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GENERAL INTRODUCTION TO UVEAL MELANOMA

Epidemiology

���� � � �� � �� � � � 	
 � �� � � 
 �
 � � � � � �� 	 � ��� 	� �� � �
 � � �� � � � � �� 	� � � � � �
�� � � � �
 �� �� � ��� � 	� 
 	 �� � 
 � � � � � � �� � � 	 � � 	 � � 
 � ��� 
 �
 �� � � � �� 	� � � �
 �
 	 �� � � � � � � � 	 � � 
�� � �
 	� 
 	 �� � 
 � 	
�� � � � � � 	 �� 
 � �� � � 	�  �� 	
 �� 
 �� � ! � 	� � � � � 
 � "# $ % �� 	� 
 	 �� � 
 � 	� 
 �� �
� 
 �� �� � � � �& � 
 ' �

�� � ( � �� � � � 
 � � � �� � � � 	 
 � � � � �� 	
 � � 
� � � � � 	 � � �� 
 	) � � �� 
 � �� � � � 	 �� � * � � +� 	 �� ��,�� �� � � � - � � � �� � - � �. , � -/ ��� � � �� � �� � � �
 � � �� 	 �� � � 	 � 	� � � � � & � � � � � � � � � � � � � 	 � � � �� �� - � �� � . � �� � � �� 0 � � 	
 � � � � � 	� � 	
 � �� �� �� � � � � 	� 
 	 �� � 
 � � � �� � �� � � 	 � � 	 � � �  �
 
 � � 	� &� � � � � �1 � � �� � � � �� � �� � � �
 ��� 	 �� � � 	 � 	� � 	� +� 	 �� � 2 �� � �� �� � �� & � � � � � �� 
 � � � � 
 � � � � 	� ��� � �� � � � �� � � �
 �� � �� � � � � 3, � � 	
 � � � � � �� 	� & � 
 � � �� 	� 
 	 �� � 
 � � � �� � �� � � 	 � � 	 � � � % ��
 �� � 	� � � 	
 � � ��, � � � � � �� � � � 
 � 	� 	
 � � �� � � � ��� � � �� � �
 � �
� 
 ��� � � � � � � � � �� � 	 �� � �� � ��
 �� � � 	 � � � 4 �� � � � � 	� � �
 � �� � � 	
 � � �� � �
 � �
� 
 � � � �� � 	 �� � � ��� � � �� � � � � � �� �� 	 � ���� � � � �� � � � � �� ��� 
� � 
 � � � 
 �
 � � 	
 � � �� � �
 � �
� 
 
 �� � � � �� �� �� � � 	 � � � � 	 � � 
 �� �� � � 	 � �& �	� & �� 
 �� 	5 �� 
 �� � � � � � �� 
 �
 � 6# 7 � � +� 	 �� � , � �� � �� � �� �� � � � �� � �� � � � � �� � �� � � �� � 
 �� � 	� � �� � �� 
 ��� � / 1 �� � ( - 1 �� 
 �� 
 � 	� � �� 2 � � � � �� � - 3� % � 	
 � � � � �� 	
 � ��� 	� 
 � � � �� 	
 � � � 	 � �� � �� � �� �� 
 � � 
 �� 
 � �, �� � � �� 	� �� �� 
 � 	� � � 	 
 � � � � �� � �
 �� � � � 	 � 	 �� � � �� � � � 	 �� � % ��8 �� � � � �� 
 � � 9� � �� �, � � 	 �� � �� � �� � � �� � � � � 	 � � � �  �& � � 
 � � �� 9� 
� �� 
 � � � � �� 
 � � � � � ��8: !, � �� 
 � � �� �� � �� � � 	 � � � � � 
 �� 
 � �� % � 	 
 	 
 
 �� �� 	
 	� & � �� � � � �� � � 	;� � �� � � 	5 ��� � 
 	 � 	 � � �� � �� 
� �� 
 � 	 � � �� � �� 
 � � � � � 	 
 � � � � �� < � �� � �
 = � � �� � � � � � 	
 � � 
 
� �
 �� � � �� � ��� ��� � �� � � � � & � � � � 
 � �� � � 
 ��� � � 	� &, � �� � �
 = � � � � � � � 	 � � 
 	� & � �� � �� 	� � 	 � 	 � 	 � � � � � �� �� 
, >

� �� � �
 = � � & � � � � 	
 	� �� � 	 � �� 
 � , � �� � � �� � � �
 � � �� 	 � � � � � �� 	� 	 �� & � , �� � � �� � � � � & � � � 	 ��� � � �� � � � � ���  � � � � � �� 
� � 	� � 	� & 
 � �� � � � 	
 �� �� � � 
 �� 
 � � 	� � � �� 	 �� � � � � �� � � � �� �� �� ��� � � � � � 
 �� 
 � � �� � 	 �
 � �
 	
 �� 
 � �� 	
 �
 � ? @ �� � �� � � ��� , �
 � �� �� 	
 � �� � �� �� � � �� � ���� � � �� � �
 � �
� 
, � �� � �� � �� 
� �� 
 � 	
 � 
 
� � � 	 � � � � 	 � �� ��� � � � 	� � � 
 �� � 	� � ��

M elanocytes in the human eye

A � ��� � � � & 	
 � � �� , � �� �� � � � �� �
 �, � � 	
 � 
 � � 
 	
 �
 � � � �� 
 � �� � 	 �, 
 	 � 	 ��� � � �� �� � 	� 	
, 	
�� � 	� � � �� � � � � �� ��� 
 � � �� � �, 	� � � 	
 � � �
 
 � � �� 
 � �� � � �
 � �� � �� �� � � �� ��  �
 ��� � ��� � �� � � �
 ��� �� �� � ��� 	� � �� 	� 	
, �� � 
� � � � � � �� � � � 	 � �� �� � � �� � �� 	 � �� � �� �� , � � 	
 � �� �
 	
 	
 � 	 � 	 �� � � � �� � �� � � �
 	� � �� 
 	 � 	 ��� � � �� �� � 
 � �� � 	 � 
�� 4� � �� �
 � �� 
 ��� �� � 	�� � �� � �� �� � � �� � � 
 �� 
 � 
 � � �
 �� � �� �� � � 	� � � �� � 	& �� � � � � 	 � � � � � �� 
 � �� � 	 �� � � � �� � �� � � 
,�� � �� � 
 � �� 
, � 	& �� � �� � & � �� � �� 
 � �� = 	� & �� � �� �
 � �� 
, 
 �� �� �� 
 � & � 	
� � �
 � �� �� �
 � ��
� �� � � � � � � � �, � 
 �� 
 	 � � �� 	� � �� �� & 	 � � � � � �� � � �� � 
 � �� � 	 � �� � 
 � �� � 
 � �� � 	 ��� � � �� � � � ��� � � � , �� � �� �
 � �� 
 �
 
 �� 	� � �� 
 � �� � 	 � � � 
 �� � � � �� � �� �� 	 �� 	 �
 �� �� �
 � � � ��� 4� � �� �
 � �� 
 
 � � � � 	� � 	� � � 	& �� � � & � �� � �� 
 2 �� � �� � 
 � �� 
 3, �� ' � �� . B � � 	 �� , �� � �
1 .  G E N E R A L  I N T R O D U C T I O N  9



Prognostic factors in uveal melanoma
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Treatment of uveal melanoma
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Aetiology of uveal melanoma
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Localisation of the tumour
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The mechanism and induction of angiogenesis
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Cytokines involved in angiogenesis of uveal melanoma
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Lymphangiogenesis
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Functional tests and serum markers for uveal melanoma and melanoma metastases
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Aims of this thesis 

Z[\ ] ^_ `a bc [ ^ ` c [ \ ` ^ ` ]d\ c a e\ f\ ga h ] i\ c c\ d jk e\ d `c ]k e ^kl a bc [\ d a g\ a b ]kl ^a l \ k \ ` ^ ` ]k e

]kl ^a l \ k ^m l d a nc [ b ]m c a d ` ^k j f\ ] g _ \ g ]k a _ ] ^k d\ g ]c ^a k c a h d a l k a ` ^ ` op ]d c qrts ]k e c a e\ f\ g5u

a h k \ n c\ `c ` ba d `m d\ \ k ^kl ]k e\ ]d gv e\ c\ m c ^a k a b j f\ ] g _ \ g ]k a _ ] ^k c [\ \ v\ ]k e `v `c\ _ ^m

m ^d m j g ]c ^a k op ]d c q qrtwqk ]l \ k \ d ] g `c j ev ^k c a h d a l k a `c ^m b ]m c a d `s c [\ ^k b g j\ k m\ a b m g ^k ^m ] g ]k e [ ^ `c a h ]c [ a ga l ^m

h ]d ]_ \ c\ d `a k c [\ h d a l k a ` ^ ` ^k j f\ ] g _ \ g ]k a _ ] n ] `\ x ]_ ^k \ e ^k yz z \ v\ `\ k jm g\ ]c\ e i\ c n\ \ k

{| }~ ]k e �z z ~ o� ��� ��� �rtw Z[\ ^k b g j\ k m\ a bc [\ `\ b ]m c a d ` n ] `\ x ]_ ^k \ e i\ ba d\ ]k e ] bc\ d c [\

^k c d a e jm c ^a k a b i d ]m [ v c [\ d ] h v ^k a jd [ a ` h ^c ] g o {| � { rtw �\ ] g `a ]k ] gv `\ e c [\ k j_ i\ d a b `\ m u

a k e ]d v \ k jm g\ ]c ^a k ` ]k e c [\ ^d ^k e ^m ]c ^a k `w Z[ ^ `\ k ] i g\ e j ` c a h d a ha `\ ] _ a e\ g c a h d\ e ^m c _ a d\

]m m j d ]c\ gv c [\ ` jd f ^ f ] ga b c [\ `\ h ]c ^\ k c `w qk � ��� �� � �s ]k ^_ ha d c ]k c b ]m c a d ^k c j _ a j d ]kl ^a u

l \ k \ ` ^ `s � ] ` m j g ]d �k ea c [\ g ^ ] g �d a nc [ b ]m c a ds ^ `\ x ]_ ^k \ e ^k j f\ ] g _ \ g ]k a _ ]\ v\ `w qc ` h d\ `\ k m\

^k c j_ a jd c ^ ` ` j\ ]k e ^c ` e ^ `c d ^ i jc ^a k ^k c [\ c j_ a jd \ v\ ^ `\ x ]_ ^k \ es ia c [ ^k \ v\ ` ] bc\ d h d ^_ ]d v

\ k jm g\ ]c ^a k a d `\ m a k e ]d ^ gv ] bc\ d ^d d ] e ^ ]c ^a k w � g g _ \ _ i\ d `a bc [\ � � �� u b ]_ ^ gv n\ d\ ] g `a e\ c\ d u

_ ^k \ e ^k j f\ ] g _ \ g ]k a _ ] m\ g g g ^k \ ` j h\ d k ]c ]k c ` ]k e h d ^_ ]d v _ \ g ]k a _ ] c ^ ` ` j\ o� �� � �� � �rtwZ[\ `\ b ]m c a d ` n\ d\ ] g `a e\ _ a k `c d ]c\ e ^k ^k c d ]a m j g ]d c j_ a jd ` ^k ] _ a j `\ _ a e\ gs ba g ga n ^kl

^k �\ m c ^a k a b [ j_ ]k _ \ g ]k a _ ] m\ g g g ^k \ ` ^k _ jd ^k \ \ v\ `w�k ^_ ha d c ]k c l d a j h a b h d a c\ ^k ` ba d h d\ `\ k c ]c ^a k a b c j _ a j d u ` h\ m ^ b ^m ]k c ^l \ k ` ]k e ]k

] gc\ d k ]c ^ f\ c ]dl \ c ba d c [ \ d ] h v ]d\ c [ \ [ \ ]c ` [ a m � h d a c\ ^k b ]_ ^ gv o `c d\ ` ` u h d a c\ ^k b ]_ ^ gv r w Z[\

\ x h d\ ` ` ^a k a b c [\ `\ h d a c\ ^k `s ia c [ ^k h d ^ _ ]d v \ k jm g\ ]c\ e ]k e ^k \ v\ ` n ^c [ h d ^a d d ] e ^a c [\ d ]u

h v5s ]d\ e\ c\ d _ ^k \ e ^k � �� � � � � �w

�5� � � � �5� �� � �� �� � � � � �� � � c [ ]c e\ ` m d ^ i\ ` c [\ f ] g j\ a ba k \ a b c [\ `\ `\ d j _ c\ `c `s � { z z� s ]c

c [\ c ^_ \ c [ ]c _ \ c ] `c ] `\ ` [ ] f\ ba d _ \ ew � { z z� ^ ` ]k ^_ ha d c ]k c `\ d j _ b ]m c a d ^k c [\ e ^ ]l k a ` ^ `

a b _ \ c ] `c ] ` ^ `\ e m jc ]k \ a j ` _ \ g ]k a _ ]wq5k � � � � � � � �s c [\ ^k c d a e j m c ^a k a b k \ n c\ m [ k ^� j\ ` ba d c [ \ \ x ]_ ^k ]c ^a k a b c [\ m\ g g j g ]d

h d a c\ a _ \ ^ ` e ^ ` m j ` `\ ew q5k ] ` _ ] g g `\ d ^\ ` a b ]� j\ a j ` b g j ^ e ` ]_ h g\ ` a b j f\ ] g _ \ g ]k a _ ]

h ]c ^\ k c `s n\ ]k ] gv `\ e n[\ c [\ d ] e ^ `c ^k m c ^a k m a j g e i\ _ ] e\ i\ c n\ \ k k a d _ ] g\ v\ ` ]k e j f\ ] g

_ \ g ]k a _ ]\ v\ ` a k c [\ i ] ` ^ ` a b c [\ ^d h d a c\ a _ \ w� �� � � �  s m a k m g j ` ^a k ` ed ] nk bd a _ ] ia f\ _ \ k c ^a k \ e `c j e ^\ ` ]d\ ` j _ _ ]d ^¡\ e ]k e h jc ^k c a

h\ d ` h\ m c ^ f\ o � �� � �� � ¢r w
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¼ u � u ½¾ s ]k ^k c\ d _ \ e ^ ]c\ ^k _ \ g ]k ^k ` v k c [ \ ` ^ ` [ ] ` i\ \ k ba jk e c a i\ a b h d a l k a `c ^m f ] g j\

^k ` � ^k _ \ g ]k a _ ] `s ia c [ ^k j d ^k \ ]k e ^k `\ d j _ w q5k j f\ ] g _ \ g ]k a _ ] c [\ d\ ^ ` a k g v a k \

d\ ha d c a k `\ d j _ s ]� j\ a j ` ]k e f ^c d\ a j ` [ j _ a j d a b { y h ]c ^\ k c `w ¿ÀÁ ¼ u � u ½¾ n ] ` ^k m d\ ] `\ e

^k _ \ c ] `c ]c ^m h ]c ^\ k c `w ¼ u � u ½¾ ^ ` e\ c\ m c\ e i v [ ^l [ h\ d ba d _ ]k m\ g ^� j ^ e m [ d a _ ]c a l d ] h [ v

oÂ pÃ ½r w Â p Ã ½ ^ ` ] d ]c [\ d g ] ia d ^a j ` ]k e m\ d c ] ^k gv k a c ] `c ]k e ]d e c\ `c ^k m g ^k ^m ] g m [\ _ u

^ `c d v g ] ia d ]c a d ^\ `w � { z z � s Ä q � ]k eÃ ¾ Â [ ] f\ h d a f\ e c a h d\ e ^m c h d a l k a ` ^ ` i\ c c\ d c [ ]k

¼ u � u ½¾ ^k m jc ]k \ a j ` _ \ g ]k a _ ]w ¿ÀÅÆ ¿ÀÇ Èa d\ `\ ]d m [ [ ] ` i\ \ k ea k \ v\ c a k y u Â u ¼ u Ä q¥u � u ½ ^k

j f\ ] g _ \ g ]k a _ ]w q5k m jc ]k \ a j ` _ \ g ]k a _ ]s y u Â u ¼ u Ä q u � u ½ e ^ e k a c h d a f\ c a i\ ] i\ c c\ d

h d a l k a `c ^m _ ]d �\ d c [ ]k � { z z� a d ¼ u � u ½¾ w ¿ÀÉ

Ê5Ë ·° Ëµ © ± « § ¬Ì ¬ § Ê §« ® ®©

� g g c j_ a jd ` ]d\ m [ ]d ]m c\ d ^ `\ e iv ` h\ m ^ b ^m c j_ a jd u ] ` `a m ^ ]c\ e ]k c ^l \ k ` ]k e c [ ^ ` [ a g e ` ] g `a

c d j\ ba d j f\ ] g _ \ g ]k a _ ]w � h\ m ^ b ^m _ \ g ]k a _ ]u ] ` `a m ^ ]c\ e ]k c ^l \ k ` ]d\ \ w l w Ä �Í Zu {sZv d a ` ^k \ o ZÍ p u { rs l h { z z s Ä � � � {s Â Ä pÎ È � �s Ï¥u m ]c\ k ^k s � � � �s Í � � �s � � � �sp Í � Ä �s � Zp y � {s ÄÐ Ä u {s È � { } u �w ¿ ÑÒ � h\ m ^ b ^m Z m\ g g ` ]l ] ^k `c c [\ `\ c j_ a jd ]k c ^l \ k `

_ ]v ^k e ^m ]c\ ]l \ k \ d ] g ^¡\ e c j_ a jd ` hd\ ] ew qk ] k a k u _ \ c ] `c ]c ^m h ]c ^\ k c s [ a n\ f\ ds c [\

c j_ a jd ga ] e ^ ` c a a ga n ba d ]k c ^l \ k ` c a i\ e\ c\ m c\ e iv �Ã q � p Ó Z o\ k ¡ v _ \ u g ^k �\ e

^_ _ jk a ` ha c rtw � `c ^_ ]c ^a k ` h d\ e ^m c c [ ]c k a _ a d\ c [ ]k Ôz ` h\ m ^ b ^m Z m\ g g ` na j g e i\ h d\ `\ k c

]_ a kl \ f\ d v { z z z z z z h\ d ^ h [\ d ] g i ga a e gv _ h[ a m v c\ `w Z[\ d\ ba d\ c [\ `\ ` h\ m ^ b ^m Z m\ g g ` ]d\

a b g ^_ ^c\ e j `\ ^k \ f ] g j ]c ^kl c j_ a jd ` h d\ ] ew ¿ Ñ ¿ �k ] e e ^c ^a k ] g hd a i g\ _ ^ ` c [ ]c c [\ _ \ g ]k a _ ]

]k c ^l \ k ` ]d\ Â Ã �u ` h\ m ^ b ^m Õ c [ ^ ` _ \ ]k ` c [ ]c c [\ ` ]_ \ ]k c ^l \ k ` m ]k k a c i\ j `\ e ^k c [\ n[ a g\

ha h j g ]c ^a k o\ w l w Ôz Ö a b ½ ] jm ] ` ^ ]k ha h j g ]c ^a k ^ ` Â Ã �w � � ha ` ^c ^ f\ rtw È\ f\ d c [\ g\ ` `s c [\ `\

c\ m [ k ^� j\ ` [ ] f\ h d a f\ k c a i\ f\ d v j `\ b j g ^k _ a k ^c a d ^kl c j_ a jd f ]m m ^k ]c ^a k c [\ d ] hv5w

× ¬µ § Ë ®² ª ¬­Ø ÊË ·° Ëµ × « ® ®©

Z[\ e\ c\ m c ^a k a b c j_ a j d m\ g g ` i v p ½ Í ` m d\ \ k ^kl ba d j h d\ l j g ]c\ e c j_ a j d u ] ` `a m ^ ]c\ e

]k c ^l \ k ` o\ w l w c v d a ` ^k ] `\ r ^k h ]c ^\ k c `\ d j _ s [ ] ` i\ \ k c\ `c\ e ^k _ ]k v c j _ a j d `w ¿ ÑÙ q5k j f\ ] g

_ \ g ]k a _ ]s ^c n ] ` ha ` ` ^ i g\ c a e\ c\ m c ] ` b\ n ] ` c\ k m ^d m j g ]c ^kl _ \ g ]k a m v c\ ` ^k b ^ f\ _ g a b

i ga a e n ^c [ c v d a ` ^k ] `\ p ½ Í w ¿ ÑÚ qc `\ \ _ \ e a b k a m g ^k ^m ] g j `\ s ] ` ] g g c\ `c\ e _ \ c ] `c ]c ^m `\ d ]

n\ d\ k \ l ]c ^ f\ Õ ¿ ÑÀ c [ \ `\ c\ `c ` [ ] f\ ga n d\ g ^ ] i ^ g ^c v ]k e ^k ` j b b ^m ^\ k c e\ c\ m c ^a k g\ f\ g `w Ð h c a

k a n c [\ v b ] ^ g\ e c a h d\ e ^m c c [\ g ^ �\ g ^[ a a e a b e\ f\ ga h ^kl _ \ c ] `c ]c ^m e ^ `\ ] `\ ^k m jc ]k \ a j `

_ \ g ]k a _ ]w ¿ Ñ ÑÆ ¿ ÑÁ Û\ ^ g [ a gc ¡ \ c ] g ba jk e c [ d\ \ j f\ ] g _ \ g ]k a _ ] h ]c ^\ k c ` ha ` ^c ^ f\ ba d c v d a ` ^5u

k ] `\ _ Í È � ^k � { h ]c ^\ k c `s ]k e c na a b c [\ `\ [ ^l [ d ^ ` � h ]c ^\ k c ` o5Ü { ¼ _ _ i ] ` ] g e ^ ]u

_ \ c\ d r e\ f\ ga h\ e g ^ f\ d _ \ c ] `c ] `\ ` n ^c [ ^k c [ d\ \ _ a k c [ `w ¿ ÑÅ � jc jd\ c\ m [ k ^� j\ ` ^k e\ c\ m c u

^kl m ^d m j g ]c ^kl c j _ a j d m\ g g ` _ ]v ^_ h d a f\ c [\ m j d d\ k c d\ ` j gc ` n ^c [ ^_ _ jk a i\ ] e u i ] `\ e

e\ c\ m c ^a k a b m\ g g `w ¿ ÑÇ
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