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Tumour progression

Uveal melanoma development and progression



Uveal melanoma development

GNAQ mutation 9p21
GNA11 mutation 19p13

GNAQ = G protein alpha subunit q
GNA11 = guanine nucleotide binding protein (G protein), alpha 11

46% of uveal melanomas with GNAQ mutations*
83% had somatic mutations in GNAQ or GNA11** 

-> Activation of MEK-kinase pathway
-> Continuous growth signals

*     Van RaamsdonkCD et al. Nature. 2009 Jan 29;457(7229):599-602
Bauer J et al. Br J Cancer. 2009 Sep 1;101(5):813-5 

** Van RaamsdonkCD et al. N EnglJ Med. 2010 Dec 2;363(23):2191-9  



Deregulated pathways in UM: MEK/ERK



Deregulated pathways in UM -Hippo



Metastasis

Uveal melanoma development and progression

Chr. 3 loss
Chr. 8 gain
Chr. 6 gain

SF3B1 Chr2q33
EIF1AX ChrX
BAP1 Chr3p21.1
CYSLTR2 Chr13q14.2
SRSF2 Chr17q25.1
MAPKAPK5 Chr12q24.21
PLCB4 Chr20p.3

GNAQ mutation 9p21
GNA11 mutation 19p13

Horsmanet al., 1990
Prescheret al. 1996
Sisley et al. 1997
Scholeset al. 2001
Damatoet al. 2007
Ehlers et al., 2005 
Onkenet al. 2008 
Harbour et al., 2010
Harbour et al., 2013 
Lake et al., 2013
Martin et al., 2013
Robertson et al 2017

UM is a very peculiar cancer: 

1. Certain distinctive chromosomal changes
2. Only nine significantly mutated genes



Loss of one copy of chromosome 3 in UM 

predicts poor outcome

Prescher G, Bornfeld N, Hirche H, Horsthemke B, Jockel KH, Becher R 

Cancer 1998;83:354ï9
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Prognostic significance of UM chromosomal alterations



Clinical molecular prognostic testing for UM

www.loorg.org

Ɇ Liverpool Ocular Oncology Centre:

First ocular oncology service 
worldwide to provide routine genetic 
testing of UM

Ɇ FISH on all UM patients treated by 
enucleation or local resection

Ɇ 3c (1999) 

Ɇ 8c (2000) 

Ɇ 8q (c-myc) (2001)

Ɇ 6  (2006)

http://www.loorg.org


Cytogeneticsof uvealmelanoma: a 7-year clinical experience. 
DamatoB, Duke C, Coupland SE, et al.: Ophthalmology. 2007 Oct; 114(10) : 1925-31

A: 3c & 8q

B: 3c & 8q+

C: 3c- & 8q

D: 3c- & 8q+

Cytogenetics

N=356

Clinical molecular prognostic testing for UM



Multiplex ligation-dependant probe amplification (MLPA)

DNA Extraction

Fresh or FFPE

Quantity control Quality control

Nanodrop/ QuBit PCR

MLPA - PCR

Sequencing

Data analysis



MLPA-based prognostication in UM

Clinical Cancer Research, 2010 Dec 15;16(24):6083-92 IOVS, 2009, Jul;50(7):3048-55 

N=73



Cytospin

Prognostication testing of uvealmelanoma biopsies

MSA* MLPA*

Low risk

High risk

* MLPA kit for UM -DEKRA Certified to ISO 13485 standard; under the ‘In Vitro Diagnostic Medical Devices directive’ (98/79/EC) permitted for clinical use
** CPA-Accredited molecular pathology laboratory; internal and external quality assessment

DamatoB, GroenewaldC
Vitreo-retinal surgery (2007) 

wŜǉǳƛǊŜǎ җ мллƴƎ 5b!Requires 1-100ng DNA

MelanA



Cytospin

Prognostication testing of uveal melanoma biopsies

Low risk

High risk

Post-PBR TX

* MLPA kit for UM -DEKRA Certified to ISO 13485 standard; under the ‘In Vitro Diagnostic Medical Devices directive’ (98/79/EC) permitted for clinical use
** CPA-Accredited molecular pathology laboratory; internal and external quality assessment

DamatoB, GroenewaldC
Vitreo-retinal surgery (2007) 

MLPA*



MLPA-based prognostication in UM

Chr3 only 

Chr3 and 8



Intermediate metastatic risk groups in UM



4 subgroups (Clusters):

1. Disomy 3, partial or total 6p gain

2. Disomy 3, 6p gain, partial 8q gains

3. Monosomy 3, 8q gain (median 1 extra copy)

4. Monosomy 3, 8q gain 

(median 3 extra copies; commonly 8q isochromosome)

Subgrouping of UM according to chromosomal alterations

80 primary UM samples

Good prognosis Poor prognosis



Robertson et al, Cancer Cell 2017 Aug 14;32(2):204-220.e15

Good prognosis Poor prognosis



Farquhar N, Thornton S, et al. J Pathol Clin Res. 2017 Nov 13;4(1):26-38.

Loss of nuclear BAP1 protein expression is associated with a poor outcome

n=165



Monosomy 3/nBAP1+ve tumours 

represent a subset with better prognosis

Farquhar N, Thornton S, et al. J Pathol Clin Res. 2017 Nov 13;4(1):26-38.



Identification of chromosomal alterations in UM



Gene Expression Profiling (GEP) in UM

Good prognosis      Poor prognosis



Class 1A:  Very low risk, with a 2% chance 

of the eye cancer spreading over the next 

five years

Class 2: High risk, with 72% odds of 

metastasis within five years.

Metastatic risk stratification of patients with UM

GEP

Class 1B: Low risk, with a 

21% chance of metastasis 

over five years



Class1B

Prognostication techniques in UM



Considerations for genetic testing in UM

1. DNA/RNA yield

2. Formalin fixed vs fresh/frozen sample

3. Technical success

4. Tumour heterogeneity

5. Pre- or post-radiotherapy



Biopsy of UM yields prognostic information in most cases

Technical success rate for UM samples tested:

• GEP classification – 96.9% 

• Chr3 classification by MLPA – 95.2%

49 samples with a technical 

success rate of 93.9% for 

both GEP and MLPA



DamatoB, GroenewaldC
Vitreo-retinal surgery (2007) 

Are biopsies representative of the whole UM?



Intraocular biopsy of UM yields Chr 3 results

concordant with larger surgical specimens

FFPE Tumour Biopsy



Genetic heterogeneity of GEP in UM

• To determine the frequency of discordant 

gene expression profile (GEP) classification 

of posterior UM sampled at 2 tumour sites by 

FNAB.

• 9 of the 80 cases (11.3%) were discordant.



• Karyotyping successful in 25% of post RXT tumours; 

• FISH successful in 49%.

• Time from RXT to genetic testing 5 – 146 months.

102 patients - Tumour biopsy was 

performed up to 20 days after PBR 

and analysed by MLPA/MSA

Chromosome 3 status in UM taken post-RXT

• Array CGH successful in all 15 cases.

• Time from RXT to biopsy for genetic testing

14 - 879 days.

• Results of post-RXT genetic analysis did

not differ from pre-RXT findings.



ɆNormal life expectancy (Age & sex)

ɆLarge basal tumour diameter

ɆCiliary body involvement

ɆExtraocular spread

ɆEpithelioid cell type

ɆClosed loops

ɆHigh mitotic count

ɆChrom. 3 

Neural
network

DamatoB, EleuteriA, Fisher AC, Coupland SE, TaktakAF. Artificial Neural Networks Estimating Survival 
Probability after Treatment of ChoroidalMelanoma. Ophthalmology. 2008, Sep;115(9):1598-607

Tumour progression

óHolisticô approach to prognostication in UM



www.loorg.org

Liverpool Uveal Melanoma Prognostication Online (LUMPO) –V1

www.ocularmelanomaonline.org

2654 UM patients:
Training set = 1780
Test set =  874

3653 UM patients:
Bootstrap re-sampling (200x)
Bayesian regularization

http://www.loorg.org


1133hits from 552 users in 291cities
Google stats: 27th Feb, 2015

1564hits from 742 users in 344cities
Google stats: 25th Sept, 2015

2135hits from 1046 users in 360 cities in 64 countries 
Google stats: 6th Sept, 2016

3099hits from 1590 users in 555cities in 68 countries 
Google stats: 1st March, 2018

Liverpool Uveal Melanoma Prognosticator Online  - Universal Use



New 

developments:

LUMPO3

- on trial



Other new developments: the ónext generationô of 

prognostic and predictive testing in UM

Sophie Thornton



Uveal melanoma metastasis
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E. Fuchs: Das Sarkomdes 
Uvealtractus. 
Graefe'sArch Ophthalmol, XII, 2, 
p. 233 Wien (1882)

S. Paget: The Distribution Of 
Secondary Growths In Cancer Of The 
Breast
The Lancet; 133, 3421 (1889)



Metastasis

Genetic characteristics of UM liver metastases

Chr. 3 loss
Chr. 8 gain
Chr. 16 loss

GNAQ mutation
GNA11 mutation
BAP1 inactivation
SF3B1 mutation
FBXW7 mutation

Meir et al. 2007
Singh et al. 2009
Trolet et al., 2009
Kaliraiet al., 2012
Griewanket al., 2014
Luscanet al., 2015

McCarthy et al. 2015 



UM Cure 2020:

A Consortium of European experts in Uveal Melanoma

Aim: To combine the efforts of European Centres of Excellence in clinical 

ocular oncology and basic research with patient organisations to develop 

new therapeutic approaches to treat patients with metastatic UM, and 

share this new knowledge efficiently

Project duration: January 2016 – December 2020

http://www.umcure2020.org

For more information please visit www.umcure2020.org

@UMCURE2020 @MPNEOcular/Rare

contact@umcure2020.org

Funded by the European Union’s Horizon 2020  research and innovation programme (Grant #667787)

http://www.umcure2020.org/
http://www.umcure2020.org/
mailto:contact@umcure2020.org


UM Cure 2020 ï12 European Partners



A patient centered approach



NOVEMBER 30th

2018
Meeting for UM patients and their caregivers, 

and for clinicians and researchers.

Learn about current and future

leading-edge uveal melanoma research

Get info on latest treatments and trials

Meet fellow Patients and engage with

growing patient networks

Catering will be provided. Travel grants

available. Hotel recommendations on request.

University of Liverpool
Liverpool, UK

contact_liverpool@umcure2020.org

This meeting is organised within the

framework of the European project UM

Cure 2020, aiming at developing new

methods of treatment of UM metastasis.

Follow us at:

umcure2020.org

umcure2020

MPNE Ocular / Rare

Uveal 

Melanoma 

Patientsô 

Meeting

Limited number of spots available.

Please sign up at:

Meet the UM Cure 2020 

researchers and clinicians

Exhibition Room,

North West Cancer Research Centre, 

200 London Rd, Liverpool L3 9TA

Lunch (12noon) | Meeting (1-4:30pm)

UM CURE 2020 is a project funded by the European Unionôs Horizon 2020 programme to identify 
and validate new therapies for the treatment of metastatic Uveal Melanoma.

This project has received funding from European Unionôs Horizon 2020 

research and innovation programme under grant agreement No. 667787
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