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BIOPSY IN OPHTHALMOLOGY

•Biopsies in ocular tissues
• Incisional – no surgical margins

• FNAB – cytology obtained – cell block – lack 
of architecture - Vitrectomy

• Core biopsy including chorio-retinal biopsy
• Excisional – surgical margins

•Biopsy & image: Biopsy without tissue
• Liquid biopsies
•Applications in Ophthalmology



LIQUID BIOPSY

•Uveal melanoma is a clinical diagnosis

•Ultrasound & imaging
• Prognostic factors

• Size
• Cell type

• Lymphocytic infiltration

• Vascular loops

• Genetics/Monosomy 3



Molecular Class Risk Metastasis next 5 years

Class 1A Very Low Risk 2 %

Class 1B Low Risk 21 %

Class 2 High Risk 72 %

 Gene expression profile (GEP) test

 Collaborative Ocular Oncology Group 
(COOG)

 Class 1 normal chromosome 3, Class 2  
monosomy 3

1. Onken MD et al. Collaborative Ocular Oncology Group: prospective validation of a multi-gene prognostic assay in uveal 

melanoma. Ophthalmology. 8: 1596-603, 2012



 55 year-old, male

  VA, 4 years duration

 OD CF 1m – OS 20/20

 Normal EOM, IOP

 Slit lamp examination 
unremarkable    

Case Presentation

 Marked hemorrhage

 Disc edema

 Serous retinal detachment

 ON tumor           



Optic Nerve Meningioma?

Peri-papillary Uveal Melanoma?



Dome-shaped

4.6mm thickness

Retinal detachment

Peri-papillary 

Uveal Melanoma

Kappa angle

Low-internal reflectivity
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Histopathological Examination

A: spindle cell 

Amelanotic tumor

No Vascular loops

No lymphocytes

No alterations on 
chromosomes 3,7 & 8 

B: spindle cell 

Melanotic tumor

Vascular loops

Lymphocytes

Alterations on 
chromosomes 3,7 & 8 



LIQUID BIOPSY

•Uveal melanoma is a systemic disease 
• Onset of primary tumor?
• Metastatic disease to the liver
• TNM - TCMcsM
• All patients have circulating malignant 

cells



CJO Editorial
Circulating uveal melanoma cells: should we test for them?
Bruno F. Fernandes, Rubens N. Belfort, Sebastian Di Cesare, and Miguel N. Burnier Jr.
CJO 43:155-8 2008.

Nested RT-PCR





WHAT ARE LIQUID BIOPSIES?

Circulating 
tumor cells 

(CTCs):
Tumor cells that 
detach from the 

tumor and 
enter circulation

Exosomes:
Small membrane-
derived vesicles 

that contain 
functional 

biomolecules that 
reflect their cell of 

origin

Circulating nucleic 
acids: 

Small fragments 
of nucleic acids 

released into 
blood (e.g. ctDNA)
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Liquid biopsy is a simple and non-invasive 
alternative to surgical biopsies that 

enables us to discover a range of 
information about a tumor through a 

simple blood sample 



CTCs ctDNA Exosomes

Circulating malignant 
cells in blood

Fragmented DNA in blood Small, lipid bilayer 
membrane vesicles of 

endocytic origin

• Isolated based on size 
or cell surface 
markers

• Isolated based on 
known mutations 

• Isolated based on size, 
density, morphology, 
and surface markers

• Marker of poor 
prognosis and disease 
progression in various 
malignancies

• Levels correspond to 
tumor burden

• More ctDNA found in 
patients with late stage 
disease and metastasis 

• Known mutations can 
be used to predict 
relapse

• May mimic disease 
course

• Elevated levels are a 
marker of cancer

• Acts as a small 
representation of a 
tumor cell

WHAT ARE LIQUID BIOPSIES?



THE POTENTIAL APPLICATIONS OF LIQUID BIOPSIES

Unknown exact location of tumor or difficult to sample

Serial biopsies are not always feasible

Detect disease, relapse or metastasis prior to imaging 
or symptoms

Monitor genomic changes in tumor over time 

Modify treatment according to molecular changes –
personalized medicine



EXOSOMES IN UVEAL MELANOMA: 
PREVIOUS STUDY

Eldh et al. BMC Cancer, 2014

• Methodology: Plasma from liver 
perfusates of 12 mUM patients 
undergoing IHP were collected and 
exosomes extracted

• Results: Patients with metastatic UM  
had a  higher concentration of    
exosomes compared to healthy     
controls 

• Conclusions: 
• Melanoma exosomes are released 

into the liver circulation in mUM
• Exosomes isolated from liver 

circulation contain miRNA clusters 
that differ from exosomes from other 
cellular sources 
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• Exosomes (EVs) were isolated by differential 
centrifugation from cell culture supernatant of 
MEL270 and OMM2.5 and characterized by mass 
spectrometry

Table 9 ï Exosomal proteins identified by mass spectrometry 

Identi fied proteins (9/402) Alternate ID MW Fisherôs Exact Test MEL270 OMM2.5 

Heat shock protein 70* HSPA1A 70 kDa 0.34 31 17 

Heat shock protein 90-beta* HSP90AB1 83 kDa 0.30 22 11 

Heat shock protein 90-alpha* HSP90AA1 85 kDa 0.39 17 9 

CD63* CD63 26 kDa 0.13 4 0 

CD81 CD81 26 kDa 0.20 7 8 

CD9 CD9 25 kDa 0.082 5 0 

Annexin A5 ANXA5 36 kDa 0.23 5 6 

Tumor susceptibility gene 101 TSG101 44 kDa 0.03 7 0 

Intercellular adhesion molecule 

1 

ICAM1 58 kDa 0.049 6 0 

	

• Using this technique - EV fraction 80-90%  
exosomal proteins



• Patients of different stages of UM – no evidence of metastatic 
disease:
• 54 year-old male, radiation, 10 years survival - 1
• 65 year-old male with a large nevus (2mm thickness) - 2
• 61 year-old male, radiation, 6 years survival – 3
• 68 year-old male, radiation, 17 years survival UM + Prostate cancer – 4*
• 89 year-old female, enucleation, 23 years survival - 5

LIQUID BIOPSY – EXOSOMES
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Retrospective study 
- 40 Nevi
- Size & Thickness
- Subretinal fluid
- Orange pigment
- Surrounding halo absence
- Drusen absence
- Peripheral blood 
- Isolate & characterize 

exosomes by proteomics



LIQUID BIOPSY IN UVEAL MELANOMA: 
PREVIOUS STUDY

• >80% of UM express mutations 
in two oncogenes GNAQ and 
GNA11

• Methodology: Prospective study 
analyzed CTCs and ctDNA in UM 
patients 

• Results: CTCs and ctDNA
detected in majority of patients

• Conclusions: CTC count and 
ctDNA levels were associated 
with presence and volume of 
metastasis & patient survival

Lantz et al. Int J of Cancer, 2014 
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Figure	1.	Key	signalling	pathways	in	UM	

Benign	

Nevus	 Class	1	

Malignant	 Metasta c	

GNAQ/
GNA11	 Class	2	

Low	Risk	

Intermediate	

High	Risk	
BAP1	

Chr	3-	

EIFIAX	

SF3P1	Second	hit	

Figure	2.	Key	genomic	altera ons	in	UM	



• First comprehensive analysis of liquid biopsy from bench to 
bedside: human cells, a validated animal model and a clinical 
study with consistent methodology 

• Aim of detecting tumor progression and metastasis without the 
need for invasive biopsy or enucleation 

In vitro 
cell culture 
analysis to 

detect ctDNA

In vivo 
animal model 
designed to 

mimic clinical 
management

Prospective 
clinical study in 

50 patients 
with UM 

CTDNA IN UVEAL MELANOMA



CLINICAL	STUDY:	UM	PATIENTS	

Inclusion	criteria:		
a)	a	clinical	and	ultrasonographic	diagnosis	of	UM;	
b)	no	previous	history	of	UM	or	other	ocular	tumor		
	

Clinical	history	
Ophthalmic	exam	
and	imaging	

Pre-treatment		
blood	extrac on	
(5	mL)	

Blood	extrac on	on	
followup		visits	(5	mL)	
every	3	months	

Plaque	
	

radiotherapy	
	

Enuclea on	

N	=	~50	
Over	2	years	

N	=	~40	
(80%)	

N	=	~10	
(20%)	

Intraocular	
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Ocular	
tumor	

forma on	 Enuclea on	

Metastasis	

Radia on	

T	=	0								2													4															6 	 						8 	 							10	 	12	
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 				weeks
		

No	treatment	 Euthanasia	
Autopsy	

Eye,	bone	
marrow,	liver,	
lung	extrac on	

ANIMAL MODEL: UM

CTDNA IN UVEAL MELANOMA

Cell line Origin Morphology LOH chr 3
GNAQ 

mutation
GNA11 

mutation

OCM-1 Primary Spindle B
Net loss of 

3q
OMM 

2.5
Liver met Mixed *

MEL 270 Primary Mixed Disomy *

MEL 285 Primary Disomy *

92.1 Primary Mixed Disomy *



• Can we use ctDNA to monitor disease course in terms of:
• Tumor burden
• Disease progression
• Onset of metastasis

• At what stage is this clinically significant?
• Can we predict response to treatment or stratify patients?

• Can we identify ctDNA in all UM patients?
• Mutational profile

• Can we genomically characterize uveal tumors without going 
into the eye?
• Compare genomics of tumor tissue and circulating material

HOW CAN WE USE THIS METHODOLOGY

TO ANSWER QUESTIONS?
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CONCLUSION: THE VALUE OF LIQUID BIOPSIES

Noninvasive approach to monitor disease

Detect if the disease is progression before 
symptoms appear

Study the biology of the tumor over time

Modify treatment according to biology –
Personalized Medicine



MUHC – MCGILL UNIVERSITY OCULAR PATHOLOGY & 
TRANSLATIONAL RESEARCH LABORATORY

We don’t do research as an intellectual exercise. We do 
research because there is a patient at the end of the day.


