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6)$!802!('$22&%&1!)"!&%""2$2&8%#(($!2C!$2((2&!12&2(+!802!7%'$)#$$#$!&#8#!>#(!

!$)'2((2&!-(%&1!"#8(#3!()"8>#$2!<740*Z3+!.02!"#80>)$/(+!?&'-+!"6+!*,6=-!

%2I?,6!)"!:&'S4!

.)!#((2((!#'8%+#8%)&!(2+2(!)"!:&'S4+!>2!-(2&!#&!5I?,623#(2&!#((#$+!32'#-(2!

%2I?,6! #((#$! %(! 7)$2! (2&(%8%+2! #&&! G-#&8%8#8%+2($! #''-$#82! 80#&!

#!%,.H!4*2#'8%+#82&! /%&#(2! <96'=H:&'S42%&82$#'8%+2! 3%&&%&1! &)7#%&!

!-((2&)>&!#((#$!#(!!$2+%)-(($!$2!)$82&4[-!.02!'2(((!>2$2!(22&2&!#&&!(2$-7!

(8#$+2&!3$!(2$%#(! %&'-3#8%)&(!>%80!*0E!6#,!")$!R4!0)-$(+!0-[E!6#,!")$!4S!

0)-$(+!#&&!802&!0E!6#,!")$!4S!0)-$(-!:&'S4!#'8%+#8%)&!(2+2(!>#(!72#(-$2&!

-(%&1!#!%2I?,6!/%8!")$!:&'S4!<')()$%728$%'!")$7#8O!:$8)(/2(28)&+! 2&+2$+!:/+!

*,6=!#'')$&%&1!8)!802!7#&-"#'8-$2$F(!!$)8)')(-! 2+2()!2&!')()$!>#(!('#&&2&!

3$!#!7%'$)!(#82!$2#&2$!<,95:.76"6MVS09:+!")(2'-(#$! 2+%'2(+!:6+!*,6=-! !

Page 9 of 48

John Wiley & Sons, Inc.

International Journal of Cancer

This article is protected by copyright. All rights reserved.



! *0

5I?,6!")$!45%6!

45%6!')&'2&8$#8%)&!%&!'-(8-$2!72&%#!>#(!#&#($52&!-(%&1!#!')()$%728$%'!5I?,6!

/%8!")$!0-7#&!45%6!<:#8-!;)-7, 2 45002*+!7P !,$(827(!?&'-=-!

,'#&&%&1!5(2'8$)&!"%'$)(')!$! !

.02!'2(((!>2$2!(22&2&!)&8)!!)($280$(2&2!82$2!080#(#82!')+2$((%!(!<.02$7#&)C!

MQ
!
&%(/(+!;*;:+!7)'02(82$+!;R+!*,6=-!.02!'2(((!>2$2!(2$%#(($!"%C2&!>%80!4E!

1(-8#$#(&20$&2! <@#/)! 9-$2! :027%'#(! ?&&-(8$%2(+! '$)8)+! ,#!#&=! #8! SS:!

)+2$&%108+!#&&!802&!>%80!*E!/(/S!")$!4!0)-$(-!.02!"%C2&!'2(((!>2$2!&20$&$#82&+!

&$%2&+!#&&!')#82&!>%80!#!80%&!(#$2$!)"!!(#8%&-7!!#((#&%-7-!.02!(!2'%72&(!>2$2!

802&!('#&&2&!-(%&1!#&!,2SR00!('#&&%&1!2(2'8$)&!7%'$)(')!2!<8%8#'0%+!.)/$)+!

,#!#&=-!.02&+!")$!2#'0!'2((+!802!&-732$!)"!"%()!)&%#!)"![0!'2(((!>2$2!')-&82&!

-(%&1! ?7#12,! ()"8>#$2-! 9$)8$-(%)&(!>0%'0!>2$2! 80%&&2$! 80#&!0-VR!.7!#&&!

()&12$!80#&!0-)R!μ7!>2$2!')-&82&!#(!"%()!)&%#-! !

:2((!!$)(%"2$#8%)&!#((#$!

@2!!2$")$72&!'2((!!$)(%"2$#8%)&!#((#$!%&!8>)!>#$(O!&%$2'8!')-&8%&1!#&&!@,.2)!

#((#$!<:2((!:)-&8%&1!'%82)+! )3%&&)!")(2'-(#$!.2'0&)()1%2(+!?&'-+!'-7#7)8)=-!

92$%7282$!72#(-$272&8!

90)8)!%7#12(!")$!2#'0!'2((!>2$2!8#/2&!-(%&1!#!'5R5;:5!#K!.000!7%'$)(')!2!

#&&!802!!2$%7282$(!)"!802!'2(((!>2$2!72#(-$2&!-(%&1!?7#12,!()"8>#$2-!

4#(%&#8%)&!#&#($(%(!-(%&1!#!!-3(%'!&#8#(28!

.02!&#8#(28!)"!802!"5.6#7?:!(8-&$!>#(!)38#%&2&!"$)7!802!'#%)!)$8#(!>23(%82-!

.0%(!&#8#(28!')&8#%&(!&27)1$#!0%'!%&")$7#8%)&+!(-$+%+#(!)-8')72(+!(-38$!%&1+!

12&222C!$2((%)&!&#8#+!#&&!12&)7%'!#3&)$7#(%8$-!6((!(-$+%+#(!#&#($(2(!>2$2!

!2$")$72&!-(%&1!"#8(#3!()"8>#$2!<+2$(%)&!40*Z3=-! !
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! **

@2(82$&!3()88%&1!

.)!#&#($52!678%69*R!#&&!;79*!!$)82%&!(2+2(+!>2!!2$")$72&!%77-&)3()88%&1!

>%80! #&8%2678%69*R! #&8%3)&$! <I,#%)+! 6&8%2678%69*RD! ;6 7?;! 6&8%3)&$!

<##VV*2!V)0=!I,2:*40V4Z+!,2#88(2+!@6+!*,6=!#&&!#&8%2;79*!#&8%3)&$!<:2((!

,%1&#(%&1!.2'0&)()1$+!;2-$)!%(%&2*!< Z4:Z=!7#33%8!763+! #&+2$+!"6+!*,6=-!

7#802$!80#&!-(%&1!(2')&&#$$!#&8%3)&$!8)!!$)32!")$!!$%7#$$!#&8%3)&$!3%&&%&1+!

802! 5#($2@2(82$&2Ⅱ&282'8%)&! ($(827! <#2#'(2+! #:I25K,4*+! '$)8)+! ,#!#&=!

>#(!27!()$2&-!6)$!#&!%&82$&#(!')&8$)(+!>2!-(2&!7)-(2!#&8%2β2#'8%&!#&8%3)&$!

<63'#7+!#3Z4RZ+!:#73$%&12+!*'+!*D[000!&%(-8%)&=+!#&&!1)#8!#&8%27)-(2!?1%!

#&8%3)&$!')&3-1#82&!8)!#!!2$)C%&#(2!<9%2$'2!3%)82'0&)()1$+!V*VS0+!7)'/")$&+!

?I+!*,6+!*D[0000!&%(-8%)&=-!.02!'027%'#(!(-7%&2('2&'2!$2#12&8!-(2&!>#(!5:I!

,2(2'8! <%5! 82#(80'#$2+! #-'/%&10#7(0%$2+! *'=-! ,%1&#((! >2$2! &282'82&! 3$!

552:#!8-$2Ⅱ<6../+!.)/$)+!,#!#&=!>%80!?7#12,#+2$[!()"8>#$2!<6../=-!

% %
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! *4

;3'01/'%

%

'&)'/)-8! )"!!"#$! 12&2! #(82$2&! '2((!7)$!0)()1$+! #&&! &2'$2#(2&!7%1$#8%)&!

#3%(%8$!)"!" 62"#24V*!'2(((! !

45%6!%(!#!7-(8%2"-&'8%)&#(!7)(2'-(2!>0%'0!8#$128(!#!+#$%28$!)"!'2((!72732$(!%&!

802!8-7)$!7%'$)2&+%$)&72&8-!.02!#%7!)"!802!'-$$2&8!(8-&$!>#(!8)!%&+2(8%1#82!

802! &%$2'8! 2""2'8(! )"! 45%6! )&! #:! '2(((-! 6%$(8+! >2! -(2&! 32+#'%5-7#3! ")$! #!

()((2)"2"-&'8%)&!2C!2$%72&8-!6'')$&%&1!8)!G7.29:7!#&#($(%(!)"!45%6!-(%&1!#!#:!

'2((!(%&2!!#&2(+!.;#:!'2((!(%&2(!2C!$2((2&!0%102$!(2+2(!)"!45%6!80#&!(-7%&#(!#:!

'2((! (%&2(! <,-!!(272&8#$$! 6%1-! *#+! 3=-! 67)&1! .;#:! '2(((+! >2! '0)(2!

" 62"#24V*!<>%(&28$!2:!4V*67
=!'2(((!")$!802!"-$802$!2C!2$%72&8(-!6!(2$%2(!)"!

2C!2$%72&8(! (0)>2&! 80#8! 32+#'%5-7#3! 8$2#872&8! &%&&F8! %&&-'2! #&$!

!02&)8$!%'!'0#&12!%&!'2((!!$)(%"2$#8%)&!<6%1-!*#=+!7)$!0)()1$!<6%1-!4#+!4'+!#&&!

40=+!#&&!7%1$#8%)&!<6%1-!4%=!)"!4V*
67
!'2(((-!

;2C8+!>2!/&)'/2&!)-8!!"#$8)"!4V*67
!'2(((!-8%(%5%&1!802!:7?,97D:#(.!($(827!8)!

&282$7%&2!>02802$!45%6!0#(!&%$2'8!2""2'8!)&!802!!02&)8$!2!)"!4V*67
!'2(((!)$!

&)8-!!"#$!0#(!(2+2$#(!8$#&('$%!8%)&#(!+#$%#&8(!80#8!')$$2(!)&&!8)!&%""2$2&8!

(%52(!)"!45%6!7)(2'-(2(+!(-'0!#(!45%6*4*+!45%6*Z[+!45%6*).+!45%640Z+!

#&&!)802$(!<6%1-!*3=-!@2!&2(%1&2&!#!17;6!(2G-2&'2!)"!:7?,97D:#(.!($(827!

8)!8#$128!2C)&V!)"!!"#$+!80#8!%(!')77)&!%&!#((!+#$%#&8!45%6!")$7(-!.02&+!

!"#$!/&)'/2&2)-8!" 62"#24V*!'2(((!<4V*!"#$%&'()=!>2$2!2(8#3(%(02&!3$!

%&8$)&-'%&1!802!17;6!#&&!:#(.!-(%&1!#!(2&8%+%$#(!($(827-!.02&+!12&)7%'!

(2G-2&'2(!)"!45%6!2C)&V!%&!45%6'/!'2(((!>2$2!'02'/2&!3$!,#&12$!

,2G-2&'%&1!<,-!!(272&8#$$!6%1-!42#=-!67)&1!(2+2&!4V*
!"#$%&'()

!'()&2(!

'02'/2&+!(%C!'()&2(!0#&!"$#722(0%"8!7-8#8%)&(!80#8!12&2$#82!8$-&'#82&!45%6!
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! *V

7)(2'-(2(!>%80)-8!#&$!)"!45%67*2!<2C)&V=+!45%6742!<2C)&S=+!02!#$%&2!

<2C)&Z2R=+!)$!&2-$)!%(%&2!<2C)&R=!3%&&%&1!&)7#%&(!<6%1-!*3=4Z-!?&!')&8$#(8+!

)&2!'()&2!0#&!#&!%&2"$#72!7-8#8%)&!(#'/%&1!)&($!8>2(+2!#7%&)!#'%&(-!8)>2+2$+!

80%(!&2(282&!(%82!)+2$(#!!2&!>%80!)&2!)"!802!&%72$%5#8%)&!(%82(!

<'$(82%&22&)8'02(=!#&&!#!45%67*!3%&&%&1!(%82-!.0%(!'()&2!>)-(&!&)8!32!

"-&'8%)&#(-!?&!#&&%8%)&+!>2!')&"%$72&!3$!45%6!5I?,6!#((#$!80#8!802!

4V*
!"#$%&'()

!'2(((!&%&!&)8!#'8-#(($!(2'$282!#&$!&282'8#3(2!45%6!7)(2'-(2(!<6%1-!

*'=-! !

*&(%/2! 802!32+#'%5-7#328$2#82&!4V*
67
! '2(((+! 802!4V*

!"#$%&'()
! '2(((!2C0%3%82&!

&%""2$2&8!!02&)8$!2(!%&!'2((!7)$!0)()1$!#&&!7%1$#8%)&!"$)7!4V*
67
!'2(((-!.02!

4V*
!"#$%&'()

!'2(((!0#&!#!(7#((+!$)-&&2&!(0#!2+!>02$2#(!802!4V*
67
!'2(((!(0)>2&!

#! (#$12$! #&&! (!%&&(22(%/2! (0#!2! <6%1-! 4#23=-! .)! G-#&8%"$! 802!7)$!0)()1%'#(!

"2#8-$2(+!>2!72#(-$2&!802!!2$%7282$(!)"!802!&%""2$2&8!'2((!8$!2(!-(%&1!?7#122,!

()"8>#$2-!.02!!2$%7282$!)"!802!4V*
!"#$%&'()

!'2(((!>#(!(%1&%"%'#&8($!(0)$82$!80#&!

80#8! )"! 802! 4V*
67
! '2(((! <6%1-! 40+! *A0-000*=-! ?&! #&&%8%)&+! 2C!)(-$2! )"! 802!

4V*!"#$%&'()
!'2(((!8)!2C)12&)-(!$045%6*Z[!$2(8)$2&!802%$!'2((!(%52+!(!%&&(22(%/2!

(0#!2!<6%1-!4&=+!#&&!!2$%7282$!8)!(%7%(#$!(%52(+!(0#!2(!#&&!!2$%7282$!)"!80)(2!

)"!802!4V*
67
!'2(((!<6%1-!40=-!

;2C8+!'2((!7%1$#8%)&!#((#$!-(%&1!.$#&(>2((J!'0#732$(!&27)&(8$#82&!80#8!802!

4V*
!"#$%&'()8'2(((!0#&!()>2$!7%1$#8%)&!#3%(%8$!80#&!802!4V*67

!'2(((!<4V*
67
!+(!

4V*!"#%&'():!*B0-004=+!#&&!80#8!2C!)(-$2!8)!$045%6*Z[!$2(8)$2&!'2((!

7%1$#8%)&!#3%(%8$!8)!#&!2+2&!0%102$!(2+2(!80#&!802!)$%1%&#(!(2+2(!<4V*!"#$%&'()!+(!

4V*
!"#$%&'()

T$045%6*Z[:!*B0-000[=!<6%1-!4%=-!.02(2!$2(-(8(!%&&%'#82!80#8!

45%6!&2!(28%)&!'#-(2&!802!7)$!0)()1%'!'0#&12+!#&&!(-!!$2((2&!'2((!

7%1$#8%)&!%&!802!4V*
67
!'2(((-! !
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! *S

.)!2(%7%&#82!802!!)((%3%(%8$!)"!)""28#$128!2""2'8!)"!:7?,972($(827+!>2!#(()!

12&2$#82&!#&)802$!45%6!/&)'/2&!)-8!4V*!'2((!'()&2!8#$1282&!#8!2C)&*!

<4V*!"#$%&'(.
=-!.02&+!12&)7%'!(2G-2&'2(!)"!45%6!2C)&*!%&!4V*

!"#$%&'(.
!'2(((!

>2$2!'02'/2&!3$!,#&12$!,2G-2&'%&1!<,-!!(272&8#$$!6%1-!423=-!.02!

4V*
!"#$%&'(.

!'2(((!0#&!7)(8($!(%7%(#$!7)$!0)()1%'#(!#&&!'2((!7)8%(%8$!!02&)8$!2!

8)!4V*
!"#$%&'()

!'2(((-!.02!4V*
!"#$%&'(.

!(0)>2&!(0)$82$!!2$%7282$!<4V*
67
!+(!

4V*
!"#$%&'(.

!9A0-000*+!6%1-40=!#&&!()>2$!7%1$#8%)&!#3%(%8$!<4V*
67
!+(!

4V*
!"#$%&'(.

!9B0-000[+!6%1-4%=!')7!#$2&!8)!4V*
67
!'2(((-! !

.02(2!"%&&%&1(!%&&%'#82&!80#8!802(2!7)$!0)()1%'#(!#&&!'2((!7)8%(%8$!!02&)8$!2!

%(!&)8!&-2!8)!)""28#$128!2""2'8!)"!:7?,972($(827+!3-8!&-2!8)!45%62&2!(28%)&-!

/&!802!)802$!0#&&+!802!/&)'/%&1!)-8!)"!45%6!&%&!&)8!#""2'8!802!'2((!!$)(%"2$#8%)&!

)"!802!4V*
678'2(((!<6%1-!*&=-!.02!&)-3(%&1!8%72(!)"!802!4V*67

!#&&!4V*
!"#$%&'()8

'2(((!%&!802!2C!)&2&8%#(!!0#(2!< #$42S=!>2$2!#(7)(8!%&2&8%'#(!#8!4*-R!#&&!4*-4!

0)-$(+!$2(!2'8%+2($-!

?&!(-77#$$+!802(2!&#8#!(0)>2&!80#8!/&)'/%&12)-8!)"!45%6!%&&-'2&!$)-&&2&!

'2((!(0#!2+!#&&!$2&-'2&!'2((!7%1$#8%)&+!#&&!%&&%'#82&!80#8!45%6!')-(&!(8%7-(#82!

3$2#(8!'#&'2$!'2(((!&%$2'8($-!

!

?&82$#'8%)&!328>22&!45%6!#&&!;79*!%(!$2(!)&(%3(2!8)!!02&)8$!%'!'0#&12(!)"!

4V*
!"#$%&

!'2(((-!

6(!802!"%&&%&1(!)"!802!32+#'%5-7#3!8$2#872&8!#&&!!"#$2/&)'/)-8!2C!2$%72&8(!

#!!2#$2&! 8)! &%""2$+! >2! 2&&2#+)$2&! 8)! 2C!(#%&! 802! -&&2$($%&1! 7)(2'-(#$!

72'0#&%(7(!)"! 802(2!&%('$2!#&'%2(-!#2+#'%5-7#3! %(!#&!#&8%245%6!#&8%3)&$!

80#8!3%&&(!8)!802!45%67*D423%&&%&1!&)7#%&!<2C)&V2S=!)"!45%6!8)!%&0%3%8!802!

45%6D45%67! (%1&#(%&1! !#80>#$-! 8)>2+2$+! ;79*! %&82$#'8(! >%80! 802! 2C)&R!
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! *[

!)$8%)&! )"! 45%6+! >0%'0! 32+#'%5-7#3!7#$! 32! -&#3(2! 8)! 3()'/
4R
-!")$2)+2$+!

77;6!2C!$2((%)&!)"!45%67*D4+!#&&!;794!%&!802!#:!'2(((!>2$2!(%1&%"%'#&8($!

()>2$!80#&!80)(2!%&!802!2&&)802(%#(!'2(((!<,-!!(272&8#$$!6%1-!*'+!&+!#&&!1=+!

>02$2#(!77;6!2C!$2((%)&!)"!;79*!%&!802!#:!'2(((!>#(!')7!#$#3(2!8)!80#8!%&!

802!2&&)802(%#(!'2(((!<,-!!(272&8#$$!6%1-!*2+!"=-!.02$2")$2+!>2!0$!)802(%52&!

80#8!(%1&#(%&1!!$)&-'2&!3$!45%6D;79*!>%80)-8!45%67*D4!7#$!')&8$%3-82!8)!

802!!02&)8$!%'!'0#&12(!)"!45%62'&)'/2&!)-8!'2(((-!

.)!!$)+2!802!0$!)802(%(+!>2!-8%(%52&!#!()(-3(2!")$7!)"!&2-$)!%(%&2*!<(;79*=+!#!

&#8-$#(($22C%(8%&1! %()")$7!)"!;79*+!>0%'0!')&(%(8(!)"!802!;79*!2C8$#'2((-(#$!

&)7#%&!>%80!#!45%623%&&%&1!(%82-!.02!(;79*!>)$/(!#(!#!45%62.$#!!8)!%&0%3%8!

802! 45%62;79*! %&82$#'8%)&4)-! .02&+! (;79*! >#(! %&8$)&-'2&! %&8)! 802!

" 62"#24V*!'2(((!<4V*
+,-*.

!'2(((=!3$!#!(2&8%+%$-(!+2'8)$!($(827-!6(!2C!2'82&+!

802!4V*
+,-*.

!'2(((!(0)>2&!(7#((2$!#&&!7)$2!$)-&&2&!7)$!0)()1$!<6%1-!4"=+!>%80!

#! (%1&%"%'#&8($! (0)$82$! !2$%7282$! 80#&! 802! ')&8$)(! '2(((! <6%1-! 40+! *-V2")(&+!

*A0-000*=-!?&!#&&%8%)&+!802!4V*+,-*.
!'2(((!0#&!()>2$!7%1$#8%)&!#3%(%8$!80#&!802!

')&8$)(!'2(((!<6%1-!4%+!*-R2")(&+!*B0-00V=-!.02(2!"%&&%&1(!&27)&(8$#82&!80#8!802!

!02&)8$!2(!)"!802!4V*
+,-*.

!'2(((!>2$2!(%7%(#$!8)!80)(2!)"!802!4V*
!"#$%&'()

!'2(((+!

#&&! %&&%'#82! 80#8! %&82$#'8%)&! )"! 45%6! #&&! ;79*! ')&8$%3-82! 8)! !02&)8$!%'!

'0#&12(!)"!'2((!7)$!0)()1$!#&&!7)8%(%8$-!8)>2+2$+!%8!$27#%&(!-&/&)>&!#(!8)!

>0%'0!)"!802!")(()>%&1!8>)!('2&#$%)(!#$2!8$-2:!80#8!802!45%62;79*!%&82$#'8%)&!

&%$2'8($!!$)&-'2(!#!(%1&#(!>%80)-8!45%67*D4O!)$!80#8!802!%&82$#'8%)&!%&0%3%8(!#!

(%1&#(! !$)&-'2&! 3$! ;79*! #&&! #&)802$! ;79*2%&82$#'8%&1!7)(2'-(2+! (-'0! #(!

,5"6V6-!.)!&282$7%&2!>02802$!45%62;79*! %&82$#'8%)&!&%$2'8($!!$)&-'2(!#!

(%1&#(! )$! &)8+! ;79*! 2C!$2((%)&! >#(! /&)'/2&! &)>&! 3$! (%7;6! <6%1! 41+!

,-!!(272&8#$$!6%1-!V=-!.02!/&)'/!&)>&!2""%'%2&'%2(!)"!(%;79*!>#(!'02'/2&!3$!
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7.29:7!3()88%&1!#&&!>2(82$&!3()88%&1-!.02!/&)'/!&)>&!2""%'%2&'%2(!)"!(%;79*2R!!
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<,-!!(272&8#$$!6%1-V=-!.02!/&)'/!&)>&!2""%'%2&'%2(!>2$2!4S-.E!#&&!Z*-*E!!

")$!!$)82%&!(2+2(!)"!7273$#&2!#&'0)$2&!;79+!#&&!*0-)E!#&&!RZ-ZE!")$!(;79*+!!

$2(!2'8%+2($!<6%1-41=-!.02!;79*2/&)'/2&!&)>&!4V*!<4V*
,-*.%9

=!'2(((!2C0%3%82&!!

()>2$!'2((!7%1$#8%)&!#3%(%8$!80#&!802!4V*
67
!'2(((!<6%1-!4%+!V-R2")(&+!*B0-0*R=-!!

6((-7%&1!,5"6V62;79*!3%&&%&1!!$)&-'2!#!(%1&#(!8)!%&&-'2!$)-&&2&!'2((!(0#!2!!

#&&!8)!$2&-'2!'2((!7%1$#8%)&!%&!4V*
!"#$%&'()

!'2(((+!4V*
+,-*.

!'2(((!#&&!4V*
,-*.%9
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'2(((!>)-(&!()(2!80%(!,5"6V62;79*!(%1&#(!#&&!#$2!(-!!)(2&!8)!7#/2!&%""2$2&8!!

'2((! 7)$!0)()1$! #&&! 7)3%(%8$-! 8)>2+2$+! #'8-#(! 7)$!0)()1%'! #&&! 7)3%(%8$!!

!02&)8$!2(!)"!4V*
!"#$%&'()

!'2(((+!4V*
+,-*.

!'2(((+!#&&!4V*
,-*.%9

!'2(((!&%(!(#$2&!!

#(7)(8!%&2&8%'#(!!02&)8$!2(-!.0-(+!>2!')&'(-&2&!80#8!45%62;79*!3%&&%&1!3-8!!

&)8!,5"6V62;79*!3%&&%&1!!$)&-'2&!#!(%1&#(!8)!$21-(#82!'2((!7)$!0)()1$!#&&!!

'2((!7%1$#8%)&!#3%(%8$-!!

.#/2&! 8)12802$+! 802(2! $2(-(8(! %&&%'#82&! 80#8! '2((! (%1&#((! !$)&-'2&! 3$!!

45%62;79*!%&82$#'8%)&!7#$!')&8$%3-82!8)!!02&)8$!%'!'0#&12(!)"!4V*!"#$%&'()
!!

'2(((-!!

!!

?&2&8%"%'#8%)&!)"!12&2(!%&!&)>&(8$2#7!)"!45%6D;79*!(%1&#(!!#80>#$!!

.)! %&2&8%"$! 12&2(! %&! 802! &)>&(8$2#7! )"! 45%6D;79*! (%1&#(! &28>)$/+! >2!!

')&&-'82&! #! 7%'$)#$$#$23#(2&! 12&2! 2C!$2((%)&! #&#($(%(! )"! 4V*67! '2(((+!!

4V*!"#$%&'()!'2(((+!#&&!4V*!"#$%&'()!'2(((!2C!)(2&!8)!$045%6*Z[-!%2&2(!%&!802!!

&)>&(8$2#7!)"!802!45%6D;79*!(%1&#((!#$2!(-!!)(2&!8)!32!-!D&)>&2$21-(#82&!!

%&!4V*!"#$%&'()!'2(((+!#&&!$045%6*Z[!8$2#872&8!$2(8)$2(!802!2C!$2((%)&!8)!802!!

4V*
67
!'2((!(2+2(-!67)&1!802!"%(82$2&!2C!$2((%)&!&#8#!)"!*Z0[4!')&%&1!12&2(!!
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<,-!!(272&8#$$! .#3(2! *=+! RZ[! 12&2(! >2$2! 7)$2! 80#&! 42")(&!!

-!D&)>&2$21-(#82&!%&!802!4V*!"#$%&'()!'2(((!<6%1-!V#+!,-!!(272&8#$$!.#3(2!4=+!!

')7!#$2&!>%80!4V*
67
!'2(((-!67)&1!802(2!RZ[!12&2(+!802!2C!$2((%)&!(2+2((!)"!!

)&($!Z4!12&2(!>2$2! $2(8)$2&!3$! $045%6*Z[! 8$2#872&8! <6%1-! V3=-! .0-(+!>2!!

'0)(2! 802(2! Z4! 12&2(! #(! '#&&%&#82! 12&2(! <[*! -!2$21-(#82&! #&&! **!!

&)>&2$21-(#82&!12&2(!%&!4V*
!"#$%&'()

!'2(((=O!802$!#$2!(%(82&!%&!,-!!(272&8#$$!!

.#3(2!V-!.)!'02'/!>02802$!80%(!('$22&%&1!>#(!!$)!2$($!2C2'-82&+!>2!!2$")$72&!!

12&2! )&8)()1$! #&#($(%(! -(%&1! 802!  64? ! 8))((
4.+V0

-! 6! "-&'8%)&#(! #&&)8#8%)&!!

'0#$8!<,-!!(272&8#$$!.#3(2!S=!(0)>2&!80#8+!&2(!%82!802!V$&!$#&/!%&!8)8#(+!82$7!!

U'2((!7%1$#8%)&V!>#(!(%(82&!%&!802!0%102(8!$#&/!#(!3%)!$)'2((!'#821)$$+!>0%'0!!

>)-(&!32!')7!#8%3(2!>%80!)-$! "%&&%&1(!80#8!45%6D;79*!(%1&#(! %(!#(()'%#82&!!

>%80!'2((!7%1$#8%)&-!!

678%69*R!<#(()!/&)>&!#(!7?:8*=!>#(!-!2$21-(#82&!S-Z2!<B4
4-4*4

=!")(&!%&!802!!

4V*
!"#$%&'()

!'2(((!<6%1-!V'+!,-!!(272&8#$$!.#3(2!V=-!6(80)-10!678%69*R!%(!&)8!!

&2"%&2&!#(!#!'2((!7%1$#8%)&2$2(#82&!12&2!%&!802! 64? !"%(2(+!%8!%(!#!70)%69!80#8!!

%(!/&)>&!8)!%&82$#'8!>%80!:&'S4V*!#&&!8)!%&#'8%+#82!%8+!#!72732$!)"!802!70)!!

"#7%($+!$21-(#8%&1!'2((!'$8)(/2(28)&!)$1#&%5#8%)&!#&&!'2((!7%1$#8%)&-!678%69*R!!

2C!$2((%)&! >#(! +#(%&#82&! 3$! #! G-#&8%8#8%+2! 7.29:7! 7280)&-! 678%69*R!!

2C!$2((%)&!>#(!(%1&%"%'#&8($!-!2$21-(#82&! %&! 802!4V*!"#$%&'()!'2(((!')7!#$2&!!

>%80! 802! 4V*
67
! '2(((! <6%1-! S#+! *-RS2")(&+! *B0-00VZ=+! #&&! >#(! $2(8)$2&! 3$!!

$045%6*Z[! 8$2#872&8! <4V*!"#$%&'()! +(! 4V*4"#$%&'()T$045%6*Z[:! 0-[)2")(&+!!

*B0-00V=-!?&!#&&%8%)&+!%&8$)&-'8%)&!)"!2C)12&)-(!(;79*!%&8)!802!4V*67!'2(((!!

-!2$21-(#82&!678%69*R!2C!$2((%)&!<*-R.2")(&+!*B0-004.=-!@2(82$&!3()88%&1!!

#(()! (0)>2&! 678%69*R! 2C!$2((%)&! >#(! (%1&%"%'#&8($! -!2$21-(#82&! %&! 802!!

4V*
!"#$%&'()

!'2(((!')7!#$2&!8)!802!4V*
67
!'2(((!3$!4-*S2")(&!<6%1-S3=-!!
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.02!#'8%+%8$!(8#8-(!)"!(7#((!%.9#(2!7)(2'-(2(+!%&'(-&%&1!:&'S4+!%(!$21-(#82&!3$!!

%69(+!%56(+!#&&!% ?(-!67)&1!802(2!)*!$21-(#8)$(+!**!678%69(+!S!678%56(+!!

#&&! 4! % ?(! #$2! /&)>&! 8)! %&82$#'8! >%80! :&'S4! <,-!!(272&8#$$! .#3(2! [#=-!!

67)&1! *R! :&'S42$21-(#8)$(+! )&($! /-0#/*.1! 7228! (2(2'8%)&! '$%82$%#! #(!!

45%62&2!2&&2&8!12&2(!<6%1-!V'+!,-!!(272&8#$$!6%1-!S#=-!6(!&27)&(8$#82&!%&!!

!$2+%)-(! $2!)$8(+! 678%69*R! %&82$#'8(! >%80! :&'S4! #&&! $21-(#82(! %8(!!

#'8%+2&2((
V*
-!,%7%(#$($+!802!2C!$2((%)&!(2+2((!)"!S4!12&2(!80#8!#$2!/&)>&!8)!!

%&82$#'8!>%80!;79*!>2$2!#(()!'02'/2&!<,-!!(272&8#$$!.#3(2![3=-!8)>2+2$+!!

/&)'/%&1!)-8!45%6!&%&!&)8!#(82$!802!2C!$2((%)&!)"!#&$!;79*2%&82$#'8%&1!12&2(!!

<,-!!(272&8#$$!6%1-!S32'=-!.#/2&!8)12802$+!802(2!7%'$)#$$#$!#&#($(%(!$2(-(8(!!

%&2&8%"%2&!678%69*R!#(!#!8)!!'#&&%&#82!12&2!>)$/%&1!%&!802!&)>&(8$2#7!)"!!

45%6D;79*!(%1&#(+!#&&!>2!")'-(2&!-!)&!678%69*R!%&!"-$802$!#&#($(%(-!!

!!

721-(#8%)&!)"!:&'S4!3$!678%69*R! %(! $2(!)&(%3(2! ")$!45%6D;792&2!2&&2&8!!

7)$!0)()1%'!#&&!7)3%(%8$!'0#&12(-!!

70)!"#7%($!72732$(+!(-'0!#(!70)6+!7#'*+!#&&!:&'S4+!'$'(2!328>22&!%&#'8%+2!!

% 923)-&&!")$7!#&&!#'8%+2!%.923)-&&!")$7-!678%69(!<70)%69(=!0$&$)($52!!

%.9!3)-&&!8)!#'8%+22")$7!%&8)!% 9!#&&!!0)(!0#82!8)!%&#'8%+#82!70)!"#7%($!!

72732$(+! >02$2#(! 678%56(! <70)%59(=! 2C'0#&12! % 9! 3)-&&! 8)!!

%&#'8%+22")$7!>%80!%.9!8)!#'8%+#82!802!70)!"#7%($!72732$(-!678%69*R!#'8(!#(!!

#! :&'S42(2(2'8%+2! 70)%69+! #&&! %8! %&#'8%+#82(! :&'S4V*-! 6(! (0)>&! #3)+2+!!

678%69*R!2C!$2((%)&!>#(!$21-(#82&!3$!45%6D;79*!(%1&#(%&1-!.0-(+!8)!+2$%"$!!

802! $2(#8%)&(0%!! 328>22&! 45%6D;79*! (%1&#(%&1! #&&! :&'S4! (8#8-(+! >2!!

!2$")$72&!%2I?,6!#((#$(!)&!:&'S4!8)!72#(-$2!#&&!')7!#$2!802!#7)-&8!)"!!

#'8%+2!:&'S4!%&!+#$%)-(!'2(((!#(!")(()>(-!!
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6%$(8+!802!#(()'%#8%)&!328>22&!678%69*R!#&&!:&'S4!(8#8-(!>#(!')&"%$72&-!?&!!

80%(!#&#($(%(+!>2!-(2&!8>)!(%7;6(!8)!/&)'/!&)>&!678%69*R!)"!4V*!"#$%&'()!!

'2(((-!?&8$)&-'%&1!(%7;6(!#1#%&(8!678%69*R!<6%1-S3+!,-!!(272&8#$$!6%1-![=!!

-!$21-(#82&! #'8%+2! :&'S4! (2+2(! ")$! 7)$2! 80#&! 42")(&! <6%1-S'+! 4-[.2")(&+!!

*B0-0[=+! %&&%'#8%&1! 80#8! 678%69*R! 2C!$2((%)&! %&+2$(2($! ')$$2(#82&! >%80!!

:&'S4!(8#8-(-!,2')&&+!#(()'%#8%)&!328>22&!45%6D;79*!(%1&#(%&1!#&&!:&'S4!!

(8#8-(!>#(!')&"%$72&-!.02!#7)-&8(!)"!#'8%+2!:&'S4!>2$2!$2&-'2&!)&($!%&!802!!

4V*
!"#$%&'()

! '2(((! #&&! 802! 4V*
+,-*.

! '2(((! %&! >0%'0! 802! 678%69*R! (2+2(! >#(!!

-!2$21-(#82&!<!2+#(-2B0-00*Z!#&&!0-00Z!$2(!2'8%+2($=! -! ?&!')&8$#(8+!#'8%+2!!

:&'S4!(2+2((!>2$2!&)8!$2&-'2&!%&!802!4V*
!"#$%&'()

!'2(((!8$2#82&!>%80!$045%6*Z[!!

)$!802!32+#'%5-7#328$2#82&!4V*
67
!'2(((+!%&!>0%'0!802!678%69*R!(2+2(!>#(!&)8!!

#(82$2&!<6%1-!S'=-!!

:&'S4!#'8%+%8$!%(!$21-(#82&!3$!7-(8%!(2!%69(+!%56(+!#&&!% ?(-!8)>2+2$+!#(!!

(0)>&!%&!6%1-!V'+!)&($!678%69*R!>#(!#(82$2&!3$!45%6D;79*!(%1&#(%&1-!.0-(+!!

)-$! "%&&%&1(! %7!(%2&! 80#8! 45%6D;79*! (%1&#(%&1! $21-(#82(! :&'S4! (8#8-(! +%#!!

678%69*R-!!

.)!&282$7%&2!>02802$!$21-(#8%)&!)"!:&'S4!3$!678%69*R! %(! $2(!)&(%3(2! ")$!!

7)$!0)()1%'! #&&! 7)3%(%8$! '0#&12(! %&! 4V*
!"#$%&'()

! '2(((+! $2(8)$#8%)&!!

2C!2$%72&8(! )"!678%69*R!2C!$2((%)&!>#(!!2$")$72&!3$! (%678%69*R-! .02!!

/&)'/!&)>&!2""%'%2&'%2(!)"!(%678%69*R!>#(!'02'/2&!3$!7.29:7-!.02!/&)'/!!

&)>&! 2""%'%2&'%2(! )"! (%678%69*R! )(%1)(! >2$2! [[E+! S*E+! #&&! [.E! ")$!!

(%678%69*R2V+! (%678%69*R2[+! #&&! 3)80! )"! 8027+! $2(!2'8%+2($!!

<,-!!(272&8#$$! 6%1-! [=-! .02! /&)'/! &)>&! 2""%'%2&'$! >#(! #(()! '02'/2&! 3$!!

>2(82$&! 3()88%&1-! 9$)82%&! (2+2(! )"! 678%69*R! >#(! $2&-'2&! 3$! 3)80!!

(%678%69*R2V! #&&! (%678%69*R2[! ')7!#$2&! 8)! (%:)&8$)(! '2(((! <6%1-S3+!!
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0-[*2")(&=-!  2!2&&%&1! )&! 802! /&)'/! &)>&! 2""%'%2&'$! )"! 678%69*R+! 802!

!2$%7282$(!#&&!'2((!7%1$#8%)&!')-&8!)"!(%7;628$2#82&!4V*!"#$%&'()!'2(((!>2$2!

$2')+2$2&!8)!802!)$%1%&#(!(2+2(!)"!802!4V*
67
!'2(((!<6%1-!S&22=-! !

.02(2! "%&&%&1(! %&&%'#82&! 80#8!678%69*R2$21-(#82&!:&'S4! %(! $2(!)&(%3(2! ")$!

7)$!0)()1%'!#&&!7)3%(%8$!'0#&12!%&!4V*
!"#$%&'()

!'2(((-!

!

45%6D;79*D678%69*RD:&'S4! &28>)$/! $21-(#82(! "%()!)&%#! ")$7#8%)&! %&!

" 62"#24V*!'2(((!

:&'S4!%(!'$-'%#(!")$!802!")$7#8%)&!)"!"%()!)&%#+!>0%'0!%(!%7!)$8#&8!%&!802!7)8%(%8$!

)"!'#&'2$!'2(((
V4
-!.0-(+!>2!0$!)802(%52&!80#8!"%()!)&%#!")$7#8%)&!%&&-'2&!3$!

678%69*RD:&'S4!')&8$%3-82&!8)!802!45%6D;79*2$21-(#82&!'2((!7%1$#8%)&!)"!

" 62"#24V*!'2(((-!@2!-(2&!#!('#&&%&1!2(2'8$)&!7%'$)(')!2!8)!)3(2$+2!802!

"%()!)&%#! ")$7#8%)&!)"!'2(((-!@2!#(()!')-&82&!"%()!)&%#!&-732$!)"!2#'0!'2(((!

<6%1-S"=-!")(8!)"!802!(!$2#&%&1!4V*
67
!'2(((!&%(!(#$2&!2C82&&2&!"%()!)&%#!<6%1-!

S1=+!>02$2#(!802!4V*
!"#$%&'()

!'2(((!0#&!(%1&%"%'#&8($!"2>2$!"%()!)&%#!<6%1-!S0+!

*A0-000*=-!?&!#&&%8%)&+!802!2C82&(%)&!)"!"%()!)&%#!>#(!$2(8)$2&!3$!$045%6*Z[!
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!"#$%&'()

! '2(((! <6%1-! S%+! *A0-000*=-! 6-$802$7)$2+!

32+#'%5-7#3! 8$2#872&8! &%&! &)8! (0)>! #&$! &2'$2#(2! %&! "%()!)&%#! ")$7#8%)&!

<6%1-S/+! *B0-*[4*=+! >02$2#(! (;79*! )+2$2C!$2((%)&! '#-(2&! &2'$2#(2! )"!

"%()!)&%#!")$7#8%)&!')7!#$2&!8)!')&8$)(!'2(((!<6%1-S72&+!*A0-000*=-!.0-(+!")$!

802!" 62"#24V*!'2(((+!"%()!)&%#!")$7#8%)&!>#(!#(()'%#82&!>%80!45%6!(%1&#(!

#&&!:&'S4!#'8%+#8%)&+!#&&!$2&-'8%)&!)"!"%()!)&%#!")$7#8%)&!>#(!')$$2(#82&!>%80!

-!$21-(#8%)&!)"!678%69*R!#&&!%&0%3%8%)&!)"!45%6-! !

.#/2&!8)12802$+!)-$!"%&&%&1(!%&&%'#82!80#8!45%6D;79*!(%1&#(%&1!$21-(#82(!'2((!

7%1$#8%)&!3$!"%()!)&%#!")$7#8%)&!+%#!678%69*RD:&'S4!%&!" 62"#24V*!'2(((-!
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67
! '2((! (2+2(+!

>02$2#(!$045%6*4*!')-(&!&)8!#""2'8!%8-!.02(2!$2(-(8(!(-!!)$8!80#8!%&82$#'8%)&!

328>22&!;79*!#&&!;7923%&&%&1!&)7#%&!)"!45%6!7)(2'-(2+!')$$2(!)&&%&1!8)!

2C)&R+! %(!$2(!)&(%3(2! 8)! $21-(#8%&1!678%69*R+!#&&!!02&)8$!%'! '0#&12(!)"!

4V*
!"#%&'()

!'2(((-!

!

,27#!0)$%&!V6!>#(!&)8!$21-(#82&!3$!45%6D;79*!(%1&#(-!

,27#!0)$%&!V6!<,5"6V6=!%(!#!72732$!)"!802!(27#!0)$%&!"#7%($!80#8!!(#$(!#!

'$%8%'#(!$)(2!%&!#C)&#(!1-%&#&'2+!#&&!80#8!0#(!$2'2&8($!322&!$2')1&%52&!#(!#!

8-7)$! (-!!$2(()$
4S+VV

-! ,5"6V6! #&&! 45%6! %&82$#'8! >%80! 802! 3*! &)7#%&! )"!

;79*VS-!.0-(+!,5"6V6!'#&!')7!28%8%+2($!3()'/!802!3%&&%&1!)"!45%6!8)!;79*-!

?&!#!!$2+%)-(!(8-&$+!802!45%6D,5"6V6!!$)82%&!$#8%)!>#(!')$$2(#82&!>%80!802!

'2((!7%1$#8%)&!)"!802!#:!'2((!(%&2(
V[
-!.02$2")$2+!2"3/)/!2C!$2((%)&!(0)-(&!32!

7)&%8)$2&!')&'-$$2&8($!>%80!45%6!2C!$2((%)&-!?&!80%(!(8-&$+!2"3/)/!77;6!

(2+2(!>#(!-!$21-(#82&! %&!802!4V*
!"#$%&'()

!'2(((!')7!#$2&!8)!802!4V*
67
!'2(((!
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! 44

<,-!!(272&8#$$!6%1-!Z=-!8)>2+2$+!802!2"3/)/!(2+2(!%&!802!4V*!"#$%&'()
!'2(((!!

>#(!&)8!$2(8)$2&!8)!802!)$%1%&#(!(2+2(!3$!802!$045%6*Z[!8$2#872&8-!?&!#&&%8%)&+!!

%&8$)&-'8%)&!)"!2C)12&)-(!(;79*!8)!802!4V*67
!'2(((!&%&!&)8!#(82$!802!2"3/)/!!

(2+2(-!.#/2&!8)12802$+!2"3/)/!2C!$2((%)&!>#(!&)8!')&8$)((2&!3$!45%6D;79*!!

(%1&#(%&1+!#&&!2"3/)/!-!$21-(#8%)&! %&!4V*!"#$%&'()
!'2(((!>#(!&-2!8)!#!(%&2!!

2""2'8!)"!802!:7?,972:#(.!($(827-!!

!!

45%6D;79*D678%69*R!#C%(!%(!&)8!#&!-&')77)&!$21-(#8)$$!&28>)$/-!!

6(! #3)+2+! >2! &27)&(8$#82&! 80#8! " 62"#24V*! '2(((! 0#&! #!!

45%6D;79*D678%69*R!$21-(#8)$$!&28>)$/-!.)!(0)>!12&2$#(%8$!)"!)-$!"%&&%&1(+!!

>2! !$)&-'2&! #! 45%62/&)'/2&! )-8! <2C)&V=! 8([R).! 3$2#(8! '#&'2$! '2(((!!

<[R)
!"#$%&'()

! '2(((+! ,-!!(272&8#$$! 6%1-! R=-! .02! [R)
!"#$%&'()

! '2(((! 2C0%3%82&!!

(0)$82$!!2$%7282$!7)$!0)()1$! <,-!!(272&8#$$!6%1-!)#2'=!#&&! $2&-'2&!'2((!!

7%1$#8%)&! #3%(%8$! <(-!!(272&8#$$! 6%1! )&=-! ?&! #&&%8%)&+! !$)82%&! #&&! 77;6!!

2C!$2((%)&!)"!678%69*R! %&![R)
!"$#%&'()

! '2(((!#$2!-!$21-(#82&!')7!#$2&! 8)!!

[R)67
!'2(((!<*-RR2")(&+!,-!!(272&8#$$!6%1-.#+!3=-!.02(2!$2(-(8(!#$2!7)(8($!!

%&2&8%'#(!8)!80)(2!)"!4V*
!"#$%&'()

!'2(((-!.02$2")$2+!802!45%6D;79*D678%69*R!!

#C%(!%(!&)8!#&!-&-(-#(!&28>)$/-!!

!!

45%6D;79*2&2!2&&2&8!$21-(#8%)&!)"!678%69*R!%&!'(%&%'#(!(#7!(2(!!

6(80)-10!802!45%6D;79*D678%69*RD:&'S4!$21-(#8)$$!&28>)$/!>)$/(!%&!)&2!!

.;#:!'2((!(%&2!<" 62"#24V*!'2((=+!#(!&27)&(8$#82&!#3)+2+!802!!$2+#(2&'2!)"!!

80%(!&28>)$/!%&!'(%&%'#(!#:!8%((-2(!$27#%&(!-&/&)>&-!.)!&282$7%&2!>02802$!!

45%6!(%1&#(!$21-(#82(!/-0#/*.1!2C!$2((%)&!%&!'(%&%'#(!#:!8%((-2!(#7!(2(+!>2!!

%&+2(8%1#82&!802!$2(#8%)&(0%!!328>22&!!"#$!#&&!/-0#/*.1!2C!$2((%)&!-(%&1!!
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! 4V

#! !-3(%'($! #+#%(#3(2! &#8#(28-! .02! &#8#(28! )"! 802! "5.6#7?:! (8-&$
VZ
! >#(!

&)>&()#&2&! "$)7! 802! '#%)!)$8#(! >23(%82VR+! >0%'0! ')&(%(82&! )"! '(%&%'#(!

%&")$7#8%)&+!')!$!&-732$!#(82$#8%)&!<:;6=!#&&!12&2!2C!$2((%)&!&#8#!)"!*.)0!

!$%7#$$!8-7)$(!)"!#:!!#8%2&8(-!67)&1!802!*.)0!#:!(#7!(2(+!*SZ)!0#&!&)!

:;6! %&!,-*.! #&&!/-0#/*.1! 12&2! ()'-(-! .02! 2C!$2((%)&! &#8#! )"!!"#$/+!

2"3/)/+! #&&!/-0#/*.1! 12&2(! >2$2! 2C8$#'82&! "$)7! 802! 12&2! 2C!$2((%)&!

&#8#(28-!,5"6V6!#&&!45%66!7)(2'-(2(!')7!28%8%+2($!3%&&!8)!802!2C8$#'2((-(#$!

&)7#%&! )"! ;79*! 7)(2'-(2(
VS
O! 80-(+! &%(8$%3-8%)&! )"! /-0#/*.1! #&&!

!"#$/D2"3/)/!$#8%)!>#(!(0)>&!%&!#!('#882$!!()8+!#(!,-!!(272&8#$$!6%1-!*0#+!

#&&! %8(! ')$$2(#8%)&! >#(! 2(8%7#82&! 3$! 92#$()&F(! #&&! ,!2#$7#&F(! 7280)&(!

<,-!!(272&8#$$! .#3(2! Z=-! .02! (#7!(2(! >2$2! (8$#8%"%2&! %&8)! S! (-38$!2(!

#'')$&%&1! 8)! ')&+2&8%)&#(! V212&2! '(#((%"%'#8%)&! <%77-&)0%(8)'027%'#(!

2C!$2((%)&! )"! 2(8$)12&! $2'2!8)$+! !$)12(82$)&2! $2'2!8)$+! #&&! 8574=-!

5C!$2((%)&! )"! 802! /-0#/*.1! #&&! !"#$/D2"3/)/! $#8%)! >#(! &21#8%+2($!

')$$2(#82&! %&! !-$2! 857428$!2! <&B**R=! #&&! .;! (-38$!2(! <&B4ZV=! >%80!

(8#8%(8%'#(($!(%1&%"%'#&8!*2+#(-2(!<6%1-![#+!*A0-000*=-!?&!82$7(!)"!!$)1&)(%(+!

#7)&1!802!2C!$2((%)&!(2+2((!)"!!"#$+!2"3/)/+!,-*.+!#&&!/-0#/*.1+!802!

!"#$D2"3/)/!2C!$2((%)&!$#8%)!%&!802!!$%7#$$!8-7)$(!)"!87<2=!#:!(%1&%"%'#&8($!

#&&! %&+2$(2($! ')$$2(#82&! >%80! &%(2#(2! "$22! (-$+%+#(! < 6,=! <()1$#&/:!

*2+#(-2B0-04SS+! 6%1-! [321+! ,-!!(272&8#$$!.#3(2!R=-!")$2)+2$+!/-0#/*.1!

#(()!82&&(!8)!')$$2(#82!>%80! 6,-! !

.#/2&! 8)12802$+! 802(2! "%&&%&1(! (-112(8! 80#8! 802! 45%6D;79*D678%69*R!

$21-(#8)$$! &28>)$/! >)-(&! !(#$! #! $)(2! %&! 87<2=! #:! 8%((-2(! <6%1-! [2=-!

6-$802$7)$2+!(')$2(!)"!:)CF(!!$)!)$8%)&#(!0#5#$&!7)&2(!-(%&1!!"#$D2"3/)/!

Page 23 of 48

John Wiley & Sons, Inc.

International Journal of Cancer

This article is protected by copyright. All rights reserved.



! 4S

$#8%)!#&&!/-0#/*.1!!$2&%'8!802! 6,!)"!!#8%2&8(!2""%'%2&8($!<6%1-![1=-!.0-(+!802!

!"#$D2"3/)/!$#8%)!#&&!/-0#/*.1!7#$!32!!$)1&)(8%'!7#$/2$(!")$!87<2=!#:(-!

%

,&'40''&"#%

!

45%6!%(!(2'$282&!"$)7!#!+#$%28$!)"!'2(((!%&!802!8-7)$!7%'$)2&+%$)&72&8+!#&&!

!(#$(! /2$! $)(2(! %&! 8-7)$! #&1%)12&2(%(! %&! ')((#3)$#8%)&!>%80! %8(! $2'2!8)$(
[
-!

#2+#'%5-7#3! %(! #! 7)&)'()&#(! #&8%3)&$! #1#%&(8! 45%6! 80#8! %&0%3%8(! 8-7)$!

#&1%)12&2(%(!#&&!1$)>80!3$!3()'/%&1!45%6245%67!3%&&%&1!)&!2&&)802(%#(!'2(((+!

>0%'0! %(! ')77)&($! -(2&! ")$! 802! 8$2#872&8! )"! 728#(8#8%'! #:-! .)! &#82+!

#''-7-(#8%&1!2+%&2&'2!0#(!(0)>&!80#8!45%6!%(!#!7-(8%2"-&'8%)&!7)(2'-(2!80#8!

#""2'8(! #! +#$%28$! )"! '2(((! %&! 802! 8-7)$! 7%'$)2&+%$)&72&8+! &)8! )&($! %&!

2&&)802(%#(!'2(((
[
-!.0-(+!%&!802!'-$$2&8!(8-&$+!>2!0$!)802(%52&!80#8!45%6!0#(!

#!&%$2'8!2""2'8!)&!#:!'2(((!80#8!')&8$%3-82(!8)!802%$!7#(%1&#&8!320#+%)$-!68!"%$(8+!

%&!+%8$)!2C!2$%72&8(!-(%&1!32+#'%5-7#3!&%&!&)8!(0)>!#&$!!02&)8$!%'!'0#&12(!

%&! " 62"#24V*! '2(((-! .0%(! &21#8%+2! $2(-(8! >)-(&! 32! $2#()&#3(2! 32'#-(2!

" 62"#24V*!'2(((!&)!&)8!2C!$2((!45%67*D4-!.)!!$)+2!)-$!0$!)802(%(+!>2!

12&2$#82&! #! 45%62/&)'/2&! )-8! " 62"#24V*! <4V*
!"#$%&'()

=! '2(((! <6%1-! *=-!

*&(%/2! 32+#'%5-7#328$2#82&!" 62"#24V*! '2(((+! 4V*!"#$%&'()! '2(((! &%(!(#$2&!

7)$!0)()1%'! #&&!7)3%(%8$! '0#&12(! <6%1-! 4=-! .0-(+!>2! ")'-(2&! )&!;79*!#(!

#&)802$!45%6!$2'2!8)$-!

!

.02! ;79*! ')&(%(8(! )"! #! (#$12! 2C8$#'2((-(#$! &)7#%&+! )&2! 8$#&(7273$#&2!

&)7#%&+! #&&! #! $2(#8%+2($! (0)$8! '$8)!(#(7%'! 8#%(-! ?&! '#(2(! >02$2! 45%67! %(!

2C!$2((2&!)&!802!'2((!(-$"#'2!(%/2!2&&)802(%#(!'2(((+!#!45%6!&%72$!3%&&(!8)!802!

Page 24 of 48

John Wiley & Sons, Inc.

International Journal of Cancer

This article is protected by copyright. All rights reserved.



! 4[

45%67D;79*!')7!(2C-!?&!(-'0!'#(2+!;79*!#'8(!#(!')2$2'2!8)$+!#&&!802!45%6!

(%1&#(!%(!%&8$)&-'2&!%&8)!'2(((!80$)-10!802!'$8)!(#(7%'!$21%)&!)"!45%67-!?&!802!

!$2(2&8! (8-&$+!>2!&27)&(8$#82&! 80#8! %&82$#'8%)&! 328>22&!45%6!#&&!;79*!

>%80)-8!45%67!')&8$%3-82(!8)!802!!02&)8$!%'!'0#&12(!)"!" 62"#24V*!'2(((-!

8)>2+2$+! 0)>! 45%62;79*! 3%&&%&1! %&8$)&-'2(! (%1&#(! %&8)! '2(((! $27#%&(!

-&/&)>&-!.>)!!)((%3(2!72'0#&%(7(!")$!80%(!#$2!#(!")(()>(-!6%$(8+!802!(0)$8!

'$8)!(#(7%'!8#%(!)"!;79*!&)2(!&)8!0#+2!#&$!8$$)(%&2!/%&#(2!&)7#%&+!3-8!#!,56!

7)8%"!80#8!'#&!3%&&!9 K!&)7#%&(!)"!%&8$#'2((-(#$!!$)82%&(!(-'0!#(!%?9:!<#(()!

/&)>&! #(! ($&2'8%&=-! %?9:! %(! /&)>&! 8)! !$)7)82! 2&&)802(%#(! 7%1$#8%)&! 3$!

')((#3)$#8%&1!>%80!($&&2'#&2S
V)
+!#&&!7#$!32!#!'#&&%&#82!(%1&#(!8$#&(&-'8%)&!

7)(2'-(2!%&82$#'8%&1!>%80!45%62#'8%+#82&!;79*-!6&)802$!!)((%3(2!72'0#&%(7!

>)-(&! 32! 7)&-(#8%&1! 802! "-&'8%)&(! )"! )802$! ;79*2%&82$#'8%&1! 7273$#&2!

$2'2!8)$(-!

!

@2! &27)&(8$#82&! #! "-&'8%)&! )"! 802! 45%6D;79*D678%69*R! $21-(#8)$$!

&28>)$/!%&!+%8$)-!8)>2+2$+!802!"-&'8%)&!)"!80%(!&28>)$/!%&!+%+)!0#&!&)8!$28!

322&! '(#$%"%2&-! 9$2+%)-(! (8-&%2(! (0)>2&! 80#8! 8$2#872&8! -(%&1! #! ;79*!

8$#&(7273$#&2! &)7#%&! %&82$"2$%&1! !2!8%&2! %&0%3%8(! 802! 8-7)$! 1$)>80! #&&!

728#(8#(%(!)"!C2&)1$#"8!)"!" 62"#24V*!'2(((V.-!?&!#&&%8%)&+!/&)'/!&)>&!)"!

:&'S42%&82$#'8%&1!!$)82%&2S!<:?9S=! %&0%3%82&! (-&1!728#(8#(%(! ")$7#8%)&!3-8!

&)8!802!8-7)$!1$)>80!)"!" 62"#24V*!'2(((!)$!8::*)0Z!'2(((S0-!.02(2!&#8#!

(-!!)$8!)-$!%&!+%8$)!$2(-(8(-!

!

.02!(%1&%"%'#&'2!)"!802!45%6D;79*D678%69*R!&28>)$/!%&!'(%&%'#(!(#7!(2(!>#(!

2+#(-#82&! -(%&1! #! !-3(%'($! #+#%(#3(2! &#8#(28:! 802! "5.6#7?:! (8-&$-! !"#$!
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! 4Z

2C!$2((%)&!%&!'(%&%'#(!8%((-2!(!2'%72&(!)"!#:!%(!/&)>&!8)!32!$2(#82&!8)!!#8%2&8!!

)-8')72Z-!?&!)-$!#&#($(%(!-(%&1!802!"5.6#7?:!(8-&$!&#8#!<,-!!(272&8#$$!6%1-!!

*0321=+!!"#$!2C!$2((%)&!%&!802!87<T=!'#(2(!(%1&%"%'#&8($!')$$2(#82&!>%80! 6,+!!

>02$2#(!,-*.!#&&!/-0#/*.1!2C!$2((%)&(!&%&!&)8-!?&!#&&%8%)&+!802!!$)1&)(8%'!!

%7!#'8(!<0#5#$&!$#8%)(!#&&!*2+#(-2(=!)"!!"#$!2C!$2((%)&!#&&!!"#$D2"3/)/!!

$#8%)!>2$2!#(7)(8!2G-#(!<,-!!(272&8#$$!6%1-!*03+!*0"+!,-!!(272&8#$$!.#3(2!!

R=+!72#&%&1! 80#8!2"3/)/! 2C!$2((%)&! 0#&!#(7)(8! &)!#&&%8%)&#(! !$)1&)(8%'!!

%7!#'8-!.0-(+!45%6D;79*!(%1&#(%&1!&)2(!&)8!')&8$%3-82!8)! 6,!%&!87<T=!#:(-!!

?&!')&8$#(8+!!"#$!2C!$2((%)&!&%&!&)8!0#+2!(%1&%"%'#&8!%7!#'8!8)! 6,!%&!87<2=!!

#:(!<6%1-![+!*B0-*V.)=-!8)>2+2$+!/-0#/*.1!2C!$2((%)&!82&&2&!8)!')$$2(#82!!

>%80! 6,!<*B0-0R.Z=+!#&&!802!0#5#$&!$#8%)!)"!802!!"#$D2"3/)/!$#8%)!")$! 6,!!

>#(!0%102$! 80#&! 80#8!)"!!"#$! )&($-! .02(2! $2(-(8(! (-112(8! 80#8!678%69*R!!

72&%#82&!3$!45%62;79*!%&82$#'8%)&!!#$8($!')&8$%3-82&!8)! 6,!%&!87<2=!#:(-!!

6(!(0)>&!%&!,-!!(272&8#$$!.#3(2!*0+!802!#(()'%#8%)&!328>22&!87!(8#8-(!#&&!!

32+#'%5-7#3! 8$2#872&8! 2""%'#'$! %&!'(%&%'#(! 8$%#((!0#(!322&! %&')&(%(82&8
S*HS)

-!!

/-$! "%&&%&1(! &27)&(8$#82&! 80#8! 802$2! #$2! 32+#'%5-7#32%&&2!2&&2&8! 45%6!!

(%1&#((!%&!87<2=!#:!8-7)$(-!.02(2!&#8#!(-112(8!80#8!45%6D;79*D678%69*R!!

&28>)$/2$2(#82&!7#$/2$(!')-(&!!$2&%'8!802!)-8')72(!)"!32+#'%5-7#32$2(#82&!!

8$2#872&8!%&!87<2=!#:!'#(2(+!3-8!&)8!%&!87<T=!'#(2(-!6!!$)(!2'8%+2!(8-&$!%(!!

$2G-%$2&!8)!!$)+2!802!!$2&%'8%+2!+#(-2(!)"!802(2!7#$/2$(-! !!

!!

?&!80%(!(8-&$+!>2!(0)>2&!80#8!802!/&)'/%&1!)-8!)"!!"#$!%&&-'2&!678%69*R!!

2C!$2((%)&! %&! " 62"#24V*! '2(((-! ,2+2$#(! $2!)$8(! $21#$&%&1! 678%69*R!!

")'-(2&! )&! %8(! "-&'8%)&! #&&! %&82$#'8%&1! 7)(2'-(2(
V*+S.H[V

-! 8)>2+2$+!!

8$#&('$%!8%)&#(! $21-(#8%)&! )"! /-0#/*.1! $27#%&(! -&/&)>&-! 67)&1! #:!!
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! 4R

(-38$!2(+!/-0#/*.1!2C!$2((%)&!%&!87<2=!8-7)$(!%(!(%1&%"%'#&8($!0%102$!80#&!!

80#8!%&!87<T=!8-7)$(+!#'')$&%&1!8)!802!"5.6#7?:!&#8#(28!<,-!!(272&8#$$!6%1-!!

**=-!:;6!%&!/-0#/*.1!()'-(!%(!$2(#8%+2($!"$2G-2&8!")$!87<T=!#:!3-8!&)8!")$!!

87<2=-!67!(%"%'#8%)&!%&!802!/-0#/*.1!()'-(!>#(!!$2(2&8!%&!4ZE!)"!87<T=!#:(+!!

3-8! %&! 3-(8!4-ZE!)"!87<2=!'#(2(! <:0%2(G-#$2! 82(8:!*A0-000*=-! ?&!3)80! 802!!

87<2=! #&&! 87<T=! 8-7)$(+! 802! :;6! (8#8-(! )"! 802! 678%69*R! ()'-(! '(2#$($!!

')$$2(#82&!>%80!/-0#/*.1!2C!$2((%)&-!.0-(+!:;6!%(!)&2!)"!72'0#&%(7(!80#8!!

$21-(#82!/-0#/*.1! 2C!$2((%)&+! 2(!2'%#(($! ")$! 87<T=! 8-7)$(-! ?&! 82$7(! )"!!

2!%12&28%'(+! 802$2! %(!#!:!%! %((#&&!2C82&&%&1! "$)7!2C)&*! 8)! %&8$)&*!)"! 802!!
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