. They had higher median frequency of 

scanning - 9.2 scans per patient, compared to 5.7 examinations per patient in Group 1. In a 

retrospective study conducted by Davanzo et al. [292] patients were categorized as low-, 

unknown- and high risk. The group of patients at low risk and unknown risk was recommended 

a less frequent standard surveillance protocol, while for patients identified as high risk of 

metastases, was recommended referral to an oncologist and an intensive protocol was 

advised. In our analysis, regardless of the highest frequency of examinations found in Group 

2, when analysing Groups 1 and 2 together, which were the total of patients who developed 

metastases, we found a higher average of scans per patient compared to Group 3. Regarding 

the outcome, in Group 2 was improved: mortality rate - 94/121 (77.7%) and survival - 27/121 

(22.3%) at the 5.5 years of follow-up; however, metastatic death (96.8%) was similar to Group 

1.  

The group of patients in which metastases have never been demonstrated (Group 3), tumours 

had smaller size, (LDB median 13.2 mm and UH median 6 mm) and most of the genetic factors 

presented mainly normal status, except for chromosome 3, which presented 151/386 (39.1%) 

of monosomy 3, compared to 131/386 (33.9%) of normal status, and chromosome 8q gain 

with 11/386 (28.8%) compared to 105/386 (27.2%) of normal status. The frequency of imaging 
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was lower (5.5 scans per patient). Also in Group 3, patients had better outcome than Groups 

1 and 2. The mortality rate was 46/386 (11.9%) and the survival rate was 340/386 (88.1%) at 

5.8 years of follow up. The mortality rate in Group 3 was considerably lower in relation to 

Groups 1 and 2; but nevertheless it was found that there was a percentage of patients - 12/46 

(26.1%), who died within two years after the primary treatment and although they died due to 

causes unrelated to UM and no metastases were detected, it cannot be exclude the fact that 

there could have been unidentified micro metastases, which could develop later [145]. The 

risk of metastatic disease, although lower in this group of patients, is not completely absent 

and, some studies [293-296] indicate that the surveillance program should continue, as well 

as patients should be encouraged to adhere to the recommended surveillance. Other studies 

[261,292] also indicate that only when suspicious lesions are found, patients should have more 

frequent routine confirmatory examinations. 

An analysis performed by Singh et al. [297] published results in which patients were grouped 

according to the molecular prognosis. Those with tumours with disomy of chromosome 3, 

class 1 GEP and absence of mutation in the BAP1 or SF3B1 gene, were considered patients 

with good prognosis, and those who had monosomy 3, class 2 GEP, or presence of BAP1 or 

SF3B1 gene mutation, were considered patients with poor prognosis. No difference was 

demonstrated between small tumours with poor prognosis and large tumours with good 

prognosis, and no patient with small tumours with a good prognosis died of metastatic disease. 

Their analysis also reported that the broad classification of distributing patients into groups 

with good or bad prognosis used in current practice, does not depend only on the test used, 

and it is considered insufficient because within the group with worse prognosis the pattern of 

mortality may be initial or late and seems to be determined by the genetic profile. They 

established that the preferred method for the prognosis could be the mutational subtyping of 

UM. 

Conversely, in our analysis due to variations in the intensity and frequency of the scanning, 

we wanted to know if there were any factors related to the patient, or primary tumour that were 
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associated with specific surveillance characteristics, which helped to stratify patients into 3 

groups and verify that the patients at higher risk: developed metastases and the surveillance 

was more frequent. In the above-mentioned study from Davanzo et al. [292] on risk-stratified 

systemic surveillance in UM, a statistically significant difference in the risk of metastases was 

reported between the low-risk group and the unknown-risk group compared to the high-risk 

group (p <0.001). All detectable metastases developed in the high-risk group. High-risk 

patients had more scans performed and were also more likely to perform any scan and have 

more intensive surveillance. 

2.4.8 Regularity of liver surveillance in the real world 

Regular surveillance can result in early detection of metastases in resectable stages. 

Oncologists generally recommend more frequent and/or more intensive surveillance for 

patients with metastatic high-risk [292]. Due to the lack of solid evidence on liver surveillance 

for the detection of melanoma metastases, more studies should be conducted to assess the 

efficacy of surveillance in reducing mortality. Studies on surveillance performed for other 

cancers, such us primary liver cancers and colorectal cancers [231,298,299], showed a 

survival benefit for surveillance receivers. 

In this study, we investigated the outcome of patients with UM who received the surveillance 

program, and when analysing patients according to the regularity of liver surveillance, it was 

found that; scanning was regular in 407/615 (66.2%), and irregular in 208/615 (33.8%) 

patients.  A considerably greater number of metastases were detected through the regular 

screening programme 161/407 (39.6%), compared with the irregular screening 8/208 (3.8%); 

although in this latter group, 60/208 (28.8%) patients had their metastases recorded at 

autopsy. There is a possibility that these patients have continued their surveillance program 

in other hospitals, and the surveillance was not analysed in this study. Overall mortality 

increased in the irregular group 92/208 (44.2%) than in the regular surveillance group 148/407 

(36.4%). Metastatic mortality for the irregular group was statistically higher 67/208 (32.2%) 

compared to the regular group 120/407 (29.5%), (p = 0.043).  
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Our results showed some consistency with a study conducted by Khalili et al. [298] reporting 

the effectiveness of US surveillance for hepatocellular carcinoma. They also reported a better 

outcome for regular versus irregular liver surveillance. Patients were categorized into 3 

groups: regular surveillance, irregular surveillance, or first surveillance (tumour detected in the 

first scan). The results of surveillance showed that when they used the Milan criteria for 

transplantation as outcome, (77%), (61%), and (74%) patients performing regular, irregular, 

and first surveillance, respectively, had tumours that met the transplant criteria. The difference 

between regular and irregular surveillance was statistically significant (p = 0.03). When they 

used the Barcelona Clinic Liver Cancer (BCLC) staging system, (80%), (68%), and (76%) 

patients who had regular, irregular and first surveillance had their tumours detected in BCLC 

curative stages. They concluded that a high success rate in surveillance of hepatocellular 

carcinoma was achieved by regularly using US. 

In another study described by Kwon et al. [299] in which they analysed the impact of national 

surveillance for liver cancer, they grouped patients into surveillance and non-surveillance. The 

mortality rate of patients who participated in liver surveillance was 22% lower than that of 

those who did not participate. The survival probability of the surveillance group was statistically 

higher over the entire follow-up period (p <0.0001) compared to the group who did not 

participate. The study highlighted the survival benefit in patients who participated in the liver 

surveillance program. 

In summary, I have undertaken a detailed analysis of liver scans in 615 UM patients diagnosed 

at the LOOC and found that the onset of metastases is related to the size and genetic profiles 

of the primary UM. Liver surveillance did enable detection of the metastases earlier, and in 

some cases enabled prolonged survival via metastasectomy. These data are of value in 

considering the costs of surveillance programmes (as to be discussed in Chapter 3) as well 

as of potential modifications and revisions of prognostic algorithms for UM (see Chapter 4).  
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Chapter 3 

Analysis of costs of liver screening for metastases in patients treated at 

the Liverpool Ocular Oncology Centre between the years 2008 and 2018 

using the LUMPO3 
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3.1 Introduction 

3.1.1 Factors associated with follow-up liver screening 

Given the relatively high incidence of metastatic disease involving the hepatic parenchyma, 

liver surveillance is a widespread practice in cancer management. As already mentioned in 

Chapter 1, various diagnostic tests have now been indicated for the detection of metastases 

[160,165,167,169,173]. 

Literature on metastatic surveillance on patients with a variety of cancers - such as uveal and 

skin melanoma, hepatocellular carcinoma, colorectal, and pancreas [231,292,300-302] - 

suggests that there are advantages of liver surveillance, such as early detection of metastases 

and reassurance of the patient. Detecting metastases in a timely fashion may lead to changes 

in the management, such as local liver treatment with ablation or resection, targeted or 

traditional systemic chemotherapy, or enrolment in clinical trials of new treatments, leading to 

better survival results [293,294]. Mitchell et al. in a study on the experience of uveal melanoma 

follow-up care, reported that several patients indicated a preference for more liver scans 

during follow-up, which made them feel reassured [300]. However, some studies reported that 

some disadvantages could include: exposure to radiation, which may lead to an increased risk 

of cancer in the future [248,303]; incidental findings during examinations, such as suspicious 

or benign lesions that are later considered harmless but that cause unnecessary investigations 

and anxiety to patients [304], imaging-guided biopsies as a result of suspicious findings, to 

prove or exclude melanoma metastases [305] and possible concomitant complications of 

these tests, such as biopsy bleeding.  

3.1.2 Cost-effectiveness of liver surveillance 

Several studies have evaluated the sensitivity and cost-effectiveness of liver surveillance in 

patients with various malignancies [301,306,307]. Although previous studies have shown that 

overall survival does not improve with early detection of metastases, more recent studies have 

suggested that survival is better in patients with smaller metastases and asymptomatic 



168 
 

patients. However, intensive imaging follow-up programs tend to increase costs either for 

healthcare systems or patients and can constitute a risk for patients. Currently, assessing the 

utility of liver routine screening remains controversial. To date, limited data suggest that liver 

surveillance is cost-effective or has a significant impact on UM patients concerning life 

expectancy. There are not many studies that investigate the cost-effectiveness of liver 

surveillance in patients with UM, studies of other cancers have reported costs, [306,307]. 

However, in UM, some of the published studies reported costs and benefits of single images 

[269,308] before surgical resection of metastases or follow-up imaging to assess response to 

treatment. 

Frequent liver surveillance can constitute either a financial, time, and psychological burden for 

patients and the results obtained in the "real world" may be very different from what would be 

expected by oncology researchers [309]. Evaluating the functionality of liver surveillance is 

not simple. Eskelin et al. [158] suggested that the combination of LFTs and half-yearly US can 

detect up to 98% of metastases, but the authors recognized that the costs of these programs 

are not guaranteed until more effective systemic therapies are available. It is important to note 

that screening programs, when implemented early, will lead to the improvement of screening 

protocols. Gombos et al. [161] reported that not all patients indicated, as being at high risk 

would be good candidates for therapy, in which case they will not be indicated for early 

detection of metastases. Therefore, guidelines for screening asymptomatic patients with UM 

should be based on scientific data that indicate routine observations because early detection 

and intervention significantly alter patient's morbidity and mortality. 

  



169 
 

3.1.3 Clinical prediction models 

Prognostic tools used to estimate the risk of metastatic death and also to predict the time when 

this may occur are considered of great value to patients [235,241]. Considering that the spread 

of the tumour is rarely detectable at the time of primary ocular treatment, and assuming these 

tools are sufficiently reliable, they would allow personalized medical care to allow patients at 

low risk of metastases to be reassured and, in contrast, patients with the likelihood of 

developing the disease could be included in special programs, such as personalized 

counselling and systemic surveillance. Prognostic models designed to predict survival or risk 

of metastases after the treatment for UM based on clinical, tumour characteristics and 

cytogenetic risk factors, or even on the gene expression profile have been reported 

[124,219,235,236,240,241,310]. Prognostic models are abundant in the medical literature 

[311,312], but few of the models are implemented or used in clinical practice [312]. Worse still, 

few models are evaluated for their impact on health outcomes. Prognostic models are a formal 

combination of several predictors from which the risks for a specific end point can be 

calculated for each patient. 

A newly-developed prognostic model needs to be validated with patient data not used in the 

development process and, preferably, selected from different configurations [313]. Validation 

studies provide estimates of the ability of a model to discriminate between patients with 

different risk groups and of the agreement between predicted and observed risks [314]. 

As referred in Chapter 1, the Liverpool Uveal Melanoma Prognosticator Online (LUMPO) 

model was developed, which estimates life expectancy using risk factors and mathematical 

models based on machine learning algorithms (7 -9). When LUMPO3 was improved and 

validated in Liverpool [241], it was considered a reliable and personalized prognosticator of 

metastatic death and capable of being used as a decisive support tool for the individual 

management of patients in a clinical context. Since routine liver screening for UM metastases 

is time-consuming and expensive for patients and healthcare services, this has encouraged 

us to use the LUMPO3 prognostic tool, to potentially increase the cost-effectiveness of 
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providing services, reducing the number of screening examinations. This time, a new 

prediction model was designed, which is an output of LUMPO3, that demonstrated that it is 

possible to reliably predict the time of the onset of metastases, and also to implement different 

screening strategies in patients with UM. Results of this study were recently published [315]. 

The objective of Chapter 3 was to: (1) validate LUMPO3 in Liverpool, essentially to examine 

LUMPO3's ability to predict the appearance of liver metastases in patients treated at the 

LOOC; and (2) to determine the costs of liver screening in patients with UM. 

 

  



171 
 

3.2 Material and Methods 

There were 615 eligible patients for our retrospective observational cohort study who were 

previously treated for primary UM at the LOOC, between 1988 and 2018, and who underwent 

liver surveillance between 2008-2018. Clinical data on this cohort study have been published 

previously [315]. Data from these patients were analysed concerning the identification and 

characterization of hepatic metastases through liver screening and later correlated with 

demographic, primary tumours, follow-up, and outcome data, as already outlined in Chapter 

2. 

3.2.1 Data Collection 

A detailed retrospective review of data from UM patients identified by OOB with the diagnosis 

of UM who underwent liver screening between 2008-2018 was performed. A total of 615 

radiological reports of liver screening from UM patients were found. The relevant clinical data 

of the enrolled patients related to imaging studies, such as demographic information (gender, 

age), features of the liver imaging, follow-up and outcome were retrieved from the electronic 

medical records at the LUHFT. These information collected through a hospital software called 

CRIS, provided data whose details are available in a existing proforma (Appendix 6).  

All patients were categorized into the 11-year period according to the year they performed the 

primary treatment or, in some cases secondary treatment, at the LOOC. The following 

variables were analysed according to the information found in the patients’ scan reports: 

3.2.1.1 Data from scan reports 

1) Scan reports for all patients:  

a. When the first liver scan occurred; 

b. The total number of liver scans performed; 

c. The number of scans per year; 

d. The performed scanning modality (MRI, CT, or US) 
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2) Patients in whom metastases were detected: 

a. Metastases diagnosed by clinical imaging - metastases were detected through 

liver screening; 

b. Metastases diagnosed by autopsy - metastases were detected post-mortem 

through histopathological examination; 

c. The number of scans from the primary treatment to the detection of the first 

metastases; 

3) Patients who never developed metastases: 

a. The median time from the treatment of the primary tumour to the last scan 

performed; 

b. The total numbers of scans until the last scan. 

3.2.1.2 Occurrence of metastases 

The time of occurrence of metastases was calculated for all patients who demonstrated 

metastases during the liver screening program. The time to detection of metastases was 

calculated from the date of treatment of the primary UM until the date of detection of the first 

metastases. The percentages of metastases detected at different times were also calculated. 

All analyses were performed using SPSS Statistics V27 (IBM). 

3.2.1.3 Cost analysis of imaging 

For this study, the unit costs of the scans were specifically calculated, without considering 

other associated costs such as material and equipment used during the procedures, or human 

resources involved. The costs of scans performed were obtained based on the direct costs of 

each of the studies performed (MRI, CT, and US), from the price list cited in the National 

Institute of Health and Care Excellence (NICE) liver cancers guideline, the price year  adopted 

was 2021 [316] (Table 3.1). In this guideline, the costs related to MRI it varies from £138 to 

£250 per examination, the costs of CT from £83 to £172 per study, and the costs of the US 

ranged from £52 to £161. Maximum and minimum prices were obtained, as listed in the NICE 

guidance. 
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The total costs were calculated as the costs of each scan and presented as follows: 

1) The costs of all scans performed until the detection of metastases; 

2) The costs of all scans until the last scan performed in patients who did not develop 

metastases; 

Data were collected, filed, and processed in Excel format (Microsoft, Inc., UoL, UK) and SPSS 

Statistics V27. As described in Chapter 2, after transferring the data to Dr Helen Kalirai for 

compilation, the dataset was returned to me, to Professor Azzam Taktak, and to Dr Antonio 

Eleuteri, for statistical analysis and model construction. 
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Table 3.1: Costs of MRI, CT, and US according to NICE guidelines 

 

 

Currency  Currency Description Unit Cost  

RD01A Magnetic Resonance Imaging Scan of One Area, without Contrast, 19 years and over £138 

RD01B Magnetic Resonance Imaging Scan of One Area, without Contrast, between 6 and 18 years £142 

RD01C Magnetic Resonance Imaging Scan of One Area, without Contrast, 5 years and under £144 

RD02A Magnetic Resonance Imaging Scan of One Area, with Post-Contrast Only, 19 years and over £164 

RD02B Magnetic Resonance Imaging Scan of One Area, with Post-Contrast Only, between 6 and 18 
years 

£207 

RD02C Magnetic Resonance Imaging Scan of One Area, with Post-Contrast Only, 5 years and under £229 

RD03Z Magnetic Resonance Imaging Scan of One Area, with Pre- and Post-Contrast £199 

RD04Z Magnetic Resonance Imaging Scan of Two or Three Areas, without Contrast £152 

RD05Z Magnetic Resonance Imaging Scan of Two or Three Areas, with Contrast £202 

RD06Z Magnetic Resonance Imaging Scan of more than Three Areas £202 

RD07Z Magnetic Resonance Imaging Scan Requiring Extensive Patient Repositioning £250 

RD40Z Ultrasound Scan with duration of less than 20 minutes, without Contrast £52 

RD41Z Ultrasound Scan with duration of less than 20 minutes, with Contrast £65 

RD42Z Ultrasound Scan with duration of 20 minutes and over, without Contrast £63 

RD43Z Ultrasound Scan with duration of 20 minutes and over, with Contrast £41 

RD44Z Ultrasound Scan, Mobile or Intraoperative Procedures, with duration of less than 20 minutes £70 

RD45Z Ultrasound Scan, Mobile or Intraoperative Procedures, with duration of 20 to 40 minutes £118 

RD46Z Ultrasound Scan, Mobile or Intraoperative Procedures, with duration of more than 40 minutes £161 

RD20A Computerised Tomography Scan of One Area, without Contrast, 19 years and over  £83  

RD20B Computerised Tomography Scan of One Area, without Contrast, between 6 and 18 years  £97  

RD20C Computerised Tomography Scan of One Area, without Contrast, 5 years and under  £66  

RD21A Computerised Tomography Scan of One Area, with Post-Contrast Only, 19 years and over  £107  

RD21B Computerised Tomography Scan of One Area, with Post-Contrast Only, between 6 and 18 years  £133  

RD21C Computerised Tomography Scan of One Area, with Post-Contrast Only, 5 years and under  £172  

RD22Z Computerised Tomography Scan of One Area, with Pre- and Post-Contrast  £105  

RD23Z Computerised Tomography Scan of Two Areas, without Contrast  £93  

RD24Z Computerised Tomography Scan of Two Areas, with Contrast  £104  

RD25Z Computerised Tomography Scan of Three Areas, without Contrast  £103  

RD26Z Computerised Tomography Scan of Three Areas, with Contrast  £115  

RD27Z Computerised Tomography Scan of more than Three Areas  £111  
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3.2.2 LUMPO3 model Validation 

Statistical analyses were performed using semiparametric competing risks model of 

metastases onset, integrated in the class of semiparametric transformation models. To 

perform the internal validation of LUMPO3, the model developed by Antonio Eleuteri et al. 

[241] was used to predict the appearance of liver metastases in patients diagnosed with UM, 

and also calculate liver screen intervals. There were two predictors considered, both resulting 

from the LUMPO3 model: the first being a linear combination of age and sex (linear predictor 

of death due to causes other than metastases lpod) and the second is a linear combination of 

age, sex, LBD, EOE, UH, Epi, Loops, Mitoc, chromosome 3 loss, chromosome 8 gain (linear 

predictor of death due to metastases, lpmd). For this validation, whose objective was to verify 

the ability of LUMPO3 to predict the onset of metastases and also calculate the number of 

scans that could be avoided; only the lpmd was used, due to its specificity in relation to death 

caused by metastases. 

The model was validated for discrimination and calibration, which are two measures to 

characterize the performance of a mathematical model [317]. Discrimination is described as 

quantifying the model's ability to correctly classify subjects into appropriate risk categories, 

such as low, medium, high, etc. Perfect discrimination would be observed if a model placed 

each individual in the class to which he or she really belongs. Calibration is described as 

verifying to what extent the predicted probabilities numerically agree with the actual results. 

Good model discrimination does not always indicate good calibration and vice versa. Harrell 

[317] suggests that good discrimination is always preferable whenever one has to choose 

which method should receive the main focus, and this is possible because it will always be 

conceivable to recalibrate since for true discrimination this is not possible [317]. 

One measure of discrimination used was the area under the receiving operating characteristic 

(ROC) curve (AUC), which is a graph showing the performance of a classification model at all 

classification thresholds [318]. This curve plots two parameters: true positive rate and false 

positive rate. It is a graphical representation of the relationship between sensitivity and 



176 
 

specificity and helps to decide the ideal model, determining the best limit for the diagnostic 

test. Sensitivity, specificity and precision are statistics widely used to describe a diagnostic 

test. In particular, they are used to quantify how good and reliable a test is [242]. Sensitivity 

measures the effectiveness of the test in detecting a positive disease, while specificity 

estimates the probability that patients without disease can be correctly excluded.  

It was also of interest to assess whether there is a difference in the cumulative incidences of 

onset of metastases. In most clinical studies, estimating the cumulative incidence function (or 

the probability of experiencing an event at a given time) is of primary interest. The cumulative 

incidence of mortality up to a given time is the likelihood that an individual will die at that time. 

It is the sum of the incidences of mortality that occurred until that moment. 

In order to predict the cost of scans performed, the lpmd feature of LUMPO3 was specifically 

chosen for this study, due to its specificity of predict death due of metastases. The lpmd 

feature has a numerical constitution ranging from - infinity to + infinity. To obtain a variety of 

predictions, 3 decision thresholds ("-1", "0" and "+1") were chosen. The predictions of lpmd 

were categorized as "recommended" and "not recommended". Based whether the lpmd score 

was above or below the threshold respectively.   

The number of scans that would be hypothetically not performed according to the lpmd score 

was calculated as well as the number of metastases that would have been missed. The 

calculations for the number of unnecessary scans were based on the assumption that all 

patients considered to be at low risk would perform a surveillance program defined for up to 5 

years after the initial diagnosis, similar to what is described in some surveillance programs for 

UM [169,319] and for other types of cancers [320-325]. 
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3.3 Results 

3.3.1 Overall imaging utilization 

Among the 615 UM patients who underwent liver surveillance, a total of 3854 imaging 

procedures were performed between 2008-2018. The general utilisation of abdominal 

surveillance images after the treatment of the primary tumour was highest in the years 2011 

and 2014, which were the years when there was a greater number of patients, which may be 

due to administrative reasons. Between 2017 and 2018 there was a decrease in the utilisation 

of scanning imaging probably because it was the last years of the study and if patients were 

diagnosed in those years, they would be starting their liver surveillance program, which is 

likely to increase in subsequent years (Figure 3.1). 

 

 

 

 

 

 

 

 

Figure 3.1 Annual rate of imaging utilization per patient. Frequency of imaging scans per patient within 11 years 

of liver surveillance for uveal melanoma patients.  
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3.3.2 Imaging modality  

Among the 615 patients undergoing liver screening, the majority of UM patients underwent 

MRI (n = 2419 [62.8%]); followed by patients who underwent US (n = 945 [24.5%]), and CT 

(n = 490 [12.7%]) (Table 3.2). The general annual use of MRI, US, and CT was also higher in 

the years 2011 and 2014. However, in 2018 there was a great decrease in MRI examinations 

and in contrast more US were performed, probably because these patients were starting the 

surveillance program and at this stage more US are usually performed and the MRI is only 

used when suspected lesions appear (Figure 3.2). 

Table 3.2: Modality and frequency of scans performed 

Frequency 

of scans 

Scans modality Total all 

scans MRI US CT 

Nº patients Total MRI Nº patients Total US Nº patients Total CT 

1 67 67 298 298 58 58 423 

2 34 68 46 92 29 58 218 

3 13 39 24 72 17 51 162 

4 26 104 21 84 11 44 232 

5 25 125 18 90 12 60 275 

6 26 156 7 42 4 24 222 

7 20 140 4 28 9 63 231 

8 19 152 4 32 3 24 208 

9 14 126 4 36 1 9 171 

10 20 200 5 55 3 30 285 

11 22 242 1 12 2 22 276 

12 17 204 3 39 1 13 256 

13 9 117 1 15 1 14 146 

14 10 140 1 16 - - 156 

15 10 150 2 34 - - 184 

16 8 128 - - - - 128 

17 7 119 - - - - 119 

18 1 18 - - - - 18 

19 1 19 - - - - 19 

20 1 20 - - 1 20 40 

21 3 63 - - - - 63 

22 1 22 - - - - 22 

Total 615 2419 615 945 615 490 3854 
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Figure 3.2 Frequency of imaging modality per patient within 11 years of liver surveillance for UM patients. The 

overall yearly utilization of MRI, CT and US scanning varied over time, but the greatest increase in imaging was 

largely in 2011 and 2014. In addition, these patients were twice as likely to have a high frequency of imaging 

compared with the rest of patients. 

3.3.3 Factors associated with follow-up imaging 

3.3.3.1 Time and number of scans until the detection of metastases in 150 patients 

whose metastases were detected through liver surveillance 

During this study, it was possible to verify how many scans patients were submitted to before 

the metastases were detected and the median time from the diagnosis to the detection of 

metastases. As mentioned in Chapter 2, patients who developed metastases were divided 

into two groups: patients in whom metastases were detected by clinical imaging (n = 150), 

and patients in whom metastases were detected by autopsy (n=79). In the 150 patients, the 

median time from the diagnosis to the detection of the first metastases was 2.6 years (range, 
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0-17.8) (Figure 3.3). A total of 793 scans were performed during these period before the 

detection of metastases (Figure 3.4). 

Figure 3.3 Patients whose metastases were diagnosed by clinical imaging – time to the first detection of 

metastases. 

Figure 3.4 Patients whose metastases were diagnosed by clinical imaging – total number of scans until the 

detection of metastases. 
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The interpretation of the frequency of scans in 150 patients revealed the following trend: In 

25/150 (16.7%) patients, metastases were diagnosed in the first scan performed. Most 

patients 74/150 (49.3%) in whom metastases were detected during the liver screening study 

performed between 2-6 scans, that is, in total 283/793 (30.7%) examinations were performed 

in these 74 patients up to the detection of metastases. This group of 74 patients also had the 

highest number of events at the end of the study 60/150 (52.2%). On the other hand, 39/150 

(26%) patients who underwent between 7-11 examinations had a higher frequency of 

examinations than the previous group, totalling 315/793 (39.7%) scans. This could be because 

suspicious lesions may have been found and, consequently, the intensity of the scanning 

increased. Finally, a group of 12/150 (8%) patients underwent between 12-20 examinations 

each, making a total of 170/793 (21.4%) scans (Table 3.3). 
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Table 3.3: Number of scans until the detection of metastases and number of events 

 

Frequency of 
scans until 

detection of 
metastases 

 

Total of 
patients 

 

Total of 
scans 

 

Number of 
events 

Censored 

Number Percent 

1 25 25 22 3 12% 

2 18 36 14 4 22.2% 

3 11 33 10 1 9.1% 

4 22 88 17 5 22.7% 

5 12 60 10 2 16.7% 

6 11 66 9 2 18.2% 

7 16 112 10 6 37.5% 

8 12 96 10 2 16.7% 

9 6 54 2 4 66.7% 

10 2 20 1 1 50.0% 

11 3 33 3 0 0.0% 

12 3 36 1 2 66.7% 

13 3 39 2 1 33.3% 

14 1 14 0 1 100.0% 

15 3 45 3 0 0.0% 

16 1 16 1 0 0.0% 

20 1 20 0 1 100.0% 

Overall 150 793 115 35 23.3% 
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3.3.3.2 Time and number of scans until the detection of metastases in 79 patients whose 

metastases were detected by autopsy 

Interpretation of liver surveillance data from 79 patients whose metastases were detected by 

autopsy revealed a median time of 3.3 years (Range, 0.4-8.6 years) until the detection of 

metastases (autopsy) (Figure 3.5). In total, 140 scans were performed until metastases were 

detected (Figure 3.6). Interestingly, 60/79 (75.9%) patients in this group only performed 1 

scan over the liver surveillance program. 

 

 

Figure 3.5 Patients whose metastases were detected by autopsy – median time until the detection of metastases 
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Figure 3.6 Patients whose metastases were detected by autopsy – total number of scans until the detection of 

metastases. 

 

Although this group of patients performed a reduced number of scans during the study, 

metastases were detected post-mortem, it was unclear whether these patients had no 

indication to continue the screening program, or if the program continued in other institutions. 

Table 3.4 shows that these patients had an irregular liver surveillance, the majority of patients 

60/79 (75.9%) performed only 1 scan over the study period. A more detailed analysis showed 

that these 60 patients had a median follow-up time of 3 years (range, 0.2-8.6), and the median 

time from the primary treatment to the first and only scan was 0.2 years (range, 0.0-2.3 years), 

which indicates that these patients missed 2.8 months of liver surveillance in the hospitals 

where we performed this analysis, having them however all died of liver metastases.  
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Table 3.4: Frequency of scans in 79 patients whose metastases  

were detected at autopsy 

 

Frequency of 

scans until 

detection of 

metastases 

 

Total of 

patients 

 

Total of 

scans 

 

Valid percent 

1 60 60 75.9 

2 9 18 11.4 

3 1 3 1.3 

4 4 16 5.1 

7 2 14 2.5 

8 1 8 1.3 

10 1 10 1.3 

11 1 11 1.3 

Overall 79 140 100.0 
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3.3.3.3 Time and number of scans in 386 patients who never demonstrated metastases 

during the liver screening study 

In this analysis, we found that the trend among all groups of patients was that a large 

percentage of patients underwent only one examination. In this group of 386 patients, the 

following was observed: the median time from primary treatment to the last scan was 3 years 

(range, 0.0-26.1 years) (Figure 3.7). In total, 2114 examinations were performed on 386 

patients during the study period, with no metastases detected (Figure 3.8). 140/386 (36.3%) 

of these patients underwent only 1 scan, which was 6.6% (140/2114) of the total of scans in 

this group. Table 3.5 shows that of the 140 patients who underwent only 1 scan; the number 

of patients who died was 24/140 (17.2%). Overall, in this group of 386 patients, 46/386 (11.9%) 

individuals died, 24/46 (52.2%) of them performed only 1 scan. This may indicate that these 

patients could have other chronic diseases and could not continue the liver surveillance 

program, as they would be being treated primarily for these diseases.  

Regarding the frequency of scans, in this study it was shown that, in this group, some patients 

performed an excessive number of scans, and it will be seen later in this chapter that many of 

these scans would be unnecessary. The observed trend was that a greater number of 

examinations were performed in a reduced number of patients. 

The following predisposition was verified: 114/386 (29.5%) patients performed between 2-6 

scans, which totalled 437/2114 (20.8%) scans, 4 scans per patient. 75/386 (19.4%) patients 

performed between 7-11 scans, comprising 692/2114 (32.7%) scans, 9 scans per patient. 

42/386 (10.9%) patients performed between 12-16 scans, consisting of 575/2114 (27.2%) 

scans, 14 scans per patient, and finally, 15/386 (3.9%) patients performed 17-22 scans, 

totalling 214/2114 (10.2%) scans, 18 scans per patient (Table 3.5).  
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Figure 3.7: 386 patients who did not demonstrated metastases grouped according to the total number of scans 

and time to the last scan.  

 

Figure 3.8: 386 patients who did not demonstrated metastases grouped according to the total number of scans 

and time to the last scan.  
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Table 3.5: Frequency of scans in 386 patients who never developed metastases 

 

Frequency of 

scans until 

the last scan 

performed 

 

Total of 

patients 

 

Total of 

scans 

 

Number of 

events 

Censored 

Number Percent 

1 140 140 24 116 82.9% 

2 28 56 8 20 94.7% 

3 19 57 1 18 9.1% 

4 25 100 2 23 92.0% 

5 28 140 4 24 85.7% 

6 14 84 2 12 85.7% 

7 15 105 1 14 93.3% 

8 13 104 2 11 16.7% 

9 10 90 0 10 100.0% 

10 14 140 0 14 100.0% 

11 23 253 0 23 100.0% 

12 8 96 0 8 100.0% 

13 14 182 2 12 85.7% 

14 7 98 0 7 100.0% 

15 9 135 0 9 100.0% 

16 4 64 0 4 100.0% 

17 10 170 0 10 100.0% 

18 2 36 0 2 100.0% 

20 1 20 0 1 100.0% 

22 2 44 0 2 100.0% 

Overall 386 2114 46 340 88.1% 
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3.3.4 Incidence of metastases 

The time of occurrence of metastases were examined for all UM patients during the liver 

surveillance program. Figure 3.9 shows the frequency of metastases detected for all patients 

in this study at different time points. In 53/229 (23.2%) patients, metastases were detected 

one year after the treatment of the primary tumour, in 193/229 (84.3%) 5 years later, and in 

226/229 (98.6%) after 10 years. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.9: Cumulative Incidence of metastases at different time points of the development of the disease for all 

229 patients diagnosed of metastases. 

Metastases 

Incidence Time of occurrence (years) 

 

53/229 (23.2%) 1 

108/229 (34.9%) 2 

149/229 (65.1%) 3 

179/229 (72.9%) 4 

193/229 (84.3%) 5 

208/229 (90.8%) 6 

217/229 (94.6%) 7 

220/229 (96.1%) 8 

225/229 (98.3%) 9 

226/229 (98.6%) 10 
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3.3.5 Costs analysis of imaging 

 

3.3.5.1 Costs of imaging for patients who developed metastases 

The estimated costs for the different modalities of scanning used in the liver surveillance 

program in this study were calculated. As described in Material and Methods, scan costs were 

calculated based on the minimum and maximum costs available at the NICE guidelines. For 

patients who developed metastases, 1740 scans were performed whose costs were estimated 

between £191,147 and £367,931 (Table 3.6).  

 

3.3.5.2 Costs of imaging for patients who did not develop metastases 

For patients who did not develop metastases, 2114 scans were performed, whose total costs 

were estimated between £225,983 and £443,942 (Table 3.7).  

 

Table 3.6: Estimated costs of liver imaging for patients who  

developed metastases, based on the NICE guidelines 

 

Type scan Number of 
scans 

NICE 
minimum 
cost/scan 

NICE 
maximum 
cost/scan 

Minimum 

 total cost 

Maximum  

total cost 

MRI 1031 £140 £250 £144,340 £257,750 

CT 429 £83 £172 £35,607 £73,788 

US 280 £40 £130 £11,200 £36,400 

Total 1740   £191,147 £367,938 
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Table 3.7: Estimated costs of liver imaging for patients who did not 

develop metastases, based on the NICE guidelines 

Type scan Number of 
scans 

NICE 
minimum 
cost/scan 

NICE 
maximum 
cost/scan 

Minimum total 

cost 

Maximum total 

cost 

MRI 1388 £140 £250 £194,320 £347,000 

CT 61 £83 £172 £5,063 £10,492 

US 665 £40 £130 £26,600 £86,450 

Total 2114   £225,983 £443,942 

 

3.3.6 Statistical analysis results 

3.3.6.1 Model validation 

3.3.6.2 Discrimination and calibration  

As mentioned in Material and Methods, for this new feature resulting from the LUMPO3 model, 

the predictor considered for this study was the lpmd representing a linear predictor of death 

due to metastases. This model was previously validated via bootstrap resampling in terms of 

discrimination and calibration. By using the new feature, it was verified that the performance 

of discrimination was consistent over time. Table 3.8 demonstrates the Area under the ROC 

within 0.5 to 10 years (2000 samples, 95% confidence interval). Figure 3.10 shows a ROC 

graph demonstrating the consistent performance of discrimination over 5 years. Table 3.9 

shows 9 different scenarios represented according to the cumulative incidence of the initial 

development of metastases and the linear predictor of metastatic death, in terms of decision 

thresholds. In this case, sensitivity, specificity, and negative and positive predictive values 

within 5 years were calculated for each decision thresholds. Model calibration was carried out 

by comparing the number of events observed with the expected onset of metastases. These 

estimates are shown in Figure 3.11, in which it can be seen a good agreement between the 

observed and predicted events. 
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Table 3.8 Area under the ROC 

Time (years) AUC (95% CI) 

0.5 0.85 [0.76, 0.92] 

1 0.86 [0.80, 0.90] 

2 0.87 [0.83, 0.91] 

3 0.86 [0.82, 0.89] 

4 0.85 [0.81, 0.88] 

5 0.85 [0.81, 0.88] 

6 0.85 [0.81, 0.89] 

7 0.84 [0.80, 0.88] 

8 0.84 [0.80, 0.88] 

9 0.84 [0.78, 0.88] 

10 0.84 [0.77, 0.89] 

 

(Table published in Comput. Biol. Med. 2021 Mar; 130:104221. doi: 10.1016/j.compbiomed.2021.104221. Epub. 

2021 Jan 20). 

 

 

 

 

 

 

 

 

 

 

Figure 3.10: ROC graph at 5 years with a bootstrapped 95% confidence interval on specificity (image published 

in Comput. Biol. Med. 2021 Mar; 130:104221. doi: 10.1016/j.compbiomed.2021.104221. Epub. 2021 Jan 20).  
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Table 3.9: Sensitivity, specificity, positive and negative predictive 

values within 5 years, for different decision thresholds 

Cumulative incidence 

of metastases onset 

decision threshold 

Linear predictor of 

metastatic mortality 

decision threshold 

Sensitivity Specificity Positive Predictive 

Value 

Negative Predictive 

Value 

0.10 - 1.00 0.99 [0.97, 1.00] 0.18 [0.13, 0.23] 0.52 [0.50, 0.53] 0.95 [0.88, 1.00] 

0.15 - 0.29 0.96 [0.93, 0.98] 0.36 [0.30, 0.42] 0.57 [0.55, 0.60] 0.91 [0.85, 0.96] 

0.20 0.25 0.92 [0.88 0.96] 0.51 [0.44, 0.58] 0.62 [0.59, 0.66] 0.88 [0.83, 0.93] 

0.25 0.69 0.89 [0.84, 0.93] 0.65 [0.59, 0.72] 0.69 [0.65, 0.73] 0.87 [0.82, 0.91] 

0.30 1.08 0.81 [0.75, 0.87] 0.72 [0.66, 0.77] 0.72 [0.67, 0.76] 0.81 [0.76, 0.86] 

0.35 1.43 0.70 [0.64, 0.77] 0.78 [0.72, 0.83] 0.74 [0.69, 0.79] 0.75 [0.70, 0.79] 

0.40 1.76 0.64 [0.58, 0.71] 0.85 [0.81, 0.90] 0.79 [0.74, 0.85] 0.73 [0.69, 0.77] 

0.45 2.07 0.55 [0.48, 0.62] 0.90 [0.86, 0.94] 0.83 [0.78, 0.89] 0.69 [0.66, 0.73] 

0.50 2.38 0.44 [0.37, 0.51] 0.95 [0.92, 0.98] 0.89 [0.83, 0.95] 0.66 [0.63, 0.69] 

 

(Table published in Comput. Biol. Med. 2021 Mar; 130:104221.doi:10.1016/ j.compbiomed.2021.104221. Epub. 

2021 Jan 20). 

 

 

 

 

 

 

 

 

Figure 3.11: Comparison of observed and expected number of metastases onset events within 0.5 to 10 years 

since management (Image published in Comput. Biol. Med. 2021 Mar; 130:104221.doi:10.1016/ 

j.compbiomed.2021.104221. Epub. 2021 Jan 20).  
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3.3.6.3 Cost analysis of liver scanning 

The total costs of the provision of health services could potentially be decreased with the 

application of LUMPO3 by reducing the number of screening examinations. The percentage 

of patients who had cost savings at different decision threshold points based on the analysis 

of the lpmd is summarized below. 

As mentioned in Materials and Methods, using the lpmd feature, predictions were made in 

whose patients, scans were recommended and those who were not recommended, using 

three different thresholds. As shown in Table 3.10, more patients are recommended to have 

scans using a lower threshold (-1), and fewer metastases would be missed. However, as the 

threshold value increased, fewer patients were recommended scans, but contrary, more 

metastases would be missed during the screening study, and a higher significant number of 

scans would be hypothetically not performed in patients whose scans were not recommended. 

 

The cost savings of scans that would not hypothetically be performed were calculated, both 

for patients whose predictions of lpmd scans were recommended and for patients whose 

examinations were not recommended. For example, as shown in Table 3.11, using a 

threshold of -1, a series of scans performed could be avoided. In that case, a total of 185 

recommended scans would not be performed. This corresponds to a potential saving of costs 

of between £23,758 and £42,422; approximately half of the total costs of scans actually 

performed during the study for this selected group of patients. Differently, still for a threshold 

of -1, when the predictions calculated for patients in which scans would not be recommended, 

it was found that as this group of patients was of low risk, all examinations that were actually 

performed would not be recommended (341 examinations), and a saving of between £32,584 

and £66,986 hypothetically would be obtained (Table 3.12). 
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Table 3.10: Cost analysis using the lpmd for different decision threshold points 

regarding the number of metastases missed and avoided scans. 

 

Linear predictor of death due to metastases (lpmd) 

Decision 
thresholds 

Number of patients 
whose scans were 

recommended 

Number of 
metastases missed 

Number of scans 
that hypothetically 

would not be 
performed 

(n=patients) 
(m=median 

scans/patient) 

Number of patients 
whose scans were 

not recommended 

Number metastases 
missed 

Number of 
patients/scans that 

hypothetically 
would not be 

performed 
(m=median/patient) 

-  1 546 0 185 (n=29, m=6.4) 69 2/69 (3%) 46/341 (m=7.4) 

0 431 0 143 (n=22, m=6.5) 184 12/184 (6.5%) 111/860 (m=7.7) 

+ 1 309 0 36 (n=5, m=5.0) 306 35/306 (11.4%) 139/1170 (m=8.4) 

 

 

 

Table 3.11: Cost analysis using the lpmd for different thresholds regarding cost savings 

for recommended scans. 

 

 

lpmd 

Scans recommended Vs scans performed/hypothetically not performed 

Number of 

scans 

actually 

performed 

Modality of scans Estimated costs Number of 

patients that 

would not 

perform 

scans 

Number of scans 

that 

hypothetically 

would not be 

performed 

(m=median 

scans/patient)  

Modality of scans Estimated savings 

MRI CT US Minimum 

cost 

Maximum 

cost 

MRI CT US Minimum 

cost 

Maximum 

cost 

-  1 475 383 16 76 £58,260 £108,030 29 185 (m=6.4) 151 6 28 £22,758 £42,422 

0 362 317 11 34 £46,840 £85,320 22 143 (m=6.5) 123 6 14 £18,278 £33,702 

+ 1 86 62 2 17 £9,560 £18,010 5 36 (m=5.0) 27 2 7 £4,226 £8,004 
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Table 3.12: Cost analysis using lpmd for different thresholds regarding cost savings 

for scans not recommended. 

 

 

 

lpmd 

Number of scans not recommended in patients with low risk of metastases 

according to lpmd 

Number of 

patients 

that would 

not perform 

scans 

Number of 

scans that 

hypothetically 

would not be 

performed 

Modality of scans Estimated savings 

MRI CT US Minimum 

cost 

Maximum 

cost 

-  1 46 341 186 8 147 £32,584 £66,986 

0 111 860 495 22 343 £84,846 £172,124 

+ 1 139 1170 742 34 394 £122,462 £242,562 
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3.4 Discussion 

This study showed a comprehensive retrospective analysis of liver screening characteristics 

of 615 UM patients diagnosed at the LOOC between 2008-2018. In my detailed examination, 

the intensity and frequency of the liver scans were evaluated, as well as the number of 

examinations performed in which no metastatic lesions were detected, which allowed the 

calculation of the number of scans that could be avoided during the liver surveillance program. 

For this study, a new feature of the prediction model was designed which demonstrated that 

it is possible to safely predict the time for the onset of metastases in UM patients, and is also 

possible to use the model to assess the number of scans that could be avoided using 

specificity as a guideline. The results of this study showed the following findings: 

A) Overall imaging utilization and imaging modality: A total of 3854 imaging procedures 

were performed between 2008-2018 among the 615 UM patients who underwent liver 

surveillance during that period. Most of these patients underwent MRI (n = 2419 [62.8%]); 

followed by US (n = 945 [24.5%]) and CT (n = 490 [12.7%]). 

B) Time and number of scans until the detection of metastases: It was demonstrated that 

in the 150 patients diagnosed by imaging, a total of 793 liver scans were performed until the 

detection of metastases, within a median time of 2.6 years (range, 0-17, 8 years) from the 

diagnosis to the detection of the first metastases. In contrast, in the 79 patients whose 

metastases were detected at autopsy, 140 examinations were performed until the detection 

of metastases. The average time from the treatment of primary tumours to the detection of 

metastases was 3.3 years (range: 0.4-8.6 years). Interestingly, 60/79 (75.9%) patients in this 

group underwent only 1 scan during the liver surveillance program. This group of patients 

performed a reduced number of scans during the study; however, metastases were detected 

post-mortem. 
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C) Time and number of scans in 386 patients who never demonstrated metastases 

during the liver screening study: In total, 2114 examinations were performed on these 386 

patients during the study period, with no metastases detected. 140/386 (36.3%) of these 

patients underwent only 1 scan. The median time observed from primary treatment to the last 

scan was 3 years (Range, 0.0-26.1). 

D) Cost analysis of imaging: Scanning costs were calculated based on the minimum and 

maximum costs available in the NICE guidelines. For patients who developed metastases, 

1740 scans were performed, whose costs were estimated between £191,000 and £368,000. 

For patients who did not develop metastases, 2114 examinations were performed, whose total 

costs were estimated between £226,000 and £444,000. Overall, £417,000 minimum, and 

£812.000 maximum costs were valued for the 3854 scans performed in 615 patients enrolled 

in the screening program. 

E) Discrimination and calibration, cumulative incidences of onset of metastases, and 

cost analysis of liver scanning for LUMPO3 validation using lpmd: Calibration measures 

were used to compare the number of events observed versus the expected onset of 

metastases. It was demonstrated a good agreement between the observed and the predicted. 

With the application of LUMPO3, it was demonstrated that reducing the number of screening 

examinations could potentially decrease the costs of providing health services.  

  



199 
 

3.4.1 Overall imaging utilization and imaging modality  

The current study found a total of 3854 imaging procedures that were performed between 

2008-2018 amongst the 615 UM patients who underwent liver surveillance during that period. 

Most of these patients underwent MRI (n = 2419 [62.8%]). 

The results of other studies on liver surveillance in the literature were relatively consistent with 

the present analysis. Hyder et al. [321] evaluated post-treatment surveillance of patients with 

colorectal cancer and liver metastases (CRLM) treated surgically. They reported that of the 

1739 patients with CRLM who underwent metastasectomy, about 5707 examinations were 

performed from the surgical treatment until five years after surgery or death. This 

corresponded to about 3.2 scans per patient in that period, compared with the present study, 

in which there were about 6.3 scans per patient during the 11-year study period. The authors 

demonstrated a significant increase in the use of surveillance imaging overtime after surgery 

for CRLM, which they suggested was due to factors associated with the characteristics of the 

patient or the geographical location of the hospital. With respect to the scanning modality, 

when comparing the Hyder study with ours, CT (97%) was more used frequently than MRI 

(7%) and PET (18%), contrasting to our study where the MRI was more frequent (62.8%). The 

study of Rantala et al. also published results different from ours: the majority of scans 

performed were US 215/451 (47.7%), in 215 patients diagnosed with liver UM metastases 

who underwent a total of 451 examinations [269]. These differences may have numerous 

reasons, including the cancer type and the availability of technologies (and their preference of 

usage) in the healthcare systems.  

3.4.2 Time and number of scans until the detection of metastases 

In the present study, it was demonstrated that in the 150 UM patients whose metastases were 

diagnosed by imaging, a total of 793 liver examinations were performed until the detection of 

metastases. Conversely, the 79 patients whose metastases were detected at autopsy 

underwent a much smaller number of scans until metastases were diagnosed (n=140 scans). 

The median time from diagnosis to detection of the first metastases was 2.6 years (range, 0-
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17, 8 years). Similar findings have been reported in a survival study in patients with pre-

symptomatic diagnosis of metastatic UM conducted by Kim et al. [326]. They described that 

the average time from the diagnosis of the primary tumour to the diagnosis of metastases was 

31.4 months (2.6 years) in the asymptomatic group compared to 40.3 months (3.4 years) in 

the symptomatic group; however, they mentioned that this difference was not statistically 

significant (P = 0.14), and that this median time of interval occurred without metastases for 

the asymptomatic group (31.4 months) was comparable to that of asymptomatic patients in 

other studies [163,327], that included images as part of the liver surveillance program, such 

as in the present study, but they did not study the characteristics of the scanning performed 

during liver screening. 

Intensive surveillance after diagnosis of UM in high-risk patients has been reported in the 

literature [143,245,254,261,269,292,328]. The impact of follow-up based on CT to detect 

recurrence of resectable disease after surgery for CRLM was evaluated in a study by Gomez 

et al. [329]. They reported that all patients who had CRLM resection and survived the 

perioperative phase underwent a surveillance program with a frequency of 3 months during 

the first 2 years. Their analysis reported an average number of 6.2 scans performed in the first 

2 years. In the 444 patients who developed recurrence, it was detected during the 2 years 

after the initial liver resection in 402 patients. The average number of scans performed for 

recurrence was 10.9. Comparing the imaging surveillance program of the present study, it 

should be noted that all patients who developed metastases underwent a median of 7.6 scans 

per patient during the 11 years period of the study, and during the period until the detection of 

metastases (2.6 years) a median of 4 scans per patient were performed. 

  



201 
 

3.4.3 Time and number of scans in 386 patients who never demonstrated metastases 

during the liver screening study  

386/615 (62.8%) patients who never developed metastases during the study underwent 2114 

examinations. This number of scans could be considered excessive for this group of patients. 

Considering that they represented a group with a low risk profile for developing metastases, 

as mentioned in Chapter 2. As will be seen below, the cost analysis of liver scanning is 

described. When using the predictions of the new feature of LUMPO (lpmd) for these 386 

patients, using the decision threshold point of -1, which demonstrated the best-expected 

results. It was found that from the group of 546 patients whose examinations were considered 

recommended, 319/546 (58.4%) patients were part of this group of 386 patients who never 

developed metastases during the study. Thus, according to the lpmd feature, for 319 patients 

in whom scans were recommended, about 185 scans would be avoided. In addition, it was 

also found that 119/319 (37.3%) of these patients only performed 1 scan during the study, and 

unfortunately, we did not know if they would have continued the program and performed more 

scans.  

 

67 of the 69 (97.1%) patients considered not recommended by using the best decision 

threshold point in this study, were part of this group of 386 patients. 21/67 (30.4%) of them 

also performed only 1 scan. According to the lpmd feature, for those patients whose 

examinations were not recommended, around 341 scans would be avoided. In total, in this 

group, about 526/2114 (24.9%) examinations would be avoided. 

 

In this analysis, it was found that 140/386 (36.3%) patients underwent only 1 scan during the 

period of study. Maeda et al. [330] described an MRI screening trial for liver metastases in 

159 patients with locally controlled choroidal melanoma. They reported an MRI follow-up 

interval of approximately 5.7 years (range, 1.2–6.6) since diagnosis. Consistently, in our study, 

the median follow-up time for all 615 patients was 5.1 years (range 0.2-32), but precisely the 

average time from the primary treatment to the last scan was 3 years (range, 0-26.1 years). 
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They reported the number of scans per patient, and 38% of patients performed only 1 scan. 

Similarly, in the present study, 33.8% (208/615) of the total number of patients underwent only 

one scan, and in this specific group of patients 36.3% (140/386) also underwent only 1 scan. 

3.4.4 Cost analysis of imaging 

Scanning costs were calculated based on the minimum and maximum costs available in the 

NICE guidelines. For UM patients who developed metastases, 1740 scans were performed, 

whose costs were estimated between £191K and £368K.  For UM patients who did not develop 

metastases, 2114 examinations were performed, whose total costs were estimated between 

£226K and £444K.  

The surveillance imaging involves considerable financial costs. Previous studies have referred 

to the costs of imaging tests used in surveillance for different cancers 

[244,301,306,307,331,332]. For instance, at the University of Nebraska Medical Centre [333], 

total costs ranging from $34,655 to $72,710 were reported for patients who received between 

5 and 10 screening images of abdominal, pelvis or chest CT or PET/CT. The cost per CT is 

$6,931, and CT/PET is $7,271. They considered it a significant impact to health services, 

mainly due to the lack of proof of benefit. Their report described questions about the frequency 

of imaging in patients with lymphoma in the US. The required recommended routine did not 

provide evidence that the imaging would improve overall survival or provide other benefits. 

They referred to Voss et al. [334] suggesting that the scanning could improve survival in 

children with high-risk Hodgkin's lymphoma, for whom highly curative saliva therapy is 

available. In other words, the greater possibility of recurrence would increase the positive 

predictive value of an image with abnormal findings. 

Merrill et al. [331] analysed the utility and costs of routine staging examinations in early-stage 

breast cancer, and reported that the total cost of non-indicated staging scans was $308,932.98 

during the period of study, with an amount of $5,720.98 per patient. They concluded that using 

the recommended staging criteria suggested by The American Society of Clinical Oncology 
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(ASCO) [335] contributed to reducing the total number of scans, false-positive examinations 

and costs of imaging. However, there were no changes in the detection of asymptomatic 

metastases. 

Podlipnik et al. [332] evaluated the cost-effectiveness analysis of the imaging strategy for 

intensive monitoring of patients with malignant melanoma with a high risk of recurrence. A 

cost analysis was performed for each follow-up of 1805 abdomen, chest and pelvis CT scans, 

and 1683 MRI scans of the brain. The 290 patients with AJCC stage IIB, IIC and IIID 

melanoma were scanned every 6 months and were removed from the study after completing 

a 5-year follow-up or when metastases were detected. They reported the costs for each study 

performed, in which CT cost €184 per study and brain MRI with contrast of €177 per study. A 

decision tree model was created for each of the screening strategies involving image studies 

and a cost-effectiveness analysis was performed. 44.5% of patients developed metastases 

detected by various methods, of which 58.9% were detected by imaging. The total cost of the 

follow-up study was €630,011, with a cost of €2172 per patient. The cost per patients with 

metastases diagnosed by CT came to €115,526.70 at year 5. They concluded that CT scan 

was a cost-effective strategy from the first to fourth year of follow-up, whereas brain MRI was 

cost-effective only during the first year after melanoma treatment. The present study did not 

involve the creation of a decision tree model as a screening strategy, but it was calculated the 

total costs of scanning for the liver screening program, which was irregular for a substantial 

number of patients. The minimum and maximum costs of scans per patient were calculated; 

whose values were between £678 and £1320 per patient, respectively. The 615 patients 

enrolled in the screening program for 11 years performed in total 3854 scans, whose minimum 

and maximum costs were £417K and £812K, correspondingly. It should be noted that different 

programs for screening for metastases have been mentioned so far and each with its own 

characteristics. It should be highlighted that the costs of these programs differ from one 

another depending on the duration of the program, the modality of scanning used, the prices 
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utilized by each society, how patients are selected for inclusion in the protocols, and the 

benefits acquired for patients and health systems. 

3.4.5 Discrimination and calibration, cumulative incidences of onset of metastases, and 

cost analysis of liver scanning for LUMPO3 validation using lpmd  

3.4.5.1 LUMPO3 model performance 

This study demonstrated that the discrimination performances of the new feature of LUMPO3 

were consistent over time. Calibration performance demonstrated a good agreement between 

the observed and the predicted, when comparing the number of metastases observed versus 

expected metastases. 

Prognostic factors in patients with UM hepatic metastases have been evaluated in diverse 

retrospective studies [148,259,327,336]. Other studies described more recently, also refer to 

the use of imaging to assess liver invasion as determining factors for survival in addition to 

prognostic factors [279,337,338]. A nomogram to assist in decision-making regarding the 

choice of treatment for patients with UM liver metastases, selected by liver MRI, was 

developed by Mariani et al. [339]. For the construction of the prognostic nomogram for overall 

survival, four predictor factors were used, including disease-free interval between UM and UM 

liver metastases, LDH value, and number and size of UM liver metastases on MRI. The 

performance of the model was assessed in terms of discrimination, in which the model 

predicted well the survival after metastases of patients in 71% of cases. In terms of calibration, 

the model's calibration curves were evaluated the three times used in the nomogram: 6-, 12- 

and 24 months. They reported that the calibration of the nomogram was better at 24 months 

than at 12 and 6 months because, at 6 months, the model tended to overestimate the patient's 

survival. The study showed good calibration performance, the survival predicted by the model 

was very close to the observed survival. The result of multivariate analysis also confirmed 

almost exclusive liver involvement when patients developed metastases in 90% of cases. 
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Comparatively, the present model was designed to including prognostic factors of the patient 

and the primary tumour, different from the Mariani nomogram, which included characteristics 

of the hepatic metastases among other prognostic factors. When comparing Mariani’s analysis 

to the current model, the former demonstrated good discrimination for a 24-month period, 

while the lpmd discrimination performances were consistent over 5 years of the study. Another 

study, in which a nomogram was also developed that incorporated prognostic factors, 

including the percentage of liver involvement, LDH levels, World health Organization (WHO) 

performance status [340], and disease-free interval, is the study by Valpione et al. [337]. The 

model accurately predicts the prognosis of UM Metastases and can be helpful in decision-

making and risk stratification for clinical trials. The nomogram, by reliably stratifying the 

prognosis for patients with UM metastases, can be of great assistance to oncologists who 

treat patients with UM metastases in order to adjust the different forms of treatment, and thus 

enabling to a better administration of resources. 

Online prognostic models for other cancers have also been described in the literature, such 

as the study by Gray et al. [320] that validated PREDICT, an online tool for prognostic benefit 

and treatment for patients with early breast cancer. The tool's purpose is to assist the Doctor 

in making decisions about adjuvant therapy after breast cancer surgery. This algorithm has 

been updated since the first publication in 2010 [324,341,342], the most recent version 

including prognostic factors such as age at diagnosis, tumour size, lymph node status, 

histological characteristics of the tumour, in addition to the prognostic factors incorporated in 

the previous model, the prognostic markers HER2 status and Ki-67. 

When comparing the present model with Gray's model, the same as in our study, the 

calibration assessment was obtained by comparing the predicted results with the results 

observed in the validation data. In the validation of the PREDICT prognostic tool, a good 

performance was demonstrated concerning discrimination and calibration. Similar to the 

previous LUMPO3 model, in the PREDICT model, the discrimination of the PREDICT score 

as a prognostic index was assessed by calculating the ROC AUC for 5 and 10-year mortality, 
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both for breast cancer and all-cause mortality. It is worth highlighting that the novel prognostic 

feature, the lpmd, demonstrated that the time of onset of metastases in UM patients could be 

reliably predicted. Furthermore, through a good choice of a decision threshold, each of these 

thresholds, which have different properties that include sensitivity, specificity, and positive and 

negative predictive values, can allow different screening strategies to be adopted in UM 

patients. 

3.4.5.2 Cost analysis of liver scanning using the lpmd 

To the best of our knowledge, the current study represents the most recent cohort of patients 

assessed for cost analysis of liver screening using LUMPO3 and demonstrates that routine 

liver screening for UM metastases is time-consuming and expensive for patients and 

healthcare professionals.  

Frequent screening examinations represent both time and financial burden on individuals, in 

addition to the adverse or harmful psychological effects of unnecessary scans. The literature 

on surveillance of UM patients suggests that the psychological variable plays an essential role 

in the patient's desire and ability to adhere to surveillance programs [343,344]. The anxiety 

experienced while waiting for the results or associated with any false-positive results can lead 

to stages of depression, as documented in the study by Hope-Stone et al. [345]. Patients felt 

that the prognostic information did not alleviate the uncertainty regarding their prognosis and 

that this uncertainty still obscured their lives. The different prognoses received generated 

different experiences of uncertainty. Another study on the patient's experience with ocular 

melanoma is the study by Afshar et al. [309] describing that many patients were dissatisfied 

with low financial and psychological counselling. Emotions can also lead to low adherence to 

surveillance programs. In fact, what is observed in the "real world" during surveillance 

programs may differ from what would be recommended by oncologists. 

With the application of LUMPO3, it has been shown that reducing the number of screening 

examinations could represent a potential cost saving for health services. This study 
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demonstrated that it would be possible to save costs of unnecessary scans performed, both 

in patients whose LUMPO3 predictions recommended scans and in those where they were 

not recommended. These estimates were calculated using different decision threshold points.  

In the scans recommended by the lpmd, it was found that metastases would not be missed at 

all thresholds evaluated, but some of the recommended scans were found to be excessive; 

therefore, several scans estimated would hypothetically not be performed, that is, in some 

patients, these scans were performed over a long period, which was unnecessary as most of 

them had a low risk of developing metastases. Scans not recommended were associated with 

a more significant number of scans that would be avoided, but also a considerable number of 

metastases would be missed. The tendency was that the higher the threshold value, the 

greater the number of metastases missed and also the number of scans performed that would 

be avoided. Thus, the lowest decision threshold was considered the best predictor. For 

example, using a threshold of -1, a total number of 185 scans recommended by the lpmd 

corresponding to costs between £23K and £42K would be avoided. Furthermore, at this 

threshold, all scans not recommended, hypothetically would not be performed, minimum costs 

of £33K and maximum costs of £67K would be avoided. 

The impact of adopting the imaging recommendations of the ASCO, which recommends 

avoiding routine staging in newly diagnosed patients with early-stage breast cancer, was 

examined by the study by Merrill et al. [331]. The staging scans were considered "indicated" 

and "non-indicated" by adopting the ASCO recommendations. The results showed that the 

examinations indicated had a significantly greater detection of metastatic disease and 

changes in the patient's treatment. 43.2% (41/95) of the scans were considered indicated and 

56.8% (54/95) non-indicated. Indicated scans statistically detected a more significant number 

of metastases (22%) than the non-indicated scans. The scans indicated were also statistically 

more probable than the scans not indicated to result in changes in the clinical management of 

patients. They concluded that non-indicated staging scans cost at least $5,700 per patient and 

are associated with an even higher false-positive rate (37%). Adopting ASCO's 
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recommendations for staging imaging early-stage breast cancer could have prevented 54 

examinations, improved patient care, and led to cost savings. This study, unlike our study, by 

not using a prognostic method for the scanning recommendations, did not report whether 

metastases would have been missed. But they reported that there was a percentage of 

patients with false-positive results who were submitted to additional evaluations, leading to an 

increase in costs. 

Comparatively, in the present study, although the scan recommendation methods are 

different, the results have some consistencies. Using the preferable predictor as example (-

1), the number of recommended patients was 546/615 (88.8%) who underwent 3470/3854 

(90%) scans, and as mentioned above, 185/3470 (5.3%) excessive scans were performed on 

29 patients. Recommended scans detected almost all metastases diagnosed through 

scanning 148/150 (98.7%). 69/615 (11.2%) patients were not recommended to perform scans, 

but actually, 384/3854 (10%) scans were performed in these patients. In this group of patients, 

metastases were missed in 2/150 (1.3%) patients, and 46 patients performed 341/384 (88.8%) 

unnecessary scans. Recommended but avoidable scans (185 scans for 29 patients) cost a 

minimum of £785 and a maximum of £1463 per patient, while non-recommended scans (341 

scans for 46 patients) cost a minimum £708 and a maximum of £1456 per patient.  

Several limitations of these analyses should be considered. Examinations relating to 

metastatic UM may have been undertaken elsewhere and thus would not be recorded in this 

study for the costs to be calculated. In addition, a potential range of other health care 

resources that may be affected were not evaluated, such as costs associated with medical 

staff, patient management, or costs related to innovative treatments during clinical trials. 

These risks are predicted due to errors in all prognostic tests and algorithms, which are not 

100% accurate as observed in surveillance programs for other cancers, which do not follow a 

defined time pattern and can often be truncated in about 5 years after the initial diagnosis 

[320-325]. The LUMPO3 algorithm has improved with the data collected at LOOC and 
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elsewhere, especially with significant molecular testing improvements over the past decade. 

However, LUMPO3 can be further refined by incorporating information about the status of 

genetic mutations in UM such as BAP1, SF3B1 and EIFAX1, using bespoke NGS panels 

[121], or substitute immunohistochemical markers [117,118].  

In summary, in this chapter, I performed a retrospective analysis of the “real world” of liver 

scans in 615 UM patients diagnosed at the LOOC. Their data were used to construct a 

predictive model of metastases (lpmd), an output of LUMPO3. This model was designed to 

predict the time of onset of metastases in UM patients in a reliable way. The model provided 

decision thresholds, which allowed predicting different scenarios for recommending screening 

strategies in UM patients. A cost analysis on all scans that hypothetical would not be 

performed decreased the frequency of regular screening for UM patients, depending on the 

risk of developing metastases. However, these calculations must be balanced, taking into 

account the risk of under-diagnosing some metastases.  
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Chapter 4 

External Validation of LUMPO3 
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4.1 Introduction 

In medicine, the development of prognostication models allows for the identification of 

variables that influence the prediction of the patient's outcome and also the use of these 

various risk factors that should be used in a systematic and reproducible manner in 

accordance with methods based on evidence [242]. As mentioned in Chapter 3, the use of 

suitable methods both for the development of the model and for the development of prognostic 

indexes and risk groups based on the models are a requirement for the appropriate selection 

and the use of prognostication models in clinical practice. Models need to be validated, and 

model performance measures reported in order to assess reliance and generalizability for use. 

In order to be able to understand whether a given prognosis model or prognosis index provides 

us with a useful tool helping to inform the patient's treatment, it is necessary to report the 

accuracy of the model's predictions, either in terms of demonstrating how the model separates 

the individuals who develop the results of those who do not, and also the comparison that 

demonstrates the proximity of the expected risks to the actually observed risks. Presently, 

several model performance proceedings are been used; however, due to the range of different 

clinical decisions directed from prognostic models, there is no consensus on which are the 

most clinically worthwhile [318]. 

In UM, only a limited number of studies (reviewed in Chapter 1) have been published to date 

validating prognostic models, and the majority of them have been validated internally 

[219,221,232-235]. To externally validate the performance of a prediction model across 

multiple populations and to evaluate different implementation strategies, multivariate meta-

analysis can be used [346,347]. External validation means evaluating the performance of a 

model already developed when adapted to an independent data set, that is, data collected as 

part of a distinct exercise from the development of the original model. 

Before their implementation, predicting risk models need to be validated against external data 

and compared with those used for the development of the model. This is best achieved using 

data from individual participants in various studies so that the performance of the model can 
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be examined and quantified in various populations of interest. A good prediction model will 

perform satisfactorily on average across all external validation data sets and crucially little or 

no performance heterogeneity across studies. 

As in Chapter 1, the first version of LUMPO was for the first time externally validated in 2015, 

using data from the Department of Ophthalmology, University of Medical Sciences in Poznan 

Poland [239]. The likelihood of metastases-free survival at three years, five and ten years were 

obtained for each patient using LUMPO accessed online and then compared to the existing 

follow-up data. This validation study concluded that LUMPO is a useful tool for calculating 

survival probabilities in an individual patient with UM. However, the authors highlighted that 

the accuracy of the prognosis would potentially be improved with the use of cytogenetic data, 

which was lacking in their analyses [239]. In 2016, LUMPO was newly validated externally 

with data from the USA [240], this validation was performed using a cohort of UM patients 

treated at the University of California, San Francisco (UCSF) [240]. When evaluating these 

data, it was found that the two patient cohorts showed differences in relation to clinical and 

anatomical characteristics, probably because they were not defined and measured in a 

standardized manner. There were also differences in the type of treatment provided to UM 

patients in the two centres, and, furthermore, genetic data were unavailable within the UCSF 

dataset at that time [240]. Despite these differences, the external validation showed that 

LUMPO accurately estimated all-cause mortality for UM patients treated at UCSF. 

As mentioned in Chapter 1, the revised version of LUMPO (called LUMPO3) incorporated 

additional information on chromosome 8q and also calculating survival using competing risk 

methodology [241]. In that study, estimates of crude cumulative incidence from the raw data 

showed that metastatic death has a different pattern from death due to other causes, thereby 

necessitating the need for a competing risks model. Such a model facilitates prediction of 

metastatic death as a distinctive event from other causes of death. LUMPO3 was internally 

validated using bootstrap resampling [241]. 
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These encouraging results served as the basis for this study, to proceed with the improvement 

of the tool and the creation of the new improved version, based on the new information 

previously described. Survival calculations are known to greatly improve with the incorporating 

of genetic information. As mentioned above, in this new version, competing risk methods as 

well as UM parameters have also been incorporated to stratify patients into groups of low risk, 

low intermediate risk, high intermediate risk and high risk for the development of metastases 

and, thus, assist surveillance strategies. This division into four groups was decided after 

reviewing data from studies from Paris [290], Liverpool [348] and TCGA [122], where there 

appear to be four prognostic groups, according to the results of the DNA and RNA analysis. 

Based on the fact that this new version of LUMPO has not been externally validated, and that 

a large cohort of UM data coming from several ocular oncology centres from countries in 

Europe and the USA could be collated, we undertook the external validation of the UM 

prognostic model, LUMPO3.  

The objective of Chapter 4 was to perform an external validation of an updated prognostic 

tool, LUMPO3. This was achieved by: 1) the collection of relevant independent data from 

members of the European Group of Ophthalmic Oncology (OOG; www.oogeu.com) and eye 

oncology centres located in the USA facilitated by the LOORG. 2) performing the external 

validation of LUMPO3 as a tool to estimate all-cause mortality, in which mortality from all 

causes was estimated from LUMPO3 adding the probability of metastatic death and death 

from other causes. 
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4.2 Methods 

4.2.1 Study design 

Our study was proposed as a multicentre project that allowed the recruitment of a sufficient 

number of patients using the existing clinical network within the OOG and the USA. An 

invitation for participation in this external validation of LUMPO3 was made in November 2017 

to fourteen centres involved in the OOG and collaborative studies (Figure 4.1). After sharing 

the study proposal with the collaborating centres, initially, twenty centres expressed interest 

in participating, of which seven centres collaborated in the study: Leiden University Medical 

Centre (LUMC), Leiden and Erasmus Medical Centre Hospital (EMCH), Rotterdam in the 

Netherlands, University of California San Francisco (UCSF), U.S.A., University Hospital 

Schleswig-Holstein (UHSH) in Rostock, Germany, the Helmholz Institute of Eye Diseases 

(HIED) in Moscow, Russia, S.C. Oculistica Oncologica (SCOO) in Genoa, Italy, and University 

Hospital of Essen (UHE) Germany). Ethical approval was obtained from the local research 

ethics committee; the Health Research Authority (NRES REC ref 18/NW/0748). The study 

followed the tenets of the Declaration of Helsinki. Anonymised data were transferred from 

external centres according to local approvals. 

 

Standard clinical, histopathological, and cytogenetic proforma were shared to collect 

information uniformly by the participating centres. Appendix 7 shows proforma for data 

collection at the initial presentation. The clinical proforma was based on the data collection 

form used for the internal validation of LUMPO for patients seen at LOOC [219,236]. All 

variables included in the proforma have been coded so that there was a clear and transparent 

report for the model, so it could be used in a uniform way. Appendix 8 shows table with 

Inserted variables for the model, including its description and coding scheme. 

The following desirable data were requested for the study: demographic data - sex and age; 

anatomical data that included tumour thickness, ultrasound or histopathological 

measurements of largest basal tumour diameter, presence or absence of ciliary body 
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involvement and presence or absence of EOE; histological data including presence or 

absence of extravascular matrix loops, presence or absence of epithelioid cells, and mitotic 

cell count per 40 high power fields; and genetic data that include the status of chromosomes 

3 and 8q. Complete descriptions of how genetic data were obtained and classified were also 

requested, such us FISH methods, MLPA [123] or other methods. 

 

 

Figure 4.1. Flow Diagram External Validation LUMPO3 (image published in Cancers - Basel. February 18, 2020; 

12 (2): 477. doi: 10.3390 / cancers12020477.)  
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4.2.2 Patient recruitment and sample collection  

Data were collected from all patients diagnosed and / or treated for UM at collaborating 

centres. These data were acquired retrospectively from the years 2006 to 2016, allowing 

adequate time to obtain sufficient survival information.  

Each of the external centres provided anonymised data. All patients received a unique study 

identification number (UIN) and the data were pseudo-anonymised before being entered into 

the study database, in accordance with their local institutional policies and guidelines to export 

patient data.  

Cases in which the missing data included age or sex were excluded, as it was established 

that these variables are essential as predictors of results [238]. The data were transferred to 

the data manager (DM) at the LBIH at the University of Liverpool (UoL), who subsequently 

masked centre identification and the patient outcomes before passing the data sets for 

LUMPO3 analysis. Using LUMPO3, outcomes were predicted by Professor Azzam Taktak 

(AT), Consultant Clinical Scientist and Honorary Professor, Department of Clinical Physics 

and Engineering, UoL, and myself. The data were then compared with the actual outcomes 

by a neutral mediator and Post-doctoral Fellow in Biostatistics at the UoL, Dr Laura J. Bonnet 

(LJB), to determine the performance of the LUMPO3 tool. The comparative results were 

analysed as below using statistical methods (Figure 4.1).  

4.2.3 Demographics of patients whose tumours were treated  

Demographics and tumour data from all patients treated at the above-mentioned external 

centres were analysed and compared. Survival data were compared using the Kaplan-Meier 

analysis, the performance of the model being assessed by the calibration method Harrell C-

Index [237,349], which is frequently used to assess the performance of the predictions in 

survival analyses. 
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4.2.4 Statistical analyses 

Using the LUMPO3 model designed by Dr Antonio Eleuteri et al. [241] to predict the probability 

of survival at annual intervals for each UM patient [241] to perform external validation, survival 

predictions were sent to an independent statistician, who used methods of discrimination and 

calibration [350] for the analyses. As described in Chapter 3, discrimination can be defined 

as the ability of the prognostic model to differentiate between those who experienced the event 

during the study and those who did not, and calibration indicates the model's ability to 

demonstrate how close the probability of the event predicted by the model corresponds with 

the observed probability [350] (please refer to Chapter 3 for further details). 

 

 Harrell's C statistic was used to measure the model's discriminative ability. For measurement, 

a scale ranging from 0.5 (representing no better than chance) to 1 (representing a perfect 

discrimination) was used. A pooled estimate of discrimination was also used, in which a meta-

analysis of random effects was used to calculate it. This estimate was then responsible for the 

correlation between the studies [349]. Calibration was evaluated graphically [350]; when the 

predicted and observed probabilities correspond across the range of probabilities, the graphs 

show a 45° line. In this study, statistical analyses were performed with the R statistical software 

version 3.5.0. 
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4.3 Results 

4.3.1 Characteristics of the patients 

A total of 1836 data from patients diagnosed with UM (ciliary body and choroidal) were 

recruited from seven collaborating Ocular Oncology Centres: These included 1086 patients 

from Leiden (LUMC), 218 from Rotterdam (EMCH), 138 from San Francisco (UCSF), 138 from 

Rostock (UHSH), 134 from Moscow (HIED), 739 from Genoa (SCOO), and 49 from Essen 

(UHE). These data can be seen in Table 4.1. In this table, we can also verify original data 

from the Liverpool dataset that was used for the development of the model for comparison 

purposes.   

 

4.3.2 Demographic and clinical analysis 

As can be seen in Table 4.1, comparing all data sets, cases treated in Moscow tended to be 

female 84/134 (63%) compared to male 50/134 (37%) (p = 0.001). The other centres that also 

had highest percentage of female were Rostock 80/138 (58%) and Essen 27/49 (55%). 

Patients from Moscow were relatively younger, median age 53 years (range, 22-84) compared 

to all the other centres (p <0.001), and tumours were larger: median LBD of 15.4 mm (range 

7-22 mm), and median UH of 9.1 mm (range, 1-17 mm) (p <0.001). Similarly, tumours from 

Genoa were large, with a median LDB of 15.5 mm (range, 9-23 mm) and median UH of 10.8 

mm (range, 3-22 mm) (p <0.001). It was also found that patients from Moscow and Essen had 

the highest percentage of ciliary body involvement, 41/134 (31%) and 15/49 (31%), 

respectively. From the comparisons, it was also verified that the Leiden dataset, had a higher 

percentage of patients with extraocular melanoma 228/1086 (21%) compared to patients 

treated at the other centres (p <0.001). 
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4.3.3 Histological analysis 

It was also verified a difference between the prevalence of tumours containing epithelioid cells 

among the eight groups, in which this variable was reported: these results were considerably 

lower in tumours in San Francisco than in in the other centres 31/138 (45%) (p = 0.032), and 

much less frequent in Rostock 1/138 (3%) (p <0.001). In contrast, patients from Genoa had 

the highest percentage; all the 56 patients analysed presented epithelioid cells (p < 0.001). 

These results were followed by the dataset of Leiden 720 (67%) and Rotterdam 144 (66%) (p 

<0.001). The presence of closed PAS + loops was analysed only by the centres of Liverpool, 

Leiden, and Rotterdam, whose results were 597 (50%), 346 (60%), and 88 (42%) respectively. 

Furthermore, of the 5 centres which analysed the mitotic count, a variety results were found. 

In the centres with higher percentages, the following was found; whereas Liverpool UM 

showed more 0-2 (414) 23% mitoses per 40 high powered fields, tumours from Leiden showed 

more between 3-4 (291) 29%, and tumours from Rotterdam showed principally >7 (81) 49%. 

 

4.3.4 Genetic analysis 

All participating centres presented results of genetic data for the status of chromosome 3, but 

these results were not verified in the Rostock dataset (Table 4.1). Table 4.1 also shows that 

most centres also provided information about the status of chromosome 8q, contrary to 

Rostock and Essen who did not present this data. Of all the data cohorts that presented 

genetic data, the patients from Genoa had the highest percentage of alterations in both 

chromosome 3 and chromosome 8q comparing to Liverpool cases (p <0.001) and (p = 0.001), 

respectively. It was also found that there was a moderate difference between the Liverpool 

and Rotterdam data sets regarding the percentage of alterations in chromosome 3 (p = 0.02) 

and a considerable difference for chromosome 8q (p <0.001). 
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4.3.5 Follow-up and outcome analysis 

We found that there was diversity regarding the average follow-up time among external 

participants (variation, 0.7 – 6.5 years). The shortest average follow-up time was observed in 

San Francisco (7 months), and the longest period was observed in Liverpool and Leiden (6.5 

and 5.2 years, respectively). To present all-cause mortality based on the Liverpool data set 

and external data sets, Kaplan-Meier curves were presented, as shown in Figure 4.2. It can 

be seen that Essen and San Francisco data sets were the closest to the Liverpool dataset. 
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Table 4.1. Patient characteristics. Development data (Liverpool) and external 

validation data (from seven ocular oncology centres—Leiden, Rotterdam, San 

Francisco, Rostock, Moscow, Genoa, and Essen) 

Characteristics 
(n, %) 

 

Liverpool Leiden Rotterdam UCSF Rostock Moscow Genoa Essen Total 

(n=4145) (n=1086) (n=218) (n=138) (n=138) (n=134) (n=73) (n=49) (n=5981) 

Mean age at primary treatment 

(years, range) 

61.4 

(12-98) 

 

60.7 

(6-93) 

 

62 

(22-95) 

60 

(20-89) 

 

64.8 

(11-95) 

53 

(22-84) 

62 

(28-90) 

63.8 

(21-91) 

61 

(6-98) 

Sex (%) 

Female  

Male 

Missing 

 

2010 (48) 

2135 (52) 

0 

 

498 (46) 

588 (54) 

0 

 

111 (50.5) 

107 (49.5) 

0 

 

67 (49) 

71 (51) 

0 

 

80 (58) 

58 (42) 

0 

 

84 (63) 

50 (37) 

0 

 

26 (36) 

47 (64) 

0 

 

27(55) 

22 (45) 

0 

 

2903 (48) 

3078 (52) 

0 

LDB (mm) mean 

Range 

Missing 

12.4  

(1.2-28) 

110 

11.2  

(0.4-30) 

0 

12.9  

(3-22) 

4 

11. 

(4.8-20) 

4 

11.3  

(2-22.4) 

0 

15.4  

(7.3-21.9) 

0 

15.5  

(9-23) 

0 

13.8  

(5.5-21.3) 

0 

12.3  

(0-30) 

118 

UH (mm) mean 

Range 

Missing 

5.3  

(0.4-20) 

98 

5.6  

(0.5-17.0) 

1 

7.4  

(1.0-22) 

6 

5.3  

(0.9-14.1) 

0 

5.2  

(0.7-16) 

0 

9.1  

(1.0-17) 

0 

10.8  

(3-22) 

1 

8.6  

(1.3-16.2) 

0 

5.6  

(0.9-22) 

106 

CBI (n, %) 

  No 

  Yes 

Missing 

 

3036 (73) 

1108 (27) 

1 

 

803 (74) 

283 (26) 

0 

 

154 (71) 

64 (29) 

 

132 (84) 

6 (16) 

100 

 

130 (94) 

8 (6) 

0 

 

93 (69) 

41 (31) 

0 

 

63 (86) 

10 (14) 

0 

 

33 (69) 

15 (31) 

1 

 

4354 (74) 

1525 (26) 

102 

Extraocular Melanoma (n, %)  

  No 

  Yes                

Missing 

 

3872 (93) 

273 (7) 

0 

 

848 (79) 

228 (21) 

10 

 

191 (88) 

27 (12) 

0 

 

134 (99) 

1 (1) 

3 

 

130 (96) 

5 (4) 

3 

 

119 (89) 

15 (11) 

0 

 

73 (100) 

0 (0) 

0 

 

35 (92) 

3 (8) 

11 

 

5402 (90) 

552 (10) 

27 

Epithelioid cells present (n, %) 

    No 

    Yes 

Missing 

 

915 (42) 

1268 (58) 

1962 

 

351 (33) 

720 (67) 

15 

 

74 (34) 

144 (66) 

0 

 

38 (55) 

31 (45) 

69 

 

31 (97) 

1 (3) 

106 

 

61 (46) 

71 (53) 

2 

 

0 (0) 

56 (100) 

17 

 

- 

- 

49 

 

1470 (39) 

2291 (61) 

2220 

Closed PAS + Loops (n, %) 

   No 

   Yes 

Missing 

 

600 (50) 

597 (50) 

2948 

 

230 (40) 

346 (60) 

510 

 

124 (58) 

88 (42) 

6 

 

- 

- 

138 

 

- 

- 

138 

 

- 

- 

134 

 

- 

- 

73 

 

- 

- 

49 

 

954 (48) 

1031 (52) 

3996 

Mitoc (n, %) 

0 

1 

2 

3 

Missing 

 

673 (38) 

414 (23) 

366 (21) 

307 (17) 

2385 

 

173 (17) 

282 (28) 

291 (29) 

264 (26) 

76 

 

14 (8) 

27 (16) 

45 (27) 

81 (49) 

51 

 

1 (20) 

0 (0) 

0(0) 

4 (80) 

133 

 

32 (100) 

0 (0) 

0 (0) 

0 (0) 

106 

 

- 

- 

- 

- 

134 

 

- 

- 

- 

- 

73 

 

- 

- 

- 

- 

49 

 

893 (30) 

723 (24) 

706 (24) 

652 (22) 

3007 
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Table 4.1: (Continued) 

  

Characteristics 
(n, %) 

Liverpool Leiden Rotterdam UCSF Rostock Moscow Genoa Essen Total 

(n=4145) (n=1086) (n=218) (n=138) (n=138) (n=134) (n=73) (n=49) (n=5591) 

Chr 3 loss (n, %)             

  No 

  Yes 

Missing 

 

333 (55) 

269 (45) 

3543 

 

201 (50) 

202 (50) 

683 

 

100 (46) 

117 (54) 

1 

 

22 (58) 

16 (42) 

100 

 

- 

- 

138 

 

77 (57) 

57 (43) 

0 

 

27 (39) 

43 (61) 

3 

 

37 (76) 

12 (24) 

0 

 

797 (53) 

716 (47) 

4468 

Chr 8q gain (n, %) 

   No 

   Yes 

Missing 

 

330 (55) 

272 (45) 

3543 

 

186 (53) 

162 (47) 

738 

 

82 (38) 

136 (62) 

 

21 (55) 

17 (45) 

100 

 

- 

- 

138 

 

97 (72) 

37 (28) 

0 

 

23 (34) 

45 (66) 

5 

 

- 

- 

49 

 

739 (52) 

669 (48) 

4573 

 

Follow-up time (years) mean 

(range) 

Missing 

 

6.5  

(0.01-37.5) 

28 

 

5.2  

(0-43) 

0 

 

4.0  

(0-23) 

0 

 

0.7  

(2-8.9) 

0 

 

2.7  

(0-16.2) 

0 

 

5.0  

(0.7-55) 

0 

 

2.0  

(0-11.6) 

0 

 

2.7 

 (0.7-4.5) 

0 

 

6.5  

(0-55) 

0 

Outcome (n, %) 

   Alive  

   Death  

Missing 

 

2480 (60) 

1665 (40) 

0 

 

440 (41) 

646 (59) 

0 

 

98 (45) 

120 (55) 

0 

 

94 (68) 

44 (32) 

0 

 

121 (88) 

17 (12) 

0 

 

92 (69) 

42 (31) 

0 

 

54 (74) 

19 (26) 

0 

 

42 (86) 

7 (14) 

0 

 

3421 (57) 

2560 (43) 

0 

Cause of Death (n, %) 

Other 

Possible UM metastases  

Definitely UM metastases  

Missing 

 

773 (46) 

0 

893 (54) 

2 

 

291 (45) 

0 

355 (55) 

0 

 

36 (30) 

0 

78 (70) 

6 

 

- 

- 

- 

44 

 

4 (27) 

6 (40) 

5 (33) 

2 

 

5 (12) 

10 (24) 

27 (64) 

0 

 

2 (11) 

1 (11) 

16 (84) 

0 

 

2 (33) 

1 (17) 

3 (50) 

1 

 

1110 (43) 

19 (2) 

1377 (55) 

55 
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Figure 4.2 Kaplan–Meier estimates of all-cause mortality for the centres involved in the study. The Liverpool 

development dataset is shown in solid blue line for comparison. The figure shows that datasets from Essen and 

San Francisco had the closest match to the Liverpool dataset. The numbers below the figure are the number of 

subjects at risk entering the corresponding time point for each dataset (Image published in Cancers - Basel. 

February 18, 2020; 12 (2): 477. doi: 10.3390 / cancers12020477). 
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4.3.5 Statistical Analyses 

4.3.5.1 Discrimination 

C statistic can be interpreted as the probability that a given subject in a group of events has a 

higher predicted probability of having an event, than a subject in the group of non-events [351]. 

In this study, C statistics were evaluated annually for all participating centres for up to 4 years 

(Table 4.2). Values varied from 0.64 (San Francisco) to 0.85 (Essen) in year 1, up to 0.65 

(Moscow) to 0.89 (Essen) in year 4. 

The pooled estimates of discrimination were reasonably steady over the years at 0.72 (0.68 

to 0.75) in year 1 and 0.73 (0.70, 0.77) in years 2 to 4. This generally indicates a good ability 

of the model LUMPO3 to discriminate in independent data sets, between all those patients 

who died and those who survived. 

Table 4.2. LUMPO3 discrimination performance — per year 

up to 4 years of follow- up 

Dataset 1 year 2 years 3 years 4 years 

Essen 0.85 (0.72, 0.98) 0.87 (0.77, 0.98) 0.89 (0.80, 0.98) 0.89 (0.80, 0.98) 

Genoa 0.78 (0.68, 0.88) 0.78 (0.68, 0.88) 0.78 (0.69, 0.88) 0.78 (0.69, 0.88) 

Leiden 0.72 (0.70, 0.74) 0.73 (0.71, 0.75) 0.73 (0.71, 0.75) 0.73 (0.71, 0.75) 

Moscow 0.65 (0.56, 0.74) 0.64 (0.54, 0.75) 0.65 (0.54, 0.75) 0.65 (0.54, 0.75) 

Rostock 0.70 (0.57, 0.84) 0.72 (0.59, 0.84) 0.71 (0.57, 0.84) 0.71 (0.58, 0.84) 

Rotterdam 0.73 (0.69, 0.78) 0.74 (0.69, 0.78) 0.74 (0.69, 0.78) 0.74 (0.69, 0.78) 

San Francisco 0.64 (0.56, 0.72) 0.66 (0.58, 0.74) 0.66 (0.58, 0.74) 0.66 (0.58, 0.74) 

Pooled estimate 0.72 (0.68, 0.75) 0.73 (0.70, 0.77) 0.73 (0.70, 0.77) 0.73 (0.70, 0.77) 

 

(Table published in Cancers - Basel. February 18, 2020; 12 (2): 477. doi: 10.3390 / cancers12020477.) 

  



225 
 

4.3.5.2 Calibration 

Figure 4.3 shows the calibration graphs that show the predicted probabilities of the result 

compared to the actuarial survival estimates. As can be seen, the graphs, in general, showed 

good agreement between the observed and predicted probabilities. In the Essen and Genoa 

data sets, the limited event data was responsible for the large confidence ranges. Leiden's 

data suggested that LUMPO3 overestimated the probability of survival, whereas the data from 

Moscow suggested that LUMPO3 underestimated mortality, in spite of the fact that the event 

rate was found to be relatively low in the Moscow data set. 
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Figure 4.3 Calibration graphs showing the comparison of observed and predicted survival in each of the 

external data sets for 3 years after treatment. The individuals were divided into five different prognostic groups 

according to the expected survival and the average expected survival for each group was plotted against the 

observed survival. The dashed diagonal line is the equality line and, therefore, the markers along this line 

show a perfect agreement between their predicted and observed survival (Image published in Cancers - 

Basel. February 18, 2020; 12 (2): 477. doi: 10.3390 / cancers12020477). 
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4.4 Discussion 

At the end of this study, in May 2019, this was the first international multi-centre collaborative 

study to successfully validate and demonstrate the value of a multiparameter prognostic tool 

in UM, the LUMPO3, which was developed in large, well-defined datasets, and robust 

statistical modelling used for personalized stratification of patients in relation to metastatic risk 

and all-cause mortality. 

Currently, as far as we know, there are no validated multifaceted tools that take into account 

clinical, histopathological and genetic tests to predict the patient's prognosis. These tools are 

crucial to making a reliable decision that helps us to identify patients who may be harmed 

either physically or psychologically by disease management. Although this is not a major 

concern in cancers with a relatively good prognosis and several treatment options with proven 

clinical benefit, it is a crucial determinant of clinical treatment. A reliable prognostic tool would 

help oncologists to select candidates for invasive or potentially toxic treatments that should be 

reserved for patients with a longer life expectancy. 

In the primary UM, numerous prognostic factors have been identified, these can be used alone 

and in combination to predict the risk of metastases. These factors can be divided into three 

main categories: clinical, histological and genetic [102]. The resulting prognostic tools - the 

prognostic models, have been of great help as they have led to personalized screening 

regimes [169,218,245] and targeted recruitment for clinical trials for adjuvant therapies. The 

AJCC TNM staging system for UM is a prognostic tool that combines multiple factors that 

incorporates the size of the tumour, its location and extraocular dissemination. However, the 

genetic characteristics of UM are not included [250]. This differed to our present study where 

sufficient genetic data were available [310], thus enhancing the prognostic accuracy of the 

model [241]. It is possible to improve the accuracy of the prognostic tools by combining several 

factors. This is evidenced by the improved prognostic accuracy of the AJCC staging system 

when the status of chromosomes 3 and 8q are included. In this study by Dogrusoz et al. [352], 

the AJCC staging system has been validated for use as a prognostic parameter in UM. They 
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studied whether adding information about the status of chromosome 3 and 8q provided 

additional information about the prognosis in UM and further improved the prognostic value of 

this staging system. 

A prognostic nomogram has been developed to demonstrate the additive effect of genetic 

factors and AJCC staging on the prognosis, but it still requires additional validation using a 

larger study group [353]. In this study, the prognostic effect of genetic evaluation was 

reinforced by the assessment of AJCC staging in patients with alterations in the number of 

copies of chromosomes, while Normal genetic status predicted favourable survival, regardless 

of the AJCC stage. However, in my study, in addition to having used a large cohort of different 

cases mix, LUMPO3 model was able to accurately predict survival probabilities even in the 

absence of some prognostic factors. 

The prediction tool - Predicting Risk of Metastases in UM (PRiMeUM) utilizes a multivariate 

method to predict the risk of metastases within 48 months of treatment for the primary tumour. 

An accuracy of about 85% (derived from the AUROC analysis) was achieved with a logistic 

regression model using a combination of clinical and genetic factors. However, the PRiMeUM 

tool has not yet been externally validated [235]. In contrast, in this study, our model not only 

calculated the risk of metastatic death but also all-cause mortality. Regarding accuracy 

achieved, it showed a discriminative capacity that varied from 0.72 in year 1 and 0.73 in years 

2 and 4, and a discriminative capacity that showed a good agreement between the observed 

and predicted probabilities. 

Kaiserman et al. developed an artificial neural network to predict 5-year survival with 

brachytherapy. This network incorporates only demographic and clinical data and, again, uses 

only data collected at a single centre. An accuracy of 84% was achieved (c-index 0.81) when 

16 neurons were used in this artificial neural network [234]. 

In other studies, such as Onken et al. [126], in which the correlation between the number of 

events and the GEP classification was examined in a short follow-up time (17.4 months) [126], 
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and in Plasseraud et al., on the other hand, the correlations between pathological 

characteristics and molecular class in UM were analysed, with an average follow-up of 27.3 

months [296]. However, none of the studies analysed the calibration aspect of providing an 

accurate probability of survival, and both had short follow-up times. But despite these 

weaknesses, these studies illustrated an initial promise for the role of GEP in decision-making 

in UM. 

In this chapter, I demonstrated that sufficient data were collected to perform a reliable 

validation of the LUMPO3 model's prognostic accuracy. Despite the differences between the 

cohorts, the model is capable stratifying the prognosis for patients with UM and appears to be 

a valuable tool for predicting all-cause mortality in patients with UM. This model may, 

therefore, inform management choices of physicians when treating UM patients, permitting a 

better provision of resources with regard to systemic surveillance. Further, the incorporation 

of key mutations as described in the primary UM may occur in later versions, and also if there 

were a possibility to recalibrate the model, the predictions would be adapted to external data 

with distinct baseline risk rates. 
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Chapter 5 

Summary  
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5.1 Conclusions and Future Directions 

 

The purpose of this thesis was to perform a retrospective study, analysing different aspects of 

data collected in liver scan reports of patients with UM; and to further use these data to 

examine whether LUMPO3 was robust and able to predict the onset of metastases in patients 

in Liverpool, and to determine the cost analysis of liver screening for the detection of 

metastases in these patients; and lately validate LUMPO3 externally. 

In Chapter 2, I analysed retrospectively liver surveillance scan reports in detail from 615 UM 

patients diagnosed at the LOOC between 2008-2018. The importance of this study was 

primarily because I used a 'real world' dataset demonstrating the associated strong and weak 

specificities, which correlated the characteristics of UM patients included in UM programs. By 

performing the review of these radiological reports, and later combining them with clinical, 

histological, genetic, follow-up and outcome data, I was able to confirm that patients in whom 

liver metastases were detected had characteristics in their primary tumours, confirming 

previous studies that suggested that UM with larger size, monosomy 3 and chromosome 8q 

gain are associated with worse outcome.  

 

The percentage of metastases found was consistent with other studies; however, it was 

interesting to observe that a substantial percentage of metastases was detected post-mortem, 

likely due to the irregular liver screening program in some UM patients. Additionally, I showed 

that in UM patients who underwent regular liver surveillance more metastases were detected. 

Other studies for UM and other cancers also reported that regular surveillance resulted in 

detection of metastases at resectable stages. I was able to demonstrate that of the UM 

patients in whom metastases were detected by clinical imaging, 54% developed metastases 

within 2 years after the primary treatment of the tumour, and 65% of patients died within two 

years after detection of metastases.  
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In this study, I also demonstrated that the cohort of 615 UM patients had distinct characteristics 

that enabled to categorize them into three different groups according to when and whether 

they developed metastases, with the poorest outcome being found in the group of patients 

who developed metastases within two years. 

 

My study had some limitations, factors associated with patients’ follow-up may have influenced 

the absence of a certain number of surveillance imaging, and it was also not possible to 

investigate this, as the information was not available in the database. Of the 2254 patients 

diagnosed and treated in the LOOC, approved by the OOB, 1448 (64%) were excluded 

because they did not have radiological reports in their hospital records. Of these, 14.5% were 

overseas patients. These patients were seen at the LOOC only for the treatment of their 

primary UM, and then returned to their countries of origin where they would continue their 

follow-up. Moreover, in the remaining 85.5% of the patients, no radiological report was found, 

probably because they had their radiological examinations performed in local hospitals close 

to their area of residence. 

 

In order to have access to the route of this important number of patients, it would be necessary 

to retrieve the summary letters through their general practitioners (GPs), who would have the 

results of their radiological examinations. Although this approach was considered, it was not 

feasible during the covid pandemic, when GPs were under immense pressure doing virtual 

consultations, away from their practices. 

 

The absence of certain high-risk patients to a regular surveillance program can also be 

explained by patient-related factors: e.g., in the case where patients have comorbidities, such 

as other primary cancers or other chronic diseases, and the primary treatment is directed 



233 
 

towards these illnesses. This may have resulted in the patient leaving the surveillance 

program due to a second illness in an advanced stage, or even decide to interrupt the program. 

More research is needed on liver surveillance programs, as regular screening enabled earlier 

detection of metastases, allowing a prolonged survival in these cases through 

metastasectomy. 

 

In this study, I demonstrated that most UM metastases (84%) were detected within 5 years 

after treatment of the primary tumour, and this can be considered to be an indicator to guide 

strategies for liver surveillance programs for UM patients. Current recommendations for follow-

up surveillance include a combination of factors, ranging from risk stratification to patient 

factors, e.g., age, patient adherence to liver surveillance programs, or patient comorbidities. 

In addition, the overall success of surveillance for early detection of curable metastases will 

depend on the commitment of practitioners and the patients to adhere to the surveillance 

programs. 

 

Therefore, a personalized follow-up routine can be recommended based on the data 

presented in this study. If surveillance is selected, the interval can be adapted to the estimated 

risk of developing metastases, considering more intensive surveillance for patients at higher 

risk. Taking into account that most low-risk patients in the present analysis did not develop 

metastases during the study period, liver surveillance would not be recommended for these 

patients. For high-risk patients, liver surveillance could be limited to 5 to 10 years, as 84% of 

metastases were detected within 5 years after primary tumour treatment in the present study, 

and at 10 years of follow-up, 99% of metastases had already been detected. 
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Another important factor to be considered in liver surveillance programs is the screening limit 

in elderly patients, especially in patients over 80 years of age. Surveillance recommendations 

should be tempered, with some factors (e.g., comorbidities and motility issues) should be 

considered when recommending liver surveillance in elderly patients. The ability and 

adequacy of surgical resections or chemotherapy in such patients should also be thought 

about carefully, as many patients may not be able to tolerate surgical or adjuvant therapy and, 

therefore, should not undergo liver surveillance. 

 

As verified in this study, only 6% of patients were >80 years old and, in 25% of them, 

metastases were detected by clinical imaging during the study period. The median time until 

the last scan performed was 1.4 years in this group of patients. Hence, the recommendation 

for this age group of patients, would be to reduce or not perform liver screening, since the 

objective of liver surveillance is the detection of curable metastases. Most of these patients 

underwent palliative treatment, with only 8% undergoing liver resection and who had a very 

short overall survival. 

 

In Chapter 3, I performed a detailed examination of the liver screening reports of 615 patients 

with UM, in which the modality and frequency of liver scans were assessed, as well as the 

number of scans performed until the detection of metastases, and all scans performed in 

patients that never demonstrated metastases. I was able to calculate the costs of all scans 

performed, both on patients who developed metastases and those who never showed 

metastases, using the NICE liver cancers guideline as a reference. 

 

For this study, a new feature of LUMPO was designed, the lpmd, which demonstrated that it 

was possible to reliably predict the time of the onset of the metastases in UM patients. To 



235 
 

validate the model, discrimination measures that demonstrated a consistent performance of 

the model over 5 years were observed. Calibration measures were also used to compare the 

occurrence of observed metastases with the expected metastases, and the performance of 

the model demonstrated a good agreement between the observed and the predicted 

occurrence of metastases.  

 

When I used the lpmd score, it was possible to calculate for which patients the scans were 

recommended, and in those scans could possibly be reduced in number or avoided. This was 

possible because 3 different decision thresholds were used, defining, within the numerical 

representation that the model attributed to each patient, which patients would be 

recommended scans or not. In addition, I was able to demonstrate in how many UM patients 

hypothetically could have not had the examinations as their risk of metastases was so low, 

and yet, in how many patients’ metastases would have been missed, should they not have 

undergone the scans. 

 

The decision thresholds used allowed predicting different scenarios to recommend screening 

strategies in UM patients. In addition, cost saving analysis on all examinations that 

hypothetical would not be performed suggested a decrease in the frequency of regular 

scanning for UM patients.  

 

Subsequent work can validate and further improve the accuracy of our prognostic tool. For 

this, immunohistochemistry or molecular genetic tests could be used, which indicates the 

presence of somatic mutations in UM cells. Ongoing basic research may allow the 

development of adjuvant systemic clinical trials and other procedures to be more precisely 

targeted at high-risk metastatic UM patients. Additionally, future explicit prospective studies 
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with full cost-benefit analyses may demonstrate considerable cost savings by decreasing the 

frequency of regular screening for UM patients, determined by their risk. However, these 

calculations must be balanced, taking into account that there is a risk of missing some 

metastases in a small number of patients. 

 

Future prospective works can be recommended; for example, when designing these 

prospective studies, the following aspects can be taken into account: 1) studies on the analysis 

of the quality of life of patients that may include various aspects, such as the impact of their 

illness and liver surveillance, anxiety and other emotions felt during screening, as well as 

waiting for results; 2) the financial costs from the patient's perspective, which include a 

potential range of aspects such as travel expenses, days off, parking fees, child care, etc., 3) 

a potential range of other health resources that could be affected, including human resources 

involved and other hospital costs. Furthermore, the costs of likely innovative treatments 

included in clinical trials should be considered, and potentially what the health implications are 

and any potential differences in health outcomes. 

 

In Chapter 4, I organised a multicentre study comprising a cohort of 1,836 UM patients from 

7 collaborative external centres. This was the only study to date validating a prognostic model 

for UM, using such a large cohort and with a variety of cases. By performing this multivariate 

analysis of clinical, histopathological and genetic factors to predict the patient's prognosis, 

using the LUMPO3 prognostic tool, I was able to demonstrate that the tool is sufficiently robust 

to make a reliable decision that helps to identify patients who may be physically or 

psychologically impaired during disease management. 
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This research highlighted the utility of using enough data that was collected to perform a 

reliable validation of the predictive accuracy of the LUMPO3 model. As a result of this study, 

I demonstrated that despite the differences between cohorts, the model is able to stratify 

prognosis for patients with UM and appears to be a valuable tool for predicting all-cause 

mortality in patients with UM. 

 

In conclusion, the work of this thesis has provided further insight into UM prognostication. The 

understanding of a prognostic model for UM patients can help inform the choices of strategies 

for the follow-up of these patients, allowing better provision of resources with regard to 

systemic surveillance. I and others demonstrate the need to use prognostic models in UM 

patients. Prognostication is an important tool, but it is not always used in clinical practice, or it 

is under-used. Medical decision-making in daily clinical practice can have a greater impact 

when using prognostic tools as a strategic assistance. Patients with advanced terminal 

illnesses such as cancer will be able to have personalized prognostic assistance when using 

prognostication as a support for planning advanced care for their illness. However, the final 

challenge remains its application in future clinical practice. Looking to the future, collaborative 

efforts in conjunction with multi-integrated functional studies in larger cohorts of UM patients 

are essential to improve patient care and outcomes. 
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Appendices 

Appendix 1 – Proposal Sample study 1 (Proforma) 

 

Study 
Number 

Age at 
Primary 
treatment 

Gender Date of primary 
treatment 

Type of primary 
treatment 

Epithelioid 
cells 

Loops Mitotic 
Count 

LBD UH 

1 67 1 15/04/2008 Enucleation 0 1 2 19.3 8.6 

5 53 1 18/03/2008 Enucleation 1 1 4 20 8.3 

 

EOE CBI Chr1 Chr3 Chr6p Chr6q Chr8p Chr8q Total number of 
scans 

Number 
of MRI 

Number of 
CT 

0 1 0 1 0 0 0 0 17 17 0 

1 0 0 1 0 0 1 1 16 10 5 

 

Number 
of US 

Time from 
primary 
treatment 
to first scan 

Date of the 
first scan 

Date of the 
next scan 

Number of 
Metastases 

Location of 
Metastases 

Size of the 
largest 
Metastases 

Date of the first 
Metastases 

0 0 15/04/2008 22/07/2008 0 0 0 0 

1 0 18/03/2008 21/03/2008 Multiple RL 33mm 06/08/2010 

 

Date from the primary  
treatment to first 
metastases 

Date from the first 
Metastases to 
death 

Date of death Date of the last 
follow-up 

Status Follow-up time 

0 0 Alive 01/05/2020 0 12.9 

2.39 0.86 15/06/2011 15/06/2011 1 3.2 
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Appendix 2 – Demographics, clinical, histological, genetic, follow-up and outcome 

information from 615 patients enrolled in study 1 
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Appendix 3 - Inserted variables for the model for study 1, including its description and 

coding scheme 

 

  

Variable name Description 

Age Age at the primary treatment 

Sex 0 - Female 
1 – Male 

LBD (mm) Largest basal diameter from ultrasound in mm  

UH (mm) Ultrasound tumour height in mm 

Ciliary Body Involvement (CBI) 0 – No, 1 – Yes 

Extraocular Extension (EOE) 0 – No, 1 – Yes 

Epithelioid cells present (Epi) 0 – No, 1 – Yes 

Close PAS positive loops 0 – No, 1 – Yes 

Mitoc Mitotic count per 40 high power fields 
0: 0-1 
1: 2-3 
2: 4-7 
3: >7  

Chromosome 1  1 – Abnormal/Loss  
0 – Normal 

Chromosome 3  1 – Abnormal/Loss  
0 – Normal 

Chromosome 6 1 – Abnormal/Loss or Gain 
0 – Normal 

Chromosome 8  1 – Abnormal/Loss or Gain 
0 – Normal 

Follow-up time In Years 

Cause of Death 0 – Alive 
1 – Definitely UM Metastases 
2 – Other causes 
3 – Unknown causes 

Number of scans performed/screening interval Varied 

Metastases state 1 – Metastases 
2 – No Metastases 
999 – Suspicious 

Time from primary treatment to first metastases In Years 

Time from first metastases to death In Years 
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Appendix 4 - Correlations between genetics and primary tumour TNM stage according 

to AJCC 8th edition (cross tabulations) 

 

Chromosome 
status 

Primary tumour TNM stage  
Total 

 
Significance 

(p value) 
T1 (%) T2 (%) T3 (%) T4 (%) 

Chr 1 

0 35 11.8% 59 19.9% 125 42.1% 78 26.3% 297 <.001 

1 12 9% 26 19.4% 59 44.1% 37 27.6% 134 <.001 

2 60 33% 55 30.3% 42 23.1% 25 13.7% 182 <.001 

Chr 3 

0 50 22.7% 53 24.1% 84 38.2% 33 15% 220 <.001 

1 37 11.3% 66 20.1% 128 39% 98 29.8% 329 <.001 

2 20 31.3% 21 32.8% 14 21.9% 9 14.1% 64 =.324 

Chr 6p 

0 36 12.2% 57 19.3 113 38.3% 89 30.2% 295 <.001 

1 11 8.1% 28 20.6% 71 52.3% 26 19.2% 136 <.001 

2 60 33% 55 30.3% 42 23.1% 25 13.7% 182 <.001 

Chr 6q 

0 41 12.3% 68 20.4% 135 40.4% 90 26.9% 334 <.001 

1 6 6.2% 17 17.5% 49 50.5% 25 25.8% 97 <.001 

2 60 33% 55 30.3% 42 23.1% 25 13.7% 182 <.001 

Chr 8p 

0 36 11.9% 64 49.6% 129 42.7% 73 24.2% 302 <.001 

1 11 8.5% 21 16.3% 55 42.6% 42 32.6% 129 <.001 

2 60 33% 55 30.3% 42 23.1% 25 13.7% 182 <.001 

Chr 8q 

0 21 12% 36 20.6% 82 46.9% 36 20.6% 175 <.001 

1 26 10.1% 49 19.1% 102 39.7% 80 31.2% 257 <.001 

2 60 33.2% 55 30.4% 42 23.2% 24 13.3% 181 <.001 

Total 107 17.5% 140  22.8% 226  36.9% 140  22.8% 613  
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Appendix 5 - Associations between chromosomal copy numbers (cross tabulations) 

 

Chromosome status (cross tabulations) 

Chr 1p Chr 1p Chr3 Chr6p Chr6q Chr8p Chr8q Total 

0 1 2 0 1 2 0 1 2 0 1 2 0 1 2 0 1 2 

0 297 0 0 125 172 0 200 97 0 234 63 0 208 89 0 123 174 0 297 

1 0 135 0 23 112 0 95 40 0 100 35 0 95 40 0 52 83 0 135 

2 0 0 183 72 46 65 0 0 183 1 0 182 0 0 183 1 0 182 183 

Chr 3                    

0 125 23 72 220 0 0 64 84 72 103 45 72 126 22 72 88 61 71 220 

1 172 112 46 0 330 0 231 53 46 231 53 46 177 107 46 88 196 46 330 

2 0 0 65 0 0 65 0 0 65 1 0 64 0 0 65 0 0 182 65 

Chr 6p                    

0 200 95 0 64 231 0 295 0 0 255 40 0 194 101 0 117 178 0 295 

1 97 40 0 84 53 0 0 137 0 79 58 0 109 28 0 58 79 0 137 

2 0 0 183 72 46 65 0 0 183 1 0 182 0 0 183 1 0 182 183 

Chr 6q                    

0 234 100 1 103 231 1 255 79 1 335 0 0 237 97 1 136 198 1 335 

1 63 35 0 45 53 0 40 58 0 0 98 0 66 32 0 39 59 0 98 

2 0 0 72 72 46 64 0 0 182 0 0 182 0 0 182 1 0 181 182 

Chr 8p                    

0 208 95 0 126 177 0 194 109 0 237 66 0 303 0 0 163 140 0 303 

1 89 40 0 22 107 0 101 28 0 97 32 0 0 129 0 12 117 0 129 

2 0 0 183 72 46 65 0 0 183 1 0 182 0 0 183 1 0 182 183 

Chr 8q                    

0 123 52 1 88 88 0 117 58 1 136 39 1 163 12 1 176 0 0 176 

1 174 83 0 61 196 0 178 79 0 198 59 0 140 117 0 0 257 0 257 

2 0 0 182 71 46 65 0 0 182 1 0 181 0 0 182 0 0 182 182 

Total 297 135 183 220 330 65 295 137 183 335 98 182 303 129 183 176 257 182 615 
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Appendix 6 - Proposal Sample for study 2 (Proforma) 

 

Study 

Number 

Age at 

Primary 
treatment 

Gender Date of 

primary 
treatment 

Follow-up 

time 

Status Primary 

treatment 
to first 
scan 

Number of 

scans 

Date of first 

metastases 

Time to 

first 
detection 

5 53 1 18/03/2008 3.2 1 0.0 16 06/08/2010 2.4 

6 44 0 10/03/2008 11.9 0 0.0 1 0 0 

 

Number of 
scans until 

first 
detection 

Time to last 
scan 

lpmd Threshold = -1 Number of 
metastases 

missed 

Number of 
scans 

avoided 

Threshold = 0 Number of 
metastases 

missed 

Number of 
scans 

avoided 

7 3.2 3.409612495 Recommended 0 0 Recommended 0 0 

0 0.0 0.097941474 Recommended 0 0 Recommended 0 0 

 

Threshold = +1 Number of 
metastases 

missed 

Number of 
scans 

avoided 

      

Recommended 0 0       

Not Recommended 0 0       
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Appendix 7 – Liver scans data information from 615 patients enrolled in study 2 
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Appendix 8 - Proposal sample for study 3 (proforma) 

       

 

Study 

Number 

Date of 

management 

Age Gender LUD UH CBI EOE Epi Loops Mitoc Chr3 Chr8 Follow-up Outcome CoD 

1001 27 November 

2006 

59.12 1 14 9 0 0 1 NA NA 1 0 4.76 0 NA 

1002 04 March 2010 66.33 0 15 12 1 0 1 1 5 1 1 1.98 1 1 
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Appendix 9 – Inserted variables for the model of study 3, including its description and 

coding scheme 

 

Variable name Description 

Age Age at the first treatment 

Sex 0: Female 

1: Male 

Largest tumour diameter from ultrasound in mm  (LUD)  Mm 

Ultrasound tumour height in mm (UH) Mm 

Ciliary Body Involvement (CBI) 0 – No, 1 – Yes 

Extraocular Extension (EOE) 0 – No, 1 – Yes 

Epithelioid cells present (Epi) 0 – No, 1 – Yes 

Close PAS +ve loops 0 – No, 1 – Yes 

Mitotic count 

1 

2 

3 

4 

 

0 to 1  

2 to 3  

4 to 7 

> 7   

Chr 3 loss 1 – Yes 

0 – No 

Chr 8 gain 1 – Yes 

0 – No 

Follow-up time Years 

Outcome Alive 

Death 

Cause of Death Other 

Possible UM metastases 

Definitely UM metastases 
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