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CdD1E ,%-"$()(*'+%i%>+<-K`0K.,-%

P>VQ$%#._>$%e%B*#<>,7,:.$R

SF"MJN%9$-,a>

"113E

4%567$%8$K%5<>@,7,:.$K%8.:$K>.X$K[%@*Q<>./0$K%$>%8$%7<%>+<-KQ7<-><>.,-
;%T$+X.?$%8$%G@.+0+:.$%:*-*+<7$%$>%^.:$K>.X$%A%B5 Z2D1I G@.+0+:.$%:*-*+<7$

"#$%SW55'S]%'7.K<=$>@

"1E13

4%567$%]j>$%$>%G,0
;%T$+X.?$%8$%N$0+,7,:.$%;%W-.>*%8$%5<>@,7,:.$%80%T,##$.7%A%B6Q.><7%G.X.7 CYD1E N$0+,7,:.$

"#$%TM9FW%M7.-<

"11Y3

4%567$%8$%9.,7,:.$

;%(<=,+<>,.+$%8$%5<+<K.>,7,:.$%$>%8$%"V?,7,:.$%#*8.?<7$%A%5]"%BWT

;%J-K>.>0>%8$%5<+<K.>,7,:.$%A%O<?07>*%8$%"*8$?.-$

CZD1I 5<+<K.>,7,:.$%$>%#V?,7,:.$

P,Q>.,-%=.,7,:./0$R%%

"#$%TGB'J^'G&'S%T,Q@.$

"1EII

4%567$%8$%9.,7,:.$

;%(<=,+<>,.+$%8$%^.<:-,K>.?%:*-*>./0$%A%N,0X$7%B6Q.><7%G.X.7 CdD1C H*-*>./0$

TGBSM""%O+*8*+.?

"113!

4%567$%8$%9.,7,:.$

;%J-K>.>0>%P(<=,+<>,.+$R%8$%9<?>*+.,7,:.$%A%5]"%BWT%$>%O<?07>* CZD1E FQ>.,-%e%!"#$%&'()(*'+;X.+,7,:.$%P=.,7,;

:./0$R

!"#$%&$'()*+,- ./0 /%(123%-$4+-52&672%(-$+8$9*-:$&8&$;$<+3672-6:$+* /+8-=-%3:$+*$>8$.+*-%27$!6:$+*67$>%-$?*21%(-2&)-



! *"!

!
!
!

!"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

#$%"&'()&"#*+,-.%

#/012

3"456%"7%"89*6*,9%

:"(-;*+-<*9+%"7%"=9+*6*,9%">"?5@9<-6"7%"?-A<%@9%++%

BCD/0 !"#$%&'()(*'+,-'&()(*'+"E"FG,9H.%"

F*I@9<-69H+%"

'@<9*."J"8-K<L+9*6*,9%:=9+*6*,9%

#$%"&'MNOP"QF+9I<%66%

#//R!

3"456%"7%"#L7%K9.%").<%+.%S"MFA$-<*6*,9%S"TA<+9<9*.S"O.7*K+9.*6*,9%S"

""N9-;L<*6*,9%"U#)MTONV

:"&%+W9K%"7%"MFA$-<*6*,9%">"?5@9<-6"7%"?-A<%@9%++%

C/D/0 MFA$-<*6*,9%

PX(?X"&-$G

#//Y/

3"456%"7%"4-<F*6*,9%"<F*+-K9ZA%

:"&%+W9K%"7%"4FGI9*6*,9%"%<"%[@6*+-<9*.I"\*.K<9*..%66%I">"T?Q BBD/1 4FGI9*6*,9%"U*@<9*."K69.9ZA%V

#$%"PX('T")I-;%66%

#//2!

3"456%"$L79K*:KF9+A+,9K-6"7%"4L79-<+9%
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CBD/1

QF9+A+,9%"9.\-.<96%

PO(OP)T"#-+9AI

#//Y0

3"456%"7%"89*6*,9%" "
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3"456%"7%"89*6*,9%
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<%KF.9ZA%I
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:%'2$?.92%8HG/9,6,<.2%E78.9=62%B%F+&I'

E-2%#$2%JD)&)#%K7/78.9>2 3%4562%82%K.,6,<.2
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E-2%#$2%JG*)FD*N%K7/78.9>2 3%4562%82%4;=$-=9.2:@;=$-=9,6,<.2
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E-2%#$2%E&)(FI:C*I[&#F
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"# !"#!$%&'#"'#(#)&"#!"#"$%#&'#&()*+,-.-/-0&

# $%&'()*#+,-..-#/(,"01,2,-#-3#4,"5"6,-#2"570859,.-:

### '&*;<=#>-9?@="8,A#/B7?73,C8-#-3#4,"5"6,-#2"570859,.-#-3#0-55859,.-:# ##

"# 12/%&-%2.,&3+,&!4#%&,#1-#"$%#&5647&3/&84&329-&56540
& '2-#;&*D)*@BED==D&F#&??-#/+7G"HAI01,93.,-J#9GG,03"5"6,-:

"# 12/%&-%2.,&3+,&!4#%&3:%.(&564;&3/&84&"3%,&56550
& '2-#KF<D(#&??,0L#/&?-A317A,-J#E79?,293,"?#01,.8.6,095-:

"# 12/%&-%2.,&3+,&!4#%&,#1-#"$%#&564;&3/&84&329-&56550
& ;MN)ME#+93.,0L#/$9?07."5"6,-#05,?,C8-:
####*DK&*;#DA.9O5#/BI?70"5"6,-@"4A373.,C8-:
####+D*B<F#',01-5#/<?G"0.,?"5"6,-J#G,94P3-#-3#2959G,-A#27394"5,C8-A:
####'2-#QM)DR#<5,A94-31#/+?-82"5"6,-:

"# 12/%&-%2.,&3+,&!4#%&,#1-#"$%#&5656&3/&84&329-&56580

# ##################################################(<==)$Q#>-9?@+,-..-#/K-.S,0-#G-#+931"5"6,-:

##############################################################;&*D)*#>-9?@'9.,-#/+AI01,93.,-:
####T<'+N#>-9?@N.9?U",A#/$1,.8.6,-#".31"H7G,C8-#-3#G-#59#29,?:
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+.#=&*;#Z953-.#B[################################### /VW!X@VWVW:
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+.-#E)*BD<E<K#$931-.,?-# /VW!X@VWVW:

/\#]#9??7-A#98#29^,282:
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# >$HI?AA#J*-11-#/0F14*B.B3*-8#9#:!;:<;!"

# >$EKI@A0L&$MIH#$N41D#/$NF6BG*-#JF6,B.B3*O2-8#9#:!;!:;<P

# >$Q)$@@#H-ND#/LDCF6BR3F561BR-N6D1B.B3*-8#9#:!;:<;!:

# >IHMIH$E#S-FNRJ*-11-#/0FN+D1B.B3*-8#9#:!;:!;!T
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# >'IL)R>QHMIH#@-..V#/L*56B.B3*-8#9#:!;:<;":
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=55?-98<0/6.=2!.918KI/2CC2G!!

^2!3<6::2-I2!56>2?/!421!I/2CC21!v!5=15683<!w!218!:6!I218=9-!4?!39-C:=8!=55?-9:9I=O?2;!

.:?1!=5.9/86-8!46-1!32!8N.2!42!I/2CC2!4?!C6=8!42!:6!4=CC0/2-32!6?!-=L26?!4?!1N18D52!U^M!2-8/2!



! "$!

:21!32::?:21!4?!I/2CC9-!28!32::21!42!:@<l82G!W2:6!39-4?=8!4@?-!3l80!J!:6!56:64=2!4?!I/2CC9-!39-8/2!

:@<l82!V9?!qLU!]!I/6C8!L2/1?1!<918X!28!42!:@6?8/2!6?!/2>28!4?!I/2CC9-!V9?!ULq!]!<918!L2/1?1!I/6C8XG!

^2!.9=-8!3:0!42!32!8N.2!42!I/2CC2!218!49-3!:6!./0L2-8=9-!./=56=/2!28!:2!8/6=8252-8!42!321!42?E!

.2-46-81! 4?! 39-C:=8! =55?-9:9I=O?2! L=6! ./=-3=.6:252-8! :6! 5678/=12! 42! :@6::9/0638=L=80! 421!

32::?:21!k!28!49-3!:@646.868=9-!4?!3<9=E!4?!I/2CC9-;!4?!39-4=8=9--252-8!28!42!:6!./9.<N:6E=2!

42!:6!qLUG!_63<6-8!32:6;!421!823<-=O?21!42!k!40.:08=9-!9-8!080!40L2:9..021;!=-!L=8/9!28!=-!L=L9!

.2/52886-8! :6! /06:=168=9-! 42! 32! 8N.2! 42! I/2CC2G! \06-59=-1! 32882! 823<-=O?2! 65D-2! 42?E!

./9F:0568=O?21!]! ?-2! /239-18=8?8=9-! =55?-=86=/2! :2-82! -03211=86-8! ?-2! 646.868=9-! 421!

./9.<N:6E=21!6-8=K=-C238=2?121!28!:6!.2/82!42!:@2CC28!I/6C8!L2/1?1!:2?a25=6!VqL^X!2E.916-8!J!?-!

/=1O?2!.:?1!=5.9/86-8!42!/23<?82!46-1!:21!56:64=21!56:=I-21G!

!

J7! *BIE@:BFG;'C;'?8'9:;<<;'=8>?@ABC;DEBFG;'

^21!./25=2/1!2116=1!42!I/2CC2!v!5=15683<!w!39-4?=81!46-1!:21!6--021!*)(+!9-8!52-0!J!421!

86?E! 42! qLU! 28! ?-2! 59/86:=80! :=02! J! :6! I/2CC2! V9?! kRP!]! 8/6-1.:6-8K/2:6824! 59/86:=8NX!

=-6332.86F:21!4?!C6=8!42!:6!:2-82!3=-08=O?2!42!/239-18=8?8=9-!=55?-=86=/2!28!4@?-!C9/8!86?E!42!

/2>28!42!I/2CC9-! V%XG!e9?/!.6::=2/!321!./9F:0568=O?21;!42?E!.:682C9/521!./=-3=.6:21!9-8!080!

40L2:9..021!]!:6!40.:08=9-!k!=-!L=8/9!28!=-!L=L9G!!

!

^6!40.:08=9-!k!=-!L=8/9!49-8!:@0O?=.2!42!e2/?I=6!28!6:G!6!080!.=9--=D/2!J!:6!C=-!421!6--021!

*))+!6!./9?L0!:6!C6=16F=:=80!42!32!8N.2!42!I/2CC2!V&XG!W2882!823<-=O?2!6!59-8/0!421!/01?:8681!

2-39?/6I26-81! 46-1! ?-2! .9.?:68=9-! 64?:82! 28! .04=68/=O?2! 42! :2?305=21! 6=Ix21!

:N5.<9F:618=O?21! V^M^X! 28! 5N0:9F:618=O?21! 6N6-8! /2S?;! 6./D1! ?-! 39-4=8=9--252-8!

5N0:96F:68=C!V9?!5N2:96F:68=L2!39-4=8=9-=-I!]!PMWX!:9?/4;!?-!I/2CC9-!6L23!10:238=9-!.91=8=L2!



! "%!

42! W[#$y! V'XG! W2:6! =5.912! :@?8=:=168=9-! 4@?-! 39-4=8=9--252-8! 8/D1! 5N0:96F:68=C! 28! 4@?-2!

39-32-8/68=9-! 42! W[#$y! .:?1! =5.9/86-82! O?2! 46-1! :21! I/2CC21! 39-L2-8=9--2::21G! W9552!

6882-4?;!:21!36?121!4@03<231!086=2-8!:6!/23<?82!V:=02!J!:@6F12-32!4@2CC28!qL^X!28!:6!kRP;!4?2!

-986552-8! 6?E! =-C238=9-1! .918KI/2CC2! :=021! J! :6! /239-18=8?8=9-! =55?-=86=/2! :2-82G! e9?/!

650:=9/2/! :6!3=-08=O?2!42!32882! /239-18=8?8=9-! =55?-=86=/2;!421! 823<-=O?21!42!40.:08=9-! =-!

L=8/9! k! 28! o! V40.:08=9-! W[#zW[*)X! 9-8! 080! 40L2:9..021! .6/! 32/86=-21! 0O?=.21! V({**XG! W21!

./930401!./012-82-8!:@6L6-86I2!42!39-12/L2/!46-1!:2!I/2CC9-!?-!-95F/2!=5.9/86-8!42!W_U;!

42!59-93N821;!42!32::?:21!42-4/=8=O?21!28!42!32::?:21!\r!V*"XG!e6/!6=::2?/1;!:@6::9/0638=L=80!\r!

>9?2!?-!/l:2!=5.9/86-8!46-1!:@2CC28!qL^!.2/52886-8!?-2!4=5=-?8=9-!4?!/=1O?2!42!/23<?82!V*#XG!

!

[21! 594=C=368=9-1! 42! 39-4=8=9--252-81! 9-8! 0I6:252-8! 080! =-8/94?=821G! [21!

39-4=8=9--252-81!4=81!J!89E=3=80!/04?=82!-986552-8!16-1! =//64=68=9-!39/.9/2::2!8986:2!VmWkX!

9-8!080!40L2:9..01!6C=-!42!/04?=/2!:6!kRPG!n-2!./0L2-8=9-!42!:6!qLU!=-=8=6:252-8!.6/!6-8=K

W[#! =-! L=L9! VhrkK#X! .?=1! .6/! 10/?5! 6-8=K:N5.<93N86=/2! V_M^X! 9-8! 49--0! 421! /01?:8681!

=-80/2116-81!.6/! :21!0O?=.21!42!qB-21!28!42!kxF=-I2-G!M!.6/8=/!42!"+*+;!?-2!823<-=O?2!42!

40.:08=9-!-0I68=L2!421!:N5.<93N821!k!6:.<6zF286!6!080!40L2:9..02G!^@=-80/B8!42!32!./93040!

/01=42!46-1!:6!39-12/L68=9-!421!32::?:21!kWR!I6556z42:86!46-1!:2!I/2CC9-!O?=!>9?2-8!?-!/l:2!

=5.9/86-8!46-1! :6!/0.9-12! =55?-=86=/2!./03932!.918KI/2CC2!28!46-1! :@638=L=80!6-8=K8?59/6:2!

V*$;*%XG!n-2!0O?=.2!C/6-S6=12!6!.6/! :6!1?=82!40L2:9..0!?-2!508<942!42!40.:08=9-!W[$%!R6!

-0I68=L2! V*&XG! k9?821! 321! 823<-=O?21! 42! 40.:08=9-! =-! L=8/9! 9-8! 59-8/0! 421! /01?:8681!

=-80/2116-81!56=1! =:!218!J!-982/!O?@2::21!/2./012-82-8!?-!39g8! =5.9/86-8!28!-03211=82-8!?-2!

2E.2/8=12!.9?1102!42!8<0/6.=2!32::?:6=/2!V*'XG!!

!

e:?1!/032552-8;!12!19-8!40L2:9..01!3<2Y!:@64?:82!421!823<-=O?21!42!40.:08=9-!=-!L=L9G!!



! "&!

^6! ./25=D/2! 823<-=O?2!5=12! 6?! .9=-8! /2.912! 1?/! ?-! 39-4=8=9--252-8! 395./2-6-8! 42!

C9/821!49121!42!_M^!28z9?!?-2!./9.<N:6E=2!/2-C9/302!42!:6!qLUG!e:?1=2?/1!0O?=.21!9-8!0:6F9/0!

32! 8N.2! 42! 39-4=8=9--252-8! 6L23! ?-! I/2CC9-! /=3<2! 28! ?-2! ./9.<N:6E=2! 42! :6! qLU! .6/!

3=3:91.9/=-2! VW1MX! 28! 508<98/2E682! VPktX! V*(X! 9?! 12:9-! :2! ./98939:2! 42! e0a=-;! _M^;! W1M;!

5N39.<0-9:682!59C08=:!VPP`X!28!Pkt!V*);"+X!9?!2-39/2!.6/!:@?8=:=168=9-!42!_M^;!W1M;!Pkt;!

PP`!28!F61=:=E=56F!V6-8=39/.1!59-93:9-6:!6-8=KW["%X!V"*XG!!

^6! 42?E=D52! 823<-=O?2! 42! 40.:08=9-! k! =-! L=L9! 39-1=182! 2-! ?-2! 645=-=18/68=9-! 42!

3N3:9.<91.<65=42!J!C9/82!4912!2-!.918KI/2CC2!V9?!.918K8/6-1.:6-8!3N3:9.<91.<65=42!]!ekKWdXG!

^2! 5036-=152! 42! 40.:08=9-! .6/! ekKWd! 1@2E.:=O?2! .6/! ?-2! 421! ./9./=0801! =-8/=-1DO?21! 4?!

3N3:9.<91.<65=42!]! 19-!./=-3=.2!638=C!218!5086F9:=10!46-1! :21!32::?:21!6N6-8!?-! C6=F:2! 86?E!

4@6:40<N42! 401<N4/9I0-612! VM^[UX;! 32! O?=! 218! :2! 361! 421! :N5.<93N821! k! 6::9/0638=C1;!56=1!

/21.2382! :21! :N5.<93N821! k! /0I?:682?/1! O?=! .911D42-8! 2?E! 42! C9/81! 86?E! 4@M^[U! V"";"#XG!

^@0O?=.2! .=9--=D/2! 42! 32882! 508<942! 218! 32::2! 42! o6:8=59/2! V"${"&X! O?=! 6! 40L2:9..0! ?-!

13<056! 42! 39-4=8=9--252-8! 4@=-82-1=80! /04?=82! V9?! /24?324K=-82-1=8N! 39-4=8=9-=-I!]! RmWX!

395./2-6-8!4?!3N3:9.<91.<65=42;!42!:6!C:?46/6F=-2!28!?-2!mWk!42!"!I/6N!.?=1!?-!I/2CC9-!42!

592::2!9112?12!VPhX!-9-!56-=.?:0!1?=L=!4@?-2!./9.<N:6E=2!42!:6!qLU!.6/!PP`;!W1M!J!Hy%!28!

4?!ekKWd!J!Hy*!28!Hy#G!^21!./25=2/1!/01?:8681!59-8/6=2-8!?-2!./=12!42!I/2CC2!42!.:?1!42!)+u!

6L23!?-!86?E!42!qLU!42!#+!J!$+u!49-8!59=-1!42!*+u!42!qLU!10LD/2;!?-2!59/86:=80!-9-!:=02!J!

:6!/23<?82!V9?!-9-K/2:6.12!59/86:=8N!]!\RPX!42!*%u!56=1!?-!86?E!42!/23<?82!0:2L0!>?1O?@J!

%+u!.9?/!:21!<059.68<=21!42!<6?8!/=1O?2G![2.?=1;!32882!./68=O?2!./952882?12;!638?2::252-8!

/282-?2!2-!`/6-32!3<2Y!:@64?:82;!6!/0L9:?8=9--0!:6!I/2CC2!<6.:9K=42-8=O?2!49-8!:@?8=:=168=9-!6!

/6.=4252-8!6?I52-80!321!42/-=D/21!4032--=21!46-1!:2!59-42!V"'X!V`=I?/2!*XG!,-!`/6-32;!:2!

-95F/2!42!I/2CC21!<6.:9K=42-8=O?21!6!8/=.:0!1?/!:6!.0/=942!"+*$K"+*)!V"(X!V`=I?/2!"XG!

!
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[K":$?5 YJaZ

U^M!=42-8=36:!1=F:=-I ]!49--2?/!C65=:=6:!U^MK=42-8=O?2;!<6.:9=42-8=36: ]!<6.:9K=42-8=O?2;!?-/2:6824 ]!
49--2?/!-9-!6..6/2-80;!39/4!F:994!UWk ]!?-=80!42!16-I!.:632-86=/2G

O)0,('"J 3 bg81,%)8*">,"*89A('">F$1180(';;'5 >'"#X4"5'18*"1'"%?:'">'">8**',("'*"O($*@'"
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! "(!

!
[2.?=1! :21! ./25=D/21! .?F:=368=9-1;! 42! -95F/2?121! /239556-468=9-1! 9-8! 080! .?F:=021!

3<2Y!:@64?:82!1?/!:2!1?>28!V");#+XG!e:?1=2?/1!08?421!395.6/68=L21!/08/91.238=L21!3<2Y!:@64?:82!

9-8!/6..9/80!421!1?/L=21!1=5=:6=/21!2-8/2!:21!I/2CC9-1!42!Pn[!28!42!49--2?/!<6.:9K=42-8=O?2!

V#*XG! e9?/! :6! ./25=D/2! C9=1! /032552-8;! ?-2!08?42! /6-495=102!./91.238=L2! 3<2Y! :@64?:82! 6!

395.6/0!?-!49?F:2!I/2CC9-!4@n_e!28!?-!I/2CC9-!42!Ph!<6.:9K=42-8=O?2!]!:21!/01?:8681!19-8!2-!

C6L2?/!4?!49--2?/!<6.:9K=42-8=O?2!42!Ph!V#"XG![@6?8/21!08?421!395.6/68=L21!./91.238=L21!

-986552-8! C/6-S6=121! V\Wk+#&%%*$%!]!P63U6.:9Pn[X!19-8!638?2::252-8!2-!39?/1!28! 8/D1!

6882-4?21G  

!

K7! 4:;<<;'=8>?@ABC;DEBFG;';D'>HCB8E:B;'

,-!.04=68/=2;!:21!I/2CC21!v!5=15683<!w!19-8!?8=:=1021!46-1!:21!.68<9:9I=21!56:=I-21!39552!

:21!<059.68<=21!56:=I-21!42!<6?8!/=1O?2;!:21!-2?/9F:6189521!56=1!6?11=!46-1!:21!.68<9:9I=21!

-9-!56:=I-21!39552!:6!4/0.6-93N8912!V##X;!:@6.:61=2!504?::6=/2!28!:21!40C=3=81!=55?-=86=/21!

V#$;#%XG!^6!./=-3=.6:2!823<-=O?2!/6..9/802!2-!.04=68/=2!218!:6!40.:08=9-!k!=-!L=8/9!V";#&{#)X;!

56=1!:@?8=:=168=9-!4?!ekKWd!6!0I6:252-8!59-8/0!421!/01?:8681!=-80/2116-81!V$+{$"XG!!

!

L7! 1;GKHMB;'8B9GN'MOH?@J?8IEBFG;'P1/$Q';E'8??@9:;<<;'C;'.!*'
!
!

^6! ^MP! 218! ?-2! .68<9:9I=2! /6/2! 3<2Y! :@2-C6-8;! V2-L=/9-! '%! 361! .6/! 6-! 2-! `/6-32X! O?=!

/2./012-82!"+u!421!:2?305=21!6=Ix21!42!:@2-C6-8!28!49-8!:@=-3=42-32!218!186F:2!V$#XG!^6!1?/L=2!

I:9F6:2!V9?!9L2/6::K1?/L=L6:!]!h_X!J!%!6-1!218!42!&#u!28!:6!1?/L=2!16-1!0LD-252-8!V9?!2L2-8K

C/22!1?/L=L6:!]!,`_X!42!%+u!V$$;$%XG!^6!1?/L=2!421!^MP!42!:@2-C6-8!1@218!650:=9/02!6?!39?/1!421!

42/-=D/21!4032--=21!-986552-8!I/i32!J!:@650:=9/68=9-!421!19=-1!42!1?..9/8;!J!:@=-8/94?38=9-!



! ")!

4?! I258?Y?56F! V6-8=39/.1! 59-93:9-6:! 6-8=KW[##X! 39?.:0! J! :@9Y9I65=3=-2! V59:03?:2!

3N8989E=O?2X! 46-1! :2! ./98939:2! PN2W<=:4! +*! 28! J! :@9.8=5=168=9-! 4?! 39-4=8=9--252-8! 421!

6::9I/2CC21!2-!./25=D/2!/05=11=9-!395.:D82!VRW*XG![6-1!:2!./98939:2!,^MP+"!V.0/=942!"++%K

"+**X;!:@h_!28!:@,`_!086=2-8!4@2-L=/9-!'+u!28!&+u!/21.238=L252-8!V$&XG!̂ 2!86?E!42!/23<?82!/2182!

56:I/0! 89?8! =5.9/86-8!16-1!650:=9/68=9-!1?/! :21!42/-=D/21!4032--=21!28! :6! /23<?82! /2182! :6!

36?12! ./=-3=.6:2! 42! 403D1! 3<2Y! 321! .68=2-81G! ^@6::9I/2CC2;! 2-! 395.6/6=19-! 6L23! :6!

3<=5=98<0/6.=2!42!39-19:=468=9-;!/04?=8!:2!/=1O?2!42!/23<?82!2-!RW*!.9?/!89?1!:21!I/9?.21!42!

/=1O?2!J!8/6L2/1!:@2CC28!qL^;!.:?1!=5.9/86-8!46-1!:21!^MP!O?2!46-1!:21!^M^G!W2.2-46-8!32:6!-2!

12!8/64?=8!.61!.6/!?-2!650:=9/68=9-!42!:@h_!J!36?12!42!:6!kRPG!!

^6!^MP!/2182!:6!./=-3=.6:2!=-4=368=9-!4@6::9I/2CC2!42!W_U!V"'XG!^2!3<6::2-I2!218!4@=42-8=C=2/!

:21!^MP!J!<6?8!/=1O?2!42!/23<?82!2-!RW*!6C=-!42!./9.912/!?-2!6::9I/2CC2!3<2Y!321!.68=2-81G!^21!

=-4=368=9-1!4@6::9I/2CC2!46-1!:6!^MP!9-8!0L9:?0!42.?=1!:2!./=-3=.2!42!:6!I/2CC2!.9?/!89?1!.2?!

=5.9/82!:2!I/9?.2!42!/=1O?2;!J!32:?=!42!:6!I/2CC2!.9?/!89?1!16?C!:21!.68=2-81!J!3N89I0-08=O?2!

C6L9/6F:2!V(+u!421!.68=2-81X!>?1O?@J!42!-91!>9?/1;!32:?=!42!I/2CC2/!:21!.68=2-81!./012-86-8!?-2!

395F=-6=19-! 42! 3N89I0-08=O?2! 28! F=9:9I=2! 59:03?:6=/2! 40C6L9/6F:2! 28z9?! ?-2! 56:64=2!

/01=4?2::2!.91=8=L2!V#+u!421!.68=2-81X!V$'XG![6-1!:2!./98939:2!,^MP+";!**)!.68=2-81!9-8!080!

6::9I/2CC01!2-!RW*!6L23!?-2!h_!J!%!6-1!42!'&;#u!V(*u!.9?/!32?E!6::9I/2CC01!2-!I0-9K=42-8=O?2!

28!&)u!.9?/!32?E!I/2CC01!6L23!?-!Pn[!9?!?-2!n_eX!6L23!?-2!kRP!42!&;#u!V#;"u!2-!I0-9K

=42-8=O?2!28!*+;)u!2-!Pn[zn_eX!28!?-!86?E!42!/23<?82!J!%!6-1!42!"$u!V""u!2-!I0-9K=42-8=O?2!

28!"&u!2-!Pn[zn_eX!V$(XG!!

M38?2::252-8;!28!42.?=1!"+*%;!:21!^MP!42!:@2-C6-8!19-8!8/6=8021!46-1!:2!./98939:2!C/6-39K
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Figure 11 – Estimation par méthode de Kaplan-Meier de la survie globale (A), sans 
évènement (B) et sans rechute (C) des patients allogreffés en première rémission complète 

(RC1).
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[2?E=D5252-8;!:21!.68=2-81!6::9I/2CC01!2-!<6.:9K=42-8=O?2!19-8!:21!.:?1!10LD/21G!m:!218!

J!-982/!O?2!-9?1!6L9-1!18/68=C=0!:2!/=1O?2!42!321!^MP!2-!C9-38=9-!421!3/=8D/21!4?!./98939:2!

PN2W<=:4!+*!V5=1!2-!.:632!2-!"+*%X!56=1! :21!./25=D/21!6::9I/2CC21!2-/2I=18/021!46-1!-98/2!

F612!42!49--021!/259-82-8!J!*))%!O?6-4!:21!./98939:21!42!3<=5=98<0/6.=2!28!:21!=-4=368=9-1!

4@6::9I/2CC2!42!W_U!-@086=2-8!.61!:21!5B521G!!

f=-I8KO?68/2! .9?/32-81! 421! .68=2-81! 42! -98/2! 39<9/82! ./012-86=2-8! 421! ^MP!

/0C/6386=/21;! 2-! /23<?82!9?!2-!./9I/211=9-! 6L23!?-! /=1O?2!42! /23<?82!2E8/B5252-8! 0:2L0G!

e6/5=! 321!&!.68=2-81;!$!9-8! /23<?80! V1?/! :21!'! /23<?821!6?! 8986:!42! :6! 39<9/82!2-8=D/2XG![2!

-95F/2?121! 08?421! 9-8!59-8/0! :@=5.638! -0I68=C! 42! :6! ./012-32!4@?-2!PR[!2-!./0KI/2CC2G!

^9I=O?252-8;!:6!./012-32!4@?-2!56:64=2!/01=4?2::2!2-!./0KI/2CC2!42!49--2?/!<6.:9K=42-8=O?2!
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218!0I6:252-8!?-!C6382?/!42!/=1O?2!42!/23<?82!6L23!?-!86?E!42!/23<?82!J!"!6-1!42!#'u!L2/1?1!

*&u!3<2Y! :21!.68=2-81!PR[K-0I68=L2!6L6-8! :6!I/2CC2! V&#XG![6-1!?-2!08?42! 1?/!421!.68=2-81!

./012-86-8!?-2!^MP!638=L2;!?-2!395.6/6=19-!6!080!2CC238?02!2-8/2! :21!.68=2-81!I/2CC01!2-!

<6.:9K=42-8=O?2;!6L23!?-!Pn[!9?!?-!49--2?/!-9-!6..6/2-80!)z*+!]!6?3?-2!4=CC0/2-32!-@6!080!

/28/9?L02!2-!82/521!42!1?/L=2!I:9F6:2;!42!1?/L=2!16-1!:2?305=2!V9?!:2?a25=6KC/22K1?/L=L6:!]!

^`_X!42!"%u!J!"!6-1;!42!/23<?82!9?!42!\RP!V&$XG![21!8<0/6.=21!42!56=-82-6-32!V39552!.6/!

2E25.:2! :2!F:=-68?5956F;!L2-2893:6E!283GX!9?!421! =55?-98<0/6.=21!./9.<N:638=O?21!.918K

I/2CC2!V49-9/!:N5.<93N82!=-C?1=9-!V[^mX!9?!-68?/6:!a=::2/!32::!=-C?1=9-X!.9?/!./0L2-=/!:6!/23<?82!

3<2Y!321!.68=2-81!J!<6?8!/=1O?2!49=L2-8!B8/2!2-L=16I021G!
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e6/! 6=::2?/1;! .:?1! 42! *+! 39-4=8=9--252-81! 4=CC0/2-81! 9-8! 080! /06:=101G! W2:6! 218! F=2-!

2-82-4?! 2E.:=O?0! 2-! .6/8=2! .6/! :6! :6/I2! .0/=942! 4@08?42! 28! :@0L9:?8=9-! 42! :6! I/2CC2! <6.:9K

=42-8=O?2!28!421!4=CC0/2-821!508<9421!42!40.:08=9-G!\98/2!86=::2!42!.9.?:68=9-!218!8/9.!.2?!

=5.9/86-82!.9?/!5288/2!2-!6L6-8!?-2!4=CC0/2-32!1868=18=O?252-8!1=I-=C=368=L2!46-1!:2!825.1G!

m:! 1@6I=116=8!.9?/! :6!I/6-42!56>9/=80!42!39-4=8=9--252-81!5N0:96F:68=C1!O?=!2-8/67-2-8!?-2!

kRP!.:?1!0:2L02G!^6!O?218=9-!4?!39-4=8=9--252-8!5N0:96F:68=C!L2/1?1!4@=-82-1=80!/04?=82!12!

.912G!e6/!2E25.:2;!:@0O?=.2!42!o6:8=59/2!6!395.6/0!4=CC0/2-821!.:682C9/521!6L23!ekKWd!]!PMW!

I0-9K=42-8=O?2;! PMW! Pn[! 28! RmW! <6.:9K=42-8=O?2! 28! =:1! -@9-8! .61! 8/9?L0! 42! 4=CC0/2-32!

1=I-=C=368=L2!2-!82/521!42!1?/L=2!16-1!qLU!28!16-1!/23<?82!V&%XG!e6/2=::252-8!J!:6!I/2CC2!U^MK

395.68=F:2;!=:!N!6L6=8!59=-1!42!/23<?82!6L23!:2!39-4=8=9--252-8!PMW!56=1!.:?1!42!qLU!28!42!

59/86:=80!-9-!:=02!J!:6!/23<?82!6F9?8=116-8!J!?-2!1?/L=2!I:9F6:2!1=5=:6=/2G!W2.2-46-8;!32882!

6-6:N12! 395.6/6=8! :@=-82-1=80! 4?! 39-4=8=9--252-8! 56=1! 6?11=! 421! 19?/321! 42! 49--2?/1!

4=CC0/2-821G! [6-1! ?-2! 6-6:N12! 6>?1802! ?-=O?252-8! 1?/! :6! I/2CC2! <6.:9K=42-8=O?2;! :6!

395.6/6=19-!2-8/2!PMW!28!RmW!-2!/28/9?L6=8!.61!42!4=CC0/2-32!1=I-=C=368=L2!2-!82/521!4@h_!9?!
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42!^`_!56=1!:2!39-4=8=9--252-8!RmW!086=8!61193=0!J!?-!86?E!42!/23<?82!.:?1!=5.9/86-8!28!J!?-2!

\RP!.:?1!F6112G!^@=-3=42-32!42!qLU!3</9-=O?2!28!6=I?s!-@086=8!.61!4=CC0/2-82!2-8/2!:21!42?E!

V&&XG!

!

,-C=-;!?-2!49--02!56-O?6-82!56>2?/2!42!-98/2!08?42!218!:6!-98=9-!42!./012-32!9?!

-9-!4@6-8=39/.1!6-8=KU^M!3<2Y!:2!/232L2?/!V[9-9/!_.23=C=3!M-8=F94=21!]![_MXG!,-!2CC28;!:2!:=2-!

2-8/2![_M!28!/2>28!42!I/2CC9-!6!080!:6/I252-8!./9?L0!28!-986552-8!46-1!:21!I/2CC21!<6.:9K

=42-8=O?21!V&'{'+XG!^@=-3=42-32!421![_M!218!.:?1!=5.9/86-82!3<2Y!:21!C25521!6N6-8!40>J!2?!

421!2-C6-81!V%"u!L2/1?1!#*u!3<2Y!:21!-?::=.6/21!28!**u!3<2Y!:21!<95521X;!32!O?=!218!/6/2!2-!

.04=68/=2;!56=1!.2?8!6?11=!B8/2!6?I52-802!3<2Y!:21!.68=2-81!6N6-8!080!F26?39?.!8/6-1C?101!

V&(XG!^2!8=8/2!42![_M!6!6?11=!?-!=5.638;!6L23!2-!WP`!?-2!=-82-1=80!42!C:?9/2132-32!59N2--2!

VP`m!]!526-!C:?9/2132-32!=-82-1=8NX!|"+++!61193=02!6L23!?-2!4N1C9-38=9-!4?!I/2CC9-!V'*X;!?-2!

P`m!|!%+++!61193=02!6L23!?-!/2>28!42!I/2CC9-!V'+X!28!?-2!P`m!|!*+!+++!6L23!?-2!C9/82!=-3=42-32!

42! /2>28! 42! I/2CC9-! V'*XG! ^2! 86?E! 42![_M! /04<=F=89=/2! -@218! .61! C=E0;! :@0O?=.2! 42!o6:8=59/2!

39-1=4D/2!O?2!:2!-=L26?!4@6-8=39/.1!218!C6=F:2!6L23!421!L6:2?/1!42!P`m!2-8/2!*+++!28!#+++;!

5940/0!2-8/2!#+++!28!%+++!28!<6?8!1=!1?.0/=2?/!J!%+++!V'"XG![21!-=L26?E!5940/01!J!<6?81!19-8!

.:?1!C/0O?2552-8!4=/=I01!39-8/2!:21!49--2?/1!<6.:9K=42-8=O?21!C65=:=6?E!.:?8l8!O?2!39-8/2!

:21!PPn[;!32!O?=!/2-4!:@2E.:9/68=9-!42!321!49--2?/1!.6/8=3?:=D/252-8!=5.9/86-82!2-!361!42!

C9/81! 86?E! 42! [_M! V&(XG! m:! 218! 89?82C9=1! J! -982/! O?2! :21! L6:2?/1! 42!P`m! 4=CCD/2-8! 2-8/2! :21!

:6F9/689=/21!28!O?2!3<6O?2!32-8/2!49=8!49-3!40C=-=/!121!./9./21!L6:2?/1!12?=:1!.9?/!:2!/=1O?2!

42!/2>28!4?!I/2CC9-G![?!C6=8!42!:@=5.9/86-32!42!32882!-98=9-;!:@6F12-32!42![_M!218!6?>9?/4@<?=!

?-!3/=8D/2!56>2?/!42!10:238=9-!4?!49--2?/!28!421!./98939:21!42!4012-1=F=:=168=9-!.2?L2-8!B8/2!

/06:=101!6L6-8!:2!39-4=8=9--252-8!1=!-032116=/2!V'#XG!!
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!
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W<2Y!:@64?:82;!42.?=1!.:?1=2?/1!4032--=21!:21!49--2?/1!<6.:9K=42-8=O?21!19-8!42!.:?1!

2-! .:?1! ?8=:=101! :9/1O?@?-! 49--2?/! U^MK395.68=F:2! -@218! .61! 4=1.9-=F:2G! ^6! I/2CC2! <6.:9K

=42-8=O?2!6!49--0!421!/01?:8681!1=5=:6=/21!L9=/2!52=::2?/1!O?2!:6!I/2CC2!42!Pn[!46-1!:6!^MP!

42!:@64?:82!28!-986552-8!I/i32!J!:@?8=:=168=9-!4?!ekKWd!V'$XG!h-!.2?8!3=82/!2-8/2!6?8/21;!:@08?42!

42! :@0O?=.2! 42! o6:8=59/2! 42! "+*%! V'%X!]! 2-! 395.6/6-8! 12:9-! :6! 18/68=C=368=9-! 4?! /=1O?2! :21!

I/2CC21!42!49--2?/!U^MK395.68=F:2!28!:6!I/2CC2!<6.:9K=42-8=O?2!42!Ph!6L23!ekKWd;!:@h_!J!#!

6-1!086=8! /21.238=L252-8!42!'+u!L1!'#u!46-1! :21!F61! /=1O?2;!$'u!L1!$)u!46-1! :21! /=1O?21!

=-82/504=6=/21!28!"%!L1!#'u!46-1!:21!<6?81!28!8/D1!<6?81!/=1O?21G!^6!5B52!6--02;!W=?/26!28!6:G!

9-8!4059-8/0!.6/5=!421!.68=2-81!6L23!?-2!^MP!2-!/05=11=9-!395.:D82!O?@=:!-@N!6L6=8!.61!42!

4=CC0/2-32!1=I-=C=368=L2!42!1?/L=2!I:9F6:2!J!#!6-1!2-8/2!?-!Pn[!6L23!W1M!28!?-!49--2?/!<6.:9K

=42-8=O?2!6L23!PMW!9?!RmW!28!ekKWd!V'&XG![6-1!?-2!6?8/2!08?42!4?!WmoPkR;!=:!-@N!6L6=8!.61!42!

4=CC0/2-32!1=I-=C=368=L2!4@=-3=42-32!42!qLU!6=I?s;!42!/23<?82;!42!\RP!9?!4@h_!.9?/!:21!^MP!

2-!RW*!6./D1!I/2CC2!4@?-!P_[!28!6./D1!I/2CC2!<6.:9K=42-8=O?2;!56=1!=:!N!6L6=8!59=-1!42!qLU!

3</9-=O?2!6./D1!I/2CC9-!<6.:9K=42-8=O?2!.2?! =5.9/82! :2! 8N.2!4?!I/2CC9-! V''XG!^2!ekKWd!218!

5B52!?8=:=10!2-!I/2CC2!42!Pn[!*+z*+!.?=1O?@?-2!2CC=363=80!0O?=L6:2-82!39552!./9.<N:6E=2!

42!:6!qLU!2-!395.6/6=19-!6?!_M^!6!080!/6..9/802!46-1!:21!^MP!64?:821!2-!RW*!V'(XG!,-!32!O?=!

39-32/-2! :21! ^MP! 42!56?L6=1! ./9-918=3! 2-! RW;! O?6-4! 89?821! :21! 19?/321! 42! I/2CC9-! 19-8!

395.6/021;! 49--2?/! I0-9K=42-8=O?2;! <6.:9K=42-8=O?2! 28! Pn[! -2! 19-8! .61! 4=CC0/2-81! 2-!

82/521!42!1?/L=2!I:9F6:2!56=1!:21!I/2CC21!4@n_e!28!:21!Pn[!)z*+!19-8!61193=01!J!?-2!59=-1!

F9--2!1?/L=2!I:9F6:2!V')XG!m:!6!0I6:252-8!080!4059-8/0!421!/01?:8681!1=5=:6=/21!2-8/2!:6!I/2CC2!

<6.:9K=42-8=O?2!6L23!?8=:=168=9-!4?!./98939:2!42!e0a=-!V_M^;!W1M;!PP`!28!PktX!28!:6!I/2CC2!42!

P_[!46-1!:6!^MP!42!:@64?:82!V(+XG!R032552-8;!:6!395F=-6=19-!4?!./98939:2!42!e0a=-!28!4?!
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ekKWd!6!59-8/0!?-2!/04?38=9-!4?!86?E!42!qLU;!42!:6!\RP!28!?-2!650:=9/68=9-!42!:6!1?/L=2!

16-1!qLU!-=!/23<?82!V(*XG!

�86-8!49--0!32882!2CC=363=80!0O?=L6:2-82!V("X;!:6!./68=O?2!3<2Y!:@64?:82!1?II0/02!.6/!

:@0O?=.2!42!o6:8=59/2!12/6=8!42!-2!.:?1!1N180568=O?252-8!/23<2/3<2/!?-!Pn[!J!59=-1!O?@=:!

2E=182!?-2!39-8/2K=-4=368=9-!J!?-2!I/2CC2!<6.:9K=42-8=O?2!V'"XG!e9?/!/0.9-4/2!J!32882!

./9F:0568=O?2!4@=-82//9I68=9-!1N180568=O?2!421!/2I=18/21;!?-!2116=!3:=-=O?2!2-39/2!2-!39?/1!

42!/23/?8252-8!VoPk!Wk\!*'+"X!L=12!J!395.6/2/!:21!/01?:8681!42!42?E!F/61!]!?-!F/61!42!

.68=2-81!6N6-8!.:?1!42!)+u!42!3<6-32!4@6L9=/!?-!Pn[!VF610!1?/!:6!C/0O?2-32!421!6::D:21!U^M!

28!:@9/=I=-2!28<-=O?2!4?!.68=2-8X!28!.9?/!:21O?2:1!?-!Pn[!12/6!/23<2/3<0;!28!?-!F/61!42!

.68=2-81!6N6-8!59=-1!42!*+u!42!3<6-321!4@6L9=/!?-!Pn[!O?=!6?/9-8!?-2!I/2CC2!6:82/-68=L2!

Vn_e;!<6.:9K=42-8=O?2!9?!PPn[XG!W2882!08?42!=-82//9I2!1?/!:6!4=CC0/2-32!42!/01?:8681!2-8/2!

:2!C6=8!4@6882-4/2!?-!Pn[!9?!42!./93042/!J!?-2!I/2CC2!6:82/-68=L2!4@25F:02G!!
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,-! .04=68/=2;! :6! 40.:08=9-! k! =-! L=8/9! 6! 59-8/0! 421! /01?:8681! =-80/2116-81! V";#&{#)XG!

\986552-8;!:6!I/2CC2!<6.:9K=42-8=O?2!6L23!40.:08=9-!kWR!6:.<6zF286!125F:2!.2/5288/2!?-2!

650:=9/68=9-!42!:6!/239-18=8?8=9-!=55?-=86=/2!V(#X;!28!?-2!1?/L=2!1=5=:6=/2!6?E!P_[!28!Pn[!J!

:6!C9=1!3<2Y!:21!2-C6-81!./012-86-8!?-2!<059.68<=2!56:=I-2!V($X!N!395./=1!/0C/6386=/2!V(%XG!

W2:6!6!080!39-C=/50!.6/!?-2!08?42!5?:8=32-8/=O?2!42!.<612!mzmm!V(&XG!!

e6/!6=::2?/1;!421!08?421!6-6:N16-8!421!I/2CC21!<6.:9K=42-8=O?21!.04=68/=O?21!?8=:=16-8!4?!

ekKWd! 9-8! 0I6:252-8! /6..9/80! 421! /01?:8681! 2-39?/6I26-81! V$+;$*XG! n-2! 08?42! /032-82!

59-932-8/=O?2!/08/91.238=L2!6!395.6/0!:6!1?/L=2!421!.68=2-81!6L23!?-2!<059.68<=2!56:=I-2!

/232L6-8!?-2!I/2CC2!<6.:9K=42-8=O?2!6L23!ekKWd!6L23!32?E!/232L6-8!?-2!I/2CC2!42!Pn[!9?!42!
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49--2?/!5=15683<! -9-! 6..6/2-80! V9?!5=15683<! ?-/2:6824K49-9/!]!PPn[X! V('XG! ^21! 8/9=1!

8N.21! 42! 49--2?/! 59-8/6=2-8! 421! /01?:8681! 1=5=:6=/21! 2-! 82/521! 42! 1?/L=2! I:9F6:2G!

[2/-=D/252-8;! :@0O?=.2!42!o6:8=59/2!6! /6..9/80!?-2!08?42!59-932-8/=O?2!./91.238=L2!42!

.<612!mmm!42!I/2CC2!<6.:9K=42-8=O?2!6L23!39-4=8=9--252-8!PMW!28!ekKWd!46-1!?-2!.9.?:68=9-!

4@64?:821!28!4@2-C6-81!./012-86-8!?-2!<059.68<=2!56:=I-2!V((XG!^@h_!28!:@,`_!421!")!.68=2-81!

42!59=-1!42!"%!6-1!086=2-8!/21.238=L252-8!42!')u!28!&)u!6L23!421!86?E!42!./=12!42!I/2CC2!

=5.9/86-8! 28! ?-! 86?E! F61! 42! kRP! 28! qLUG! n-2! 08?42! /032-82! 42! .:?1! I/6-42! 65.:2?/!

5?:8=32-8/=O?2!6!6-6:N10!*(+!2-C6-81!6::9I/2CC01!.9?/!?-2!^M^!1?/!:6!.0/=942!"+**K"+*)!6L23!

?-!I/2CC9-!42!49--2?/!<6.:9K=42-8=O?2!-9-!56-=.?:0!28!ekKWd!V()XG!^6!1?/L=2!I:9F6:2!J!"!6-1!

086=8!42!'&u!.9?/!:21!.68=2-81!6::9I/2CC01!2-!RW*!6L23!?-2!^`_!42!&%u!28!?-2!kRP!42!);(uG!,-!

6-6:N12!5?:8=L6/=02;!:2!1868?8!42!:6!56:64=2!J!:6!I/2CC2!28!2-!.6/8=3?:=2/!?-2!56:64=2!638=L2;!?-!
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.:?1!C/0O?2-821!28!2E.912!:21!.68=2-81!J!?-2!kRP!.:?1!=5.9/86-82G!_63<6-8!32:6;!:21!86?E!42!

1?/L=2!/6..9/801!-986552-8!.9?/!:21!^MP!2-!RW*!46-1!-98/2!39<9/82!C9-8!42!32!8N.2!42!

I/2CC2!?-2!6:82/-68=L2!19:=42!3<2Y!321!.68=2-81!6?E!.68<9:9I=21!2E8/B5252-8!I/6L21!2-!

:@6F12-32!42!49--2?/!U^MK=42-8=O?2G!^6!-03211=80!4@<6/59-=12/!-91!./68=O?21!.04=68/=O?21!

218!56>2?/2!.9?/!650:=9/2/!:21!/01?:8681!42!:6!I/2CC2!<6.:9K=42-8=O?2!O?=!6!080;!-986552-8!

I/i32!6?!3N3:9.<91.<65=42!.918KI/2CC2;!?-2!/02::2!6L6-302!3<2Y!:@64?:82G!!

^6!I/2CC2!<6.:9K=42-8=O?2!.9?//6=8!./2-4/2!?-2!=5.9/86-32!3/9=116-82!46-1!-98/2!

./68=O?2!42!I/2CC2!.04=68/=O?2G!

!

 



! &$!



! &%!

0+01+-4#/,*+"'

!*G!! o6:4?YY=!M;!f6:1233<=!Pq;!n42/Y9!W;![2!^9/2-Y9!e;!r:=-I2F=2:!k;!e282/1!W;!28!6:G!
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Abstract 

Haploidentical hematopoietic stem cell transplantation (haplo-HSCT) can provide a quick 

available chance of cure for nearly all patients and showed in adult AML cohorts similar 

results compared to HLA-matched donor. In pediatrics, the best alternative donor remains 

controversial.  

This is a retrospective, multicenter, registry-based analysis in France on pediatric patients 

with AML treated by haplo-HSCT. Between 1995 and 2020, it represents 24 pediatric 

patients (25 haplo-HSCT) with a median age at HSCT of 13,2 years old. There were 10 

different conditioning regimens in majority myeloablative and 56% had post-graft 

cyclophosphamide. Most of them were allografted with peripheral blood (PB). Acute and 

chronic graft versus host disease occurred in 68% and 24% of the cases respectively, 88% 

was full-donor overall graft function (22 patients). Seven patients (28%) relapsed. There was 

16% of transplant related mortality (TRM) and overall survival (OS) was 59%; 76% when 

considering only patients allografted in first complete remission (CR1, n=9).   

Our patients had for most poor prognosis AML and in a large majority were allografted with 

PB rather than bone marrow, it explains partially the average results in our cohort. Despite a 

high TRM, OS of CR1 patients makes haplo-HSCT a valid donor alternative in AML.
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Introduction  

A lot of progress have been made over time regarding hematopoietic stem cell 

transplantation (HSCT) and notably on the possibility of alternative donors since only 25% 

of patients who need an HSCT have an HLA-identical sibling (1) and a matched-unrelated 

donor (MUD) is identified for less than 60% of the remaining patients (2). Both unrelated 

cord blood (UCB) transplantation and haploidentical HSCT (haplo-HSCT) represent valid 

alternatives to MUD. The donor selection depends on many factors such as patient’s 

characteristics, patient’s disease and center experience and may vary between adult and 

pediatric recipients. Knowing that mismatch donor (MMD) brings higher degree of 

alloreactivity, potentially associated with lower relapse risk, it can be chosen when the need 

of immediate availability is crucial and in advanced disease phase in malignancies or 

posttransplant relapse. Moreover, haplo-HSCT provides a quick available chance of cure for 

many patients lacking suitable matched-related donor (MRD) or MUD. It is particularly 

interesting since it is now proven that a longer time between registration and transplant 

have a significant negative impact on survival. Plus, this availability in more than 90% of the 

cases is especially needed in minority populations in which the likelihood of finding an 

optimal donor is diminished (3). It is also more advantageous in exceptional circumstances 

such as COVID-19 pandemic when the logistics of securing an unrelated donor was even 

more complicated, disrupting donor availability (4).   

The major challenge in mismatched allograft has been primary prevention and treatment of 

Graft versus Host Disease (GvHD). The first attempts in the eighties led to a high GvHD rate 

and an unacceptable therapy-related mortality (TRM) due to the slow kinetics of immune 

reconstitution and graft rejection (5). In order to overcome these disadvantages, two main 

platforms have been developed since. First, ex-vivo T-cell depletion (TCD), pioneered by the 

group of Perugia in the late 1990s (6) then developed in positive CD34 Selection, CD3/CD19 

negative selection, TCRα/β and CD19 depletion, and regulatory T-Cells selection (7,8). TCD 
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is the main technique used in pediatric recipients. Second, unmanipulated graft 

transplantation which have achieved acceptable rates of engraftment via selective in vivo  

TCD with four main platforms: Anti-thymocyteGlobulin (ATG) based (9), Cyclosporin A  

(CsA)-Mycophenolate Mofetil (MMF)-Methotrexate-ATG based (10), Post-transplant 

Cyclophosphamide (PT-CY) based (11,12) and combined ATG and PT-CY (13). The use of 

unmanipulated HLA-haploidentical related donor has been rapidly increasing over the past 

decades (14), due to the advent of PT-CY which has really revolutionized this procedure. 

Several retrospective comparison studies in adult population have reported similar outcome 

between haploidentical and MUD transplants (15). For the first time, a recent randomized 

prospective adult trial (16) comparing double unrelated UCB versus haplo-HSCT with bone 

marrow (BM) favored haploidentical BM donors. The results of other prospective 

comparative trials are eagerly awaited. In pediatrics, MMD are generally reserved for very 

high risk (HR) disease or early relapses. HSCT from HLA haplo-identical family donors gives 

encouraging outcomes (17–21). Notably, TCR αβ-depleted haplo-HSCT seems to lead to an 

improvement of immune recovery (22), and to a similar outcome comparing to MRD or MUD 

HSCT in children with acute leukemia (23) and in non-malignant diseases (24). It was 

confirmed by a multicenter phase I/II study (25). Moreover, some reports of PT-CY in 

pediatric show promising results (26–28). A recent monocentric retrospective study 

compared the outcomes of patients with hematological malignancies undergoing PT-CY 

haplo-HSCT with those of patients undergoing MUD and mismatch unrelated donor  

(MMUD) HSCT (29) and showed that the tree types of donor gave similar OS rates. In 2020, 

Baltimore team reported a monocentric, prospective phase II trial of myeloablative 

conditioning (MAC) haplo-HSCT with PT-CY for hematologic malignancies in adult and 

children recipients (30). OS and EFS at 3 years of the 29 patients under 25 years was 79% 

and 69% respectively with high rates of donor engraftment and low rates of non-relapse 

mortality (NRM) and GvHD.   
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AML is the main indication of HSCT (14), which is for many pediatric patients the best 

chance for long-lasting disease control by reducing the relapse risk in first complete 

remission (CR1) in all risk groups in comparison to consolidation treatment. The outcome for 

pediatric patients with AML has improved over the past three decades with an OS of 70– 

75% and EFS of 60–65%, due to better supportive care, optimization of intensity of 

treatment including employment of HSCT in CR1. The relapse risk has not improved 

significantly, and relapse remains the commonest cause of death. Alternative donors being 

reserved for very HR disease or early relapses, AML patients are therefore frequent 

candidate to alternative HSCT. We wanted to analyze retrospectively French data regarding 

AML patients treated with an haplo-HSCT.  

 

Material and methods  

This is a retrospective, multicenter, registry-based (ProMISe data base: Project Manager  

Internet Server) analysis in France conducted on behalf of the Société Francophone de 

Greffe de Moelle et de Thérapie Cellulaire (SFGM-TC). Eligibility criteria for this analysis 

included pediatric patients (aged under 18 years old) with AML who had received a HSCT 

from a haploidentical donor (≥ 2 antigen mismatches or more out of 8). Twenty-four children 

(25 allograft) fulfilled the study criteria, and all were included in the analysis. Written 

informed consent was obtained from either the patient or parents/legal guardians in 

accordance with the Helsinki Declaration. The primary outcomes investigated were overall 

survival (OS), defined as the probability of being alive at last follow-up and event-free 

survival (EFS) for which death and relapse were considered events, whereas patients who 

were alive, were censored at last follow-up. We also investigated relapse risk and TRM. The 

probability of OS and EFS was calculated using the Kaplan–Meier method Cumulative 

incidence (CI) function using GraphPad Prism v8.4.3. Quantitative variables were reported 

as median value and range. We considered P-value <0.05 as significant.  
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Results  

Patient and transplant characteristics  

Between 1995 and 2020, 24 patients under 18 years old were transplanted for AML using 

haploidentical donors in France. Table 1 summarizes main patient and transplant 

characteristics. Median age at HSCT was 13,2 years old (1,5-17,8) and it was mostly female 

patients (87,5%). Regarding the stratification risk as it is defined in Myechild 01 trial 

(NCT02724163) based on cytogenetics and molecular genetics, 9 patients was in poor risk 

group, 9 in intermediate risk group and 4 were initially in a good risk group at diagnosis, 2 

were unevaluable. It was the first HSCT for 80% of the patients, one patient had two 

haploHSCT so 25 haplo-HSCT were analyzed. Thirty-six percent were allografted on their 

first remission, 36% on their second remission, one patient on his third remission, six 

patients (24%) were allografted for a refractory disease or on relapse. Median time between 

diagnostic and transplant was 14.2 months (3.2-135.4). For the majority of the patients, the 

donor was a parent (92%), 10 patients had their mother as donor, 13 their father, 2 their 

siblings (1 brother, 1 sister). All patients who had a female donor, were female. Twenty 

patients had CMV matching (7 negative/negative and 13 positive/positive), 3 CMV positive 

patients received a CMV negative graft and 1 CMV negative patient received a CMV positive 

graft. Regarding EBV status, 19 had the same serology status between donor and recipient 

(18 positive/positive, 1 negative/negative), 5 patients was EBV positive and received EBV 

negative graft. ABO status between donor and recipient was compatible in 6 patients, one 

had a major incompatibility and for the rest of the patients, data was missing. There were 10 

different types of conditioning regimen in majority myeloablative. Median donor age was 37 

years old (17.7-58). Most of the patients received peripheral blood graft (76%), with median 

nucleated cell count of 3.7 108/kg (0.02-12.3) and a median CD34+ count of 6.3 106/kg 

(1.1-14.9). Five patients had manipulated graft, four of them had CD3/CD19 in vitro 

depletion. Fifty six percent had PT-CY (14 patients).   
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Overall results  

For the whole cohort of 24 children, OS rate was 59.2% (Figure 1A) with a median time of 

death of 8.6 months (1.4-20.4) and event-free survival (EFS) rate was 40.4% (Figure 1B). 

TRM rate was 16%; 2 patients died of infection, 1 of multiple organ failure, 1 of GvHD and 1 

of both infection and GvHD. Seven patients (28%) relapsed at a median time of 7.4 months 

(0.75-65.4). Eighty eight percent was full-donor overall graft function. Sixty-eight percent 

had an acute GvHD at a median time of 29 days (11-56), mostly grade II. Twenty-four 

percent had a chronic GvHD (median time: 227 days, 91-606). There was no significant 

difference of outcome between patients who received PT-CY and those who didn’t or had a 

manipulated graft. There was a tendency to a better OS for patients allografted with BM 

rather than PB but it wasn’t statistically significant (Figure 1F, p=0.49).  

 

CR1 patients results  

Nine patients were allografted on CR1. Table 1 summarizes main patient and transplant 

characteristics. Median age at transplant was 15 years old (1,5-17,8) and median time 

between diagnosis and transplant was 5.3 months (3.4-9.2). Four patients had BM graft and 

five PB graft. Five patients had Thiotepa-Busulfan-Fludarabine (TBF) conditioning, with 

PTCY. OS rate was 76% (Figure 1C) and EFS rate was 50.7% (Figure 1D). All death cause 

was transplant related (2 patients: one of GvHD and infection and one of infection). Eight 

patients out of 9 was full-donor overall graft function. Five patients had an acute GvHD at a 

median time of 28 days (19-45), 4 grade II and 1 grade IV. Three patients had a chronic  

GvHD, two limited and one extensive. There was one relapse at 4.6 years.  

Improvement over time.  

Comparing patients treated before and after 2014 (date on which PT-CY technique was first 

performed in our cohort), we noticed a tendency to a better OS after 2014 but it wasn’t 

statistically significant (Figure 1E, p= 0.47).   
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Discussion  

Haplo-HSCT has been proven to be a valid alternative in adult cohorts for patients 

lacking a matched donor. Our pediatric cohort of 24 patients showed a 59% OS rate with 

16% TRM and a 40% EFS rate. CR1 patients had a better 5-year survival of 76% despite a 

higher TRM of 22%. Those survival rates are consistent comparing to cord blood transplant 

in pediatric AML (31), but the toxicity and GvHD incidence remain high.  

Some factors may have an impact on our results. First of all, the large majority of our 

patients (80%) received PB graft but we now know that BM is usually recommended as 

stem cell source and we found a tendency to a better OS with BM in our small cohort. 

Indeed, the increased risk of chronic GvHD, and possibly acute, after PB transplantation, as 

compared to BM, is commonly reported. Simonin et al. showed in a large pediatric ALL 

cohort that both TRM and chronic GvHD appeared significantly higher after PB, despite the 

OS was similar for both stem cell sources (32). Nowadays, in the prospective MyeChild 

01trial (NCT02724163), the algorithm for choosing stem cell source recommends BM as the 

first choice and the use of peripheral blood stem cells from mismatched donors should be 

avoided wherever possible. To date, there is no demonstration for a better graft-

versusleukemia (GVL) effect after PB HSCT in the pediatric population. Regarding haplo-

HSCT, there are now two studies comparing BM versus PB for unmanipulated haplo-HSCT: 

the EBMT study (33) shows increased acute GvHD with PB, but same chronic GvHD, 

relapse, and OS. The CIBMTR shows increased GvHD, increased chronic GvHD, reduced 

relapse with PB grafts (34) and a similar survival at 2 years. Secondly, patients who 

underwent haplo-HSCT are the most severe one. Twenty four percent of them were 

refractory patients or on progression with a very high risk of relapse. Plus, we evaluated the 

risk groups on MyeChild 01-trial criteria (started in 2015) but database records back to 1995 

when chemotherapy protocols and HSCT indications weren’t the same. Finally, there were 

more than 10 different conditioning regimens. Of course, it is partially explained by the large 

study period and the evolution of haplo-HSCT practice but our population size is too small 
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to highlight a real statistically significant difference over time. Although this multiplicity of 

conditioning regimen necessarily biased our results. Finally, a lacking data of our study is 

the notion of anti-HLA antibodies directed against the donor present in the recipient sera 

(Donor Specific Antibodies: DSA). Indeed, the link between DSA and graft rejection has 

been largely proven, notably in haplo-HSCT (35). Therefore, the absence of DSA is now a 

major criteria for selecting a donor and desensitization protocols can be performed before 

the conditioning regimen if needed (36).  

Nevertheless, haplo-HSCT presents great interests. The inherent benefit in using 

haplo-donors is the near-universal availability of several potential donors in the appropriate 

timing. Plus, in pediatrics potential donors are usually young (siblings, parents) and it has 

been established that in haplo-HSCT younger donor age and kinship, is a major determinant 

of outcome for leukemia patients (37,38). Moreover, since usually several haplo-identical 

donors are available, it permits to choose the most advantageous CMV and EBV status 

compatibility which is preferable (39,40). Donor location is also to be considered, as an 

increasing time elapsing between collection and infusion reduce cell viability and potentially 

jeopardize engraftment. Finally, one of the main advantages of haplo-HSCT is the easy 

possibility of post-HSCT immunologic strategy in high relapse risk leukemia. For example,  

Tübingen team reported a NK-cells dependent immunotherapy, particularly effective after  

HHSCT by increasing the antileukemic activity (41).  

Some questions remain and need to be explored: the recent success in haploidentical 

transplantation means that more family donors will be involved, and so ethical grounds of 

such process needs to be established. Randomized trials are needed, and some have 

already started.  

 

Conclusion  

It is obvious that there is more than one way to perform haplo-HSCT, but the improvement 

of care must involve following clinical protocols to harmonize our practice and centers with 
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expertise. In pediatrics, prospective randomized trials are still needed. Pediatric guidelines 

were published by the SFGM-TC on AML and haplo-HSCT: criteria for donor selection are 

the absence of DSA, unmanipulated BM as a first choice, and more common one such as 

age, CMV and gender. The recommended conditioning regimen is TBF and a GvHD 

prophylaxis by PT-CY, CsA and MMF (42). Overall, haplo-HSCT remains an alternative 

donor procedure and should be considered as such, meaning that infections, GvHD and 

toxicity can occur more frequently and expose those patients to TRM. Nevertheless, 

reported survival rates make it a solid alternative and undoubtedly haplo-HSCT will take a 

growing importance in our practice.   
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Table 1- Patients’ and transplant’s characteristics 

HSCT: hematopoietic stem cell transplant, CR: complete remission 

TBF: thiotepa-busulfan-fludarabine, Bu-Cy: Busulfan-Cyclophosphamide, TBI: total body 

 
Overall patients (n=24) CR1 patients (n=9) 

Age at HSCT in years, median (range) 13.2 (1.5-17.8) 15 (1.5-17.8) 

Female, number (%) 21 (87,5%) 8 (88.9%) 

Time from diagnosis to HSCT in 

months, median (range) 

14.2 (3.2-135.4) 5.3 (3.4-9.2) 

First line HSCT, number of patients (%) 20 (80%) 9 

Risk group stratification  

Favorable 

Intermediate 

Unfavorable 

Evaluable: n=22 

4 (18%) 

9 (41%) 

9 (41%) 

Evaluable: n=7 

0 

1 

6 

Status at HSCT 

CR1 

CR2 and 3 

Relapse/refractory/progression 

 

9 (36%) 

10 (40%) 

6 (24%) 

 

9 (100%) 

/ 

/ 

Conditionning regimen 

TBF 

Bu-Cy 200 

TBI 

ALG or ATG 

MAC/RIC 

NA 

 

9 (36%) 

2 (8%) 

7 (28%) 

8 (32%) 

18/6 

1 

 

5 

1 

0 

2 

9/0 

0 
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irradiation, ALG: anti-lymphocyte globulin, ATG: anti-thymocyte globulin, MAC: 

myeloablative conditioning, RIC: reduced intensity conditioning.

Figure 1 – Survival curves of all cohort and CR1 patients
Kaplan-Meier estimate of overall survival (OS) and Event-Free Survival (EFS) for the entire 
cohort (A, B) and for first complete remission (CR1) patients (C, D)
Kaplan-Meier estimate of 5-year overall survival (OS) according to the year of transplant 
(E, p=0.47) and according to the stem cell source (F, p=0.4994)
PB: peripheral blood, BM: bone marrow
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