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8B9%.#94B0!'#8F4F!9+4!&48$)B)*%'#B!F0.J9).F!#FF)'%#94>!?%9+!"2Q!_&>44>,!9+4!'B#FF%I%'#9%)&!)I!



R%&#B!S4J)$9!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!($8*!DII4'9%E4&4FF!S4E%4?!-$)54'9!

(%F4#F4<.)>%I0%&*!>$8*F!I)$!"8B9%JB4!2'B4$)F%F! [

F0.J9).F!#F!.)&)I)'#B!)$!.8B9%I)'#B!#$4!)I94&!#FF)'%#94>!?%9+!9+4!B)'#9%)&!#&>!&8.A4$!)I!
B4F%)&F!%&!9+4!7Y2Q!R)$!4T#.JB4,!E%F%)&!B)FF!$4IB4'9F!#!B4F%)&!%&!9+4!)J9%'!&4$E4Q!!

;B9+)8*+!.)$4!>#9#!%F!A4').%&*!#E#%B#AB4,!9+4!J#9+)*4&4F%F!)I!"2!$4.#%&F!4B8F%E4Q!
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#$4!#BF)!#'9%E#94>!>8$%&*!9+%F!J$)'4FFQa!;'894!%&IB#..#9)$0,!>4.04B%&#9%&*!JB#d84F!)''8$!?+4&!
.04B%&!8&>4$*)4F!J+#*)'09)F%F!A0!.#'$)J+#*4F!?+4&!')#94>!?%9+!#&9%A)>%4F!I)$!.04B%&!A#F%'!
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?%9+!#!F+)$9!>8$#9%)&!)I!+%*+!>)F4!)$#B!)$!%&9$#E4&)8F!')$9%')F94$)%>e!%I!FJ#F9%'%90!)''8$F,!%9!'#&!A4!
#>>$4FF4>!?%9+!.8F'B4!$4B#T#&9Fe!+)?4E4$,!9+4$#J0!?%9+!("(F!%F!>4F%*&4>!9)!J$4E4&9!$4B#JF4F!
#&>!J$)*$4FF%)&!)I!>%F#A%B%90!$#9+4$!9+4&!9$4#9!FJ4'%I%'!F0.J9).F!)$!4T#'4$A#9%)&F!)I!9+4!>%F4#F4Q!
/+4F4!#*4&9F!.)>%I0!9+4!%..8&4!$4FJ)&F4!9+#9!)''8$F!%&!"2!9+$)8*+!E#$%)8F!
%..8&).)>8B#9)$0!)$!%..8&)F8JJ$4FF%E4!4II4'9FQ!78$$4&9!("(!9$4#9.4&9F!)J9%)&F!I)$!"2!#$4!
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"-F#-/'(&$-.7+!
_) 6!

JJK" 6! ;(/&4=&4&.!H0/5!'(/0C&(!%4&.&(/'/0$(!F+!
>0>0#^0(C!'()!#$>%&/0(C!H0/5!K\8W!'!.&7=R
'(/0C&(W!=$4!F0()0(C!/$!/5&!KbT!$(!/5&!
E8T1!Z5&!C7'/04'>&4RKbT!#$>%7&M!
#$>%&/&.!H0/5!/5&!K\8RKbT!#$>%7&M!=$4!
F0()0(C!/$!/5&!ZTJ!$(!Z!5&7%&4!#&77.W!H50#5!
)$H(R4&C-7'/&.!Z5@!'#/0<0/+!'()!%4$>$/&.!'!
Z5I!#&77!4&.%$(.&W!7&')0(C!/$!0(#4&'.&)!
'(/0R0(=7'>>'/$4+!#+/$^0(&!%4$)-#/0$(1@A!

;(/&4=&4$(!! !@'!
E<$(&Ma !

YA!>#C!
;(/4'>-.#-7'47+!!
@McH^@@!

JJK" @@!

;(/&4=&4$(!! !@'!
J&F0=a !

II!$4!LL!>#C!
"-F#-/'(&$-.7+!
YMcH^@Y!

JJK" @Y!

;(/&4=&4$(!! !@F!
#&/'.&4$(a!

A1IO!>C!
"-F#-/'(&$-.7+!
?<&4+!$/5&4!)'+@L!

JJK"W!"8K" @L!WT;"!
!

K$)-7'/&.!/5&!0>>-(&!.+./&>!F+!4&)-#0(C!
Z!#&77!>0C4'/0$(!=4$>!/5&!%&40%5&4+!0(/$!/5&!
TP"!F+!)&#4&'.0(C!/5&!%4$)-#/0$(!$=!
')5&.0$(!>$7&#-7&.!'()!0(#4&'.0(C!/5&!
%4$)-#/0$(!$=!>&/'77$%4$/&'.&.!$(!/5&!
<'.#-7'4!&()$/5&70->!/5'/!#$(./0/-/&.!/5&!
F7$$)!F4'0(!F'440&41@I!Z5&.&!'C&(/.!>'+!
'7.$!0(50F0/!/5&!%4$70=&4'/0$(!$=!%4$R
0(=7'>>'/$4+!#+/$^0(&.!=4$>!Z5@!#&77.!
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9ZPd$W!;dP%W!;3R@I:1@I!

K0/$M'(/4$(&!
P$<'(/4$(& a !

@I!>Cc>I !!
;(/4'<&($-.7+!
?<&4+!Y!>$.!
9K'M!#->-7'/0<&!
)$.&!0.!@LA!>Cc>I :@O!

"8K"W!8JK"W!$4!
V$4.&(0(C!JJK" @O!

;(50F0/.!#&77!)0<0.0$(!'()!0>%'04.!/5&!
%4$70=&4'/0$(!$=!Z!#&77.W!\!#&77.!'()!
>'#4$%5'C&.!F+!0(/&4#'7'/0(C!'()!
#4$..70(^0(C!DPEW!/5-.!0(50F0/0(C!DPE!
4&%70#'/0$(!'()!JPE!.+(/5&.0.!$=!/5&.&!
#&77.1!;>%'04.!'(/0C&(!%4&.&(/'/0$(!F+!
#'-.0(C!'%$%/$.0.!$=!E8T.!'()!$/5&4!#&77.!
/5'/!'..$#0'/&!H0/5!E8T.1 @S!

P'/'70Q->'F!
Z+.'F40a !

YAA!>C!!
;(/4'<&($-.7+!
?<&4+!L!H^.!@U!

JJK" @U! \0().!/$! $L!0(/&C40(.!&M%4&..&)!$(!
7&-^$#+/&.W!H50#5!%4&<&(/.!F0()0(C!/$!
')5&.0$(!#&77.!GTEKR@!'()!KE)TEKR@!$(!
/5&!<'.#-7'4!&()$/5&70->!'()!%4&<&(/.!
>0C4'/0$(!$=!7&-^$#+/&.!=4$>!/5&!%&40%5&4+!
0(/$!/5&!TP"1@2!

APC = antigen-presenting cell, CNS = central nervous system, IL = interleukin, IFN = interferon, MAdCAM-1 = 
mucosal vascular addressin cell adhesion molecule-1, MBP = myelin basic protein, MHC = major histocompatibility 
complex, PRMS = progressive relapsing multiple sclerosis, RRMS = relapsing-remitting multiple sclerosis, SPMS = 
secondary progressive multiple sclerosis, TCR = T cell receptor, Th = T-helper, TNF = Tumor Necrosis Factor, 
VCAM-1 = vascular cell adhesion molecule-1, CIS = clinically isolated syndrome 
!

/+$44!)I!9+4!I)8$!%..8&).)>8B#9)$0!#*4&9F!#$4!90J4<Z!#!%&94$I4$)&F\!%&94$I4$)&!#ZA!27!
W$49#F4$)&f X!#&>!%&94$I4$)&!#Z#!_"!#&>!27!W;E)&4Tf !#&>!S4A%If XQ!/+4!I)8$9+!#*4&9!%F!
*B#9%$#.4$!#'49#94!W7)J#T)&4f XQ!_9!%F!'8$$4&9B0!9+)8*+9!9+#9!90J4<Z!#!%&94$I4$)&F!.)>8B#94!9+4!
%..8&4!F0F94.!A0!$4>8'%&*!/!'4BB!.%*$#9%)&!I$).!9+4!J4$%J+4$0!%&9)!9+4!7Y2!A0!>4'$4#F%&*!9+4!
J$)>8'9%)&!)I!#>+4F%)&!.)B4'8B4F!#&>!%&'$4#F%&*!9+4!J$)>8'9%)&!)I!J$)94#F4F!)&!9+4!4&>)9+4B%#B!
'4BBF!9+#9!.#:4!8J!9+4!AB))>!A$#%&!A#$$%4$QZL!/+4F4!#*4&9F!.#0!#BF)!%&+%A%9!9+4!J$)B%I4$#9%)&!)I!
J$)<%&IB#..#9)$0!'09):%&4F,!F8'+!#F!%&94$I4$)&!"QZL!_&!')&9$#F9,!*B#9%$#.4$!#'49#94!W7)J#T)&4f X!
%&94$I4$4F!?%9+!#&9%*4&!J$4F4&9#9%)&!A0!.%.%':%&*!#&>!').J49%&*!?%9+!.04B%&!A#F%'!J$)94%&!
W"3-X,!#!F4BI<#&9%*4&,!I)$!A%&>%&*!9)!9+4!"=7!)&!9+4!;-7QZM!/+4!*B#9%$#.4$<"=7!').JB4T!
').J494F!?%9+!9+4!"3-<"=7!').JB4T!I)$!A%&>%&*!9)!9+4!/!'4BB!$4'4J9)$!)&!/!+4BJ4$!'4BBF,!
?+%'+!>)?&<$4*8B#94F!/+Z!#'9%E%90!#&>!J$).)94F!#!/+L!'4BB!$4FJ)&F4,!B4#>%&*!9)!%&'$4#F4>!#&9%<
%&IB#..#9)$0!'09):%&4!J$)>8'9%)&QZM!!

Y#9#B%c8.#A!W/0F#A$%f X!%F!#!$4').A%&#&9!.)&)'B)&#B!#&9%A)>0!9+#9!A%&>F!9)!%U!%&94*$%&F!
4TJ$4FF4>!)&!#BB!B48:)'094F!W4T'4J9!&489$)J+%BFX,!?+%'+!J$4E4&9F!A%&>%&*!9)!#>+4F%)&!'4BBF!
g7;"<Z!#&>!";>7;"<Z!)&!9+4!E#F'8B#$!4&>)9+4B%8.!#&>!J$4E4&9F!.%*$#9%)&!)I!B48:)'094F!
I$).!9+4!J4$%J+4$0!%&9)!9+4!7Y2QZa!/+4!%&+%A%9%)&!)I!/<'4BB!.%*$#9%)&!%&9)!9+4!7Y2!J$4E4&9F!9+4!
%&>8'9%)&!)I!'09):%&4F!%&E)BE4>!%&!9+4!%&IB#..#9%)&!J$)'4FF4F!#FF)'%#94>!?%9+!"2Q!/+4!>$8*!?#F!
%&%9%#BB0!#JJ$)E4>!A0!9+4!R(;!%&!Y)E4.A4$!LMMU,!?%9+>$#?&!A0!9+4!.#&8I#'98$4$!%&!R4A$8#$0!
LMMV,!#&>!$4%&9$)>8'4>!%&!h8&4!LMM[Q!/+4!I)BB)?%&*!%F!#&!4T'4$J9!I$).!9+4!R(;iF!F9#94.4&9!
#A)89!9+4!>$8*iF!$4%&9$)>8'9%)&\!

!
Tysabri was initially approved by the FDA in November, 2004, but was withdrawn by the 
manufacturer in February 2005 after three patients in the drugÕs clinical trials developed 
progressive multifocal leukoencephalopathy (PML), a serious viral infection of the brain. 
FDA then put clinical trials of the drug on hold in February, 2005, allowing them to 
resume a year later after confirming that there were no additional cases of PML. In 
March, 2006, FDA consulted its Advisory Committee on drugs for peripheral and central 
nervous systems about the possibility of making Tysabri available to appropriate MS 
patients. The Advisory Committee recommended a risk-minimization program with 
mandatory patient registration and periodic follow-up. In response, the manufacturer, 
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Biogen-Idec, submitted to the agency a Risk Management Plan to help ensure safe use of 
the product. Tysabri is available only through the Risk Management Plan, called the 
TOUCH Prescribing Program. In order to receive Tysabri, patients must talk to their 
doctor and understand the risks and benefits of Tysabri and agree to all of the 
instructions in the TOUCH Prescribing Program.   
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'8.8B#9%E4!>)F4!B%.%9!)I!ZUM!.*j.LQ!

9:/8+%(03%L+5%D#+)7-/0)%

/+4!J8$J)F4!)I!9+%F!$4E%4?!%F!9)!').J#$4!9+4!4II4'9%E4&4FF!#&>!F#I490!)I!>%II4$4&9!>%F4#F4<
.)>%I0%&*!>$8*F!I)$!9+4!9$4#9.4&9!)I!"8B9%JB4!2'B4$)F%F!W"2XQ!/+4!C$4*)&!DE%>4&'4<A#F4>!
-$#'9%'4!74&94$!?$)94!J$4B%.%&#$0!:40!d84F9%)&F,!%>4&9%I0%&*!9+4!J)J8B#9%)&F,!%&94$E4&9%)&F,!#&>!
)89').4F!)I!%&94$4F9,!#&>!A#F4>!)&!9+4F4,!9+4!4B%*%A%B%90!'$%94$%#!I)$!F98>%4FQ!/+4F4!?4$4!$4E%4?4>!
#&>!$4E%F4>!A0!$4J$4F4&9#9%E4F!)I!)$*#&%c#9%)&F!J#$9%'%J#9%&*!%&!9+4!($8*!DII4'9%E4&4FF!S4E%4?!
-$)54'9!W(DS-XQ!/+4!J#$9%'%J#9%&*!)$*#&%c#9%)&F!)I!(DS-!#$4!$4FJ)&F%AB4!I)$!4&F8$%&*!9+#9!9+4!
F')J4!)I!9+4!$4E%4?!$4IB4'9F!9+4!J)J8B#9%)&F,!>$8*F,!#&>!)89').4!.4#F8$4F!)I!%&94$4F9!9)!A)9+!
'B%&%'%#&F!#&>!J#9%4&9FQ!/+4!J#$9%'%J#9%&*!)$*#&%c#9%)&F!#JJ$)E4>!9+4!I)BB)?%&*!:40!d84F9%)&F!9)!
*8%>4!9+%F!$4E%4?\!

!
ZQ! k+#9!%F!9+4!').J#$#9%E4!4II4'9%E4&4FF!)I!>%F4#F4<.)>%I0%&*!9$4#9.4&9F!I)$!.8B9%JB4!

F'B4$)F%F,!%&'B8>%&*!8F4!)I!>%II4$%&*!$)894F!#&>!F'+4>8B4F!)I!#>.%&%F9$#9%)&l!
LQ! k+#9!%F!9+4!').J#$#9%E4!9)B4$#A%B%90!#&>!F#I490!)I!>%F4#F4<.)>%I0%&*!9$4#9.4&9F!I)$!

.8B9%JB4!F'B4$)F%Fl!
PQ! k+#9!%F!9+4!4II4'9%E4&4FF!)I!>%F4#F4<.)>%I0%&*!9$4#9.4&9F!I)$!J#9%4&9F!?%9+!#!'B%&%'#BB0!

%F)B#94>!F0&>$).4l!
UQ! ;$4!9+4$4!F8A*$)8JF!)I!J#9%4&9F!A#F4>!)&!>4.)*$#J+%'F!W#*4,!$#'%#B!)$!49+&%'!*$)8JF,!#&>!

*4&>4$X,!)9+4$!.4>%'#9%)&F,!)$!')<.)$A%>%9%4F!I)$!?+%'+!)&4!>%F4#F4<.)>%I0%&*!9$4#9.4&9!
%F!.)$4!4II4'9%E4!)$!#FF)'%#94>!?%9+!I4?4$!#>E4$F4!4E4&9Fl!

!

http://www.fda.gov/cder/drug/infopage/natalizumab/default.htm


R%&#B!S4J)$9!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!($8*!DII4'9%E4&4FF!S4E%4?!-$)54'9!

(%F4#F4<.)>%I0%&*!>$8*F!I)$!"8B9%JB4!2'B4$)F%F! O

6P@CI!9%% %

O-7+"(7#"+%9+(":A%

/)!%>4&9%I0!$4B4E#&9!'%9#9%)&F,!?4!F4#$'+4>!CE%>!"D(1_YDf !WZO[[!<!?44:!U,!24J9Q!
LMM[X,!9+4!7)'+$#&4!(#9#A#F4!)I!20F94.#9%'!S4E%4?Ff !W9+$)8*+!24J9Q!LMM[X,!#&>!9+4!7)'+$#&4!
74&9$#B!S4*%F94$!)I!7)&9$)BB4>!/$%#BFf !W9+$)8*+!24J9Q!LMM[X!8F%&*!94$.F!I)$!%&'B8>4>!>$8*F,!
%&>%'#9%)&F,!#&>!F98>0!>4F%*&F!WF44!;JJ4&>%T!;!I)$!').JB494!F4#$'+!F9$#94*%4FXQ!k4!#994.J94>!9)!
%>4&9%I0!#>>%9%)&#B!F98>%4F!9+$)8*+!+#&>!F4#$'+4F!)I!$4I4$4&'4!B%F9F!)I!%&'B8>4>!F98>%4F!#&>!
$4E%4?FQ!_&!#>>%9%)&,!?4!F4#$'+4>!9+4!R(;iF!74&94$!I)$!($8*!DE#B8#9%)&!#&>!S4F4#$'+!W7(DSX,!
9+4!7#&#>%#&!;*4&'0!I)$!($8*F!#&>!/4'+&)B)*0!%&!=4#B9+!W7;(/=X,!#&>!9+4!Y#9%)&#B!_&F9%9894!
I)$!=4#B9+!#&>!7B%&%'#B!DT'4BB4&'4!WY_7DX!?4A!F%94F!I)$!.4>%'#B!#&>!F9#9%F9%'#B!$4E%4?F!#&>!
94'+&)B)*0!#FF4FF.4&9FQ!R%&#BB0,!?4!F4#$'+4>!>)FF%4$F!F8A.%994>!A0!J+#$.#'489%'#B!').J#&%4F!
I)$!9+4!'8$$4&9!$4E%4?Q!;BB!'%9#9%)&F!?4$4!%.J)$94>!%&9)!#&!4B4'9$)&%'!>#9#A#F4!WD&>&)94f !EQOQMXQ!!
! ! ! !

97#35%9+'+:7-/0%

/?)!$4E%4?4$F!W"",!/(X!%&>4J4&>4&9B0!#FF4FF4>!9%9B4F!#&>j)$!#AF9$#'9F!)I!'%9#9%)&F!
%>4&9%I%4>!I$).!B%94$#98$4!F4#$'+4F!I)$!%&'B8F%)&,!8F%&*!9+4!'$%94$%#!>4F'$%A4>!A4B)?Q!R8BB<94T9!
#$9%'B4F!)I!J)94&9%#BB0!$4B4E#&9!#AF9$#'9F!?4$4!$49$%4E4>!#&>!#!F4')&>!$4E%4?!I)$!%&'B8F%)&!?#F!
')&>8'94>!A0!$4#JJB0%&*!9+4!%&'B8F%)&!'$%94$%#Q!S4F8B9F!J8AB%F+4>!only!%&!#AF9$#'9!I)$.!?4$4!&)9!
%&'B8>4>!A4'#8F4!%&#>4d8#94!>49#%BF!?4$4!#E#%B#AB4!I)$!d8#B%90!#FF4FF.4&9,!+)?4E4$!%I!?4!?4$4!
J$)E%>4>!?%9+!4&)8*+!%&I)$.#9%)&!9)!')&>8'9!d8#B%90!#FF4FF.4&9!?4!>%>!%&'B8>4!9+4!F98>0Q!!
;>>%9%)&#B!$4F8B9F!I$).!I8BB0!J8AB%F+4>!F98>%4F!W4Q*Q!$4B#9%&*!9)!F4')&>#$0!)89').4!.4#F8$4FX!
I)8&>!)&B0!%&!#AF9$#'9!I)$.!?4$4!%&'B8>4>!A4'#8F4!9+4!F98>0!d8#B%90!')8B>!A4!#FF4FF4>!9+$)8*+!
9+4!').JB494!J8AB%'#9%)&Q!
!

97#35%-0:'#)-/0%:"-7+"-(%

Y/8#'(7-/0Z)[%
;>8B9!)89J#9%4&9F!?%9+!"8B9%JB4!2'B4$)F%FZO,!LM!

e!S4B#JF%&*!S4.%99%&*!"2!WSS"2X!
e!24')&>#$0!-$)*$4FF%E4!"2!W2-"2X!
e!-$%.#$0!-$)*$4FF%E4!"2!W--"2X!
e!-$)*$4FF%E4!S4B#JF%&*!"2!W-S"2X!

!
;>8B9!)89J#9%4&9F!?%9+!#!'B%&%'#BB0!%F)B#94>!F0&>$).4!W#BF)!:&)?&!#F!mI%$F9!>4.04B%&#9%&*!4E4&9i,!
I%$F9!'B%&%'#B!#99#':!F8**4F9%E4!)I!"2,!)$!.)&)F0.J9).#9%'!J$4F4&9#9%)&XLM!

S07+",+07-/0)%Z(''%4/"2#'(7-/0)[%
e!@B#9%$#.4$!#'49#94!W7)J#T)&4f X!
e!_&94$I4$)&!#Z#!W;E)&4Tf ,!S4A%If X!
e!_&94$I4$)&!#ZA!W$49#F4$)&f X!
e!"%9)T#&9$)&4!WY)E#&9$)&4f X!
e!Y#9#B%c8.#A!W/0F#A$%f X!



R%&#B!S4J)$9!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!($8*!DII4'9%E4&4FF!S4E%4?!-$)54'9!

(%F4#F4<.)>%I0%&*!>$8*F!I)$!"8B9%JB4!2'B4$)F%F! ZM

P44+:7-,+0+))%/#7:/2+)%
"8B9%JB4!2'B4$)F%F! 7B%&%'#BB0!%F)B#94>!F0&>$).4!

e!(%F#A%B%90!!
e!7B%&%'#B!4T#'4$A#9%)&j$4B#JF4!!
e!n8#B%90!)I!B%I4!!
e!R8&'9%)&#B!)89').4F!W4Q*Q!?+44B<

'+#%$!8F4,!9%.4!B)F9!I$).!?)$:X!!
e!-4$F%F94&'4!W>%F')&9%&8#9%)&!$#94FX!

e!(%F#A%B%90!!
e!7B%&%'#B!4T#'4$A#9%)&j$4B#JF4!!
e!n8#B%90!)I!B%I4!!
e!R8&'9%)&#B!)89').4F!W4Q*Q!?+44B<

'+#%$!8F4,!9%.4!B)F9!I$).!?)$:X!!
e!-4$F%F94&'4!W>%F')&9%&8#9%)&!$#94FX!
e!-$)*$4FF%)&!9)!"2!>%#*&)F%F!

!
Note: MRI findings are not included, as they are intermediate or surrogate outcomes.!

9(4+75%/#7:/2+)%
e!CE4$#BB!$#94!)I!#>E4$F4!4II4'9F!
e!k %9+>$#?#BF!>84!9)!#>E4$F4!4II4'9F!
e!24$%)8F!#>E4$F4!4E4&9F!!
e!2J4'%I%'!#>E4$F4!4E4&9F!W'#$>%)E#F'8B#$,!+4J#9)9)T%'%90,!J$)*$4FF%E4!.8B9%I)'#B!

B48:)4&'4J+#B)J#9+0!W-"1X,!F4')&>#$0!'#&'4$F,!49'QX!

I7A+"%/#7:/2+)%
e!_&94$I4$)&!#!&489$#B%c%&*!#&9%A)>%4F!

<S#94F!)I!)''8$$4&'4!
<-4$F%F94&'4!?%9+!')&9%&84>!8F4!
<_.J#'9!)&!'B%&%'#B!)89').4F!W#A)E4X!

97#35%3+)-$0)%
e!R)$!4II4'9%E4&4FF,!')&9$)BB4>!'B%&%'#B!9$%#BF!#&>!*))><d8#B%90!F0F94.#9%'!$4E%4?FQ!!

CAF4$E#9%)&#B!F98>%4F!?%9+!9?)!')&'8$$4&9!#$.F!)I!#9!B4#F9!ZMM!J#9%4&9F!4#'+!#&>!>8$#9%)&!
! Z!04#$!?%BB!A4!%&'B8>4>!W4Q*Q!')+)$9,!'#F4<')&9$)BXQ!

e!R)$!F#I490,!%&!#>>%9%)&!9)!')&9$)BB4>!'B%&%'#B!9$%#BF,!)AF4$E#9%)&#B!F98>%4F!?%BB!A4!%&'B8>4>Q!
!

!(7(%BF)7"(:7-/0% %

/+4!I)BB)?%&*!>#9#!?4$4!#AF9$#'94>!I$).!%&'B8>4>!9$%#BF\!F98>0!>4F%*&,!F499%&*,!J)J8B#9%)&!
'+#$#'94$%F9%'F!W%&'B8>%&*!F4T,!#*4,!49+&%'%90,!>%#*&)F%FX,!4B%*%A%B%90!#&>!4T'B8F%)&!'$%94$%#,!
%&94$E4&9%)&F!W>)F4!#&>!>8$#9%)&X,!').J#$%F)&F,!&8.A4$F!F'$44&4>,!4B%*%AB4,!4&$)BB4>,!#&>!B)F9!9)!
I)BB)?<8J,!.49+)>!)I!)89').4!#F'4$9#%&.4&9,!#&>!$4F8B9F!I)$!4#'+!)89').4Q!(#9#!?4$4!#AF9$#'94>!
A0!)&4!$4E%4?4$!#&>!'+4':4>!A0!#!F4')&>Q!k4!$4')$>4>!%&94&9%)&<9)<9$4#9!$4F8B9F!?+4&!$4J)$94>Q!!
_I!9$84!%&94&9%)&<9)<9$4#9!$4F8B9F!?4$4!&)9!$4J)$94>,!A89!B)FF!9)!I)BB)?<8J!?#F!E4$0!F.#BB,!?4!
')&F%>4$4>!9+4F4!$4F8B9F!9)!A4!%&94&9%)&<9)<9$4#9!$4F8B9FQ!_&!'#F4F!?+4$4!)&B0!J4$<J$)9)')B!$4F8B9F!
?4$4!$4J)$94>,!?4!'#B'8B#94>!%&94&9%)&<9)<9$4#9!$4F8B9F!%I!9+4!>#9#!I)$!9+4F4!'#B'8B#9%)&F!?4$4!
#E#%B#AB4Q!
!



R%&#B!S4J)$9!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!($8*!DII4'9%E4&4FF!S4E%4?!-$)54'9!

(%F4#F4<.)>%I0%&*!>$8*F!I)$!"8B9%JB4!2'B4$)F%F! ZZ

\('-3-75%B))+))2+07%%

k4!#FF4FF4>!9+4!%&94$&#B!E#B%>%90!Wd8#B%90X!)I!9$%#BF!A#F4>!)&!9+4!J$4>4I%&4>!'$%94$%#!B%F94>!
%&!;JJ4&>%T!3Q!/+4F4!'$%94$%#!#$4!A#F4>!)&!9+4!HQ2Q!-$4E4&9%E4!24$E%'4F!/#F:!R)$'4!#&>!9+4!
Y#9%)&#B!=4#B9+!24$E%'4!74&9$4!I)$!S4E%4?F!#&>!(%FF4.%&#9%)&!WHQ6QX!'$%94$%#QLZ,!LL!k4!$#94>!9+4!
%&94$&#B!E#B%>%90!)I!4#'+!9$%#B!A#F4>!)&!9+4!.49+)>F!8F4>!I)$!$#&>).%c#9%)&,!#BB)'#9%)&!
')&'4#B.4&9,!#&>!AB%&>%&*e!9+4!F%.%B#$%90!)I!').J#$4>!*$)8JF!#9!A#F4B%&4e!.#%&94&#&'4!)I!
').J#$#AB4!*$)8JFe!#>4d8#94!$4J)$9%&*!)I!>$)J)89F,!#99$%9%)&,!'$)FF)E4$,!#>+4$4&'4,!#&>!
')&9#.%&#9%)&e!B)FF!9)!I)BB)?<8Je!#&>!9+4!8F4!)I!%&94&9%)&<9)<9$4#9!#&#B0F%FQ!/$%#BF!9+#9!+#>!I#9#B!
IB#?F!?4$4!$#94>!oJ))$<d8#B%90pe!9$%#BF!9+#9!.49!#BB!'$%94$%#!?4$4!$#94>!o*))><d8#B%90pe!9+4!
$4.#%&>4$!?4$4!$#94>!oI#%$<d8#B%90Qp!;F!9+4!I#%$<d8#B%90!'#94*)$0!%F!A$)#>,!F98>%4F!?%9+!9+%F!$#9%&*!
E#$0!%&!9+4%$!F9$4&*9+F!#&>!?4#:&4FF4F\!9+4!$4F8B9F!)I!F).4!I#%$<d8#B%90!F98>%4F!#$4!likely!9)!A4!
E#B%>,!?+%B4!)9+4$F!#$4!)&B0!probably!E#B%>Q!;!J))$<d8#B%90!9$%#B!%F!&)9!E#B%>!%&!9+#9!9+4!$4F8B9F!#$4!
#9!B4#F9!#F!B%:4B0!9)!$4IB4'9!IB#?F!%&!9+4!F98>0!>4F%*&!#F!9+4!9$84!>%II4$4&'4!A49?44&!9+4!').J#$4>!
>$8*FQ!;!I#9#B!IB#?!%F!$4IB4'94>!A0!I#%B%&*!9)!.449!combinations )I!%94.F!)I!9+4!d8#B%90!#FF4FF.4&9!
'+4':B%F9Q!!

;!J#$9%'8B#$!$#&>).%c4>!9$%#B!.%*+9!$4'4%E4!9?)!>%II4$4&9!$#9%&*F\!)&4!I)$!4II4'9%E4&4FF!
#&>!#&)9+4$!I)$!#>E4$F4!4E4&9FQ!/+4!)E4$#BB!F9$4&*9+!)I!4E%>4&'4!I)$!#!J#$9%'8B#$!:40!d84F9%)&!
$4IB4'9F!9+4!d8#B%90,!')&F%F94&'0,!#&>!J)?4$!)I!9+4!F49!)I!F98>%4F!$4B4E#&9!9)!9+4!d84F9%)&Q!

_&'B8>4>!F0F94.#9%'!$4E%4?F!?4$4!#BF)!$#94>!I)$!d8#B%90!A#F4>!)&!J$4<>4I%&4>!'$%94$%#!WF44!
;JJ4&>%T!3X,!A#F4>!)&!#!'B4#$!F9#94.4&9!)I!9+4!d84F9%)&FWFX,!%&'B8F%)&!'$%94$%#,!#>4d8#'0!)I!
F4#$'+!F9$#94*0,!E#B%>%90!#FF4FF.4&9!#&>!#>4d8#'0!)I!>49#%B!J$)E%>4>!I)$!%&'B8>4>!F98>%4F,!#&>!
#JJ$)J$%#94&4FF!)I!9+4!.49+)>F!)I!F0&9+4F%FQ!

/+4!4T94$&#B!E#B%>%90!W#JJB%'#A%B%90X!)I!F98>%4F!?#F!$4')$>4>!A#F4>!+)?!F%.%B#$!J#9%4&9F!
?4$4!9)!9+4!9#$*49!J)J8B#9%)&!%&!?+).!9+4!%&94$E4&9%)&!?%BB!A4!#JJB%4>!#&>!?+49+4$!9+4!9$4#9.4&9!
$4'4%E4>!A0!9+4!')&9$)B!*$)8J!?#F!$4#F)&#AB0!$4J$4F4&9#9%E4!)I!F9#&>#$>!J$#'9%'4Q!k4!#BF)!
$4')$>4>!9+4!$)B4!)I!9+4!I8&>%&*!F)8$'4Q!

!(7(%9507A+)-)%%

k4!')&F9$8'94>!4E%>4&'4!9#AB4F!F+)?%&*!9+4!F98>0!'+#$#'94$%F9%'F,!d8#B%90!$#9%&*F,!#&>!
$4F8B9F!I)$!#BB!%&'B8>4>!F98>%4FQ!;!d8#B%9#9%E4!F0&9+4F%F!)I!9+4!4E%>4&'4!%F!8&>4$9#:4&!I)$!#BB!
$4B4E#&9!>#9#Q!!/$%#BF!9+#9!4E#B8#94>!)&4!>%F4#F4<.)>%I0%&*!>$8*!I)$!"2!#*#%&F9!#&)9+4$!J$)E%>4>!
direct!4E%>4&'4!)I!').J#$#9%E4!4II4'9%E4&4FF!#&>!#>E4$F4!4E4&9!$#94FQ!k+4$4!J)FF%AB4,!9+4F4!>#9#!
#$4!9+4!J$%.#$0!I)'8F!)I!9+4!4E%>4&'4!F0&9+4F%FQ!_&!9+4)$0,!9$%#BF!9+#9!').J#$4!#!>%F4#F4<
.)>%I0%&*!>$8*!I)$!"2!9)!JB#'4A)F!'#&!#BF)!J$)E%>4!4E%>4&'4!#A)89!4II4'9%E4&4FFQLP,!LU!/+%F!%F!
:&)?&!#F!#&!indirect!').J#$%F)&!#&>!'#&!A4!>%II%'8B9!9)!%&94$J$49!I)$!#!&8.A4$!)I!$4#F)&F,!
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JB#'4A)!A89!)&B0!Ua!?44:F!%&!>8$#9%)&XQVU,!VV

%/+4!#89+)$F!)I!9+4F4!$4E%4?F!%>4&9%I0!.8B9%JB4!
J$)AB4.F!?%9+!F).4!)I!9+4F4!F98>%4F,!%&'B8>%&*!9+4!J))$!AB%&>%&*!%&!9+4!F98>0!)I!%&94$I4$)&!#ZA!
27!W349#F4$)&f X!#&>!9+4!4#$B0!>%F')&9%&8#9%)&!#&>!B#':!)I!%&94&9%)&<9)<9$4#9!#&#B0F%F!%&!9+4!9$%#B!
)I!%&94$I4$)&!#Z#!_"!W;E)&4Tf XQ!/#AB4![!F8..#$%c4F!9+4!I%&>%&*F!$4J)$94>!%&!9+4F4!$4E%4?FQ!!%

%
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(%F4#F4<.)>%I0%&*!>$8*F!I)$!"8B9%JB4!2'B4$)F%F! LP

@(F'+%iG%S07+"4+"/0%! VF%(03%V(%:/28("+3%7/%8'(:+F/^%+44-:(:5%2+()#"+)%
I#7:/2+%6+()#"+% S07+"4+"/0%! VF%9&%

Z" +7()+"/0 a [%
S07+"4+"/0%! V(%S6%
ZB,/0+] a [%

S07+"4+"/0%! V(%9&%%
Z*+F-4a [%

9-),3-+-$:!;&(8&%))-(#  
Y"/$"+))+3%(7%=%5")%%
**%ZUTg%&S[%,)G%
Y'(:+F/%H%MM@%
BF)/'#7+%*-)EH%g%

A1UY!9A1LSR@1@O:!
IA1Ii!<.1!IU1Si!

A1OS!9A1YYRA16U:W!PPZ!@I!
@@1Li!<.1!IA1Yi!

A1UY!9A1OLRA166:W!PPZ!@@ll!
IS1Si!<.1!YS1Li!

!-44+"+0:+%-0%6+(0%
:A(0$+%-0%P!99%
,)G%Y'(:+F/%ZUTg%&S[%

RA1I2!9RA1SLRA1A2:! RR! RA1IL!9RA1L2RA1AA:ll!

<%+,=)%)!
Y(7-+07)%.-7A%#%V%
"+'(8)+%(7%=%5")j%
**%ZUTg%&S[%,)G%
Y'(:+F/%H%MM@%
BF)/'#7+%*-)EH%g%

A12Y!9A1U@RA162:W!PPZ!2!
SY1Ui!<.1!US1Li!

A1UO!9A1OSR@1AA:W!PPZ!6!
YY1Oi!<.1!LL12i!

A12@!9A1UIRA16@:W!PPZ!Ull!
SU16i!<.1!2L1Ai!

B00#('-_+3l6+(0%
*+'(8)+%*(7+H%Y%,('#+%

A16S!@1S!K;m!<.1!@1@IW!%jA1AAOU!
A1U2!2!K;m!<.1@1@IW!%jA1AAAS!

A1S@!<.1!A16AW!%jA1AAI! @12I!II!>#C!YcH^!<.1!I1OS!
%kA1AOll!
@1UY!LL!>#C!YcH^!<.1!I1OSW!
%kA1AOll!
@1A2!II!>#C!<.1!@1A2W!P"n!
A12U!LL!>#C!<.1!@1A2W!%!j!A1AAS6n!

l0(<&4.&!$=!i!4&7'%.&R=4&&!!ll8J;"K"!/40'7!)'/'W!I!+&'4.]!n!BV;K"!/40'7!)'/'W!L2!H&&^.W!JJW!4&7'/0<&!40.^!!o! !

!
CE4$#BB,!9+4!>#9#!%&>%'#94!9+#9!A)9+!%&94$I4$)&!#Z#!J$)>8'9F!$4F8B9!%&!$4>8'9%)&F!%&!9+4!

J$)J)$9%)&F!)I!J#9%4&9F!+#E%&*!J$)*$4FF4>!#9!L!04#$F,!?+%B4!%&94$I4$)&!#ZA!27!W349#F4$)&f X!?#F!
&)9!F9#9%F9%'#BB0!F%*&%I%'#&9B0!>%II4$4&9!9)!JB#'4A)!WJ))B4>!#&#B0F%F!I$).!9+4!$4E%4?!S%'4,!49!#BQXQUO!!
/+4!.4#&!'+#&*4!%&!D(22!?#F!&)9!>%II4$4&9!9)!JB#'4A)Q!/+4!J$)J)$9%)&F!)I!J#9%4&9F!$4B#JF4<I$44!
#&>!9+4!#&&8#B%c4>!)$!.4#&!$4B#JF4!$#94F!?4$4!F%*&%I%'#&9B0!B)?4$!%&!9+4!%&94$I4$)&!*$)8JF!
WJ))B4>!#&#B0F%F!I$).!9+4!$4E%4?!S%'4,!49!#BQXQUO!/+4!F+)$94$!F98>0!)I!%&94$I4$)&!#Z#!27!WS4A%If X!
8F%&*!?44:B0!%&F94#>!)I!9+$%'4!?44:B0!>)F%&*!?#F!8&#AB4!9)!F+)?!#!>%II4$4&'4!A49?44&!9+4!#!
%&94$I4$)&!#&>!JB#'4A)!#9!Ua!?44:F,!#B9+)8*+!9+4!J$%.#$0!)89').4!.4#F8$4,!"S_!I%&>%&*F,!>%>!
%&>%'#94!#!A4&4I%9QVU

!

;>58F94>!%&>%$4'9!').J#$%F)&!.49#<#&#B0F%F!%&>%'#94F!&)!F%*&%I%'#&9!>%II4$4&'4F!A49?44&!
9+4!>$8*F!I)$!J$)*$4FF%)&,!9+4!'+#&*4!%&!9+4!D(22!W>#9#!#E#%B#AB4!)&B0!I)$!').J#$%F)&!)I!
%&94$I4$)&!#Z#!27!WS4A%If X!#&>!%&94$I4$)&!#ZA!W349#F4$)&f X!)$!9+4!J$)J)$9%)&!?%9+)89!$4B#JF4!#9!L!
04#$F!WF44!/#AB4!NXQ!_&#>4d8#94!>#9#!?4$4!#E#%B#AB4!9)!')&>8'9!9+%F!#&#B0F%F!?%9+!#&&8#B%c4>!
$4B#JF4!$#94FQ!

@(F'+%?G%B3k#)7+3%-03-"+:7%(0('5)+)%/4%8'(:+F/1:/07"/''+3%7"-(')%-0%**69%
! R+7()+"/0%,)%*+F-4% R+7()+"/0%,)%B,/0+]% *+F-4%,)%B,/0+]%
84$C4&..0$(!4'/&.l! JJ!@1AA!9A1O2W!@1UY:! @1YA!9A1SLW!I1SL:! @1YA!9A1UAW!I1LI:!
?D""!#5'(C&ll! pA1AL!9pA1L@W!A1YY:! PE! PE!
J&7'%.&!=4&&l! @1AI!9A12OW!@1IY:! @1@@!9A12AW!@1OY:! @1A2!9A1U6W!@1L2:!
l S4B#9%E4!S%F:!WOV^!')&I%>4&'4!%&94$E#BXe!uu?4%*+94>!.4#&!>%II4$4&'4!WOV^!')&I%>4&'4!%&94$E#BX!

Synthesis of Direct and Indirect Evidence 
! _&!9+4!JB#'4A)<')&9$)BB4>!9$%#BF,!9+4!$#94F!)I!J$)*$4FF%)&!#9!L!04#$F!$#&*4>!I$).!ZZQU^!9)!
L[Q[^!?+%B4!%&!9+4!+4#><9)<+4#>!9$%#BF!9+4!$#94F!$#&*4>!I$).!ZP^!9)!VN^Q!k+%B4!9+4!JB#'4A)<
')&9$)BB4>!9$%#B!)I!%&94$I4$)&!#ZA!27!W349#F4$)&f X!?)8B>!%&>%'#94!#!B)?4$!J)94&9%#B!I)$!A4&4I%9!%&!
>%F4#F4!J$)*$4FF%)&!').J#$4>!9)!9+4!%&94$I4$)&!#Z#iF,!9+4!+4#><9)<+4#>!9$%#BF!#&>!)8$!#>58F94>!
%&>%$4'9!#&#B0F%F!)I!JB#'4A)<')&9$)BB4>!9$%#B!>#9#!')&9$#>%'9!9+%F!')&'B8F%)&Q!/+4F4!>%II4$4&'4F!
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(%F4#F4<.)>%I0%&*!>$8*F!I)$!"8B9%JB4!2'B4$)F%F! LU

')8B>!A4!#99$%A894>!9)!>%II4$4&'4F!%&!>4I%&%9%)&!)I!J$)*$4FF%)&,!)$!A#F4B%&4!J)J8B#9%)&!
'+#$#'94$%F9%'F,!A89!9+4!J$)J)$9%)&!)I!J#9%4&9F!$4B#JF4<I$44!#9!L!04#$F!#BF)!F+)?F!F).4!>%II4$4&'4F!
A49?44&!+4#><9)<+4#>!#&>!JB#'4A)<')&9$)BB4>!9$%#BFQ!R)$!%&94$I4$)&!#ZA!27!W349#F4$)&f X!9+4!$#94!
%&!9+4!JB#'4A)<')&9$)BB4>!9$%#B!?#F!V[^,!?+%B4!9+4!+4#><9)<+4#>!9$%#B!$#94F!?4$4!F).4?+#9!B)?4$!
WUP^!#&>!VZ^XQ!S#94F!I)$!%&94$I4$)&!#Z#!27!WS4A%If X!?4$4!A4994$!%&!+4#><9)<+4#>!9$%#BF!WVN^!
#&>!V[^X!9+#&!%&!9+4!JB#'4A)<')&9$)BB4>!9$%#B!WPZQZ^XQ!/+4!B#$*4F9!>%II4$4&'4!A49?44&!JB#'4A)<
')&9$)BB4>!#&>!+4#><9)<+4#>!9$%#B!$4F8B9F!B%4F!%&!9+4!$#94F!)I!$4B#JF4<I$44!J#9%4&9F!?%9+!%&94$I4$)&!
#Z#!_"!W;E)&4Tf XQ!/+4!JB#'4A)<')&9$)BB4>!9$%#B!$#94!?#F!*))>,![[QV^,!?+%B4!9+4!+4#><9)<+4#>!
9$%#B!$#94F!?4$4!B)?4$!WLM^!#&>!P[^X,!$4F8B9%&*!%&!%&94$I4$)&!#Z#!_"!W;E)&4Tf X!A4%&*!%&I4$%)$!9)!
9+4!)9+4$!#!%&94$I4$)&FQ!!
! 34'#8F4!9+4$4!%F!)&B0!#!F.#BB!#.)8&9!)I!4E%>4&'4!#E#%B#AB4!I$).!?+%'+!9)!.#:4!9+4F4!
').J#$%F)&F,!?4!8&>4$9)):!#&!4TJB)$#9)$0!3#04F%#&!#&#B0F%F!8F%&*!9+4!#>58F94>!%&>%$4'9!#&#B0F%F!
)I!9+4!JB#'4A)<')&9$)BB4>!9$%#BF!#F!9+4!mJ$%)$i!#FF8.J9%)&F!#&>!8F%&*!9+4!>%$4'9!4E%>4&'4!I$).!
+4#><9)<+4#>!9$%#BF!#F!9+4!J$%.#$0!4E%>4&'4Q!/+%F!#&#B0F%F!$4F8B94>!%&!&)!F9#9%F9%'#BB0!F%*&%I%'#&9!
>%II4$4&'4F!I)$!9+4!').J#$%F)&!)I!%&94$I4$)&!#Z#!27!WS4A%If X!#&>!%&94$I4$)&!#ZA!27!
W349#F4$)&f XQ!R)$!9+4!').J#$%F)&!)I!%&94$I4$)&!#Z#!_"!W;E)&4Tf X!?%9+!4%9+4$!%&94$I4$)&!#ZA!27!
W349#F4$)&f X!)$!%&94$I4$)&!#Z#!27!WS4A%If X!9+4!$4F8B9F!)I!)8$!4TJB)$#9)$0!#&#B0F%F!%F!')&F%F94&9!
?%9+!9+4!I%&>%&*F!)I!)8$!>%$4'9!#&>!%&>%$4'9!#&#B0F4F!WF44!/#AB4!aXQ!_&#>4d8#94!>#9#!?4$4!#E#%B#AB4!
9)!')&>8'9!9+%F!#&#B0F%F!?%9+!#&&8#B%c4>!$4B#JF4!$#94FQ!

@(F'+%hG%P]8'/"(7/"5%R(5+)-(0%(0('5)-)%/4%3-"+:7%(03%-03-"+:7%+,-3+0:+%-0%**69%
! R+7()+"/0%,)%*+F-4% R+7()+"/0%,)%B,/0+]% *+F-4%,)%B,/0+]%
84$C4&..0$(!4'/&.l! @1@2!9A12AW!@1U@:! >GXh%Z>G=?H%>Ghi[% @1AO!9A16YW!@1II:!
?D""!#5'(C&ll! pA1@6!9pA1O@W!A1@L:! PE! PE!
J&7'%.&!=4&&l! A12O!9A1OSW!@1IO:! VGXh%ZVGVVH%=G>=[% VG==%ZVG>iH%VGXV[%
uS4B#9%E4!S%F:!WOV^!')&I%>4&'4!%&94$E#BXe!uu?4%*+94>!.4#&!>%II4$4&'4!WOV^!')&I%>4&'4!%&94$E#BX!

!
! ;>E4$F4!4E4&9F!)''8$$4>!F%*&%I%'#&9B0!.)$4!I$4d84&9B0!%&!9+4!#!%&94$I4$)&!*$)8JF!
').J#$4>!9)!9+4!JB#'4A)!*$)8JFQ!!1)):%&*!#'$)FF!9+4!$4F8B9F!I$).!U!9$%#BF!W/#AB4!OX!)&B0!9+$44!
9%.4F!?44:B0!%&94$I4$)&!#Z#!27!WS4A%If X!?#F!&)9!#FF)'%#94>!?%9+!F%*&%I%'#&9B0!%&'$4#F4>!$#94F!)I!
IB8<B%:4!F0&>$).4,!I4E4$,!#&>!.0#B*%#FQ!/+4!%&'%>4&'4!)I!B48:)J4&%#,!+)?4E4$,!?#F!F%*&%I%'#&9B0!
+%*+4$!?%9+!9+$44!9%.4F!?44:B0!%&94$I4$)&!#Z#!27!WS4A%If X,!?+%B4!%&94$I4$)&!#ZA!27!W$49#F4$)&f X!
#&>!%&94$I4$)&!#Z#!_"!W;E)&4Tf X!?4$4!&)9Q!7).J#$%&*!9+4!L!>)F%&*!$4*%.4&F!)I!%&94$I4$)&!#Z#!
27!WS4A%If X,!>)F%&*!)&'4!?44:B0!$4F8B94>!%&!F9#9%F9%'#BB0!F%*&%I%'#&9B0!*$4#94$!$#94F!)I!IB8<B%:4!
F0&>$).4,!I4E4$!#&>!+4#>#'+4!?+%B4!>)F%&*!9+$44!9%.4F!?44:B0!>%>!&)9Q!!!

@(F'+%UG%S07+"4+"/0%! VF%(03%V(%:/28("+3%7/%8'(:+F/^%(3,+")+%+,+07)%
B3,+")+%P44+:7% S07+"4+"/0%! VF%9&%

Z" +7()+"/0 f [%%
S07+"4+"/0%! V(%S6%%
ZB,/0+] f [%

S07+"4+"/0%! V(%9&%%
Z*+F-4f [%

% **%ZUTg%&S[%,)G%
Y'(:+F/%

**%ZUTg%&S[%,)G%
Y'(:+F/%

**%ZUTg%&S[%,)G%Y'(:+F/%

d7-R30^&!"+()4$>&! I126!9!@16@W!L1YU!:! @1OI!9!@1IAW!@16Y!:! @1@Y!9!A12AW!@1SA!:!8J;"K"!
@1UA!9!@1IYW!I1YU!:!BV;K"!

;([&#/0$(!"0/&!J&'#/0$(! @I1@6!9!O122W!IO1IS!:!I1AA!9A1IIR@U126:! I12Y!9!I1@@W!Y1U6!:!8J;"K"!
O1U2!9!Y1YOW!6166!:!BV;K"!

d&<&4! @1UA!9!@1I2W!I1IU!:! @12S!9!@1@@W!Y1@I!:! @12S!9!A16OW!Y1SO!:!8J;"K"!
Y1OA!9!@1O2W!U1UL!:!BV;K"!

K+'7C0'.! @1S6!9!@1@SW!I1LS!:! I1I2!9!@1LOW!Y1O6!:! @1S6!9!A16IW!Y1@@!:!8J;"K"!
@12S!9!A16LW!Y1SU!:!BV;K"!

d'/0C-&! RR! @1SS!9A162W!I12@:! @1@6!9!A1USW!@12U!:!8J;"K"!
@1AI!9!A1YAW!Y1L@!:!BV;K"!
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(%F4#F4<.)>%I0%&*!>$8*F!I)$!"8B9%JB4!2'B4$)F%F! LV

b&')'#5&! RR! @1@U!9!A162W!@1LA!:! @1A2!9!A12SW!@1YS!:!8J;"K"!
@1LL!9!@1AYW!I1AI!:!BV;K"!

3+>%5$%&(0'! @1SA!9!@1@OW!I1IY!:! RR! Y1L2!9!@1OLW!U126!:!8J;"K"!

3&-^$%&(0'! 216Y!9!A1L6W!@SL1A2!:!A! O1A2!9!@1OAW!@U1IS!:!8J;"K"!

;(#4&'.&)!E"Z! I1UY!9!A126W!21YY!:! A! Y1AO!9!A1SIW!@L16@!:!8J;"K"!

;(#4&'.&)!E3Z! I1US!9!@1YLW!O1SS!:! A! S1@A!9!@1Y2W!IS12U!:!8J;"K"!
SSs$4B#9%E4!$%F:!!

Neutralizing Antibodies 
! Y489$#B%c%&*!#&9%A)>%4F!#$4!:&)?&!9)!>4E4B)J!%&!F).4!J#9%4&9F!9#:%&*!#!%&94$I4$)&F,!
J)94&9%#BB0!%&94$I4$%&*!?%9+!4II4'9%E4&4FFQ!/?)!$4'4&9!$4E%4?F!)I!&489$#B%c%&*!#&9%A)>%4F!
F8..#$%c4!9+4!'8$$4&9!F9#94!)I!8&>4$F9#&>%&*!#A)89!9+4!%.J#'9!)I!9+4F4!#&9%A)>%4F!)&!$4B#JF4!#&>!
>%F4#F4!J$)*$4FF%)&,!#&>!+)?!9+4!J$)>8'9F!>%II4$QV[,!VN!3#F4>!)&!9+4F4!$4E%4?F,!9+4$4!#$4!F4E4$#B!
I#'9)$F!9+#9!'#&!%.J#'9!9+4!J$4E#B4&'4!)I!F8'+!#&9%A)>%4F,!%&'B8>%&*!#FF#0!.49+)>!WE#$0%&*!
F4&F%9%E%90jFJ4'%I%'%90X,!>)F4!W')&IB%'9%&*!4E%>4&'4X,!+)F9!'4BB!F)8$'4!WEscherichia coli!.)$4!
#&9%*4&%'!9+#&!.#..#B%#&!F)8$'4X,!>4I%&%9%)&!)I!J)F%9%E4!F9#98F,!#&>!$)894!)I!#>.%&%F9$#9%)&!W27!
.)$4!#&9%*4&%'!9+#&!_"XQ!34'#8F4!9+4$4!%F!&)!F9#&>#$>%c4>!8&%E4$F#B!#FF#0,!.#:%&*!').J#$%F)&F!
#'$)FF!F98>%4F!)I!9+4!#!%&94$I4$)&F!%F!I$#8*+9!?%9+!8&'4$9#%&90Q!_&!#>>%9%)&,!9+4!>8$#9%)&!)I!.#&0!
F98>%4F!%F!&)9!#>4d8#94!9)!#FF4FF!9+4!%.J#'9!)I!#&9%A)>0!F9#98F!)&!J$)*$4FF%)&!'B4#$B0Q!!_9!#JJ4#$F!
9+#9!9+4!$#94!)I!#&9%A)>0!>4E4B)J.4&9!)''8$F!4#$B%4$!#&>!%&!*$4#94$!I$4d84&'0!?%9+!%&94$I4$)&!#ZA!
27!W349#F4$)&f X,!#JJ4#$%&*!#F!4#$B0!#F!P!.)&9+F!%&9)!9$4#9.4&9!%&!#JJ$)T%.#94B0!PM<UM^!)I!
J#9%4&9FQ!DE%>4&'4!$4J)$94>!%&!9+4!Y#.#:#!$4E%4?VN!%&>%'#94F!9+#9!#&9%A)>%4F!)''8$!F).4?+#9!
B#94$!WO!.)&9+FX!?%9+!%&94$I4$)&!#Z#!27!WS4A%If Xe!?%9+!$#94F!#F!B)?!#F!ZL^!#&>!#F!+%*+!#F!U[^Q!!
_&94$I4$)&!#Z#!_"!W;E)&4Tf X!#JJ4#$F!9)!+#E4!9+4!B)?4F9!%..8&)*4&%'%90!?%9+!$#94F!)I!L<aQV^!
$4J)$94>,!F9#$9%&*!#$)8&>!O!.)&9+F!)I!9$4#9.4&9Q!_.J)$9#&9B0,!UM<VM^!)I!#&9%A)>0!J)F%9%E4!
J#9%4&9F!?%BB!A4').4!#&9%A)>0!&4*#9%E4!)E4$!9%.4,!?+%B4!F.#BB!&8.A4$F!)I!J#9%4&9F!?%BB!A4').4!
#&9%A)>0!J)F%9%E4!%&9)!9+4!F4')&>!04#$!)I!9$4#9.4&9Q!!!
! 7)$$4B#9%&*!J)F%9%E4!#&9%A)>0!F9#98F!?%9+!$4>8'9%)&F!%&!'B%&%'#B!A4&4I%9F,!Y#.#:#,!49!#B,!
I%&>!9+#9!%&!9+4!I%$F9!L!04#$F!)I!9$4#9.4&9!#!>%II4$4&'4!%&!)89').4!A#F4>!)&!#&9%A)>0!F9#98F!'#&&)9!
A4!%>4&9%I%4>,!A89!9+#9!$4B#JF4!$#94F!#$4!B)?4$!%&!04#$F!P!#&>!U!#.)&*!J#9%4&9F!?+)!#$4!#&9%A)>0!
J)F%9%E4!W/#AB4!ZMXQ!/+4!$4E%4?!A0!@))>%&,!49!#B,V[!#BF)!I%&>F!9+#9!$4B#JF4!$#94F!#$4!#II4'94>!A0!
J)F%9%E4!&489$#B%c%&*!#&9%A)>0!F9#98F!)I!+%*+!9%94$!)&B0!%&!F98>%4F!)I!L!04#$F!)$!B)&*4$!%&!>8$#9%)&Q!!
/+4!4E%>4&'4!I)$!9+4!%.J#'9!)&!>%F4#F4!J$)*$4FF%)&!%F!B4FF!').J4BB%&*,!?%9+!)&B0!L!)I!a!F98>%4F!
F+)?%&*!#!F%*&%I%'#&9!%&'$4#F4!%&!J$)*$4FF%)&!#.)&*!9+)F4!?%9+!&489$#B%c%&*!#&9%A)>%4FQ!!!

/+4F4!$4E%4?F!#$4!$4'4&9!#&>!I#%$!d8#B%90,!9+8F!#B9+)8*+!?4!I)8&>!F4E4$#B!#>>%9%)&#B!
F98>%4F!9+#9!.49!)8$!%&'B8F%)&!'$%94$%#,!9+40!#$4!&)9!>%F'8FF4>!+4$4!#F!9+40!J$)E%>4>!&)!#>>%9%)&#B!
4E%>4&'4!$4*#$>%&*!&489$#B%c%&*!#&9%A)>%4FQVa<[N!/)!>#94,!4E%>4&'4!')$$4B#9%&*!comparative!
'B%&%'#B!)89').4F!9)!9+4!#&9%A)>0!F9#98F!)I!9+4!%&>%E%>8#B!#!%&94$I4$)&F!%F!%&').JB494!#&>!
%&#>4d8#94!9)!.#:4!')&'B8F%)&FQ!/+%F!%F!J#$9%'8B#$B0!9$84!%&!B%*+9!)I!9+4!4E%>4&'4!9+#9!?+%B4!
%&94$I4$)&!#Z#!_"!W;E)&4Tf X!#JJ4#$F!9)!+#E4!B)?4$!%..8&)*4&%'%90,!'B%&%'#B!9$%#B!4E%>4&'4!
%&>%'#94F!9+#9!9+4!)9+4$!9?)!#!%&94$I4$)&F!.#0!A4!F8J4$%)$!%&!$4*#$>F!9)!'B%&%'#B!)89').4FQ!1)&*4$!
94$.!9$%#BF!?%BB!A4!&44>4>!9)!'B#$%I0!9+4!$)B4!)I!9+%F!>%II4$4&'4!%&!#&9%*4&%'%90!#&>!%9F!')$$4B#9%)&!)I!
'B%&%'#B!)89').4F!)E4$!B)&*4$!J4$%)>F!)I!9%.4Q!!!

%
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(%F4#F4<.)>%I0%&*!>$8*F!I)$!"8B9%JB4!2'B4$)F%F! L[

@(F'+%V>G%!#"(7-/0%/4%7"+(72+07%(03%:'-0-:('%-28(:7%/4%(07-F/35%)7(7#)T?%
!#"(7-/0% S07+"4+"/0%! VF%9&%

ZR+7()+"/0 f [%
S07+"4+"/0%! V(%9&%
Z*+F-4f [%

S07+"4+"/0%! V(%S6%ZB,/0+]f [%

I () !+&'4! q#$44&7'/0$(!($/!
$F.&4<&)r!

@12!<.1!@1UU!II>#C!9P":!
@1UO!<.1!@1UL!LL>#C!9P":!

qP$!#70(0#'7!0>%'#/!$=!4&7'%.&!4'/&!$4!
)0.&'.&!%4$C4&..0$(r!

@Y!/$!YS!>$(/5.! @1A2!<.1!A1OS! RR! RR!
L/5!+&'4!=$77$HR-%! RR! A12@!<.1!A1O! RR!
P"W!($!/!./'/0./0#'77+!.0C(0=0#'(/!

*+,$-&,.%&!,/%$,$%!

Direct evidence 
! Y)!9$%#BF!>%$4'9B0!').J#$%&*!*B#9%$#.4$!#'49#94!W7)J#T)&4f X!9)!#&)9+4$!>%F4#F4<
.)>%I0%&*!>$8*!?4$4!%>4&9%I%4>Q!!!

Indirect evidence: Placebo-controlled trials 
C&4!I#%$<d8#B%90!.49#<#&#B0F%F[a !#&>!)&4!*))><d8#B%90!F0F94.#9%'!$4E%4?[O!#&#B0c4>!9$%#BF!)I!

*B#9%$#.4$!#'49#94!E4$F8F!JB#'4A)Q!"#$9%&4BB%!3)&4F'+%[a !)&B0!%&'B8>4>!9$%#BF!W&sPX!%&!SS"2!
J#9%4&9F!?+%B4!"8&#$%[O!%&'B8>4>!9+4!F#.4!9+$44!9$%#BF!#&>!#&!#>>%9%)&#B!9$%#B!)I!*B#9%$#.4$!#'49#94!
E4$F8F!JB#'4A)!%&!m'+$)&%'!J$)*$4FF%E4i!"2!W7-"2X!J#9%4&9FQ!R8$9+4$!>%F'8FF%)&!)I!9+4!8F4!)I!
*B#9%$#.4$!#'49#94!%&!7-"2!J#9%4&9F!#JJ4#$F!%&!9+4!m"%T4>!-)J8B#9%)&F\!--"2!#&>!2-"2i!
F4'9%)&!A4B)?Q!!

/+4!9?)!$4E%4?F!8F4>!>%II4$4&9!.49#<#&#B09%'!.49+)>F!#&>!>$4?!>%II4$4&9!')&'B8F%)&F!
$4*#$>%&*!9+4!4II4'9%E4&4FF!)I!*B#9%$#.4$!#'49#94Q!"#$9%&4BB%!3)&4F'+%!')&'B8>4>!9+#9!*B#9%$#.4$!
#'49#94!?#F!4II4'9%E4!#9!m$4>8'%&*!$4B#JF4!$#94!#&>!>%F#A%B%90!#''8.8B#9%)&i[a !?+%B4!"8&#$%!
')&'B8>4>!9+#9!9+4$4!?#F!&)!4E%>4&'4!)I!#!mA4&4I%'%#B!4II4'9!)&!9+4!.#%&!)89').4!.4#F8$4F!%&!
"2,!%Q4Q!>%F4#F4!J$)*$4FF%)&,!#&>!W*B#9%$#.4$!#'49#94X!>)4F!&)9!F%*&%I%'#&9B0!#II4'9!9+4!$%F:!)I!
'B%&%'#B!$4B#JF4FQi[O!(84!9)!9+4!')&IB%'9%&*!&#98$4!)I!9+4F4!')&'B8F%)&F,!?4!')&>8'94>!#!F4J#$#94!
#&#B0F%F!)I!9+4!9+$44!$4B4E#&9!9$%#BF,NM<NL!#&>!J))B4>!$4F8B9F!?+4$4!J)FF%AB4Q!

S4B#JF4<$4B#94>!)89').4F!?4$4!$4J)$94>!%&!9+4!9+$44!9$%#BF!)I!*B#9%$#.4$!#'49#94!E4$F8F!
JB#'4A),!.)F9!')..)&B0!.4#&!$4B#JF4!$#94!#&>!J$)J)$9%)&!)I!$4B#JF4<I$44!J#9%4&9F!W/#AB4!ZZQX!
/+4!.4#&!>%II4$4&'4!%&!$4B#JF4!$#94!A49?44&!*B#9%$#.4$!#&>!JB#'4A)!?#F!F9#9%F9%'#BB0!F%*&%I%'#&9!
W<MQ[U!q<ZQZO,!<MQMOr!JsMQMLX!?+4&!$4F8B9F!I$).!9+4!9+$44!9$%#BF!?4$4!J))B4>Q!2%&'4!9+4!#AF)B894!
>%II4$4&'4!%&!$4B#JF4!$#94!A49?44&!*B#9%$#.4$!#'49#94!#&>!JB#'4A)!?#F!')&F%>4$#AB0!+%*+4$!%&!9+4!
3)$&F94%&NM!F98>0,!#!F4&F%9%E%90!#&#B0F%F!?#F!')&>8'94>!I)$!9+%F!)89').4Q!/+#9!#&#B0F%F!I)8&>!9+4!
>%II4$4&'4!%&!.4#&!$4B#JF4!$#94!9)!A4!.8'+!F.#BB4$,!A89!F9%BB!F9#9%F9%'#BB0!F%*&%I%'#&9!W<MQPZ!q<
MQVLLNe!<MQZM[r,!JsMQMMPZQX!k+4&!$4F8B9F!I$).!9+4!9+$44!9$%#BF!?4$4!J))B4>,!9+4$4!?#F!&)!
F9#9%F9%'#BB0!F%*&%I%'#&9!>%II4$4&'4!%&!9+4!J4$'4&9#*4!)I!$4B#JF4<I$44!J#9%4&9F!A49?44&!*B#9%$#.4$!
#'49#94!#&>!JB#'4A)!*$)8JF!WSS!ZQLPe!JsMQMa[QX!;*#%&,!9+4!3)$&F94%&NM!F98>0!+#>!#!.8'+!+%*+4$!
#AF)B894!$#94!>%II4$4&'4!').J#$4>!9)!9+4!9?)!B#$*4$!F98>%4F\!PMQM^!EFQ![QP^!#&>![Q[^!
$4FJ4'9%E4B0Q!/+4$4!?#F!%&#>4d8#94!>#9#!9)!J))B!#&&8#B%c4>!$4B#JF4!$#94F,!#B9+)8*+!$#94F!?4$4!
B)?4$!I)$!*B#9%$#.4$!#'49#94!%&!A)9+!9$%#BF!9+#9!$4J)$94>!9+%F!)89').4Q!

@(F'+%VVG%*+'(8)+1"+'(7+3%/#7:/2+)^%$'(7-"(2+"%(:+7(7+%,)G%8'(:+F/%
@"-('% 6+(0%"+'(8)+%

"(7+%
g%/4%"+'(8)+14"++%
8(7-+07)%

B00#('-_+3%
"+'(8)+%"(7+%

% QB% 8'(:+F/% QB% 8'(:+F/% QB% 8'(:+F/%
\$4(./&0(!@62UUA!
(jOA]!I!+4.!

A1SA! I1U! OS1Ai! IS1Ai! PJ! PJ!
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(%F4#F4<.)>%I0%&*!>$8*F!I)$!"8B9%JB4!2'B4$)F%F! LN

K&'(!F'.&70(&!?D""N!`E!I16]!%7'#&F$!Y1I!
T$>0!IAA@U@!
(jIY6]!6!>$.!
K&'(!F'.&70(&!?D""N!`E!I1Y]!%7'#&F$!I1L!

A1O@! A1US! OO1Oi!L61Ii! A12@! @1I@!

s$5(.$(!@66OUI!
(jIO@]!I!+4.!
K&'(!F'.&70(&!?D""N!`E!I12]!%7'#&F$!I1L!

@1@6! @1S2! YY1Si!IU1Ai! A1O6! A12L!

;((+%>!&,$%)! 9-''%&%#/%!-#!
.%,#!&%+,=)%!
&,$%?!!
@A7BC!D@E7EF@A7AFG!
=HA7AIC!

<<!J!('!&%+,=)%@
'&%%!=,$-%#$)?!E7IK!
DA7FL@E7MLG!
=HA7ANB!

!

! /?)!)I!9+4!9$%#BF!J$)E%>4>!4E%>4&'4!)&!)9+4$!4II4'9%E4&4FF!)89').4FQ!/+4!F%&*B4!9$%#B!
J$)E%>%&*!>#9#!)&!9+4!J$)J)$9%)&!)I!J#9%4&9F!$4d8%$%&*!8F4!)I!$4F'84!.4>%'#9%)&F!F+)?4>!&)!
>%II4$4&'4!A49?44&!9+4!*B#9%$#.4$!#'49#94!#&>!JB#'4A)!*$)8JF!WPPQ[^!EFQ!POQL^e!JsMQVVNX!/+4$4!
?#F!#!F%*&%I%'#&9B0!+%*+4$!J4$'4&9#*4!)I!+)FJ%9#B%c#9%)&F!>84!9)!8&')&9$)BB4>!4T#'4$A#9%)&F!%&!9+4!
JB#'4A)!*$)8J!%&!9+4!F#.4!9$%#BWZPQU^!*B#9%$#.4$!#'49#94!E4$F8F!LVQM^!JB#'4A)e!Js!MQMU[XNZ!
"4#&!'+#&*4!%&!D(22!?#F!$4J)$94>!#F!#!F4')&>#$0!)89').4!%&!)&4!9$%#BQ!/?)<04#$!>#9#!F+)?4>!
9+#9!?+%B4!*B#9%$#.4$!#'49#94!?#F!#FF)'%#94>!?%9+!#!F9#9%F9%'#BB0!F%*&%I%'#&9!WJsMQMLPX!'+#&*4!%&!
D(22!W<MQMVX!?+4&!').J#$4>!9)!JB#'4A)!WMQLZX!9+4!'B%&%'#B!F%*&%I%'#&'4!)I!F8'+!#!>%II4$4&'4!%F!
B%:4B0!.%&%.#BQNL!
! ;!$4<#&#B0F%F!)I!>#9#!I$).!)&4!)I!9+4!9$%#BF!Wh)+&F)&!ZOOVXNL!8F4>!m#$4#!8&>4$!9+4!
>%F#A%B%90j9%.4!'8$E4i!9)!').J#$4!9+4!4II4'9!)I!*B#9%$#.4$!#'49#94!E4$F8F!JB#'4A)!)&!D(22QNP!/+4!
$4F8B9F!)I!9+%F!$4<#&#B0F%F,!')&I%$.%&*!9+#9!*B#9%$#.4$!#'49#94!+#>!#!J)F%9%E4!4II4'9!)&!D(22!?+4&!
').J#$4>!9)!JB#'4A),!?4$4!')&F%F94&9!?%9+!9+4!$4F8B9F!)I!9+4!)$%*%&#B!9$%#B!J8AB%'#9%)&Q!
! S4F8B9F!I$).!9+4!9+$44!9$%#BF!F+)?4>!#!F%*&%I%'#&9!>%II4$4&'4!A49?44&!9+4!%&94$E4&9%)&!
*$)8JF!I)$!9+4!I)BB)?%&*!#>E4$F4!4E4&9F\!%&54'9%)&<F%94!$4#'9%)&F!')&F%F9%&*!)I!%9'+%&*,!F?4BB%&*,!
$4>&4FF!#&>j)$!J#%&,!mJ#994$&4>i!WF0F94.%'X!$4#'9%)&F,!#&>!J#BJ%9#9%)&F!W/#AB4!ZLX[O!#B9+)8*+!9+4!
'B%&%'#B!F%*&%I%'#&'4!)I!9+4F4!>%II4$4&'4F!.#0!A4!.%&%.#BQ!k%9+>$#?#BF!>84!9)!#>E4$F4!4E4&9F!
?4$4!#BF)!+%*+4$,!A89!&)9!F%*&%I%'#&9B0!F),!%&!*B#9%$#.4$!#'49#94<9$4#94>!SS"2!J#9%4&9F!?+4&!
').J#$4>!9)!JB#'4A)<9$4#94>!SS"2!J#9%4&9F\!ZMjL[O!WPQN^X!EFQ!PjL[O!WZQZ^Xe!JsMQMaQ!C9+4$!
$4J)$94>!#>E4$F4!4E4&9F!W%Q4Q!+4#>#'+4,!&#8F4#,!#&T%490,!49'QX!?4$4!.%B>!#&>!9$#&F%4&9!#&>!&)9!
.)$4!')..)&!?%9+!*B#9%$#.4$!#'49#94!9+#&!JB#'4A)Q!!

@(F'+%V=G%B3,+")+%+,+07%"(7+)^%$'(7-"(2+"%(:+7(7+%,)G%8'(:+F/%%
!(7(%)/#":+% B3,+")+%+,+07% *(7+% ;!
I!/40'7.UAW!UI!
Z$/'7!(jIO@!

;([&#/0$(R.0/&!
4&'#/0$(.!

;/#50(CN!LYi!<.1!Ui!
"H&770(CN!YUi!<.1@6i!
J&)(&..c&4+/5&>'N!O6i!<.1!@6i!
8'0(N!Y6i!<.1!IAi!

kA1AAA@!
=$4!'77!#$>%'40.$(.!

Y!/40'7.UARUI!
Z$/'7!(jOLA!

;>>&)0'/&!%$./R
0([&#/0$(!4&'#/0$(.c!
.+./&>0#!4&'#/0$(.l!

YYi!<.1!2i! kA1AAA@!

I!/40'7.UAW!UI!
Z$/'7!(jYA@!

8'7%0/'/0$(.! 6i!<.1!Ii! A1A@U2!

*consisting of transient flushing, chest tightness, sweating, palpitations and anxiety 

 
! ;&!#>>%9%)&#B!I%E4!J8AB%'#9%)&F!J$)E%>4>!>#9#!)&!9+4!B)&*<94$.!F#I490!)I!*B#9%$#.4$!
#'49#94!8F4QNU<NN!;&!)J4&<B#A4B!9$%#B!').J#$4>!9+4!4II4'9F!)I!*B#9%$#.4$!#'49#94!%&!SS"2!J#9%4&9F!
?+)!?4$4!J$%)$!8F4$F!)I!%&94$I4$)&!#ZA!27!W349#F4$)&f X!E4$F8F!9$4#9.4&9<&#%E4!J#9%4&9FQNU!
-#9%4&9F!?4$4!I)BB)?4>!I)$!#!.4#&!)I!ZUQa!#&>!LMQP!.)&9+F!$4FJ4'9%E4B0Q!S4J)$94>!#>E4$F4!
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(%F4#F4<.)>%I0%&*!>$8*F!I)$!"8B9%JB4!2'B4$)F%F! La

4E4&9F!W.)F9!')..)&B0!%&54'9%)&<F%94!$4#'9%)&FX!#&>!$#94F!?4$4!F%.%B#$!A49?44&!9+4!9?)!*$)8JF!
#&>!9)!9+)F4!$4J)$94>!%&!9+4!JB#'4A)<')&9$)BB4>!9$%#BFQ!R)$!A)9+!*$)8JF!%&!9+%F!F98>0,!?%9+>$#?#B!
$#94F!>84!9)!#>E4$F4!4E4&9F!?4$4!F%*&%I%'#&9B0!+%*+4$!?+4&!').J#$4>!9)!9+4!JB#'4A)<')&9$)BB4>!
9$%#BF!WZMQO^!EFQ!PQN^e!JsMQMMZXQ!/+4!$4#F)&!I)$!9+%F!>%II4$4&'4!.#0!A4!>84!9)!F98>0!>4F%*&Q!/+4!
)J4&<B#A4B!9$%#B!4&$)BB4>!J#9%4&9F!A#F4>!)&!').J#FF%)&#94<8F4!#&>!8F4>!E4$0!I4?!4T'B8F%)&!
'$%94$%#,!?+%B4!9+4!JB#'4A)<')&9$)BB4>!9$%#BF!?4$4!.)$4!$4F9$%'9%E4!%&!4&$)BB%&*!J#9%4&9FQ!!
! C&4!)I!9+4!*B#9%$#.4$!#'49#94!JB#'4A)<')&9$)BB4>!9$%#BF,!h)+&F)&,!49!#BQ,NL!?#F!4T94&>4>!9)!
#&!)J4&<B#A4B!J+#F4!%&!?+%'+!#BB!J#9%4&9F!+#>!9+4!)J9%)&!)I!$4'4%E%&*!*B#9%$#.4$!#'49#94!9$4#9.4&9Q!
S4F8B9F!)I!9+%F!)&*)%&*!F98>0!+#E4!A44&!$4J)$94>!#9!F%T,!4%*+9,!#&>!94&!04#$F!I)BB)?%&*!
$#&>).%c#9%)&QNV<NN!CI!LPL!?+)!$4'4%E4>!#9!B4#F9!)&4!>)F4!)I!*B#9%$#.4$!#'49#94,!ZMa!WUN^X!?4$4!
F9%BB!4&$)BB4>!#9!9+4!ZM<04#$!I)BB)?<8JQ!;>E4$F4!4E4&9F!#'')8&94>!I)$!9+4!*$4#94F9!&8.A4$!)I!
?%9+>$#?#BF!WaNjZLUe!NM^XQ!(4FJ%94!9+%F,!#!6#JB#&<"4%4$!4F9%.#94!)I!.4>%#&!9%.4!I$).!%&%9%#9%)&!
)I!9+4$#J0!?%9+!*B#9%$#.4$!#'49#94!9)!?%9+>$#?#B!?#F!OQL!04#$FQ!Y)!F4$%)8F!#>E4$F4!4E4&9F!?4$4!
$4J)$94>!)E4$!9+4!')8$F4!)I!I)BB)?<8JQ!7)&F%F94&9!?%9+!$4F8B9F!I$).!)9+4$!F98>%4F,!%&54'9%)&<F%94!
$4#'9%)&F!#&>!J)F9<%&54'9%)&!F0F94.%'!$4#'9%)&F!')&9%&84!9)!A4!9+4!.)F9!')..)&B0!$4J)$94>!
#>E4$F4!4E4&9F,!#B9+)8*+!%&'%>4&'4!)I!A)9+!#JJ4#$F!9)!>%FF%J#94!?%9+!B)&*<94$.!8F4QNN!!/+4F4!>#9#!
F+)8B>!A4!%&94$J$494>!#F!$4J$4F4&9%&*!#!+%*+B0!F4B4'94>!J)J8B#9%)&!)I!J#9%4&9F!9)B4$#&9!9)!#&>!
$4'4%E%&*!A4&4I%9!I$).!*B#9%$#.4$!#'49#94Q!

! !-#$%&'%&(#)!6)7!8+,$-&,.%&!,/%$,$%!

Direct evidence 
! _&!#!F98>0!8F%&*!>#9#!)A9#%&4>!9+$)8*+!#!J$)FJ4'9%E4B0!>4F%*&4>!'B%&%'#B!>#9#A#F4,!=##F,!
49!#BQNa!').J#$4>!#BB!P!#!%&94$I4$)&F!#&>!*B#9%$#.4$!#'49#94Q!!/+%F!F98>0!%&'B8>4>!J#9%4&9F!?%9+!
I%$F9!4TJ)F8$4!9)!>$8*!9$4#9.4&9!#&>!9+)F4!?%9+!J$%)$!9$4#9.4&9,!?%9+!#JJ$)T%.#94B0!)&4!d8#$94$!
)I!J#9%4&9F!+#E%&*!+#>!J$%)$!9$4#9.4&9!4T'4J9!I)$!9+4!%&94$I4$)&!#Z#!27!WS4A%If X!*$)8J!)I!?+).!
[P^!+#>!J$%)$!9$4#9.4&9!WJ`!MQMMMZXQ!;&)9+4$!F%*&%I%'#&9!>%II4$4&'4!#9!A#F4B%&4!?#F!9+4!.4#&!
J$)*$4FF%)&!%&>4T!WD(22j>%F4#F4!>8$#9%)&X,!?+%'+!?#F!*$4#94$!%&!9+4!%&94$I4$)&!#ZA!27!
W$49#F4$)&f X!*$)8J!WZQMP!EFQ!MQUP<MQVVe!J`MQMMZXQ!;&!#>>%9%)&#B!'#E4#9!9)!%&94$J$49%&*!9+%F!
4E%>4&'4!%F!9+4!I#'9!9+#9!9+4!#89+)$F!%&>%'#94!9+#9!I)$!#9!B4#F9!F).4!J)$9%)&!)I!9+4!9%.4!J4$%)>!
')E4$4>,!*B#9%$#.4$!#'49#94!W7)J#T)&4f X!?#F!&)9!#E#%B#AB4!4T'4J9!%&!4T'4J9%)&#B!'%$'8.F9#&'4FQ!!
LaP!J#9%4&9!$4')$>F!')&9$%A894>!9)!9+4!#&#B0F%F,!#&>!A0!4&9$0!'$%94$%#!+#>!9)!+#E4!A#F4B%&4!D(22!
)I! &!PQVQ!/+4!$4F8B9F!#$4!J$4F4&94>!%&!/#AB4!ZPQ!;9!L!04#$F,!*B#9%$#.4$!#'49#94!+#>!#!F%*&%I%'#&9B0!
*$4#94$!>4'$4#F4!%&!#&&8#B%c4>!$4B#JF4!$#94!#&>!F%*&%I%'#&9B0!I4?4$!J#9%4&9F!>%F')&9%&8%&*!
9$4#9.4&9!#I94$![!.)&9+F!)I!9$4#9.4&9Q!Y)!F%*&%I%'#&9!>%II4$4&'4F!?4$4!F44&!#'$)FF!9+4!*$)8JF!%&!
9+4!J4$'4&9!$4B#JF4!)$!J$)*$4FF%)&<I$44,!#B9+)8*+!9+4!J$)J)$9%)&F!)I!A)9+!?4$4!+%*+4F9!%&!9+4!
*B#9%$#.4$!#'49#94!*$)8JQ!k+%B4!&)9!F9#9%F9%'#BB0!F%*&%I%'#&9,!9+4!*B#9%$#.4$!#'49#94!*$)8J!?#F!
0)8&*4$,!+#>!#!B)?4$!A#F4B%&4!D(22,!9+4!B)?4F9!J$)*$4FF%)&!%&>4T,!#&>!9+4!B)?4F9!J4$'4&9!)I!
J#9%4&9F!?%9+!J$%)$!9$4#9.4&9!9+#&!9+4!)9+4$!*$)8JFQk+%B4!9+4F4!>#9#!#JJ4#$!9)!F8JJ)$9!9+4!
F8J4$%)$%90!)I!*B#9%$#.4$!#'49#94!%&!$4B#JF4!)89').4F!#&>!9)B4$#A%B%90!)E4$!B)?<>)F4!%&94$I4$)&!
#Z#!27!WS4A%If X,!9+4!')&9$%A89%)&!)I!9+4!J)94&9%#BB0!%.J)$9#&9!>%II4$4&'4F!#.)&*!9+4!J)J8B#9%)&!
9$4#94>!?%9+!*B#9%$#.4$!#'49#94!').J#$4>!9)!9+4!)9+4$F!&44>F!9)!A4!9#:4&!%&9)!#'')8&9Q!
!
!

%



R%&#B!S4J)$9!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!($8*!DII4'9%E4&4FF!S4E%4?!-$)54'9!

(%F4#F4<.)>%I0%&*!>$8*F!I)$!"8B9%JB4!2'B4$)F%F! LO

@(F'+%VfG%&/28("-)/0%/4%3-)+()+12/3-45-0$%3"#$)%(7%=%5+(")%-0%/F)+",(7-/0('%
3(7( ?h%
I#7:/2+%6+()#"+% S40%! VF% S40%! V(%9&% S40%! V(%S6% Q'(7-"(2+"%

(:+7(7+%
Y1,('#+%

B00#('-_+3%*+'(8)+%*(7+% A1S6! A1SS! A12! A1YS! %kA1AA@l!
g%*+'(8)+14"++% LO1O! LO12! YO1L! O21I! %jA1II!
!&%@"+(72+07%(47+"%i%2/)% II16! Y@1I! YI16! 216! %kA1AA@!
g%Y"/$"+))-/014"++% U@1U! UY1Y! UL1O! 2U1O! %jA1@Y!
Q!!uJ<E#B84!A#F4>!)&!.4#&!'+#&*4!I$).!A#F4B%&4!

0,$,+-12.,3!

Direct evidence 
! Y)!F98>%4F!').J#$4>!&#9#B%c8.#A!W/0F#A$%f X!9)!#&)9+4$!>%F4#F4<.)>%I0%&*!>$8*!I)$!"2Q!

Indirect evidence 
! /?)!?4BB<')&>8'94>!9$%#BF!').J#$4>!&#9#B%c8.#A!9)!JB#'4A)!%&!J#9%4&9F!?%9+!SS"2!
W/#AB4!ZUXQNO,!aM!-#9%4&9!J)J8B#9%)&,!&#9#B%c8.#A!>)F4,!#&>!F98>0!>8$#9%)&!?4$4!F%.%B#$!%&!9+4!9?)!
9$%#BF,!+)?4E4$!%&!)&4!)I!9+4F4!9$%#BF,aM!%&94$I4$)&!#Z#!_"!W;E)&4Tf X!?#F!8F4>!')&').%9#&9B0!%&!
A)9+!*$)8JFQ!3)9+!'8.8B#9%E4!J$)A#A%B%90!)I!>%F4#F4!J$)*$4FF%)&!#&>!#&&8#B%c4>!$4B#JF4!$#94!#9!
9?)!04#$F!?4$4!F%*&%I%'#&9B0!B)?4$!?%9+!&#9#B%c8.#A!?+4&!').J#$4>!9)!JB#'4A),!?+%B4!9+4!
J$)J)$9%)&!)I!$4B#JF4<I$44!J#9%4&9F!?#F!F%*&%I%'#&9B0!+%*+4$!W/#AB4!ZVXQ!/+4F4!>#9#!%&>%'#94!9+#9!
&#9#B%c8.#A!%F!.)$4!4II4'9%E4!9+#&!JB#'4A)!%&!J#9%4&9F!?%9+!SS"2Q!

@(F'+%VXG%@"-(')%/4%0(7('-_#2(F%-0%**69%
@"-('% Y(7-+07%:A("(:7+"-)7-:)% S07+",+07-/0)% 97#35%3#"(7-/0%
8$7>'(!
IAASU6!
Edd;JK!

(j6LI!
K&'(!?D""N!I1Y!!
K&'(!4&7'%.&!4'/&N!@1OIc+4!!!

YAA!>C!&<&4+!L!H^.!<.1!87'#&F$! -%!/$!@@S!H^.!

J-)0#^!
IAAS2A!!
"?PZ;P?3!!

(j@@U@!
K&'(!?D""N!I1L!!
K&'(!4&7'%.&!4'/&N!@1LUc+4!!

YAA!>C!&<&4+!L!H^.!t!YA!-C!;=(R
! @'!;K!9E<$(&Ma :!@cH^!<.1!
87'#&F$!&<&4+!L!H^.t!YA!-C!;=(R
! @'!;K!9E<$(&Ma :!@cH^!

-%!/$!@@S!H^.!

@(F'+%VTG%P44+:7-,+0+))%/#7:/2+)%-0%0(7('-_#2(F%7"-(')%-0%8(7-+07)%.-7A%**69%
I#7:/2+%(7%=%5+(")% @"-('% M(7('-_#2(F%,)G%Y'(:+F/H%; %,('#+%
&#2#'(7-,+%8"/F(F-'-75%/4%%
3-)+()+%8"/$"+))-/0%%

8$7>'(!IAAS U6! @Ui!<.1!I6iW! PkA1AA@!
!

% J-)0#^!IAAS 2A! IYi!<.1!I6iW! PjA1AI!
B00#('-_+3%"+'(8)+%"(7+%% 8$7>'(!IAAS U6! A1IY!<.1!A1UYW!PkA1AA@!
% J-)0#^!IAAS 2A! A1YL!<.1!A1UOW!PjA1AA@!
Y"/8/"7-/0%/4%"+'(8)+14"++%8(7-+07)% 8$7>'(!IAAS U6! SUi!<.1!L@iW!PkA1AA@!
% J-)0#^!IAAS 2A! S@i!<.1!YUiW!PkA1AA@!
  

;>E4$F4!4E4&9F!?4$4!$4J)$94>!A0!.)F9!J#9%4&9F!%&!9+4F4!9?)!9$%#BF,!$4*#$>B4FF!)I!
%&94$E4&9%)&Q!7).A%&4>!>#9#!I$).!A)9+!9$%#BF!I)8&>!9+#9!ON^!)I!&#9#B%c8.#A!J#9%4&9F!#&>!Oa^!)I!
')&9$)B!J#9%4&9F!$4J)$94>!F).4!#>E4$F4!4E4&9!WJsMQMa[X,!#B9+)8*+!.)$4!&#9#B%c8.#A!J#9%4&9F!
?%9+>$4?!>84!9)!#>E4$F4!4E4&9F!').J#$4>!9)!')&9$)B!J#9%4&9F!WLQO^!EFQ!MQaO^e!JsMQVUOXQ!
CE4$#BB,!$#94F!)I!&)&<F4$%)8F!#>E4$F4!4E4&9F!?4$4!F%.%B#$!%&!A)9+!9$%#BF!W/#AB4!Z[XQ!

@(F'+%ViG%B3,+")+%+,+07)%-0%0(7('-_#2(F%7"-(')%-0%8(7-+07)%.-7A%**69%
Z0(7('-_#2(F%,)G%:/07"/'[%
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(%F4#F4<.)>%I0%&*!>$8*F!I)$!"8B9%JB4!2'B4$)F%F! PM

@"-('% B05%BP% C+(3(:A+% !+8"+))-/0% ;'#1'-E+%-''0+))%%
%

S0k+:7-/01)-7+%
"+(:7-/0)%

8$7>'(
IAASU6!

6Oi!<.1!6Si!
%jA1LO6!

Y2i!<.1!YYi!
%jA1@YU!

@6i!<.1!@Si!
%jA1@6U!

PJ! Yi!<.1!Ii!
%jA1Y2S!

J-)0#^!
IAAS2A!

66i!<.1!66i!
%jA1UUI!

LSi!<.1!LLi!
%jA1LY6!

I@i!<.1!@2i!
%jA1@6O!

IAi!<.1!@6i!
%jA1SU6!

PJ!

!
24$%)8F!#>E4$F4!4E4&9F!?4$4!$4J)$94>!%&!A)9+!9$%#BFe!+)?4E4$!9+4$4!?4$4!&)!F%*&%I%'#&9!

>%II4$4&'4F!%&!#>E4$F4!4E4&9!$#94F!A49?44&!9+4!%&94$E4&9%)&FQ!/+4!4T'4J9%)&!?#F!9?)!'#F4F!)I!
J$)*$4FF%E4!.8B9%I)'#B!B48:)4&'4J+#B)J#9+0!W-"1X,!#!J)94&9%#BB0!I#9#B!&48$)B)*%'!>%F)$>4$,!9+#9!
?4$4!$4J)$94>!%&!J#9%4&9F!4&$)BB4>!%&!9+4!2DY/_YD1!9$%#B!#&>!?4$4!J)FF%AB0!B%&:4>!9)!
&#9#B%c8.#A!8F4QaM!/+%F!B4>!9)!4#$B0!'4FF#9%)&!)I!9+4!2DY/_YD1!9$%#Be!&)!'#F4F!)I!-"1!?4$4!
$4J)$94>!%&!9+4!;RR_S"!9$%#BQNO!R8$9+4$!>%F'8FF%)&!)I!9+4!#FF)'%#9%)&!A49?44&!&#9#B%c8.#A!8F4!
#&>!-"1!#JJ4#$F!A4B)?Q!

4-$(5,#$&(#%!

Direct evidence 
Y)!F98>%4F!)II4$4>!>%$4'9!4E%>4&'4!').J#$%&*!.%9)T#&9$)&4!WY)E#&9$)&4f X!9)!#&)9+4$!

>%F4#F4<.)>%I0%&*!>$8*!I)$!"2Q!!

Indirect evidence  
! C&4!F.#BB!9$%#B!').J#$4>!.%9)T#&9$)&4!9)!JB#'4A)!%&!VZ!J#9%4&9F!?%9+!SS"2QaZ!/+4!
J$%.#$0!)89').4!)I!9+%F!9?)<04#$!F98>0!?#F!')&I%$.4>!>%F4#F4!J$)*$4FF%)&,!#F!.4#F8$4>!A0!#!Z<
J)%&9!%&'$4#F4!%&!9+4!D(22Q!;9!9+4!')&'B8F%)&!)I!9+4!F98>0,!LjLN!WN^X!)I!.%9)T#&9$)&4!J#9%4&9F!
#&>!OjLU!WPN^X!)I!JB#'4A)!J#9%4&9F!+#>!')&I%$.4>!>%F4#F4!J$)*$4FF%)&!W;AF)B894!(%II4$4&'4!%&!
S%F:!PM^,!OV^!7_!a<VL^e!YY/!PXQ!"%9)T#&9$)&4!J#9%4&9F!#BF)!I#$4>!A4994$!9+#&!JB#'4A)!J#9%4&9F!
A)9+!%&!9+4!&8.A4$!)I!4T#'4$A#9%)&F!4TJ4$%4&'4>!>8$%&*!9+4!')8$F4!)I!9+4!F98>0!WMQaO!EFQ!LQ[Le!
JsMQMMMLX!#&>!%&!9+4!&8.A4$!)I!4T#'4$A#9%)&<I$44!J#9%4&9F!#9!9+4!F98>0iF!')&'B8F%)&!W[P^!EFQ!
LZ^e!JsMQMM[e!YY/!LQUXQ!;&!%&94$%.,!F8A*$)8J!#&#B0F%F!)I!LV!J#9%4&9F!#9!Z<04#$!)I!I)BB)?<8J!
I)8&>!#!F%.%B#$!J#994$&!%&!9+4!$#94F!)I!')&I%$.4>!>%F4#F4!J$)*$4FF%)&QaL!
! _&!9+%F!F#.4!9$%#B,!&)!J#9%4&9F!$4J)$94>!#&0!F4$%)8F!#>E4$F4!4E4&9F,!#&>!9+4$4!?4$4!&)!
?%9+>$#?#BF!I$).!4%9+4$!*$)8J!>84!9)!#>E4$F4!4E4&9FQ!/$#&F%4&9!#.4&)$$+4#!?#F!$4J)$94>!%&!VjZN!
WLO^X!)I!?).4&!%&!9+4!.%9)T#&9$)&4!*$)8Je!9+4F4!'#F4F!$4F)BE4>!?%9+!9$4#9.4&9!'4FF#9%)&Q!C9+4$!
#>E4$F4!4E4&9F!$4J)$94>!%&!.%9)T#&9$)&4!J#9%4&9F!?4$4!&#8F4#!#&>!E).%9%&*!WZa^X,!8$%&#$0!9$#'9!
%&I4'9%)&!W[^X,!+4#>#'+4!W[^X,!#&>!$4FJ%$#9)$0!%&I4'9%)&!WU^XQ!R)$!8&4TJB#%&4>!$4#F)&F,!&)!
#>E4$F4!4E4&9!>#9#!I)$!9+4!JB#'4A)!#$.!?#F!J$)E%>4>!A0!9+4!F98>0iF!#89+)$FQ!

9Y69%

! !"#$%&'%&(#)!

Indirect evidence 
! R%E4!9$%#BF!$4J)$94>!%&!.8B9%JB4!J8AB%'#9%)&F!)I!#!%&94$I4$)&F!').J#$4>!9)!JB#'4A)!J$)E%>4!
4E%>4&'4!)&!9+4!4II4'9%E4&4FF!#&>!F#I490!%&!2-"2QVa,!aP<OZ!/+4F4!%&'B8>4!Z!F98>0!)I!%&94$I4$)&!#Z#!
_"!W;E)&4Tf X,Va!L!F98>%4F!)I!%&94$I4$)&!#Z#!27!WS4A%If X,aO,!OZ!L!F98>%4F!)I!%&94$I4$)&!#ZA!27!
W349#F4$)&f! X,aU,!aN<OM!!#&>!)&4!').A%&4>!#&#B0F%F!)I!9+4F4!L!9$%#BFQa[ !/$%#B!'+#$#'94$%F9%'F!#$4!
F8..#$%c4>!%&!/#AB4!ZNQ!/+4!J$%.#$0!)89').4!.4#F8$4F!#FF4FF4>!J$)*$4FF%)&!#&>!>%F#A%B%90,!
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(%F4#F4<.)>%I0%&*!>$8*F!I)$!"8B9%JB4!2'B4$)F%F! PZ

$4IB4'9%&*!9+4!&#98$4!)I!2-"2Q!!S4B#JF4!?#F!4E#B8#94>!#F!#!F4')&>#$0!)89').4!)&B0Q!k+%B4!P!
F98>%4F!8F4>!9%.4!9)!J$)*$4FF%)&!#F!#&!)89').4!.4#F8$4,!9+4$4!?4$4!>%II4$4&'4F!%&!+)?!9+4!
)89').4!?#F!>4I%&4>!)$!')&I%$.4>,!#&>!)&4!9$%#B!8F4>!#!.4#F8$4!)I!I8&'9%)&#B%90!W9+4!"2R7X!%&!
#&!4II)$9!9)!#E)%>!9+4!J)94&9%#B!B#':!)I!F4&F%9%E%90!#&>!E#$%#A%B%90!#FF)'%#94>!?%9+!9+4!D(22Q!OL!!
;'$)FF!9+4!F98>%4F,!9+4!J#9%4&9!J)J8B#9%)&F!#JJ4#$4>!F%.%B#$,!#B9+)8*+!9+4!FJ4'%I%'!%&94$I4$)&!#&>!
>)F%&*!E#$%4>Q!!!

@(F'+%V?G%&A("(:7+"-)7-:)%/4%)7#3-+)%/4%! %-07+"4+"/0)%4/"%9Y69%%
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K&'(!?D""! ' O1O!
K&'(!4&7'%.&.!I!+4.!
%40$4!/$!./-)+N!4'(C&!
A1URI1Y!

D$.&!4'(C0(C!./-)+N!
A1AYRY1A!>Cc^C]!2!%/.!
4&#&0<&)!Y1A!>Cc^C!

PJ! PJ!

*Natalizumab given at wks 0 and 4; outcomes based on follow-up of up to 24 wks  

!
Y)!F4$%)8F!9$4#9.4&9<$4B#94>!#>E4$F4!4E4&9F!?4$4!$4J)$94>!%&!#&0!)I!9+4!9$%#BF!?%9+!9+4!

4T'4J9%)&!)I!)&4!#&#J+0B#'9%'!$4#'9%)&!%&!#!&#9#B%c8.#A!P!.*j:*!J#9%4&9Q!_&!)&4!9$%#B,!#!
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(%F4#F4<.)>%I0%&*!>$8*F!I)$!"8B9%JB4!2'B4$)F%F! PN

F%*&%I%'#&9B0!+%*+4$!&8.A4$!)I!&#9#B%c8.#A!J#9%4&9F!$4J)$94>!I#9%*84!').J#$4>!9)!JB#'4A)!
J#9%4&9F!WJsMQM[VX!A89!9+4$4!?4$4!&)!)9+4$!F%*&%I%'#&9!>%II4$4&'4F!%&!#>E4$F4!4E4&9F!A49?44&!9+4!
&#9#B%c8.#A!#&>!JB#'4A)!*$)8JFe!)9+4$!#>E4$F4!4E4&9!$#94F!?4$4!F%.%B#$!#'$)FF!9+4!9+$44!9$%#BFQ!
/+4!)&B0!F#I490!)89').4!9+#9!?#F!$4J)$94>!%&!#BB!9+$44!9$%#BF!?#F!9+4!9)9#B!&8.A4$!)I!J#9%4&9F!
$4J)$9%&*!#&0!#>E4$F4!4E4&9!W/#AB4!LLXQ!;*#%&,!9+4!J4$'4&9#*4!)I!J#9%4&9F!E#$%4>!?%>4B0!#'$)FF!
9+4!9$%#BF!WVQU^<aZ^!I)$!&#9#B%c8.#A,!OQO^<aVQN^!I)$!JB#'4A)X,!A89!%&!#BB!)I!9+4.!9+4$4!?#F!&)!
F%*&%I%'#&9!>%II4$4&'4!A49?44&!9+4!&#9#B%c8.#A!#&>!JB#'4A)!#$.FQ!

@(F'+%==G%@/'+"(F-'-75%/4%0(7('-_#2(F%,)G%8'(:+F/%-0%**69%(03%9Y69%
97#35%
B3,+")+%P,+07%

6-''+"%+7%('G%=>>fUU%
0b=Vf%

@#F"-35%VUUUUh%%
0b?=%

9A+"+2(7(%VUUUU?%%
0b=h%

Z$/'7!%/.!4&%$4/0(C!
'(+!E?N!
%

Y!>Cc^CN!OcS2!9U1Li:!
S!>Cc^CN!LcUL!9O1Li:!
%7'#&F$N!UcU@!9616i:!

Y!>Cc^CN!@6cYU!9O@1Li:!
%7'#&F$N!ILcYO!9S21Si:!

E77!)$.&.N!@UcI@!92@i:!
87'#&F$N!ScU!92O1Ui:%

V0/5)4'H'7.!)-&!/$!
E?.N!
%

Y!>Cc^CN!LcS2!9O16i:!
S!>Cc^CN!YcUL!9L1@i:!
%7'#&F$N!YcU@!9L1Ii:!!

PJ! PJ %

b&')'#5&N!
%

Y!>Cc^CNIUcS2!9Y61Ui:!
S!>Cc^CNIAcUL!9IUi:!
%7'#&F$N!IUcU@!9Y2i:!

PJ % PJ %

;(=&#/0$(.!
!
!

Y!>Cc^CN!@OcS2!9II1@i:!
S!>Cc^CN!@LcUL!9@216i:!
%7'#&F$N!@@cU@!9@O1Oi:!

PJ % PJ %

mZ;.! Y!>Cc^CN!@OcS2!9II1@i:!
S!>Cc^CN!@YcUL!9@U1Si:!
%7'#&F$N!@@cU@!9@O1Oi:!
!

PJ % PJ %

V&'^(&..c>-.#7&!
H&'^(&..!

Y!>Cc^CN!@IcS2!9@U1Si:!
S!>Cc^CN!UcUL!961Oi:!
%7'#&F$N!@@cU@!9@O1Oi:!

PJ % PJ %

d'/0C-&cZ04&)(&..! ! Y!>Cc^CN!@IcYU!9YI1Li:!
87'#&F$N!LcYO!9@@1Li:%

%

4-$(5,#$&(#%!

Indirect Evidence 
;!?4BB<')&>8'94>!F0F94.#9%'!$4E%4?!').J#$4>!.%9)T#&9$)&4!WY)E#&9$)&4f X!9)!JB#'4A)!

8F%&*!>#9#!I$).!I)8$!9$%#BFW/#AB4!LPXQZMM!;!F4')&>!$4E%4?!%&'B8>4>!9+4!F#.4!I)8$!9$%#BF,!
J$4B%.%&#$0!#&>!8&J8AB%F+4>!>#9#!I$).!#&!)&*)%&*!F98>0QZMZ!;.)&*!9+4!I)8$!9$%#BF!%&'B8>4>!%&!
A)9+!$4E%4?F,!9+4$4!?#F!F).4!+494$)*4&4%90!#.)&*!9+4!90J4F!)I!J#9%4&9F,!.%9)T#&9$)&4!>)F4F!
4.JB)04>,!#&>!F98>0!>8$#9%)&Q!/+$44!)I!9+4!F98>%4F!4&$)BB4>!.%T4>!J#9%4&9!J)J8B#9%)&FZML<ZMU!
?+%B4!9+4!$4.#%&%&*!F98>0!4&$)BB4>!)&B0!SS"2!J#9%4&9FaZ!#&>!+#>!#!B)?4$!#!.4#&!A#F4B%&4!D(22!
F')$4!WI8$9+4$!>%F'8FF%)&!)I!9+4!$4F8B9F!)I!9+%F!9$%#B!#JJ4#$!%&!9+4!SS"2!F4'9%)&!)I!9+%F!$4J)$9XQ!
"%9)T#&9$)&4!>)F4F!#BF)!E#$%4>!?%>4B0!#'$)FF!9+4!%&'B8>4>!F98>%4F,!?+%B4!F98>0!>8$#9%)&!$#&*4>!
I$).![<PL!.)&9+FQ!

"%9)T#&9$)&4!?#F!I)8&>!9)!A4!.)$4!4II4'9%E4!9+#&!JB#'4A)!%&!$4>8'%&*!$4B#JF4!$#94!#&>!
>%F4#F4!J$)*$4FF%)&QZMM!Y)!F9#9%F9%'#BB0!F%*&%I%'#&9!>%II4$4&'4!%&!D(22!#9!)&4!04#$!?#F!>494'94>!%&!
#!F.#BB!F8AF49!)I!J#9%4&9F!W>#9#!#E#%B#AB4!I$).!)&4!F98>0X!A89!L<04#$!$4F8B9F!I$).!#!B#$*4$!*$)8J!
)I!J#9%4&9F!>%>!F9#9%F9%'#BB0!I#E)$!.%9)T#&9$)&4!W/#AB4!LUXQ!!

@(F'+%=fG%Y'(:+F/1:/07"/''+3%7"-(')%/4%2-7/](07"/0+%
@"-('% Y(7-+07%:A("(:7+"-)7-:)% 6-7/](07"/0+%3/)+% &/28("(7/"% 97#35%3#"(7-/0%
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(%F4#F4<.)>%I0%&*!>$8*F!I)$!"8B9%JB4!2'B4$)F%F! Pa

?)'(W!
@66U@AI!!
(j!LL!!

JJ!$4!"8K"!
K&'(!F'.&70(&!?D""N!L1S!9v@1U:!
K&'(!4&7'%.&.!@!+4!%40$4!/$!./-)+!
&(/4+N!I12!9v@12:!

IA>Cc>$!t!
>&/5+7%4&)(0.$7$(&!

>&/5+7%4&)(0.$7$(&! S!>$.!

K077&=0$40(0W!
@66U2@!!
(jO@!

JJK"!
K&'(!F'.&70(&!?D""N!Y1S9v@1@:!
K&'(!4&7'%.&.!I!+4.l!%40$4!/$!
./-)+!&(/4+N!I129v@1I:!

2!>Cc>w!$=!F$)+!
.-4='#&c>$!

%7'#&F$! @I!>$.!

G'(!)&!
V+(C'&4/W!
IAA@@AY!!
(jL6!

JJ!$4!"8K"!
K&'(!F'.&70(&!?D""N!O1I!
K&'(!4&7'%.&.!@!+4!%40$4!/$!./-)+!
&(/4+N!I1Y9v@1@:!!

@I!>Cc>w!$=!F$)+!
.-4='#&c>$!=$4!Y!>$.W!
/5&(!&<&4+!Y!>$.!

%7'#&F$! YI!>$.!

b'4/-(CW!
IAAI @AL!!
(j!@22!

"8!$4!H$4.&(0(C!JJK"!
K&'(!F'.&70(&!?D""N!L1S9v@1A@:!
K&'(!4&7'%.&.!@!+4!%40$4!/$!./-)+!
&(/4+N!@1Y9v@1I:!

O!>Cc>w!$=!F$)+!.-4='#&!!
&<&4+!Y!>$.ll!
@I!>Cc>w!$=!F$)+!
.-4='#&!&<&4+!Y!>$.!

%7'#&F$! IL!>$.!

*Mean relapse rate at 1 yr NR in this study 
**Results from this study arm were excluded from the systematic review analysis. The study authors determined that 
the dose was too difficult to compare to the dosing schedules employed in the other studies. 

@(F'+%=XG%P44+:7-,+0+))%/#7:/2+)%-0%7"-(')%/4%2-7/](07"/0+%,)G%8'(:+F/ V>>%
I#7:/2+% @-2+%8/-07% 0b% *+)#'7)%
J&7'%.&!4'/&!! S>$c@!+4l! (j6Y! S21Ui!<.1!I212i!!

BJ!O1L!96Oi!T;!I1IR@Y1@]!%jA1AAAI:!
! I! +4.!

!
(j@U6! OS1Si!<.1!Y@1Li!!

BJ!Y1@@!96Oi!T;!@1S2RO1UI]!%jA1AAAY:!
D0.&'.&!%4$C4&..0$(ll! @!+4! (jO@! U1Li!<.1!IOi!!

BJ!A1IL!96Oi!T;! A1ALR@1YYW!%jA1@:!
! I! +4.!

!
(j@U6! S1Si!<.1!IY1Si!!

BJ!A1IY!96Oi!T;! A1A6RA1O6]!%jA1AAAI:!
?D""!p!/4&'/>&(/!&==&#/! @!+4! (jIO! RA1YO!96Oi!T;!RA12SRA1@S]!%jA1@2:!
! I!+4.! (j!@UO! RA1YS!96Oi!T;!RA1UR!RA1AI]!%jA1AL:!
*Based on fixed effects model 
 **Based on confirmed disease progression and change in EDSS at studyÕs end 
 

-))B4>!>#9#!I)8&>!?%9+>$#?#BF!>84!9)!#>E4$F4!4E4&9F!9)!A4!F%*&%I%'#&9B0!+%*+4$!#.)&*!
.%9)T#&9$)&4!J#9%4&9F!$4B#9%E4!9)!JB#'4A)\!OQU^!').J#$4>!9)!LQP^!WJsMQZUVXQ!Y)!F4$%)8F!#>E4$F4!
4E4&9F!?4$4!$4J)$94>!%&!#&0!)I!9+4!I)8$!%&'B8>4>!9$%#BF,!%&'B8>%&*!F4$%)8F!'#$>%#'!4E4&9FQ!;!&)&<
F4$%)8F!>4'$4#F4!%&!B4I9!E4&9$%'8B#$!454'9%)&!I$#'9%)&!W1gDRX!A4B)?!VM^!?#F!$4J)$94>!%&!VjZPa!
WPQ[^X!)I!.%9)T#&9$)&4!J#9%4&9Fe!9+%F!?#F!&)9!F9#9%F9%'#BB0!F%*&%I%'#&9!').J#$4>!9)!JB#'4A)!
J#9%4&9F!WJsMQZXQ!C9+4$!')..)&B0!$4J)$94>!#>E4$F4!4E4&9F!%&!.%9)T#&9$)&4!J#9%4&9F!?4$4!&#8F4#!
#&>!E).%9%&*,!#B)J4'%#,!#.4&)$$+4#!#&>!8$%&#$0!9$#'9!%&I4'9%)&!W/#AB4!LVXQ!!

@(F'+%=TG%B3,+")+%+,+07)%-0%8'(:+F/1:/07"/''+3%7"-(')%/4%2-7/](07"/0+ V>>%
B3,+")+%+,+07% 6-7/](07"/0+%Zg[% Y'(:+F/%Zg[% 8%
E>&($445&'l! IAcUU!9ISi:! AcUO!9Ai:! %jA1AAAL!
T'4)0'#N!3G?d!kOAi! Oc@Y2!9Y1Si:! Ac@YA!9Ai:! %jA1@!
P'-.&'c<$>0/0(C! 2Sc@Y2!9SI1Yi :! IAc@YA!9@O1Li:! %kA1AAAA@!
E7$%&#0'! SOc@YO!9LU1@i:! IOc@YA!9@61I:! %kA1AAAA@!
m40('4+!/4'#/!0(=&#/0$(!9mZ;:! YOc@Y2!9IO1Li:! @Lc@YA!9@A12i:! %jA1AAY!
*Amenorrhea persisted in 6/77(7.8%) of mitoxantrone patients following treatment cessation! !
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(%F4#F4<.)>%I0%&*!>$8*F!I)$!"8B9%JB4!2'B4$)F%F! PO

6-]+3%Y/8#'(7-/0)^%YY69%(03%9Y69%

*+,$-&,.%&!,/%$,$%!
! ;&!4#$B0,!*))><d8#B%90!F98>0!)I!*B#9%$#.4$!#'49#94!W7)J#T)&4f X!?#F!')&>8'94>!%&!#!
J)J8B#9%)&!)I!ZM[!J#9%4&9F!>4F'$%A4>!#F!7+$)&%'!-$)*$4FF%E4!W#!'+$)&%'!J$)*$4FF%E4!')8$F4!I)$!#9!
B4#F9!Za!.)&9+F,!&)!.)$4!9+#&!L!4T#'4$A#9%)&F!%&!9+4!J#F9!L!04#$F,!D(22!! L!#&>!&[QV,!#&>!
4T+%A%9%&*!J$)*$4FF%)&!%&!#!J$4<9$%#B!J4$%)>XQZMV!"#&0!'B%&%'%#&F!')&F%>4$!9+%F!*$)8J!)I!J#9%4&9F!9)!
$4J$4F4&9!#!.%T!)I!J#9%4&9F!?%9+!?+#9!?)8B>!&)?!A4!'#BB4>!--"2!)$!2-"2Q!!/+4!>$8*!8F4>!%&!
9+%F!F98>0!?#F!#E#%B#AB4!I$).!L!B#A)$#9)$%4F!%&!_F$#4B,!&)9!9+4!')..4$'%#BB0!#E#%B#AB4!*B#9%$#.4$!
#'49#94!W:&)?&!#F!7C-<Z!#9!9+4!9%.4XQ!/+4!>)F%&*!)I!9+4!>$8*!?#F!ZV!.*!27!9?%'4!>#%B0,!#!>)F4!
9+#9!%F!+%*+4$!9+#&!'8$$4&9B0!8F4>!WLM.*!27!>#%B0XQ!/+4!.4#&!A#F4B%&4!D(22!?#F!FB%*+9B0!+%*+4$!
%&!9+4!*B#9%$#.4$!#'49#94!*$)8J!WVQN!EFQ!VQVX!#&>!A)9+!.4#&!A#F4B%&4!F')$4F!#$4!+%*+4$!9+#&!F44&!%&!
)9+4$!*B#9%$#.4$!#'49#94!F98>%4FQ!7).J#$%&*!9%.4!9)!F8F9#%&4>!J$)*$4FF%)&!'8$E4F!W9+4!J$%.#$0!
)89').4X!?+%B4!9+4!*B#9%$#.4$!#'49#94!'8$E4!F+)?4>!FB)?4$!J$)*$4FF%)&,!&)!F%*&%I%'#&9!>%II4$4&'4!
?#F!I)8&>!A49?44&!9+4!*$)8JF!)E4$!#!L!04#$!J4$%)>Q!/+%F!F98>0!>%>!&)9!')&>8'9!#!F#.JB4!F%c4!
'#B'8B#9%)&,!#&>!?%9+!ZM[!J#9%4&9F!.#0!+#E4!A44&!8&>4$J)?4$4>!9)!F+)?!#!>%II4$4&'4!)I!9+%F!
.#*&%98>4Q!R8$9+4$,!F8A*$)8J!#&#B0F4F!%&>%'#94>!9+#9!J#9%4&9F!4&$)BB4>!#9!9+4!L!'4&94$F!$4FJ)&>4>!
>%II4$4&9B0!?+%B4!)&!F98>0,!#&>!9+#9!)E4$#BB!J#9%4&9!>%F4#F4!#'9%E%90!>%II4$4>!)&!9$%#B!').J#$4>!9)!
9+4!J$4<9$%#B!#FF4FF.4&9!J4$%)>Q!

;&#B0F%F!)I!F4')&>#$0!)89').4F!%&>%'#94>!9+#9!F9#9%F9%'#BB0!F%*&%I%'#&9!>%II4$4&'4F!%&!
J$)J)$9%)&F!?%9+!J$)*$4FF%)&!W>4I%&4>!#F!#&!%&'$4#F4!)&!D(22!)I!! !Z!%I!A#F4B%&4!! !V,!#&>!ZQV!%I!
A#F4B%&4!`!VX!?4$4!&)9!F44&!#9!ZL!#&>!LU!.)&9+!9%.4!J)%&9F,!#B9+)8*+!*B#9%$#.4$!#'49#94!?#F!
&8.4$%'#BB0!F8J4$%)$!WZZ^QEFQ!ZaQV^,!J!s!MQMaae!LMQU^!EFQ!LOQV^,!J!s!MQMa[!$4FJ4'9%E4B0XQ!!/+4!
#89+)$F!#BF)!4TJB)$4>!#!>4I%&%9%)&!)I!J$)*$4FF%)&!)I!#&!%&'$4#F4!)I!)&B0!MQV!J)%&9F!)&!9+4!D(22!
I$).!A#F4B%&4Q!HF%&*!9+%F!>4I%&%9%)&,!9+4!J$)A#A%B%90!)I!J$)*$4FF%)&!?#F!F%*&%I%'#&9B0!B)?4$!?%9+!
*B#9%$#.4$!#'49#94!').J#$4>!9)!JB#'4A)!)&B0!#9!9+4!LU!.)&9+!9%.4!J)%&9!WUUQ[^!EFQ!VaQP^,!-!s!
MQMPXQ!!!
! /+4!*B#9%$#.4$!#'49#94!*$)8J!4TJ4$%4&'4>!F%*&%I%'#&9B0!.)$4!%&54'9%)&!F%94!$4#'9%)&F!9+#&!
9+4!JB#'4A)!*$)8J\!F)$4&4FF!aP^!EFQ!UN^,!%9'+%&4FF![Z^!EFQ!ZN^,!F?4BB%&*!aM^!EFQ!UN^,!#&>!
$4>&4FF!aV^!EFQ!PM^e!-!s!MQMMZ!)E4$#BBQ!2%*&%I%'#&9B0!.)$4!J#9%4&9F!9#:%&*!*B#9%$#.4$!#'49#94!
$4J)$94>!E#F).)9)$!F0.J9).F!WIB8F+%&*,!J#BJ%9#9%)&F,!.8F'B4!9%*+9&4FF,!>%II%'8B90!A$4#9+%&*,!#&>!
#&T%490X!9$#&F%4&9B0!>8$%&*!9$4#9.4&9!WLU^!EFQ!VQV^,!SS!'#B'8B#94>!+4$4!#F!UQPZ,!OV^!7_ZQUZ<
ZPQNXQ!Y)!>%II4$4&'4F!?4$4!F44&!A49?44&!9+4!*$)8JF!%&!$4J)$9%&*!)I!)9+4$!#>E4$F4!4E4&9FQ!!
k%9+>$#?#BF!>84!9)!#>E4$F4!4E4&9F!#$4!&)9!>%F'8FF4>!%&!>49#%BQ!!!

B33-7-/0('%P,-3+0:+%/4%9(4+75%

! !"#$%&'%&(#)!

Tolerability 
! -))B4>!$#94F!)I!9)B4$#A%B%90!)I!#>E4$F4!4II4'9F!#&>!>%F')&9%&8#9%)&!I)$!4#'+!)I!9+4!#!
%&94$I4$)&F,!A#F4>!)&!#BB!+4#><9)<+4#>!#&>!JB#'4A)!')&9$)BB4>!9$%#B!$#94F!#&>!')&9$)BB%&*!I)$!F98>0!
4II4'9F,!#$4!J$4F4&94>!%&!/#AB4!L[!A4B)?Q!/+%F!#&#B0F%F!%&>%'#94F!+%*+4$!$#94F!)I!%&54'9%)&!F%94!
$4#'9%)&F,!I4E4$,!#&>!)E4$#BB!)$!#>E4$F4!4E4&9<$4B#94>!>%F')&9%&8#9%)&!?%9+!%&94$I4$)&!#ZA!27!
W$49#F4$)&f XQ!_&94$I4$)&!#Z#!_"!W;E)&4Tf X!B4>!9)!+%*+4$!$#94F!)I!IB8<B%:4!F0&>$).4!9+#&!9+4!
)9+4$F,!A89!9+4!B)?4F9!$#94F!)I!I#9%*84,!I4E4$,!%&54'9%)&<F%94!$4#'9%)&!#&>!)E4$#BB!)$!#>E4$F4!4E4&9<
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(%F4#F4<.)>%I0%&*!>$8*F!I)$!"8B9%JB4!2'B4$)F%F! UM

$4B#94>!>%F')&9%&8#9%)&FQ!_&94$I4$)&!#Z#!27!WS4A%If X!+#>!FB%*+9B0!+%*+4$!$#94F!)I!I#9%*84,!A89!
B)?4$!$#94F!)I!>4J$4FF%)&!9+#&!9+4!)9+4$FQ!!!

@(F'+%=iG%S07+"4+"/0%! VF%(03%V(^%8//'+3%(3,+")+%+,+07%"(7+)%
B3,+")+%P44+:7% S07+"4+"/0%! VF%9&%

Z" +7()+"/0 f [%%
S07+"4+"/0%! V(%S6%%
ZB,/0+] f [%

S07+"4+"/0%! V(%9&%%
Z*+F-4f [%

% *(7+%ZUTg%&S[% *(7+%ZUTg%&S[% *(7+%ZUTg%&S[%
;([&#/0$(!"0/&!J&'#/0$(! SA1Oi!9LO1SiW!

UO1Oi:!
@A1Ai!9Y1YiRIS12i:! L21Li!9IO1OiW!U@1Yi:!

d7-R30^&!"+()4$>&! L@1Li!9@U1@iW!
SO1Si:!

O21Oi!9I616iW!
2U1Ii:!

LI1Yi!9IO1YiW!O61Yi:!

d'/0C-&! RR! @21Yi!9A1AiW!LO1Ai:! IY16i!9@A1AiW!YU16i:!
K+'7C0'.! I61@i! 9IY1AiW!

YO1@i:!
! !

d&<&4! Y21@i!9@I1LiW!
SY1Ui:!

@L1Ii!9A1YiW!I21@i:! II1Ui!9@A1SiW!YL12i:!

D&%4&..0$(! I@1Oi!9Y1@iW!Y616i:! I@16i!921OiW!YO1Yi:! @U1Ui!921IiW!IU1Yi:!
B<&4'77!H0/5)4'H'7! IA1Li!9@O1OiW!

IO1Li:!
@I1Ii!9U1AiW!@U1Li:! @L1Si!9@A1LiW!@21Ui:!

D0.#$(/0(-'/0$(!)-&!/$!
E?!

21Si!9O1UiW!@@1Oi:! Y1Ai!9A12iW!O1Yi:! O1Li!9Y1IiW!U1Ui:!

!
Y)&<9$%#B!4E%>4&'4!%F!B%.%94>!#&>!B)?!d8#B%90,!?%9+!U!)J4&<B#A4B!F98>%4F!)I!%&94$I4$)&!#ZA!

W$49#F4$)&f X,ZM[<ZMO!P!)J4&<B#A4B!F98>%4F!)I!%&94$I4$)&!#Z#!_"!W;E)&4Tf X,PP,![N,!ZZM!L!F98>%4F!WZ!
?%9+!P!J8AB%'#9%)&FX!$4J)$9%&*!#>E4$F4!4E4&9!>#9#!I)$!.)$4!9+#&!)&4!#!%&94$I4$)&,ZZZ<ZZU!#&>!Z!
F98>0!').J#$%&*!)J4&<B#A4B!8F4!)I!%&94$I4$)&!#ZA!27!W$49#F4$)&f X!9)!#&!8&9$4#94>!')&9$)B!
*$)8JQZZV!/+4F4!F98>%4F!#$4!&)9!B)&*4$!%&!>8$#9%)&!9+#&!9+4!9$%#BF,!&)$!>)!9+40!J$)E%>4!>#9#!)&!$#$4!
A89!F4$%)8F!#>E4$F4!4E4&9FQ!!34'#8F4!)I!9+4!B%.%9#9%)&F!)I!9+4F4!>4F%*&F!#&>!B#':!)I!')&9$)BB%&*!
I)$!J)94&9%#B!')&I)8&>%&*,!9+4F4!F98>%4F!>)!&)9!J$)E%>4!A4994$!%&I)$.#9%)&!)&!9)B4$#A%B%90!9+#&!9+4!
9$%#B!>#9#Q!!
! _&!#!F98>0!)I!J#9%4&9!J4$'4J9%)&F!)I!#>E4$F4!4E4&9F!#FF)'%#94>!?%9+!#!%&94$I4$)&!9+4$#J0,!
UM!J#9%4&9F!9#:%&*!%&94$I4$)&!#ZA!27!W$49#F4$)&f X!)$!%&94$I4$)&!#Z#!_"!W;E)&4Tf X!?4$4!
d84F9%)&4>!)&!9+4!%.J#'9!)I!#>E4$F4!4II4'9F!)&!9+4%$!B%E4FQZZ[!!S4F8B9F!)I!9+%F!F98>0!%&>%'#94!9+#9!
.)F9!#>E4$F4!4II4'9F!?4$4!.%B>!#&>!>%>!&)9!+#E4!#!F9$)&*!%.J#'9!)&!9+4!J#9%4&9Fi!B%E4F,!#B9+)8*+!
I#9%*84!?#F!$#94>!.)>4$#94!)$!F4E4$4Q!/+4!F98>0!I)8&>!?%>4!E#$%#9%)&!%&!J#9%4&9!$4FJ)&F4!9)!A)9+!
F0F94.%'!#&>!B)'#B!#>E4$F4!4E4&9F,!A89!>%>!&)9!.#:4!').J#$%F)&F!A49?44&!9+4!J$)>8'9FQ!!!

Thyroid Function 
/+4!4II4'9!)I! #!%&94$I4$)&F!)&!9+0$)%>!I8&'9%)&!%&!SS"2!J#9%4&9F!?#F!#FF4FF4>!%&!9?)!

)AF4$E#9%)&#B!F98>%4F!W/#AB4!LNXQ!/+4!B#$*4$!F98>0ZZN!I)8&>!9+#9!9+0$)%>!#89)%..8&%90!?#F!
')..)&!#9!A#F4B%&4!%&!SS"2!J#9%4&9F!WaQV^X,!+)?4E4$!9+%F!I%&>%&*!?#F!&)9!')&I%$.4>!A0!9+4!
F4')&>,!F.#BB4$!F98>0Q[U!/+0$)%>!>0FI8&'9%)&,!>4I%&4>!#F!'B%&%'#B!)$!F8A'B%&%'#B!+0J4$<!)$!
+0J)9+0$)%>%F.,!?#F!)AF4$E4>!%&!LL^!)I!%&94$I4$)&!#Z#!_"!W;E)&4Tf X!J#9%4&9F!#&>!%&!LN^!)I!
%&94$I4$)&!#ZA!27!W349#F4$)&f X!J#9%4&9Fe!9+%F!>%II4$4&'4!?#F!&)9!F%*&%I%'#&9!WJsMQ[aXQ!/+0$)%>!
#89)%..8&%90!?#F!9+4!)&B0!)89').4!9+#9!?#F!$4J)$94>!A0!A)9+!F98>%4FQ!-))B4>!$4B#9%E4!$%F:!)I!
>4E4B)J%&*!9+0$)%>!#89)%..8&%90!?#F!MQa[!WOV^!7_!MQUP<ZQNLX!I)$!%&94$I4$)&!#Z#!_"!W;E)&4Tf X!
#&>!MQ[P!WOV^!7_!MQZN<LQ[OX!%&94$I4$)&!#ZA!27!W349#F4$)&f XQ!3#F4>!)&!9+%F!B%.%94>!>#9#,!9+4$4!
#JJ4#$F!9)!A4!B%99B4!>%II4$4&'4!A49?44&!9+4!9?)!>$8*F!$4*#$>%&*!9+4!$%F:!)I!>4E4B)J%&*!9+0$)%>!
#89)%..8&%90Q!
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(%F4#F4<.)>%I0%&*!>$8*F!I)$!"8B9%JB4!2'B4$)F%F! UZ

@(F'+%=?G%P44+:7%/4%! %-07+"4+"/0)%/0%7A5"/-3%4#0:7-/0-0$%
@"-('% !+)-$0% Y/8#'(7-/0% S07+",+07-/0% *+)#'7)%
T'4'##0$!
IAAO@@U!

%4$.%&#/0<&!
#$5$4/]!-%!/$!
2L!>$.!
=$77$HR-%!

(j@AS!
JJK"!

;(=!! @'N!
S!>;mcH^!;K!!
;(=!! @FN!!
2>;m!&<&4+!$/5&4!)'+!"T!

Z5+4$0)!)+.=-(#/0$(N!!
IIi!;(=! ! @'!<.1!IUi!;(=! ! @F!
Z5+4$0)!'-/$0>>-(0/+N!
IA12i!;(=! ! @'!<.1!IOi!;(=! ! @F!

K'4/0(&770!
@662SL!

%4$.%&#/0<&!
#$(/4$77&)!
#$5$4/]!-%!/$!
@2!>$.!

(j@U!
JJK"!

;(=!! @'N!
S!>;mcH^!"T!!
;(=!! @FN!!
2>;m!&<&4+!$/5&4!)'+!"T!

Z5+4$0)!'-/$0>>-(0/+N!
IOi!;(=! ! @'!<.1!LAi!;(=! ! @F!

!
/+$44!#>>%9%)&#B!&)&<').J#$#9%E4!)AF4$E#9%)&#B!F98>%4F!)I!9+0$)%>!>0FI8&'9%)&!%&!

%&94$I4$)&!#ZA!27!W349#F4$)&f X!J#9%4&9F!$4J)$94>!ZN!'#F4F!)I!9+0$)%>!>0FI8&'9%)&!%&!#!9)9#B!)I!LLN!
J#9%4&9FQ[V,!ZZa,!ZZO!CI!9+)F4!ZN!'#F4F,!9+4$4!?4$4!4%*+9!'#F4F!)I!'B%&%'#B!+0J4$9+0$)%>%F.!#&>!)&4!
'#F4!)I!+0J)9+0$)%>%F.!%&!#!J#9%4&9!?%9+!A#F4B%&4!F8A'B%&%'#B!+0J)9+0$)%>%F.e!#BB!)9+4$!'#F4F!
?4$4!>44.4>!F8A'B%&%'#BQ!

Liver Failure 
! 1%E4$!I#%B8$4!+#F!&)9!A44&!$4J)$94>!%&!9$%#BF!)I!#!%&94$I4$)&F,!+)?4E4$!)&4!J)F9<.#$:49%&*!
'#F4!$4J)$9!)I!B%E4$!I#%B8$4!%&!#&!"2!J#9%4&9!9#:%&*!%&94$I4$)&!#Z#!_"!W;E)&4Tf X!#JJ4#$F!9)!A4!
B%&:4>!9)!#!%&94$I4$)&!8F4QZLM!/+4!$4B#9%)&F+%J!A49?44&!%&94$I4$)&!#Z#!27!WS4A%If X!#&>!B%E4$!
I#%B8$4!%&!#!F4')&>!'#F4!$4J)$9!%F!8&'B4#$!>84!9)!')&').%9#&9!8F4!)I!#!:&)?&!+4J#9)9)T%'!>$8*QZLZ!
Y)!'#F4F!)I!B%E4$!I#%B8$4!+#E4!A44&!$4J)$94>!?%9+!_&94$I4$)&!#ZA!27!W349#F4$)&fXQ!!

ALT elevations 
! ;1/!4B4E#9%)&F,!9+4!.)F9!')..)&B0!$4J)$94>!+4J#9%'!)89').4,!#$4!'B#FF%I%4>!#'')$>%&*!
9)!9+4!Y#9%)&#B!7#&'4$!_&F9%9894iF!7)..)&!/)T%'%90!7$%94$%#!I)$!*$#>4!Z!W! !LQV!T!H1YX,!*$#>4!L!
WLQV<VQM!T!H1YX!)$!*$#>4!P!WV<LM!T!H1YX!4B4E#9%)&FQ!;B9+)8*+!)E4$#BB!%&'%>4&'4!)I!;1/!
4B4E#9%)&F!?#F!B)?4$!%&!9+4!JB#'4A)<')&9$)BB4>!9$%#BF!9+#&!%&!)AF4$E#9%)&#B!F98>%4F,!;1/!
4B4E#9%)&F!#$4!')..)&!?%9+!#BB!9+$44!J$)>8'9F!W/#AB4!LaQX!

@(F'+%=hG%Y"/8/"7-/0%/4%! %-07+"4+"/017"+(7+3%8(7-+07)%+]8+"-+0:-0$%BO@%+'+,(7-/0)%
Z#%$"(3+%Vc%#%V%5"%4/''/.1#8[%%
S07+",+07-/0% !/)($+% @"-('%3(7(j V==%

%
Y/)712("E+7-0$%
3(7( V=fH%V=X%

;(/&4=&4$(!! @'!;K!9E<$(&Ma :! YA!-C!@McH&&^! PJ! IYiRY2i!
;(/&4=&4$(!! @'!"T!9J&F0=a :! II!-C!YMcH&&^! IAi! YLiROYi!
! LL!-C!YMcH&&^! IUi! Y2iRSUi!!
;(/&4=&4$(!! @F!"T!9\&/'.&4$( a :! IOA!-C!&<&4+!$/5&4!)'+! @@i! Y2iRY6i!
*Data from ÔpivotalÕ placebo-controlled trials 
!
5')&.6&.1'! ! 7*!

;!.49#<#&#B0F%F!)I!F%T!$#&>).%c4>,!JB#'4A)<')&9$)BB4>!9$%#BF!$#&*%&*!8J!9)!9?)!04#$F!%&!
>8$#9%)&!#FF4FF4>!9+4!$%F:!)I!+4J#9%'!$4#'9%)&F,!FJ4'%I%'#BB0!;1/!4B4E#9%)&F,!%&!%&94$I4$)&!#Z#<
9$4#94>!SS"2!J#9%4&9FQZLU!/+#9!$4E%4?!I)8&>!9+#9!.)F9!J#9%4&9F!9#:%&*!)&4!)I!9+4!%&94$I4$)&!#Z#!
J$)>8'9F!?4$4!B%:4B0!9)!>4E4B)J!4B4E#94>!;1/!B4E4BF!#9!F).4!9%.4!>8$%&*!9$4#9.4&9,!#&>!9+#9!
)&F49!)I!;1/!4B4E#9%)&!)''8$$4>!I#%$B0!F))&!I)BB)?%&*!9$4#9.4&9!%&%9%#9%)&!W.4#&!LQZ<LQO!.)&9+F!
I)$!#BB!%&94$E4&9%)&FXQ!"#B4!*4&>4$!#&>!')&').%9#&9!J$)J%)&%'!#'%>!>4$%E#9%E4!8F4!W%Q4Q!&#J$)T4&!
)$!%A8J$)I4&X!F%*&%I%'#&9B0!%&IB84&'4>!9+4!'+#&'4F!)I!>4E4B)J%&*!4B4E#94>!;1/!B4E4BF!WJ`MQMMZ!
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(%F4#F4<.)>%I0%&*!>$8*F!I)$!"8B9%JB4!2'B4$)F%F! UL

I)$!A)9+!I#'9)$FXQ!HF%&*!#*4!PO!#F!#!'89<)II!J)%&9,!0)8&*4$!J#9%4&9F!>4E4B)J4>!4B4E#94>!;1/!
B4E4BF!B4FF!I$4d84&9B0!9+#&!)B>4$!J#9%4&9FQ!/+%F!>%II4$4&'4!$4#'+4>!F9#9%F9%'#B!F%*&%I%'#&'4!)&B0!
?+4&!#BB!%&94$I4$)&!#Z#<9$4#94>!J#9%4&9F!?4$4!').A%&4>!WPO^!EFQ!U[^e!JsMQMMMZXQ!;1/!
4B4E#9%)&F!#BF)!)''8$$4>!.)$4!I$4d84&9B0!%&!J#9%4&9F!$4'4%E%&*!%&94$I4$)&!#Z#!27!WS4A%If X!UU8*!
9+$44!9%.4F!#!?44:!WJ`MQMMZX!').J#$4>!9)!9+4!)9+4$!%&94$E4&9%)&FQ!S4F)B89%)&!)I!;1/!4B4E#9%)&F!
?4$4!)&B0!$4J)$94>!I)$!%&94$I4$)&!#Z#!27!WS4A%If X!#9!9+4!LL!#&>!UU8*!9+$44!9%.4F!#!?44:!>)F4Q!CI!
9+)F4!J#9%4&9F,!UQZ^!)I!LL!8*!#&>!VQV^!)I!UU!8*!J#9%4&9F!+#>!J4$F%F9%&*!;1/!4B4E#9%)&FQ!
k%9+>$#?#BF!>84!9)!;1/!)$!)9+4$!B%E4$!4&c0.4!4B4E#9%)&F!?4$4!8&')..)&!#'$)FF!9+4!9$%#BF!
WMQU^!)I!#BB!%&94$I4$)&!#Z#<9$4#94>!J#9%4&9FXQ!/+4!$#94!)I!F4$%)8F,!F0.J9).#9%'!'+#&*4F!%&!B%E4$!
I8&'9%)&,!A#F4>!)&!9$%#B!#&>!J)F9.#$:49%&*!>#9#!)I!%&94$I4$)&!#Z#,!%F!4F9%.#94>!9)!A4!ZjL,PMM!
J#9%4&9FQ!

/+4F4!I%&>%&*F!#$4!F%.%B#$!9)!9+)F4!%&!9?)!F%&*B4<#$.!F98>%4F!)I!%&94$I4$)&!#Z#!_"!
W;E)&4Tf X[L,![N!?+4$4!! *$#>4!Z!;1/!4B4E#9%)&!$#94F!$#&*4>!I$).!L[^!9)!P[^Q!!
!
5')&.6&.1'! ! 7+!!

;!J$)FJ4'9%E4,!Z<04#$!F98>0!)I!ZV[!%&94$I4$)&!#ZA!27!W$49#F4$)&f :<9$4#94>!SS"2!
J#9%4&9F!I)8&>!PNQV^!)I!+#>!de novo!B%E4$!I8&'9%)&!#B94$#9%)&!W#&!4&>J)%&9!9+#9!%&'B8>4>!A)9+!
;1/!#&>!;2/!4B4E#9%)&FXQZLV!/+#9!F98>0!#BF)!I)8&>!9+#9!%$$4FJ4'9%E4!)I!F4E4$%90!)I!B%E4$!I8&'9%)&!
#B94$#9%)&,!#BB!J#9%4&9F!+#>!B%E4$!I8&'9%)&F!?%9+%&!&)$.#B!$#&*4F!A0!P<[!.)&9+FQ!
!
5')&.6&.1'! ! 7*!#-!5')&.6&.1'! ! 7+!

;!$49$)FJ4'9%E4!'+#$9!$4E%4?!)I!aUU!J#9%4&9F!').J#$4>!;1/!4B4E#9%)&F!A#F4>!)&!9$4#94>!
?%9+!%&94$I4$)&!#Z#!_"!W;E)&4Tf X,!%&94$I4$)&!#Z#!27!WS4A%If X,!)$!%&94$I4$)&!#ZA!27!
W$49#F4$)&f XQZLP!/+4$4!?4$4!F%*&%I%'#&9!A#F4B%&4!>%II4$4&'4F!%&!9+4!J#9%4&9F!%&E)BE4>e!>%II4$4&'4F!
%&!*4&>4$,!#*4!#9!%&%9%#9%)&!)I!9$4#9.4&9!#&>!#9!>%#*&)F%F!?%9+!"2,!.4>%#&!D(22,!#&>!49+&%'%90!
?4$4!#BB!F9#9%F9%'#BB0!F%*&%I%'#&9Q!-4$+#JF!.)F9!%.J)$9#&9!'B%&%'#BB0,!.4#&!>8$#9%)&!)I!9$4#9.4&9!
?#F!#BF)!>%II4$4&9!#.)&*!9+4!%&'B8>4>!>$8*F,!$#&*%&*!I$).!ZUQN!.)&9+F!9)!LOQV!.)&9+FQ!De novo!
;1/!4B4E#9%)&F!! *$#>4!Z!$#&*4>!I$).!LP^!I)$!%&94$I4$)&!#Z#!_"!W;E)&4Tf X!9)!PaQO^!I)$!
%&94$I4$)&!#ZA!27!W$49#F4$)&f XQ!De novo!'+#&*4F!! *$#>4!L!#&>!! *$#>4!P!)''8$$4>!B4FF!
I$4d84&9B0!WJ))B4>!$#94!VQM^!#&>!ZQU^!$4FJ4'9%E4B0,!I)$!#BB!%&94$I4$)&Fe!J`MQMMVXe!)&B0!)&4!
%&94$I4$)&!#Z#!_"!W;E)&4Tf X!J#9%4&9!+#>!#!! *$#>4!L!4B4E#9%)&,!#&>!&)!%&94$I4$)&!#Z#!_"!
W;E)&4Tf X!J#9%4&9!+#>!#!!! *$#>4!P!4B4E#9%)&!W/#AB4!LOXQ!k+%B4!9+4F4!'+#&*4F!?4$4!F%*&%I%'#&9!
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Y21Ai! U12i! @1Si!
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#F!#!*$)8J!9)!JB#'4A)e!9+4$4!?#F!B%99B4!4E%>4&'4!J$)E%>%&*!>%$4'9!').J#$%F)&F!)I!#!%&94$I4$)&!
J$)>8'9FQ!2%T<.)&9+!>#9#,!A#F4>!)&!9+4![!%&'B8>4>!S7/F,!F+)?4>!9+#9!#!F%*&%I%'#&9B0!+%*+4$!
J4$'4&9#*4!)I!%&94$I4$)&!#Z#!J#9%4&9F!$4J)$94>!>4J$4FF%)&!#F!#&!#>E4$F4!4II4'9!)I!9$4#9.4&9!?+4&!
').J#$4>!9)!JB#'4A)!J#9%4&9F!WJsMQMZNX!?%9+!B%99B4!>%II4$4&'4!%&!>4J$4FF%)&!$#94F!A49?44&!9+4!
%&94$I4$)&!#Z#!J$)>8'9F\!V<ZL^!I)$!%&94$I4$)&!#Z#!27!WS4A%If X!#&>!Za^!I)$!%&94$I4$)&!#Z#!_"!
W;E)&4Tf XQ!1)&*<94$.!4E%>4&'4,!#*#%&!A#F4>!)&!9+4![!%&'B8>4>!S7/F,!F+)?4>!9+#9!9+4$4!?#F!&)!
B)&*4$!#!F%*&%I%'#&9!>%II4$4&'4!A49?44&!%&94$I4$)&!#Z#!27!WS4A%If X!#&>!JB#'4A)!WJsMQaPX!#9!L!
04#$FQ!28%'%>4!)$!F8%'%>4!#994.J9!$#94F,!#>58F94>!I)$!B4&*9+!)I!4TJ)F8$4,!?4$4!F%.%B#$!I)$!A)9+!
%&94$I4$)&!#Z#!#&>!JB#'4A)!*$)8JF!WCS!MQNN!OV^!7_!MQPM<ZQPX!#B9+)8*+!$4F8B9F!?4$4!&)9!
F9$#9%I%4>!A0!90J4!)I!%&94$I4$)&!#Z#!#&>!>)F4Q!2%.%B#$B0,!?%9+>$#?#B!$#94F!>84!9)!>4J$4FF%)&!#F!#&!
#>E4$F4!4E4&9!?4$4!&)9!F%*&%I%'#&9B0!>%II4$4&9!A49?44&!9+4!%&94$I4$)&!#Z#!J$)>8'9F!WZQP^!%&!9$%#BF,!
ZQV^!%&!J)F9.#$:49%&*!F98>%4FX!#&>!JB#'4A)!WMQ[^!%&!9$%#BFe!JsMQZZ[QX!!

C8$!)?&!#&#B0F%F!)I!9+4!#BB!J8AB%F+4>!9$%#BF!$4J)$9%&*!$#94F!)I!>4J$4FF%)&!%&>%'#94F!#!&)&<
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%&>%'#94F!&)!F%*&%I%'#&9!>%II4$4&'4!#.)&*!9+4!%&94$I4$)&F!I)$!$%F:!)I!>4J$4FF%)&!#B9+)8*+!9+4!
$4B#9%E4!$%F:F!I#E)$4>!%&94$I4$)&!#ZA!27!W349#F4$)&f X!)E4$!9+4!#Z#!J$)>8'9F,!#&>!%&94$I4$)&!#Z#!
27!WS4A%If X!+#>!#!+%*+4$!J))B4>!4F9%.#94!').J#$4>!9)!%&94$I4$)&!#Z#!_"!W;E)&4TfXQ!!34'#8F4!
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!
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&/28("-)/0% *+'(7-,+%*-)E%ZhTg%&S[!

;(/&4=&4$(!! @F!"T!9\&/'.&4$( a :<.!0(/&4=&4$(!! @'!"T!9J&F0=a :! A1UI!9A1LA!/$@1I6:!
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*+,$-&,.%&!,/%$,$%!
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&)&<$#&>).%c4>!F98>%4F!%F!')&F%F94&9!?%9+!9+#9!I$).!J$4E%)8FB0!>%F'8FF4>!9$%#BFQZLO<ZPL!Y)!
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R%&#B!S4J)$9!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!($8*!DII4'9%E4&4FF!S4E%4?!-$)54'9!
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! !-#$%&'%&(#)!6)7!8+,$-&,.%&!,/%$,$%!

Tolerability  
! /+4$4!%F!B%99B4!#>>%9%)&#B!4E%>4&'4!$4*#$>%&*!9+4!').J#$#9%E4!F#I490!)I!%&94$I4$)&F!#&>!
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;(/&4=&4$(!! @F!"T!
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l"+./&>0#!4&'#/0$(.!H&4&!'7.$!4&%$4/&)!0(!ILi!'()!Ui!$=! C7'/04'>&4!%'/0&(/.!0(!/40'7.!'()!($(RJTZ.!4&.%&#/0<&7+]!
/5&4&!'4&!($!4&%$4/.!$=!/50.!$-/#$>&!'..$#0'/&)!H0/5!! !0(/&4=&4$(!-.&1!

Depression 
;!F.#BB!W&sZ[PX!')+)$9!F98>0!A0!-#994&,!49!#BQZPN!8F4>!#!7#&#>%#&!$4%.A8$F4.4&9!

>#9#A#F4!9)!#FF4FF!9+4!%&'%>4&'4!)I!>4J$4FF%)&!%&!SS"2!J#9%4&9F!$4'4%E%&*!#&0!#!%&94$I4$)&!
W&s[[X!').J#$4>!9)!*B#9%$#.4$!#'49#94!W&sONXQ!/+4$4!?#F!F).4!+494$)*4&4%90!A49?44&!9+4!
*$)8JFQ!2J4'%I%'#BB0,!9+4!#!%&94$I4$)&<9$4#94>!J#9%4&9F!+#>!FB%*+9B0!+%*+4$!D(22!#&>!>4J$4FF%)&!
F')$4F!#&>!FB%*+9B0!B)?4$!d8#B%90!)I!B%I4!F')$4F!#9!A#F4B%&4Q!_&!#>>%9%)&,!>4J$4FF%)&!?#F!')..)&!
#.)&*!"2!J#9%4&9F,!A)9+!#9!A#F4B%&4!WLaQa^!I)$!#!%&94$I4$)&F!#&>!LLQN^!I)$!*B#9%$#.4$!#'49#94X!
#&>!#9!I)BB)?<8J,!$4*#$>B4FF!)I!%&94$E4&9%)&Q!k+%B4!*B#9%$#.4$!#'49#94<9$4#94>!J#9%4&9F!94&>4>!9)!
+#E4!B)?4$!>4J$4FF%)&!F')$4F,!9+4$4!?#F!&)!F%*&%I%'#&9!>%II4$4&'4!%&!>4J$4FF%)&!F')$4!#9!P!.)&9+!
I)BB)?<8J!A49?44&!#!%&94$I4$)&F!#&>!*B#9%$#.4$!#'49#94!WUMQM^!EF!LZQP^!$4FJ4'9%E4B0,!JsMQZLXQ!
/+%F!>%II4$4&'4!$4.#%&4>!%&F%*&%I%'#&9!?+4&!#&0!9%.4!J)%&9F!)I!I)BB)?<8J!?4$4!')&F%>4$4>\!
PUQM^!I)$!#!%&94$I4$)&F!#&>!LVQP^!I)$!*B#9%$#.4$!#'49#94,!JsMQPZLQ!!

Cancer 
! ;!')+)$9!)I!J#9%4&9F!%&!_F$#4B!?%9+!"2!W90J4!&)9!FJ4'%I%4>X!9$4#94>!?%9+!#!%&94$I4$)&F!)$!
*B#9%$#.4$!#'49#94!?#F!').J#$4>!9)!+4#B9+0!')&9$)BF!9)!#FF4FF!9+4!%&'%>4&'4!)I!'#&'4$!#&>!9+4!
4II4'9!)I!#!%&94$I4$)&!)$!*B#9%$#.4$!#'49#94!8F4!)&!'#&'4$!$#94FQZPa!/+%F!F98>0!I)8&>!9+#9!A#F4B%&4!
&)&<A$4#F9!'#&'4$!%&'%>4&'4!%F!B)?4$!%&!?).4&!?%9+!"2!?+4&!').J#$4>!9)!9+4!*4&4$#B!
J)J8B#9%)&!#&>!9+#9!8F4!)I!4%9+4$!#!%&94$I4$)&F!)$!*B#9%$#.4$!#'49#94!.#0!%&'$4#F4!9+4!$%F:!)I!
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>4E4B)J%&*!'#&'4$!%&!?).4&Q!=)?4E4$,!9+%F!>%II4$4&'4!>%>!&)9!$4#'+!F9#9%F9%'#B!F%*&%I%'#&'4!#&>!
9+4$4!?#F!&)!F%*&%I%'#&9!$%F:!>%II4$4&'4!I)$!A$4#F9!'#&'4$!%&!?).4&!)$!.4&Q!1#$*4$!F98>%4F!')8B>!
J)94&9%#BB0!E#B%>#94!#!'#8F#B!B%&:!A49?44&!#!%&94$I4$)&!)$!*B#9%$#.4$!#'49#94!8F4!#&>!%&'$4#F4>!
'#&'4$!$%F:,!+)?4E4$!A#F4>!)&!9+4!$4F8B9F!)I!9+%F!F98>0!&)!F8'+!B%&:!'#&!A4!J$)E4&!)$!>%FJ$)E4&Q!

0,$,+-12.,3!

Progressive Multifocal Leukoencephalopathy (PML) 
! -"1!%F!#!F4$%)8F,!J$)*$4FF%E4!&48$)B)*%'!>%F)$>4$!'#8F4>!A0!%&I4'9%)&!)I!9+4!'4&9$#B!
&4$E)8F!F0F94.!A0!h7!E%$8F,!#!.4.A4$!)I!9+4!J#J)E#E%$8F!I#.%B0Q!h7!E%$8F!%F!'#$$%4>!%&!#!B#94&9!
I)$.!A0!NM<NV^!)I!9+4!*4&4$#B!J)J8B#9%)&!A89!*4&4$#BB0!>)4F!&)9!'#8F4!F0.J9).FQ!-"1!%F!$#$4,!
A89!?+4&!%9!)''8$F!%9!I$4d84&9B0!$4F8B9F!%&!%$$4E4$F%AB4!&48$)B)*%'!>494$%)$#9%)&!#&>!>4#9+,!#&>!
9+4$4!%F!&)!:&)?&!4II4'9%E4!9$4#9.4&9!I)$!9+4!>%F4#F4QZPO!/?)!J#9%4&9F!?%9+!"2!#&>!)&4!?%9+!
7$)+&iF!>%F4#F4!9$4#94>!?%9+!&#9#B%c8.#A!W/0F#A$%f X!?4$4!$4J)$94>!9)!+#E4!>4E4B)J4>!-"1QZUM<

ZUL!! !
;&!4E#B8#9%)&!)I!#BB!J#9%4&9F!?+)!+#>!$4'4%E4>!&#9#B%c8.#A!%&!'B%&%'#B!9$%#BF!)$!E%#!

').J#FF%)&#94!8F4!'$%94$%#!)$!#I94$!R(;!#JJ$)E#B!W&sPUZNX!?#F!8&>4$9#:4&QZUP!!PPaO!J#9%4&9F!
?4$4!I)BB)?4>!8J,!8F%&*!&48$)B)*%'#B!4T#.,!A$#%&!"S_,!#&>!'4$4A$)FJ%&#B!IB8%>!F#.JB4FQ!UU!
J#9%4&9F!WZQP^X!+#>!I%&>%&*F!)I!J)FF%AB4!-"1Q!(#9#!?4$4!9+4&!4T#.%&4>!A0!#&!4TJ4$9!J#&4Be!UP!
J)94&9%#B!'#F4F!?4$4!$8B4>!)89,!#&>!)&4!J#9%4&9!$4I8F4>!I8$9+4$!I)BB)?<8JQ!/+4!#89+)$F!9+4&!
4F9%.#94!9+4!%&'%>4&'4!)I!-"1!#9!ZQM!J4$!ZMMM!9$4#94>!J#9%4&9F!WOV^!7_!MQL!9)!LQa!J4$!ZMMMX!
A#F4>!)&!9+4!P!)$%*%&#B!'#F4FQ!34'#8F4!9+4F4!P!J#9%4&9F!+#>!#BF)!A44&!$4'4%E%&*!
%..8&).)>8B#9)$F!)$!%..8&)F8JJ$4FF#&9F,!%9!%F!$4')..4&>4>!9+#9!&#9#B%c8.#A!A4!8F4>!)&B0!#F!
.)&)9+4$#J0Q!!!

4-$(5,#$&(#%!
! 2.#BB!W&s!N!9)!PZX!A4I)$4<#I94$!F98>%4F!)I!J#9%4&9F!?%9+!E#$%)8F!'#94*)$%4F!)I!"2!+#E4!
A44&!$4J)$94>QZUU<ZU[!/+4F4!F98>%4F!8F4>!>%II4$%&*!>)F%&*!#&>!F'+4>8B4F!WV!.*j.L!4E4$0!P!.)&9+F!
T!ZL,!EFQ!a!.*j.L!4E4$0!P!?44:F!T!N,!EFQ!ZM.*j.L!4E4$0!.)&9+!T!P,!9+4&!4E4$0!P!.)&9+F!9)!#!
9)9#B!>)F4!)I!ZVM!.*j.LXQ!/+4!.)F9!')..)&!#>E4$F4!4E4&9F!$4J)$94>!?4$4!&#8F4#!WPO!9)!NZ^!X,!
#B)J4'%#!WZP!9)!LO^X,!!I#9%*84!WN^X,!#&>!%&!)&4!F98>0!VN^!)I!?).4&!$4J)$94>!9$#&F%4&9!
F4')&>#$0!#.4&)$$+4#Q!

Cardiotoxicity 
! /+%$944&!J4$'4&9!)I!PZ!J#9%4&9F!$4'4%E%&*!V!.*j.L!4E4$0!P!.)&9+F!$4d8%$4>!
>%F')&9%&8#9%)&!)I!9$4#9.4&9!>84!9)!$4>8'9%)&!)I!B4I9!E4&9$%'8B#$!454'9%)&!I$#'9%)&!9)!`js!VM^,!
#B9+)8*+!'8.8B#9%E4!>)F4!#9!9+4!9%.4!)I!>%F')&9%&8#9%)&!?#F!&)9!$4J)$94>QZUU!!_&!#!E4$0!F.#BB!
F98>0,!N!J#9%4&9F!?+)!+#>!$4'4%E4>!'8.8B#9%E4!>)F4F!)I![[!9)!ZOa!.*j.L!+#>!o&)$.#B!
d8#&9%9#9%E4!'#$>%#'!I8&'9%)&p!#I94$!ZL!.)&9+F!)I!9$4#9.4&9QZU[!!!

/+4!B)&*<94$.!$%F:!)I!F4$%)8F!'#$>%#'!#>E4$F4!4E4&9F!?%9+!.%9)T#&9$)&4!WY)E#&9$)&4f X!
8F4!%&!J#9%4&9F!?%9+!SS,!2-,!--"2,!)$!#&)9+4$j8&:&)?&!>%#*&)F%F!?#F!#FF4FF4>!%&!#!.49#<
#&#B0F%F!)I!9+$44!F98>%4FQZUN!/+4!.49#<#&#B0F%F!?#F!A#F4>!)&!J#9%4&9!>#9#!W&sZPNaX!I$).!)&4!
J+#F4<___!9$%#B!#&>!9?)!)J4&<B#A4B,!&)&').J#$#9%E4!F98>%4F!#E#%B#AB4!%&!#AF9$#'9!I)$.!)&B0Q!/+4!
I8BB!$4F8B9F!)I!9+4!9$%#BZMU!?4$4!%&'B8>4>!%&!9+4!"#$9%&4BB%!3)&4F'+%!F0F94.#9%'!$4E%4?!>%F'8FF4>!
#A)E4Q!/?)!'#F4F!)I!I#9#B!')&*4F9%E4!+4#$9!I#%B8$4!W7=RX!?4$4!$4J)$94>!WMQZV^,!OV^!7_!MQML<
MQVL^X,!#B9+)8*+!)&4!)I!9+4!7=R!>4#9+F!')8B>!&)9!A4!>4I%&%9%E4B0!B%&:4>!9)!.%9)T#&9$)&4!8F4Q!



R%&#B!S4J)$9!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!($8*!DII4'9%E4&4FF!S4E%4?!-$)54'9!

(%F4#F4<.)>%I0%&*!>$8*F!I)$!"8B9%JB4!2'B4$)F%F! U[

;F0.J9).#9%'!1gDR`VM^!?#F!$4J)$94>!%&!ZNjNNO!J#9%4&9F!I)$!?+).!>#9#!?#F!#E#%B#AB4!WLQZa^,!
OV^!7_!ZQLa<PQUN^XQ!R8$9+4$!#&#B0F%F!A0!9+4!F98>0iF!#89+)$F!I)8&>!9+#9!J#9%4&9F!$4'4%E%&*!#!
'8.8B#9%E4!>)F4!`ZMM.*j.L!+#>!#!B)?4$!%&'%>4&'4!)I!#F0.J9).#9%'!1gDR!`VM^!9+#&!9+)F4!
J#9%4&9F!$4'4%E%&*!! ZMM.*j. L,!#B9+)8*+!9+%F!>%>!&)9!$4#'+!F9#9%F9%'#B!F%*&%I%'#&'4!W%&'%>4&'4!)I!
ZQa^!EFQ!VQM^e!JsMQM[XQ!

Cancer 
/+4!$%F:!)I!9+4$#J0<$4B#94>!#'894!B48:4.%#!W9<;1X!%&!#!.%T4>!"2!J)J8B#9%)&!W&sZPNaX!

?#F!#FF4FF4>!%&!#!.49#<#&#B0F%F!9+#9!%&'B8>4>!J#9%4&9!>#9#!I$).!9+$44!F98>%4F!W)&4!JB#'4A)<
')&9$)BB4>!9$%#B!#&>!9?)!)J4&<B#A4B!F98>%4Fe!.4#&!B4&*9+!)I!I)BB)?<8J!P[!.)&9+FXQZUa!/+4$4!?4$4!
9?)!$4J)$9F!)I!9<;1,!A)9+!%&!0)8&*!?).4&!?+)!+#>!$4'4%E4>!NM!.*j.L!'8.8B#9%E4!>)F4!)I!
.%9)T#&9$)&4!W%&'%>4&'4!MQZV^XQ!;&!#>>%9%)&#B!&%&4!J8AB%'#9%)&F!W)&4!9$%#B,!)&4!)J4&<B#A4B!F98>0!
#&>!F4E4&!#AF9$#'9FX!').J$%F%&*!LUL!"2!J#9%4&9F!?4$4!F4#$'+4>!I)$!$4J)$9F!)I!9<;1,!+)?4E4$!&)!
#>>%9%)&#B!'#F4F!?4$4!%>4&9%I%4>Q! !

L+5%D#+)7-/0%f^%NA(7%-)%7A+%+44+:7-,+0+))%/4%3-)+()+12/3-45 -0$%7"+(72+07)%4/"%
8(7-+07)%.-7A%(%:'-0-:(''5%-)/'(7+3%)503"/2+e%

&'-0-:(''5%-)/'(7+3%)503"/2+%Z&S9[%

Q2..,&:!
! /+4!4E%>4&'4!)&!9+4!8F4!)I!>%F4#F4<.)>%I0%&*!>$8*F!%&!J#9%4&9F!?%9+!#!7_2!9)!8B9%.#94B0!
J$4E4&9!J$)*$4FF%)&!9)!"2!%F!B%.%94>!9)!P!9$%#BF!WN!J8AB%'#9%)&FX!%&E)BE%&*!9+4!#!%&94$I4$)&FPU,!ZUO<

ZVV!W/#AB4F!La!#&>!LOQX!DE%>4&'4!F8**4F9F!9+#9!#BB!9+$44!#!%&94$I4$)&!J$)>8'9F!$4>8'4!9+4!
J$)A#A%B%90!)I!')&E4$9%&*!I$).!7_2!9)!'B%&%'#BB0!>4I%&%94!"2!)E4$!L!9)!V!04#$!J4$%)>FQ!;9!P!04#$F,!
;E)&4T; !?#F!F8J4$%)$!9)!JB#'4A)!?%9+!#!$#94!$#9%)!)I!MQV[!WOV^!7_!MQPa<MQaZXQ!;9!L!04#$F,!A)9+!
349#F4$)&f !#&>!S4A%If !?4$4!#BF)!F8J4$%)$!9)!JB#'4A)\!$#94!$#9%)F!MQVM!WOV^!7_!MQP[<MQNMX!#&>!
MQ[V!WOV^!7_!MQUV!9)!MQOUX!$4FJ4'9%E4B0Q!!!

Y)!4E%>4&'4!?#F!I)8&>!I)$!*B#9%$#.4$!#'49#94,!&#9#B%c8.#A!)$!.%9)T#&9$)&4Q!!!

9%$,-+%>!P))%)).%#$!

Direct evidence 
! Y)!+4#><9)<+4#>!9$%#BF!+#E4!A44&!')&>8'94>Q!

Indirect evidence 
! /+$44!JB#'4A)<')&9$)BB4>!9$%#BF!W?%9+!.8B9%JB4!J8AB%'#9%)&FX!+#E4!A44&!')&>8'94>,!)&4!
?%9+!4#'+!)I!9+4!!%&94$I4$)&!J$)>8'9F!E4$F8F!JB#'4A)!W/#AB4!PPQXPU,!ZUO,!ZVZ<ZVV!!;BB!P!9$%#BF!F+)?!#!
F9#9%F9%'#BB0!F%*&%I%'#&9!$4>8'9%)&!%&!9+4!J$)J)$9%)&!)I!J#9%4&9F!#&>!9+4!9%.4!9)!')&E4$9%&*!9)!
'B%&%'#BB0!>4I%&%94!"2!').J#$4>!9)!JB#'4A)!WF44!/#AB4!LaX!?%9+!$4B#9%E4!$%F:F!)$!+#c#$>!$#9%)F!%&!
9+4!MQV!9)!MQ[V!$#&*4!#&>!YY/!)I![!I)$!%&94$I4$)&!#!ZA!W349#F4$)&f X,!N!I)$!%&94$I4$)&!#!Z#!
W;E)&4Tf X,!#&>!ZM!I)$!%&94$I4$)&!#!Z#!WS4A%If XQ!/+4!9?)!9$%#BF!)I!%&94$I4$)&!#!Z#!J$)>8'9F!?4$4!
B)?!>)F4,!?%9+!?44:B0!%&54'9%)&Fe!?+%B4!9+4!$4'4&9!F98>0!)I!%&94$I4$)&!#!ZA!W349#F4$)&f X,!9+4!
3DYDR_/!F98>0,!8F4>!4E4$0!)9+4$!>#0!>)F%&*Q!/+4!J#9%4&9!J)J8B#9%)&F!4&$)BB4>!%&!9+4!F98>%4F!#$4!
F).4?+#9!>%II4$4&9,!?%9+!9+4!F98>0!)I!%&94$I4$)&!#!Z#!2n!WS4A%If XZVU!4&$)BB%&*!J#9%4&9F!.8B9%I)'#B!
J$4F4&9#9%)&,!#!+%*+4$!J4$'4&9#*4!?%9+!*#>)B%&%8.!4&+#&'%&*!A$#%&!B4F%)&F,!#&>!B4F%)&F!?%9+!
B#$*4$!.4>%#&!E)B8.4!').J#$4>!9)!9+4!').J#$4>!9)!9+4!)9+4$!L!F98>%4F!WF44!/#AB4!PPXQPU,!ZVV!;BB!



R%&#B!S4J)$9!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!($8*!DII4'9%E4&4FF!S4E%4?!-$)54'9!

(%F4#F4<.)>%I0%&*!>$8*F!I)$!"8B9%JB4!2'B4$)F%F! UN

J#9%4&9F!4&$)BB4>!%&!/+4!7)&9$)BB4>!=%*+!S%F:!28A54'9F!;E)&4T!"8B9%JB4!2'B4$)F%F!-$4E4&9%)&!
298>0!W7=;"-2X!$4'4%E4>!F9#&>#$>%c4>!')$9%')F94$)%>!9$4#9.4&9!I)$!9+4!%&%9%#B!4J%F)>4!#&>!?4$4!
4&$)BB4>!?%9+%&!L!?44:F!)I!%&%9%#B!F0.J9).!J$4F4&9#9%)&,!?+%B4!J#9%4&9F!%&!9+4!)9+4$!L!F98>%4F!
?4$4!4&$)BB4>!?%9+%&!L!)$!P!.)&9+F!)I!%&%9%#B!J$4F4&9#9%)&!#&>!9$4#9.4&9!)I!9+4!4J%F)>4!?#F!&)9!
F9#&>#$>%c4>Q!PU,!ZVV!!!/+4!$4'4&9!3DYDR_/!F98>0!)I!%&94$I4$)&!#!ZA!W349#F4$)&f X!4&$)BB4>!J#9%4&9F!
?%9+!#9!B4#F9!L!F%B4&9!"S_!B4F%)&F,!#&>!.#0!$4J$4F4&9!#!*$)8J!)I!J#9%4&9F!#9!+%*+4$!$%F:!I)$!
J$)*$4FF%&*!9)!"2QZV[!34'#8F4!9+4$4!#$4!#JJ#$4&9!'B%&%'#B!>%II4$4&'4F!%&!9+4!J)J8B#9%)&F!4&$)BB4>,!
#&>!A4'#8F4!9+4$4!%F!)&B0!Z!9$%#B!)I!4#'+!>$8*,!#&!%&>%$4'9!.49#<#&#B0F%F!)I!9+4F4!>#9#!?#F!&)9!
8&>4$9#:4&Q!!7=;"-2!?#F!F9)JJ4>!4#$B0!#I94$!#!JB#&&4>!%&94$%.!#&#B0F%F!%&>%'#94>!#!F%*&%I%'#&9!
>%II4$4&'4!%&!A4&4I%9!A49?44&!9+4!*$)8JFQZVV!!k+%B4!9+4!J$%.#$0!4&>J)%&9!)I!')&E4$F%)&!9)!
'B%&%'#BB0!>4I%&%94!"2!?#F!>4I%&4>!FB%*+9B0!>%II4$4&9B0!%&!9+4!P!F98>%4F,!9+40!?4$4!A#F4>!J$%.#$%B0!
)&!#!$4B#JF4!)I!9+4!%&%9%#B!)$!&4?!F0.J9).FQ!!/+4!F98>0!)I!%&94$I4$)&!#!ZA!W349#F4$)&f X!#BF)!8F4>!
9+4!"'()&#B>!'$%94$%#!?+%'+!%&')$J)$#94F!"S_!I%&>%&*FQ!!!

_&!#!J)F9<+)'!#&#B0F%F!)I!9+4!7=;"-2!>#9#,!)&B0!J#9%4&9F!')&F%>4$4>!#9!+%*+!$%F:!)I!
')&E4$F%)&!9)!"2!W! O!/L<?4%*+94>!+0J4$%&94&F4!B4F%)&F!#&>!bjsZ!*#>)B%&%8.!4&+#&'4>!B4F%)&X!
?4$4!%&'B8>4>Q!/+%F!?#F!#!F.#BB!*$)8J!)I!J#9%4&9F!W&sOZe!LU^!)I!9+4!9)9#B!4&$)BB4>XQ!/+%F!
#&#B0F%F!I)8&>!9+4!$#94!$#9%)!9)!A4!MQPUU!WOV^!7_!MQZN<MQNMe!JsMQMMLXQ!/+%F!').J#$4F!9)!#!$#94!
$#9%)!)I!MQV[!WOV^!7_!MQPa<MQaZe!JsMQMMLX!%&!9+4!9)9#B!J)J8B#9%)&Q!_&!9+4!3DYDR_/F!F98>0!)I!
%&94$I4$)&!#!ZA!W349#F4$)&f X,!.8B9%JB4!F8A*$)8J!#&#B0F4F!?4$4!8&>4$9#:4&,!4T#.%&%&*!9+4!4II4'9F!
%&!.)&)I)'#B!E4$F8F!.8B9%I)'#B!J$4F4&9#9%)&,!#&>!J#9%4&9F!?%9+!)$!?%9+)89!*#>)B%&%8.!4&+#&'4>!
B4F%)&F!)$!! !O!/L<?4%*+94>!+0J4$%&94&F4!B4F%)&FQ!/+4!$4F8B9F!%&>%'#94>!#!F%*&%I%'#&9!A4&4I%9!%&!#BB!
*$)8JF,!?%9+!+#c#$>!$#9%)F!$#&*%&*!I$).!MQUM!%&!J#9%4&9F!?%9+!`O!/L!B4F%)&F,!9)!MQ[P!%&J#9%4&9F!
?%9+!.8B9%I)'#B!J$4F4&9#9%)&!W').J#$4>!9)!#!+#c#$>!$#9%)!)I!MQVM,!OV^!7_!!MQP[<MQNM!%&!9+4!
)E4$#BB!F98>0!*$)8JXQ!34'#8F4!9+4F4!#$4!F8A*$)8J!#&#B0F4F,!?%9+!$4B#9%E4B0!F.#BB!&8.A4$F!)I!
J#9%4&9F!%&!4#'+!*$)8J,!9+4F4!$4F8B9F!F+)8B>!A4!%&94$J$494>!?%9+!'#89%)&Q!!!

@(F'+%ffG%P44-:(:5%/4%! %-07+"4+"/0)%-0%8(7-+07)%.-7A%(%:'-0-:(''5%-)/'(7+3%)503"/2+%
97#35%
D#('-75%

S07+"4+"/0%
!/)+l9:A+3#'+%

M%
6+(0%B$+%

R()+'-0+%Y"+)+07(7-/0% &/0,+")-/0%7/%69%

"#$%&'%&(#!! !E,?!
TbEK8"!!
s'#$F.!IAAA!
9E<$(&Mf :!
d'04!

YA!>#C!;K!H&&^7+!M!Y!
+&'4.!

;=(!! @'!@6Y!
87'#&F$!@6A!
YY!+4.!

"0/&!$=!;(<$7<&>&(/̂%
!!!!!"%0('7!T$4)!IIi!
!!!!!B%/0#!(&-40/0.!OAi!
!!!!!\4'0(!"/&>cT&4&F&77->!I2i!
i!H0/5!C')$70(0->!&(5'(#0(C!
7&.0$(.!I2i!
K&)0'(!<$7->&!$=!7&.0$(.!$(!ZI!
H&0C5/&)!KJ;!IAO@!>>I!

i!/4&'/&)!H0/5!./&4$0).N!@AAi!

T->-7'/0<&!%4$F'F070/+!!
;=(!! @'!YOi!
87'#&F$!OAi!!
J'/&!4'/0$!A1OS!96Oi!
T;!A1Y2pA12@:!
PPZ!U!

T$>0!IAA@!
9J&F0=f :!
d'04!

II!>#C!"T!H&&^7+!M!
I!+&'4.!

;=(!! @'!@OL!
87'#&F$!@OO!
I6!+4.!

"0/&!$=!;(<$7<&>&(/N!
!!!!!"%0('7!T$4)!I2i!
!!!!!!B%/0#!(&-40/0.!YIi!
!!!!!!\4'0(!"/&>cT&4&F&77->!OIil!
i!H0/5!C')$70(0->!&(5'(#0(C!
7&.0$(.!$(!Z@N!O2i!
K&)0'(!<$7->&!$=!7&.0$(.!$(!ZI!
!H&0C5/&)!KJ;N!L6SL!p!OOLI!>>I!

i!/4&'/&)!H0/5!./&4$0).N!UAi!

;=(!! @'!OIc@OL!9YLi:!
87'#&F$!S6c@OL!9LOi:!!
J'/&!4'/0$!A1SO!96Oi!
T;!A1LORA16L:!
PPZ!@A!

"#$%&'%&(#!! !E3?!
\?P?d;Z!
*'%%$.!IAAS!
9\&/'.&4$( a :!
`$$)!

IOA( C!"T!&<&4+!
$/5&4!)'+!M!I!+&'4.!

;(=!! !@F!I6I!
87'#&F$!@US!

"0/&!$=!;(<$7<&>&(/N!
K$($=$#'7R!OYi!
!!!!!"%0('7!T$4)!@Ui!
!!!!!B%/0#!P&4<&!@Ui!

8$.&4!#40/&40'!9TDK":N!
;(=!! !@F!UOcI6I!9ISi:!
87'#&F$!UUc@US!9LLi:!
b'Q'4)!4'/0$!A1OA!



R%&#B!S4J)$9!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!($8*!DII4'9%E4&4FF!S4E%4?!-$)54'9!

(%F4#F4<.)>%I0%&*!>$8*F!I)$!"8B9%JB4!2'B4$)F%F! Ua

!!!!!\4'0(!"/&>cT&4&F&77->!@Ii!
!!!!!B/5&4!Ui!
K-7/0=$#'7R!LUi!
i!H0/5!C')$70(0->!&(5'(#0(C!
7&.0$(.!$(!Z@N!LIi!
K&)0'(!<$7->&!$=!ZI!7&.0$(.N!
@6O@1Ox@2O21O!>>I! 94'(C&!O6IR
OAI6:!
i!/4&'/&)!H0/5!./&4$0).N!U@i!

96Oi!T;!A1YSRA1UA:!
PPZ!S!
!
K#D$('7)!#40/&40'!
9K#D$('7)!K":N!
;(=!! !@F!@6@cI6I!
9SOi:!
87'#&F$!@LIc@US!
92@i:!
b'Q'4)!4'/0$!A1OL!
96Oi!T;!A1LYRA1SU:!
b4,B3N!P$!.0C(0=0#'(/!
#5'(C&!=4$>!F'.&70(&!
0(!&0/5&4!C4$-%!

*Total exceeds 100% - more than one site counted. 
 

(%F')&9%&8#9%)&!)I!#FF%*&4>!9$4#9.4&9!I)$!$4#F)&F!)9+4$!9+#&!')&E4$F%)&!9)!"2!?4$4!&)9!
F%*&%I%'#&9B0!*$4#94$!%&!9+4!#!%&94$I4$)&!*$)8JF,!#B9+)8*+!%&!9+4!9$%#B!)I!%&94$I4$)&!#!ZA!
W349#F4$)&f X!.)$4!J#9%4&9F!4%9+4$!>%F')&9%&84>!%&94$I4$)&!4#$B0!or!?4$4!B)F9!9)!I)BB)?!8J!
').J#$4>!9)!JB#'4A)!WLZ^!EFQ!Z[^XQ!k%9+>$#?#BF!>84!9)!#>E4$F4!4E4&9F!?4$4!F%*&%I%'#&9B0!
+%*+4$!?%9+!%&94$I4$)&!#!ZA!W349#F4$)&f X!#&>!F%*&%I%'#&9B0!lower!?%9+!%&94$I4$)&!#!Z#!_"!
W;E)&4Tf X!').J#$4>!9)!JB#'4A)Q!/+4!9$%#B!)I!%&94$I4$)&!#!Z#!2n!WS4A%If X!$4J)$94>!)&B0!P!
?%9+>$#?#BF!>84!9)!#>E4$F4!4E4&9F,!A89!>%>!&)9!FJ4'%I0!9)!?+%'+!*$)8JWFX!9+4!J#9%4&9F!+#>!A44&!
#FF%*&4>!WF44!/#AB4!PUXQ!!!

/+4!F98>%4F!>%>!&)9!>4F'$%A4!.49+)>F!)I!#F'4$9#%&%&*!#>E4$F4!4E4&9F!#&>!9+4!$4J)$9%&*!)I!
#>E4$F4!4E4&9F!%F!FJ#$F4Q!/+4!%&'%>4&'4!)I!#>E4$F4!4E4&9F!?4$4!F%*&%I%'#&9B0!+%*+4$!%&!9+4!#!
%&94$I4$)&!*$)8JF!').J#$4>!9)!9+4!JB#'4A)!*$)8JF!I)$!.)F9!')..)&B0!)''8$$%&*!#>E4$F4!4E4&9F,!
F8'+!#F!%&IB84&c#<B%:4!F0&>$).4Q!S#94F!)I!F4$%)8F!#>E4$F4!4E4&9F!?4$4!&)9!>%II4$4&9!%&!#&0!9$%#B,!
#&>!$#94F!)I!>4J$4FF%)&!?4$4!&)9!F%*&%I%'#&9B0!+%*+4$!%&!9+4!L!9$%#BF!$4J)$9%&*!9+%F!)89').4!
W%&94$I4$)&!#!ZA!W349#F4$)&f X!#&>!%&94$I4$)&!#!Z#!W;E)&4Tf QX!!!

@(F'+%fXG%B3,+")+%+,+07)%/4%! %-07+"4+"/0)%-0%&'-0-:(''5%S)/'(7+3%9503"/2+%
97#35%
D#('-75%

S07+"4+"/0%
!/)+l9:A+3#'+%

N-7A3"(.('%3#+%7/%B3,+")+%P,+07)% B3,+")+%P,+07%*(7+)%
S401! V(%,)G%Y'(:+F/H%8%,('#+%

"#$%&'%&(#!! !E,?!
TbEK8"!
IAAA!
9E<$(&Mf :!
d'04!

YA!>#C!;K!
H&&^7+!M!Y!+&'4.!

;=(R! @'!Lc@6Y!9A1Oi:!
87'#&F$!Uc@6A!9Li:!
P!j!A1AYOOl!

d7-R70^&!.+()4$>&!9@./ !S!>$.:!
OLi!<.1!ISi!%kA1AA@!
D&%4&..0$(!
IAi!<.1@YiW!%jA1ASLO!
"&40$-.!')<&4.&!&<&(/.!
Si!<.1@AiW!P"!
P&-/4'70Q0(C!'(/0F$)0&.]!
k@i!'/!@IW!@2!>$.W!Ii!'/!ILW!YA!>$.!

T$>0!IAA@!

9J&F0=
f

:!
d'04!

II!>#C!"T!
H&&^7+!M!I!+&'4.!

E!/$/'7!$=!Y!H0/5)4&H!)-&!/$!')<&4.&!
&<&(/.!p!./4'/0=0#'/0$(!F+!C4$-%!($/!
4&%$4/&)1!9A1U2i!$<&4'77]!@16Oi!0=!
'..->&)!'77!=4$>!J&F0=a!C4$-%:!

;([&#/0$(!.0/&!4&'#/0$(.!!
SAi!<.1!@IiW!%kA1AAA@l!
d&<&4!
I2i!<.1!@IiW!%jA1AAASl!
K+'7C0'!
@Ui!<.1!6iW!%jA1AL@6l!
T5077.!
@@i!<.1!OiW!%jA1ASALl!
"&40$-.!')<&4.&!&<&(/.!
Li!<.1!YiW!P"l!

"#$%&'%&(#!! !E3?!
*'%%$.!
IAAS!

IOA( C!"T!&<&4+!
$/5&4!)'+!M!I!

;(=!! !@F!YIcI6I!9@@i:!
87'#&F$!@c@US!9A1Si:!

;([&#/0$(R.0/&!4&'#/0$(.!
L21Yi!<.!21OiW!%kA1AAA@l!



R%&#B!S4J)$9!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!($8*!DII4'9%E4&4FF!S4E%4?!-$)54'9!

(%F4#F4<.)>%I0%&*!>$8*F!I)$!"8B9%JB4!2'B4$)F%F! UO

9\&/'.&4$( a :!
d'04c`$$)!

+&'4.! %kA1AAA@l! d7-R70^&!.+()4$>&!!
LL1Ii!<.!@21IiW!%kA1AAA@l!
d&<&4!
@Y1Ai!<.!L1OiW!%jA1AAYl!
D&%4&..0$(!
@A1Yi!<.!@@1LiW!%jP"!
"&40$-.!')<&4.&!&<&(/.!
S12i!<.!S12iW!P"!
E3Z!&7&<'/0$(!9" OM!F'.&70(&:!
@U12i!<.!L1OiW!%kA1AAA@l!
E"Z!&7&<'/0$(!9" OM!F'.&70(&:!
S1Ii!<.!A1SiW!%jA1AAIUl!

lT'7#-7'/&)!5&4&!-.0(C!#50R._-'4&!/&./W!"/'/.D04&#/!
-#9%4&9F!4&$)BB4>!%&!9+4!7=;"-2!?+)!+#>!&)9!')&E4$94>!9)!"2!#9!9+4!4&>!)I!9+4!P<04#$!

9$%#B!?4$4!)II4$4>!4&$)BB.4&9!%&!7=;"-_CY2,!#!V<04#$!)J4&<B#A4B!4T94&F%)&!F98>0QZVM!-#9%4&9F!
?+)!+#>!A44&!#FF%*&4>!9)!%&94$I4$)&!#Z#!>8$%&*!9+4!9$%#B!?4$4!')&F%>4$4>!9+4!%..4>%#94!
9$4#9.4&9!*$)8J!#&>!9+)F4!#FF%*&4>!9)!JB#'4A)!#&>!*%E4&!%&94$I4$)&!#Z#!>8$%&*!9+4!4T94&F%)&!
F98>0!?4$4!')&F%>4$4>!9+4!>4B#04>!9$4#9.4&9!*$)8JQ!/+4!#&#B0F%F!').J#$4>!9+4!')&E4$F%)&!$#94!
A49?44&!9+4F4!L!*$)8JF!#&>!I)8&>!9+#9!9+4!V<04#$!'8.8B#9%E4!%&'%>4&'4!$#94!%&!9+4!%..4>%#94!
9$4#9.4&9!*$)8J!?#F!P[^!EFQ!UO^!%&!9+4!>4B#04>!9$4#9.4&9!*$)8J,!#>58F94>!+#c#$>!$#9%)!MQVN!
WOV^!7_!MQPa!9)!MQa[,!J!s!MQMMaXQ!"8B9%E#$%#94!#&#B0F%F!%&>%'#94>!9+#9!9+4!I#'9)$F!#FF)'%#94>!?%9+!
')&E4$F%)&!9)!"2!?4$4!$#&>).%c#9%)&!9)!9+4!>4B#04>!9$4#9.4&9!*$)8J!#&>!0)8&*4$!#*4!#9!
4&$)BB.4&9!%&!9+4!7=;"-2Q!S#94F!)I!#>E4$F4!4E4&9F!?4$4!E4$0!J))$B0!$4J)$94>!%&!9+%F!F98>0Q!!
C&B0!F4$%)8F!#>E4$F4!4E4&9F!W&!s!ZP!%&![^!)I!J#9%4&9F!)E4$#BBX!#$4!$4J)$94>!#&>!&)&4!?4$4!
')&F%>4$4>!$4B#94>!9)!%&94$I4$)&!#Z#Q!C9+4$!90J%'#B!#&>!')&'4$&%&*!#>E4$F4!4E4&9F!#FF)'%#94>!?%9+!
%&94$I4$)&!#Z#!?4$4!&)9!>%F'8FF4>!)$!$4J)$94>Q!R8$9+4$!J8AB%'#9%)&F!?%9+!P!#&>!V!04#$!>#9#!#$4!
#BF)!4TJ4'94>!I$).!9+4!3DYDR_/!F98>0!)I!%&94$I4$)&!#!ZA!W349#F4$)&f XQ!

L+5%D#+)7-/0%X^%B"+%7A+"+%)#F$"/#8)%/4%8(7-+07)%F()+3%/0%3+2/$"(8A-:)%Z($+H%
"(:-('%/"%+7A0-:%$"/#8)H%(03%$+03+"[H%/7A+"%2+3-:(7-/0)H%/"%:/12/"F-3-7-+)%4/"%
. A-:A%/0+%3-)+()+12/3-45-0$%7"+(72+07%-)%2/"+%+44+:7-,+%/"%())/:-(7+3%.-7A%4+.+"%
(3,+")+%+,+07)e%

9#22("5%
! /?)!)AF4$E#9%)&#B!F98>%4F!#&>!#&!%&>%E%>8#B!J#9%4&9!>#9#!.49#<#&#B0F%F!?4$4!%>4&9%I%4>!
9+#9!#FF4FF4>!9+4!8F4!)I!("(F!%&!F8A*$)8JF!)I!"2!J#9%4&9F,!%&'B8>%&*!;I$%'#&<;.4$%'#&F!?%9+!
"2!#&>!J$4*&#&9!?).4&!?%9+!"2Q!(84!9)!F.#BB!F#.JB4!F%c4F,!#B)&*!?%9+!)9+4$!')&'4$&F!
$4*#$>%&*!F98>0!>4F%*&,!%9!%F!%.J)FF%AB4!9)!>$#?!')&'B8F%)&F!#A)89!9+4!8F4!)I!("(F!%&!9+4F4!
F8AJ)J8B#9%)&F!A#F4>!)&!9+4!#E#%B#AB4!>#9#Q!

!+7(-'+3%())+))2+07%

! !"#$%&'%&(#)!

Race 
;!J)F9<+)'!F8A*$)8J!#&#B0F%F!)I!Dg_(DY7D,!#!+4#><9)<+4#>!9$%#B!)I!%&94$I4$)&!#Z#!

J$)>8'9F!W;E)&4Tf! #&>!S4A%If X!').J#$4>!9+4!!$4FJ)&F4!9)!9$4#9.4&9!%&!;I$%'#&<;.4$%'#&!#&>!
?+%94!J#9%4&9FQZVN!/+4!J$)J)$9%)&!)I!;I$%'#&<;.4$%'#&!J#9%4&9F!%&!9+4!Dg_(DY7D!9$%#B!?#F!F.#BB!
W[^XQ!/+4!F8A*$)8J!#&#B0F%F!I)8&>!9+#9!#B9+)8*+!9+4!9?)!*$)8JF!?4$4!F%.%B#$!#9!A#F4B%&4,!9+4!
;I$%'#&<;.4$%'#&!J#9%4&9F!4TJ4$%4&'4>!.)$4!4T#'4$A#9%)&F!#&>!?4$4!B4FF!B%:4B0!9)!A4!



R%&#B!S4J)$9!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!($8*!DII4'9%E4&4FF!S4E%4?!-$)54'9!

(%F4#F4<.)>%I0%&*!>$8*F!I)$!"8B9%JB4!2'B4$)F%F! VM

4T#'4$A#9%)&<I$44!').J#$4>!9)!9+4!?+%94!J#9%4&9F!)E4$!9+4!')8$F4!)I!9+4!F98>0Q!/+4!F.#BB!&8.A4$!
)I!J#9%4&9F!%&!9+4!;I$%'#&<;.4$%'#&!*$)8J!.4#&F!9+#9!9+4F4!$4F8B9F!F+)8B>!A4!%&94$J$494>!?%9+!
'#89%)&Q!/+%F!#&#B0F%F!?#F!&)9!%&94&>4>!9)!%>4&9%I0!>%II4$4&'4F!%&!$4FJ)&F4!A49?44&!9+4!J$)>8'9FQ!
/+4!>%FJ$)J)$9%)&#94!&8.A4$F!)I!J#9%4&9F!%&!9+%F!*$)8J!$#&>).%c4>!9)!;E)&4Tf !W&!s!LPX!
').J#$4>!9)!S4A%If !W&!s!ZPX!*$4#9B0!+%&>4$4>!9+#9!#A%B%90!9)!.#:4!#&0!').J#$%F)&F!A49?44&!9+4!
9$4#9.4&9FQ!!!

Pregnancy 
! _&!#!.49#<#&#B0F%F!)I!%&>%E%>8#B!J#9%4&9!>#9#!I$).!a!F98>%4F!)I!%&94$I4$)&!#!Z#!2n!
WS4A%IfX!)$!_"!W;E)&4TfX,!%&'B8>%&*!)J4&<B#A4B!4T94&F%)&!J+#F4!F98>%4F!#&>!%&E)BE%&*!J#9%4&9F!
?%9+!SS"2,!2-"2,!)$!7_2,!UZ!J$4*&#&'%4F!)''8$$4>!?%9+!%&!894$)!4TJ)F8$4!9)!%&94$I4$)&,!LL!%&!
?).4&!?%9+!J$4E%)8F!4TJ)F8$4!W+#>!>%F')&9%&84>!%&94$I4$)&!.)$4!9+#&!L!?44:F!J$%)$!9)!
')&'4J9%)&X,!#&>!)&B0![!%&!?).4&!$4'4%E%&*!JB#'4A)QZVa!_&!9+4!*$)8J!?%9+!%&!894$)!4TJ)F8$4!9)!
%&94$I4$)&!#Z#,!J$4*&#&'0!B)FF!)''8$$4>!%&!LO^,!').J#$4>!9)!M!%&!4%9+4$!9+4!JB#'4A)!)$!J$%)$!
4TJ)F8$4!*$)8JFQ!/+4!#89+)$F!%&>%'#94!9+#9!9+4!$#94!)I!J$4*&#&'0!B)FF!?%9+!%&!894$)!4TJ)F8$4!%F!
*$4#94$!9+#&!9+4!#E4$#*4!$4J)$94>!%&!9+4!)E4$#BB!J)J8B#9%)&,!#B9+)8*+!9+40!$4J)$9!9+#9!9#:%&*!9+4!
F.#BB!F#.JB4!F%c4!%&9)!')&F%>4$#9%)&,!9+4!$#94!.#0!A4!?%9+%&!9+4!4TJ4'94>!$#&*4Q!!-$4.#98$%90!#&>!
I8BB<94$.!%&I#&9F!?%9+!')&*4&%9#B!#&).#B%4F!)''8$$4>!%&!UQO^!%&!9+4!%&!894$)!4TJ)F8$4!*$)8J,!
OQZ^!%&!9+4!J$%)$!9$4#9.4&9!*$)8J,!#&>!Z[QN^!%&!9+4!JB#'4A)!*$)8J!#&>!&)!94$#9)*4&%'!4II4'9F!
?4$4!F44&Q!!!

;!F.#BB!F98>0!>4F'$%A4>!#F!#!B)&*%98>%&#B!')&9$)BB4>!')+)$9!F98>0!4E#B8#94>!9+4!$%F:!)I!
4TJ)F8$4!9)!#!%&94$I4$)&F!>8$%&*!J$4*&#&'0QZVO!/+%F!F98>0!$4J)$9F!9+#9!9+4!#!%&94$I4$)&<4TJ)F4>!
J$4*&#&'%4F!?4$4!.)$4!B%:4B0!9)!$4F8B9!%&!&)&<B%E4!A%$9+!').J#$4>!9)!9+4!+4#B9+0!')+)$9!WCS![QOU,!
OV^!7_!ZQZa<UMQNMXQ!/+4!*$)8J!?%9+!"2!not!4TJ)F4>!9)!#!%&94$I4$)&F!#BF)!+#>!#&!%&'$4#F4>!$%F:!
)I!&)&<B%E4!A%$9+!WCS!LQOZX!A89!F9#9%F9%'#B!F%*&%I%'#&'4!?#F!&)9!$4#'+4>!WOV^!7_!MQUa<PZQ[NXQ!;!
>%$4'9!').J#$%F)&!)I!9+4!#!%&94$I4$)&!4TJ)F4>!#&>!8&4TJ)F4>!"2!*$)8J!?#F!&)9!J$4F4&94>Q!"4#&!
A%$9+!?4%*+9!?#F!B)?4$!%&!9+4!#!%&94$I4$)&<4TJ)F4>!*$)8J!WPZaO!*$#.FX!E4$F8F!%&!9+4!8&4TJ)F4>!
*$)8J!?%9+!"2!WPUOa!*$#.FXQ!/+%F!F98>0!J$4F4&9F!#!&8.A4$!)I!')&'4$&F!%&!94$.F!)I!F98>0!
E#B%>%90!A4'#8F4!)I!J)94&9%#B!')&I)8&>%&*,!$4'#BB!A%#F,!8F4!)I!#!F9#9%F9%'#B!.)>4B!?%9+!.8B9%JB4!
J#$#.494$F,!#&>!9))!I4?!>#9#Q!/+4$4I)$4,!9+4F4!$4F8B9F!F+)8B>!A4!%&94$J$494>!'#89%)8FB0!#&>!A4!
8F4>!#F!9+4!A#F%F!I)$!I898$4!$4F4#$'+!$#9+4$!9+#&!I)$!9$4#9.4&9!>4'%F%)&FQ!

9K66B*W%
_&>%$4'9!').J#$%F)&F!I$).!JB#'4A)<')&9$)BB4>!9$%#BF!#&>!&)&<$#&>).%c4>!F98>%4F!J$)E%>4!

9+4!.#5)$%90!)I!#E#%B#AB4!%&I)$.#9%)&!I)$!#BB!%&94$E4&9%)&FQ!/+4!)&B0!>%$4'9!').J#$%F)&F!#E#%B#AB4!
?4$4!I$).!I)8$!9$%#BF!').J#$%&*!)&4!#!%&94$I4$)&!9)!#&)9+4$Q!/+4$4!?4$4!&)!>%$4'9!').J#$%F)&F!)I!
9+4!)9+4$!%&'B8>4>!>$8*FQ!Y)&<').J#$#9%E4,!&)&<$#&>).%c4>!F98>%4F!#>>4>!B%99B4!9)!9+4!4E%>4&'4!
)I!B)&*<94$.!F#I490Q!/+4!I%&>%&*F!)I!9+%F!$4E%4?!)I!#$4!F8..#$%c4>!%&!/#AB4!PV\!

@(F'+%fTG%9#22("5%/4%+,-3+0:+%F5%E+5%`#+)7-/0%
L+5%`#+)7-/0% D#('-75%/4%7A+%%

P,-3+0:+%
&/0:'#)-/0%

*&+!,-&./0$(!@N!
V5'/!0.!/5&!
#$>%'4'/0<&!
&==&#/0<&(&..!$=!
)0.&'.&R>$)0=+0(C!
/4&'/>&(/.!=$4!

d'04! RRMS:  
D04&#/!&<0)&(#&R!
e! D04&#/!&<0)&(#&!=4$>!=$-4!='04R_-'70/+!5&')R/$R5&')!/40'7.!

.5$H&)!70//7&!)0==&4&(#&!0(!4&7'%.&!'()!)0.&'.&!%4$C4&..0$(!
$-/#$>&.!F&/H&&(!0(/&4=&4$(!! @'!"T!9J&F0=a :!'()!0(/&4=&4$(!
! @F!9\&/'.&4$(a :W!H507&!0(/&4=&4$(!! @'!;K!9E<$(&Ma :!H'.!



R%&#B!S4J)$9!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!($8*!DII4'9%E4&4FF!S4E%4?!-$)54'9!

(%F4#F4<.)>%I0%&*!>$8*F!I)$!"8B9%JB4!2'B4$)F%F! VZ

>-7/0%7&!.#7&4$.0.W!
0(#7-)0(C!-.&!$=!
)0==&40(C!4$-/&.!
'()!.#5&)-7&.!$=!
')>0(0./4'/0$(X!!
!

7&..!&==&#/0<&!/5'(!0(/&4=&4$(!! @'!"T!9J&F0=a :!=$4!4&7'%.&!
$-/#$>&.!'()!0(/&4=&4$(! ! @F!9\&/'.&4$(a :!=$4!4&7'%.&!'()!
)0.&'.&!%4$C4&..0$(!$-/#$>&.1!

!
;()04&#/!&<0)&(#&R!
e! ?<0)&(#&!=4$>!%7'#&F$R#$(/4$77&)!/40'7.!)&>$(./4'/&)!/5&!

.-%&40$40/+!$=!/5&!0(/&4=&4$(!! @'!%4$)-#/.!0(!.7$H0(C!)0.&'.&!
%4$C4&..0$(!4&7'/0<&!/$!%7'#&F$W!H507&!0(/&4=&4$(!! @F!
9\&/'.&4$( a :!H'.!($/!.0C(0=0#'(/7+!F&//&4!/5'(!%7'#&F$!=$4!
/50.!$-/#$>&1!Z50.!#$(/4')0#/.! /5&!=0()0(C.!=4$>!/5&!5&')R/$R
5&')!/40'7.1!T$(<&4.&7+W!0(/&4=&4$(!! @'!;K!9E<$(&Ma :!4'/&.!$=!
4&7'%.&R=4&&!%'/0&(/.!0(!%7'#&F$R#$(/4$77&)!/40'7.!H&4&!.0>07'4!
/$!/5&!$/5&4!! !0(/&4=&4$(.W!H50#5!'7.$!#$(/4')0#/!/5&!=0()0(C.!
=4$>!/5&!5&')R/$R5&')!/40'7.1!

e! `7'/04'>&4W!('/'70Q->'F!'()!>0/$M'(/4$(&!H&4&!>$4&!
&==&#/0<&!/5'(!%7'#&F$!=$4!4&7'%.&R4&7'/&)!$-/#$>&.!0(!
%7'#&F$R#$(/4$77&)!/40'7.1!P'/'70Q->'F!'()!>0/$M'(/4$(&!
H&4&!>$4&!&==&#/0<&!/5'(!%7'#&F$!0(!.7$H0(C!)0.&'.&!
%4$C4&..0$(]!/5&!&<0)&(#&!$(!/5&!&==&#/!$=!C7'/04'>&4!$(!
)0.&'.&!%4$C4&..0$(!0.!0(#$(#7-.0<&!F'.&)!$(!)'/'!=4$>!$(&!
/40'71!?<0)&(#&!=$4!'77!/54&&!)4-C.!0.!F'.&)!$(!'!.>'77!
(->F&4!$=!/40'7.!9Y!=$4!C7'/04'>&4W!I!=$4!('/'70Q->'F!'()!@!=$4!
>0/$M'(/4$(&:1!

%
SPMS: Z5&4&!0.!($!)04&#/!&<0)&(#&1!?<0)&(#&!=4$>!%7'#&F$R
#$(/4$77&)!/40'7.!.5$H&)!/5'/!/5&!'77!$=!! !0(/&4=&4$(.!H&4&!.0>07'47+!
&==&#/0<&!'/!4&)-#0(C!4&7'%.&!4'/&.1!E!%$.0/0<&!&==&#/!$(!)0.&'.&!
%4$C4&..0$(!H'.!$F.&4<&)!H0/5!0(/&4=&4$(!! @F!9\&/'.&4$(a :!
'7/5$-C5!.0>07'4!&==&#/.!H&4&!($/!#$(.0./&(/7+!$F.&4<&)!H0/5!/5&!
0(/&4=&4$(!! @'!%4$)-#/.1! 
 
PPMS: Z5&!$(7+!&<0)&(#&!'<'07'F7&!9=4$>!$(&!.>'77W!C$$)!
_-'70/+!/40'7!#$>%'40(C!0(/&4=&4$(!! @'!;K!9E<$(&Ma :!/$!%7'#&F$:!0.!
0(.-==0#0&(/!/$!>'^&!'(+![-)C>&(/.!4&C'4)0(C!&==&#/0<&(&..!0(!
88K"!%'/0&(/.1!
!
PRMS: P$!./-)0&.!$=!DKD!-.&!0(!8JK"!%'/0&(/.!H&4&!0)&(/0=0&)!
/54$-C5!70/&4'/-4&!.&'4#5&.1!
!

*&+!,-&./0$(!IN!
V5'/!0.!/5&!
#$>%'4'/0<&!
/$7&4'F070/+!'()!
.'=&/+!$=!)0.&'.&R
>$)0=+0(C!
/4&'/>&(/.!=$4!
>-7/0%7&!.#7&4$.0.X!
!

d'04! Withdrawals due to adverse events:!P$!)0==&4&(#&!0(!H0/5)4'H'7!
4'/&.!'>$(C! ! !0(/&4=&4$(.!0(!5&')R/$R5&')!/40'7.W!'7/5$-C5!
')<&4.&!&<&(/.!0(!C&(&4'77+!H&4&!%$$47+!4&%$4/&)!0(!/5&.&!/40'7.1!
V0/5)4'H'7!4'/&.!4'(C&)!=4$>!Yi!9;(/&4=&4$(! ! @'!;K!yE<$(&Ma z:W!
C7'/04'>&4!'#&/'/&:!/$!6i!9;(/&4=&4$(!! @F!"T!y\&/'.&4$( a z:!0(!
%7'#&F$R#$(/4$77&)!/40'7.1!
!
Serious adverse events: 
PEF. N!Z5&!#70(0#'7!0>%'#/!$=!/5&!%4&.&(#&!$=!(&-/4'70Q0(C!
'(/0F$)0&.!0.!-(#7&'4!'7/5$-C5!70>0/&)!)'/'!.-CC&./.!/5&+!>'+!
(&C'/0<&7+!0>%'#/!4&7'%.&!4'/&!'=/&4!YRL!+&'4.!$=!/4&'/>&(/1!
30<&4!=-(#/0$(N!E3Z!&7&<'/0$(.!'4&!#$>>$(!H0/5!'77!! !0(/&4=&4$(!
%4$)-#/.W!H0/5!70//7&!)0==&4&(#&!0(!4'/&.!$=!$##-4'(#&1!K$./!
&7&<'/0$(.!'4&!'.+>%/ $>'/0#!'()!/4'(.0/$4+1!
Z5+4$0)!=-(#/0$(N!30>0/&)!)'/'!=4$>!/H$!$F.&4<'/0$('7!./-)0&.!
=$-()!.0>07'4!4'/&.!$=!#70(0#'7!'()!.-F#70(0#'7!/5+4$0)!
'-/$0>>-(0/+!H0/5!;(/&4=&4$(!! @'!;K!9E<$(&Ma :!'()!;(/&4=&4$(!
! @F!"T!9\&/'.&4$( a :!
D&%4&..0$(N!Z5&4&!H&4&!($!.0C(0=0#'(/!)0==&4&(#&.!0(!4'/&.!$=!
)&%4&..0$(!'>$(C!/5&! ! !0(/&4=&4$(.!F'.&)!$( !70>0/&)!/40'7!)'/'1!
B(&!.>'77!$F.&4<'/0$('7!./-)+!#$>%'40(C! ! !0(/&4=&4$(.!'()!
C7'/04'>&4!'7.$!=$-()!($!)0==&4&(#&.!0(!)&%4&..0$(!4'/&.W!
'7/5$-C5!$-4!$H(!'('7+.0.!$=!/5&!'77!%-F70.5&)!/40'7.!4&%$4/0(C!
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(%F4#F4<.)>%I0%&*!>$8*F!I)$!"8B9%JB4!2'B4$)F%F! VL

4'/&.!$=!)&%4&..0$(!0()0#'/&.!'!($(R.0C(0=0#'(/!0(#4&'.&!0(!40.^!=$4!
F$/5!0(/&4=&4$(!! @'!%4$)-#/.!'()!'!($(R.0C(0=0#'(/!)&#4&'.&!0(!
40.^!H0/5!0(/&4=&4$(!! @F!"T!9\&/'.&4$( a 1:!
T'(#&4 N!D'/'!=4$>!$(&!#$5$4/!./-)+!=$-()!'!%$/&(/0'77+!
0(#4&'.&)!40.^!$=!#'(#&4!)&<&7$%>&(/!0(!H$>&(!H0/5!&0/5&4!! !
0(/&4=&4$(!$4!C7'/04'>&4!'#&/'/&!-.&]!/5&.&!4&.-7/.!'4&!
0(#$(#7-.0<&1!Z5&4'%+R4&7'/&)!'#-/&!7&-^&>0'!H'.!4&%$4/&)!0(!
Ic@WSIA!%'/0&(/.!/'^0(C!>0/$M'(/4$(&1!
T'4)0$/$M0#0/+N!ZH$!#'.&.!$=!Tbd!H&4&!%$/&(/0'77+!70(^&)!/$!
>0/$M'(/4$(&!-.&!0(!$(&!>&/'R'('7+.0.!$=!/54&&!9/H$!
-(%-F70.5&):!./-)0&.!90(#0)&(#&!A1@Oi:!
84$C4&..0<&!>-7/0=$#'7!7&-^$&(#&%5'7$%'/5+!98K3:N!?./0>'/&.!$=!
8K3!0(#0)&(#&!H0/5!('/'70Q->'F!-. &!0.!@1Ac@WAAA!%'/0&(/.!F'.&)!
$(!/54&&!^($H(!#'.&.1!!
 
Tolerability: 
d7-R70^&!.+()4$>&N!;(/&4=&4$(!! @'!;K!9E<$(&Ma :!H'.!'..$#0'/&)!
H0/5!/5&!50C5&./!4'/&.!$=!=7-R70^&!.+()4$>&!#$>%'4&)!/$!/5&!$/5&4!
! !0(/&4=&4$(.!9gO2i!<.!gL@i:!
;([&#/0$(R.0/&!4&'#/0$(.N!;(/&4=&4$(!! @F!"T!9\&/'.&4$( a :!H'.!
'..$#0'/&)!H0/5!/5&!50C5&./!4'/&.!$=!0([&#/0$(R.0/&!4&'#/0$(.!
9SA1Oi!<.!@A1AR!
"+./&>0#!4&'#/0$(. N!8$./R0([&#/0$(!.+./&>0#!4&'#/0$(.!H&4&!
$F.&4<&)!0(!ILi!$=!C7'/04'>&4!'#&/'/&!%'/0&(/.W!'7/5$-C5!/5&.&!
H&4&!-.-'77+!70>0/&)!/$!'!.0(C7&!&%0.$)&1!Z5&4&!H&4&!($!4&%$4/.!
$=!/50.!$-/#$>&!0(!/40'7.!$=!! !0(/&4=&4$(.W!('/'70Q->'F!$4!
>0/$M'(/4$(&1!
 
Long-term safety in observational studies: 3$(CR/&4>!.'=&/+!)'/'!
=4$>!#$>%'4'/0<&!'()!($(R#$>%'4 '/0<&W!($(R4'()$>0Q&)!./-)0&.!
H'.!#$(.0./&(/!H0/5!/5'/!4&%$4/&)!0(!/40'7.!'()!)0)!($/!
.-F./'(/0'77+!'))!/$!/5&!&<0)&(#& !F'.&!$4!'7/&4!/5&!./4&(C/5!$=!
&<0)&(#&!=$4!'(+!$=!/5&!0(#7-)&)!)4-C.1!
!

*&+!,-&./0$(!YN!
V5'/!0.!/5&!
&==&#/0<&(&..!$=!
)0.&'.&R>$)0=+0(C!
/4&'/>&(/.!=$4!
%'/0&(/.!H0/5!'!
#70(0#'77+!0.$7'/&)!
.+()4$>&X!
!

d'04!/$!%$$4! P$!)04&#/!&<0)&(#&!#$>%'40(C!$(&!DKD!/$!'($/5&4!0(!%'/0&(/.!
H0/5!'!#70(0#'77+!0.$7'/&)!.+()4$>&!H'.!'<'07'F7&1!;()04&#/!
#$>%'40.$(!$=!0(/&4=&4$(!! @'!;K!9E<$(&Ma :W!0(/&4=&4$(!! @'!"T!
9J&F0=a :!'()!0(/&4=&4$(!! @F!9\&/'.&4$(a :!=4$>!Y!%7'#&F$R
#$(/4$77&)!/40'7.!=$-()!/5&>!'77!>$4&!&==&#/0<&!/5'(!%7'#&F$!'/!
4&)-#0(C!/5&!%4$F'F070/+!$=!#$(<&4/0(C!/$!#70(0#'77+!)&=0(0/&!K"1!
Z5&!)4-C.!5')!50C5&4!4'/&.!$=!')<&4.&!&<&(/.!4&7'/0<&!/$!
%7'#&F$1!
!
Z5&4&!0.!($!&<0)&(#&!$(!C7'/04'>&4!9T$%'M$(&a :W!>0/$M'(/4$(&!
9P$<'(/4$(& a :!$4!('/'70Q->'F!9Z+.'F40 a :!-.&!0(!#70(0#'77+!0.$7'/&)!
.+()4$>&.1!
!

*&+!,-&./0$(!LN!
E4&!/5&4&!
.-FC4$-%.!$=!
%'/0&(/.!F'.&)!$(!
)&>$C4'%50#.!
9'C&W!4'#0'7!$4!
&/5(0#!C4$-%.W!'()!
C&()&4:W!$/5&4!
>&)0#'/0$(.W!$4!
#$R>$4F0)0/0&.!=$4!
H50#5!$(&!
)0.&'.&R>$)0=+0(C!
/4&'/>&(/!0.!>$4&!
&==&#/0<&!$4!
'..$#0'/&)!H0/5!

8$$4! B(7+!Y!./-)0&.!%4$<0)&)!&<0)&(#&!$=!&==&#/0<&(&..!$4!.'=&/+!0(!
.-FC4$-%.1!T$(#7-.0$(.!4&C'4)0(C!DKD!-.&!0(!/5&.&!.-FC4$-%.!
#'(($/!F&!)4'H(!=4$>!/5&.&!.>'77!./-)0&.1!
!
J'#&N!?<0)&(#&!=4$>!$(&!$F.&4<'/0$('7!./-)+!E=40#'(RE>&40#'(!
JJK"!%'/0&(/.!0.!0(.-==0#0&(/!/$!)4'H!#$(#7-.0$(.!4&C'4)0(C!/5&!
#$>%'4'/0<&!&==&#/0<&(&..!$4!.'=&/+!$=!DKD.!0(!/50.!.-FC4$-%1!
!
84&C('(#+N!I!./-)0&.]!'!.>'77!$F.&4<'/0$('7!./-)+W!'..&..0(C!
4'/&.!$=!70<&!F04/5!0(!%4&C('(/!H$>&(!H0/5!K"!-.0(C!! !0(/&4=&4$(.!
#$>%'4&)!/$!'!5&'7/5+!#$5$4/!'()!'(!0()0<0)-'7!%'/0&(/!)'/'!
>&/'R'('7+.0.!F'.&)!$(!2!/40'7.!$=!0(/&4=&4$(! ! @'!F$/5!=$-()!
7$H&4!4'/&.!$=!70<&RF04/5!'>$(C!H$>&(!&M%$.&)!/$!0(/&4=&4$(.!
)-40(C!%4&C('(#+1!!b$H&<&4W!/5&.&!./-)0&.!'4&!.>'77!'()!)$!($/!
%4$<0)&!#$>%'4'/0<&!)'/'!$(!/5&!.'=&/+!$=!$(&!! !0(/&4=&4$(!
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(%F4#F4<.)>%I0%&*!>$8*F!I)$!"8B9%JB4!2'B4$)F%F! VP

=&H&4!')<&4.&!
&<&(/.X!
!

<&4.-.!'($/5&41!Z5&!=04./!./-)+!4&%$4/.!/5'/!/5&! ! !0(/&4=&4$(R
&M%$.&)!%4&C('(#0&.!H&4&!>$4&!70^&7+!/$!4&.-7/!0(!($(R70<&!F04/5!
#$>%'4&)!/$!/5&!5&'7/5+!#$5$4/!9BJ!S16LW!6Oi!T;!@1@2!/$!LA1UA:!
'()!/5&!0()0<0)-'7!%'/0&(/!)'/'!>&/'R'('7+.0.!=$-()!'!4'/&!$=!I6i!
%4&C('(#+!7$..!'>$(C!H$>&(!H0/5!&M%$.-4&!/$!0(/&4=&4$(.!! @'!
)-40(C!'(!{0(!-/&4$|!%5'.&W!#$>%'4&)!/$!A!0(!&0/5&4!/5&!%7'#&F$!$4!
%40$4!&M%$.-4&!C4$-%.1!b$H&<&4W!/5&.&!./-)0&.!%4$<0)&)!($!
#$(#7-.0<&!&<0)&(#&!4&C'4)0(C!! !0(/&4=&4$(!-.&!0(!%4&C('(#+1!
!
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(%F4#F4<.)>%I0%&*!>$8*F!I)$!"8B9%JB4!2'B4$)F%F! VU

*P;P*PM&P9%
ZQ! Y))&#&!7!62,!k+%94!"Q!-$4E#B4&'4!DF9%.#94F!I)$!"2!%&!9+4!H&%94>!29#94F!#&>!DE%>4&'4!
)I!#&!_&'$4#F%&*!/$4&>!I)$!k).4&Q!Neurology. LMMLeVa\ZP[<ZPaQ!

LQ! Y#9%)&#B!"8B9%JB4!2'B4$)F%F!2)'%490Q!HJ>#94>!LMM[Q!
!
PQ! 6)A4B9!@!3h,!;9+4$B0!(,!=#>5%.%'+#4B!CQ!7)F9F!#&>!n8#B%90!)I!1%I4!%&!"8B9%JB4!2'B4$)F%F\!
;!7$)FF!24'9%)&#B!298>0!%&!9+4!H&%94>!29#94FQ!Neurology. LMM[e[[\Z[O[<ZNMLQ!

UQ! -)B.#&!7!S2,!D>#&!@,!R%B%JJ%!",!=#$98&*!=,!49!#BQ!(%#*&)F9%'!7$%94$%#!I)$!"8B9%JB4!
2'B4$)F%F\!LMMV!S4E%F%)&F!9)!9+4!w"'()&#B>!7$%94$%#wQ!Annals of Neurology. LMMVeLa\aUM<aV[Q!

VQ! 68$9c:4Q!S#9%&*!Y48$)B)*%'#B!_.J#%$.4&9!%&!"8B9%JB4!2'B4$)F%F\!;&!DTJ#&>4>!(%F#A%B%90!
29#98F!2'#B4!WD(22XQ!Neurology. ZOaPePP\ZUUU<ZUVLQ!

[Q! k%&*4$'+8:!(,!Y)F4?)$9+0!h,!k4%&F+4&:#$!3Q!7B%&%'#B!C89').4!"4#F8$4F!#&>!S#9%&*!
2'#B4F!%&!"8B9%JB4!2'B4$)F%F!/$%#BFQ!Mayo Clinic Proceedings. ZOONeNL\ZMNM<ZMNOQ!

NQ! 644*#&!3",!Y)F4?)$9+0!h=Q!"8B9%JB4!F'B4$)F%FQ!Annual Review of Medicine. 
LMMLeVP\LaV<PMLQ!

aQ! R$)+.#&!D!S",!S#%&4!7Q!"8B9%JB4!2'B4$)F%F!<!/+4!-B#d84!#&>!%9F!-#9+)*4&4F%FQ!The New 
England Journal of Medicine. LMM[eP[V\OUL<OVVQ!

OQ! 7)J#T)&4!W@B#9%$#.4$!;'49#94!_&54'9%)&X!q-$)>8'9!_&I)$.#9%)&r!6#&F#F!7%90,!"C\!/4E#!
Y48$)F'%4&'4!_&'Q!LMM[Q!

ZMQ! Y48+#8F!C,!R#$%&#!7,!k4:4$B4!=,!=)+BI4B>!SQ!"4'+#&%F.F!)I!#'9%)&!)I!*B#9%$#.4$!
#'49#94!%&!.8B9%JB4!F'B4$)F%FQ!Neurology. "#$!LN!LMMZeV[W[X\NML<NMaQ!

ZZQ! ;E)&4T!W_&94$I4$)&!A49#<Z#X!_"!%&54'9%)&!q-$)>8'9!_&I)$.#9%)&r!7#.A$%>*4,!";\!3%)*4&!
_>4'!_&'Q!LMM[Q!

ZLQ! 3%BB%#8!;,!6%4F4%4$!37,!=#$98&*!=<-Q!3%)B)*%'!$)B4!)I!%&94$I4$)&!A49#!%&!.8B9%JB4!
F'B4$)F%FQ!Journal of Neurology. h8&!LMMUeLVZ!28JJB!L\__ZM<ZUQ!

ZPQ! S4A%I!W_&94$I4$)&!349#<Z#X!q-$)>8'9!_&I)$.#9%)&r!S)':B#&>,!";\!24$)&),!_&',Q!LMMVQ!

ZUQ! 349#F4$)&!W_&94$I4$)&!349#<ZAX!q-$)>8'9!_&I)$.#9%)&r!")&9E%BB4,!Yh\!34$B4T!1#A)$#9)$%4FQ!
LMMPQ!

ZVQ! Y)E#&9$)&4!W.%9)T#&9$)&4!I)$!%&54'9%)&!')&'4&9$#94X!q-$)>8'9!_&I)$.#9%)&r!S)':B#&>!
";\!24$)&),!_&',!LMMVQ!

Z[Q! R)T!DhQ!"4'+#&%F.!)I!#'9%)&!)I!.%9)T#&9$)&4Q!Neurology. (4'!La!LMMUe[PWZL!28JJB!
[X\2ZV<ZaQ!
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(%F4#F4<.)>%I0%&*!>$8*F!I)$!"8B9%JB4!2'B4$)F%F! VV

ZNQ! /0F#A$%!W&#9#B%c8.#AX!q-$)>8'9!_&I)$.#9%)&r!7#.A$%>*4,!";\!3%)*4&!_>4'!_&'Q!LMM[Q!

ZaQ! 644B40!6;,!S%E40!"-,!;BB%&*9)&!(SQ!Y#9#B%c8.#A!I)$!9+4!9$4#9.4&9!)I!.8B9%JB4!F'B4$)F%F!
#&>!7$)+&xF!>%F4#F4Q!Annals of Pharmacotherapy. Y)E!LMMVePOWZZX\ZaPP<ZaUPQ!

ZOQ! -)F4$!7",!3$%&#$!ggQ!(%#*&)F9%'!'$%94$%#!I)$!.8B9%JB4!F'B4$)F%FQ!Clinical Neurology & 
Neurosurgery. ;J$!LMMZeZMPWZX\Z<ZZQ!

LMQ! "'()&#B>!k_,!7).JF9)&!;,!D>#&!@,!49!#BQ!S4')..4&>4>!>%#*&)F9%'!'$%94$%#!I)$!
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ZZ!!!!!B%.%9!ZM!9)!W+8.#&F!#&>!4&*B%F+!B#&*8#*4X!WZNLMX!
ZL!!!!!I$).!ZZ!:44J!Z<ZNLM!WZNLMX!
!
!
;BB!D3"!S4E%4?F!<!7)'+$#&4!(2S,!;7-!h)8$&#B!7B8A,!(;SD,!#&>!77/S!
24#$'+!29$#94*0\!
!
Z!!!!!.8B9%JB4!F'B4$)F%FQ.JQ!q.Js9%,!)9,!#A,!9T,!:?,!'9,!F+,!+?r!WZNO[X!
L!!!!!*B#9%$#.4$Q.JQ!q.Js9%,!)9,!#A,!9T,!:?,!'9,!F+,!+?r!W[PX!
P!!!!!%&94$I4$)&!A49#Q.JQ!q.Js9%,!)9,!#A,!9T,!:?,!'9,!F+,!+?r!WUaOX!
U!!!!!.%9)T#&9$)&4Q.JQ!q.Js9%,!)9,!#A,!9T,!:?,!'9,!F+,!+?r!W[ZOX!
V!!!!!&#9#B%c8.#AQ.JQ!q.Js9%,!)9,!#A,!9T,!:?,!'9,!F+,!+?r!WZ[X!
[!!!!!L!)$!P!)$!U!)$!V!WZZ[VX!
N!!!!!Z!#&>![!WPN[X!
a!!!!!I$).!N!:44J!Z<PN[!WPN[X!
!
!
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(%F4#F4<.)>%I0%&*!>$8*F!I)$!"8B9%JB4!2'B4$)F%F! [N

B88+03-]%RG%D#('-75%())+))2+07%2+7A/3)%/4%7A+%!"#$%P44+:7-,+0+))%
*+,-+.%Y"/k+:7%
!
/+4!J8$J)F4!)I!9+%F!>)'8.4&9!%F!9)!)89B%&4!9+4!.49+)>F!8F4>!A0!9+4!C$4*)&!DE%>4&'4<A#F4>!
-$#'9%'4!74&94$!WD-7X,!A#F4>!#9!C$4*)&!=4#B9+!G!2'%4&'4!H&%E4$F%90,!#&>!#&0!F8A')&9$#'9%&*!
D-7F,!%&!J$)>8'%&*!>$8*!'B#FF!$4E%4?F!I)$!9+4!($8*!DII4'9%E4&4FF!S4E%4?!-$)54'9Q!!
!
/+4!.49+)>F!)89B%&4>!%&!9+%F!>)'8.4&9!4&F8$4!9+#9!9+4!J$)>8'9F!'$4#94>!%&!9+%F!J$)'4FF!#$4!
.49+)>)B)*%'#BB0!F)8&>,!F'%4&9%I%'#BB0!>4I4&F%AB4,!$4J$)>8'%AB4,!#&>!?4BB!>)'8.4&94>Q!!/+%F!
>)'8.4&9!+#F!A44&!#>#J94>!I$).!9+4!-$)'4>8$4!"#&8#B!>4E4B)J4>!A0!9+4!"49+)>F!k)$:!@$)8J!
)I!9+4!H&%94>!29#94F!-$4E4&9%E4!24$E%'4F!/#F:!R)$'4!WE4$F%)&!ZQO,!24J94.A4$!LMMZX,!?%9+!
#>>%9%)&#B!.#94$%#B!I$).!9+4!Y=2!74&9$4!I)$!S4E%4?F!#&>!(%FF4.%&#9%)&!W7S(X!$4J)$9!)&!
Undertaking Systematic Reviews of Research on Effectiveness: CRDÕs Guidance for Carrying 
Out or Commissioning Reviews!WL&>!4>%9%)&,!LMMZX!#&>!o/+4!(#9#A#F4!)I!;AF9$#'9F!)I!S4E%4?F!
)I!DII4'9F!W(;SDXp!%&!Effectiveness Matters,!E)BQ![,!%FF84!L,!(4'4.A4$!LMML,!J8AB%F+4>!A0!9+4!
7S(Q!!!

!
;BB!F98>%4F!)$!F0F94.#9%'!$4E%4?F!9+#9!#$4!%&'B8>4>!#$4!#FF4FF4>!I)$!d8#B%90,!#&>!#FF%*&4>!#!$#9%&*!
)I!o*))>p,!oI#%$p!)$!oJ))$pQ!298>%4F!9+#9!+#E4!#!I#9#B!IB#?!%&!)&4!)$!.)$4!'$%94$%#!#$4!$#94>!J))$!
d8#B%90e!F98>%4F!?+%'+!.449!#BB!'$%94$%#,!#$4!$#94>!*))>!d8#B%90e!9+4!$4.#%&>4$!#$4!$#94>!I#%$!
d8#B%90Q!!;F!9+4!oI#%$!d8#B%90p!'#94*)$0!%F!A$)#>,!F98>%4F!?%9+!9+%F!$#9%&*!E#$0!%&!9+4%$!F9$4&*9+F!
#&>!?4#:&4FF4F\!9+4!$4F8B9F!)I!F).4!I#%$!d8#B%90!F98>%4F!#$4!likely!9)!A4!E#B%>,!?+%B4!)9+4$F!#$4!
)&B0!probably!E#B%>Q!!!;!oJ))$!d8#B%90p!9$%#B!%F!&)9!E#B%>{9+4!$4F8B9F!#$4!#9!B4#F9!#F!B%:4B0!9)!
$4IB4'9!IB#?F!%&!9+4!F98>0!>4F%*&!#F!9+4!9$84!>%II4$4&'4!A49?44&!9+4!').J#$4>!>$8*FQ!!!
!
For Controlled Trials: 
 
;FF4FF.4&9!)I!_&94$&#B!g#B%>%90!
!
ZQ!k#F!9+4!#FF%*&.4&9!9)!9+4!9$4#9.4&9!*$)8JF!$4#BB0!$#&>).l!
;>4d8#94!#JJ$)#'+4F!9)!F4d84&'4!*4&4$#9%)&\!
! ! 7).J894$<*4&4$#94>!$#&>).!&8.A4$F!
! ! S#&>).!&8.A4$F!9#AB4F!
_&I4$%)$!#JJ$)#'+4F!9)!F4d84&'4!*4&4$#9%)&\!
! ! HF4!)I!#B94$&#9%)&,!'#F4!$4')$>!&8.A4$F,!A%$9+!>#94F!)$!?44:!>#0F!

Y)9!$4J)$94>!
!
LQ!k#F!9+4!9$4#9.4&9!#BB)'#9%)&!')&'4#B4>l!
! ;>4d8#94!#JJ$)#'+4F!9)!')&'4#B.4&9!)I!$#&>).%c#9%)&\!
! ! 74&9$#B%c4>!)$!J+#$.#'0<')&9$)BB4>!$#&>).%c#9%)&!
! ! 24$%#BB0<&8.A4$4>!%>4&9%'#B!')&9#%&4$F!

C&<F%94!').J894$!A#F4>!F0F94.!?%9+!#!$#&>).%c#9%)&!F4d84&'4!9+#9!%F!&)9!
$4#>#AB4!8&9%B!#BB)'#9%)&!
C9+4$!#JJ$)#'+4F!F4d84&'4!9)!'B%&%'%#&F!#&>!J#9%4&9F!

_&I4$%)$!#JJ$)#'+4F!9)!')&'4#B.4&9!)I!$#&>).%c#9%)&\!
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(%F4#F4<.)>%I0%&*!>$8*F!I)$!"8B9%JB4!2'B4$)F%F! [a

! ! HF4!)I!#B94$&#9%)&,!'#F4!$4')$>!&8.A4$F,!A%$9+!>#94F!)$!?44:!>#0F!
! ! CJ4&!$#&>).!&8.A4$F!B%F9F!

24$%#BB0!&8.A4$4>!4&E4B)J4F!W4E4&!F4#B4>!)J#d84!4&E4B)J4F!'#&!A4!F8A54'9!9)!
.#&%J8B#9%)&X!
Y)9!$4J)$94>!

!
PQ!k4$4!9+4!*$)8JF!F%.%B#$!#9!A#F4B%&4!%&!94$.F!)I!J$)*&)F9%'!I#'9)$Fl!
!
UQ!k4$4!9+4!4B%*%A%B%90!'$%94$%#!FJ4'%I%4>l!
!
VQ!k4$4!)89').4!#FF4FF)$F!AB%&>4>!9)!9+4!9$4#9.4&9!#BB)'#9%)&l!
!
[Q!k#F!9+4!'#$4!J$)E%>4$!AB%&>4>l!
!
NQ!k#F!9+4!J#9%4&9!:4J9!8&#?#$4!)I!9+4!9$4#9.4&9!$4'4%E4>l!
!
aQ!(%>!9+4!#$9%'B4!%&'B8>4!#&!%&94&9%)&<9)<9$4#9!#&#B0F%F,!)$!J$)E%>4!9+4!>#9#!&44>4>!9)!'#B'8B#94!%9!
W%Q4Q,!&8.A4$!#FF%*&4>!9)!4#'+!*$)8J,!&8.A4$!)I!F8A54'9F!?+)!I%&%F+4>!%&!4#'+!*$)8J,!#&>!9+4%$!
$4F8B9FXl!
!
OQ!(%>!9+4!F98>0!.#%&9#%&!').J#$#AB4!*$)8JFl!!
!
ZMQ!(%>!9+4!#$9%'B4!$4J)$9!#99$%9%)&,!'$)FF)E4$F,!#>+4$4&'4,!#&>!')&9#.%&#9%)&l!
!
ZZQ!_F!9+4$4!%.J)$9#&9!>%II4$4&9%#B!B)FF!9)!I)BB)?<8J!)$!)E4$#BB!+%*+!B)FF!9)!I)BB)?<8Jl!W*%E4!
&8.A4$F!%&!4#'+!*$)8JX!
!
;FF4FF.4&9!)I!DT94$&#B!g#B%>%90!W@4&4$#B%c#A%B%90X!
!
ZQ!=)?!F%.%B#$!%F!9+4!J)J8B#9%)&!9)!9+4!J)J8B#9%)&!9)!?+).!9+4!%&94$E4&9%)&!?)8B>!A4!#JJB%4>l!
!
LQ!=)?!.#&0!J#9%4&9F!?4$4!$4'$8%94>l!
!
PQ!k+#9!?4$4!9+4!4T'B8F%)&!'$%94$%#!I)$!$4'$8%9.4&9l!W@%E4!&8.A4$F!4T'B8>4>!#9!4#'+!F94JX!
!
UQ!k+#9!?#F!9+4!I8&>%&*!F)8$'4!#&>!$)B4!)I!I8&>4$!%&!9+4!F98>0l!
!
VQ!(%>!9+4!')&9$)B!*$)8J!$4'4%E4!9+4!F9#&>#$>!)I!'#$4l!
!
[Q!k+#9!?#F!9+4!B4&*9+!)I!I)BB)?<8Jl!W@%E4!&8.A4$F!#9!4#'+!F9#*4!)I!#99$%9%)&X!
!
!
!
!
!
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(%F4#F4<.)>%I0%&*!>$8*F!I)$!"8B9%JB4!2'B4$)F%F! [O

For Non-randomized Studies Reporting Adverse Effects 
!
;FF4FF.4&9!)I!_&94$&#B!g#B%>%90!
!
ZQ!k#F!9+4!F4B4'9%)&!)I!J#9%4&9F!I)$!%&'B8F%)&!&)&<A%#F4>!Wk#F!#&0!*$)8J!)I!J#9%4&9F!
F0F94.#9%'#BB0!4T'B8>4>Xl!
!
LQ!_F!9+4$4!%.J)$9#&9!>%II4$4&9%#B!B)FF!9)!I)BB)?<8J!)$!)E4$#BB!+%*+!B)FF!9)!I)BB)?<8Jl!W@%E4!
&8.A4$F!%&!4#'+!*$)8JX!

!
PQ!k4$4!9+4!4E4&9F!%&E4F9%*#94>!FJ4'%I%4>!#&>!>4I%&4>l!
!
UQ!k#F!9+4$4!#!'B4#$!>4F'$%J9%)&!)I!9+4!94'+&%d84F!8F4>!9)!%>4&9%I0!9+4!4E4&9Fl!
!
VQ!k#F!9+4$4!&)&<A%#F4>!#&>!#''8$#94!#F'4$9#%&.4&9!)I!4E4&9F!W%&>4J4&>4&9!#F'4$9#%&4$Fe!
E#B%>#9%)&!)I!#F'4$9#%&.4&9!94'+&%d84Xl!
!
[Q!k4$4!J)94&9%#B!')&I)8&>%&*!E#$%#AB4F!#&>!$%F:!I#'9)$F!%>4&9%I%4>!#&>!4T#.%&4>!8F%&*!
#''4J9#AB4!F9#9%F9%'#B!94'+&%d84Fl!
!
NQ!(%>!9+4!>8$#9%)&!)I!I)BB)?<8J!')$$4B#94!9)!$4#F)&#AB4!9%.%&*!I)$!%&E4F9%*#94>!4E4&9Fl!!W()4F!%9!
.449!9+4!F9#94>!9+$4F+)B>lX!
!
;FF4FF.4&9!)I!DT94$&#B!g#B%>%90!
!
ZQ!k#F!9+4!>4F'$%J9%)&!)I!9+4!J)J8B#9%)&!#>4d8#94l!
!
LQ!=)?!F%.%B#$!%F!9+4!J)J8B#9%)&!9)!9+4!J)J8B#9%)&!9)!?+).!9+4!%&94$E4&9%)&!?)8B>!A4!#JJB%4>l!
!
PQ!=)?!.#&0!J#9%4&9F!?4$4!$4'$8%94>l!
!
UQ!k+#9!?4$4!9+4!4T'B8F%)&!'$%94$%#!I)$!$4'$8%9.4&9l!W@%E4!&8.A4$F!4T'B8>4>!#9!4#'+!F94JX!
!
VQ!k+#9!?#F!9+4!I8&>%&*!F)8$'4!#&>!$)B4!)I!I8&>4$!%&!9+4!F98>0l!
!
!
Systematic Reviews: 
!
_F!9+4$4!#!'B4#$!$4E%4?!d84F9%)&!#&>!%&'B8F%)&j4T'B8F%)&!'$%94$%#!$4J)$94>!$4B#9%&*!9)!9+4!J$%.#$0!
F98>%4Fl!!

;!*))>!d8#B%90!$4E%4?!F+)8B>!I)'8F!)&!#!?4BB<>4I%&4>!d84F9%)&!)$!F49!)I!d84F9%)&F,!?+%'+!
%>4#BB0!?%BB!$4I4$!9)!9+4!%&'B8F%)&j4T'B8F%)&!'$%94$%#!A0!?+%'+!>4'%F%)&F!#$4!.#>4!)&!?+49+4$!
9)!%&'B8>4!)$!4T'B8>4!J$%.#$0!F98>%4FQ!/+4!'$%94$%#!F+)8B>!$4B#94!9)!9+4!I)8$!').J)&4&9F!)I!
F98>0!>4F%*&,!%&>%'#9%)&F!WJ#9%4&9!J)J8B#9%)&FX,!%&94$E4&9%)&F!W>$8*FX,!#&>!)89').4F!)I!
%&94$4F9Q!_&!#>>%9%)&,!>49#%BF!F+)8B>!A4!$4J)$94>!$4B#9%&*!9)!9+4!J$)'4FF!)I!>4'%F%)&<.#:%&*,!



R%&#B!S4J)$9!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!($8*!DII4'9%E4&4FF!S4E%4?!-$)54'9!

(%F4#F4<.)>%I0%&*!>$8*F!I)$!"8B9%JB4!2'B4$)F%F! NM

%Q4Q,!+)?!.#&0!$4E%4?4$F!?4$4!%&E)BE4>,!?+49+4$!9+4!F98>%4F!?4$4!4T#.%&4>!%&>4J4&>4&9B0,!
#&>!+)?!>%F#*$44.4&9F!A49?44&!$4E%4?4$F!?4$4!$4F)BE4>Q!

ZQ! _F!9+4$4!4E%>4&'4!)I!#!F8AF9#&9%#B!4II)$9!9)!F4#$'+!I)$!#BB!$4B4E#&9!$4F4#$'+l!!

/+%F!%F!8F8#BB0!9+4!'#F4!%I!>49#%BF!)I!4B4'9$)&%'!>#9#A#F4!F4#$'+4F!#&>!)9+4$!%>4&9%I%'#9%)&!
F9$#94*%4F!#$4!*%E4&Q!_>4#BB0,!>49#%BF!)I!9+4!F4#$'+!94$.F!8F4>,!>#94!#&>!B#&*8#*4!$4F9$%'9%)&F!
F+)8B>!A4!J$4F4&94>Q!_&!#>>%9%)&,!>4F'$%J9%)&F!)I!+#&><F4#$'+%&*,!#994.J9F!9)!%>4&9%I0!
8&J8AB%F+4>!.#94$%#B,!#&>!#&0!')&9#'9!?%9+!#89+)$F,!%&>8F9$0,!#&>!$4F4#$'+!%&F9%9894F!F+)8B>!
A4!J$)E%>4>Q!/+4!#JJ$)J$%#94&4FF!)I!9+4!>#9#A#F4WFX!F4#$'+4>!A0!9+4!#89+)$F!F+)8B>!#BF)!A4!
')&F%>4$4>,!4Q*Q!%I!"D(1_YD!%F!F4#$'+4>!I)$!#!$4E%4?!B)):%&*!#9!+4#B9+!4>8'#9%)&,!9+4&!%9!%F!
8&B%:4B0!9+#9!#BB!$4B4E#&9!F98>%4F!?%BB!+#E4!A44&!B)'#94>Q!

LQ! _F!9+4!E#B%>%90!)I!%&'B8>4>!F98>%4F!#>4d8#94B0!#FF4FF4>l!!

;!F0F94.#9%'!#FF4FF.4&9!)I!9+4!d8#B%90!)I!J$%.#$0!F98>%4F!F+)8B>!%&'B8>4!#&!4TJB#&#9%)&!)I!
9+4!'$%94$%#!8F4>!W4Q*Q,!.49+)>!)I!$#&>).%c#9%)&,!?+49+4$!)89').4!#FF4FF.4&9!?#F!AB%&>4>,!
?+49+4$!#&#B0F%F!?#F!)&!#&!%&94&9%)&<9)<9$4#9!A#F%FXQ!;89+)$F!.#0!8F4!4%9+4$!#!J8AB%F+4>!
'+4':B%F9!)$!F'#B4,!)$!)&4!9+#9!9+40!+#E4!>4F%*&4>!FJ4'%I%'#BB0!I)$!9+4%$!$4E%4?Q!;*#%&,!9+4!
J$)'4FF!$4B#9%&*!9)!9+4!#FF4FF.4&9!F+)8B>!A4!4TJB#%&4>!W%Q4Q!+)?!.#&0!$4E%4?4$F!%&E)BE4>,!
?+49+4$!9+4!#FF4FF.4&9!?#F!%&>4J4&>4&9,!#&>!+)?!>%F'$4J#&'%4F!A49?44&!$4E%4?4$F!?4$4!
$4F)BE4>XQ!

PQ! _F!F8II%'%4&9!>49#%B!)I!9+4!%&>%E%>8#B!F98>%4F!J$4F4&94>l!!

/+4!$4E%4?!F+)8B>!>4.)&F9$#94!9+#9!9+4!F98>%4F!%&'B8>4>!#$4!F8%9#AB4!9)!#&F?4$!9+4!d84F9%)&!
J)F4>!#&>!9+#9!#!58>*4.4&9!)&!9+4!#JJ$)J$%#94&4FF!)I!9+4!#89+)$Fx!')&'B8F%)&F!'#&!A4!.#>4Q!
_I!#!J#J4$!%&'B8>4F!#!9#AB4!*%E%&*!%&I)$.#9%)&!)&!9+4!>4F%*&!#&>!$4F8B9F!)I!9+4!%&>%E%>8#B!
F98>%4F,!)$!%&'B8>4F!#!&#$$#9%E4!>4F'$%J9%)&!)I!9+4!F98>%4F!?%9+%&!9+4!94T9,!9+%F!'$%94$%)&!%F!
8F8#BB0!I8BI%BB4>Q!_I!$4B4E#&9,!9+4!9#AB4F!)$!94T9!F+)8B>!%&'B8>4!%&I)$.#9%)&!)&!F98>0!>4F%*&,!
F#.JB4!F%c4!%&!4#'+!F98>0!*$)8J,!J#9%4&9!'+#$#'94$%F9%'F,!>4F'$%J9%)&!)I!%&94$E4&9%)&F,!F499%&*F,!
)89').4!.4#F8$4F,!I)BB)?<8J,!>$)J<)89!$#94!W?%9+>$#?#BFX,!4II4'9%E4&4FF!$4F8B9F!#&>!#>E4$F4!
4E4&9FQ!

UQ! ;$4!9+4!J$%.#$0!F98>%4F!F8..#$%c4>!#JJ$)J$%#94B0l!

/+4!#89+)$F!F+)8B>!#994.J9!9)!F0&9+4F%c4!9+4!$4F8B9F!I$).!%&>%E%>8#B!F98>%4FQ!_&!#BB!'#F4F,!
9+4$4!F+)8B>!A4!#!&#$$#9%E4!F8..#$0!)I!$4F8B9F,!?+%'+!.#0!)$!.#0!&)9!A4!#'').J#&%4>!A0!#!
d8#&9%9#9%E4!F8..#$0!W.49#<#&#B0F%FXQ!

R)$!$4E%4?F!9+#9!8F4!#!.49#<#&#B0F%F,!+494$)*4&4%90!A49?44&!F98>%4F!F+)8B>!A4!#FF4FF4>!8F%&*!
F9#9%F9%'#B!94'+&%d84FQ!_I!+494$)*4&4%90!%F!J$4F4&9,!9+4!J)FF%AB4!$4#F)&F!W%&'B8>%&*!'+#&'4X!
F+)8B>!A4!%&E4F9%*#94>Q!_&!#>>%9%)&,!9+4!%&>%E%>8#B!4E#B8#9%)&F!F+)8B>!A4!?4%*+94>!%&!F).4!
?#0!W4Q*Q,!#'')$>%&*!9)!F#.JB4!F%c4,!)$!%&E4$F4!)I!9+4!E#$%#&'4X!F)!9+#9!F98>%4F!9+#9!#$4!
')&F%>4$4>!9)!J$)E%>4!9+4!.)F9!$4B%#AB4!>#9#!+#E4!*$4#94$!%.J#'9!)&!9+4!F8..#$0!F9#9%F9%'Q!
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!

B88+03-]%&G%P]:'#3+3%97#3-+)%
P]:'#3+3%97#3-+)% *+()/0%4/"%P]:'#)-/0%

EF)-7RE5')!E*W!`'7'Q^'!EJW!J&<&7!KW!\0==$(0!KW!\$4)&(!?T1!
;(#0)&(#&!$=!'(/0F$)0&.!/$!0(/&4=&4$(RF&/'!0(!%'/0&(/.!/4&'/&)!H0/5!
4&#$>F0('(/!5->'(!0(/&4=&4$(RF&/'!@'!=4$>!>'>>'70'(!#&77.1!
Cytokines, cellular & molecular therapy. @66U]Y9@:NIURYI1!

B-/#$>&!)0)!($/!>&&/!0(#7-.0$(!#40/&40'!

E((-(Q0'/'!8W!`0$4C0$!EW!D&!"'(/0!3W!&/!'71!EF.&(#&!$=!#&4&F4$.%0('7!
=7-0)!$70C$#7$('7!F'().!0.!'..$#0'/&)!H0/5!)&7'+&)!)0.'F070/+!%4$C4&..0$(!
0(!4&7'%.0(CR4&>0//0(C!K"!%'/0&(/.!/4&'/&)!H0/5!0(/&4=&4$(RF&/'1!Journal 
of the Neurological Sciences. K'+!@O!IAAS]ILL9@RI:N6UR@AI1!

B-/#$>&!)0)!($/!>&&/!0(#7-.0$(!#40/&40'!

E(/$(&770!`W!"0>&$(0!?W!\'C('/$!dW!&/!'71!d-4/5&4!./-)+!$(!/5&!
.%&#0=0#0/+!'()!0(#0)&(#&!$=!(&-/4'70Q0(C!'(/0F$)0&.!/$!0(/&4=&4$(!9;dP:!0(!
4&7'%.0(C!4&>0//0(C!>-7/0%7&!.#7&4$.0.!%'/0&(/.!/4&'/&)!H0/5!;dP!F&/'R@'!
$4!;dP!F&/'R@F1!Journal of the Neurological Sciences. B#/!@O!
@666]@S29I:N@Y@R@YS1!

B-/#$>&!)0)!($/!>&&/!0(#7-.0$(!#40/&40'!

E4(&//!8EW!J'()$7%5!ss1!3$(C0/-)0('7!#$-4.&!$=!)&%4&..0$(!.+>%/$>.!
0(!>-7/0%7&!.#7&4$.0.1!Journal of Neurology, Neurosurgery & Psychiatry. 
K'+!IAAS]UU9O:NSASRS@A1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

E<'.'4'7'!sJW!T4$..!EbW!T70==$4)!D\W!"0(C&4!\EW!"0&C&7!\EW!EFF&+!
??1!J'%0)!$(.&/!>0/$M'(/4$(&R0()-#&)!#'4)0$/$M0#0/+!0(!.&#$()'4+!
%4$C4&..0<&!>-7/0%7&!.#7&4$.0.1!Multiple Sclerosis. d&F!IAAY]69@:NO6RSI1!

B-/#$>&!)0)!($/!>&&/!0(#7-.0$(!#40/&40'!

\'4F&4$!8W!\&4C-0!KW!G&4.0($!?W!&/!'71!?<&4+R$/5&4R)'+!0(/&4=&4$(!F&/'R
@F!<&4.-.!$(#&RH&&^7+!0(/&4=&4$(!F&/'R@'!=$4!>-7/0%7&!.#7&4$.0.!
9;PTBK;P!Z40'7:!;;N!'('7+.0.!$=!KJ;!4&.%$(.&.!/$!/4&'/>&(/!'()!
#$44&7'/0$(!H0/5!P'F1!Multiple sclerosis (Houndmills, Basingstoke, 
England). IAAS]@I9@:NUIRUS1!

B-/#$>&!)0)!($/!>&&/!0(#7-.0$(!#40/&40'!

\'4F&4$!8W!G&4)-(!?W!\&4C-0!KW!&/!'71!b0C5R)$.&W!=4&_-&(/7+!
')>0(0./&4&)!0(/&4=&4$(!F&/'!/5&4'%+!=$4!4&7'%.0(CR4&>0//0(C!>-7/0%7&!
.#7&4$.0.!>-./!F&!>'0(/'0(&)!$<&4! /5&!7$(C!/&4>N!/5&!0(/&4=&4$(!F&/'!
)$.&R4&)-#/0$(!./-)+1! Journal of the neurological sciences. 
IAAL]III9@RI:N@YR@61!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

\'4^5$=!dW!<'(!V'&.F&4C5&!sbW!d070%%0!KW!&/!'71!Z9@:!5+%$0(/&(.&!
7&.0$(.!0(!.&#$()'4+!%4$C4&..0<&!>-7/0%7&!.#7&4$.0.N!&==&#/!$=!0(/&4=&4$(!
F&/'R@F!/4&'/>&(/1!Brain : a journal of neurology. IAA@]@IL98/!U:N@Y6SR
@LAI1!

B-/#$>&!)0)!($/!>&&/!0(#7-.0$(!#40/&40'!

\'->!*W!K'((0/$7!d$4>-7'/0$(!"/-)+!`1!"'=&/+!'()!/$7&4'F070/+!$=!'!
}4&=40C&4'/0$(R=4&&}!=$4>-7'/0$(!$=!0(/&4=&4$(!F&/'R@FRR4&.-7/.!$=!'!
)$-F7&RF70()W!>-7/0#&(/4&W!#$>%'4'/0<&!./-)+!0(!%'/0&(/.!H0/5!4&7'%.0(CR
4&>0//0(C!$4!.&#$()'4+!%4$C4&..0<&!>-7/0%7&!.#7&4$.0.1!Journal of 
International Medical Research. s'(Rd&F!IAAS]YL9@:N@R@I1!

;(/&4<&(/0$(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

\&#^!JVW!T5'()7&4!D3W!T$7&!"JW!&/!'71!;(/&4=&4$(!F&/'R@'!=$4!&'47+!
>-7/0%7&!.#7&4$.0.N!TbEK8"!/40'7!.-FC4$-%!'('7+.&.1!Annals of 
Neurology. E%4!IAAI]O@9L:NL2@RL6A1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

\&77$>0!dW!"#'C($7'40!TW!Z$>'..0(0!GW!&/!'71!d'/&!$=!(&-/4'70Q0(C!'()!
F0()0(C!'(/0F$)0&.!/$!;dP!F&/'!0(!K" !%'/0&(/.!/4&'/&)!H0/5!;dP!F&/'!=$4!
S!+&'4.1!Journal of the neurological sciences. IAAY]I@O9@RI:NYR21!

B-/#$>&!)0)!($/!>&&/!0(#7-.0$(!#40/&40'!

\&4/$7$//$!EW!K'7-##50!"W!K07'($!?W!T'./&77$!EW!T'%$F0'(#$!KW!K-/'(0!
J1!;(/&4=&4$(!F&/'!(&-/4'70Q0(C!'(/0F$=0)0&.!0(!>-7/0%7&!.#7&4$.0.N!
P&-/4'70Q0(C!'#/0<0/+!'()!#4$..R4&'#/0<0/+!H0/5!/54&&!)0==&4&(/!
%4&%'4'/0$(.1!@@US1!Immunopharmacology. Vol. IAAA]L2N6OR@AA1!

B-/#$>&!)0)!($/!>&&/!0(#7-.0$(!#40/&40'!
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P]:'#3+3%97#3-+)% *+()/0%4/"%P]:'#)-/0%

\&4/$7$//$!EW!K'7-##50!"W!"'7'!EW!&/!'71!D0==&4&(/0'7!&==&#/.!$=!/54&&!
0(/&4=&4$(!F&/'.!$(!(&-/4'70.0(C!'(/0F$)0&.!0(!%'/0&(/.!H0/5!>-7/0%7&!
.#7&4$.0.N!'!=$77$H!-%!./-)+!0(!'(!0()&%&()&(/!7'F$4'/$4+1y.&&!
#$>>&(/z1!Journal of Neurology, Neurosurgery & Psychiatry. E-C!
IAAI]UY9I:N@L2R@OY1!

B-/#$>&!)0)!($/!>&&/!0(#7-.0$(!#40/&40'!

\4'>'(/0!8W!"&..'!?W!J0=0#0!TW!&/!'71!?(5'(#&)!.%'./0#0/+!0(!%40>'4+!
%4$C4&..0<&!K"!%'/0&(/.!/4&'/&)!H0/5!0(/&4=&4$(!F&/'R@F1y.&&!
#$>>&(/z1!Neurology. D&#!@662]O@9S:N@UIAR@UIY1!

B-/#$>&!)0)!($/!>&&/!0(#7-.0$(!#40/&40'!

\4+'(/!sW!T7&CC!EW!K07(&!J1!"+./&>'/0#!4&<0&H!$=!0>>-($>$)-7'/$4+!
)4-C.!=$4!/5&!/4&'/>&(/!$=!%&$%7&!H0/5!>-7/0%7&!.#7&4$.0.N!;.!/5&4&!C$$)!
_-'70/+!&<0)&(#&!$(!&==&#/0<&(&..!'()!#$./X!Journal of Neurology, 
Neurosurgery & Psychiatry. K'+!IAA@]UA9O:NOULROU61!

;(/&4<&(/0$(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

T'$(!TW!D0(!KW!T50(C!VW!Z.&70.!EW!30.'^!JW!*5'(!B1!T70(0#'7!#$-4.&!
'=/&4!#5'(C&!$=!0>>-($>$)-7'/0(C!/5&4'%+!0(!4&7'%.0(CR4&>0//0(C!
>-7/0%7&!.#7&4$.0.1!European Journal of Neurology. K'+!
IAAS]@Y9O:NLU@RLUL1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

T'44'!EW!B('5'!8W!"0('+!GW!&/!'71!E!4&/4$.%&#/0<&W!$F.&4<'/0$('7!./-)+!
#$>%'40(C!/5&!=$-4!'<'07'F7&!0>>-($>$)-7'/$4+!/4&'/>&(/.!=$4!
4&7'%.0(CR4&>0//0(C!>-7/0%7&!.#7&4$.0.1!European Journal of Neurology. 
P$<!IAAY]@A9S:NSU@RSUS1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

T7'(&/!KW!*'%%$.!3W!b'4/-(C!b8W!b$57=&7)!J1!;(/&4=&4$(!F&/'R@'!0(!
4&7'%.0(C!>-7/0%7&!.#7&4$.0.N!=$-4R+&'4!&M/&(.0$(!$=!/5&!?-4$%&'(!
;dPF&/'R@'!D$.&RT$>%'40.$(!"/-)+1! Multiple sclerosis (Houndmills, 
Basingstoke, England). IAAL]@A9I:N@Y6R@LL1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

T7'(&/!KW!J')-&!?VW!*'%%$.!3W!&/!'71!E!4'()$>0Q&)W!)$-F7&RF70()W!
)$.&R#$>%'40.$(!./-)+!$=!H&&^7+!0(/&4=&4$(!F&/'R@'!0(!4&7'%.0(C!K"1!
Neurology. IAAI]O69@A:N@OAUR@O@U1!

B-/#$>&!)0)!($/!>&&/!0(#7-.0$(!#40/&40'!

T$%%$7'!`W!3'(Q077$!JW!d7$40$!TW!&/!'71!3$(CR/&4>!#70(0#'7!&M%&40&(#&!
H0/5!H&&^7+!0(/&4=&4$(!F&/'R@'!0(!4&7'%.0(C!>-7/0%7&!.#7&4$.0.1!
European Journal of Neurology. "&%!IAAS]@Y96:N@A@LR@AI@1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

T$44&'7&!sW!J-.5!TW!E>&(C-'7!EW!`$0#$#5&'!KZ1!K0/$M'(/4$(&!'.!
4&.#-&!/5&4'%+!0(!H$4.&(0(C!4&7'%.0(CR4&>0//0(C!K"!%'/0&(/.!4&#&0<0(C!
;dPRF&/'1!Journal of Neuroimmunology. K'+!IAAO]@SI9@RI:N@UYR@2Y1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

T4'>&4!sEW!T-==&7!\sW!D0<'(!GW!E7R"'FF'C5!EW!`7'..>'(!K1!8'/0&(/!
.'/0.='#/0$(!H0/5!'(!0([&#/0$(!)&<0#&!=$4!>-7/0%7&!.#7&4$.0.!/4&'/>&(/1!
Acta Neurologica Scandinavica. K'4!IAAS]@@Y9Y:N@OSR@SI1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

D&!T'./4$!"W!T'4/$(0!DW!K077&=0$40(0!?W!&/!'71!P$(0(<'.0<&!'..&..>&(/!$=!
>0/$M'(/4$(&!#'4)0$/$M0#0/+!0(!4&7'%.0(C!4&>0//0(C!>-7/0%7&!.#7&4$.0.1!
Journal of Clinical Pharmacology. s-(!@66O]YO9S:NSIURSYI1!

B-/#$>&!)0)!($/!>&&/!0(#7-.0$(!#40/&40'!

D-4&770!3W!BCC&4$!EW!G&4)-(!?W!&/!'71!D$&.!50C5R)$.&!0(/&4=&4$(!F&/'R
@F!0>%4$<&!#70(0#'7!4&.%$(.&!0(!>$4&!.&<&4&7+!)0.'F7&)!>-7/0%7&!
.#7&4$.0.!%'/0&(/.X!Journal of the Neurological Sciences. "&%!@!
IAAA]@U29@:NYURL@1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

?7C'4/!`VW!"5&4&>'/'!VW!E5(!~"1!T-/'(&$-.!4&'#/0$(.!/$!
4&#$>F0('(/!5->'(!0(/&4=&4$(!F&/'R@FN!/5&!#70(0#'7!'()!50./$7$C0#!
.%&#/4->1y.&&!#$>>&(/z1!Journal of the American Academy of 
Dermatology. B#/!@66U]YU9L:NOOYROO21!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

d&0(./&0(!EW!B}T$(($4!8W!d&0(./&0(!*1!K-7/0%7&!.#7&4$.0.W!0(/&4=&4$(!
F&/'R@F!'()!)&%4&..0$(!E!%4$.%&#/0<&!0(<&./0C'/0$(1!Journal of 
Neurology. s-7!IAAI]IL69U:N2@OR2IA1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

d&4('()&Q!BW!E(/0_-&)')!EW!E4F0Q-!ZW!&/!'71!Z4&'/>&(/!$=!4&7'%.0(CR
4&>0//0(C!>-7/0%7&!.#7&4$.0.!H0/5!('/-4'7!0(/&4=&4$(!F&/'N!'!>-7/0#&(/&4W!
4'()$>0Q&)!#70(0#'7!/40'71!Multiple sclerosis. @66O]@9@:1!

;(/&4<&(/0$(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!
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d070%%0!KW!V$70(.^+!s"W!T$>0!`1!?==&#/.!$=!$4'7!C7'/04'>&4!'#&/'/&!$(!
#70(0#'7!'()!KJ;R>$(0/$4&)!)0.&'.&!'#/0<0/+!0(!%'/0&(/.!H0/5!4&7'%.0(C!
>-7/0%7&!.#7&4$.0.N!'!>-7/0#&(/4&W!)$-F7&RF70()W!4'()$>0.&)W!%7'#&F$R
#$(/4$77&)!./-)+1!Lancet neurology. IAAS]O9Y:NI@YRIIA1!

;(/&4<&(/0$(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

d0.#5&4!s"W!840$4&!J3W!s'#$F.!3DW!&/!'71!P&-4$%.+#5$7$C0#'7!&==&#/.!$=!
0(/&4=&4$(!F&/'R@'!0(!4&7'%.0(C!>-7/0%7&!.#7&4$.0.1!K-7/0%7&!"#7&4$.0.!
T$77'F$4'/0<&!J&.&'4#5!`4$-%1!Annals of Neurology. D&#!
IAAA]L29S:N22OR26I1!

B-/#$>&!)0)!($/!>&&/!0(#7-.0$(!#40/&40'!

d4'.&4!TW!b')[0>0#5'&7!BW!G$77>&4!Z1!84&)0#/$4.!$=!')5&4&(#&!/$!
T$%'M$(&!/5&4'%+!0(!0()0<0)-'7.!H0/5!4&7'%.0(CR4&>0//0(C!>-7/0%7&!
.#7&4$.0.1!Journal of Neuroscience Nursing. B#/!IAA@]YY9O:NIY@RIY61!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

d4'.&4!TW!b')[0>0#5'&7!BW!G$77>&4!Z1!84&)0#/$4.!$=!')5&4&(#&!/$!
C7'/04'>&4!'#&/'/&!/5&4'%+!0(!0()0<0)-'7.!H0/5!.&7=R4&%$4/&)!%4$C4&..0<&!
=$4>.!$=!>-7/0%7&!.#7&4$.0.1!Journal of Neuroscience Nursing. s-(!
IAAY]YO9Y:N@SYR@UA1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

d4'.&4!TW!K$4C'(/&!3W!b')[0>0#5'&7!BW!G$77>&4!Z1!E!%4$.%&#/0<&!./-)+!
$=!')5&4&(#&!/$!C7'/04'>&4!'#&/'/&!0(!0()0<0)-'7.!H0/5!>-7/0%7&!
.#7&4$.0.1!Journal of Neuroscience Nursing. s-(!IAAL]YS9Y:N@IAR@I61!

B-/#$>&!)0)!($/!>&&/!0(#7-.0$(!#40/&40'!

`$&F&7!KmW!TQ$7F&!dW!\&#^&4!bW!s'(..&(!B?W!"#5&)7$H.^0!KW!
30>>4$/5!G1!?==&#/.!$=!0(/&4=&4$(RF&/'!@'!$(!/5&!5+%$/5'7'>0#R
%0/-0/'4+R')4&('7!'M0.W!7&-^$#+/&!)0./40F-/0$(!'()!>$$)!./'/&.!0(!
>-7/0%7&!.#7&4$.0.!%'/0&(/.N!4&.-7/.!$=!'!@R+&'4!=$77$HR-%!./-)+1!
European Neurology. IAAO]OY9L:N@2IR@2U1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

`$7)!JW!b'4/-(C!b8W!Z$+^'!*G1!;>> -($>$)-7'/0(C!/5&4'%+!$=!>-7/0%7&!
.#7&4$.0.1!E%%70#'/0$(!$=!F&/'!0(/&4=&4$(!'()!#$%$7+>&4R@!0(!4&7'%.0(CR
4&>0//0(C!>-7/0%7&!.#7&4$.0.1!@@261!Die Therapiewoche. Vol. 
@66S]LSNOYIROYS1!

3'(C-'C&!)0)!($/!>&&/!0(#7-.0$(!#40/&40'!

`$7)!JW!J0&#^>'((!8W!T5'(C!8W!EF)'77'!s1!Z5&!7$(CR/&4>!.'=&/+!'()!
/$7&4'F070/+!$=!50C5R)$.&!0(/&4=&4$(!F&/'R@'!0(!4&7'%.0(CR4&>0//0(C!
>-7/0%7&!.#7&4$.0.N!LR+&'4!)'/'!=4$>!/5&!8J;"K"!./-)+1!European 
journal of neurology : the official journal of the European Federation of 
Neurological Societies. IAAO]@I92:NSL6RSOS1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

`$$)^0(!D?W!840$4&!J3W!V&()&!*?W!&/!'71!T$>%'40(C!/5&!'F070/+!$=!
<'40$-.!#$>%$.0/0<&!$-/#$>&.!/$!)0.#40>0('/&!/4&'/>&(/!&==&#/.!0(!K"!
#70(0#'7!/40'7.1!Z5&!K-7/0%7&!"#7&4$.0.!T$77'F$4'/0<&!J&.&'4#5!`4$-%!
9K"TJ`:1! Multiple sclerosis (Houndmills, Basingstoke, England). 
@662]L9S:NL2ARL2S1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

`$//&.>'(!KbW!d40&)>'(Rm4&<0#5!"1!;(/&4=&4$(!F&/'R@F!
9F&/'.&4$(cF&/'=&4$(:!0.!H&77!/$7&4'/&)!'/!'!)$.&!$=!OAA!>0#4$CN!
0(/&4=&4$(!)$.&!&.#'7'/0$(!'. .&..>&(/!$=!.'=&/+!9;D?E":1! Multiple 
Sclerosis. s-(!IAAS]@I9Y:NIU@RI2A1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

s'#$F.!3W!B}K'77&+!sEW!d4&&>'(!EW!&/!'71!;(/4'/5&#'7!0(/&4=&4$(!0(!/5&!
/4&'/>&(/!$=!>-7/0%7&!.#7&4$.0.1!8'/0&(/!=$77$HR-%1!Arch Neurol. 
@62O]LI96:N2L@R2LU1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

s'#$F.!3W!J-)0#^!JW!"0>$(!s1!?M/&()&)!$F.&4<'/0$(.!$(!K"!%'/0&(/.!
/4&'/&)!H0/5!;K!0(/&4=&4$(RF&/'@'!9E<$(&M!9ZK::N!0>%70#'/0$(.!=$4!
>$)&4(!K"!/40'7.!'()!/5&4'%&-/0#.1! Journal of neuroimmunology. 
IAAA]@AU9I:N@SUR@UY1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

s'#$F.!3W!"'7'Q'4!EKW!b&4()$(!JW!&/!'71!;(/4'/5&#'77+!')>0(0./&4&)!
('/-4'7!5->'(!=0F4$F7'./!0(/&4=&4$(!4&)-#&.!&M'#&4F'/0$(.!$=!>-7/0%7&!
.#7&4$.0.1!J&.-7/.!$=!'!>-7/0#&(/&4W!)$-F7&RF70()!./-)+1!Archives of 
neurology. @62U]LL9S:NO26RO6O1!

;(/&4<&(/0$(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

s$5(.$(!*8W!\4$$^.!\JW!T$5&(!sEW!&/! '71!?M/&()&)!-.&!$=!C7'/04'>&4!
'#&/'/&!9T$%'M$(&:!0.!H&77!/$7&4'/&)!'()!>'0(/'0(.!0/.!#70(0#'7!&==&#/!$(!
>-7/0%7&!.#7&4$.0.!4&7'%.&!4'/&!'()!)&C4&&!$=!)0.'F070/+1!T$%$7+>&4!@!
K-7/0%7&!"#7&4$.0.!"/-)+!`4$-%1y.&&!#$>>&(/z1!Neurology. K'4!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!
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@662]OA9Y:NUA@RUA21!

s$5(.$(!*8W!d$4)!TTW!30.'^!J8W!V$70(.^+!s"1!P&-4$7$C0#!
#$(.&_-&(#&!$=!)&7'+0(C!C7'/04'>&4!'#&/'/&!/5&4'%+!=$4!>-7/0%7&!
.#7&4$.0.N!2R+&'4!)'/'1!Acta Neurologica Scandinavica. s'(!
IAAO]@@@9@:NLIRLU1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

*'7'(0&!bW!`5'4'C$Q70!*W!b&>>'/0&!EW!`5$4F'(0&!KW!*'7'(0&!EJ1!
;(/&4=&4$(!\&/'R@'!'()!0(/4'<&($-.!0>>-($C7$F-70(!/4&'/>&(/!=$4!
>-7/0%7&!.#7&4$.0.!0(!;4'(1!European Neurology. IAAL]OI9L:NIAIRIAS1!

;(/&4<&(/0$(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

*'4CH&77!bW!~'_-F!\EW!E7RD&&F!"K1!J&.%$(.&!/$!F&/'!0(/&4=&4$(!@F!
'>$(C!"'-)0!%'/0&(/.!H0/5!>-7/0%7&!.#7&4$.0.1!Saudi Medical Journal. 
s'(!IAAY]IL9@:NLLRL21!

8$%-7'/0$(!)0)!($/!>&&/!0(#7-.0$(!#40/&40'!

*5'(!BEW!D50FRs'7F-/!""1!P&-/4'70Q0(C!'(/0F$)0&.!/$!0(/&4=&4$(!F&/'R@'!
'()!0(/&4=&4$(!F&/'R@F!0(!K"!%'/0&(/.!'4&!#4$..R4&'#/0<&1!Neurology. 
D&#!@662]O@9S:N@S62R@UAI1!

B-/#$>&!)0)!($/!>&&/!0(#7-.0$(!#40/&40'!

*5'(!BEW!b&F&7!sJ1!;(#0)&(#&!$=!&M'#&4F'/0$(.!0(!/5&!=04./!6A!)'+.!$=!
/4&'/>&(/!H0/5!4&#$>F0('(/!5->'(!0(/&4=&4$(!F&/'R@F!0(!%'/0&(/.!H0/5!
4&7'%.0(CR4&>0//0(C!>-7/0%7&!.#7&4$.0.1!Annals of Neurology. s-7!
@662]LL9@:N@Y2R@Y61!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

*5'(!BEW!Z.&70.!ETW!*'>5$7Q!sEW!`'4F&4(!s~W!3&H0.!JEW!30.'^!J81!E!
%4$.%&#/0<&W!$%&(R7'F&7!/4&'/>&(/!/40'7!/$!#$>%'4&!/5&!&==&#/!$=!;dP!
F&/'R@'!9E<$(&M:W!;dPF&/'R@F!9\&/'.&4$(:W!'()!C7'/04'>&4!'#&/'/&!
9T$%'M$(&:!$(!/5&!4&7'%.&!4'/&!0(!4&7'%.0(CR4&>0//0(C!>-7/0%7&!
.#7&4$.0.1y.&&!#$>>&(/z1!European Journal of Neurology. K'4!
IAA@]29I:N@L@R@L21!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

*5'(!BEW!Z.&70.!ETW!*'>5$7Q!sEW!`'4F&4(!s~W!3&H0.!JEW!30.'^!J81!E!
%4$.%&#/0<&W!$%&(R7'F&7!/4&'/>&(/!/40'7!/$!#$>%'4&!/5&!&==&#/!$=!
;dPF&/'R@'!9E<$(&M:W!;dPF&/'R@F!9\&/'.&4$(:W!'()!C7'/04'>&4!'#&/'/&!
9T$%'M$(&:!$(!/5&!4&7'%.&!4'/&!0(!4&7'%.0(CRR4&>0//0(C!>-7/0%7&!
.#7&4$.0.N!4&.-7/.!'=/&4!@2!>$(/5.!$=!/5&4'%+1!Mulitple Sclerosis. 
IAA@]U9S:NYL6RYOY1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

*0<0.'^^!8W!E7>!`GW!Z0'(!V•W!K'/-.&<0#0-.!DW!d4&)40^.$(!"W!30(^!b1!
P&-/4'70.0(C!'()!F0()0(C!'(/0R0(/&4=&4$(RF&/'R;!F!9;dPRF&/'R;!F:!
'(/0F$)0&.!)-40(C!;dPRF&/'R;!F!/4&'/>&(/!$=!>-7/0%7&!.#7&4$.0.1!Multiple 
Sclerosis. s-(!@66U]Y9Y:N@2LR@6A1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

*$#5Rb&(40^.&(!PW!"$4&(.&(!8"1!Z5&!D'(0.5!P'/0$('7!84$[&#/!$=!
0(/&4=&4$(RF&/'!/4&'/>&(/!0(!4&7'%.0(CR4&>0//0(C!>-7/0%7&!.#7&4$.0.1!Z5&!
D'(0.5!K-7/0%7&!"#7&4$.0.!`4$-%1!Mulitple Sclerosis. IAAA]S9Y:N@UIR
@UO1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

*4&0.7&4!EW!)&!"&Q&!sW!"/$[^$<0#!ZW!&/!'71!K-7/0%7&!.#7&4$.0.W!0(/&4=&4$(!
F&/'!'()!#70(0#'7!/5+4$0)!)+.=-(#/0$(1!Acta Neurologica Scandinavica. 
d&F!IAAY]@AU9I:N@OLR@OU1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

3'!K'(/0'!3W!D}E>0#$!DW!J0C'>$(/0!EW!K'.#$70!PW!\-..$(&!`W!
K07'(&.&!T1!;(/&4=&4$(!/4&'/>&(/!>'+!/40CC&4!%40>'4+!5&')'#5&.!0(!
>-7/0%7&!.#7&4$.0.!%'/0&(/.1!Multiple Sclerosis. E-C!IAAS]@I9L:NLUSR
L2A1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

3'(Q077$!JW!840(./&4!EW!"#'4'($!GW!&/!'71!P&-4$%.+#5$7$C0#'7!
'..&..>&(/W!_-'(/0/'/0<&!KJ;!'()!E%$?!C&(&!%$7+>$4%50.>.!0(!'!
.&40&.!$=!K"!%'/0&(/.!/4&'/&)!H0/5!;dP!F&/'R@F1!Journal of the 
Neurological Sciences. s-(!@O!IAAS]ILO9@RI:N@L@R@LO1!

B-/#$>&!)0)!($/!>&&/!0(#7-.0$(!#40/&40'!

30!D*W!•5'$!`sW!8'/+!DV1!J'()$>0Q&)!#$(/4$77&)!/40'7!$=!0(/&4=&4$(R
F&/'R@'!0(!.&#$()'4+!%4$C4&..0<&!K"N!KJ;!4&.-7/.1!Neurology. 
IAA@]OS9@@:N@OAOR@O@Y1!

B-/#$>&!)0)!($/!>&&/!0(#7-.0$(!#40/&40'!
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K&/Q!3KW!8'//&(!"\W!E4#50F'7)!TsW!&/!'71!Z5&!&==&#/!$=!
0>>-($>$)-7'/$4+!/4&'/>&(/!$(!>-7/0%7&!.#7&4$.0.!='/0C-&1!Journal of 
Neurology, Neurosurgery & Psychiatry. s-7!IAAL]UO9U:N@ALOR@ALU1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

K0^$7!DW!3$%&QR\4&.('5'(!KW!Z'4'.^0&H0#Q!"W!T5'(C!8W!J'(C($H!s1!
E!4'()$>0Q&)W!>-7/0#&(/4&W!$%&(R7'F&7W!%'4'77&7RC4$-%!/40'7!$=!/5&!
/$7&4'F070/+!$=!0(/&4=&4$(!F&/'R@'!9J&F0=:!')>0(0./&4&)!F+!'-/$0([&#/0$(!
$4!>'(-'7!0([&#/0$(!0(!4&7'%.0(CR4&>0//0(C!>-7/0%7&!.#7&4$.0.1!Mulitple 
Sclerosis. IAAO]@@9O:NO2ORO6@1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

K$54!DTW!\$-)&H+(!ETW!30^$.^+!VW!3&<0(&!?W!`$$)^0(!D?1!;([&#/'F7&!
>&)0#'/0$(!=$4!/5&!/4&'/>&(/!$=!>-7/0%7&!.#7&4$.0.N!/5&!0(=7-&(#&!$=!.&7=R
&==0#'#+!&M%&#/'/0$(.!'()!0([&#/0$(!'(M0&/+!$(!')5&4&(#&!'()!'F070/+!/$!
.&7=R0([&#/1!Annals of Behavioral Medicine. IAA@]IY9I:N@IOR@YI1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

K$54!DTW!`$$)^0(!D?W!30^$.^+!VW!`'//$!PW!\'->'((!*EW!J-)0#^!JE1!
Z4&'/>&(/!$=!)&%4&..0$(!0>%4$<&.!')5&4&(#&!/$!0(/&4=&4$(!F&/'R@F!
/5&4'%+!=$4!>-7/0%7&!.#7&4$.0.1!Archives of Neurology. K'+!
@66U]OL9O:NOY@ROYY1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

K$54!DTW!30^$.^+!VW!DH+&4!8W!G'(!D&4!V&()&!sW!\$-)&H+(!ETW!
`$$)^0(!D?1!T$-4.&!$=!)&%4&..0$(!)-40(C!/5&!0(0/0'/0$(!$=!0(/&4=&4$(!
F&/'R@'!/4&'/>&(/!=$4!>-7/0%7&!.#7&4$.0.1!Archives of Neurology. B#/!
@666]OS9@A:N@ISYR@ISO1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

K$(Q'(0!dW!T'4'##0$!PW!T'.$7'4$!EW!&/!'71!3$(CR/&4>!0(/&4=&4$(!F&/'R
@F!/5&4'%+!=$4!K"N!0.!4$-/0(&!/5+4$0)!'..&..>&(/!'7H'+.!-.&=-7X!
Neurology. E-C!II!IAAA]OO9L:NOL6ROOI1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

B}T$(($4!8W!K077&4!DW!J0&./&4!*W!&/!'71!J&7'%.&!4'/&.!'()!&(5'(#0(C!
7&.0$(.!0(!'!%5'.&!;;!/40'7!$=!('/'70Q->'F!0(!>-7/0%7&!.#7&4$.0.1!Mulitple 
Sclerosis. IAAO]@@9O:NOS2ROUI1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

BC&4!sW!d4'(#0.!`W!T5'(C!81!84$.%&#/0<&!'..&..>&(/!$=!#5'(C0(C!
=4$>!%7'#&F$!/$!;dP!F&/'R@'!0(!4&7'%.0(C!K"N!/5&!8J;"K"!./-)+1!
Journal of the neurological sciences. IAAO]IYU9@RI:NLOROI1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

8'7->F$!JW!"'7>'CC0!EW!3'!K'(/0'!3W !"$7'40!EW!K07'(&.&!T1!Z4&'/>&(/!
H0/5!;(/&4=&4$(!F&/'!@F!'()!EQ'/50$%40(&!0(!/5&!4&7'%.0(CR!4&>0//0(C!K"1!
T70(0#'7!'()!_-'70/+!$=!70=&!&<'7-'/0$(1!Rivista di Neurobiologia. 
@666]LO9ORS:NO@6ROI@1!

3'(C-'C&!)0)!($/!>&&/!0(#7-.0$(!#40/&40'!

8'(0/#5!bW!`$$)0(!D"W!d4'(#0.!`W!&/!'71!J'()$>0Q&)W!#$>%'4'/0<&!
./-)+!$=!0(/&4=&4$(!F&/'R@'!/4&'/>&(/!4&C0>&(.!0(!K"N!Z5&!?G;D?PT?!
Z40'71!Neurology. IAAI]O69@A:N@L6SR@OAS1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

8'4^0(!DW!K#P'>&&!8W!s'#$F+!EW!K077&4!8W!Z5$>'.!"W!\'/&.!D1!E!#$./R
-/070/+!'('7+.0.!$=!0(/&4=&4$(!F&/'!=$4!>-7/0%7&!.#7&4$.0.1!Health 
Technology Assessment (Winchester, England). @662]I9L:N000ROL1!

B-/#$>&!)0)!($/!>&&/!0(#7-.0$(!#40/&40'!

8'//0!dW!3}?%0.#$%$!KJW!T'/'7)0!K3W!J&CC0$!E1!P'/-4'7!0(/&4=&4$(RF&/'!
/4&'/>&(/!$=!4&7'%.0(CR4&>0//0(C!'()!.&#$()'4+R%4$C4&..0<&!>-7/0%7&!
.#7&4$.0.!%'/0&(/.1!E!/H$R+&'4!./-)+1!Acta Neurologica Scandinavica. 
P$<!@666]@AA9O:NI2YRI261!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

8'//0!dW!8'%%'7'4)$!EW!d7$40$!TW!&/!'71!?==&#/.!$=!0(/&4=&4$(!F&/'R@'!'()!
R@F!$<&4!/0>&N!SR+&'4!4&.-7/.!$=!'(!$F.&4<'/0$('7!5&')R/$R5&')!./-)+1!
Acta Neurologica Scandinavica. E%4!IAAS]@@Y9L:NIL@RILU1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

870.^0(!PbW!b'>&4!D8W!`$7)./&0(!D"W!&/!'71!;>%4$<&)!)&7'+&)!<0.-'7!
4&%4$)-#/0$(!/&./!%&4=$4>'(#&!0(!>-7/0%7&!.#7&4$.0.!%'/0&(/.!4&#&0<0(C!
0(/&4=&4$(!F&/'R@F1!Neurology. @66S]LU9S:N@LSYR@LS21!

B-/#$>&!)0)!($/!>&&/!0(#7-.0$(!#40/&40'!

8$77>'((!VW!?4'.>-.!38W!d&(&F&4C! VW!"/4'-F&!E1!Z5&!&==&#/!$=!
C7'/04'>&4!'#&/'/&!/4&'/>&(/!$(! %4&R&M0./0(C!5&')'#5&.!0(!%'/0&(/.!
H0/5!K"1!Neurology. IAAS]SS9I:NIUORIUU1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!
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8$7>'(!TW!\'4^5$=!dW!*'%%$.!3W!&/!'71!B4'7!0(/&4=&4$(!F&/'R@'!0(!
4&7'%.0(CR4&>0//0(C!>-7/0%7&!.#7&4$.0.N!'!)$-F7&RF70()!4'()$>0Q&)!
./-)+1! Mulitple Sclerosis. IAAY]69L:NYLIRYL21!

;(/&4<&(/0$(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

8$7>'(!TbW!*'%%$.!3W!D'57^&!dW!&/!'71!;(/&4=&4$(!F&/'R@F!/4&'/>&(/!
)$&.!($/!0()-#&!'-/$'(/0F$)0&.1! Neurology. IAAO]SL9S:N66SR@AAA1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

8$QQ0770!TW!84$.%&40(0!3W!"F'4)&77'!?W!D&!`0C70$!3W!B(&./0!?W!Z$>'..0(0!
G1!8$./R>'4^&/0(C!.-4<&+!$(!#70(0#'7!4&.%$(.&!/$!0(/&4=&4$(!F&/'!0(!
4&7'%.0(C!>-7/0%7&!.#7&4$.0.N!/5&!J$>'(!&M%&40&(#&1!Neurological 
Sciences. D&#!IAAO]IS!"-%%7!LN"@ULR@U21!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

J0$!sW!8$4#&7!sW!Z&77&Q!PW!&/!'71!d'#/$4.!4&7'/&)!H0/5!/4&'/>&(/!
')5&4&(#&!/$!0(/&4=&4$(!F&/'!'()!C7'/04'>&4!'#&/'/&!/5&4'%+!0(!>-7/0%7&!
.#7&4$.0.1!Multiple Sclerosis. s-(!IAAO]@@9Y:NYASRYA61!

B-/#$>&!)0)!($/!>&&/!0(#7-.0$(!#40/&40'!

J$/$()0!KW!B70<0&4$!EW!84$=0#&!8W!&/!'71!B##-44&(#&!$=!/5+4$0)!
'-/$0>>-(0/+!'()!)+.=-(#/0$(!/54$-C5$-/!'!(0(&R>$(/5!=$77$HR-%!0(!
%'/0&(/.!-()&4C$0(C!0(/&4=&4$(RF&/'!/5&4'%+!=$4!>-7/0%7&!.#7&4$.0.1!
Journal of Endocrinological Investigation. D&#!@662]I@9@@:NUL2RUOI1!

B-/#$>&!)0)!($/!>&&/!0(#7-.0$(!#40/&40'!

J-)0#^!JEW!`$$)^0(!D?W!s'#$F.!3DW!&/!'71!;>%'#/!$=!0(/&4=&4$(!F&/'R@'!
$(!(&-4$7$C0#!)0.'F070/+!0(!4&7'%.0(C!>-7/0%7&!.#7&4$.0.1!Z5&!K-7/0%7&!
"#7&4$.0.!T$77'F$4'/0<&!J&.&'4#5!`4$-%!9K"TJ`:1! Neurology. 
@66U]L69I:NYO2RYSY1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

J-CC0&40!JKW!"&//0%'(0!PW!G0<0'($!3W!&/!'71!3$(CR/&4>!0(/&4=&4$(RF&/'!
/4&'/>&(/!=$4!>-7/0%7&!.#7&4$.0.1!Neurological Sciences. D&#!
IAAY]IL9O:NYS@RYSL1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

J-..$!8W!8'$7077$!EW!T'%40($!3W!\'./0'(&77$!"W!\4'>'(/0!81!
?==&#/0<&(&..!$=!0(/&4=&4$(!F&/'!/4&'/>&(/!0(!4&7'%.0(CR4&>0//0(C!
>-7/0%7&!.#7&4$.0.N!'(!;/'70'(!#$5$4/!./-)+1!Journal of Evaluation in 
Clinical Practice. P$<!IAAL]@A9L:NO@@RO@21!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

"'0)'!ZW!Z'.504$!*W!;/$+'>'!~W!"'/$!ZW!B5'.50!~W!•5'$!•1!;(/&4=&4$(!
F&/'R@F!0.!&==&#/0<&!0(!s'%'(&.&!JJK"!%'/0&(/.N!'!4'()$>0Q&)W!
>-7/0#&(/&4!./-)+1!Neurology. IAAO]SL9L:NSI@RSYA1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

"'()F&4CRV$775&0>!KW!\&<&4!TW!T'4/&4!sW!&/!'71!T$>%'4'/0<&!/$7&4'(#&!
$=!;dP!F&/'R@'!4&C0>&(.!0(!%'/0&(/.!H0/5!4&7'%.0(C!>-7/0%7&!.#7&4$.0.1!
Z5&!?G;D?PT?!./-)+1! Journal of neurology. IAAO]IOI9@:N2R@Y1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

"#5H'4/Q!T?W!T$-7/5'4)RK$440.!3W!T$7&!\W!G$77>&4!Z1!Z5&!_-'70/+R$=R70=&!
&==&#/.!$=!0(/&4=&4$(!F&/'R@F!0(!>-7/0%7&!.#7&4$.0.1!E(!&M/&()&)!,R
ZV0"Z!'('7+.0.1! Archives of Neurology. D&#!@66U]OL9@I:N@LUOR@L2A1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

"#5H0)!"JW!Z5$4%&!sW!"5'40&=!KW!&/!'71!?(5'(#&)!F&(&=0/!$=!0(#4&'.0(C!
0(/&4=&4$(!F&/'R@'!)$.&!'()!=4&_-&(#+!0(!4&7'%.0(C!>-7/0%7&!.#7&4$.0.N!
/5&!?G;D?PT?!"/-)+1! Archives of neurology. IAAO]SI9O:NU2ORU6I1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

"/4$/>'((!sKW!"%0()7&4!KW!V&07F'#5!d€W!`$7)!JW!?4/7!`W!G$&7^&4!V1!
K+$#'4)0'7!=-(#/0$(!0(!%'/0&(/.!H0/5!>-7/0%7&!.#7&4$.0.!/4&'/&)!H0/5!7$HR
)$.&!>0/$M'(/4$(&1!American Journal of Cardiology. K'+!@O!
IAAI]269@A:N@IIIR@IIO1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

Z4&>7&//!b3W!BC&4!s1!?7&<'/&)!'>0($/4'(.=&4'.&.!)-40(C!/4&'/>&(/!H0/5!
0(/&4=&4$(RF&/'!=$4!>-7/0%7&!.#7&4$.0.N!'#/0$(.!'()!$-/#$>&.1!Multiple 
Sclerosis. s-(!IAAL]@A9Y:NI62RYA@1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

G'770//-!EKW!8&7/$(0&>0!sW!?7$<''4'!;W!&/!'71!Z5&!&==0#'#+!$=!C7'/04'>&4!
'#&/'/&!0(!F&/'R0(/&4=&4$(R0(/$7&4'(/!K"!%'/0&(/.1!Acta Neurologica 
Scandinavica. B#/!IAAO]@@I9L:NIYLRIYU1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!
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!

P]:'#3+3%97#3-+)% *+()/0%4/"%P]:'#)-/0%

G&4)-(!?W!;.$'4)$!`W!BCC&4$!EW!&/!'71!E-/$'(/0F$)0&.!0(!>-7/0%7&!
.#7&4$.0.!%'/0&(/.!F&=$4&!'()!)-40(C!;dPRF&/'!@F!/4&'/>&(/N!'4&!/5&+!
#$44&7'/&)!H0/5!/5&!$##-44&(#&!$=!'-/$0>>-(&!)0.&'.&.Xy&44'/->!
'%%&'4.!0(!s!;(/&4=&4$(!T+/$^0(&!J&.!IAAI!E%4]II9L:NOALz1!Journal of 
Interferon & Cytokine Research. d&F!IAAI]II9I:NILORIOO1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

G&4>&4.#5!8W!)&!"&Q&!sW!D&70..&!\W!3&>'04&!"W!"/$[^$<0#!Z1!,-'70/+!$=!
70=&!0(!>-7/0%7&!.#7&4$.0.N!0(=7-&(#&!$=!0(/&4=&4$(RF&/'@!'!9E<$(&M:!
/4&'/>&(/1!Multiple Sclerosis. B#/!IAAI]29O:NYUURY2@1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

G&4>&4.#5!8W!)&!"&Q&!sW!"/$[^$<0#!ZW!b'-/&#$&-4!8W!`!"?81!;(/&4=&4$(!
F&/'@'!9E<$(&M:!/4&'/>&(/!0(!>-7/0%7&!.#7&4$.0.N!.0>07'40/+!$=!&==&#/!$(!
%4$C4&..0$(!$=!)0.'F070/+!0(!%'/0&(/.!H0/5!>07)!'()!>$)&4'/&!)0.'F070/+1!
Journal of Neurology. d&F!IAAI]IL69I:N@2LR@2U1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

V'-F'(/!?W!G-^-.0#!"W!`0C($-M!3W!&/!'71!T70(0#'7!#5'4'#/&40./0#.!$=!
4&.%$()&4.!/$!0(/&4=&4$(!/5&4'%+!=$4!4&7'%.0(C!K"1y.&&!#$>>&(/z1!
Neurology. s-7!II!IAAY]S@9I:N@2LR@261!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

V&0(./&0(!EW!"#5H0)!"JW!"#50==&4!J\W!&/!'71!P&-4$%.+#5$7$C0#!./'/-.!0(!
>-7/0%7&!.#7&4$.0.!'=/&4!/4&'/>&(/!H0/5!C7'/04'>&41!Archives of 
neurology. @666]OS9Y:NY@6RYIL1!

B-/#$>&!)0)!($/!>&&/!0(#7-.0$(!#40/&40'!

V$70(.^+!s"W!P'4'+'('!8EW!s$5(.$(!*8W !&/!'71!m(0/&)!"/'/&.!$%&(R
7'F&7!C7'/04'>&4!'#&/'/&!&M/&(.0$(!/40'7!=$4!4&7'%.0(C!>-7/0%7&!.#7&4$.0.N!
KJ;!'()!#70(0#'7!#$44&7'/&.1!Multiple Sclerosis. IAA@]U9@:NYYRL@1!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

V4$&!"s1!?==&#/.!$=!)$.&!/0/4'/0$(!$(!/$7&4'F070/+!'()!&==0#'#+!$=!
0(/&4=&4$(!F&/'R@F!0(!%&$%7&!H0/5!>-7/0%7&!.#7&4$.0.1!The Journal of 
international medical research. IAAO]YY9Y:NYA6RY@21!

"/-)+!)&.0C(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

•0(C7&4!GTW!P'F'-&4!KW!s'5(!*W!&/!'71!E..&..>&(/!$=!%$/&(/0'7!
#'4)0$/$M0#!.0)&!&==&#/.!$=!>0/$M'(/4$(&!0(!%'/0&(/.!H0/5!>-7/0%7&!
.#7&4$.0.1!European Neurology. IAAO]OL9@:NI2RYY1!

;(/&4<&(/0$(!)0)!($/!>&&/ !0(#7-.0$(!#40/&40'!

•0<')0($<!JW!•$4Q$(!KW!Z$>>'.0!KEW!&/!'71!E!7$(C0/-)0('7!./-)+!$=!
_-'70/+!$=!70=&!'()!.0)&!&==&#/.!0(!%'/0&(/.!H0/5!>-7/0%7&!.#7&4$.0.!/4&'/&)!
H0/5!0(/&4=&4$(!F&/'R@'1!Journal of the Neurological Sciences. D&#!@O!
IAAY]I@S9@:N@@YR@@21!

B-/#$>&!)0)!($/!>&&/!0(#7-.0$(!#40/&40'!

l!;(!'))0/0$(W!/5&4&!'4&!UL!'4/0#7&.!H50#5!)0)!($/!5'<&!'(+!$40C0('7!)'/'!9&1C1W!7&//&4W!&)0/$40'7!'()!.+./&>'/0#!4&<0&H:1!!!
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!

B88+03-]%!G%*+)#'7)%/4%'-7+"(7#"+%)+(":A%
!

!
!
!
!
!
!
!
!
!
!
!
!

!7FFG!9%9B4F!#&>!#AF9$#'9F!
%>4&9%I%4>!9+$)8*+!F4#$'+4F,!
>)FF%4$F,!J44$!$4E%4?!#&>!
J8AB%'!')..4&9!

HHI!I8BB<94T9!J8AB%'#9%)&F!
$49$%4E4>!I)$!.)$4!>49#%B4>!
4E#B8#9%)&!!

7JK7!'%9#9%)&F!4T'B8>4>!
WF44!$4J)$9!I)$!'$%94$%#X!

7FG!J8AB%'#9%)&F!4T'B8>4>!I)$!&)9!
.449%&*!%&'B8F%)&!'$%94$%#,!FJ4'%I%'#BB0\!
! ! aN!?$)&*!J8AB%'#9%)&!90J4!W4Q*Q!B4994$,!

4>%9)$%#B,!&)&<F0F94.#9%'!$4E%4?X!
! ! VO<!?$)&*!F98>0!>4F%*&!!
! ! LP<!?$)&*!)89').4!
! ! a<!?$)&*!%&94$E4&9%)&!!
! ! Z!<!?$)&*!J)J8B#9%)&!!
! ! L<!I)$4%*&!B#&*8#*4!J8AB%'#9%)&!

!

7JI !J8AB%'#9%)&F!%&'B8>4>!!
! ! VZ!9$%#B!J8AB%'#9%)&Fu!

o! U!#!%&94$I4$)&!+4#><9)<+4#>!
9$%#BF!

o! LZ!%&94$I4$)&!#!Z#!-7/Fuu!
o! ZZ!%&94$I4$)&!#!ZA!-7/F!
o! V!*B#9%$#.4$!-7/F!
o! V!&#9#B%c8.#A!-7/F!
o! V!.%9)T#&9$)&4!-7/F!

! ! ZP!!F0F94.#9%'!$4E%4?F!!!
! ! [M!)AF4$E#9%)&#B!#&>!)9+4$!&)&<!

$#&>).%c4>!F98>%4F!
! ! PV!A#':*$)8&>!J#J4$F!

*Several trials have multiple publications 
**PCTs: Placebo-controlled trials 
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