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Figure 1: Anatomie Zonale de la prostate selon McNeal : ZP : zone périphérique, ZT zone de 

transition, SFMA : stroma fibro musculaire antérieur. 
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K%@;%J@=?BIG;J><BA%H<%J@=<=IB<HEH;<]%

%

$HC@BJ%F9B;<=>?@A<B>;%?@%.&+P%BF%HJ<%>cJH=SD%@;%GFBJJHEH;<%?I;J%FH%C=>dBF%?H%FI%EIFI?BH%SH=J%

@;H% I@GEH;<I<B>;% ?H% FI% ?D<HA<B>;% ?9@;H% EIFI?BH% ?H% cIJ% S>F@EH% H<% cIJ% =BJa@HQLLR]% .I=%

A>;JDa@H;<P%FH%=BJa@H%?H%J@=%<=IB<HEH;<%H<%?BddD=H;<%HddH<J%JHA>;?IB=HJ%FBD%I@%<=IB<HEH;<%HJ<%

JBG;BdBAI<Bd]%*^EH%FH%cD;DdBAH%?@%<=IB<HEH;<%?HJ%CI<BH;<J%K%=BJa@H%B;<H=ED?BIB=H%HJ<%Da@BS>a@HP%

cIJD%J@=%.,5("]%0HCH;?I;<P%FHJ%CI<BH;<J%C>=<H@=J%?H%AH<<H%AI<DG>=BH%?H%FI%EIFI?BH%a@B%>;<%

@;H%HJCD=I;AH%?H%SBH%J@CD=BH@=H%K%NM%I;J%JH%S>BH;<%IA<@HFFHEH;<%>dd=B=%@;%<=IB<HEH;<%=I?BAIFP%

?I;J%FnIEcB<B>;%?9@;H%I@GEH;<I<B>;%?H%FH@=%J@=SBH]%

3HJ% A>;;IBJJI;AHJ% J@=% a@HF% CI<BH;<% cD;DdBABH=I% ?H% AH<<H% <YD=ICBH% DS>F@H;<]% 09HJ<%

DEB;HEEH;<%FBD%K%FI%?DdB;B<B>;%?@%AI;AH=%JBG;BdBAI<Bd%a@B%=Ha@BT=H%@;%<=IB<HEH;<%H<%K%CI=<B=%?H%
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a@HF%JH@BF% FI%EIFI?BH%CH@<%^<=H%J@=SHBFFDH]%#;%?HJ%C=>cFTEHJ%K%C=>C>J%?@%AY>BW%IA<@HF%?@%

<=IB<HEH;<%?@%AI;AH=%?H%C=>J<I<H%F>AIFBJD%HJ<%a@H%FHJ%>C<B>;J%<YD=ICH@<Ba@HJ%JH%JB<@H;<%K%?HJ%

HW<=^EHJ% >CC>JDJ]% +% @;% HW<=^EH% JH% JB<@H% FH% <=IB<HEH;<% =I?BAIF% ISHA% JI% E>=cB?B<D%

A>;JDa@H;<H]% +A<@HFFHEH;<% FHJ% CI<BH;<J% CH@SH;<% J9I<<H;?=H% I@W% <I@W% J@BSI;<J% ?9HddH<J%

JHA>;?IB=HJ%?HJ%<=IB<HEH;<J%=I?BAI@W%4%8Mb`M\%?H%?XJd>;A<B>;%D=HA<BFHP%ObLM\%?9B;A>;<B;H;AH%

H<%ObLM\%?H%<>WBAB<D%=HA<IFHQL8PL_R]%&@=%F9I@<=H%HW<=^EH%JH%<=>@SH%FI%J@=SHBFFI;AH%IA<BSH]%0HFFHb

AB%I%?DE>;<=D%@;%HWAHFFH;<%<I@W%?H%J@=SBH%K%E>XH;%<H=EHQLOPL[R]%0HCH;?I;<P%FHJ%AFB;BABH;J%

H<% FHJ% CI<BH;<J% >;<% J>@FHSD% ?HJ% a@HJ<B>;J% J@=% FH% J@BSB% AFB;Ba@HP% FH% ?>JIGH% ?@% .&+% H<% FHJ%

cB>CJBHJ%=DCD<DHJ%QISHA%FH@=J%A>ECFBAI<B>;JR%H<%FH%C><H;<BHF%HddH<%CJXAY>F>GBa@H%?H%SBS=H%ISHA%

@;H% EIFI?BH% ;>;% <=IB<DH% g@Ja@9K% AH% a@H% FH% E>EH;<% J>B<% SH;@% ?H% F9HW<B=CH=]% 39DSIF@I<B>;%

C=D>CD=I<>B=H%?@%AI;AH=%?H%FI%C=>J<I<H%=HJ<H%@;%AYIFFH;GH%H<%@;%a@I=<%K%@;%<BH=J%?HJ%CI<BH;<J%

H;%J@=SHBFFI;AH%IA<BSH%;DAHJJB<H%@;%<=IB<HEH;<%?I;J%FHJ%L%K%O%I;;DHJ%a@B%J@BSH;<%FH%?BIG;>J<BA%

H;%=IBJ>;%?9@;H%J>@JbHJ<BEI<B>;%B;B<BIFH%?H%FI%EIFI?BH%>@%?n@;H%C=>G=HJJB>;%=ICB?HQL[PLURK%$H%

CF@JP%U8\%?HJ%CI<BH;<J%DFBGBcFHJ%K%@;H%J@=SHBFFI;AH%IA<BSH%ISIBH;<%@;%AI;AH=%JBG;BdBAI<Bd%J@=%FI%

CBTAH%>CD=I<>B=H%?H%C=>J<I<HA<>EBH% <><IFH%?I;J%@;H%JD=BH%A>;<HEC>=IB;HQLVRK!39DSIF@I<B>;%

B;B<BIFH%D<IB<%cIJDH%J@=%FHJ%cB>CJBHJ%<=I;J=HA<IFHJ%H<%CI=IET<=HJ%AFB;BA>bcB>F>GBa@HJ%J<I;?I=?P%

FI% e% C=>G=HJJB>;% f% B;<H=SH;IB<% EIg>=B<IB=HEH;<% ?I;J% FHJ% ?H@W% C=HEBT=HJ% I;;DHJ% ?H%

J@=SHBFFI;AHP% C>@SI;<% J@GGD=H=% @;H% ?DdBABH;AH% ?H% F9DSIF@I<B>;% B;B<BIFH% cIJDH% J@=% FHJ%

AI=IA<D=BJ<Ba@HJ% AFB;BA>bYBJ<>F>GBa@HJ]% 3H% =H<H;<BJJHEH;<% CJXAY>J>ABIF% ;DGI<Bd% ?H% FI%

J@=SHBFFI;AH%IA<BSH%HJ<%DGIFHEH;<%@;%DFDEH;<%K%C=H;?=H%H;%A>EC<H%QLVR]%+@JJBP%FI%J<=I<DGBH%

IA<@HFFH% ?H% ?D<HA<B>;% CI=% cB>CJBH% JXJ<DEI<BJDH% I% E>;<=D% AHJ% FI=GHJ% FBEB<I<B>;JQL`o8LR]%

"XCBa@HEH;<P%FHJ%FDJB>;J%?H%FI%CI=<BH%I;<D=BH@=H%?H%FI%GFI;?H%J>;<%EIF%DAYI;<BFF>;;DHJ%CI=%

FHJ% cB>CJBHJ% JXJ<DEI<BJDHJQ88R]% 39IAATJ% I@% S>F@EH% FDJB>;;HFP% a@B% ?D<H=EB;H% H;% CI=<BH% FI%

JBG;BdBAI<BSB<D% AFB;Ba@H% ?9@;H% FDJB>;Q8_RP% ;H% JH% dIBJIB<% a@9K% <=ISH=J% FH% C=BJEH% ?DC>FB% ?HJ%

F>;G@H@=J%?H%AI;AH=%J@=%FHJ%cB>CJBHJ%?H%C=>J<I<H%=DIFBJDHJ%K%F9ISH@GFH]%

3H%A>;AHC<%?H%<YD=ICBH%d>AIFH%H<%cIJHJ%YBJ<>CI<Y>F>GBa@HJ4%

%

39H;JHEcFH%?H%AHJ%DFDEH;<J%I%A>;<=Bc@D%K%F9DEH=GH;AH%?@%A>;AHC<%?H%<YD=ICBH%d>AIFH]%3I%

ED<Y>?H%A>;JBJ<H%K%JDFHA<B>;;H=%?HJ%CI<BH;<J%CI=%?HJ%J<=I<DGBHJ%?H%cB>CJBHJ%H<p>@%?nBEIGH=BH%

CI=% ,)*Q8ORP%K%ICCFBa@H=%@;% <=IB<HEH;<% d>AIF% FBEB<DH%K% FI%CI=<BH% <@E>=IFH%?H% FI%GFI;?H%CI=%

@F<=IJ>;J% d>AIFBJDJ% ?H% YI@<H% B;<H;JB<D% Q1,'#RP% CY><><YD=ICBH% ?X;IEBa@H% Q.$"RP%%

<YH=E><YD=ICBH% 3IJH=% B;<H=J<B<BHFFH% Q3,""RP% % AYB=@=GBH% CI=<BHFFHP% A=X>IcFI<B>;% >@%

=I?B>d=Da@H;AHQ8[R% <>@<% H;% C=DJH=SI;<% FHJ% J<=@A<@=HJ% ;H=SH@JHJ% H<% JCYB;A<D=BH;;HJ%
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;DAHJJIB=HJ%I@%EIB;<BH;%?H%FI%A>;<B;H;AH%H<%?HJ%D=HA<B>;J]%0HJ%<HAY;Ba@HJ%J>;<%H;%A>@=J%

?9DSIF@I<B>;Q8UR]% 3I% ?D<HA<B>;% ?@% AI;AH=% ?H% FI% C=>J<I<H% =HC>JH% J@=% JHJ% AI=IA<D=BJ<Ba@HJ%

YBJ<>CI<Y>F>GBa@HJP%?H%S>F@EH%H<%?H%?BJ<=Bc@<B>;%I@%JHB;%?H% FI%GFI;?H%IdB;%?9IEDFB>=H=% FHJ%

J<=I<DGBHJ%?H%cB>CJBHJ%H<%?H%SIFB?H=%FHJ%=DJ@F<I<J%?H%FnBEIGH=BH%E>?H=;H%a@B%J>;<%;DAHJJIB=HJ%

C>@=% FI% CFI;BdBAI<B>;% ?@% <=IB<HEH;<% d>AIF]% +@JJB% @;% <=IB<HEH;<% CI=<BHF% ?H% FI% GFI;?H% ?H% <XCH%

<YD=ICBH%d>AIFH%?>B<%J9ICC@XH=%J@=%FHJ%A>;;IBJJI;AHJ%?HJ%AI=IA<D=BJ<Ba@HJ%?H%?DSHF>CCHEH;<%

?H%FI%<@EH@=%I@%JHB;%?H%C=>J<I<HQ8OR]%$HJ%D<@?HJ%E>=CY>ED<=Ba@HJ%%?HJ%AI;AH=J%J@=%CBTAHJ%

?H% C=>J<I<HA<>EBHJ% <><IFHJ% Q8VP8`R% H<% ?HJ% AIJ% B;AB?H;<HFJ% J@=% AXJ<>C=>J<I<HA<>EBHJQ_MR%

C=DABJH;<% AHJ% ?>;;DHJ% S>F@ED<=Ba@HJ% H<% ?9HW<H;JB>;% ?I;J% FHJ% ?BddD=H;<HJ% Z>;HJ% ?H% FI%

C=>J<I<H]% 3H% S>F@EH% ?H% FI% <@EH@=% ICCI=Im<% A>EEH% @;% dIA<H@=% =HdFD<I;<% F9HW<H;JB>;% ?H% FI%

<@EH@=% ?I;J% FI% Z>;H% CD=BCYD=Ba@H% ISHA% ;><IEEH;<% @;% JH@BF% ?H% LAA% C>@=% F9HW<H;JB>;%

@;BFI<D=IFH]%*>@=ISBHS%H<%IF]%Q_NR%=HC=H;?%?I;J%@;H%=HS@H%?H%FI%FB<<D=I<@=H%FHJ%AI=IA<D=BJ<Ba@HJ%

YBJ<>F>GBa@HJ%?@%AI;AH=%?H%C=>J<I<HP%A>;AF@I;<%a@H%FI%EBG=I<B>;%?H%FI%EIFI?BH%SH=J%@;%J<I?H%

CF@J%F>AIFBJD%CH=EH<%?9H;SBJIGH=%@;H%<YD=ICBH%d>AIFH]%

0HCH;?I;<P% FI% E@F<Bd>AIFB<D% d=Da@H;<H% ?HJ% AI;AH=J% ?H% FI% C=>J<I<H% a@B% =HC=DJH;<H%

H;SB=>;%UM\% %?HJ% AIJQ_LP_8R% A>;J<B<@H%@;H% =DJH=SH%I@%?DSHF>CCHEH;<%?H% AH<<H%E>?IFB<D%

<YD=ICH@<Ba@H]% -DI;E>B;JP% H<% EIFG=D% AH<<H% E@F<Bd>AIFB<DP% JH@FHJ% FHJ% FDJB>;J% JBG;BdBAI<BSHJ%

QS>F@EH%q%MPO%AA%>@%q%MPL%AA%ISHA%C=DJH;AH%?H%G=I?H%?H%2FHIJ>;%_pOQORR%JHEcFH;<%K%=BJa@H%

?H%C=>G=HJJB>;%ED<IJ<I<Ba@H%?I;J%FHJ%O%K%NM%I;J%H<%J>;<%?>;A%@;H%B;?BAI<B>;%?H%<=IB<HEH;<%

a@B% CH@<% ^<=H% d>AIF% Q[P8OR]%0H<<H% YXC><YTJH%I%D<D% A>;d>=<DH%CI=% @;H%D<@?H%I@<>CJBa@H%?H%

CI<BH;<J% ?DAD?DJ% ?9@;% AI;AH=% ?H% C=>J<I<H% H<% a@B% J@GGT=H% @;H% >=BGB;H% E>;>AF>;IFH% ?HJ%

AHFF@FHJ% <@E>=IFHJ% =HJC>;JIcFHJ% ?HJ% ED<IJ<IJHJQ__R]% 3I% C>JJBcBFB<D% ?H% ?D<HA<H=% H<% ?H%

a@I;<BdBH=%FHJ%d>XH=J%<@E>=I@W%H;%C=D>CD=I<>B=H%A>;J<B<@H%?>;A%@;%C=Db=Ha@BJ%B;?BJCH;JIcFH%

I@%?DSHF>CCHEH;<%?HJ%E>?IFB<DJ%?H%<YD=ICBH%d>AIFH]%

%

39,)*%?H%C=>J<I<HP%@;%HWIEH;%E@F<BCI=IED<=Ba@H%C><H;<BHFFHEH;<%=DC>;?I;<%K%?HJ%>cgHA<BdJ%

AFB;Ba@HJ%4%

%

%

%0HFI% HJ<% ?DJ>=EIBJ% C>JJBcFH% G=rAH% I@W% C=>G=TJ% ?H% F9BEIGH=BH% E>?H=;H% CI=% ,)*%

E@F<BCI=IED<=Ba@H% A>@CFDH% I@W% cB>CJBHJ% ?B=BGDHJ]% 39Ig>@<% ?H% JDa@H;AHJ% d>;A<B>;;HFFHJP%

B;B<BIFHEH;<%FI%CH=d@JB>;Q_OR%C@BJ%?H%?Bdd@JB>;P%I@W%JDa@H;AHJ%A>;SH;<B>;;HFFHJ%QJDa@H;AHJ%

C>;?D=DHJ%"N%H<%"LR%I%CH=EBJ%?9I@GEH;<H=% FHJ%CH=d>=EI;AHJ%?@% <HJ<%?9BEIGH=BH%CI=% ,)*P%

;><IEEH;<% C>@=% FI% ?D<HA<B>;% ?HJ% FDJB>;J% JBG;BdBAI<BSHJ% ?DA=B<HJ% CF@J% YI@<]% 39ICC>=<% ?H%
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F99BEIGH=BH%E>?H=;H%A>;JBJ<H%;><IEEH;<%K%FI%?DdB;B<B>;%H;%8$%?9@;H%ABcFH%cB>CJBa@HP%ICC=>AYH%

<=I;AYI;<%JB;G@FBT=HEH;<%ISHA%FHJ%cB>CJBHJ%JXJ<DEI<BJDHJ%C=>AD?I;<%K%@;%DAYI;<BFF>;;IGH%K%

F9ISH@GFH% ?H% FI% GFI;?HQ_[R]% $I;J% @;H% =DAH;<H% =HS@H% ?H% FI% FB<<D=I<@=HP% 's<<H=H=Q_UR% H<% IF]%

=ICC>=<H;<%@;%<I@W%?H%?D<HA<B>;%?H%_U%K%VV\%ISHA%@;H%SIFH@=%;DGI<BSH%C=D?BA<BSH%C>@=%HWAF@=H%

@;H%FDJB>;%JBG;BdBAI<BSH%J9DAYHF>;;I;<%?H%[8%K%`V\]%+@JJB%F9,)*%I%DGIFHEH;<%D<D%SIFB?DH%C>@=%

FI%?D<HA<B>;%H<%FI%F>AIFBJI<B>;%?HJ%AI;AH=J%I;<D=BH@=J%?H%FI%C=>J<I<H%B;IAAHJJBcFHJ%I@W%cB>CJBHJ%

JXJ<DEI<BJDH%=DIFBJDHJ%CI=%S>BH%C>J<D=BH@=H%<=I;J=HA<IFH%Q_VR]%#;%HJJIB%=I;?>EBJD%A>ECI=I;<%

.I;HcBI;A>% H<% IF]% Q_`R% >;<% I@JJB% =HC>=<D% F9ISI;<IGH% ?HJ% cB>CJBHJ% ABcFDHJ% A>EcB;DHJ% I@W%

JXJ<DEI<BJDHJ%J@=%@;H%ICC=>AYH%@;Ba@HEH;<%JXJ<DEI<Ba@H%?I;J%@;%HJJIB%=I;?>EBJD]%%

#;% A>;JH;J@J% J@=% FHJ% E>?IFB<DJ% ?H% =DIFBJI<B>;% ?H% F9,)*% ?B<H% E@F<BCI=IED<=Ba@H%

Q,)*ECR%?H%C=>J<I<H%H<%J>;%B;<H=C=D<I<B>;QOMR%I%D<D%C@cFBD%CI=%$BAhB;J>;%H<%IF]QOMR%].F@JBH@=J%

D<@?HJ%>;<%E>;<=D%F9ICC>=<%C><H;<BHF%?H%F9,)*EC%H;%JB<@I<B>;%C=DcB>CJBa@H%Q_[PONRP%AnHJ<bKb

?B=H% C=D?BIG;>J<Ba@HP% H;% CH=EH<<I;<% ?9I@GEH;<H=% FH% <I@W% ?H% ?D<HA<B>;% ?H% FDJB>;% ?B<H%

JBG;BdBI;<HP%H<%DSB<I;<% FH% J@=?BIG;>J<Ba@H%?H% FDJB>;% B;?>FH;<H]% %0HAB%I%;><IEEH;<%Ic>@<B% K%

F9I?>C<B>;%?I;J%FHJ%=HA>EEI;?I<B>;J%d=I;jIBJH%J@=%FH%?BIG;>J<BA%?@%AI;AH=%?H%FI%C=>J<I<H%K%

B;A>=C>=H=% F9,)*% ?I;J% FI% J<=I<DGBH% ?BIG;>J<Ba@H% H;% AIJ% ?H% C=HEBT=H% JD=BH% ;DGI<BSH% H<%

CH=JBJ<I;AH%?H%FI%J@JCBAB>;%AFB;Ba@HQN8R]%

">@<Hd>BJP%F9@<BFBJI<B>;%?H%F9,)*EC%=Ha@BH=<%@;H%HWCH=<BJH%K%F9B;<H=C=D<I<B>;]%0HFFHbAB%<BH;<%

H;%CI=<BH%I@%dIB<%a@H%FH%=DJ@F<I<%?H%F9,)*EC%HJ<%=H;?@%CI=%FH%=I?B>F>G@H%J>@J%FI%d>=EH%?9@;%

JA>=H% SBJ@HF% ?9HJ<BEI<B>;% QOLRQ% &A>=H% ?H% 3BhH=<% >@% JA>=H% .B)+$&% LQO8RR]% 3I% FI=GH%

?BJJDEB;I<B>;%?H%FI%<HAY;Ba@H%;9I%CIJ%AHCH;?I;<%CIJ%H;A>=H%H@%FBH@]%%

%

%

$H%F9@<BFBJI<B>;%?H%CI=IET<=HJ%a@I;<B<I<BdJ%?9BEIGH=BH%H<%?H%F9I;IFXJH%?9BEIGH%e%=I?B>EBa@H%f%4%

%

+B;JBP%FHJ%CI=IET<=HJ%a@I;<B<I<BdJ%?H%F9BEIGH=BH%d>;A<B>;;HFFH%C>@==IBH;<%ICC>=<H=%@;H%

=HC=>?@A<BcBFB<D% B;<H=% H<% B;<=I% AH;<=H% ?HJ% =DJ@F<I<J% d>@=;BJ% CI=% F9,)*EC]% #;H% =HJ<=BA<B>;% ?@%

A>HddBABH;<%?H%?Bdd@JB>;%ICCI=H;<%Q>@%+$0R%AIFA@FD%ISHA%F9,)*%?H%?Bdd@JB>;%I%?DgK%E>;<=D%@;H%

A>==DFI<B>;% % ISHA% FI% ?D<HA<B>;% ?HJ% d>XH=J% AI;AD=H@W% EIBJ% I@JJB% ISHA% F9IG=HJJBSB<D% ?H% FI%

EIFI?BHLMNOMPQ]%-DI;E>B;JP%<>@<HJ%FHJ%FDJB>;J%;H%J>;<%CIJ%?D<HA<DHJ%CI=%AH<<H%AI=<>G=ICYBH%

+$0QOVRP%=HdFD<I;<%IB;JB%F9YD<D=>GD;DB<D%?H%FI%EIFI?BH]%,F%HWBJ<H%@;H%Z>;H%G=BJH%%?H%AH<<H%SIFH@=%

a@I;<B<I<BSH% C>@=% ?D<H=EB;H=% FH% G=I?H% YBJ<>F>GBa@HQO[R]% 39BEIGH=BH% ?H% FI% ;D>I;GB>GH;TJH%

<@E>=IFH%HJ<%H;%CI=<BH% =DIFBJDH%ISHA% FI%JDa@H;AH%?H%CH=d@JB>;% Q$0!b*),R%IC=TJ% B;gHA<B>;%

?9@;% IGH;<% ?H% A>;<=IJ<HQO`R]% 39HJ<BEI<B>;% SBJ@HFFH% CI=% FI% C=BJH% =ICB?H% ?H% A>;<=IJ<H% H<% ?I%
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?DA=>BJJI;AH%?@%JBG;IF%CH=EH<%?DgK%?H%?D<HA<H=%AH=<IB;HJ%FDJB>;JQ[MR]%*IFG=D%AHFIP%BF%HWBJ<H%

?HJ%dI@W%C>JB<BdJ%H;%JH%cIJI;<%J@=%AH<<H%HJ<BEI<B>;%SBJ@HFFH]%+B;JBP% F9I;I<>EBH%Z>;IFH%?H% FI%

C=>J<I<H% E>;<=H% ?BddD=H;<% <XCH% ?H% <BJJ@% I@% JHB;% ?H% FI% GFI;?HQ8R% H<% FI% Z>;H% ?H% <=I;JB<B>;P%

;><IEEH;<%F>=Ja@9HFFH%HJ<%I?D;>EI<H@JH%AI=%HFFH%CH@<%C=DJH;<H=%@;H%C=BJH%?H%A>;<=IJ<H%<=TJ%

=ICB?HQ[NR]%$H% CF@JP% BF% I% D<D%E>;<=D% a@H% FI% ?D<HA<B>;% ?@% AI;AH=% ?H% C=>J<I<H% CI=% F9,)*EC%

?DCH;?%?H%F9YBJ<>F>GBH%?@%AI;AH=%?H%C=>J<I<H%H<%?H%JI%A>EC>JB<B>;%I@%;BSHI@%<BJJ@FIB=HQOVRP%

ISHA% @;H% SI=BIcBFB<D% a@I;<% I@W% JDa@H;AHJ% ?D<HA<I;<% FH% AI;AH=]% 0HAB% A>;d>=<H% F9ICC=>AYH%

E@F<BCI=IED<=Ba@HP%cIJDH%J@=%FHJ%JDa@H;AHJ%I;I<>EBa@HJ%H<%d>;A<B>;;HFFHJP%C>@=%FI%?D<HA<B>;%

?@% AI;AH=]% 3H% JA>=H% .,)+$&% L% HJ<% cIJD% J@=% AH<<H% ICC=>AYH% E@F<B% JDa@H;<BHFFH]% % 09HJ<%

C>@=a@>BP%@;H%ICC=>AYH%SBJI;<%K%D<IcFB=%FH%C=>dBF%a@I;<B<I<Bd%?HJ%FDJB>;%C=>J<I<Ba@HJ%H;%@<BFBJI;<%

?HJ% E>?TFHJ% CYI=EIA>AB;D<Ba@HJ% A>;;@J% ?I;J% ?9I@<=H% >=GI;HJ% QE>?TFH% ?H% ">d<P% ">d<%

E>?BdBDQ[LRR% CH@<% JH% =DSDFH=% ?9B;<D=^<]% 3I;GH=% H<% +F]Q[8R% >;<% IB;JB% E>;<=D% @;H% ?BddD=H;AH%

JBG;BdBAI<BSH% ?H% t<=I;J% QA>;J<I;<H% ?H% <=I;JdH=<% ?H% F9IGH;<% ?H% A>;<=IJ<H% ?@% A>ECI=<BEH;<%

SIJA@FIB=H%SH=J%FH%CI=H;AYXEHR%H;<=H%FHJ%AI;AH=J%?H%FI%Z>;H%CD=BCYD=Ba@H%H<%FH%<BJJ@%;>=EIF%

?H%AH<<H%E^EH%Z>;H]%'=I;BHF%H<%IF]Q[_R%>;<%D<@?BD%@;H%E>?IFB<D%?H%CH=d@JB>;%H;%,)*%E>;<=I;<%

?HJ%?BddD=H;AHJ%E>?HJ<HJ%H;<=H%<BJJ@%AI;AD=H@W%H<%<BJJ@%CI<Y>F>GBa@H%EIBJ%;>;%AI;AD=H@W%

QC=>J<I<B<HR]%39>c<H;<B>;%?H%CI=IET<=HJ%>cgHA<BdJ%?>B<%CH=EH<<=H%FI%?BJ<B;A<B>;%H;<=H%FHJ%FDJB>;J%

AI;AD=H@JHJ%H<% FHJ% FDJB>;J%cD;BG;HJ%IddBAYI;<%?HJ%AI=IA<T=HJ%JBEBFIB=HJ%?9@;%C>B;<%?H%S@H%

SBJ@HF%>@%JHEBba@I;<B<I<BdJ]%0HAB%;DAHJJB<H%@;H%A>==DFI<B>;%dB;H%H;<=H%F9BEIGH=BH%H<%F9YBJ<>F>GBH%

H;%EBA=>JA>CBH%>C<Ba@HP%C>@SI;<%^<=H%A>;JB?D=DH%A>EEH%@;H%E>?IFB<D%?9BEIGH=BH]%

%

39I;IFXJH% e% =I?B>EBa@H% f% J9I<<IAYH% K% HW<=IB=H% ?H% ;>Ec=H@JHJ% AI=IA<D=BJ<Ba@HJ%

a@I;<B<I<BSHJ% ?H% F9BEIGH=BH% H;% @<BFBJI;<% ?HJ% E>?TFHJ% H<% ?DdB;B<B>;J% EI<YDEI<Ba@HJ]% 3H%

EIWBE@E% ?9B;d>=EI<B>;J% HJ<% IF>=J% <B=D% ?HJ% HWIEH;J% ?9BEIGH=BH% ?H% =>@<B;H% H;% @<BFBJI;<%

F9I;IFXJH%H<% FH%<=IB<HEH;<%?9BEIGHQ[OR]%3H%c@<%HJ<%?9I@GEH;<H=% FI%AICIAB<D%?H%?DABJB>;%?HJ%

E>?TFHJ%HWBJ<I;<%=HC>JI;<%J@=%F9BEIGH=BH]%,F%J9IGB<%?9@;%?>EIB;H%?9B;SHJ<BGI<B>;%A>ECFHWH%a@B%

>@S=H%FHJ%C>JJBcBFB<DJ%?9B?H;<BdBH=%?HJ%AI=IA<D=BJ<Ba@HJ%?H%F9BEIGHP%A>EEH%J>;%YD<D=>GD;DB<DP%

=HdFD<I;<%@;%C=>AHJJ@J%<BJJ@FIB=H%S>B=%GD;D<Ba@H%J>@JbgIAH;<Q[[R]%%0H<<H%I;IFXJH%=I?B>EBa@HP%

ISHA% F9I;IFXJH% ?H% <HW<@=H% C>@==IB<% <=>@SH=% J>;% ICCFBAI<B>;% K% F9,)*EC% ?H% C=>J<I<H% <I;<% FHJ%

I<<H;<HJ%?HJ%AFB;BABH;J%?H%AH<%HWIEH;%?9BEIGH=BH%J>;<%A>ECFHWHJ%4%;>;%JH@FHEH;<%?H%FI%C@=H%

?D<HA<B>;P% EIBJ% I@JJB% J<=I<BdBAI<B>;P% C=>;>J<Ba@H% H<% E^EH% CFI;;B;G% <YD=ICH@<Ba@H% H<% J@BSB%

>;A>F>GBa@H]%

%
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$I;J% AH% ?>EIB;H% ?9I;IFXJH% ?9BEIGHP% '=I;BHF% H<% IF]% Q[UR% >;<% B;B<BD% @;H% =HAYH=AYH% J@=%

F9DAYI;<BFF>;;IGH%?9@;H%FDJB>;%C>@=%H;%HW<=IB=H%FHJ%S>WHFJ%E>;<=I;<%FI%C=BJH%?H%A>;<=IJ<HP%H;%

FH%A>ECI=I;<%K%F9B;<DG=IFB<D%?H%FI%FDJB>;]%+@JJB%F9YD<D=>GD;DB<D%?@%AI;AH=%CI=%=ICC>=<%I@%<BJJ@%

cD;B;% D<D%E>;<=D% H;% BEIGH=BH% ?H% ?Bdd@JB>;% CI=% )>JH;h=I;<Z% H<% IF]Q[VR% ;><IEEH;<% H;% JH%

d>AIFBJI;<% J@=% F9H;<=>CBH% ?H% F9+$0P% I;IFXJH% ?H% <HW<@=H% ?9>=?=H% N]% 0H% CI=IET<=H% ?9>=?=H% N%

J9ICCFBa@I;<%K%@;H%FDJB>;%A>ECFT<H%;9I%CIJ%dIB<%F9>cgH<%?9@;H%DSIF@I<B>;%H;%AH%a@B%A>;AH=;H%FI%

CH=d@JB>;]%%

%

3HJ% =HAYH=AYHJ% H;<=HC=BJHJ% >;<% A>;?@B<% K% @;H% J<I;?I=?BJI<B>;% ?H% FI% <HAY;Ba@H% ?H% F9,)*%

C=>J<I<Ba@H%E@F<BCI=IED<=Ba@H%?DdB;BH%CI=%A>;JH;J@J%A>EEH%;DAHJJB<I;<%I@%EB;BE@E%@;H%

BEIGH%I;I<>EBa@H%H;%JDa@H;AH%C>;?D=DH%"LP%@;H%JDa@H;AH%H;%CH=d@JB>;%?X;IEBa@H%H<%?HJ%

JDa@H;AHJ%?H%?Bdd@JB>;%ISHA%GD;D=I<B>;%?9@;H%AI=<H%?H%A>HddBABH;<%ICCI=H;<%?H%?Bdd@JB>;QOMR%

J@BSB% ?9@;H% B;<H=C=D<I<B>;% SBJ@HFFH% C>@=% FI% ?D<HA<B>;]% 3HJ% CH=d>=EI;AHJ% % ?H% ?D<HA<B>;% ?H%

F9,)*EC% ?I;J% AH<<H% A>;dBG@=I<B>;% >;<% D<D% DSIF@DH% ?I;J% @;% HJJIB%E@F<BAH;<=Ba@H%.)(*,&%

=DAHEEH;<%C@cFBDQ[`R%A>;<=H%FH%J<I;?I=?%?H%J>B;P%cB>CJBH%DAY>G@B?DHJ%JXJ<DEI<BJDHJ%ISHA%

@;%<HJ<%?H%=DdD=H;AH%CI=%cB>CJBH%<=I;JCD=B;DIFH%H;%JI<@=I<B>;]%3HJ%<=TJ%c>;;HJ%CH=d>=EI;AHJP%

ISHA%@;H% SIFH@=% C=D?BA<BSH%;DGI<BSH%?H%V`\%H<% @;H% JH;JBcBFB<D% ?H%`8\P% F>=J% ?H% AH<% HJJIB%

A>;J<B<@H;<%?HJ%C=H@SHJ%?H%;BSHI@%,c%?H%F9HddBAIAB<D%?H%F9,)*EC%?I;J%AH<<H%B;?BAI<B>;%H<%C>@=%

@;H%?DdB;B<B>;%?H%AI;AH=%AFB;Ba@HEH;<%JBG;BdBAI<Bd%A>;<=>SH=JDHQUMR%]%%

&9BF%J9IGB<%FK%?9@;%YI@<%;BSHI@%?H%C=H@SH%?H%A>;dB=EI<B>;%?H%F9@<BFB<D%AFB;Ba@H%?H%F9,)*EC%?I;J%

FH%?BIG;>J<BA%?@%AI;AH=%?H%C=>J<I<HP%?HJ%B;SHJ<BGI<B>;J%A>ECFDEH;<IB=HJ%J>;<%;DAHJJIB=HJ%

C>@=%HW<=IB=H%FHJ%B;d>=EI<B>;J%I<<H;?@HJ%?HJ%AFB;BABH;J%?9@;%<HJ<%=>c@J<H%?9BEIGH=BH]%,F%J9IGB<%

H;%CI=<BA@FBH=%?H%F9@<BFBJI<B>;%?9@;%<HJ<%?9BEIGH=BH%C>@=%J<=I<BdBH=%FI%EIFI?BHP%G@B?H=%H<%CFI;BdBH=%

?HJ% B;<H=SH;<B>;JP% ?9@;H%EI;BT=H% ?BddD=H;<H% ?H% FI% ;ISBGI<B>;]% 3HJ% a@HJ<B>;J% ?H% C=DABJB>;%

?BIG;>J<Ba@HP% CFI;;B;G% <YD=ICH@<Ba@H%>@%H;A>=H%?@%C><H;<BHF% ?I;J% FI% J@B<H% ?H% FI% C=BJH% H;%

AYI=GH%?>BSH;<%^<=H%HWCF>=DHJ]%

%

3HJ%I<<H;<HJ%H<%?DdBJ%AFB;Ba@HJ%;DAHJJB<H;<%@;H%ICC=>AYH%ED<Y>?>F>GBa@H%?>;<%FI%<HAY;Ba@H%

CI=%cB>CJBHJ%DAY>G@B?DHJ%?9DAYI;<BFF>;;IGH%K%F9ISH@GFH%?H%FI%GFI;?H%;9ISIB<%CIJ%I@CI=ISI;<%

J>@FHSD%FI%;DAHJJB<D%C>@=%FH%AI;AH=%?H%FI%C=>J<I<H]%,F%J9IGB<P%H;%CF@J%?9B;?Ba@H=%FI%C=DJH;AH%>@%

;>;%?H%AI;AH=P%?H%?D=BSH=%?H%F9BEIGH=BH%F9IG=HJJBSB<D%?@%AI;AH=P%JI%F>AIFBJI<B>;%?H%EI;BT=H%

IJJHZ%C=DABJH%C>@=%G@B?H=%@;H%GHJ<H%AYB=@=GBAIF%>;A>F>GBa@H%A>;JH=SI<H@=P%FI%<YD=ICBH%d>AIFHP%

>@%H;A>=H%HddHA<@H=%@;%J@BSB%J>B<%?I;J%@;%A>;<HW<H%C>J<% <YD=ICH@<Ba@H%J>B<%?H%J@=SHBFFI;AH%
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IA<BSH]%0HAB%;DAHJJB<HP%H;%I@<=H%@;H%A>==DFI<B>;%C=DABJH%?H%F9BEIGH=BH%I@W%<HJ<J%?H%=DdD=H;AH%

YBJ<>F>GBa@H]%

%

!;%CI=IFFTFH%K% F9IST;HEH;<%?H% F9,)*ECP% FH%AYIEC%?@% <=IB<HEH;<%H<% =HAIFIGH%?9BEIGH%J9HJ<%

<=>@SD% ?9B;<D=^<% ?I;J% FI% % C=>cFDEI<Ba@H% C=>J<I<Ba@H% QUNRQULRP% C>=<D% CI=% F9HWCF>JB>;% ?HJ%

AICIAB<DJ% ?H% AIFA@F% ?HJ% C=>?@B<J% B;d>=EI<Ba@HJ% A>EEH=ABI@W]% 0H<<H% ?BJABCFB;H% CH=EH<%

>cgHA<BSB<DP%A>;<=kFH%?HJ%CI=IET<=HJP%DSIF@I<B>;%?H%JHJ%C=>C=HJ%FBEB<I<B>;J%EIBJ%I@JJB%?9IFFH=%

CF@J% H;% C=>d>;?H@=% ?I;J% AH% a@H% F9BEIGH=BH% CH=EH<P% ;><IEEH;<% AH=<IB;H% E>?DFBJI<B>;%

a@I;<B<I<BSHQU8R]%

%

$H%FI%;DAHJJB<D%>;A>F>GBa@H%?9D<IcFB=%@;H%ABcFH%C=DABJH%C>@=%@;%<=IB<HEH;<%d>AIF%4%

$I;J% FI% CH=JCHA<BSH% ?9@;% <=IB<HEH;<% AYB=@=GBAIF% >;A>F>GBa@HP% FI% ;><B>;% ?H% EI=GH%

AYB=@=GBAIFH%?H%<=IB<HEH;<%HJ<%d>;?IEH;<IFHQU_R%?H%E^EH%a@H%FH@=%IJCHA<%C=>;>J<Ba@HQUOR]%

3I% ;><B>;% ?H% EI=GH% B;?Ba@H% @;H% =DJHA<B>;% A>ECFT<H% ?H% FI% <@EH@=]% 3I% F>AIFBJI<B>;% H<% FI%

AI=IA<D=BJI<B>;%?I;J%F9HJCIAH%?HJ%FDJB>;J%HJ<%@;%C=D=Ha@BJ%C>@=%HddHA<@H=%@;H%<YD=ICBH%d>AIFH%

HddBABH;<HQ8OPU[R]%39,)*EC%>@S=H%FI%C>JJBcBFB<D%?H%?D<HA<H=%FHJ%FDJB>;J%I@%JHB;%?H%FI%C=>J<I<H]%

3I% JBG;I<@=H% ,)*% ?9@;% d>XH=% AI;AD=H@W% I% D<D% ?DA=B<H% A>EEH% ?BddD=H;<H% H;% d>;A<B>;% ?HJ%

JDa@H;AHJ% ?I;J% FHJ% <=ISI@W% B;B<BI@W% J@=% F9,)*% ISHA% JDa@H;AH% d>;A<B>;;HFFHQ_OR]% % #;H%

A>ECI=IBJ>;%H;<=H%F9IJCHA<%,)*%?9@;H%FDJB>;%H<%J>;%HW<H;JB>;%H;%YBJ<>F>GBH%ICCI=Im<%IF>=J%

HJJH;<BHF%C>@=%H;SBJIGH=%@;%CFI;;B;G% <YD=ICH@<Ba@H%cIJD%J@=%AH<<H%E>?IFB<D%?9BEIGH=BH%H<%

CH=EH<<=H% @;H% A>@SH=<@=H% A>ECFT<H% ?H% FI% ABcFH% K% ?D<=@B=H]% +@JJBP% ,F% I% D<D% ?DE>;<=D%

YBJ<>=Ba@HEH;<% @;H% ?BddD=H;AH% ?H% S>F@EH% H;<=H% F9D<I<% B;% SBS>% H<% F9HWIEH;% YBJ<>F>GBa@HQUUR%

C>@SI;<% I<<HB;?=H% 8M\]% #;H% A>==DFI<B>;% H;<=H% F9YBJ<>F>GBH% H<% F9,)*EC% ?>B<% CH=EH<<=H% ?H%

J@=E>;<H=%AH<%>cJ<IAFH%ISHA%FI%C=DABJB>;%;DAHJJIB=H%K%F9ICCFBAI<B>;%?9@;%<=IB<HEH;<%AYB=@=GBAIF%

G@B?D%CI=%F9BEIGH=BHP%CI=%?DdB;B<B>;%?I;J%@;%HJCIAH%K%<=>BJ%?BEH;JB>;J]%

3H% ?DSHF>CCHEH;<% ?H% ;>@SHFFHJ% ED<Y>?HJ% ?9DSIF@I<B>;% HJ<% ;DAHJJIB=H% C>@=% CH=EH<<=H%

F9HWCF>B<I<B>;% ?HJ% AICIAB<DJ% ?H% F9,)*EC% H<% ?H% ?DCIJJH=% FI% C=>cFDEI<Ba@H% AFB;Ba@H% ?H% J@=%

?BIG;>J<Ba@H%H<%J@=%<=IB<HEH;<]%%

%

39>cgH<%?H%AH<<H%<YTJH%JH%C=>C>JH%?9ICCFBa@H=%FHJ%>@<BFJ%H<%A>;AHC<J%?H%<=IB<HEH;<%?9BEIGH%K%

F9,)*%E@F<BCI=IED<=Ba@H% ?H% C=>J<I<H% C>@=% CI=<BABCH=% K% FI% =DC>;JH% I@W% C=>cFDEI<Ba@HJ% ?H%

?D<HA<B>;P%J<=I<BdBAI<B>;P%CFI;;B;G%<YD=ICH@<Ba@H%H<%J@BSB%?H%FI%<YD=ICBH%d>AIFH]%3I%=>c@J<HJJH%

?H%F9,)*EC%CH=EH<%?9H;SBJIGH=%@;H%E>?DFBJI<B>;%?@%AI;AH=%?H%FI%C=>J<I<H%?I;J%AH<<H%>C<Ba@H]%%
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!

!

!

!

(cgHA<BdJ%
%

3I% C=HEBT=H% D<ICH% ?H% AH% <=ISIBF% ?H%E>?DFBJI<B>;% CI=% F9BEIGH=BH% I% D<D% ?H% ?DSHF>CCH=% @;H%

ED<Y>?>F>GBH% ?H% A>==DFI<B>;% C=DABJHP% I@<>EI<BJDHP% ?H% F9,)*%H<% JHJ% ?BddD=H;<HJ% JDa@H;AHJ%

ISHA% F9YBJ<>F>GBH%A>EEH%J<I;?I=?%?H% =DdD=H;AH]%#;H%C=HEBT=H%ED<Y>?>F>GBH%EI;@HFFH%?H%

=HAIFIGH% ;>;% =BGB?H% cIJDH% J@=% ?HJ% C>B;<J% ?H% =HCT=HJ% H;<=H% F9YBJ<>F>GBH% H<% F9BEIGH=BH%

I;I<>EBa@H%H;%JDa@H;AH%C>;?D=DH%"L%ISIB<%E>;<=D%JI%dIBJIcBFB<DQUVR%F>=J%?9@;%<=ISIBF%K%-:#%

?H%EIJ<H=%L%=HAYH=AYH]%$HJ%=DJ@F<I<J%B;B<BI@WQ_OR%J@GGT=H;<%H;%HddH<%@;H%?BddD=H;AH%?H%S>F@EH%

;>;% JH@FHEH;<% H;<=H% F9YBJ<>F>GBH% H<% F9,)*% EIBJ% I@JJB% I@% JHB;% E^EH% ?HJ% ?BddD=H;<HJ%

JDa@H;AHJ]% !;% CI=IFFTFH% ?H% AH% ?DSHF>CCHEH;<P% @;H% a@HJ<B>;% J9HJ<% =DSDFDH% ?H% C=HEBT=H%

BEC>=<I;AH% a@I;<% K% FI% AICIAB<D% ?H% F9,)*% ?H% AIC<@=H=% H<% a@I;<BdBH=% FHJ% ?Dd>=EI<B>;J% C>J<b

AYB=@=GBAIFHJ%?H%FI%C=>J<I<HP%AH%a@B%J9IST=H=IB<%FI%CBH==H%I;G@FIB=H%?HJ%<=ISI@W%J@cJDa@H;<J]%,F%

J9IGBJJIB<%?H%=HSBJB<H=%FHJ%<=ISI@W%d>;?I<H@=J%?H%&AYEB?%H<%*A-HIFQUUR%J@=%F9ICC=>WBEI<B>;%?@%

S>F@EH%C=>J<I<Ba@H% B;%SBS>%IC=TJ% =DJHA<B>;]%!;%HddH<P% F9IAATJ%K% FI% <=>BJBTEH%?BEH;JB>;P%I@%

S>F@EHP%HJ<%@;%ISI;<IGH%?H%F9BEIGH=BH%H;%A>@CH]%39I;IFXJH%dB;H%?@%C=>AHJJ@J%YBJ<>F>GBa@H%

J>@JbgIAH;<%K%FI%E>?BdBAI<B>;%?@%JBG;IF%,)*%HJ<%I@JJB%?9B;<D=^<%C>@=%A>EC=H;?=H%AH%a@B%HJ<%

?D<HA<D%H<%FHJ%FBEB<HJ%?H%F9HWIEH;]%+@JJBP%FH%S>F@EH%?9@;H%FDJB>;%AI;AD=H@JH%HJ<%K%FI%cIJH%?H%

FI%?DdB;B<B>;%?H% FI%JBG;BdBAI<BSB<D%?9@;H% FDJB>;P%;><IEEH;<%ISHA% FHJ%JH@BFJ%?H%MPLQU`R%H<%MPO%

AAQ[R%H<%?>;A%?H%FI%J<=I<BdBAI<B>;%?H%FI%EIFI?BH]%3HJ%BECFBAI<B>;J%?HJ%AICIAB<DJ%?H%C=D?BA<B>;%

?H%S>F@EH%H<%?HJ%EI=GHJ%>;<%@;%HddH<%?B=HA<%J@=%FI%C><H;<BHFFH%@<BFBJI<B>;%C>@=%FI%<YD=ICBH%d>AIFH%

?>;<%FHJ%C=HEBH=J%=DJ@F<I<J%d>;A<B>;;HFJ%I@%JHB;%?9@;%HJJIB%?H%CYIJH%,p,,%QVMR%CI=%F9Da@BCH%?H%

#03%SH;IBH;<%?9^<=H%?BJC>;BcFHJ%H;%LMNN%?I;J%u>@=;IF%>d%#=>F>GX]%

%3I%ED<Y>?>F>GBH%?H%=HAIFIGH%?H%F9YBJ<>F>GBH%K%F9,)*%J9HJ<%H;J@B<H%ICCFBa@DH%K%@;H%C>C@FI<B>;%

?H%CI<BH;<%IXI;<%H@%@;H% ,)*EC%ISI;<%@;H%C=>J<I<HA<>EBH% <><IFH%I@%-Hv%:>=h%#;BSH=JB<X%

*H?BAIF%0H;<H=]%0HAB% CH=EH<% ?9>c<H;B=% ?HJ% =DJ@F<I<J% J@=% F9HJ<BEI<B>;% ?@% S>F@EH%CI=% F9,)*%

A>;d=>;<DH%K%F9YBJ<>F>GBHP%=HEBJH%K%F9DAYHFFH%B;%SBS>%ISHA%@;%dIA<H@=%?H%A>==HA<B>;%B;?BSB?@IFBJD]%%

%
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3HJ%=DJ@F<I<J%?H%F9DSIF@I<B>;%?HJ%CI=IET<=HJ%a@I;<B<I<BdJ%C>@=%FHJ%JDa@H;AHJ%?H%?Bdd@JB>;%<HF%

a@H%FH%A>HddBABH;<%ICCI=H;<%?H%?Bdd@JB>;%H;%A>==DFI<B>;%ISHA%FH%JA>=H%?H%2FHIJ>;%QO_PO[R%EIBJ%

I@JJB% C>@=% FHJ% JDa@H;AHJ% ?H% CH=d@JB>;% H;% A>==DFI<B>;% ISHA% F9YBJ<>F>GBH% Q[8R% J>;<% ICCI=@J%

?9BEC>=<I;AH]%0H@WbAB%H;A>@=IGH;<%F9B;B<BI<B>;%?9B;SHJ<BGI<B>;%?H%AHJ%?>;;DHJP%;><IEEH;<%?H%

EI;BT=H% E@F<BCI=IED<=Ba@H% H;% A>EcB;I;<% FHJ% B;d>=EI<B>;J% ?BJC>;BcFHJ% ?HJ% ?BddD=H;<HJ%

JDa@H;AHJ% H<% H;% ICCFBa@I;<% @;H% ED<Y>?>F>GBH% dB;H% ?H% =HAIFIGH]% +@JJBP% F9@<BFBJI<B>;% ?HJ%
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AIM: To compare the size and shape of the prostate between in-vivo and fresh ex-vivo

magnetic resonance imaging (MRI), in order to quantify alterations in the prostate resulting

from surgical resection.

MATERIAL AND METHOD: Ten patients who had undergone 3 T prostate MRI using a phased-

array coil and who were scheduled for prostatectomy were included in this prospective study.

The ex-vivo specimen underwent MRI prior to formalin fixation or any other histopathological

processing. Prostate volume in vivo and ex vivo was assessed using planimetry. Prostate shape

was assessed by calculating ratios between the diameters of the prostate in all three dimensions.

RESULTS: Mean prostate volume was significantly smaller ex vivo than in vivo (39.7 ! 18.6

versus 50.8! 26.8 cm3; p¼ 0.008),with an average change in volumeof#19.5%. The right-to-left

(RL)/anteroposterior (AP) ratio of the prostate, representing the shape of the prostate within its

axial plane, was significantly larger ex vivo than in vivo (1.33! 0.14 versus 1.21! 0.12; p¼ 0.015),

with an average percent change in RL/AP ratio of the prostate ofþ12.2%. Therewas no significant

difference between in-vivo and ex-vivo acquisitions in terms of craniocaudal (CC)/AP (p¼ 0.963,

median change ¼ #2.1%) or RL/CC (p ¼ 0.265, median change ¼ þ1.3%) ratios.

CONCLUSION: The observed volume and shape change following resection has not previ-

ously been assessed by comparison of in-vivo and fresh ex-vivo MRI and likely represents loss

of vascularity and of connective tissue attachments in the ex-vivo state. These findings have

implications for co-registration platforms under development to facilitate improved under-

standing of the accuracy of MRI in spatial localization of prostate tumours.
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Introduction

Multiparametric magnetic resonance imaging (MRI)

(mpMRI) of the prostate is increasingly being used for a

broad array of clinical applications, including tumour

detection and localization,1,2 planning of targeted biopsies,3

treatment selection,4 pre-operative planning,4 and moni-

toring of active surveillance.5 These applications rely upon

accurate spatial localization of tumour on mpMRI. An un-

derstanding of the accuracy of such localization is impor-

tant for proper incorporation of imaging findings onmpMRI

into clinical practice. Such validation has been attempted in

a large volume of previous studies via attempted correlation

of in-vivo MRI images with histopathological findings

observed following radical prostatectomy.6 However, past

studies have generally not considered or accounted for the

potential impact of the surgical procedure itself upon the

size and shape of the prostate. It is possible that alterations

in prostate vascularity and elasticity resulting simply from

the prostatectomy may significantly change prostate

morphology,7 thereby impairing the ability to reliably

assess the accuracy of tumour localization at in-vivoMRI via

correlation with histopathological slides, and adjustments

to correct for such changes would be warranted in future

research. Thus, in the present study, the size and shape of

the prostate between in-vivo and ex-vivo prostate MRI im-

ages were compared, in an effort to quantify changes

resulting from surgical resection. The ex-vivo prostate was

imaged fresh, prior to formalin fixation or any other

processing.

Materials and methods

Patients

This prospective study was HIPAA-compliant and

approved by the institutional review board. All patients

signed written informed consent prior to participation. Ten

patients (mean age 65 ! 5.94 years) with biopsy-proven

prostate cancer scheduled to undergo radical prostatec-

tomy were included. Mean preoperative prostate-specific

antigen (PSA) level 6.17 ! 0.43 ng/ml (median 6.2ng/ml).

All patients had undergone a preoperative 3 T mpMRI of the

prostate, which is routinely performed following a positive

prostate biopsy at New York University Langone Medical

Center. In addition, the fresh ex-vivo prostate specimen

underwent MRI, as described below. No patient received

therapy between MRI and surgery. Mean delay between

MRI and surgery was 45.4! 54 days (median 33 days). Final

histopathological stages were: pT2c (n ¼ 3), pT3a (n ¼ 6),

and pT3b (n ¼ 1). Final Gleason scores were 6 (3 þ 3) in one

case, 7 (3 þ 4) in five cases, 7 (4 þ 3) in four cases.

In-vivo MRI acquisition

Patients underwent preoperative MRI of the prostate

using a 3 T system (Magnetom Trio, Siemens Healthcare,

Erlangen, Germany) using a pelvic phased-array coil. The

protocol included an axial turbo-spin echo (TSE) T2-

weighted imaging (T2WI) sequence of the prostate and

seminal vesicle [3600 ms repetition time (TR)/123 ms echo

time (TE); 3 mm section thickness; 160 % 160 mm field of

view (FOV); 256 % 256 matrix; parallel imaging factor of 2;

three signals averaged]. Dynamic contrast-enhanced (DCE)

imaging and diffusion-weighted imaging (DWI) were also

performed, but not assessed as part of this study.

Surgical resection and ex-vivo MRI

All 10 patients underwent robotic-assisted radical pros-

tatectomy, performed by a single surgeon with 15 years of

experience (SST). The fresh surgical specimenwas prepared

by sewing a segment of urethral catheter into the prostatic

urethra for preservation of urethral elongation. Within 12 h

of resection and prior to formalin fixation, sectioning, or any

other histopathological processing, the fresh specimen un-

derwent ex-vivo MRI using the same 3 T system as for in-

vivo imaging and comprising T2WI with sequence param-

eters matching in-vivo MRI aside from use of a rectangular

FOV of 40% given the lack of surrounding pelvic tissues.

During this delay, the specimen was maintained at 4&C to

minimize tissue changes.

Assessment of prostate volume and shape

Analysis of the images was performed by a research

fellow (C.O.), under supervision of a fellowship-trained

abdominal radiologist (A.B.R.), with 5 years of experience

in prostate MRI interpretation. The image analysis was

performed using locally-developed in-house software

(Firevoxel), which has previously been used to assess vol-

ume of other tissues.8

Volume measurements of the in-vivo and ex-vivo pros-

tate was achieved via planimetry, which has been previ-

ously shown to be an accurate method for this purpose.9

First, the prostate was manually delineated on in-vivo and

ex-vivo T2WI, excluding of surrounding peri-prostatic fat,

the neurovascular bundles (if present ex vivo), the bladder

neck, and the seminal vesicles. Subsequently, volume was

computed on a voxel basis.

The shape of the prostate was assessed by initially

measuring the largest diameter of the prostate in the

anteroposterior (AP), right-to-left (RL), and craniocaudal

(CC) dimensions. Then, the AP/RL, AP/CC, and RL/CC ratios

were calculated in vivo and ex vivo.

Statistical assessment

Paired t-tests were used to compare prostate volume, the

three linear dimensions of the prostate, and the three ratios

between these linear dimensions representing prostate

shape, between in-vivo and ex-vivo images for each case.

The mean, standard deviation, and median percent changes

in volume and in terms of the three ratios were computed

between the in-vivo and ex-vivo images. All p-values are

two-sided and considered statistically significant at

p < 0.05. Statistical analysis was performed using software

C. Orczyk et al. / Clinical Radiology 69 (2014) e398ee403 e399
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(R, version 2.14.0, CRAN, Vienna, Austria) and Excel (version

2011, Microsoft, Redmond, WA, USA).

Results

In-vivo and ex-vivo MRI acquisitions, as well as the

described volume and shape measurements, were suc-

cessfully performed in all 10 patients. The obtained volume

and shape measurements are summarized in Table 1. Mean

prostate volume was significantly smaller ex vivo than

in vivo (39.7 ! 18.6 versus 50.8 ! 26.8 cm3, respectively;

p ¼ 0.008), with an average percent change in size of the

prostate of #19.5%, equivalent to a 23% greater volume of

the prostate on in-vivo, compared with ex-vivo, MRI (Fig 1).

In addition, therewas a decrease in size of the prostate in all

three dimensions between ex-vivo and in-vivo scans: RL

dimension, 4.82! 0.77 cmversus 5.05! 0.92 cm, p¼ 0.015;

AP dimension, 3.62 ! 0.56 cm versus 4.01 ! 0.78 cm,

p ¼ 0.002; CC dimension, 3.9 ! 0.82 cm versus

4.09 ! 1.40 cm, p ¼ 0.087.

The ratios between the three linear dimensions of the

prostate were compared to assess for a tendency for the

shape of the prostate to change between in-vivo and ex-vivo

scans in a particular orientation (Fig 2). The RL/AP ratio of

the prostate, thus representing the shape of the prostate

within its axial plane, was significantly larger ex vivo than

in vivo (1.33 ! 0.14 versus 1.21 ! 0.12, respectively;

p ¼ 0.015), with an average percent change in RL/AP ratio of

the prostate of þ11.3%. There was no significant difference

between scans in terms of CC/AP ratio (p ¼ 0.963, average

percent change ¼ #2.1%) or RL/CC ratio (p ¼ 0.265, average

percent change¼þ1.3%). Images from a representative case

are shown in Fig 3.

Discussion

In the present study, a significant difference was

observed in volume of the prostate following surgical

resection, with an average loss of 19.5% of the gland’s vol-

ume. To the authors’ knowledge, this finding has not been

previously assessed by comparison of in-vivo and ex-vivo

prostate MRI. The use of MRI for this purpose facilitated the

determination of prostate dimensions and volume.

Furthermore, via careful evaluation of ex-vivo T2WI, it was

possible to include within the ex-vivo volumemeasurement

only the prostate gland itself, while excluding all sur-

rounding tissues. This is important because the resected

prostate is intimately associated with surrounding tissue

such as fat, pelvic fascia, or the neurovascular bundles,

depending of the operative technique. These adjacent

structures can confound accurate specimen measurements

Table 1

Comparison of volume and shape assessments between in vivo and ex vivo

MRI.

In-vivo MRI Ex-vivo MRI

Volume

Mean ! SD (cc) 50.8 ! 26.8 39.7 ! 18.6

p-Valuea 0.008

Average percent changeb #19.5

Median percent changeb #22.3%

RL/AP ratio

Mean ! SD 1.21 ! 0.12 1.33 ! 0.14

p-Valuea 0.015

Average percent changeb 12.2%

Median percent changeb 11.3%

CC/AP ratio

Mean ! SD 1.09 ! 0.22 1.10 ! 0.18

p-Valuea 0.963

Average percent changeb 0.34%

Median percent changeb e2.1%

RL/CC ratio

Mean ! SD 1.15 ! 0.29 1.24 ! 0.22

p-Valuea 0.265

Average percent changeb 8.8%

Median percent changeb 1.3%

RL/AP ratio, right-to-left/anteroposterior ratio; CC/AP ratio, craniocaudal/

anteroposterior ratio; RL/CC ratio, right-to-left/craniocaudal ratio.
a Listed in bold when statistically significant at p < 0.05.
b Change from in-vivo to ex-vivo measurements.

Figure 1 Comparison of in-vivo and ex-vivo prostate volumes in 10

patients. p-Value represents result of paired t-test comparing the two

sets of data.
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of the specimen, but cannot be removed physically; doing

so may negatively impact evaluation of the surgical margin

status10 and lead to improper staging. Thus, the present

approach to evaluating the ex-vivo prostate via MRI allowed

for accurate measurements after image-based exclusion of

peri-prostatic structures, while preserving the integrity of

the specimen for further histopathological evaluation.

An additional key aspect of the present method was that

the in-vivoMRI was performedwithout use of an endorectal

coil, which potentially could compress and deform the

prostate, thereby confounding the comparison with the ex-

vivo prostate. For instance, Heijmink et al.11 reported an

approximately 18% difference in volume of the prostate

evaluated by MRI between examinations performed with

and without an endorectal coil. Thus, in the present study,

the only difference between the two acquisitions was the

interval surgical procedure itself.

This finding in terms of volume reduction is important

given the role of correlative studies between multi-

parametric and histology, which have often used radical

prostatectomy specimens as the reference standard, in

influencing the clinical integration of mpMRI.12,13

Numerous past studies have accounted for shrinkage of

the prostate attributed to the process of histopathological

processing.14e16 This step accounts for change in volume

due to tissue dehydration that results from formalin fixation

and paraffin embedding, but does not correct for the loss of

volume due to the surgery procedure, as per the current

report. It is possible that a greater degree of volume

correction may be needed than in past studies given the

additional observed contribution of the surgical procedure

to volume changes.

Although the decrease in volume of the ex-vivo prostate

was due to a reduction in size in all dimensions, this size

reduction was not homogeneous between the three di-

mensions, as indicated by the significant difference in the

AP/RL ratio between the two acquisitions. Thus, the surgical

procedure is associated with a change in the shape of the

prostate in the axial plane. This spatial deformation may

relate to a loss of connective tissue attachments, for

instance to the dorsal venous complex or lateral pelvic

fascia,17 that maintain the shape of the in-vivo prostate,

thereby releasing the prostate in the ex-vivo state and

resulting in a change in shape given the prostate’s visco-

elastic properties.18 Therefore, magnification alone of his-

topathological images, in order to account for the volume

reduction, is not likely to be sufficient to achieve optimal co-

registration of in-vivo prostate MRI and histopathological

images; rather, as correlation of lesions is predominantly

performed within the axial plane, measures are needed to

correct for the deformation within this plane resulting from

the surgery.

Numerous reports describe co-registration platforms

currently in development from a variety of centres.19,20,21

The present findings support the need for such platforms

to employ a three-dimensional deformable approach in

order to achieve optimal correlation. The resulting

improved compensation for changes in volume and shape

will be of much value when performing co-localization of

small tumours between MRI and histology.

Limitations of the present study include the small sam-

ple size, lack of assessment of reproducibility of the volume

metrics, and lack of confirmation of suggested reasons for

the change in prostate volume following prostatectomy.

In conclusion, via performance of MRI of fresh ex-vivo

prostatectomy specimens, a significant decrease of

approximately 19% was demonstrated in the volume of the

prostate resulting from this surgical procedure. In addition,

Figure 2 Comparison of in-vivo and ex-vivo ratios of linear prostate dimensions in 10 patients. p-Value represents result of paired t-test

comparing the two sets of data.
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Figure 3 Change in volume and shape between in-vivo and ex-vivo MRI. Axial T2WI images at the level of the verumontanum are shown for (a)

in-vivo and (b) ex-vivo acquisitions for a single patient. (ced) Images depict an identical red contour reflecting the external contour of the (c) in-

vivo prostate, although superimposed on the prostate in both images and demonstrating the smaller size of the (d) ex-vivo prostate. (eef) Images

depict identical dotted green lines reflecting the RL and AP dimensions of the (e) in-vivo prostate, although superimposed on the prostate in both

images and demonstrating the change in relation between these lines in the (f) ex-vivo prostate. (geh) Images depict a three-dimensional,

rendered, shaded surface display of the (g) in-vivo and (h) ex-vivo prostate, generated from the two sets of T2WI images, demonstrating a

difference in prostate shape between the two scans; the prostate exhibits its typical pyramidal shape in the in-vivo scan and a relatively spherical

shape in the ex-vivo scan. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this

article.)
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the surgery resulted in a significant change in shape of the

prostate in the axial plane. It is, therefore, advised that co-

registration platforms employ three-dimensional deform-

able transformation to compensate for this volume loss and

change in orientation in the axial plane, in order to achieve

reasonable accuracy in correlation. More accurate co-

registration incorporating the present findings will facili-

tate improved understanding of the accuracy of mpMRI in

the spatial localization of tumours within the prostate.
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AIM: To assess a novel method of three-dimensional (3D) co-registration of prostate cancer

digital histology and in-vivo multiparametric magnetic resonance imaging (mpMRI) image sets

for clinical usefulness.

MATERIAL AND METHODS: A software platform was developed to achieve 3D co-

registration. This software was prospectively applied to three patients who underwent

radical prostatectomy. Data comprised in-vivo mpMRI [T2-weighted, dynamic contrast-

enhanced weighted images (DCE); apparent diffusion coefficient (ADC)], ex-vivo T2-

weighted imaging, 3D-rebuilt pathological specimen, and digital histology. Internal land-

marks from zonal anatomy served as reference points for assessing co-registration accuracy

and precision.

RESULTS: Applying a method of deformable transformation based on 22 internal

landmarks, a 1.6 mm accuracy was reached to align T2-weighted images and the 3D-

rebuilt pathological specimen, an improvement over rigid transformation of 32%

(p ¼ 0.003). The 22 zonal anatomy landmarks were more accurately mapped using

deformable transformation than rigid transformation (p ¼ 0.0008). An automatic method

based on mutual information, enabled automation of the process and to include perfu-

sion and diffusion MRI images. Evaluation of co-registration accuracy using the volume

overlap index (Dice index) met clinically relevant requirements, ranging from 0.81e0.96

for sequences tested. Ex-vivo images of the specimen did not significantly improve co-

registration accuracy.
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CONCLUSION: This preliminary analysis suggests that deformable transformation based on

zonal anatomy landmarks is accurate in the co-registration of mpMRI and histology. Including

diffusion and perfusion sequences in the same 3D space as histology is essential further clinical

information. The ability to localize cancer in 3D space may improve targeting for image-guided

biopsy, focal therapy, and disease quantification in surveillance protocols.

! 2013 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.

Introduction

Contemporary methods of multiparametric magnetic

resonance imaging (mpMRI) of the prostate have greatly

improved the ability of urologists to localize prostate cancer

for detection and targeting.1,2 In evaluating the accuracy of

mpMRI in disease localization, simple, reproducible

methods for correlating imaging findings with histology are

lacking. Such co-registration methods aim to map different

image sets within the same “space.” Therefore, a geomet-

rical transformation must be computed for optimal image

alignment. These computational methods may be based on

geometrical features of the image, incorporating various

anatomical landmarks internal or external to the prostate,

or be based on image intensity values that are generally

assessed via an automated process. In addition, the trans-

formation used to achieve image alignment can be attained

using a rigid or deformable approach. The more commonly

applied rigid transformation performs alignment of objects

without their modification, whereas the more advanced

deformable approach allows and compensates for changes

in object size and/or shape. In view of these various, and

possibly complex, methods available for achieving co-

registration, the present pilot study was undertaken to

assess a novel image-based method of automatically co-

registering mpMRI with three-dimensional (3D) recon-

structed prostate histology data sets.

Materials and methods

Three patients (57e73 years old) with a diagnosis of

localized prostate cancer were prospectively enrolled ac-

cording to an ethics committee-approved protocol. The

patients’ prostate-specific antigen (PSA) values ranged from

5.1e7.7 ng/ml. Informed consent was obtained for each

study subject.

In-vivo and ex-vivo mpMRI acquisition

The patients underwent a previously described protocol

of mpMRI3 using a 3 T system (Magnetom Trio, Siemens

Healthcare, Erlangen, Germany) equipped with a pelvic

phased-array coil. MRI sequences included T2-weighted

imaging (T2WI; 3 mm section thickness), dynamic

contrast-enhanced (DCE) imaging, and diffusion-weighted

images (DWI) acquired at 3 mm section thickness (b-

values 0 and 1000 s/mm2), with in-line generation of

apparent diffusion coefficient (ADC) maps.

All three patients underwent robotic-assisted prosta-

tectomy at NYU Medical Center. Within 12 h of radical

prostatectomy and prior to sectioning, ex-vivo MRI of the

fresh specimen was performed, before any fixation or his-

topathology process.

Pathology processing

Pathology processing follows a standard institutional

protocol. Fresh gross specimens were sliced perpendicular

to rectal wall at regular intervals. All slices were then digi-

tally photographed with a linear scale indication. A digital

3D surgical specimen was then rebuilt (Fig 1) using

assembled digital photographs of the gross specimen slices,

leading to a 3D dataset compatible for registration to MRI.

The rebuilding process was fully independent of the MRI

findings, with the aim of reproducing the slicing process of

the specimen, which is perpendicular to the posterior

capsule and distal urethral axis. The images of the gross

specimen slices were assembled in a digital 3D model

(Fig 1) using five steps: (1) photographs of fresh slices of the

specimen were taken with a ruler included in the field of

view; (2) each slice was saved as a separate digital image

and loaded in Adobe Photoshop in a prefixed numeric ma-

trix. The pixel size was based on ruler marks; (3) the slices

were segmented from the background using global

thresholding. Images were then rotated in two-dimensions

so that the posterior capsule becomes the horizontal axis,

and the urethra matches the prefixed vertical axis. Images

were rotated and translated using Adobe Photoshop; (4) the

aligned slices were saved in TIFF format and then imported

in Image J software (V 1.44e, NIH). The slices were assigned

original thickness and the entire 3D volume was exported

from image J in Analyze 7.5 format; (5) to verify the conti-

nuity of the urethra, images were reconstructed in mid-

sagittal view after importation in the dedicated platform

to enable co-registration.

The 3D surgical specimen offers access to volumetry with

detailed zonal anatomy of the gland. Following fixing and

staining, all histopathology slides were digitized using a

whole-slide scanner (Leica SCN 400, Leica Microsystems,

Germany), allowing virtual whole-mount sections (Fig 2).

Digital histopathology was performed using high-

resolution square pixels of 25 # 25 mm, sufficient for diag-

nosis. The reassembled histology cross-sections [see Fig 2]

were saved in Analyze 7.5 format.

Co-registration method

Co-registration of the MRI and histology images was car-

ried out using a software platform with in-house code. Two

methods of co-registration were tested: (1) a manually
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Figure 2 Co-registration workflow applied to cancer focus. 1st row. Workflow for pathologyempMRI co-registration in a surgical 3D space. 2nd

row. 3D deformable co-registration of virtual whole-mount histology (1), fresh specimen (2), T2WI (3), perfusion (4), and diffusion (5) sequences

(ADC) applied to prostate cancer Gleason score 7 (4 þ 3). The T2WI is the common space. Data extracted from the 3D volume (2,3,4,5). mpMRI,

multiparametric magnetic resonance imaging; T2WI, T2-weighted imaging; ADC, apparent diffusion coefficient; T1WI, T1-weighted imaging;

DCE, dynamic contrast-enhanced weighted images; 2D, two-dimensional 3D, three-dimensional; T(x), transformation x.

Figure 1 Rebuilding of 3D fresh gross specimen after cutting in contiguous parallel slices, perpendicular to the posterior capsule. See text for

detailed description of the five steps illustrated in the figure.
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directed landmark-based method,4 and (2) an automatic,

voxel-based, mutual information5,6 (MI)-basedmethod. Each

method was tested by performing rigid transformation,

which aligns without volume modification, and affine

transformation (computed with 12 degrees of freedom),

which compensates for changes in volume and shape.

For the landmark-basedmethod, the operator indicated a

set of identical internal points of interest within each

technique to be co-registered (e.g., Fig 3). Observation of

prostate zonal anatomy enables detection of identical

landmarks in mpMRI and the 3D rebuilt specimen. The co-

registration is carried out to achieve alignment of the

defined landmarks within the same space, thus realizing co-

registration of the whole image. The MI-based automated

method enabled co-registration in 3D between the in-vivo

T2WI and the 3D rebuilt specimen based upon individual

voxels of each image. The MI-based automated method

performed iterative adjustment of the transformation pa-

rameters to maximize the similarity between the mpMRI

and rebuilt pathology datasets in 3D. Initially, the in-vivo

T2W MRI was co-registered with the 3D rebuilt specimen.

Subsequently, the functional MRI sequences (ADCmaps and

DCE-MRI) were co-registered with the T2WI. The automatic

MI-based method was employed for the functional se-

quences; landmark-based co-registration was not imple-

mented owing to less precise definition of anatomical

landmarks on these images. Thus, T2WI provided the final

3D space for analysis of all techniques and sequences.

The software enabled the operator to analyse the con-

sistency of each transformation by overlaying the source

and the target data and modifying each in real-time. The

processes required to reach optimal alignment and defor-

mation compensation are presented in Fig 2. Anatomical

techniques provided the link between ex-vivo and in-vivo

prostate images.

Data analysis

For the landmark-matching method, the residual error

was computed as the 3D distance between the transformed

Figure 3 Zonal anatomy landmarks and examples of landmark-based co-registration in 3D. 3D landmarks are in green boxes plotted by an

operator and used for transformation computation. The landmarks were A: distal point of urethra at apex; B: veru montanum; C & C0: anterior-

most point of the right and left peripheral zone horn; D: ejaculatory duct; E: anterior-most point of the gland overall; F: proximal end of urethra

at the prostate base, adjacent to the bladder. MRI, magnetic resonance imaging; T2WI, T2-weighted images; 3D, three dimensional. (For

interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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source and the target zonal anatomy landmarks. The re-

sidual error was computed for each zonal anatomy land-

mark, which was recorded for both rigid and affine

transformation. This produced a set of 22 paired data points

for comparison. The overall residual root mean square

(RMS) distance was computed and recorded by the soft-

ware. RMS was considered to represent a good measure of

utility of the technique because the zonal anatomy land-

marks were clinically relevant, for example, in biopsy tar-

geting,7 and they were derived from the whole gland, thus

avoiding sampling error.

The automatic method was evaluated by the overlap

between the prostate volume, delineated within the soft-

ware, in each technique after alignment using rigid or affine

transformation. The overlap across techniques for each

method was computed as a volume overlap index (Dice

index).8 Dice index is the ratio between twice the volume of

gland overlap across twomethods and the sum of the gland

volume for those two methods. It is a similarity index that

reflects volume overlap. This provides an additional mea-

sure for evaluating the success of the co-registration

method, in addition to linear displacement as measured

by RMS.

The two co-registration methods (MI-based and

landmark-based) were evaluated to transform the 3D

rebuilt specimen to T2WI with Dice index. This enabled

comparison of the automatic and manual methods. Internal

consistency of the automatic framework and evaluation

process was tested using a phantom test. T2WI was co-

registered to itself rotated by 5$ in the y-axis to test rigid

registration. Similarly, the ability of affine transformation to

co-register T2WI to itself rotated by 5$ in the y-axis was

tested after a 20% size reduction in the x, y, and z directions.

Paired t-tests were used to compare residual error for rigid

and affine 3D transformation for each of the 22 zonal

anatomy landmarks; the overall RMS for landmark-based

transformation (either rigid or affine) as a measure of

linear displacement error; and Dice index calculated for

manual and automatic methods of volume overlap. The

method was also tested both with and without the use of

the fresh ex-vivo specimen MRI images, in order to evaluate

the value of incorporating the ex-vivo imaging in the

workflow as a method of improving co-registration accu-

racy. All p-values are two-sided and considered statistically

significant at p < 0.05. ShapiroeWilk’s test was used to

check normality of the variable if required. Statistical

analysis was performed using R software (R, version 2.14.0,

CRAN, Vienne, Austria).

Results

Final histopathology revealed pT3aR0 stage in two cases

and pT2cR0 stage in the remaining case. Specimen Gleason’s

scores were 7 (3 þ 4) in two cases and 7 (4 þ 3) in one case.

Prostate volumes at T2WI were 13.89, 41.39, and 73.17 cm3.

In all three cases, MRI-detected cancer was observed on all

sequences. For each case, all techniqueswere transformed to

a common 3D space, as illustrated in Fig 2.

Twenty-two landmarks extracted from the zonal anat-

omy were used to co-register the rebuilt surgical specimen

with the in-vivo T2WI. Anatomical landmarks were more

precisely mapped using affine transformation than rigid

transformation. In mapping the surgical specimen to T2WI,

the mean residual error for zonal anatomy landmarks was

significantly lower for affine than for rigid transformation

[1.47 mm (range 0.59e2.88) versus 2.18 mm (range

0.55e3.64), respectively p ¼ 0.0008, mean difference (MD)

between methods of 0.71 mm, 95% confidence interval:

%1.0877 to%0.329], improving precision byamedian of 38%.

An average RMS error of 1.6 mm (range 1.51e1.85 mm)

was observed when mapping in-vivo MRI to the surgical

specimen using affine landmark-based transformation,

which represented an improvement in RMS error compared

with the rigid method of 2.35 mm (range 2.17e2.58 mm;

p ¼ 0.003, MD %0.73, 95% CI: %0.9039 to %0.5561), and

corresponded to a 32% improvement.

Table 1 displays the results for each transformation (Ta,

Tb’, Tc; referring to Fig 2), modelled by incorporating vol-

ume changes. For these transformations, the affine method

performed better than the rigid method in the prostate

workflow, with respective p-values of 0.01 (MD %1.2, 95%

CI:%1.6303 to%0.7697), 0.03 (MD%0.56, 95% CI:%1.0362 to

%0.0905) and 0.003 (MD %0.73, 95% CI: %0.9039 to

%0.5561). The automatic framework (MI-based method)

achieved the same performance for overlap (Dice index) as

the landmark-based method (Table 1). Dice index D mea-

surements were D ¼ 0.89 versus D ¼ 0.86 (p ¼ 0.48).

The inter-sequence MRI registration showed good co-

registration accuracy, with a Dice index of 0.81 for the

ADC map and 0.89 for DCE (Table 1). This indicates that the

automatic framework achieved alignment in the same 3D

Table 1

Results for each transformation.

Landmark-based registration Mutual information-based registration

Ta Tc Td Te Test

Specimenepathology 3D specimeneT2WI

in vivo

ADCeT2WI

in vivo

DCEeT2WI

in vivo

T2WIephantom

T2WI

Best transformation type Affine Affine Affine Affine/rigid Rigid Rigid/affine

Mean RMS (range) 0.9mm (0.7e1.2) 1.61mm (1.51e1.85)

Mean similarity Dice

index (range)

0.86 (0.83e0.88) 0.89 (0.84e0.97) 0.81 (0.71e0.91) 0.86 (0.74e0.94) 0.96 (0.95e0.98)

T2WI, T2-weighted imaging; DCE, dynamic contrast enhanced weighted images; ADC, apparent diffusion coefficient; 3D, three-dimensional; RMS, root mean

square distance.
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space as the functional and anatomical sequences with

enough similarity to be useful.

The internal consistency of the automatic framework and

evaluation process was excellent and able to reach D ¼ 0.96

and D ¼ 0.95, respectively, for the rigid and affine phantom

studies.

The use of ex-vivo acquired MRI images for co-

registration to histology was found to yield a 3.5 mm RMS

error, suggesting inferior accuracy as compared to co-

registration using the in-vivo mpMRI. Moreover, adding

the ex-vivo step did not further decrease the error in the

observed alignment between the ex-vivo and in-vivo MRI.

Discussion

In-vivo mpMRI has evolved as the most promising non-

invasive method of visualizing prostate anatomy and for

detecting tumours.1 Modern mpMRI, incorporating ADC

and DCE, has been shown to have a significant role in

localizing dominant3 tumours and potentially excluding

clinically significant disease.1 In addition, ADC values ob-

tained from DWI correlate with the Gleason score.1,9

Regarding the validation of MRI accuracy in predicting

the location of cancer, no simple method for correlatingMRI

to the histological sections has been devised, and localiza-

tion in 3D space remains a problem. This also limits the

ability to implement focal therapy strategies in which it has

been shown repeatedly that localization of suspicious le-

sions in 3D surgical space is essential.10 Adequate thera-

peutic targeting requires the ability to delineate the target

volume in 3D, which is difficult with two-dimensional (2D)

assessment alone. Moreover, working in two-dimensions

assumes that each slice of the prostate will exactly match

an axial MRI section. Good accuracy was demonstrated for

an automated system of 3D co-registration using trans-

formation of internal landmarks seen within each image.

Although the method was applied between mpMRI se-

quences and histology, the technique could be easily

applied to any image sequences used in diagnosis or treat-

ment of prostate cancer.

The prostate undergoes shape changes after surgical

removal and during histology processing. Specimen

formalin fixation and paraffin embedding induces variable

tissue shrinkage.11 Various authors have used either 2D

image transformation8 or prostate moulds12 created before

sectioning the specimen to overcome deformation. To

overcome discordance between the MRI acquisition plane13

and the plane used in cutting the surgical specimen, ex-vivo

MRI-based cutting devices13 and software for recognition of

injected landmarks14 have been developed. Although these

methods result in accurate transformation as measured by

Dice index, prostatemoulds and customized cutting devices

are labour intensive, costly, and do not fully compensate for

tissue deformation.

Chappelow et al.15 describe a method based on mutual

information that co-registers T2WI, DCE, and ADC. However,

this method is based on 2D histology and requires consid-

erable expertise to determine the correspondence between

histology and 3D MRI volume. As such, wide implementa-

tion of this method may have variable outcomes.

To the authors’ knowledge, the present co-registration

method is the first to create a 3D counterpart within the

same reference space between histology and both anatom-

ical and functional sequences provided by prostate mpMRI.

The method enables a true, deformable transformation and

provides 1e2 mm accuracy. This is less than twice the

thickness of an 18 G prostate biopsy needle andmatches the

diameter of laser fibres already used in focal therapy trials.16

The observed 3D Dice index (0.89) enables adequate accu-

racy for targeting cancers >0.18 cm3, suggesting it would

enable detection of those cancers typically defined as clini-

cally significant.1 Moreover, Ven et al.17 concluded that co-

registration accuracy between another technique and MRI

had to reach 1.9 mm in linear displacement to correctly co-

register the smallest volume of interest detected by the

ADC map, in order to achieve clinical utility. The present

method fulfils this objective.

Bothmanual landmark-based and automaticmethods for

alignment of T2WI and the 3D rebuilt specimenwere tested,

using Dice index to measure similarity. The automatic

method achieved the same performance as the manual

method and is independent of the user experience in either

pathology or image interpretation. This is critical to achieve

objective correlation between pathology and MRI.

The proposed method is not subject to limitations

relating to slicing location and cut angle variation, because

the rigid transformation corrects for the orientation of the

prostate specimen in 3D. Affine transformation furthermore

compensates for any change in volume, slice thickness, and

shape between MRI and histology. By adding only one step

in the clinical workflowdtaking pictures of the sliced

specimendthis image-basedmethod is widely transferable.

Internal consistency was excellent with a mean Dice in-

dex of 0.95e0.96 for the phantom tests. This indicates that

variation in Dice index relies on differences in the image

sequence, for instance, between T2WI and the ADC map.

However, mpMRI with ADC and DCE still requires further

standardization across institutions. This may affect the

reliability of the presented technique in other centres. The

presented workflow is nonetheless attractive because there

is no need for an intermediate image representing an ex-

vivo MRI, an elaborate and time-consuming process. The

anatomical landmarks, extracted from McNeal zonal anat-

omy, achieved a bridge between in-vivo and ex-vivo tech-

niques. These were highly discernible at T2WI. Accuracy for

the distinguishing parts of the gland are essential owing to

their central role in procedural guidance.7 Although the

method was tested with very different prostate volumes

and for numerous anatomical landmarks, more cases are

needed for clinical validation.

The inter-sequence registration of MRI is decisive for

quantitative assessment of functional aspects in 3D. The aim

of this part of the protocol is to allow the conjunction of all

relevant sequences in the same 3D space. Therefore, it is

essential to be able to co-register both ADC and DCE,

as these each represent different tissue properties.18 The co-

registration method is critical considering prostate
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motion,19 especially related to rectal peristalsis. Good ac-

curacy was achieved in this domain, with a Dice index of

0.81 for ADC and 0.89 for DCE. Rigid registration was suf-

ficient to correct motion and, therefore, affine trans-

formation was not required (Table 1). Functional sequences

were then correctly mapped to anatomical sequences in the

same 3D space, allowing objective comparison between

these. As shown previously,20 co-registration of different

sequences can improve cancer detection. As some tumours

are primarily detected on functional sequences without

clear anatomical correlation at T2WI, greater accuracy in

targeting can be achieved through simultaneous registra-

tion of sequences in 3D.

An immediate clinical use of the present method could

be to facilitate achieving efficient, yet accurate, correlation

between MRI and pathological findings, which is critical for

quality assurance in any prostate MRI program and may

assist in the education of radiologists and clinicians

involved in MRI interpretation. For instance, the present

technique may be used to more reliably investigate dis-

crepancies, in terms of both false-positive and false-

negative interpretations, between MRI and pathology. In

addition, the present preliminary work suggests that any

anatomical changes to the prostate induced by the prosta-

tectomy procedure itself may be compensated and fit to the

MRI images by deformable transformation. Also, further

studies may explore a potential role of the described algo-

rithm in performing co-registration of prostate images ob-

tained before and after ablative therapies, which can cause

gross anatomical deformation of the prostate; the present

co-registration methodmay impact the reliability of follow-

up imaging. Finally, a natural extrapolation of the work will

be the co-registration of diagnostic sequences in 3D for

procedure guidance. The technique requires limited pre-

processing, making it widely transferable to a number of

therapeutic strategies.

In conclusion, the present workflow for 3D co-

registration between preoperative prostate MRI and pa-

thology produced clinically acceptable accuracy in terms of

zonal anatomy. The system is able to account for changes in

the ex-vivo specimen using non-rigid (affine) trans-

formation. The use of an accurate 3D automatic method

could offer greater accuracy and reproducibility than

existing 2D methods, suggesting the potential for wide

implementation. The present findings will be validated in

larger datasets and implemented into clinical diagnostic

and therapeutic research workflows.
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Objective

To evaluate the agreement between prostate tumour
volume determined using multiparametric magnetic
resonance imaging (MRI) and that determined by
histological assessment, using detailed software-assisted
co-registration.

Materials and Methods

A total of 37 patients who underwent 3T multiparametric
MRI (T2-weighted imaging [T2WI], diffusion-weighted
imaging [DWI]/apparent diffusion coefficient [ADC],
dynamic contrast-enhanced [DCE] imaging) were included.
A radiologist traced the borders of suspicious lesions
on T2WI and ADC and assigned a suspicion score of
between 2 and 5, while a uropathologist traced the borders
of tumours on histopathological photographs. Software
was used to co-register MRI and three-dimensional digital
reconstructions of radical prostatectomy specimens and
to compute imaging and histopathological volumes.
Agreement in volumes between MRI and histology was
assessed using Bland–Altman plots and stratified by tumour
characteristics.

Results

Among 50 tumours, the mean differences (95% limits of
agreement) in MRI relative to histology were −32% (−128 to
+65%) on T2WI and −47% (−143 to +49%) on ADC. For all
tumour subsets, volume underestimation was more marked on
ADC maps (mean difference ranging from −57 to −16%) than
on T2WI (mean difference ranging from −45
to +2%). The 95% limits of agreement were wide for all
comparisons, with the lower 95% limit ranging between −77
and −143% across assessments. Volume underestimation was
more marked for tumours with a Gleason score ≥7 or a MRI
suspicion score 4 or 5.

Conclusion

Volume estimates of prostate cancer using MRI tended to
substantially underestimate histopathological volumes, with a
wide variability in extent of underestimation across cases.
These findings have implications for efforts to use MRI to
guide risk assessment.

Keywords

prostate cancer, diffusion-weighted MRI, histology, tumour
volume, image processing, computer-assisted

Introduction

There is a growing range of options for the treatment of
prostate cancer (PCa), including radical prostatectomy,
radiation therapy, active surveillance and investigational focal
ablative therapy. MRI provides the most widely used imaging
test for depicting focal prostate lesions, and the ability to
precisely define the volume of identified lesions using MRI
would be of immense value for candidate selection, for

guiding therapy and for monitoring both surveillance and
treatment. A number of previous studies have suggested that
MRI has limited value in predicting the volume of PCa [1–6],
but the results of such studies may be difficult to apply to
contemporary PCa management, given their use of older
technology, lack of focus on index lesions and statistical
methods that mainly explore volume correlations between
imaging and histopathology [1–6].While positive correlations
may be useful for establishing the role of MRI in guiding
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prognosis and risk estimates, strong correlations do not
guarantee a high level of consistency in predicting actual
volumes, thereby limiting the impact of these results in risk
assessment.While a more recent study did improve on earlier
work by exploring the associations between volumes of PCa
index lesions determined using multiparametric MRI at 3T
and histopathology [7], that study also mainly used correlative
statistics. Furthermore, histopathological tumour volumes in
that study were determined using the ellipsoid formula, which
is prone to error [8].We have previously developed and
validated a novel software tool that can determine the volume
of three-dimensional (3D) digitally rebuilt histological
specimens as well as perform accurate automated 3D
deformable transformation and co-registration of such
specimens with MRI [9]. This tool can correct for shrinkage
and deformation of the prostate caused by the myriad of steps
involved in the surgical procedure itself and by subsequent
histological processing. The tool may be useful for more
reliably estimating the performance of MRI in predicting
actual tumour volumes and thereby determining the clinical
impact of MRI in guiding candidate selection and treatment.
The aim of the present study was to evaluate the level of
agreement in volumes of PCa index lesions between
histopathology and MRI, using novel co-registration software.
We also assess the impact of various features, such as the MRI
sequence and tumour grade, location and imaging appearance,
on this level of agreement.

Materials and Methods

Study Population

This retrospective single-institution study was compliant with
the Health Insurance Portability and Accountability Act and
approved by our institutional review board with a waiver for
informed consent. A total of 66 patients who underwent
radical prostatectomy for PCa between November 2012 and
July 2013 were identified. A number of patients were then
excluded for the following reasons: they had not undergone
preoperative MRI at our centre (n = 11); a full set of
pathological images was unavailable (n = 11); no dominant
tumour was identified on histological assessment (n = 2); an
index lesion was not identified on preoperative MRI (n = 4);
or there was no tumour on pathological examination (pT0
disease) [10] (n = 1). Patients with no visible tumour lesion on
MRI were excluded because such patients would not be
candidates MRI-guided focal lesion ablation. After these
exclusions, the final cohort included 37 patients (mean age 60
± 9 years) with a median (range) preoperative PSA 5.0
(0.32–98) ng/mL.

MRI Data Acquisition

All patients underwent multiparametric MRI using a 3T
system (MAGNETOM Trio, Siemens Healthcare, Erlangen,

Germany) and a pelvic phased-array coil. Examinations
included non-enhanced multiplanar turbo spin-echo
T2-weighted imaging (T2WI; slice thickness 3 mm, no
interslice gap; field of view 180 × 180 mm; matrix 256 × 256),
axial turbo spin-echo T1-weighted imaging (slice thickness
3 mm, no interslice gap; field of view 180 × 180 mm; matrix
192 × 192), axial diffusion-weighted imaging (DWI) (b-values
between 50 and 1000 s/mm2) with inline reconstruction of the
apparent diffusion coefficient (ADC) map (slice thickness
3 mm, no interslice gap; field of
view 200 × 200 mm; matrix 100 × 100), as well as dynamic
contrast-enhanced (DCE) imaging of the prostate using
0.1 mmol/kg of gadolinium chelate (partition thickness 3 mm;
field of view 240 × 240 mm; matrix 128 × 128). Contrast was
injected using a power injector (Spectris; Medrad,Warrendale,
PA, USA).

Histopathological Analysis

Prostatectomy specimens were processed according to
standard institutional protocol. Specimens underwent fixation
for 24 h after immediate fine-needle injection with formalin.
The specimen was then cut at regular 5-mm intervals
perpendicular to the posterior capsule, and intact slices were
photographed using a digital camera at 210 pixels per cm and
with a 1024 × 1366 matrix, thereby allowing appreciation of
zonal anatomy on the photographs. Slices were then cut into
quadrants, embedded in paraffin on 3–4-micron slides and
stained with haematoxylin and eosin; four very large prostates
were cut into sextants. The stained histology slides were
digitalised in high resolution (400× magnification) using
a Leica scanner SN 400 (Leica Microsystems,Wetzlar,
Germany). These images were then rebuilt into a
whole-mount image by border alignment and comparison
with the previous photographs of the intact slices using
Photoshop CS5 (Adobe Systems Inc, San Jose, CA, USA). A
single uropathologist traced the border of all tumours on each
slice and assigned a Gleason score based on the previously
published consensus criteria. Lesions measuring <0.1 mL were
excluded (n = 2).

MRI Assessment

A single genito-urinary radiologist was given a description of
the approximate location of each tumour for each patient (left
vs right, anterior vs posterior, base, middle or apex) but no
other information regarding lesion size, location or grade. The
radiologist then identified a corresponding abnormality in that
region most likely to represent the tumour, based upon joint
review of T2WI, DWI and DCE. This approach was used to
simulate the clinical and investigational paradigms by which
targeted biopsy and treatment are currently performed,
directed to a lesion identifiable on MRI [11]. Then, the
radiologist traced the margins of the lesion on each slice on
which it was visible on both the axial T2WI and the ADC
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map. This radiologist also assigned a suspicion score to each
lesion using a 1–5 Likert scale to indicate the probability of
the lesion representing a significant cancer, generally based on
previously published criteria [12]. These scores were then
combined into a binary classification with scores 2–3
indicating low suspicion and scores 4–5 indicating high
suspicion. Given that all included lesions were visible on MRI
and that a score of 1 is used at our institution to indicate a
negative MRI, all lesions received a suspicion score of at least
2. This binary division was based on previous work from our
institution showing a substantial increase in cancer yield and
grade among lesions with a score of 4 or 5, compared with
lesions with a lower score [13].

Co-registration between MRI and Histopathology

Co-registration was performed using a previously validated
method. Digital 3D representations of the surgical specimens
were assembled using the digital photographs of the intact
slices using computer software (ImageJ® and Photoshop;
Adobe), providing 3D datasets for co-registration with MRI.
This co-registration between MRI and the 3D digital gross
specimens was performed using in-house software (FireVoxel);
that uses both a manually directed landmark-based
component and an automatic Mutual Information process. For
the landmark-based component, the operator indicates a set of
identical internal points of interest within each of the two
image sets. For this purpose, corresponding landmarks relating
to prostate zonal anatomy were selected on T2WI and the 3D
rebuilt specimen. A combination of eight landmarks was
extracted based on the zonal anatomy: distal urethra at the
level of the apex; proximal urethra at the level of the base;
verumontanum; anterior-most aspect of the anterolateral horn
of the peripheral zone; anterior-most margin of the prostate;
posterior junction of peripheral and transition zones; and
left and right ejaculatory ducts. Co-registration was then
performed to attain alignment of these landmarks within a
mutually defined space, thus achieving co-registration of the
whole image. The software allows the operator to analyse the
consistency of each transformation by overlaying the source
and target data and modifying each of these in real-time.

For each case, to first assess the accuracy of co-registration, the
margins of the entire prostate were traced on axial T2WI and
the 3D specimen, and the volume of the prostate on each of
these image sets was determined after co-registration. Then,
the ADC map was registered to the axial T2WI using the
software’s Mutual Information process. Subsequently, for
each tumour, three regions of interest were generated: one
representing the lesion defined on T2WI, one representing
the lesion defined on ADC following co-registration to T2WI,
and one representing the lesion defined on 3D histology
with co-registration to T2WI, which was referred to as the
registered histology (ReH) lesion (Figs 1, 2). The software was

then used to obtain the volume of each of these regions of
interest for each tumour in the co-registered 3D space.

Statistical Analysis

Agreement between volumes determined using ReH and
MRI was assessed using Bland–Altman analyses. This
approach provides both the mean difference between the
measurements (taking into account both the direction
and magnitude of any difference) and the 95% limits of
agreement (representing the mean difference ±1.96 SD

of the difference, thereby indicating the expected range of
variability between MRI and ReH measurements for the
large majority of cases). The comparison was performed
between volumes of the entire prostate determined on T2WI
and 3D histology as well as between volumes of tumours
determined on ReH and on T2WI and the ADC maps. Given
a positive association between lesion volume and difference
in volume between the techniques, the Bland–Altman
analysis of tumour volumes was conducted in terms of
percent differences. In addition, these assessments were
performed for tumours stratified by various imaging and
histological characteristics (Gleason score [6 vs ≥7], zone
[peripheral vs transition] and MRI suspicion score [1–3 vs
4–5]). A post hoc analysis was performed comparing those
lesions larger on T2WI than on ReH with the remaining
lesions; these tumours were compared in terms of volume on
ReH using the unpaired t-test and in terms of MRI suspicion
score using the Mann–Whitney U-test. Statistical analysis
was performed using MEDCALC for Windows, version 12.7
(MedCalc Software, Ostend, Belgium).

Results

Comparison of Entire Prostate Volumes

The entire prostate in the 37 included patients had a mean
volume on registered histopathology of 46.6 ± 16.3 mL and on
T2WI of 46.9 ± 16.2 mL. The mean difference in prostate
volumes between T2WI and registered histopathology was
0.37 mL, with 95% limits of agreement of −6.97 to +7.72 mL.

Lesion Characteristics

A total of 50 tumours were identified in the 37 prostatectomy
specimens. Of these, 80.0% (40/50) were in the peripheral
zone and 20.0% (10/50) were in the transition zone. The
distribution of Gleason scores was as follows: 22.0% (11/50)
Gleason 6; 76.0% (38/50) Gleason 7; 0% (0/50) Gleason 8; and
2.0% (1/50) Gleason 9. In all, 28.0% of tumours (14/50) had a
low MRI suspicion score and 72.0% (36/50) had a high MRI
suspicion score. The characteristics of patients and lesions are
summarized in Table 1and Fig 3.

Assessment of Lesion Volumes

The 50 tumours had a mean volume on ReH of 1.38 ±

1.20 mL, on T2WI of 0.93 ± 0.79 mL, and on ADC of 0.86 ±
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0.78 mL. Table 2 summarizes the results of the Bland–Altman
assessments. Overall, MRI substantially underestimated lesion
volumes, and had wide 95% limits of agreement. The mean
difference and associated 95% limits of agreement on MRI
relative to ReH were −32% (−128 to +65%) on T2WI and
−47% (−143 to +49%) on ADC.

Table 2 also presents results for tumours stratified into
various subsets. For all subsets, there was a more marked
underestimation of volumes on the ADC maps (mean

difference ranging from −57 to −16%) than on T2WI (mean
difference ranging from −45 to +2%). Nonetheless, 95% limits
of agreement were wide for all comparisons, with the lower
95% limit ranging between −77 and −143% across all
assessments. There was more marked underestimation of
volumes for tumours with Gleason score ≥7 or with an MRI
suspicion score of 4 or 5. Transition zone tumours showed
slightly more pronounced underestimation of lesion volumes
on T2WI, although similar underestimation on ADC,
compared with peripheral zone tumours. For both T2WI

T2WI

T2WI

with tumour ROI

ADC map

and tumour ROI

registered on T2WI

T2 with all 3

tumour ROIs

ADC map
Histological Slice

with tumour ROI

Fresh Slice

with tumour ROI

Histology

and tumour ROI

registered on T2WI

ADC map

with tumour ROI

Fig. 1 Demonstration of co-registration

methodology in one case. Tumour is marked in

blue, green and red on T2-weighted imaging

(T2WI), apparent diffusion coefficient (ADC)

and histology, respectively. ROI, region of

interest.

Table 1 Characteristics of patients and lesions.

Variable Mean ± SD Median Min Max

Patients (n = 37)

Age, years 60.3 ± 5.5 62 48 77

PSA, ng/mL 9.5 ± 7.6 5 0.3 98.0

Prostate volume on registered histology, mL 46.6 ± 16.3 42.0 18.0 99.8

Prostate volume on T2-weighted imaging, mL 46.9 ± 16.2 40.1 20.9 106.0

Tumours (n = 50)

Gleason score – 7 6 9

MRI suspicion score – 4 2 5

Tumour volume on registered histology, mL 1.38 ± 1.20 0.73 0.11 10.1

Tumour volume on T2-weighted imaging, mL 0.93 ± 0.79 0.45 0.08 6.77

Tumour volume on apparent diffusion coefficient map, mL 0.86 ± 0.78 0.34 0.06 7.69
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and ADC, the limits of agreement were slightly wider for
smaller tumours. The extent of volume underestimation was
somewhat less for smaller lesions on T2WI, although
essentially identical between smaller and larger lesions
for ADC.

A post hoc analysis of the 10 tumours larger on T2WI than on
ReH was performed. In comparison with the other 40 lesions,
these lesions had a lower median MRI suspicion score (3 vs 4;
P = 0.003) and tended to be smaller on ReH (0.49 vs 1.60 mL;
P = 0.08).

Discussion

Previous studies have explored the associations between PCa
volumes determined using MRI and those determined
through histolopathological assessment [1–6]. These studies
have obtained varying results and are limited in a number
of respects, including the use of outdated MRI technology
(such as lack of modern multiparametric sequences),
imprecise estimates of pathological volume as the reference
standard, suboptimal techniques for achieving co-registration
of MRI and pathological images, and the use of correlative

Fig. 2 Co-registration of tumours between T2-weighted imaging (T2WI) MRI and histology, showing examples of (A) larger volume on histology in

tumour with Gleason score 7 and MRI suspicion score 5/5, and (B) larger volume on MRI in tumour with Gleason score 6 and MRI suspicion score 2/5.

ROI, region of interest.

T2WI

A

B

T2WI with tumour ROI (blue)

MRI suspicion score 5/5

Co-registration between

histology (red) and T2WI (blue)

showing larger volume on histology

Histological slice

with tumour ROI (black outline)

Gleason score 7 (4 + 3)

T2WI T2WI with tumour ROI (blue)

MRI suspicion score 2/5

Co-registration between

histology (red) and T2WI (blue)

showing larger volume on MRI

Histological slice

with tumour ROI (black outline)

Gleason score 6

Table 2 Results of Bland–Altman analyses comparing tumour volumes between MRI sequences and registered histology (ReH).

Sample T2WI ADC

Mean difference, % 95% limits of agreement, % Mean difference, % 95% limits of agreement, %

All tumours (n = 50) −32 −128 to +65 −47 −143 to +49

MRI suspicion score 2/3 (n = 14) +2 −107 to +111 −25 −122 to +72

MRI suspicion score 4/5 (n = 36) −45 −97 to +7 −57 −124 to +10

Gleason 6 (11) −5 −96 to +87 −16 −94 to +63

Gleason ≥7 (n = 39) −39 −104 to +26 −57 −129 to +14

Transition zone (n = 10) −42 −77 to −6 −48 −112 to +16

Peripheral zone (n = 40) −29 −110 to +52 −48 −129 to +33

Histological tumour volume <1 mL (n = 31) −24 −133 to +85 −46 −152 to +60

Histological tumour volume >1 mL (n = 19) −44 −112 to +24 −48 −128 to +31
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statistical methods (such as the Pearson correlation
coefficient) that do not evaluate true agreement in volume
estimations between MRI and pathology. In the present
study, we attempted to address these issues by investigating
the accuracy of volume estimates from 3T multiparametric
MRI using novel co-registration software for comparing
the two techniques [9], in addition to the use of software
for determining pathological tumour volumes and the
Bland–Altman method for assessing true agreement in
terms of these volumes.

Through this approach, we obtained different results from
those previously obtained in the literature. Overall, MRI
substantially underestimated tumour volumes in comparison
with histopathology. This underestimation of tumour volume
may relate to the findings of Langer et al. [14]. These authors
observed that prostate tumours contain regions of sparse
tumour comprising mostly benign glands and stroma
intermixed with the malignant epithelium. These regions were
characterised as inherently invisible on MRI and posing limits
on the ability to estimate full tumour volume with MRI. Two
subsequent studies confirmed the impact of the histological
architecture of prostate tumours in their detection using MRI,
with both of these further studies also noting tumours with

certain histological characteristics to be predisposed to be
undetected [15,16]. One of these studies described the
presence of solid tumour growth as a key contributor to
tumour detection on MRI that was present in only 57.5% of
tumours [15]. It would be anticipated, therefore, that tumour
volumes measured with MRI would underestimate true
volume given the presence of such regions within the volume
of a tumour. Future studies could perform a more targeted
evaluation of those portions of tumour volumes not
appreciated on MRI in order to assess the accuracy of this
possible explanation.

An unexpected finding was that the degree of
underestimation of tumour volumes was more pronounced
using the ADC map than using T2WI as well as for tumours
with a higher Gleason score or higher MRI suspicion score.
Indeed, based on extensive previous literature showing
associations between both ADC value and MRI detection
with Gleason score [17–20], MRI would have been expected
to be more reliable in estimating volume for more aggressive
tumours and when recording volume on the ADC map.
We note, however, that the previously mentioned studies
demonstrating the impact of tumour histological
architecture on MRI characteristics focused mainly on
the impact on tumour detection rather than on volume
estimation [15,16], and it is possible that improved detection
of the more aggressive lesions does not directly translate to
more accurate volume prediction. In particular, the ADC
map was shown to be exquisitely sensitive to the presence of
areas of solid tumour growth, with this histological feature
more frequently present in higher grade tumours, having a
very high odds ratio for lesion detection of 37.6 [15]. We
speculate that in more aggressive tumours, these areas of
solid tumour formation within the overall tumour margins
manifest as clear dark regions on the ADC map, to which the
radiologist’s attention was directed when estimating lesion
volume. This process inherently excluded from volume
estimation on MRI any surrounding non-solid lower grade
regions, which would be less conspicuous on imaging.
Conversely, lower grade lesions, having a smaller component
of solid tumour growth, will not have such a conspicuous
intra-tumoural abnormality on the ADC map, leading to
placement of a broader region of interest in the region of the
tumour and resulting in larger volume estimate. This concept
could be further explored by direct comparison of MRI
findings and pathological characteristics in intra-tumoural
sub-regions exhibiting distinct histological features. It is also
possible that the sensitivity of T2WI to various benign
processes such as inflammation and post-inflammatory
atrophy contributed to the apparently larger volumes
obtained for T2WI than for ADC.

It is interesting to note that there was a small subset of
patients in our cohort in whom the volume predicted on MRI
was larger than that obtained from histopathology. These were

Fig. 3 Bland–Altman plots comparing volumes of all tumours between

registered histology (ReH) and T2-weighted imaging (A) and apparent

diffusion coefficient (B) from preoperative MRI.
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mainly small tumours with a low MRI suspicion score. Our
earlier discussion suggests that these may have included
tumours lacking solid tumour growth that confounded reliable
volume prediction on MRI; thus, it remains possible that such
small low-suspicion lesions can be adequately treated without
inclusion of a much larger treatment zone compared with the
MRI finding. If validated, this observation could be useful for
avoiding unnecessary increases in the duration and complexity
of ablation procedures.

The present study has a number of limitations. It was a
retrospective study with a relatively small number of patients.
In addition, while we provide estimates of the degree of
underestimation of tumour volumes using MRI, it is
important to note that these tumours are frequently not
spherical in shape, such that the extent of underestimation is
likely to vary between different directions. Although DCE
imaging was viewed when approximating lesion locations,
contours were not placed on DCE imaging, given this
sequence’s lower spatial resolution and relative lack of
technical standardization between centres in terms of
acquisition and post-processing. In addition, in our
experience, tumour sizes are generally measured on T2WI or
DWI in clinical practice [3]. Lastly, variability in estimates of
tumour volume between radiologists was not assessed.

In conclusion, estimates of the volume of known prostate
tumours using MRI tended to substantially underestimate
actual tumour volumes, with wide variability in terms of the
extent of this underestimation across individual cases. The
underestimation was more pronounced on the ADC map
than on T2WI, as well as for tumours with a higher Gleason
score and higher MRI suspicion score. These findings have
implications for efforts to use MRI to guide risk assessment in
candidate selection and choice of treatment of PCa. Future
studies may explore the utility of our findings to define a
volume surrounding the MRI-based lesion to be covered by
targeted therapy.
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PR!5&8%&/(/0!0.e(/!1/+1,1+#.--3?!

X&>1'015! $(>$(''1&/! FX:H!8&+(--1/>!=.'!%($7&$8(+! 7&$!2&0@!N!./+!]!./.-3'1'! 1/5-#+1/>!(.5@!

'1/>-(! (/0$&%3! %.$.8(0($! ./+! %$&81'1/>! $.=! <#./010.01,(! ,.-#(! 7&$! U0$./'6! E(! ./+! NMO?!

"($7&$8./5('!&7!0@(!8&+(-!=($(!.''(''(+!#'1/>!:GO!5#$,('!7&$!2&0@!N!./+!]!./.-3'1'?!*@(!

NAO!&7!0@(!8&+(-'!./+!PR!=($(!5&8%.$(+?!!

R(/'121-1036!'%(517151036!%&'101,(!./+!/(>.01,(!%$(+1501,(!,.-#('!.$(!.-'&!5.-5#-.0(+!7&$!0@(!X:!

8&+(-'!./+!0@(!PR!7&$!2&0@!-(,(-!&7!./.-3'1'!#'1/>!2('0!5.-5#-.0(+!0@$('@&-+!7$&8!0@(!:GO?!

O&$$(-.01&/! &7! PR! =10@! W-(.'&/! '5&$(! =.'! %($7&$8(+! #'1/>! 0@(! R%(.$8./! 5&(77151(/0?!

O&$$(-.01&/!&7!PR!=10@!0@(!9.418#8!O&$(!X(/>0@!=.'!.''(''(+!#'1/>!0@(!"(.$'&/!5&(77151(/0?!

N--!'0.01'015.-!0('0'!=($(!5&/+#50(+!.0!0@(!0=&Z'1+(+!K_!'1>/1715./5(?!

!

B?! 7'$12%$)!
!"! #!$%&'$()*

l$&8!0@(!IB!%.01(/0'!(/$&--(+6!&/(!%.01(/0!7&#/+!0&!2(!1/(-1>12-(!+#(!0&!MOP!L;!1''#('?!

l$&8!0@(!IJ!$(8.1/1/>!%.01(/0'6!%$&'0.0(!5./5($!=.'!+(0(50(+!.8&/>!BI!%.01(/0'!7&--&=1/>!

0@&'(!21&%'1('!(10@($!7&$8!'3'0(8.015!&$!0.$>(0(+!5&$('?!".01(/0!5@.$.50($1'015'!.$(!'@&=/!1/!

*.2-(!I?!9(+1./!018(!2(0=((/!9:;!./+!21&%'3!=.'!CK!+.3'?!*@(!0&0.-!/#82($!&7!0.$>(0'!=.'!

I[!&7!=@15@!a!=($(!%&'101,(!7&$!5./5($?!*.$>(0'!=($(!'5&$(!I6!C6!D!./+!K!1/!$('%(501,(-3!B6!B\6!

K!./+!C!5.'('?!M(0(501&/!$.0(!&7!./3!5./5($!=.'!J_6!IVB\!FBJ6K_H6!IVK!FDJ_H!./+!CVC!FBJJ_H!
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7&$! 0@(! '.8(! $./>(! &7! '5&$(?! N--! 0.$>(0'! 7$&8!9:;! =($(! &#0-1/(+! 1/! 0@(! %&'0! %$&5(''1/>!

'&70=.$(?!

!

+"! ,&-.&'$!$%/'*/0*123(*!0$&4*56378%($/9/-:*;/44&9!$%/')*

*

N70($!5&$$(-.01&/!=10@!@1'0&-&>3!71/+1/>'6!BK!5./5($!7&51!=($(!+(-1/(.0(+!&/!9:;!.70($!7#'1&/!

&7!0@(!'(<#(/5('!./+!8.%'!1/!0@(!*IL;!'%.5(?!"$&'0.0(6!"n6!*n!=($(!'(>8(/0(+!1/!.--!5.'('?!!

*=&! %.01(/0'! +1+! /&0! %$('(/0! (10@($! /&$8.-! "n! &$! *n! (10@($! .0! 21&%'3! &$! 9:;! 71/+1/>'!

.55&$+1/>!&#$!+(71/101&/?!*@($(7&$(!B\!/"n!./+!B\!]"j/!EG;'!=($(!>(/($.0(+?!!

!

;"! 3.!-&*<4/;&((%'-)*

;/!.--!5.'('6!0@(!5&8%#0.01&/!&7!2&0@!U0$./'!./+!E(!8.%'!=($(!%&''12-(!#'1/>!%.01(/0!'%(51715!

N;l?!*@(!$(>1'0$.01&/!&7!7#/501&/.-!8.%'!0&!0@(!*I!L;!=.'!(77(501,(!1/!.--!IJ!5.'('?!j1'0&>$.8!

>(/($.01&/!./+!./.-3'1'!=($(!.,.1-.2-(!7&$!.--!0@(!BCD!EG;'?!!

%"! 6&(=9$(*/0*3'$4!*<!$%&'$*;/.<!4%(/':*

!

!

!"! +&/53!07!=&*3&/.'7/*$9*71&*#G;*02324&7&3/*253$//*H$(2'*2(27$4C*2(%*

?@;/*

*@(!+('5$1%01,(!$('#-0'!&7!<#./010.01,(!%.$.8(0($'!./+!+($1,(+!8(0$15'!.$(!%-&00(+!1/!0.2-(!C?!

*@1'!'#88.$1Q('!0@(!,.-#(!%.$.8(0($'!7&$!+177($(/0!Q&/('!&7!0@(!%$&'0.0(!./.0&83!.'!=(--!.'!

0@(!>(/($.0(+!EG;R?!

!

!!"! ,2(5&3*=/*($342'*03$/727&*7!//.&*9$3*2*/!()'&*02324&7&3:*

!

*@($(! =.'! '1>/1715./5(! +177($(/5(! 1/! 8(+1./! NMO! ,.-#(! 2(0=((/! 5./5($! EG;'! ./+! /&$8.-!

%.1$(+!01''#(!F%SJ?JJKH6!=@15@!=.'!/&0!7&#/+!7&$!0@(!(/0$&%3!&7!NMO!F%SJ?KYH?!!

*@($(!=.'!.!'1>/1715./0!+177($(/5(!7&$!2&0@!8(+1./!U0$./'!./+!E(!,.-#('!2(0=((/!5./5($&#'!

FJ?aD!8-V81/c!J?KCH!EG;'!./+!/&$8.-!%.1$(+!01''#(!FJ?CI8-V81/c!J?DKH!F%SJ?JJac!%SJ?JJ\H?!

R1>/1715./0! +177($(/5(! =.'! .-'&! 7&#/+! P! U0$./'! ./+! P! E(! 7&$! 0@(! '.8(! %.1$(+! ,&-#8(!

F%SJ?JJJKc!%SJ?JKH?!!

^&$!RU!&$!U!7&$!0@&'(!0@$((!<#./010.01,(!+.0.!=($(!'1>/1715./0-3!+177($(/0!7&$!0@(!'.8(!EG;'?!

&"! >'$4/<:*,;/4&*!((&((.&'$*%'*?/'!9*!'!$/.::*

*.2-(!D?!'@&='!0@(!+177($(/0!,.-#('!0.e(/!23!0@(!P/0$&%3!R5&$(!7&$!+177($(/0!EG;'?!*@(!=@&-(!

%$&'0.0(!'@&=(+!0@(!@1>@('0!P/0$&%3!R5&$(!=10@!.!8(./!,.-#(!&7!B[?CB!^N*?!]&0@!=@&-(!"n!

./+!=@&-(!*n!'@&=(+!0@(!'.8(!8(./!PR!,.-#(!&7!Ba?\Y!^N*?!*@1'!71/+1/>!5&/0$.'0'!=10@!0@(!

'1>/1715./0!+177($(/5(!2(0=((/!/&$8.-!"n!./+!]"j!/&+#-(!FBK?K[!,'!BY?IY6!%SJ?JDH?!

!
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!

0"! >'$4/<:*0/4*$!4-&$&@*123()*

*

!"! -(73$0C*0&3*02324&7&3:*

^&/(!&7!P!NMO6!P!U0$./'6!P!E(6!P!*IL;! 1/+1,1+#.--3! $(.5@(+! '1>/1715./0!+177($(/5(!2(0=((/!

%&'101,(!./+!/(>.01,(!0.$>(0'!7&$!'1>/1715./0!5./5($?!*@($(!=.'!.!0$(/+!7&$!P/0$&%3!&7!%&'101,(!

0.$>(0'!0&!2(!@1>@($!0@./!/(>.01,(!.'!'@&=/!1/!2&4!%-&0!1/!71>#$(!I?!!

!

!!"! ;(%&0&(%&(5&*$9*-(73$0C*=2'.&/*253$//*71&*%!99&3&(7*#G;*02324&7&3/:*

*@(!l$1(+8./!0('0!=.'!5&/+#50(+!7&$!%.1$(+!+.0.!=10@1/!0@(!0.$>(0!EG;'6!5&8%$1'1/>!P!NMO6!P!

U0$./'6! P! *IL;6! P! E(?! ;0! $(.5@(+! '1>/1715./5(! =10@! %SJ?JJJK6! $(7-(501/>! 0@.0! (.5@! '(0! &7!

(/0$&%3!,.-#(!7&$!&/(!%.$.8(0($!7&$8(+!./! 1/+(%(/+(/0!%&%#-.01&/?!*@1'! 7#$0@($!.--&='!.!

8(./1/>7#-!(/0$&%3!'5&$(!.'!0@(!(/0$&%3!&7!(.5@!%.$.8(0($!1'!/&0!$(-.0(+!0&!&0@($'!7&$!0@(!

0.$>(0(+!EG;'?!!

-"! A&$&;$%/'*/0*(%-'%0%;!'$*;!';&4**

!

!"! I!3/7*'&=&'*J(2'C/!/*>JA:*2''*?@;K*>(LMN*(OLPN*823)&7/N*,2(5&3A:*

N8&/>!0@&'(!EG;'6!0@($(!=.'!.!'1>/1715./0!+177($(/5(!F%SJ?JJJ\H!1/!PR!2(0=((/!%&'101,(!EG;'!

7&$! '1>/1715./0! 5./5($! F8(./! Ba?\Yb! J?aI!^N*c! O;! \K_H! ./+! 0@&'(! /(>.01,(! F8(./! BY?JY! b!

J?CB!^N*c!O;!\K_H?!

:(5(1,($! G%($.01/>! O#$,('! F:GOH! =($(! 2#1-0! 7&$! 0@(! PR6! (/0$&%3! ./+!8(./! ,.-#(! &7! (.5@!

1/+1,1+#.-! 9:;! %.$.8(0($! 7&$! +(0(501&/! &7! '1>/1715./0! 5./5($! .'! %$(,1&#'-3! +(71/(+?! :GO!

5#$,('!=($(! >(/($.0(+! ./+!NAO! 5.-5#-.0(+! 7$&8!.! 0&0.-! &7! aJ!EG;R! 7$&8! 0.$>(0(+6! 5./5($!

./+!/&$8.-!01''#(!F71>#$(!CH?!NAO!:('#-0'!./+!5&8%.$1'&/!.$(!'#88.$1Q(+!1/!0.2-(!K?!

PR! .5@1(,(+! ./! NAO! &7! J?[[! FJ?aY6! J?\ac! \K_! O;H! ./+! =.'! @1>@($! 0@./! ./3! &0@($! '1/>-(!

%.$.8(0($?!PR!NAO!=.'!'1>/1715./0-3!@1>@($!0@./!P!*IL;!NAO!./+!8(./!U0$./'!NAO?!NAO!7&$!

8(./! NMO!=.'! @1>@($! 0@./! 0@(! &/(! &7! P! NMO!=10@&#0! $(.5@1/>! '1>/1715./5(! FJ?[a! ,'! J?aY!

%SJ?CDH!5&/'1+($1/>! 0@.0!'(-(50(+!/&$8.-! 01''#(!@.'!2((/! 1/5-#+(+!.0! 0@1'! -(,(-!&7!./.-3'1'?!

]('0! 0@$('@&-+! 7&$! PR! =.'! BY?Y\! ^N*! =10@! R(/'101,103! BJJ_! F\K_! O;! YC?JY! h! BJJH! &7! ./+!

R%(51715103!&7!Y\?CK_!F\K_!O;!KY?CK!Z![J?DDH!?!*@(!+1.>/&'015!.55#$.53!=.'!aI?[Y!F\K_!O;!YJ?\!

Z![I?[H?!*@(!m&#+(/p'!1/+(4!=.'!J?Y\!F\K_!O;!J?B\!Z!J?[JH!

*@(! -&>1'015! $(>$(''1&/!8&+(-!#'1/>!P!U0$./'6!P!E(6!P!*IL;6!P!NMO6!8(./!NMO!./+!,&-#8(!

$(.5@(+!./!NAO!&7!J?\C!FJ?[DZJ?\\H6!=10@!/&!'1>/1715./0!+177($(/5(!0&!0@(!NAO!&7!PR!F%SJ?BKH?!

M1.>/&'015!.55#$.53!./+!m&#+(/!1/+(4!&7!0@(!8&+(-!=($(!$('%(501,(-3![[?Ka_!F\K_!O;!a[?aI!

Z!\D?\CH!./+!J?aY!F\K_!O;!J?IK!Z!J?\KH?!

!

!!"! K&5$(%*'&=&'*J(2'C/!/*>OA:*823)&7*2(%*,2(5&3*?@;/:*
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*@($(! =.'! .! '1>/1715./0! +177($(/5(! F%SJ?JJBH! 1/! PR! 2(0=((/! EG;'! %&'101,(! 7&$! '1>/1715./0!

5./5($!F8(./!Ba?\Yb!J?aI!^N*c!O;!\K_H!./+!0@&'(!/(>.01,(!F8(./!BY?BI!b!J?DD!^N*c!O;!\K_H?!

*@(!'.8(!:GO!5#$,('!F71>#$(!DH!=($(!2#1-0!7&$!0@(!CC!EG;'!$(%$('(/01/>!&/-3!0.$>(0'!F'5&$(!C!

./+! .2&,(H! ./+! 5./5($?! *@(! NAO! 7&$! 0@(! PR! ./+! +(0(501&/! &7! '1>/1715./0! 5./5($! =.'! J?[\!

FJ?aY6! J?\\c! \K_!O;H6!=10@! .! 0$(/+! 0&! 2(! @1>@($! 0@./! &0@($! P! &$! <#./010.01,(! ,.-#(! 7&$! ./3!

&0@($! %.$.8(0($?! R1>/1715./0! +177($(/5(! =.'! &2'($,(+! =10@! 0@(! 8(./! E(?! G%%&'10(-3! 0&!

./.-3'1'! N6! NAO! 7&$! P! NMO! =.'! @1>@($! 0@./! 0@(! NAO! 7&$! 8(./! NMO! FJ?[B! ,'! J?a[Hc! /&/Z

'1>/1715./06!=@(/!5&/'1+($1/>!&/-3!5./5($!./+!0.$>(0'?!:('#-0'!.$(!'#88.$1Q(+!1/!0.2-(!K?!

]('0!0@$('@&-+!=.'!7&#/+!7&$!BY?YB!^N*6!=10@!'(/'101,103!&7!BJJ_!./+!'%(51715103!&7!aI_?!

A'1/>!0@1'!0@$('@&-+!&7!BY?YB!^N*!7&$!+(0(501&/!&7!'1>/1715./0!%$&'0.0(!5./5($6!=(!5.-5#-.0(+!

.! /(>.01,(! %$(+1501,(! ,.-#(! F^"EH! &7! BJJ_6! "&'101,(! "$(+1501,(! E.-#(! F""EH! &7! KC?C_?! B[!

0.$>(0'!&,($!0@(!CC!=($(!#/+($!0@1'!0@$('@&-+6!/&/(!&7!0@(8!@.$2&#$1/>!'1>/1715./0!%$&'0.0(!

5./5($?! N/! ('018.0(+! +(0(501&/! $.0(! 7&$! '5&$(! C6D! ./+! K! 0.$>(0'! =&#-+! @.,(! 2((/!

$('%(501,(-3!KI_6!BJJ_!./+!BJJ_!./+!$('#-01/>!1/!.,&1+1/>!0&!'.8%-(!KD_!&7!0@(!EG;'?!!*@(!

+1.>/&'015!.55#$.53!=.'!a[?a\!_!F\K_!O;!YB?J\!Z!\B?JIH?!m&#+(/!1/+(4!&7!PR!=.'!J?aI!F\K_!O;!

J?BD!Z!J?[[H?!

*@(!-&>1'015!8&+(-!#'1/>!P!U0$./'6!P!EP6!P!*IL;6!8(./!NMO!$(.5@(+!./!NAO!&7!J?\C!FJ?[JZBH6!

=10@! /&! '1>/1715./0! +177($(/5(! 0&! 0@(! NAO! &7! PR! F%SJ?DH?! M1.>/&'015! .55#$.53! ./+! m&#+(/!

1/+(4!&7!0@(!8&+(-!=($(!$('%(501,(-3!YC?YD_!F\K_!O;!Da?aa!Z!aa?K\H!./+!J?DY!F\K_!O;!J?BI!Z!

J?aDH?!

*.2-(!Y!'#88.$1Q(!+1.>/&'015!%($7&$8./5('! 7&$!PR!./+!$(>$(''1&/!8&+(-! 7&$!2&0@!N!./+!]!

./.-3'1'?!

!

8"! ,$4!$%0%;!$%/'*/0*<4/($!$&*;!';&4*

R1>/1715./0!5./5($! FPRSBa?\Y!bJ?aI!^N*c!O;!\K_H!'@&=(+!.!'1>/1715./0!@1>@($!P/0$&%3!R5&$(!

0@./!/&/Z'1>/1715./0!5./5($!FPRSBK?CC!bJ?aY!^N*c!O;!\K_HH?!

*@(!"(.$'&/q'!5&$$(-.01&/!5&(77151(/0!&7!0@(!PR!&7!5./5($&#'!EG;'!=10@!0@(!8.418#8!5./5($!

5&$(!-(/>0@!7&#/+!0&!2(!%&'101,(!=10@!d!S!J?a[B!F%SJ?JJJ\H?!

*@(! R%(.$8./`'! 5&$$(-.01&/! 5&(77151(/0! &7! 0@(! PR! &7! 5./5($&#'! EG;'! =10@!8.05@1/>! 21&%'3!

W-(.'&/!'5&$(!=.'!.-'&!%&'101,(!=10@!$'!SJ?KY[C!./+!%SJ?JCC?!!

C-$)1$$-#*/(

;/!0@1'!%1-&0!'0#+36!0@(!$('#-0'!'@&=(+!0@.0!0@(!PR6!.'!.!5&821/(+!0(40#$(!./.-3'1'!&7!8#-01%-(!

9:;! '(<#(/5('6! 5&#-+! .55#$.0(-3! '(-(50! 21&%'3! 0.$>(0'! ('0.2-1'@(+! &/! 8%9:;! $(.+1/>! 7&$!

+(0(501&/!&7!'1>/1715./0!5./5($!.0!018(!&7!21&%'3!1/!0@(!5&/0(40!&7!.!$&#01/(!'(0!#%!&7!./!9:;!

'5.//($?!PR!%$('(/0(+!%&0(/01.-!1/!'0$.01715.01&/!&7!0@(!+1'(.'(!23!%&'101,(-3!5&$$(-.01/>!=10@!

W-(.'&/!R5&$(?!
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*@($(! 1'! .!>$&=1/>! 1/0($('0! 1/! 0@(!#'(!&7! $.+1&/&815'! 0&!81/(! 0@(! ! .8&#/0!&7! 1/7&$8.01&/!

0@.0! 8(+15.-! 18.>1/>! %$('(/0'FIB6CKH! 0&! 1/5$(.'(! %$(51'1&/! 1/! +1.>/&'0156! ('%(51.--3! 1/!

&/5&-&>3?!G#$!$(%&$0!1--#'0$.0('!0@(!%&0(/01.-!&7!$.+1&/&815'!23!0@(!#'(!&7!'0./+.$+!&7!5.$(!

18.>('!0&!./.-3'(!.!=@&-(!-('1&/!1/!CM?!!

*@1'!'0#+3!%$('(/0'!&$1>1/.-!.'%(50'!1/!0@(!5@&'(/!21&%'3!%&%#-.01&/!./+!0@(!#/171(+!./.-3'1'!

&7! 0(40#$(! &7! 0@$((! +177($(/0! '(<#(/5('6! 1/5&$%&$.01/>! MOP! L;6! =10@1/! &/(! '5&$(! 1/! 0@(!

%#$%&'(!&7!'(-(501&/!&7!9:;!-('1&/!7&$!21&%'3?!

G#$! 5@&15(! &7! .! 21&%'3! %&%#-.01&/! %($810'! 0&! .,&1+! 0@(! 21.'! &7! '(-(501&/! &7! %.01(/0!
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,0E9,,0*E0&46=0,&,4+-E4/&C,.@=4=0E=.A?(&)&E.AC4,-@.*&.6&38$Y&4*+&38$'(&)A&H&3/-*&T4=S./(&
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Title 

3D registration of mpMRI 
for assessment of prostate cancer focal therapy 

 
Short Title 

Assessment of prostate cancer focal therapy  
 

 

Introduction: 

Contemporary methods of multi-parametric MRI (mpMRI) of the prostate have greatly 

improved the ability of radiologists and urologists to detect prostate cancer 1. mpMRI 

allows physicians to diagnose clinically significant cancer in its early stage, to plan 

prostatectomy and radiation therapy, and to detect local recurrence.  

Combined with the trend of earlier detection, noninvasive prostate cancer therapies 

are gaining interest. Focal therapies (FT) aim to combine oncologic benefit with 

preserved continence and erectile function. The use of this tissue preservation 

approach is evolving and FT is being applied to more aggressive disease than when 

initially proposed 23. Clinical FT trials depend on mpMRI for tumor localization, 

treatment planning, and post-treatment follow-up 4 5 6 7.  

 

There is no consensus regarding optimal assessment of oncologic success of FT 3,5,8. 

Current criteria of successful FT involve negative histology at the treatment site. 

Different methods have been proposed to detect cancer recurrence after FT. While 

invasive transrectal prostate biopsy or transperineal mapping biopsy are often 

performed, mpMRI-targeted biopsy has shown promising results 910. Such 

assessment by MRI requires an ability to delineate on imaging the ablation zone (AZ) 

that is characterized histologically by homogeneous coagulation necrosis 1112. In 

addition, it has been suggested 713, that mpMRI underestimates the total tumor 
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volume, requiring to include some surrounding margin within the AZ for a complete 

focal ablation. After treatment, dynamic contrast-enhanced (DCE) MRI delineates AZ 

as a devascularized,  non-enhancing area 4. Within several weeks after treatment, 

the AZ shrinks, often leading to a changed configuration of the gland 14 8.  

These novel therapeutic developments require a reliable and accurate software 

system for assessment of the changes in the prostate gland, including tissue 

necrosis, due to ablation. To be effective, such a system must depict how the viable 

tissue is reorganized around the AZ. Thereby requiring a comparison of pre-

treatment and post treatment images of the prostate. Development of image 

registration methods for this application is challenging. First, one must register 

longitudinal MRI, including different sequences, across different time points. Second, 

inherent in focal therapy, the tissue changes are inhomogeneous. Third, the 

variations in shape between the preoperative and postoperative exams are highly 

dependent on treatment delivery, location of the tumor, energy choice, as well as 

surrounding tissues. These factors makes it difficult to use a normative atlas to 

facilitate registration.   

 

Fei et al. 15 described a mutual Information based rigid-transform method to align a 

preoperative prostate T2 weighted (T2W) imaging sequence to an intra operative 

sequence. Wu et al. 16 combined mutual Information measure with low-order 

polynomial transformation to register spectroscopy with the prostate deformed by 

inflated intra-rectal balloon. Using a finite elements method (FEM), Marami et al 17 

validated a registration approach between MRI acquired with an endorectal coil and 

the intraoperative MRI. Toth et al. 18 also used FEM to model the changes in prostate 

shape after laser ablation. 
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It has been have previously demonstrated that the deformation of the gland after 

surgery is well captured by the affine transformation T that incorporates nonisotropic 

3D sheer and stretch factors 19. This technique was also found to accurately define a 

3D target for focal therapy based on MRI findings 7. We have now implemented an 

image-based framework for accurate estimation of the affine transform from the pre-

FT to the post-FT MRI. This study evaluates the method using longitudinal mpMRI 

acquired before and after modern interstitial laser20 and photodynamic FT21. This 

study aims to assess this novel method of 3D co-registration of prostate MRI exams 

performed before and after prostate cancer focal therapy, in order to facilitate focal 

therapy follow up. 

 

Material and Methods 

Patients  

Ten male patients, aged 65 +/- 6.4 years, diagnosed with localized prostate cancer at 

biopsy (median PSA 5.1ng/ml, median Gleason Score 6) underwent FT. Five patients 

were treated by interstitial laser procedure within the MRI bore 4 and five by 

photodynamic therapy, included in an earlier publication21. Local institutional review 

board approved this study. 

Image acquisition 

All patients underwent a pre-operative mpMRI, and two follow-up post-operative 

mpMRI (one week and 6 months after treatment, fig.1) using 3T Magnetom Trio 

system equipped with a pelvic phase array (Siemens Healthcare, Erlangen, 

Germany). Each exam used identical MpMRI protocol that included a T2W sequence, 

a diffusion-weighted sequence, and a DCE-MRI exam specified in detail below. 
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The anatomical T2W images through the pelvis were acquired using turbo spin-echo 

sequence with parameters: TR = 4950 ms, TE = 122 ms, axial orientation, 256 x 256 

acquisition matrix, no interslice gap, 180 x 180 mm field of view, 3 mm slice 

thickness, 3 signal averages.  

Diffusion weighted sequence was based on axial fat-suppressed single shot 

echoplanar imaging with TR=4100 ms, TE=86 ms, diffusion gradient b-values of 50 

and 1000 s/mm2; slice thickness 3 mm; 100 x 100 matrix; 200 x 200 mm field of 

view,10 signal averages. ADC maps were reconstructed inline.  

DCE-MRI exam consisted of continuous acquisition of T1-weighted 3 mm thick 

contiguous images (240 x 240 mm field of view; matrix 128 x 128) every 15 sec after 

IV administration of 0.1 mmol/kg of gadopentetate dimeglumine (Magnevist; Bayer 

HealthCare Pharmaceuticals, Montville, NJ). The contrast agent was administered as 

an intravenous bolus via power injector (Spectris; Medrad, Warrendale, Pa), followed 

by a 20-mL saline flush, both administered at a 3 mL/sec injection rate. 

Image analysis 

Our image processing workflow (figure 2) includes estimating 3D rigid body 

coregistration of mpMRI modalities within each exam; and image coregistration 

across-exams using non-rigid (affine) transform. 

 

Coregistration framework  

The user interaction consists of a rough outline of the prostate gland that can be 

done in few seconds. There are several novel features of the system: 1) the 
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parameters of the affine transform T are estimated only from prostate tissue, thus 

ignoring confounding signal from adjacent regions like the muscle, rectum or the 

bladder; 2) the iterative voxel-similarity algorithm is supplemented by the multi-

dimensional gridding of initial parameters. The goal is to make the estimate of T 

insensitive of the initial value and to avoid being trapped in a suboptimal local 

optimum; and 3) the software is designed to take advantage of multi-threaded, multi-

core platforms to improve performance and cost-efficiency. 

Image coregistration consists of two tasks: determining the transformation T that 

relates points in the source image V1 with the corresponding points in the target 

image V2 and applying the transformation T to the source image, resulting in the 

coregistered volume V2’ = T(V1). Signal interpolation is another necessary step. Our 

coregistration process is controlled using the dialog box shown in figure 3. The 

optimization is done in two stages:  

1) “Autofocus” stage: exhaustive search over multiple initial approximations drawn 

from a discrete grid of parameters that define T (6 parameters for rigid body, 12 

parameters for affine transform). The most promising candidates (those having 

largest similarity measure) are passed to the second, fine-tune stage. The number of 

selected candidates is controlled by the "power" factor P. Large values of P 

mayimprove the accuracy of coregistration at the cost of longer processing time. 

2) “Fine-tune” stage: iterative search for a local maximum of the similarity measure 

(initialized at P settings from autofocus stage). The available measures include signal 

intensity differences22, signal correlation 23, uniformity of ratio image24,25, and mutual 

information (MI) and normalized MI 26–29. Mutual information was used in this study.  

86



 1 

 2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

! '!

Our framework allows the user to restrict the similarity measure to a predefined 3D 

region called "target". In this study the target region was the prostate and 

immediately (5 mm margin) surrounding tissue 30. The idea is to focus the similarity 

on the organ of interest, while ignoring possible misalignment of background 

structures as well as confounding image (curves of bladder neck or anterior wall of 

rectum). 

 

Estimating transformations within-exam and across exams  

The parameters for coregistering different MRI sequences within each exam were: 

target ROI=yes, subsample=3, autofocus grid = 10mm, rotation = 10°, transform = 

rigid, measure = mutual information, interpolation = sinc.  Coregistration of MRI 

sequences across exams used the similar parameters except transform = affine, 

scale deformation=2 and shear=5. Here a rigid method was explored as a control for 

affine, to assess the significance of deformation (stretching and sheering) induced by 

therapy and to describe local changes that take place following FT.  

  

For each patient and each exam, the resulting transformations were saved for later 

recall, to be applied to landmarks or subregion masks (ROI) placed within the source 

volume. This allowed visualization of AZ from the 1 week post-FT MRI superimposed 

over the prostate 6-month post-FT.  

The coregistration software was written in C++ using Microsoft Foundation Class and 

Intel Threading Building Blocks libraries. The program exploits parallel processing.  

 

Error analysis and segmentation of prostate gland and ablation zone 
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To analyze registration error, two operators with experience in prostate anatomy 

manually segmented in consensus the different 3D masks (or ROIs): preoperative 

prostate, 6 months post operative prostate, and AZ. ROIs excluded the seminal 

vesicles. The first two ROIs were traced on T2W images. Segmentation of the AZ, 

which was visualized in all 10 cases, was derived from the latest DCE time-point from 

the 1-week post-FT MRI (Fig. 4B). The geometrical transformations T estimated in 

the process of coregistration were applied to these 3D ROIs. 

 

The ROIs served to assess the accuracy of rigid and deformable transformation 

models (Fig. 5). It should be noted here that a future clinical/surgical use of the 

system does not require fine manual segmentation of the whole prostate.  

 

We have measured the mismatch between transformed pre-op region and the region 

manually segmented at follow-up, the latter considered as the ground truth. Three 

types of error measures were evaluated:  

1) volume changes -- while important, this measure is the least informative, as unlike 

the other two measures it doesn't capture subtle shape changes.  

2) the Hausdorff distance (HD), defined here as the maximum distance (in 

millimeters) between the structure boundaries 7. The HD was obtained for each slice 

composing an ROI. For each multislice ROI, the average of the maximum HD for 

each slice was calculated resulting in an average maximum HD. The purpose is to 

have 3D information for each ROI. 
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3) Dice index 19 was defined as the volume ratio Di=2 × ( ∩ ")/( ∪ "). The Dice 

index measures the normalized similarity between two different 3D masks ROIs 

based on their overlap. 

 

The co-registration process aims to transfer the location of the ablated zone AZ to its 

residual location within the late control MRI. We further analyzed how the rigid Tr(V1) 

and deformable Ta(V1) transforms computed from mutual information measure for 

the entire gland (M=mask of whole gland) is able to align the AZ on V2 (late post-FT), 

as illustrated in figure 2. This entails direct comparison of the derived target for post-

FT follow-up between the compensated AZ2’=Ta(Tdce(AZ)) and non-compensated 

deformations AZ2’’=Tr(Tdce(AZ)). We compared Di AZ2’/ AZ2’’ to Di  M2’=Ta(M)/ 

M2’’=Tr(M) (figure 6, C). This compares the performances of the two algorithms at the 

location of the AZ to those for whole gland mapping. Analogously, we compared the 

HD for the same ROIs, resulting of AZ2’- AZ2’’ and M2’- M2’’ (figure 5, C), normalized 

by volume. 

 

 

These measures were compared using the paired t-test or Wilcoxon signed rank test 

(for data that didn't satisfy Shapiro-Wilk test of normality).  A p value less than 0.05 

was used to establish significance. All tests were done using R statistical software, 

(version 3.0.2, Sep 2013, R foundation for Statistical Computing, Vienna, Austria). 

 

  

Results 

Volumetric analysis 
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There was a significant ~14% reduction in prostate volume (table 1, figure 6) 

between an average of 46.5 ml pre-FT to 40.0 ml post-FT (p=0.017, paired T-test, 

mean !"#$%& '#(& )*+,-./+)/& -+0/1234& 5678& 9:";!& <& ::"#;=). The volume of the AZ obtained 

by direct segmentation was significantly correlated (R=!"#$%, p= !"!&') with the 

difference in prostate volume between the pre-FT and post-FT examinations. 

However, the volume of AZ was on the average 13.8 ml, approximately double the 

difference D in pre-FT and post-FT volumes (table 1) and statistically different from D 

(paired t-test, T=-2.38, p=0.04; mean diff >"??%&&&'#(&67&9$"?@&<&:;"A>=). 

The blue bars in figure 6 illustrates the significant difference in volume between the 

rigid and deformable transforms of the whole prostate over the late post operative 

prostate at 6 months MRI, i.e.. M2’ vs M2’’. 

Analysis of image coregistration 

The 10 cases represented MRI volumes composed in total of 120 pair of slices for 

pre operative and late follow up T2 WI. In all cases, the mutual information algorithm 

converged successfully and we were able to assess both deformable and rigid 

transformation for coregistration of the pre-FT and post-FT images. The software 

architecture successfully exploited multi-core processor parallelism  and shown by 

high loading on a 12-core CPU system (figure 7). A representative example is shown 

in figure 4.  

 

Table 2 compares of volume between the rigid M2’’, which serves as a control, and 

deformable M2’ transforms of the whole gland. The transforms of the pre-FT prostate 

to the post-FT prostate yielded a significantly lower volume (p=0.041() *+,-)

./00+1+-2+) 3"$4) 5'6) 789!"&&$3) () :":%;%<=) using deformable transformation 
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compared to the rigid approach (table 2). The difference of less than 1% of prostate 

volume after rigid transformation might be imputable to the interpolation errors, as 

rigid transformation conserve volume through. 

 

Table 3 lists the average values of Dice index and HD for the alignment of the whole 

gland described in Figure 6, AB. While the alignment is better (smaller HD, larger 

overlap) for affine transform, the difference didn’t reach significance (p=0.10 and 

0.20). These comparisons suggest a trend for higher accuracy using the deformable 

transformation.  

 

Analysis of AZ 

 

When whole gland was taken in account, the deformable transformation Ta provided 

better description of AZ than rigid transformation Tr (see table 4), reaching 1.99 mm 

HD (or 0.72mm/ml, p=0.0019) and Di= 0.87 (p=0.046) versus HD=3.83 mm ( or 

0.15mm mm/ml), and Di=0.93. 

Figure 8 illustrates the changes between pre and post treatment MRI at the ablated 

location, with a 3D reconstruction of the prostate. 

 

 

Discussion 

 

The role of image registration in prostate cancer pathway 

Image coregistration plays an increasingly important role in prostate cancer. It 

permits us to characterize MR signal and image texture of cancer tissue through 
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histological validation 19,31,32. There is a great interest in developing ultrasound biopsy 

fused to MRI 33–36. Image registration will also play an important role in both planning 

and follow-up of FT. This entails accurate mapping of lesion mask derived from pre-

treatment mpMRI to the space of treatment and post treatment images 7.  

 

The ability of contrast enhanced imaging, either ultrasound or MRI to visualize 

necrotic tissue permits initial assessment of FT 37. Several studies 3,5,8 converge by 

defining oncologic success of FT as negative biopsy at the treated area. (PSA is not 

helpful for monitoring FT outcome 38). Histologic post FT assessment depends on 

either random transrectal or transperineal approach 3814. Transrectal option is prone 

to substantial sampling error and a high rate of false negative results. Transperineal 

mapping option requires repeat general anesthesia 39. mpMRI offers the promise to 

guide post-FT biopsy and overcome these limitations  40384142. However there are 

obvious concerns related to tissue displacement 40.  

 

A critical step is to accurately locate AZ at follow-up biopsy to (a) evaluate the energy 

deposition within AZ, and/or (b) sample the surrounding tissue (tumor margin). The 

objective is to detect and manage treatment failure or cancer recurrence and possibly 

offer re-treatment. This task requires detecting low-volume cancer 38 and it requires 

exquisite precision. Ven et al. 43 estimated that, given a 0.3 ml target, a precision of 

1.9 mm is necessary to correctly grade 95% of aggressive tumor component in 

peripheral zone. The report of the START consortium concludes that defining the 

target for biopsy and being able to reliably sample such area remain fundamental 

problems [3]. The challenge is intensified if a lesion is poorly demarcated on the post-

FT images or it there are significant spatial deformations between pre- and post-FT 
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images. To address this need, our study estimated the margin of error in AZ using 

affine transform and a novel coregistration framework. We chose rigid registration as 

a control.  

 

 

Challenge for image registration 

The current standard in radiologic in oncology are RECIST criteria, that unfortunately 

are subjective and don’t involve image registration. There is very limited literature on 

longitudinal registration describing the deformation of the gland after local treatment 

1441. A recent report 18 aims to quantify changes of the gland after focal laser ablation 

using the finite elements method (FEM) align pre- and post-operative T2W images. 

The study notes the importance of knowing biomechanical properties of the tissue, 

including surrounding bladder and rectum. 

  

Post-treatment volume loss  

We have observed a mean decrease in gland volume of 6.50 cc or 12.9%. This is 

significantly lower than the volume of the AZ, although the two measures were 

significantly correlated. Toth et al. 18 reported a similar decrease in gland volume at 

the same follow-up time delay in response to laser ablation. Volume shrinkage is 

likely due to the process of cicatrization with fibrosis 44. If confirmed, accounting for 

volume change will be an important requirement of any longitudinal analysis software. 

Clearly, volume-preserving rigid body coregistration is not capable to reflect volume 

loss, whereas the affine transform appears to correctly represent the volume loss due 

to FT. 
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Coregistration accuracy 

Our image coregistration technique helps to assess FT and demonstrates that local 

treatment influences the deformation of the entire gland. We have observed the 

similarity of boundary changes at the gland (global) and the AZ (local) level. Both 

Dice Index and HD show the effect of deformable algorithm at AZ. The change in 

mean HD of 2.9 mm (maximum ~6 mm) between rigid and a deformable mapped AZ 

indicates the advantage of the deformable model to define an area of interest. This 

observation is important because it implies that currently available systems that 

ignore shrinkage may leave unsampled residual tissue and fail to detect 

residual/recurrent disease.  

 

We have also demonstrated that changes in AZ are well modeled by the affine 

transform. Normalized HD resulting from affine compensation was 0.75 mm/cc for the 

AZ, which is almost five times better than 0.15 mm/cc for the whole gland. The lower 

Dice index at the AZ location (0.88) in this experiment compared to the whole gland 

(0.93) indicates the higher dissimilarity of the rigid and deformable transforms at this 

very zone of interest. These data indicate that the residual tissue at the former AZ 

location is more accurately mapped in the post-FT MRI using the deformable 

approach than without such compensation. no break This important finding shows 

the ability to successfully model tissue changes at the location of cancer that can be 

visualized on baseline mpMRI. Intensity changes at the location of the ablation were 

also reported by Toth et al. 18.  
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We have evaluated the registration technique using volumetric and linear metrics 

(Dice index and HD) rather than using more conventional landmark approach. Clearly 

identifiable landmarks are hard to detect on post-operative images. 

 

We attribute good performance of longitudinal coregistration (all the attempted 

registrations were successful) to the use of discrete parameter gridding, introduced to 

avoid being trapped in local maxima. Moreover, our method computes the similarity 

measures from prostate alone. The reduced field of view decreases the 

computational effort and is not influenced by tissue motion outside the prostate. The 

implementation of multi-core parallelism enables one to complete this complex task 

on standard desktop computer in a few minutes.  

 

Clinical implications 

This work suggests that longitudinal image transformation may guide the location of 

targeted biopsy after FT. The shrinkage of AZ can be modeled prior to follow-up 

biopsy and incorporated in a US-guided sampling system 45.  A recent study 

evocated the benefit of a TRUS-MRI fusion platform that corrects for deformation on 

ultrasound due to the probe insertion, as compared to "cognitive registration" 10. Such 

implementation could also be used for in MR bore biopsy procedure46. Using 

longitudinal coregistration, one could consistently re-visit the same gland location 47, 

without limitations of implantable/imageable pellets proposed recently by Ghai et 

Tranchtenberg 48. Recently, Natarajan et al. 49 rose the question of assessment of 

treatment margin in their report of a phase 1 trial about focal therapy using in bore 

laser ablation with a transrectal approach. Our method may assist to discriminate 
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infield/ outfield recurrence after focal therapy. Figure 9 summarizes the potential 

clinical implementation of our findings in focal therapy pathway and follow up.  

 

Toth and associates 18 provide preliminary validation of a competing framework 

based on FEM and requiring modeling the elastic effects of the bladder and the 

rectum. A direct comparison between FEM and purely image-based framework would 

be of interest. While further work is needed to validate software for accurate and safe 

focal therapy procedures, our preliminary experience suggests the clinical utility of 

affine algorithms for mapping mpMRI findings between pre- and post-FT scans. Our 

workflow could be also extended to transformation models that involve higher degree 

of freedom. The longitudinal coregistration technique could also be applied to other 

image-guided procedures like liver ablation50 or focal kidney-sparing cancer therapy 

51. 

 

In summary, we have proposed a novel coregistration framework that has potential to 

provide image-guided target for post-FT biopsy. The affine algorithm can 

compensate and correct the deformation of an ablated zone and reach the needed 

accuracy of several millimeters. The technique offers the possibility to re-visit cancer 

location which was targeted and to plan follow up biopsy, facilitating accurate and 

safe follow up of focal therapy of prostate cancer.  
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Figure 1: Timeline of treatment and imaging exams. 

 

Figure 2: Image analysis workflow. 

 

Figure 3: The dialogue box defines the registration process 

 

Figure 4: Illustrative case of affine registration between pre-treatment (A) and 
post-treatment (photodynamic therapy) T2W volumes (C). Panel (B) shows 
delayed DCE image of the treated area, with ablated gland shown as non 
enhancing region. The bottom panel displays a postoperative T2W image 
overlayed with the corresponding preoperative image.  
 
Figure 5: Schematic illustration of various measures assesses in current study. 
A: analysis of errors in whole gland definition for rigid transform model M2 vs 
M2’’;  B: analysis of errors for affine transform model M2 vs M2’; C: analysis of 
errors in defining AZ (AZ2’-AZ2’’) vs (M2’- M2’’). 
 
Figure 6: Comparison between median pre-operative and 6 months post-
operative volumes of the prostate (orange bars). Comparison between median 
volume generated with rigid and deformable transforms (blue bars) shows that 
deformable trans-formation compensates better for volume loss due to focal 
therapy.  
 
Figure 7:  Demonstration of high CPU core usage on a 12-core computer achieved 
during registration. 
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Figure 8: Post-surgical changes for a representative case involving dynamic 
phototherapy on left lobe. A,B: 3D rendering before and post treatment. 
Changes in shape and volume loss are observed in the left part of the gland. 
The pre-treatment view shows in red the lesion 10 mm in axial diameter, 
Gleason 6 (3+3). The post-treatment view displays in yellow the location of the 
ablated zone. This yellow area needs to be sampled to rule out cancer at 
follow-up biopsy. The green line segment is the needle path for transperineal 
targeted biopsy. C: preoperative T2W image. D: preoperative ADC map. E: 
preoperative DCE image through the cancer focus (white arrow). F: late 
postoperative T2W image. G, post operative ADC map H: DCE image at the 
same level. Changes in shape and MRI signal are discernible at the site of 
ablation on the left side of the gland.  
 
Figure 9: graphical summary of implementation of 3D registration of mpMRI into focal 
therapy of prostate cancer pathway. 
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Table 1: Distribution of prostate volumes estimated from T2W images 
acquired before and after ablation (late control) and distribution of volume of 
ablated zone (AZ).  
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Table 2. Comparison of volumes between original T2 WI and their 
transform using rigid and deformable methods. 
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Table 3: Alignment between whole gland obtained by mapping from 
pre-operative to post-operative T2W image and whole gland traced 
directly on post-operative image: comparison between rigid and affine 
coregistrations.!
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Table 4. Compensation of the local deformation by affine algorithm: 
comparison between mapping accuracy of the location of the ablated 
zone and the whole gland, referring to measures shown in figure 6 C. 
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R;.K)*!5)(!VUN!Y#6]*K*3X5(!K5!$89!:(!$K()!000000000000000000000000000000000000000000000000!!

L#1%<#(.!8(!2$2@

12&'7.1$2!

R\K*3()*!Y#&]()*K)*!5)(!VUN!Y#6]*K*3X5(!)(!#&Y6):K)*!YK]!K5L!]&X5(),(]!

VUN!(L37&(]!

R\K*3()*!Y#&,&:(''()*!*#K3*&!Y65#!,K),(#!:(!%K!Y#6]*K*(!0000000000000000000000000000000!!

R\K*3()*!*#K3*&!Y65#!5)(!P.Y(#*#6YP3(!Y#6]*K*3X5(!YK#!V)P3T3*(5#!:(!%K!E!
i#&:5,*K](!0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000!!

L#1%<#(.!

8]:/0'70%1$2!d!
c7A(;(2%!

\#3),3YK%!?!

RN(]5#(!:5!g>#K)]W!S(W!SY!fN6.())(W!"(23K*36)!]*K):K#:W!N&:3K)(W!NKLh!()!
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-6)(!,K),&#(5](!(*!)6)!,K),&#(5](!f!K:&)6'(W!-6)(!Y&#3YP&#3X5(h0!N(]5#(!

:(!YK#K'd*#(]!:4P3]*67#K''(!fg5#*6]3]W!1/(j)(]]Wh!:(]!2K%(5#]!X5K)*3*K*32(]!
()! Q6),*36)!:(! %4K7#(]]323*&! f],6#(!:(![%(K]6)!T36Y]3X5(h!:5!,K),(#!65!:(! %K!

T&)37)3*&!0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000!!

1(,6):K3#(f]h!?!

RR! N(]5#(! :(! ! YK#K'd*#(]! :4P3]*67#K''(! #(Q%&*K)*! %4P(*(#67&)&3*&! fg5#*6]3]W!

1/(j)(]]W! ()*#6Y3(h! ]5#! %(]! :3QQ&#()*(]! ]&X5(),(]! :4VUN! Y65#! 5)(! #&736)!

:43)*&#`*! N(]5#(!?! :(! %43):(L! :(! "3,(! (*! :(! %K! :3]*K),(! :(! 8K5]:6#QQ! KY#d]!

#(,K%K7(!:(!%4&,P67#KYP3(!]5#!%4VUN0!!

!

N:>121%1$2!8(.!
A#$79(.!.1!
099'1&0-'(!

9)!](5%!7#65Y(R,6P6#*(!6T](#2K*36))(%%(!

C$;-#(!8(!

90%1(2%.!!

AE!YK*3()*]!fC!7#65Y(W!,PKX5(!YK*3()*!(]*!]6)!*&'63)h?!"3QQ&#(),(!:(!g*#K)]!:(!

@0@E!'3)RC!

U3]X5(!K%YPK!:(!EkW!\53]]K),(!:(!M@!kW!*(]*!T3%K*&#K%W!!)6)!KYYK#3&!

C$;-#(!8(!

&(2%#(.!!
C,()*#(!?!$89!:(!$K()!

GA(280!
9#:/1.1$22('!

"&T5*!:(]!3),%5]36)]!?! @CH@MHACA!00000000000000000!!

J3)!:(]!3),%5]36)]!?! CCHCCHA@CI!

! !

J3)!:4&*5:(!?! BCHC@HA@CE!

"#$&:87#(!

8]12&'7.1$2!
U&*#6]Y(,*32(!
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YB! +5EH?5!
!

!

"(Y53]! %K! %K#7(! K:6Y*36)! :5! :6]K7(! ]&#3X5(! :5!\1;! fY#6]*K*3,! ]Y(,3Q3,! K)*37()h! (*! :(]! T36Y]3(]!

Y#6]*K*3X5(]!]65]!753:K7(!&,P67#KYP3X5(! fY65#! #(Y&#K7(!:(! %K!7%K):(h!b! %K! Q3)!:(]!K))&(]!CMF@fChW! %(!

,K),(#!:(!%K!Y#6]*K*(!(]*!'K3)*()K)*!:3K7)6]*3X5&!b!5)!]*K:(!Y%5]!Y#&,6,(!(*!%6,K%3]&0!$(Y():K)*W!,(**(!

]*#K*&73(!:(!:3K7)6]*3X5(!K!()7():#&!5)!]5#:3K7)6]*3X5(!(*!]5#*#K3*('()*!:(!%&]36)!:3*(!3):6%()*(fAh!:45)(!

YK#*!(*!%K!)6)!:&*(,*36)!:(!%&]36)!K7#(]]32(!:4K5*#(!YK#*0!$(,3!(]*!()!YK#*3(!:5!*K)*!b!%K!QK3T%(!]Y&,3Q3,3*&!:5!

\1;! X54K5! '6:(! :4&,PK)*3%%6))K7(! ].]*&'K*3]&! :(! %K! 7%K):(fBh0! a4VUN! '5%*3YK#K'&*#3X5(! :(! Y#6]*K*(!

K2(,! ]&X5(),(]! :(! :3QQ5]36)! (*! Y(#Q5]36)! K! ()! YK#*3(! Y(#'3]! :46Y*3'3](#! %K! ]*#K*&73(! T36Y]3X5(! ()!

&*KT%3]]K)*! 5)(! ,3T%(! K5! ](3)! :(! %K! Y#6]*K*(fIh0! $(Y():K)*W! %4(]*3'K*36)! K,*5(%%(! :(! %K! 'K%37)3*&! :45)(!

%&]36)!b! %4VUN!(]*! TK]&(! ]5#! 5)! ].]*d'(!:(! ],6#(! 23]5(%fEh0!l3()!X54K.K)*! QK3*! %46T_(*! :(! ,6)]()]5]fDhW!

,(%53! #(]*(! :&Y():K)*! :(! %4(LY(#*3](! :(! %46Y&#K*(5#! (*! %3'3*(! %K! :3]]&'3)K*36)! :(! %K! *(,P)3X5(0! "(! Y%5]W!

,(#*K3)]! YP&)6'd)(]! *3]]5%K3#(]! fK:&)6'(W! Y#6]*K*3*(! ,P#6)3X5(W! K#*(QK,*! T36Y]3X5(h! 3'3*()*! %K! Y#3](! :(!

,6)*#K]*(!%3&(!fGhfFh!b!%K!)&6K)7367()d](!,K),&#(5](!#&:53]K)*!%K!]Y&,3Q3,3*&!:(!%K!'&*P6:(0!!

=65]!Y#6Y6]6)]!:6),!5)(!&*5:(!3)!]3%3,6!:(]!YK#K'd*#(]!6T_(,*3Q]!(*!X5K)*3*K*3Q]!:(!%K!Y(#Q5]36)!()!

VUN! &2K%5K)*! :(! 'K)3d#(! Y#&%3'3)K3#(! %4(QQ3,K,3*&! 3)*#3)]dX5(! :(! ,(]! YK#K'd*#(]W! 'K3]! K5]]3! %(5#!

P&*&#67&)&3*&W!:K)]!%K!:&*(,*36)!(*!%K!]*#K*3Q3,K*36)!:5!,K),(#!:(!Y#6]*K*(0!

!

$(**(!&*5:(!:63*!3),%5#(!:(!'K)3d#(!#&*#6]Y(,*32(!AE!YK*3()*]!Y#&]()*K)*!5)(!]5]Y3,36)!,%3)3X5(!:(!,K),(#!

:(! Y#6]*K*(W! b! X53! 5)(! ]&#3(! :(! T36Y]3(! :(! Y#6]*K*(! K! &*&! #&K%3]&(! (*! K.K)*! (5! 5)(! VUN! :(! Y#6]*K*(!

3):3X5&(!YK#!%(!Y#K*3,3()0!!

!

a(!T5*!:(!,(!*#K2K3%!(]*!:4&2K%5(#! %(]!YK#K'd*#(]!:(!Y(#Q5]36)!](%6)! %(!'6:d%(!>6Q*!'6:3Q3&!fMh*(%!X5(! %(!

g>#K)]W! %(! S(W! %(! SY! K2(,! ,6''(! #&Q&#(),(! P3]*6%673X5(]! %(]! T36Y]3(]! #&K%3]&(]0! aK! '&*P6:6%673(!

]4KYY53(#K! ]5#! %4(LY(#*3](! ()! 3'K7(#3(! :(! %4&X53Y(! $<US+L.! (*! 5)(! ,6%%KT6#K*36)! K2(,! %(! =(j! m6#/!

9)32(#]3*.!N(:3,K%!$()*(#0!9)(!)652(%%(!*(,P)3X5(!:(!#(,K%K7(!'5%*3'6:K%3*&!()*#(!%4&,P67#KYP3(!(*!%4VUN!

](#K!*(]*&(!(*!&2K%5&(!]5#!%(!_(5!:(!:6))&(]!K3)]3!,6)]*3*5&0!0000000000000000000000000000000000000000000000000000000000000000000000000!!

!

'6*]! ,%&]!?! ,K),(#! :(! %K! Y#6]*K*(!n! VUN!n! Y(#Q5]36)!n! &,P67#KYP3(!n! 3'K7(#3(! '5%*3'6:K%(!n! 3'K7(!

Y#6,(]]3)7!!000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000!!

!
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ZB! RHE34V4LG34MC!EL45C34V4QH5!53!N5EL+4"34MC!F5C5+GS5!N5!SG!+5LP5+LP5!
!

a(! ,K),(#! :(! %K! Y#6]*K*(! (]*! %(! Y#('3(#! ,K),(#! ,P(-! %4P6''(!:(!Y%5]! :(!E@!K)]!:K)]! %(]! YK.]!

3):5]*#3K%3]&]0!<)!J#K),(W!%(!)6'T#(!:(!)652(K5L!,K]!:3K7)6]*3X5&]!()!A@@F!&*K3*!:(!DGDI@!fC@h0!NK%7#&!

%(5#!(QQ3,K,3*&!,K#,3)6%673X5(W!%(]!*P&#KY(5*3X5(]!#K:3,K%(]!2K%3:&(]!Y65#!%(!*#K3*('()*!,5#K*3Q!:5!,K),(#!:(!

%K! Y#6]*K*(! f,P3#5#73(W! #K:36*P&#KY3(W! ,5#3(*P&#KY3(00h! ]4K,,6'YK7)()*! :45)(! '6#T3:3*&! 5#6R7&)3*K%(! (*!

#(,*K%(!K%*&#K)*!%K!X5K%3*&!:(!23(!:(]!YK*3()*]0!"(Y53]!CMFM!(*!%4K2d)('()*!:(]!T36Y]3(]!&,P6!753:&(]!:(!%K!

Y#6]*K*(fChW!%(]!*(,P)3X5(]!:(!:&*(,*36)!:5!,K),(#!:(!%K!Y#6]*K*(!6)*!Y(5!&26%5&0!a4&,P67#KYP3(!K!:(Y53]!

,(**(!&Y6X5(!'6)*#&!]6)! 3),KYK,3*&!b!:&*(,*(#! %(!,K),(#!:(! %K!Y#6]*K*(!()! *K)*!X5(!'6:K%3*&!:43'K7(#3(!

3]6%&(!fCCh(*!](#*!Y#3),3YK%('()*!:(!753:K7(!:(]!T36Y]3(]!K3)]3!X54b!%4(LY%6#K*36)!:(!YK*P6%673(]!K))(L(]0!

a45*3%3]K*36)!%K#7(!:5!\1;!()!#65*3)(!K!Y(#'3]!:(!:3K7)6]*3X5(#!%(!,K),(#!:(!%K!Y#6]*K*(!b!5)!]*K:(!

Y%5]! Y#&,6,(! fCAWCBh(*! %6,K%3]&! Y(#'(**K)*! 5)! *#K3*('()*! #K:3,K%! :(! %K!'K%K:3(! (*! 5)(! :3'3)5*36)! :(! %K!

'6#*K%3*&fCIh0! $(Y():K)*W! %45*3%3]K*36)! ,6'T3)&(! :5! \1;! (*! :(]! T36Y]3(]! :(! Y#6]*K*(! &,P6753:&(]! 6)*!

'()&!b!5)(!*():K),(!K5!]5#!:3K7)6]*3,!(*!K5!]5#*#K3*('()*W!,6''(!%4K!'6)*#&!5)(!&*5:(!'5%*3,()*#3X5(!

(5#6Y&())(!fAh0!<)!(QQ(*W!%(!\1;!Y#&]()*(!5)(!]Y&,3Q3,3*&!QK3T%(!f:(!%46#:#(!:(!A@kfCEh!](%6)!%(]!&*5:(]h!

(*!%(!,K),(#!:(!%K!Y#6]*K*(!Y(5*!Y#&]()*(#!:(]!Q6#'(]!3):6%()*(]!:(!Y(*3*]!26%5'(]!(*!:(!TK]!7#K:(0!$(]!

Q6#'(]!3):6%()*(]!Y65##K3()*!)(!YK]!&26%5(#!)3!%6,K%('()*!)3!b!:3]*K),(!(*!)(!YK]!K%*&#(#! %4(]Y&#K),(!:(!

23(fCDoCFh0! $(]! Q6#'(]W! ]3! (%%(]! ]6)*! *#K3*&(]! YK#! 5)(! *P&#KY3(! #K:3,K%(! X53! ,6),(#)(! %4()]('T%(! :(! %K!

7%K):(! fYK#! ,P3#5#73(! 65! #K:36*P&#KY3(h! Q6)*! %46T_(*! :45)! ]5#*#K3*('()*! (*! %(]! YK*3()*]! Y#&]()*()*! :(!

Y6*()*3(%]! (QQ(*]! ](,6):K3#(]W! )6*K''()*! ()! *(#'(! :(! :.]&#(,*36)! (*! :(! ,6)*3)(),(W! K2(,! 5)! T&)&Q3,(!

6),6%673X5(!%3'3*&0!\65#!#&:53#(!%(!]5#*#K3*('()*!%3&!K5!]5#:3K7)6]*3,W!%K!]5#2(3%%K),(!K,*32(!K!&*&!Y#6Y6]&(!

,6''(!6Y*36)!Y65#! %(]!,K]!:(!,K),(#!:(!Y#6]*K*(!:3*]!b!QK3T%(!#3]X5(!:(!Y#67#(]]36)0!"(!%4K5*#(!,c*&!:5!

]Y(,*#(W! :(]! %3'3*K*36)]! :5! ],P&'K! ,6)2()*36))(%! :(! :&*(,*36)! ](! ]3*5()*! %(]! %&]36)]! X53! ]6)*! ]65]!

&2K%5&(]! K5! )32(K5! :(! %(5#! (L*()]36)! 65! :(! %(5#! 7#K:(0! a4&2K%5K*36)! Y#&6Y&#K*63#(! :5! ,K),(#! :(! %K!

Y#6]*K*(! #(]*(! 5)! ,PK%%()7(! (*! 5)! X5K#*! b! 5)! *3(#]! :(]! YK*3()*]! ()! ]5#2(3%%K),(! K,*32(! )&,(]]3*(! 5)!

*#K3*('()*!:K)]! %(]!A!b!E!K))&(]!X53!]532()*! %(!:3K7)6]*3,!()!#K3]6)!:45)(!]65]!(]*3'K*36)! 3)3*3K%(!:(! %K!

'K%K:3(!65!:p5)(!Y#67#(]]36)!#KY3:(fCMWA@h0!"(!Y%5]W!GBk!:(]!YK*3()*]!&%373T%(]!b!5)(!]5#2(3%%K),(!K,*32(!

K2K3()*!5)!,K),(#!]37)3Q3,K*3Q!]5#!%K!Y3d,(!6Y&#K*63#(!:(!Y#6]*K*(,*6'3(!*6*K%(!:K)]!5)(!]&#3(!#&,()*(fACh0!

a(!#(*()*3]]('()*!Y].,P6]6,3K%!)&7K*3Q!:(!%K!]5#2(3%%K),(!K,*32(!(]*!&7K%('()*!5)!&%&'()*!b!Y#():#(!()!

,6'Y*(!fACh0!>.Y3X5('()*!%(]!%&]36)]!:(!%K!YK#*3(!K)*&#3(5#(!:(!%K!7%K):(!]6)*!'K%!&,PK)*3%%6))&(]!YK#!%(]!

T36Y]3(]!].]*&'K*3]&(]fAAh0!a4K,,d]!K5!26%5'(!%&]36))(%W!X53!:&*(#'3)(!()!YK#*3(!%K!]37)3Q3,K*323*&!,%3)3X5(!

:45)(!%&]36)fABhW!)(!](!QK3]K3*!X54b!*#K2(#]! %(!Y#3]'(!:&Y6%3!:(]! %6)75(5#]!:(!,K),(#!]5#! %(]!T36Y]3(]!:(!

Y#6]*K*(!#&K%3]&(]!b!%4K2(57%(0!!

a4()]('T%(! :(! ,(]! &%&'()*]! K! ,6)*#3T5&! b! %4&'(#7(),(! :5! ,6),(Y*! :(! *P&#KY3(! Q6,K%(0! aK!

'&*P6:6%673(! ,6)]3]*(! b! ]&%(,*36))(#! :(]! YK*3()*]! YK#! :(]! ]*#K*&73(]! :(! T36Y]3(]! (*H65! :p3'K7(#3(! YK#!

VUNW!b!KYY%3X5(#!5)! *#K3*('()*! Q6,K%! %3'3*&(!b! %K!YK#*3(! *5'6#K%(!:(! %K!7%K):(!YK#!5%*#K]6)]! Q6,K%3]&]!:(!

PK5*(! 3)*()]3*&! f8VJ9hW! ! YP6*6*P&#KY3(! :.)K'3X5(! f\">hW! ! *P(#'6*P&#KY3(! aK](#! 3)*(#]*3*3(%%(! faV>>hW!!

,P3#5#73(! YK#*3(%%(! 65! ,#.6KT%K*36)! *65*! ()! Y#&](#2K)*! %(]! ]*#5,*5#(]! )(#2(5](]! (*! ]YP3),*&#3())(]!
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)&,(]]K3#(]!K5!'K3)*3()!:(! %K! ,6)*3)(),(!(*!:(]!&#(,*36)]0!$(]! *(,P)3X5(]!]6)*!()!,65#]!:4&2K%5K*36)0!

a(]! &*5:(]! '6#YP6'&*#3X5(]! :(]! Y3d,(]! :(! Y#6]*K*(,*6'3(]! *6*K%(]! 6)*! Y(#'3]! :(! Y#&,3](#! %pP3]*63#(!

)K*5#(%%(! :5! ,K),(#! :(! %K! Y#6]*K*(W! :4K'&%36#(#! %(]! ]*#K*&73(]! :(! T36Y]3(]! (*! :(! 2K%3:(#! %(]! #&]5%*K*]! :(!

%p3'K7(#3(!'6:(#)(!X53!]6)*!)&,(]]K3#(]!Y65#! %K!Y%K)3Q3,K*36)!:5!*#K3*('()*! Q6,K%! fAIWAEh0! !$(Y():K)*W! %K!

'5%*3Q6,K%3*&! Q#&X5()*(!:(]!,K),(#]!:(! %K!Y#6]*K*(!X53! #(Y#&]()*(!()23#6)!G@k!!:(]!,K]fAEWADh!,6)]*3*5(!

5)(!#&](#2(!K5!:&2(%6YY('()*!:(!,(**(!'6:K%3*&!*P&#KY(5*3X5(0!=&K)'63)]W!(*!'K%7#&!,(**(!'5%*3Q6,K%3*&W!

](5%(]!%(]!%&]36)]!]37)3Q3,K*32(]!f26%5'(!q!@WE!,,!65!q!@WA!,,!K2(,!Y#&](),(!:(!7#K:(!:(![%(K]6)!IHEfCGhh!

]('T%()*! b! #3]X5(! :(! Y#67#(]]36)! '&*K]*K*3X5(! :K)]! %(]! E! b! C@! K)]! (*! ]6)*! :6),! 5)(! 3):3,K*36)! :(!

*#K3*('()*!X53!Y(5*!`*#(!Q6,K%!fCDh0!$(**(!P.Y6*Pd](!K!&*&!,6)Q6#*&(!#&,(''()*!YK#!5)(!&*5:(!K5*6Y]3X5(!

:(! YK*3()*]! :&,&:&]! :45)! ,K),(#! :(! Y#6]*K*(! (*! X53! ]577d#(! 5)(! 6#373)(! '6)6,%6)K%(! :(]! ,(%%5%(]!

*5'6#K%(]! #(]Y6)]KT%(]! :(]! '&*K]*K](]fAGh0! aK! Y6]]3T3%3*&! :(! :&*(,*(#! (*! :(! X5K)*3Q3(#! %(]! Q6.(#]!

*5'6#K5L!()!Y#&6Y&#K*63#(!,6)]*3*5(!:6),!5)!Y#&R#(X53]! 3):3]Y()]KT%(!K5!:&2(%6YY('()*!:(]!'6:K%3*&]!

:(! *P&#KY3(! Q6,K%(0! $(%K! (]*! :&]6#'K3]! Y6]]3T%(! 7#r,(! K5L! Y#67#d]! :(! %43'K7(#3(! '6:(#)(! YK#! VUN!

'5%*3YK#K'&*#3X5(!,65Y%&(!K5L!T36Y]3(]!:3#37&(]0!<)!(QQ(*W! %4VUN!,65Y%&(!K5L!T36Y]3(]!:3#37&(]!Y6]]d:(!

5)(! ]()]3T3%3*&! (*! 5)(! ]Y&,3Q3,3*&! :(! FDk! (*! MIk! #(]Y(,*32('()*! Y65#! %(! :3K7)6]*3,! :(]! *5'(5#]!

]37)3Q3,K*32(]!:(!Y%5]!:(!@WE,,!:(!26%5'(!KY#d]!,6##&%K*36)!K2(,!%(]!Y3d,(]!6Y&#K*63#(]!:(!Y#6]*K*(,*6'3(]!

*6*K%(]! sCAt0! "(! Y%5]W! %4VUN! K! &7K%('()*! &*&! 2K%3:&(! Y65#! %K! :&*(,*36)! (*! %K! %6,K%3]K*36)! :(]! ,K),(#]!

K)*&#3(5#]! :(! %K! Y#6]*K*(! 3)K,,(]]3T%(]! K5L! T36Y]3(]! ].]*&'K*3]&(! #&K%3]&(]! YK#! 263(! Y6]*&#3(5#(! *#K)]R

#(,*K%(!fAFh0!!

$(,3! K! KT65*3! b! %K! #&K%3]K*36)! :45)! ,6)]()]5]! ]5#! %(]! '6:K%3*&]! :(! #&K%3]K*36)! :(! %4VUN! :3*(!

'5%*3YK#K'&*#3X5(! fVUN'Yh! :(! Y#6]*K*(! (*! ]6)! 3)*(#Y#&*K*36)fDh0\%5]3(5#]! &*5:(]! 6)*! '6)*#&! %4KYY6#*!

Y6*()*3(%! :(! %4VUN'Y! ()! ]3*5K*36)! Y#&T36Y]3X5(! fIWAMhW! ,p(]*RbR:3#(! Y#&:3K7)6]*3X5(W! ()! Y(#'(**K)*!

:4K57'()*(#! %(! *K5L! :(! :&*(,*36)! :(! %&]36)! :3*(! ]37)3Q3K)*(W! (*! &23*K)*! %(! ]5#:3K7)6]*3X5(! :(! %&]36)!

3):6%()*(0!!$(,3!K!)6*K''()*!KT65*3!b!%4K:6Y*36)!:K)]!%(]!#(,6''K):K*36)]!Q#K)uK3](!]5#!%(!:3K7)6]*3,!:5!

,K),(#!:(!%K!Y#6]*K*(!b!3),6#Y6#(#!%4VUN!:K)]!%K!]*#K*&73(!:3K7)6]*3X5(!()!,K]!:(!Y#('3d#(!]&#3(!)&7K*32(!

(*!Y(#]3]*K),(!:(!%K!]5]Y3,36)!,%3)3X5(fB@h0!

>65*(Q63]W!%45*3%3]K*36)!:(!%4VUN'Y!#(X53(#*!5)(!(LY(#*3](!b!%43)*(#Y#&*K*36)0!$(%%(R,3!*3()*!()!YK#*3(!K5!

QK3*!X5(!%(!#&]5%*K*!:(!%4VUN'Y!(]*!#():5!YK#!%(!#K:36%675(!]65]!%K!Q6#'(!:45)!],6#(!23]5(%!:4(]*3'K*36)!fEhf!

1,6#(!:(!a3/(#*!65!],6#(!\3U;"1h!X53W!T3()!X5(!]*K):K#:3]&! W)4KYY6#*(!YK]! %K! #6T5]*(]](!)&,(]]K3#(!b!

%K#7(!:3]]&'3)K*36)!:(!%K!*(,P)3X5(0!!

;3)]3W! %(]! YK#K'd*#(]! X5K)*3*K*3Q]! :(! %43'K7(#3(! Q6),*36))(%%(! Y65##K3()*! KYY6#*(#! 5)(!

#(Y#6:5,*3T3%3*&! 3)*(#! (*! 3)*#K! ,()*#(! :(]! #&]5%*K*]! Q65#)3]! YK#! %4VUN'Y0! 9)(! #(]*#3,*36)! :5! ,6(QQ3,3()*! :(!

:3QQ5]36)! KYYK#()*! f65! ;"$h! ,K%,5%&! K2(,! %4VUN! :(! :3QQ5]36)! K! :&_b! '6)*#&! 5)(! ,6##&%K*36)! ! K2(,! %K!

:&*(,*36)!:(]!Q6.(#]!,K),&#(5L!'K3]!K5]]3!K2(,!%4K7#(]]323*&!:(!%K!'K%K:3(fBCKBIh0!=&K)'63)]W!*65*(]!%(]!

%&]36)]! )(! ]6)*! YK]! :&*(,*&(]! YK#! ,(**(! ,K#*67#KYP3(! ;"$fBEhW! #(Q%&*K)*! K3)]3! %4P&*&#67&)&3*&! :(! %K!

'K%K:3(0!a43'K7(#3(!:(!%K!)&6K)7367()d](!*5'6#K%(!(]*!()!YK#*3(!#&K%3]&(!K2(,!%K!]&X5(),(!:(!Y(#Q5]36)!

f"$<RNUVh! KY#d]! 3)_(,*36)! :45)! K7()*! :(! ,6)*#K]*(fBDh0! a4(]*3'K*36)! 23]5(%%(! YK#! %K! Y#3](! #KY3:(! :(!
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,6)*#K]*(!(*!:K!:&,#63]]K),(!:5!]37)K%!Y(#'(*!:&_b!:(!:&*(,*(#!,(#*K3)(]!%&]36)]fBGh0!NK%7#&!,(%KW!3%!(L3]*(!

:(]!QK5L!Y6]3*3Q]!()!](!TK]K)*!]5#!,(**(!(]*3'K*36)!23]5(%%(0!;3)]3W!%4K)K*6'3(!-6)K%(!:(!%K!Y#6]*K*(!'6)*#(!

:3QQ&#()*! *.Y(! :(! *3]]5! K5! ](3)! :(! %K! 7%K):(fBFh! (*! %K! -6)(! :(! *#K)]3*36)W! )6*K''()*! %6#]X54(%%(! (]*!

K:&)6'K*(5](!Y(5*!Y#&]()*(#!5)(!Y#3](!:(!,6)*#K]*(!*#d]!#KY3:(fGh0!$4(]*!Y65#X563!W)6*#(!KYY#6,P(!23](!b!

&*KT%3#! %(! Y#6Q3%! X5K)*3*K*3Q! :(]! %&]36)! Y#6]*K*3X5(]! ()! 5*3%3]K)*! :(]!'6:d%(]! YPK#'K,6,3)&*3X5(]! ,6))5]!

:K)]!:4K5*#(!6#7K)(]!f'6:d%(!:(!>6Q*W!>6Q*!'6:3Q3&fMhh0!aK)7(#!(*!;%0fBMh!6)*!K3)]3!'6)*#&!5)(!:3QQ&#(),(!

]37)3Q3,K*32(!:(!g*#K)]!f,6)]*K)*(!:(!*#K)]Q(#*!:(!%4K7()*!:(!,6)*#K]*(!:5!,6'YK#*3'()*!2K],5%K3#(!2(#]!%(!

YK#(),P.'(h!()*#(!%(]!,K),(#]!:(!%K!-6)(!Y&#3YP&#3X5(!(*!%(!*3]]5!)6#'K%!:(!,(**(!'`'(!-6)(0!J#K)3(%!(*!

K%0fI@h! 6)*! &*5:3&! 5)(! '6:K%3*&! :(! Y(#Q5]36)! ()! VUN! '6)*#K)*! :(]! :3QQ&#(),(]! '6:(]*(]! ()*#(! *3]]5!

,K),&#(5L!(*!*3]]5!YK*P6%673X5(!'K3]!)6)!,K),&#(5L!fY#6]*K*3*(h0!a46T*()*36)!:(!YK#K'd*#(]!6T_(,*3Q]!:63*!

Y(#'(**#(! %K! :3]*3),*36)! ()*#(! %(]! %&]36)]! ,K),&#(5](]! (*! %(]! %&]36)]! T&)37)(]! KQQ3,PK)*! :(]! ,K#K,*d#(]!

]3'3%K3#(]! :45)! Y63)*! :(! 25(! 23]5(%! 65! ]('3RX5K)*3*K*3Q]fBGh0! "(! 'K)3d#(! K::3*36))(%%(W! )6]! Y#&26.6)]!

:4(LY%6#(#! %4P&*&#67&)&3*&! :(! ,(]! YK#K'd*#(]! ()! Q6),*36)! :(]! %&]36)]0! J#K)3(%! (*! K%0! fICh! 6)*! 3)3*3&! 5)(!

#(,P(#,P(!]5#!%4&,PK)*3%%6))K7(!:45)(!%&]36)!Y65#!()!(L*#K3#(!%(]!26L(%]!'6)*#K)*!%K!Y#3](!:(!,6)*#K]*(W!()!

%(!,6'YK#K)*!b!%43)*&7#K%3*&!:(!%K!%&]36)0!=65]!Q6#'5%6)]!%4P.Y6*Pd](!X545)(!%&]36)!,K),&#(5](!Y#&]()*(#K!

:(]!YK#K'd*#(]!,6##(]Y6):K)*!b! %K!Y(#Q5]36)!Y%5]!P&*&#67d)(!X5(!:5!*3]]5!T&)3)0!$(,3!K!&*&!'6)*#&!()!

3'K7(#3(!:(!:3QQ5]36)!YK#!U6]()/#K)*-!(*!K%0fIAh!)6*K''()*!()!](! Q6,K%3]K)*!]5#! %4()*#6Y3(!:(! %4;"$0!$(!

YK#K'd*#(!)4K!YK]!QK3*!%46T_(*!:45)(!&2K%5K*36)!()!,(!X53!,6),(#)(!%K!Y(#Q5]36)0!!

=6*#(!KYY#6,P(!(]*!6#373)K%(!:K)]!%(!]()]!6v!)65]!&*5:3(#6)]!:(]!YK*3()*]!)(!Y#&]()*K)*!65!)6)!

:5!,K),(#W!Y(#'(**K)*!5)(!K)K%.](!:(]!QK5L!Y6]3*3Q]!:(!%43'K7(#3(0!

!

\65#!*(#'3)(#W!%(!*#K)]Q(#*!:(]!3)Q6#'K*36)]!:(!%4VUN!2(#]!5)(!'6:K%3*&!Y%5]!QK,3%('()*!K,,(]]3T%(!

()!,%3)3X5(!(*!b!7#K):(!&,P(%%(W! %4&,P67#KYP3(W!(]*!5)!()_(5! 3'Y6#*K)*fIBh0!;3)]3W!)65]!K26)]!:&2(%6YY&!

K2(,! =m9! 5)(! Y%K*(Q6#'(! Y5#('()*! %673,3(%%(! :(! #(,K%K7(RQ5]36)! :43'K7(! ()*#(! %4VUN! (*! %4&,P67#KYP3(!

Y#6]*K*3X5(! *#K)]#(,*K%(0! \%5]3(5#]! *.Y(! :(! ].]*d'(]! (L3]*()*! K,*5(%%('()*W! (*! )&,(]]3*()*! 5)!

#&&X53Y('()*! ,6'Y%(*! YK#! :(! %4&,P67#KYP3(! B"! fIIh! 65! 5)(! 'K,P3)(! :&:3&(! ]('3R#6T6*3]&(fIEh0!

a46#373)K%3*&!:5!,6),(Y*!(]*! %(! #(,K%K7(!:(! %4&,P67#KYP3(!]*K):K#:!()!A"!2(#]! %4VUN!()!B"!()!](!TK]K)*!

]5#!5)(!K)K%.](!:(! %K! *(L*5#(!:(]! 3'K7(]0!$(!,6),(Y*!:63*!`*#(!&2K%5&!]5#!:(]!:6))&(]! #&*#6]Y(,*32(]!

K2K)*!:4()23]K7(#!5)(!KYY%3,K*36)!,%3)3X5(0!

!

[B! MTR5L34VE!N5!SG!+5LP5+LP5!
!

a46T_(,*3Q!Y#3),3YK%!:(!,(**(!&*5:(!(]*!:(!Y(#'(**#(!5)(!KYY#6,P(!Y#&%3'3)K3#(!:(]!YK#K'd*#(]!X5K)*3*K*3Q]!

()!Y(#Q5]36)!YK#!VUN!()!Y#&:3K7)6]*3X5(!(*!:4&*5:3(#! %(5#!P&*&#67&)&3*&!K5!](3)!:45)(!#&736)!:43)*&#`*0!V%!

]4K73#K!:4&*KT%3#!%(]!2K%(5#]!,6##(]Y6):K)*(]!b!:3QQ&#()*]!*.Y(]!:(!*3]]5!K5!](3)!:(!%4K)K*6'3(!-6)K%(!:(!%K!

Y#6]*K*(W!YK*P6%673X5(!65!)6)0!$(,3!](#K!'()&!()!3)*#K!(*!3)*(#!YK*3()*!(*!K2(,!:(5L!*.Y(]!:4KYY#6,P(!:(!
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%K! '6:&%3]K*36)! YPK#'K,6,3)&*3X5(! :(! ! %K! Y(#Q5]36)! f! Y%K*(Q6#'(! $<US+L.! (*! =m9R:#63*! ,&:&! Y65#!

%4&*5:(h0!

9)!6T_(,*3Q!](,6):K3#(!(]*!:4&*5:3(#!:(!'K)3d#(!6T_(,*32(!(*!X5K)*3Q3&(! %K!2K%(5#!K_65*&(!YK#! %43)Q6#'K*36)!!

Q65#)3(!YK#!%K!]&X5(),(!:(!Y(#Q5]36)!YK#!#KYY6#*!K5L!]&X5(),(]!K)K*6'3X5(!>A!(*!:(!:3QQ5]36)!f,K#*(!:(!

,6(QQ3,3()*!:(!:3QQ5]36)!KYYK#()*h!]5#!:3QQ&#()*(]!#&736)]!:43)*&#`*0!

"(!'`'(W! %K!Y#&,3]36)!:45)!)652(K5!*.Y(!:(!#(,K%K7(!'5%*3!'6:K%3*&! VUNR&,P67#KYP3(!](#K!&*5:3&(!]5#!

%(]!:6))&(]!#(,5(3%%3(]0!

!

\B! L+435+5E!N]5DGSHG34MC!
!

;Y#d]!*#K3*('()*!:(]!:6))&(]!T#5*(]!VUNW!](#6)*!,K%,5%&]!Y65#!%(]!:3QQ&#()*(]!-6)(]!:(!*3]]5!*5'6#K%!65!

)6)!(*!()!Q6),*36)!:(!%4K)K*6'3(!-6)K%(W!()!](!#&Q&#K)*!K5L!#&]5%*K*]!:(]!T36Y]3(]W!%(]!2K%(5#]!?!

•! $6(QQ3,3()*!:4&,PK)7(!fg*#K)]!()!'3)RChW!!

•! %K!Q#K,*36)!:(!26%5'(!(L*#K,(%%5%K3#(!(L*#KY%K]'K*3X5(!S(!fkhW!!

•! %K!Q#K,*36)!:(!26%5'(!Y%K]'K*3X5(!fkh!

a4K)K%.](!](#K!#&K%3]&(!YK#!#&736)!:43)*&#`*!(*!%K!Y#6]*K*(!()*3d#(0!

a(]! :6))&(]! :(! g*#K)]W! S(! (*! SY! ](#6)*! ()]53*(! *#K3*&(]! Y65#! ()! '(]5#(#! %4P&*&#67&)&3*&! YK#! :(]!

YK#K'd*#(]!:(!:3]Y(#]36)!?!/5#*6]3]W!]/(j)(]]!(*!()*#6Y3(]!(LY#3'&]!:(!'K)3d#(!KT]6%5(0!

!

<)]53*(W!,(]!'`'(]!YK#K'd*#(]!:(!:3]Y(#]36)!](#6)*!,K%,5%&]!Y65#!%(]!]&X5(),(]!>A!(*!%K!,K#*(!;"$0!

!

a4&2K%5K*36)!:5!#(,K%K7(!()*#(!%4&,P67#KYP3(!(*!%4VUN!](#K!KYY#&,3&(!YK#!%(!,K%,5%!()*#(!%43'K7(!]65#,(!(*!

,3T%(!:(!*#63]!YK#K'd*#(]!?!

•! :45)!3):3,(!:(!#(,652#('()*!f3):(L!:(!"3,(h!!

•! !%K!'(]5#(!:(!%4(##(5#!#&]3:5(%%(!()!'3%%3'd*#(!Y65#!:(]!Y63)*]!:(!#(Yd#(]!:43)*&#`*!

•! a(!,K%,5%!:(! %K!:3]*K),(!:(!8K5]:6#QQ!()!'3%%3'd*#(W!,6##(]Y6):K)*!b! %K!:3]*K),(!()*#(! %(]!

,6)*65#]!:(!%K!Y#6]*K*(!KY#d]!#(,K%K7(0!!

!

^B! LMCL5"34MC!N5!SG!+5LP5+LP5!

!

V%! ]4K73*! :45)(! &*5:(! '6)6! ,()*#3X5(! 6T](#2K*36))(%%(! ,6'Y#()K)*! 5)! ](5%! 7#65Y(! :(! YK*3()*0! $PKX5(!

YK*3()*!](#K!]6)!Y#6Y#(!*&'63)0!aK!Y#6]*K*(!(]*!:323]&(!()!:3QQ&#()*(]!#&736)]!:43)*&#`*W!Y#&]()*K)*!65!)6)!

5)(!K)6'K%3(!b!%43'K7(#3(!65!b!%4P3]*6%673(0!!

!

_B! E5S5L34MC!53!5)LSHE4MC!N5E!"5+EMCC5E!N5!SG!+5LP5+LP5!
!

_BU!L#1%<#(!8]12&'7.1$2!8(.!9(#.$22(.!=71!.(!9#e%(2%!f!'0!#(&,(#&,(!
!
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\65#!`*#(!&%373T%(]W!%(]!]5_(*]!:632()*!2&#3Q3(#!%p()]('T%(!:(]!,#3*d#(]!:p3),%5]36)!:&Q3)3]!?!

•! \K*3()*!'K],5%3)W!'K_(5#!

•! \#&]()*(#!5)(!]5]Y3,36)!:(!,K),(#!:(!%K!Y#6]*K*(!Y65#! %(X5(%!5)!*#K3*('()*!(]*!()23]K7&!65!5)(!

#&&2K%5K*36)!:(!,(%53!()!,K]!:(!]5#2(3%%K),(!K,*32(0!

•! ;263#!(5!5)(!]&#3(!:(!T36Y]3(!:(!Y#6]*K*(!&,P6753:&(]!

•! ;263#!(5!!5)(!VUN!Y#6]*K*3X5(!K5!$89!:(!$K()!K2(,!]&X5(),(!:(!Y(#Q5]36)!(*!:3QQ5]36)W!3):3X5&(!

YK#!%(!Y#K*3,3()!#&Q&#()*0!

•! a4VUN!:63*!#&Y6):#(!b!5)!,#3*d#(!:(!X5K%3*&!Y(#'(**K)*!%4(LY%63*K*36)!:(]!:6))&(]!fUKYY6#*!137)K%!

]5#!T#53*!]5QQ3]K)*h0!

!

_BW!L#1%<#(.!8(!2$2@12&'7.1$2! !
!

a(]! ]5_(*]! 2&#3Q3K)*! 5)! ](5%! :(]! ,#3*d#(]! :(! )6)R3),%5]36)! )(! Y(52()*! `*#(! &%373T%(]! Y65#! YK#*3,3Y(#! b! %K!

#(,P(#,P(0!$(]!,#3*d#(]!]6)*!?!

•! >#K3*('()*!K)*&#3(5#!:5!,K),(#!:(!Y#6]*K*(!YK#!#K:36*P&#KY3(!65!8VJ90!

•! >#K3*('()*!()!,65#]W!65!K##`*&!:(Y53]!'63)]!:(!B!'63]W!YK#!5)!3)P3T3*(5#!:(!%K!ERiR#&:5,*K](!

•! \#&]()*(#!5)(!VUN!Y#6]*K*3X5(!:6)*!%(]!,K#K,*&#3]*3X5(]!:(!#&K%3]K*36)!:(]!]&X5(),(]!:(!Y(#Q5]36)!

]6)*!3)(LY%63*KT%(]!Y65#!%(]!,K%,5%]!5%*&#3(5#]0!

!

`B! N5+MHS5?5C3!"+G34QH5!N5!S]53HN5!
!

9)(! ,6)]5%*K*36)! ]Y&,3K%3]&(! ()! 5#6%673(! &*KT%3*! %K! ]5]Y3,36)! :(! ,K),(#! :(! Y#6]*K*(! (*! Y#67#K''(! %(]!

T36Y]3(]W!,6)Q6#'&'()*!K5!]63)!,65#K)*0!a(!YK*3()*!(]*!3)Q6#'&!:(]!'6:K%3*&]!:(!#&K%3]K*36)!:(]!T36Y]3(]!

(*! #(u63*! 5)(! 3)Q6#'K*36)! &,%K3#&(! ]5#! %(! 7(]*(W! %K! #&K%3]K*36)! :(! %4&,P67#KYP3(! YK#! 263(! *#K)]#(,*K%(W! %(]!

T&)&Q3,(]! K**():5]! ()! *(#'(! :(! :3K7)6]*3X5(! (*! %(]! Y6*()*3(%%(]! ,6'Y%3,K*36)]0! a(]! ,6)]37)(]! :(!

Y#&YK#K*36)! :5! 7(]*(! ]6)*! :6))&(]! K5! YK*3()*! YK#! %(! Y#K*3,3()! X53! 3):3X5(! %(! 7(]*(W! :(!'`'(! X5(! %(]!

Y#(],#3Y*36)]! 3)P&#()*(]0! a6#]! :(! %K! #&K%3]K*36)! :5! 7(]*(! :(! T36Y]3(W! 5)(! &,P67#KYP3(! Y#6]*K*3X5(! (]*!

].]*&'K*3X5('()*! #&K%3]&(! ()! *K)*! X5(! YK#*3(! 3)*&7#K)*(! :5! 7(]*(0! a(]! ,%3,P&]! ]6)*! ]K52(7K#:&]! :K)]!

%4KYYK#(3%!:4&,P67#KYP3(!:(!'K)3d#(!].]*&'K*3X5(0!

!9)(!VUN!:(!Y#6]*K*(!K!&*&!Y#(],#3*(!YK#! %(!Y#K*3,3()!()!Q6),*36)!:5!,6)*(L*(!,%3)3X5(0!13!,(%%(R,3!)4K!YK]!

&*&!3):3X5&(!K2K)*!%K!#&K%3]K*36)!:(]!T36Y]3(]W!(%%(!Y65##K!K263#!&*&!#&K%3]&(!5%*&#3(5#('()*!]43%!(L3]*(!5)(!

3):3,K*36)W!)6*K''()*!()!,K]!:(!T3%K)!:4(L*()]36)!65!:(!T36Y]3(!)&7K*32(0!

!

9)(! 3)Q6#'K*36)! 6#K%(! K! &*&! ].]*&'K*3X5('()*! Y#6:375&(! YK#! %(!'`'(!Y#K*3,3()! f$+h! ]5#! %K! Y6*()*3(%%(!

3),%5]36)!:K)]!5)(!&*5:(!(*!%45*3%3]K*36)!:(!%43'K7(#3(!(*!:(]!#&]5%*K*]!:(]!T36Y]3(]0!!

!

H)4+$.5I)$04,'):$.
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!aK!%3]*(!:(]!YK*3()*]!3),%5KT%(]!(]*!:#(]]&(!b!YK#*3#!:(]!K,*(]!#&K%3]&]!:(!T36Y]3(]!:(!Y#6]*K*(!YK#!5)!

YK*#3,3()!:5!](#23,(!f$+h0!

16)*!()]53*(!2&#3Q3&]!%(]!,#3*d#(]!:43),%5]36)!]532K)*!?!

!

L#1%<#(.!8]12&'7.1$2! $71! 2$2!

D:#1>1&0%1$2!8(.!&#1%<#(.!8]:'1A1-1'1%:!&'121=7(@!

.7.91&1$2!8(!&02&(#!
! !

+:.7'%0%.!8(.!-1$9.1(.!8(!9#$.%0%(!I.$12.!&$7#02%J!

81.9$21-'(.!!
! !

"#:.(2&(!8]72(!4+?!;9!#:0'1.:(!07!LPH! ! !

!

UaB!N5EL+4"34MC!N5E!NMCC55E!G!+5LH54SS4+!
!

1(#6)*!#(,5(3%%3(]!?!

a6#]!:(!%K!23]3*(!:(!Y#67#K''K*36)!:(]!T36Y]3(]!?!

! $6),(#)K)*!%(]!:6))&(]!,%3)3X5(]!:5!YK*3()*!

•! a(]!:6))&(]!:&'67#KYP3X5(]!?!r7(!(*!:K*(!:(!)K3]]K),(!

•! aK!2K%(5#!:5!:6]K7(!:5!\1;!Y#&,&:()*!%(]!T36Y]3(]!

•! a4K)*&,&:()*!:(!T36Y]3(!Y#6]*K*3X5(W!%(5#!:K*(!(*!#&]5%*K*]!

•! a(]!:6))&(]!:5!*65,P(#!#(,*K%!

•! a4K)*&,&:()*!:(!*#K3*('()*!3)]*#5'()*K%!Y#6]*K*3X5(!

•! a4K)*&,&:()*!:43)Q(,*36)!5#3)K3#(!

!

$6),(#)K)*!%(]!:6))&(]!:43'K7(#3(!?!

•! a(]! ,%3,P&]! &,P67#KYP3X5(]! #&K%3]&]! Y65#! %(! ]63)W! (LY6#*&]! :(! 'K)3d#(! K)6).'3]&(! K5! Q6#'K*!

"V$+N!

•! a4(LK'()! :4VUN! (*! ](]! :3QQ&#()*(]! ]&X5(),(]W! (LY6#*&]! :(! 'K)3d#(! K)6).'3]&(! K5! Q6#'K*!

"V$+N0!! !

•! UKYY6#*!:5!#K:36%675(W!K)6).'3]&W!!,6),(#)K)*!%4VUN!K2(,!:6](!:(!Y#6:53*!:(!,6)*#K]*(!3)_(,*&0!

!

$6),(#)K)*!%(]!:6))&(]!T36Y]3X5(]!?!

•! a(!],P&'K!:(!T36Y]3(!:(!#65*3)(W!K)6).'3]&W!()26.&!b! %4K)K*6'6YK*P6%673(!Y65#! %4K)K%.](!:(]!

T36Y]3(]0!!

!

;!%K!#&,(Y*36)!:(]!#&]5%*K*]!K)K*6'6YK*P6%673X5(]!f](%6)!%(!Y#6*6,6%(!:(!]63)]!]*K):K#:h!?!

!
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•! aK!Y#&](),(!:(!,K),(#!65!)6)W!()!Q6),*36)!:(!%K!%6,K%3]K*36)!:(]!T36Y]3(]!

•! aK! Y#&](),(! :(! YK*P6%673(! T&)37)(! f;1;\W! =&6Y%K]3(! 3)*#K! &Y3*P&%3K%(W! Y#6]*K*3*(! K375(! 65!

,P#6)3X5(h!

•! aK!%6)75(5#!:(!,PKX5(!T36Y]3(!(*!:5!,K),(#!]3!Y#&]()*!

•! a(!],6#(!P3]*6%673X5(!:(![%(K]6)!

•! $(]!&%&'()*]!]6)*!#(Y6#*&]!]5#!5)(!Q3,P(!K)6).'3]&(!],P&'K*3X5(0!

!

!

UUB!"G+34L4"G34MC!G!S]53HN5!
!

>65*(]! %(]! ,6)]5%*K*36)]!K5#6)*! (5! %3(5!:K)]! %45)3*&! :(]! ,6)]5%*K*36)]!:5! ](#23,(!:45#6%673(!:5!$89!:(!

$K()0!

aK!#&K%3]K*36)!:(]!T36Y]3(]!K5#K!(5! %3(5!K5!$89!:(!$K()W!]63*!K5!)32(K5!:(]!,6)]5%*K*36)]!]63*!K5!T%6,!

6Y&#K*63#(!:5!,P5!:(!$K()!]3!5)(!K)(]*P&]3(!7&)&#K%(!&*K3*!#(X53](0!

a4VUN!:(!Y#6]*K*(!:63*!`*#(!#&K%3]&(!K5!$89!:(!$K()W!](#23,(!:(!#K:36%673(!,6''(!,#3*d#(!:43),%5]36)0!

a(]!:6]K7(]!:5!\1;W!Y#&K%KT%(!b!%43),%5]36)W!Y(52()*!`*#(!#&K%3]&]!:K)]!5)!%KT6#K*63#(!(L*&#3(5#!K5!$890!

!

!

!

UWB!?53PMNMSMF45!N5!3+G435?5C3E!N5E!NMCC55E!4+?!53!+5LGSGF5!
!

=65]!:3]Y6]6)]!K5!](3)!:(! %49NU!DB@C!:(!:3QQ&#()*(]!Y%K*(Q6#'(]!:(!*#K3*('()*! %673,3(%!:(]!]&X5(),(]!

:4VUN0! a(! Y#('3(#! (]*! 5)(! Y%K*(Q6#'(! :&2(%6YY&(! ()! 3)*(#)(! K2(,! :(]! 'K,#6! Y65#! V'K7(! w0! $(**(!

Y%K*(Q6#'(!K!:&_b!Y(#'3]!%4&2K%5K*36)!:(]!YK#K'd*#(]!X5K)*3*K*3Q]!:(!*5'(5#]!:4K5*#(]!6#7K)(]fIDh0!

aK! ](,6):(! Y%K*(Q6#'(! (]*! 5)(! :&2(%6YY&(! YK#! %(!=(j!m6#/!9)32(#]3*.!N(:3,K%!$()*(#W! J3#(26L(%0! a(]!

:#63*]! :45*3%3]K*36)! :(! ,(**(! Y%K*(Q6#'(! ]6)*! ,&:&]! Y():K)*! %K! :5#&(! :(! %K! *Pd](! :(! ],3(),(]! :5! "#! $0!

+#,-./0!

$(! %673,3(%! Y(#'(*! :(! #&K%3](#! :5! #(,K%K7(! ()!'5%*3'6:K%3*&! (*! 3)*#K'6:K%3*&W! )6*K''()*! ()! YK*P6%673(!

Y#6]*K*3X5(!,6''(!,(%K!K!&*&!Y5T%3&!YK#! %43)2(]*37K*(5#!Y#3),3YK%!f+#,-./!(*!;%0!$%3)3,K%!UK:36%67.!A@CBh0!

$(**(!'&*P6:(!:(!#(,K%K7(!K!:6),!:&_b!&*&!&Y#652&(!(*!2K%3:&(!Y65#!#(,K%(#!:(]!:3QQ&#()*(]!]&X5(),(]!

VUN!()*#(!(%%(]!fY(#Q5]36)W!:3QQ5]36)W!>Ah0!

J3#(26L(%!](#K!5*3%3]&!Y65#!,6)]*#53#(!%(]!:3QQ&#()*(]!,K#*(]!X5K)*3*K*32(]!:(!Y(#Q5]36)!](%6)!%(!'6:d%(!:(!

*6Q*!'6:3Q3&0!a4KYY#6,P(!:(!,K%,5%]!:5!'6:d%(!YPK#'K,6,3)&*3X5(!]65]!_K,()*(!K!&*&!2K%3:&(!YK#!%4&X53Y(!

:(!=m9!]5#!:3QQ&#()*]!6#7K)(]!,6''(!%(!Q63(!65!%(!#(3)!fIGWIFh0!

=65]! K26)]! ,P63]3! 5)(!'&*P6:(! 3):323:5K%3]&(! Y65#! &*KT%3#! %K! Q6),*36)! :4()*#&(! K#*&#3(%%(! )&,(]]K3#(! K5!

,K%,5%!:(]!YK#K'd*#(]!X5K)*3*K*3Q]0!

aK!'(]5#(! :(]! YK#K'd*#(]! :4P&*&#67&)&3*&! ]4KYY53(#K! ]5#! %K!'&*P6:6%673(! :&2(%6YY&(! YK#! %4&X53Y(! :(!

=m90!$(%%(R,3! K! :&_b! *(]*&! ,(]! YK#K'd*#(]! ]5#! %(]! ]&X5(),(]! :(! :3QQ5]36)! (*! %K! ]5#*65*! %K! ,K#*67#KYP3(!
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;"$!K2(,!]5,,d]!fIAh0!

!

<)Q3)W! ! 3%!K!&*&!:&2(%6YY&!5)!)652(K5!,6),(Y*!Y65#! #&K%3](#!:(! %K! Q5]36)!:43'K7(! VUNR&,P67#KYP3(!Y65#!

Y(#'(**#(!b!*(#'(!:(!753:(#!Y#&,3]&'()*! %(]!T36Y]3(]!]5#!5)(!%&]36)!Y#&,&:(''()*!:&*(,*&(!()!VUN0!V%!

]4K73*!:45)!)652(K5!,6),(Y*!:K)]!,(**(!3):3,K*36)!Y(#'(**K)*!:(!#&K%3](#!5)!#(,K%K7(!:45)(!3'K7(!A"!()!

&,P67#KYP3(!2(#]!%4VUNW!3'K7(#3(!*#3:3'()]36))(%%(0!a(!#(,K%K7(!]4KYY53(!]5#!%K!*(L*5#(!:(!%43'K7(!(*!]5#!%K!

:&*(#'3)K*36)!:(]!,6)*65#]0!$(**(!'&*P6:6%673(!K!&*&!3'Y%&'()*&(!:K)]!J3#(26L(%0!

!

!
!
!

UYB!E3G34E34QH5E!
!

aK!Y#('3d#(!&*KY(!,6)]3]*(#K!b!5)(!K)K%.](!:(],#3Y*32(!:(]!#&]5%*K*]0!

V%!(]*!Y#&25!:(!#&K%3](#!5)(!K)K%.](!]*K*3]*3X5(!()!5*3%3]K)*!%(!%673,3(%!U!fS3())(W!;5*#3,P(h0!aK!]37)3Q3,K*323*&!

:(]!#&]5%*K*]!(]*!KYY#&,3&(!b!Yx@W@E0!

\65#! ,PKX5(! YK*3()*W! 5)! ,65Y%(! :(! ! :6))&(! X5K)*3*K*32(! ](#K! &:3*&! Y65#! ,PKX5(! YK#K'd*#(! &*5:3&! ()!

Q6),*36)! :45)(! 2K#3KT%(! T3)K3#(! f,K),(#! 65! KT](),(! :(! ,K),(#h0! $(]! YK3#(]! :(! 2K#3KT%(]! ,6)*3)5(]!

X5K)*3*K*32(]! fg*#K)]W!S(W!SYW!1/(j)(]]W!<)*#6Y3(W!g5#*6]3]h! ](#6)*! ,6'YK#&(]! ()! 5*3%3]K)*! 5)! *(]*! (.:(!

1*5:()*!Y65#!]&#3(!KYYK#3&(]!()!,K]!:(!)6#'K%3*&!:(!%K!:3]*#3T5*36)!f2&#3Q3&(!YK#!5)!*(]*!:(!1PKY3#6!y3%/h0!

"K)]!%(!,K]!,6)*#K3#(!5)!*(]*!:(]!#K)7]!]37)&]!:(!y3%,6L6)!](#K!5*3%3]&0!

!

9)(! K)K%.](! :(! 2K#3K),(! ](#K! 5*3%3]&(! Y65#! &*5:3(#! %(! ,6'Y6#*('()*! :(! ,PKX5(! YK#K'd*#(! X5K)*3*K*3Q!

,6)*3)5! :43'K7(#3(! ()! Q6),*36)! :(! %4P3]*6%673(! f,K),(#! K7#(]]3QW! ,K),(#! Y(5! K7#(]]3QW! ,K),(#! :(! %K! -6)(!

Y&#3YP&#3X5(W!,K),(#!:(!%K!-6)(!:(!*#K)]3*36)W!Y#6]*K*3*(W!K:&)6'(W!*3]]5!)6#'K%h0!

!

9)(!#&7#(]]36)!%673]*3X5(!'5%*3)6'3K%(!](#K!()]53*(!(QQ(,*5&(!Y65#!'6:&%3](#!%4K]]6,3K*36)!:(]!:3QQ&#()*]!

YK#K'd*#(]! X5K)*3*K*3Q]! :43'K7(#3(! K2(,! %(]! 2K#3KT%(]! X5K%3*K*32(]! K2(,! 5)(! 2K%(5#! ,%3)3X5(! f,K),(#!

K7#(]]3QW!,K),(#!Y(5!K7#(]]3QW!,K),(#!:(!%K!-6)(!Y&#3YP&#3X5(W!,K),(#!:(!%K!-6)(!:(!*#K)]3*36)h0!

!

@+40,4.5,.$:9>-&.5&./+()&$('.C.)$04,-&.J.

a(!)6'T#(!:(!YK*3()*]!b!3),%5#(!(]*!,K%,5%&!Y65#!K263#!5)(!:3QQ&#(),(!]37)3Q3,K*32(!]5#!%46T_(,*3Q!Y#3),3YK%0!V%!

(]*!:&,3:&!:(!Y#323%&73(#!5)(!:3QQ&#(),(!]37)3Q3,K*32(!]5#!%K!'(]5#(!:5!g*#K)]!X53!(]*!%K!Y3(##(!K)75%K3#(!:5!

'6:d%(!:(!>6Q*!'6:3Q3&!X5(!)65]!5*3%3](#6)]!Y65#!'6:&%3](#!%K!Y(#Q5]36)!()!VUN0!

!

;3)]3W! :4KY#d]! :(]! :6))&(]! :(! %K! %3**&#K*5#(! faK)7(#! (*! K%0! UK:36%67.! A@C@fBMhhW! %K! 2K%(5#! :5!g*#K)]! ()!

-6)(! Y&#3YP&#3X5(! )6#'K%(! &*K3*! :(! @0AE! '3)RC! (*! Y65#! 5)! ,K),(#! :(! %K! -6)(! Y&#3YP&#3X5(! fG@k! :(]!

,K),(#]!:(!%K!Y#6]*K*(h!:(!@0B@!'3)RC0!a4&,K#*!*.Y(!,6''5)!&*K3*!@0@I0!;3)]3W!Y65#!6T](#2(#!5)(!:3QQ&#(),(!

]37)3Q3,K*32(!()*#(!%(]!'6.())(]!:(!,(]!:(5L!2K%(5#]!K5!#3]X5(!iz@0@E!(*!b!%K!Y53]]K),(!CR{z@0M!(*!Y65#!
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5)! *(]*! T3%K*&#K%W! %(! )6'T#(! :(! ,K]! b! &*5:3(#! (]*! :(! CI! :K)]! ,PKX5(! 7#65Y(W! ,PKX5(! YK*3()*! &*K)*! ]6)!

Y#6Y#(!*&'63)!f%&]36)!(*!-6)(!]K3)(!K5!](3)!:(! %K!'`'(!7%K):(h0!=65]!:(26)]!:6),! 3),%5#(!CI!YK*3()*]!

Y#&]()*K)*! 5)! ,K),(#0! +#! %(! *K5L! :(! :&*(,*36)! :(! ,K),(#! :(! %K! Y#6]*K*(! K5! $89! :(! $K()! :K)]! %K!

Y6Y5%K*36)!,3T%(!:(!)6*#(!&*5:(!(]*!:(!EFk!f>Pd](!:(!"6,*6#K*!:(!N&:(,3)(W!"#!$%&'()*!+#,-./h0!V%!QK5*!

:6),!3),%5#(!AE!YK*3()*]0!

!

!!

!

UZB!N+M43E!N]GLL5E!GH)!NMCC55E!53!NMLH?5C3E!EMH+L5E!
.

$6)Q6#'&'()*!b! %K! %63! 3)Q6#'K*3X5(!(*! %3T(#*&]!(*!b! %K! %63!)|!A@@ARB@B!:5!I!'K#]!A@@AW! %(!YK*3()*!Y65##K!

(L(#,(#! b! *65*!'6'()*! ]6)! :#63*! :4K,,d]! (*! :(! #(,*3Q3,K*36)! K5L! :6))&(]! #(,5(3%%3(]0! a(!$89! :(!$K()!

*3():#K!3)Q6#'&!%(]!YK*3()*]!:(]!#&]5%*K*]!7%6TK5L!:(!,(**(!U(,P(#,P(!b!%K!Q3)!:(!%4&*5:(0!

!

!

U[B!LMCE4N5+G34MCE!53P4QH5E!
.

K&9+$5&.57+%)'.+,.@22.L:-5.M,&'(.

$(!Y#6_(*!:(!U(,P(#,P(!)(!,6##(]Y6):!YK]!b!5)(!}!U(,P(#,P(!l36'&:3,K%(!~!K5!]()]!:(!%4K#*3,%(!a0!CCACR

C!:5!,6:(!:(!%K!]K)*&!Y5T%3X5(!f%63!)|!A@@IRF@D!:5!M!K6�*!A@@I!K3)]3!X5(!:(!%4K#*3,%(!U0!CCACRC!:5!:&,#(*!

)|! A@@DRIGG! :5! ADH@IHA@@Dh0! a(! Y#6*6,6%(! (*! %(! :6,5'()*! :43)Q6#'K*36)! K5! YK*3()*! ](#6)*! ]65'3]W! Y65#!

3)Q6#'K*36)W!K5!!$6'3*&!:(!\#6*(,*36)!:(]!\(#]6))(]!=6#:!+5(]*!VVV0!

!

U\B!3+G435?5C3!N5E!NMCC55E!53!LMCE5+DG34MC!N5E!NMLH?5C3E!53!N5E!
NMCC55E!+5SG34D5E!G!SG!+5LP5+LP5!

.

K&9+$5&.57+,(:-)'+():$.@L#N./:,-.4&.(-+)(&9&$(.5&.5:$$8&'.+,(:9+()'8&'.J..

a(]! #(,P(#,P(]! T36'&:3,K%(]! #(%(2K)*! 65! )6)! :(! %4K#*3,%(! a! CCACRC! Y#6:53]()*! :(! %43)Q6#'K*36)! b! 23]&(!

],3()*3Q3X5(0!$(]!3)Q6#'K*36)]!:3#(,*('()*!65!3):3#(,*('()*!)6'3)K*32(]!(*!,6:&(]!()*#()*!:K)]!5)!,K:#(!

%&7K%!:(!Q6),*36))('()*!:(]!Q3,P3(#]!fa63!)|!GFRCG!:5!D!_K)23(#!CMGF!(*!%63!)|!MIREIF!:5!C(#!_53%%(*!CMMIh0!

aK!'3](!()!Ä52#(!:45)!*#K3*('()*!K5*6'K*3]&!:(!:6))&(]!K.K)*!Y65#!Q3)!%K!#(,P(#,P(!:K)]!%(!:6'K3)(!:(!

%K! ]K)*&! (]*! ]65'3]! b! %4K23]! :45)! $6'3*&! $6)]5%*K*3Q! ]5#! %(! >#K3*('()*! :4V)Q6#'K*36)! ()! 'K*3d#(! :(!

U(,P(#,P(! :K)]! %(! :6'K3)(! :(! %K! 1K)*&! f$$>VU1h! Y#&K%KT%('()*! b! %4K5*6#3]K*36)! :(! %K! $6''3]]36)!

V)Q6#'K*3X5(!(*!:(]!a3T(#*&]!f$=Vah0!aK!'3](!()!Ä52#(!:45)!*#K3*('()*!K5*6'K*3]&!:(!:6))&(]!K.K)*!Y65#!

Q3)! %K! #(,P(#,P(! :K)]! %(! :6'K3)(! :(! %K! ]K)*&! ](#K! ]65'3](! b! %4K23]! :45)! $6'3*&! $6)]5%*K*3Q! ]5#! %(!

>#K3*('()*!:4V)Q6#'K*36)!()!'K*3d#(!:(!U(,P(#,P(!:K)]!%(!:6'K3)(!:(!%K!1K)*&!f$$>VU1h0!

a4&*5:(!6T](#2K*36))(%%(!X5(!)65]!Y#6Y6]6)]!)4()*#KÅ)(!K5,5)!]5#,6�*!'&:3,K5L!65!YK#K'&:3,K5L0!<%%(!

]43)*d7#(!:K)]!%(]!Y#K*3X5(]!:(!]63)]!PKT3*5(%%(]!K2(,!5)!]5323!,%K]]3X5(!,%3)3X5(!(*!T36%673X5(0!
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!

U^B!+5FS5E!N5!"HTS4LG34MCE!!
!

a(]!#d7%(]!:(!Y5T%3,K*36)!:(!%4K#*3,%(!],3()*3Q3X5(!]6)*!%(]!]532K)*(]!fh?!!

O:,(&. /&-':$$&. 58')*$8&. &$. (+$(. ;,7+,(&,-. 5:)(. &$. +%:)-. 4+. 0:9/8(&$0&!?! $PKX5(! K5*(5#! :63*! K263#!

]5QQ3]K''()*!YK#*3,3Y&!K5!*#K2K3%!Y65#!Y#():#(!%K!#(]Y6)]KT3%3*&!Y5T%3X5(!:(!*65*!65!YK#*3(!:(!]6)!,6)*()50!

aK!,#&:3T3%3*&!:(!%K!YK*(#)3*&!:(!%4K#*3,%(!(]*!Q6):&(!]5#!:(]!,6)*#3T5*36)]!(]]()*3(%%(]!?!

R! $6),(Y*36)!(*!'&*P6:(!(*H65!K)K%.](!(*!3)*(#Y#&*K*36)!:(]!#&]5%*K*]!

R! U&:K,*36)!:(!%4K#*3,%(!65!#&23]36)]!,#3*3X5(]!K2(,!YK#*3,3YK*36)!3'Y6#*K)*(!K5!,6)*()5!3)*(%%(,*5(%!

R! ;YY#6TK*36)!Q3)K%(!:(!%K!2(#]36)!Y5T%3&(!

M-5-&.57+//+-)():$.5&'.+,(&,-'.P)$%&'()*+(&,-P'Q.0::-5)$+(&,-P'QE.98(6:5:4:*)'(&E.)$%&'()*+(&,-'./-)$0)/+,R.

5&'.0&$(-&'. )9/4);,8'Q!?!a46#:#(! *3():#K!,6'Y*(!:(! %K!YK#*3,3YK*36)!:(]!:3QQ&#()*]! 3)2(]*37K*(5#]!b! %4(]]K3!

f)6'T#(!:(!YK*3()*]!3),%5]!(*!&2K%5KT%(]h!(*!:(!,(5L!X53!23():#K3()*!KYY6#*(#!5)(!,6)*#3T5*36)!]37)3Q3,K*32(!

K5!,65#]!:(!]6)!:&#65%('()*0!

G$&.9&$():$.)$5);,&-+.5&.47:-)*)$&.5,.S)$+$0&9&$(0!

<)! ,K]! :4&*5:(]! K))(L(]W! %(]! #&]5%*K*]! :(! ,(%%(]R,3! )(! Y65##6)*! `*#(! Y5T%3&]! X54K2(,! %4K,,6#:! :(]!

3)2(]*37K*(5#]!Y#3),3YK5L!(*!:5!'&*P6:6%673]*(W!(*!5)3X5('()*!KY#d]!Y5T%3,K*36)!:(!%4&*5:(!Y#3),3YK%(!X53!

:(2#K!`*#(!,3*&(0!

a43)2(]*37K*(5#! ,66#:3)K*(5#! ]37)(#K! %K! 2(#]36)! Q3)K%(! :5! #KYY6#*! :4(]]K3! ,%3)3X5(! Y65#! ,(**(! &*5:(W!

3):3X5K)*!YK#!%b!]6)!K,,6#:!K2(,!%(]!K)K%.](]W!%(]!#&]5%*K*]!(*!%(]!,6),%5]36)]!:5!#KYY6#*0!

a4&*5:(! (*! ](]! #&]5%*K*]! ]6)*! %K! Y#6Y#3&*&! (L,%5]32(! :5! $()*#(! 86]Y3*K%6R9)32(#]3*K3#(! :(! $K()! (*! %(]!

3)2(]*37K*(5#]!]6)*!*()5]W!](%6)!%(]!*(#'(]!:(!%K!%63W!K5!](,#(*!Y#6Q(]]36))(%0!

a4K)K%.](!:(]!#&]5%*K*]!Q(#K!%46T_(*!:(!,6''5)3,K*36)]!:K)]!%(]!,6)7#d]!(*!:(!Y5T%3,K*36)]0!

a(! *(L*(! :(]! Y5T%3,K*36)]! (*! :(]! ,6''5)3,K*36)]! ](#K! :3],5*&! K2(,! %4()]('T%(! :(]! 3)2(]*37K*(5#]!

YK#*3,3YK)*]!b!%4(]]K30!!

!

U_B!T4TS4MF+G"P45!
!

a(]!#&Q&#(),(]!T3T%367#KYP3X5(]!](#6)*!,3*&(]!:K)]!%46#:#(!:4KYYK#3*36)!:K)]!%(!*(L*(!(*!:632()*!#(]Y(,*(#!

%(]!#d7%(]!:4&,#3*5#(!]532K)*(]!?!!

!

!

!

C0!! 86:7(!ggW!N,=(K%!w<W!1*K'(.!>;0!9%*#K]65):!753:(:!*#K)]#(,*K%!,6#(!T36Y]3(]!6Q!*P(!YK%YKT%.!
KT)6#'K%!Y#6]*K*(0!w!9#6%0!CMFM!w5%nCIAfCh?DDoG@0!!

A0!! 1,P#6:(#!J8W!8576]]6)!wW!U66T6%!NwW!>K''(%K!>aW!$3K**6!1W!=(%()!SW!(*!K%0!1,#(()3)7!K):!

Y#6]*K*(R,K),(#!'6#*K%3*.!3)!K!#K):6'3-(:!<5#6Y(K)!]*5:.0!=!<)7%!w!N(:0!A@@MnBD@?CBA@oF0!!
B0!! U6]()/#K)*-!;lW!>K)(_K!110!>K#7(*(:!Y#6]*K*(!T36Y].?!6YY6#*5)3*3(]!K):!,PK%%()7(]!3)!*P(!(#K!6Q!

'5%*3YK#K'(*#3,!Y#6]*K*(!'K7)(*3,!#(]6)K),(!3'K73)70!w!9#6%0!A@CA!+,*nCFFfIh?C@GAoB0!!

I0!! 8KQQ)(#!wW!a('K3*#(!aW!\5(,P!\W!8KT(#![R\W!a(#6.!ZW!w6)(]!w1W!(*!K%0!U6%(!6Q!'K7)(*3,!#(]6)K),(!

3'K73)7!T(Q6#(!3)3*3K%!T36Y].?!,6'YK#3]6)!6Q!'K7)(*3,!#(]6)K),(!3'K73)7R*K#7(*(:!K):!].]*('K*3,!T36Y].!
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Q6#!]37)3Q3,K)*!Y#6]*K*(!,K),(#!:(*(,*36)0!lw9!V)*!sV)*(#)(*t0!A@CC!NK#!AA!s,3*(:!A@CC!NK#!AItn!;2K3%KT%(!

Q#6'?!P**Y?HHjjj0),T30)%'0)3P0762HY5T'(:HACIADIGE!
E0!! U6]()/#K)*-!;lW!g3'!1W!a3'!U\W!83):'K)!=W!"()7!JRNW!lKTT!w1W!(*!K%0!\#6]*K*(!$K),(#!

a6,K%3-K*36)!9]3)7!N5%*3YK#K'(*#3,!NU!V'K73)7?!$6'YK#3]6)!6Q!\#6]*K*(!V'K73)7!U(Y6#*3)7!K):!"K*K!

1.]*('!f\VRU;"1h!K):!a3/(#*!1,K%(]0!UK:36%67.0!A@CB!w5)!A@n!!
D0!! "3,/3)]6)!aW!;P'(:!89W!;%%()!$W!lK#()*]-!w+W!$K#(.!lW!J5**(#(#!wwW!(*!K%0!NK7)(*3,!#(]6)K),(!

3'K73)7!Q6#!*P(!:(*(,*36)W!%6,K%3]K*36)W!K):!,PK#K,*(#3]K*36)!6Q!Y#6]*K*(!,K),(#?!#(,6''():K*36)]!Q#6'!K!

<5#6Y(K)!,6)]()]5]!'((*3)70!<5#!9#6%0!A@CC!;Y#nEMfIh?IGGoMI0!!

G0!! U6]()/#K)*-!;lW!>K)(_K!110!UK:36%673]*W!T(!KjK#(?!*()!Y3*QK%%]!*PK*!,6)Q65):!*P(!3)*(#Y#(*K*36)!6Q!
'5%*3YK#K'(*#3,!Y#6]*K*(!NUV0!;wU!;'!w!U6()*7()6%0!A@CI!wK)nA@AfCh?C@MoA@0!!

F0!! SK)!=3(/(#/!$[W!y3*_(]!w;W!lK#()*]-!w+W!2K)!:(#!aKK/!w;yNW!85%]T(#7()R2K)!:(!gKK!$;0!

N3,#62K],5%K#3*.!3)!*#K)]3*36)!-6)(!Y#6]*K*(!*5'6#]!#(]('T%(]!)6#'K%!Y#6]*K*3,!*3]]5(0!>P(!\#6]*K*(0!
A@CBnGBfEh?IDGoGE0!!

M0!! >6Q*]!\1W!l#3L![W!l5,/%(.!"aW!<2(%P6,P!waW!8():(#]6)!<W!g)6YY!NSW!(*!K%0!<]*3'K*3)7!/3)(*3,!

YK#K'(*(#]!Q#6'!:.)K'3,!,6)*#K]*R()PK),(:!>fChRj(37P*(:!NUV!6Q!K!:3QQ5]KT%(!*#K,(#?!]*K):K#:3-(:!
X5K)*3*3(]!K):!].'T6%]0!w!NK7)!U(]6)!V'K73)70!CMMM!1(YnC@fBh?AABoBA0!!

C@0!! $#65-(*!10!g\0!<*5:(!:(]!2K#3K*36)]!:(!%43),3:(),(!(*!:(!%43),3:(),(!YK#!]*K:(!:(]!,K),(#]!:(!

Y#6]*K*(!()!J#K),(!b!YK#*3#!:(!E!,()*#(]0!A@@F0!!

CC0!! 86:7(!ggW!N,=(K%!w<W!>(##3]!NgW!1*K'(.!>;0!UK):6'!].]*('K*3,!2(#]5]!:3#(,*(:!5%*#K]65):!
753:(:!*#K)]#(,*K%!,6#(!T36Y]3(]!6Q!*P(!Y#6]*K*(0!w!9#6%0!CMFM!w5%nCIAfCh?GCoIn!:3],5]]36)!GIoE0!!

CA0!! =6%:5]!wW![#K(Q()!NW!8K(](!;W!8()/(!U\W!8K''(#(#!\W!85%K):!80!1*K7(!'37#K*36)!3)!,%3)3,K%%.!

%6,K%3-(:!Y#6]*K*(!,K),(#0!<5#6Y(K)!5#6%67.0!A@@@nBFfCh?GIoF0!!
CB0!! =(YY%R85T(#!$W!ÇKYYK!NW!$6(T(#7P!wyW!UKY3*3!<W!UK,P*K)!wW!86%%(,-(/!lW!(*!K%0!$PK)7(]!3)!

3),3:(),(W!]5#232K%!K):!'6#*K%3*.!6Q!Y#6]*K*(!,K),(#!3)!<5#6Y(!K):!*P(!9)3*(:!1*K*(]!3)!*P(!\1;!(#K?!

K::3*36)K%!:3K7)6](]!K):!K263:(:!:(K*P]0!;))!+),6%0!A@CA!NK.nABfEh?CBAEoBI0!!

CI0!! 1,P#É:(#!J8W!8576]]6)!wW!U66T6%!NwW!>K''(%K!>awW!$3K**6!1W!=(%()!SW!(*!K%0!\#6]*K*(R,K),(#!
'6#*K%3*.!K*!CC!.(K#]!6Q!Q6%%6jR5Y0!=!<)7%!w!N(:0!A@CA!NK#!CEnBDDfCCh?MFCoM@0!!

CE0!! 1*K'(.!>;W!mK)7!=W!8K.!;UW!N,=(K%!w<W!J#(3PK!J1W!U(:j3)(!<0!\#6]*K*(R]Y(,3Q3,!K)*37()!K]!K!

](#5'!'K#/(#!Q6#!K:()6,K#,3)6'K!6Q!*P(!Y#6]*K*(0!=!<)7%!w!N(:0!CMFG!+,*!FnBCGfCEh?M@MoCD0!!
CD0!! 1*K'(.!>;W!J#(3PK!J1W!N,=(K%!w<W!U(:j3)(!<;W!yP3**('6#(!;1W!1,P'3:!8\0!a6,K%3-(:!Y#6]*K*(!

,K),(#0!U(%K*36)]P3Y!6Q!*5'6#!26%5'(!*6!,%3)3,K%!]37)3Q3,K),(!Q6#!*#(K*'()*!6Q!Y#6]*K*(!,K),(#0!$K),(#0!

CMMB!J(T!CnGCfB!15YY%h?MBBoF0!!
CG0!! <Y]*(3)!wVW!yK%]P!\$W!$K#'3,PK(%!NW!l#():%(#!$l0!\K*P6%673,!K):!$%3)3,K%!J3):3)7]!*6!\#(:3,*!

>5'6#!<L*()*!6Q!=6)YK%YKT%(!f1*K7(!>C!,h!\#6]*K*(!$K),(#0!w;N;?!>P(!w65#)K%!6Q!*P(!;'(#3,K)!N(:3,K%!

;]]6,3K*36)0!CMMI!J&2#3(#nAGCfEh?BDFoGI0!!

CF0!! <Y]*(3)!wV0!\#67)6]*3,!]37)3Q3,K),(!6Q!*5'6#!26%5'(!3)!#K:3,K%!Y#6]*K*(,*6'.!K):!)((:%(!T36Y].!
]Y(,3'()]0!w!9#6%0!A@CC!1(YnCFDfBh?GM@oG0!!

CM0!! g%6*-!aW!ÇPK)7!aW!aK'!;W!=K'!UW!NK'(:62!;W!a6T%Kj!;0!$%3)3,K%!#(]5%*]!6Q!%6)7R*(#'!Q6%%6jR5Y!6Q!

K!%K#7(W!K,*32(!]5#2(3%%K),(!,6P6#*!j3*P!%6,K%3-(:!Y#6]*K*(!,K),(#0!w!$%3)!+),6%0!AF?CADoBC0!!
A@0!! $K#*(#!8lW!g(**(#'K))!;W!yK#%3,/!$W!N(**(#!<wW!aK):3]!\W!yK%]P!\$W!(*!K%0!<LY(,*K)*!

'K)K7('()*!6Q!Y#6]*K*(!,K),(#!j3*P!,5#K*32(!3)*()*?!K)!5Y:K*(!6Q!*P(!w6P)]!86Y/3)]!(LY(#3(),(0!w!9#6%0!

A@@GnCGF?ABEMoDIn!:3],5]]36)!ABDIoE0!!
AC0!! "5QQ3(%:!;1W!a((!>gW!N3.K'6*6!8W!$K#*(#!8lW!<Y]*(3)!wV0!UK:3,K%!Y#6]*K*(,*6'.!Q3):3)7]!3)!YK*3()*]!

3)!jP6'!K,*32(!]5#2(3%%K),(!6Q!Y#6]*K*(!,K),(#!QK3%]0!w!9#6%0!A@@MnCFA?AAGIoF0!!

AA0!! +5--K)(!;W!\5(,P!\W!a('K3*#(!aW!a(#6.!ZW!=(265L!\W!l(*#65)3!=W!(*!K%0!$6'T3)(:!N5%*3YK#K'(*#3,!

NUV!K):!>K#7(*(:!l36Y]3(]!V'Y#62(!;)*(#36#!\#6]*K*(!$K),(#!"(*(,*36)W!1*K73)7W!K):![#K:3)70!9#6%67.0!
A@CC!"(,nGFfDh?CBEDoDA0!!

AB0!! 1,P3QQ'K))!wW!$6))K)!wW!1K%6'6)![W!l6(P'!gW!l(.(#!lW!1,P%6''!>W!(*!K%0!>5'6#!26%5'(!3)!

3)]37)3Q3,K)*!Y#6]*K*(!,K),(#?!V),#(K]3)7!*P#(]P6%:!7K3)]!3),#(K]3)7!#3]/0!\#6]*K*(0!A@CI!+,*!In!!
AI0!! l65.(!1W!\6*3#6)!<W!\5(,P!\W!a(#6.!ZW!a('K3*#(!aW!S3%%(#]!;0!>#K)]3*36)!-6)(!K):!K)*(#36#!]*#6'K%!

Y#6]*K*(!,K),(#]?!-6)(!6Q!6#373)!K):!3)*#KY#6]*K*3,!YK**(#)]!6Q!]Y#(K:!K*!P3]*6YK*P6%67.0!\#6]*K*(0!

A@@MnDM?C@EoCB0!!

AE0!! 8KQQ)(#!wW!\6*3#6)!<W!l65.(!1W!\5(,P!\W!a(#6.!ZW!a('K3*#(!aW!(*!K%0!\(#3YP(#K%!-6)(!Y#6]*K*(!
,K),(#]?!%6,K*36)!K):!3)*#KY#6]*K*3,!YK**(#)]!6Q!]Y#(K:!K*!P3]*6YK*P6%67.0!\#6]*K*(0!A@@MnDM?AGDoFA0!!

AD0!! S3%%(#]!;W!N,=(K%!w<W!J#(3PK!J1W!1*K'(.!>;0!N5%*3Y%(!,K),(#]!3)!*P(!Y#6]*K*(0!N6#YP6%673,!

Q(K*5#(]!6Q!,%3)3,K%%.!#(,67)3-(:!2(#]5]!3),3:()*K%!*5'6#]0!$K),(#0!CMMAnG@?ABCBoF0!!
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AG0!! a35!yW!aK3*3)()!1W!gPK)!1W!S3P3)()!NW!g6jK%]/3!wW!m5![W!(*!K%0!$6Y.!)5'T(#!K)K%.]3]!3):3,K*(]!

'6)6,%6)K%!6#373)!6Q!%(*PK%!'(*K]*K*3,!Y#6]*K*(!,K),(#0!=K*!N(:0!A@@M!NK.nCEfEh?EEMoDE0!!
AF0!! a('K3*#(!aW!\5(,P!\W!\6),(%(*!<W!l65.(!1W!a(#6.!ZW!l3](#*(!wW!(*!K%0!".)K'3,!,6)*#K]*R()PK),(:!

NUV!6Q!K)*(#36#!Y#6]*K*(!,K),(#?!'6#YP6'(*#3,!K]](]]'()*!K):!,6##(%K*36)!j3*P!#K:3,K%!Y#6]*K*(,*6'.!

Q3):3)7]0!<5#!UK:36%0!A@@MnCM?IG@oF@0!!
AM0!! y.]6,/!w1W!U6]()/#K)*-!;lW!85K)7!y$W!1*3Q(%'K)!N"W!a(Y6#!8W!"()7!JRNW!(*!K%0!;!\#6]Y(,*32(W!

l%3):(:!$6'YK#3]6)!6Q!NK7)(*3,!U(]6)K),(!fNUh!V'K73)7o9%*#K]65):!J5]36)!K):!S3]5K%!<]*3'K*36)!3)!

*P(!\(#Q6#'K),(!6Q!NUR*K#7(*(:!\#6]*K*(!l36Y].?!>P(!\U+J91!>#3K%0!<5#6Y(K)!9#6%67.!sV)*(#)(*t0!s,3*(:!

A@CB!=62!AMtn!;2K3%KT%(!Q#6'?!P**Y?HHjjj0],3(),(:3#(,*0,6'H],3(),(HK#*3,%(HY33H1@B@AAFBFCB@CCFDZ!
B@0!! 1K%6'6)!aW!lK]*3:(!$W!l(5-(T6,!\W!$6#'3(#!aW!J#6'6)*![W!8())(X53)!$W!(*!K%0!U(,6''K):K*36)]!

()!6),6R5#6%673(!A@CB!:5!$$;J9Ñ?!$K),(#!:(!%K!Y#6]*K*(0!\#67#d]!()!9#6%673(0!A@CB!=62nABW!15YY%('()*!

A?1DMoC@C0!!
BC0!! 8K'T#6,/!>W!16'Q6#:!"NW!853]'K)!8wW!2K)!+6#*!VNW!y3*_(]!w;W!85%]T(#7()R2K)!:(!gKK!$;W!(*!K%0!

U(%K*36)]P3Y!T(*j(()!;YYK#()*!"3QQ5]36)!$6(QQ3,3()*]!K*!B0@R>!NU!V'K73)7!K):![%(K]6)![#K:(!3)!

\(#3YP(#K%!Ç6)(!\#6]*K*(!$K),(#0!UK:36%67.!sV)*(#)(*t0!A@CC!"(,!CI!s,3*(:!A@CA!NK#!AFtn!;2K3%KT%(!Q#6'?!
P**Y?HHjjj0),T30)%'0)3P0762HY5T'(:HACI@DDBB!

BA0!! 8K'T#6,/!>W!16'Q6#:!"NW!853]'K)!8wW!2K)!+6#*!VNW!y3*_(]!w;W!85%]T(#7()R2K)!:(!gKK!$;W!(*!K%0!

U(%K*36)]P3Y!T(*j(()!KYYK#()*!:3QQ5]36)!,6(QQ3,3()*]!K*!B0@R>!NU!3'K73)7!K):![%(K]6)!7#K:(!3)!Y(#3YP(#K%!

-6)(!Y#6]*K*(!,K),(#0!UK:36%67.0!A@CC!NK.nAEMfAh?IEBoDC0!!
BB0!! S(#'K!1W!UK_(]P!;W!N6#K%(]!8W!a('()!aW!l3%%]![W!"(%j6#*P!NW!(*!K%0!;]](]]'()*!6Q!

;77#(]]32()(]]!6Q!\#6]*K*(!$K),(#?!$6##(%K*36)!6Q!;YYK#()*!"3QQ5]36)!$6(QQ3,3()*!y3*P!83]*6%673,![#K:(!

;Q*(#!UK:3,K%!\#6]*K*(,*6'.0!;'(#3,K)!w65#)K%!6Q!U6()*7()6%67.0!A@CC!wK)!ACnCMDfAh?BGIoFC0!!
BI0!! >5#/T(.!lW!1PKP!S\W!\K)7!mW!l(#)K#:6!NW!Z5!1W!g#5(,/(#!wW!(*!K%0!V]!KYYK#()*!:3QQ5]36)!,6(QQ3,3()*!

K]]6,3K*(:!j3*P!,%3)3,K%!#3]/!],6#(]!Q6#!Y#6]*K*(!,K),(#]!*PK*!K#(!23]3T%(!6)!BR>!NU!3'K7(]Ö!UK:36%67.0!

A@CC!J(TnAEFfAh?IFFoME0!!

BE0!! U6]()/#K)*-!;lW!N():#3)6]!1W!lKTT!w1W!>K)(_K!110!\#6]*K*(!$K),(#!J6,3!"(*(,*(:!6)!
N5%*3YK#K'(*#3,!NK7)(*3,!U(]6)K),(!V'K73)7!K#(!83]*6%673,K%%.!"3]*3),*!J#6'!>P6](!=6*!"(*(,*(:0!>P(!

w65#)K%!6Q!9#6%67.!sV)*(#)(*t0!A@CA!;Y#!s,3*(:!A@CA!;Y#!CFtn!;2K3%KT%(!Q#6'?!

P**Y?HH%3)/3)7P5T0(%](23(#0,6'H#(*#3(2(HY33H1@@AAEBIGCA@@A@EI!
BD0!! S3%%(#]!;W!\5(,P!\W!N65*6)!"W!a(#6.!ZW!lK%%(#(K5!$W!a('K3*#(!a0!".)K'3,!$6)*#K]*!<)PK),(:W!

\(%23,!\PK](:!;##K.!NK7)(*3,!U(]6)K),(!V'K73)7!6Q!a6,K%3-(:!\#6]*K*(!$K),(#!Q6#!\#(:3,*3)7!>5'6#!

S6%5'(?!$6##(%K*36)!y3*P!UK:3,K%!\#6]*K*(,*6'.!J3):3)7]0!>P(!w65#)K%!6Q!9#6%67.0!A@@D!
"&,('T#(nCGDfDh?AIBAoG0!!

BG0!! S(#'K!1W!>5#/T(.!lW!N5#K:.K)!=W!UK_(]P!;W!$6#)5:!JW!8K3:(#!N;W!(*!K%0!+2(#23(j!6Q!".)K'3,!

$6)*#K]*R<)PK),(:!NUV!3)!\#6]*K*(!$K),(#!"3K7)6]3]!K):!NK)K7('()*0!;'(#3,K)!w65#)K%!6Q!

U6()*7()6%67.0!A@CA!w5)nCMFfDh?CAGGoFF0!!
BF0!! N,=(K%!w<0!=6#'K%!P3]*6%67.!6Q!*P(!Y#6]*K*(0!;'!w!15#7!\K*P6%0!CMFF!;57nCAfFh?DCMoBB0!!

BM0!! aK)7(#!"aW!2K)!:(#!gjK]*!>8W!<2K)]!;wW!\%6*/3)!;W!>#K,P*()T(#7!wW!y3%]6)!l$W!(*!K%0!\#6]*K*(!

*3]]5(!,6'Y6]3*36)!K):!NU!'(K]5#('()*]?!3)2(]*37K*3)7!*P(!#(%K*36)]P3Y]!T(*j(()!;"$W!>AW!gf*#K)]hW!
2f(hW!K):!,6##(]Y6):3)7!P3]*6%673,!Q(K*5#(]0!UK:36%67.0!A@C@!NK.nAEEfAh?IFEoMI0!!

I@0!! J#K)3(%!>W!aÜ:('K))!aW!U5:6%YP!lW!U(PT(3)!8W!1*KK,/!;W!>K5Y3*-!NW!(*!K%0!<2K%5K*36)!6Q!)6#'K%!

Y#6]*K*(!*3]]5(W!,P#6)3,!Y#6]*K*3*3]W!K):!Y#6]*K*(!,K),(#!T.!X5K)*3*K*32(!Y(#Q5]36)!K)K%.]3]!5]3)7!K!:.)K'3,!
,6)*#K]*R()PK),(:!3)2(#]36)RY#(YK#(:!:5K%R,6)*#K]*!7#K:3()*!(,P6!](X5(),(0!V)2(]*!UK:36%0!A@@F!

w5%nIBfGh?IFCoG0!!

IC0!! J#K)3(%!>W!a5:('K))!aW!U5:6%YP!lW!a5**(#T(,/!<W!8K''!lW!l(.(#]:6#QQ!"0!"3QQ(#()*3K*36)!6Q!

Y#6]*K*(!,K),(#!Q#6'!)6#'K%!Y#6]*K*(!*3]]5(?!#6%(!6Q!P6*]Y6*]!3)!YPK#'K,6/3)(*3,!NUV!K):!P3]*6%673,!
(2K%5K*36)0!;wU!;'!w!U6()*7()6%0!CMI?DGEoFC0!!

IA0!! U6]()/#K)*-!;lW!>#36%6!NwW!N(%K'(:!wW!U5]3)(/!8W!>K)(_K!11W!"()7!JRN0!yP6%(R%(]36)!KYYK#()*!

:3QQ5]36)!,6(QQ3,3()*!'(*#3,]!K]!K!'K#/(#!6Q!Y(#,()*K7(![%(K]6)!I!,6'Y6)()*!j3*P3)![%(K]6)!G!Y#6]*K*(!
,K),(#!K*!#K:3,K%!Y#6]*K*(,*6'.0!w!NK7)!U(]6)!V'K73)70!A@CI!J(T!AEn!!

IB0!! 9/3'5#K!+W![3%%!V10!g(.!*6!15,,(]]Q5%!J6,K%!>P(#KY.?!a6,K*36)W!a6,K*36)W!a6,K*36)0!<5#6Y(K)!

9#6%67.0!A@CA!;Y#n!!

II0!! lK5'K))!NW!N6-(#!\W!"KK)()!SW!>#6,,K-!w0!\#6]*K*(!T36Y].!K]]3]*K),(!].]*('!j3*P!7%K):!
:(Q6#'K*36)!(]*3'K*36)!Q6#!()PK),(:!Y#(,3]36)0!N(:!V'K7(!$6'Y5*!$6'Y5*!;]]3]*!V)*(#20!A@@MnCAf\*!

Ch?DGoGI0!!

IE0!! Z5!1W!g#5(,/(#!wW!>5#/T(.!lW![%6]]6Y!=W!13)7P!;gW!$P6./(!\W!(*!K%0!U(K%R*3'(!NUVR>U91!Q5]36)!
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ID0!! $6##6.(#R"5%'6)*!;W!\&#d]!<;W!\(*3*!<W![53%%K'6!wR1W!SK#6X5(K5L!=W!U65]](%!1W!(*!K%0!"(*(,*36)!
6Q!7%36T%K]*6'K!#(]Y6)](!*6!*('6-6%6'3:(!,6'T3)(:!j3*P!T(2K,3-5'KT!TK](:!6)!áNUV!K):!á\<>!

3'K73)7!#(2(K%]!sCFJtRQ%56#6RaR*P.'3:3)(!K]!K)!(K#%.!K):!#6T5]*!Y#(:3,*32(!'K#/(#!Q6#!*#(K*'()*!(QQ3,K,.0!

=(5#6R6),6%67.0!A@CB!wK)nCEfCh?ICoED0!!
IG0!! ;#6)P3'(!1W!$K%,K7)6!$W!wK_K'623,P![8W!".26#)(!8;W!U6T]6)!\W!"3(*(#3,P!"W!(*!K%0!"$<RNUV!6Q!

*P(!%32(#?!<QQ(,*!6Q!%3)(K#!K):!)6)%3)(K#!,6)2(#]36)]!6)!P(YK*3,!Y(#Q5]36)!X5K)*3Q3,K*36)!K):!#(Y#6:5,3T3%3*.?!

"$<RNUV!6Q!*P(!a32(#0!w65#)K%!6Q!NK7)(*3,!U(]6)K),(!V'K73)70!A@CI!w5%nI@fCh?M@oF0!!

IF0!! mK'K'6*6!;W!ÇPK)7!waW!U5]3)(/!8W!$PK):K#K)K!8W!S323(#!\R8W!lKTT!w1W!(*!K%0!e5K)*3*K*32(!
(2K%5K*36)!6Q!K,5*(!#()K%!*#K)]Y%K)*!:.]Q5),*36)!j3*P!%6jR:6](!*P#((R:3'()]36)K%!NU!#()67#KYP.0!

UK:36%67.0!A@CC!1(YnAD@fBh?GFCoM0!!
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!"#$%&'&()*!+,-./&0& & 123&

!"#$%&'(&')*"%&!%$"+'(&,')&*,"++&,'+"*('"-&,%'$$$'
!.-'–'/01234'56'–'789:2'56;<5='

>?566'!32/'@2A2B'C'
'

'

%2D'E'5CFG?F5=F>CF??F' *4%56&7%&11&$89%:;<%&3=1>'

H3B'E'5IF6>F5GF?GFJ6F'

&;K30D'E'@77/89A842L:6M893/N2FO9'

&

& ?<@7@AB%&

& à l’attention de CD&7%&)<&*78:%5"&-,*EFG&

& *H?&–&IBJ%4#&=K&

& 1>=LL&*4%5&9%$%M&N&

&

,8OD&*H?&P&Q1>R)SSRT-UD3L&

&

C@5VB%#<6&

&

U%&9@:B"8&4&8"8&V4BVB&d’une demande d’avis concernant le projet d’étude intitulé '&!"#$%&()*!+,-./&P&!"#$%&

W<87B:B54B<%&$%V&W4<4:X"<%V&Y#45"B"4"BOV&$%&74&W%<O#VB@5&%5&Z,C&W<@V"4"BY#%&%5&VB"#4"B@5&$%&W<8R$B4A5@V"B9&W@#<&

74&$8"%9"B@5&%"&V"<4"BOB94"B@5&$#&9459%<&$%&74&W<@V"4"%&0&&%"&9@5$#B"&W4<&CD&7%&)<&*78:%5"&-,*EFGD&

&

!M"<4B"&$%V&$87B;8<4"B@5V&$#&=S&$89%:;<%&3=1>&$#&*@:B"8&$%&+<@"%9"B@5&$%V&+%<V@55%V&I@<$R-#%V"& ZZZ6&$@5"& 74&

séance non publique s’est tenue au CHU de Caen à cette date à partir de 9&[& ==6& V#<& 74& 9@5J@94"B@5& $%& V%V&

:%:;<%V&W4<&V4&+<8VB$%5"%D&

.B8A%4B%5"&%5V%:;7%&9%&=S&$89%:;<%&3=1>6&V@#V&74&W<8VB$%59%&$%&C:%&*[4<7@""%&\-?,Z-6&

C%:;<%V&$#&W<%:B%<&9@77XA%&

au titre du 1° de l’article R.1123R>&$#&*.+&

- CD& ,8:]& C-,!UU-6& :8$%9B56& W%<V@55%& Y#47BOB8%& %5& <4BV@5& $%& V4& 9@:W8"%59%& %5& :4"BX<%& $%&

biostatistique ou d’épidémiologie, membre titulaire,&

- CD&^%45R_<45`@BV&H!,-I6&:8$%9B56&:%:;<%&"B"#74B<%6&

- C:%&+4V947B5%&a!,/H!/6&:8$%9B56&:%:;<%&V#WW7845"6&

- CD&*74#$%&aQEZI6&:8$%9B56&:%:;<%&V#WW7845"6&

au titre du 2° de l’article R.1123R>&$#&*.+&

- CD&a%<"<45$&TZ!II-/6&:8$%9B5&A858<47BV"%6&:%:;<%&"B"#74B<%6&

au titre du 3° de l’article R.1123R>&$#&*.+&

- C:%&*[4<7@""%&\-?,Z-6&W[4<:49B%5&[@VWB"47B%<6&:%:;<%&"B"#74B<%6&

&

C%:;<%V&$#&V%9@5$&9@77XA%&

au titre 2° de l’article R&D113LR>&$#&*.+&

- C:%&I4$XA%&,-*H!RLABARBE, maître de conférences en psychologie à l’UFR de psychologie de Caen, 

:%:;<%&"B"#74B<%6&

au titre 3° de l’arti97%&,&D113LR>&$#&*.+&

- C:%& .]7JB%& aQU+6& 9@5V%B77X<%& "%9[5BY#%& b& 74& $B<%9"B@5& A858<47%& 4$c@B5"%& $%& 74& V@7B$4<B"8& $#& *@5V%B7&

\858<47&$%&*4%56&:%:;<%&"B"#74B<%6&

- M. Simon FRANCOISE, représentant d’association agréée de malades ou d’usagers du système de 

V45"86&:%:;<%&V#WW7845"6&

&

)87B;8<4"B@5&

*@5VB$8<45"&7%V&$@9#:%5"V&V#BJ45"V&P&

&

- 9@#<<B%<&$%&CD&7%&)<&*78:%5"&-,*EFG&$#&=L&5@J%:;<%&3=1>6&

- W<@"@9@7%6&J%<VB@5&=1&$#&=L&5@J%:;<%&3=1>6&

152



!"#$%&'&()*!+,-./&0& & 323&

&

P2'@8K0:Q'@8/O09K2'D2'@393@:R92'/8/'0/:2912/:08//2D'A2'@2::2'Q:4A2S':2D'T42'AQO0/0'73r l’article L.1121;>'A2'D3'

D80'/U'I55?;806 du 9 août 2004 et l’article R.1121;I'A4'AQ@92:'I55G;?JJ'A4'IG'3190D'I55G'A4'!,)F'

'

En revanche, il conviendrait d’adresser au comité pour avis le document d’information qu’il est prévu de 

92K2::92'34'73:02/:F'

'

^%&J@#V&W<B%&d’agréer, C@5VB%#<6&:%V&V47#"4"B@5V&$BV"B5A#8%VD&

&

&
& C:%&*[4<7@""%&\-?,Z-6&

& +<8VB$%5"%&
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!"#$%"&'(&)*+(,+-#&.&

/"(0%%"'& %$12-3+*+%"2*-4$'& 3+*& +560(72-0(& 5'& #"4$'(7'#& )0(72-0(('11'& +$8& 70(9'(2-0(('11'#:& ;<=!>& 5'&
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0$&'(70*'&1'&#$-9-&0(7010?-4$'A&

;+&3*'%-C*'&3+*2-'&#<+22+7B'&D&5"7*-*':&"1+@0*'*&'2&+331-4$'*&$('&%"2B05010?-'&5'&*'7+1+?'&(0(&*-?-5'&'(&E/&
'(2*'&1<B-#2010?-'&5$&#3"7-%'(&5'&3*0#2+2'720%-'&202+1'&'2&1'#&5-))"*'(2'#&#"4$'(7'#&5'&1<=!>%3A&F3*C#&+90-*&
7+32$*"&$('&5")0*%+2-0(&'2&$(&7B+(?'%'(2&5'&901$%'&5'&1+&3*0#2+2'&'(2*'&1'#&"2+2#&!"#$!$%#&'#&(#$!$%&3+*&=!>:&
1+&%"2B05'&5'&*'7+1+?'&%$12-%05+1-2"&+331-4$"'&D&$('&303$1+2-0(&5'&3*0#2+2'720%-'&202+1'&3*"7"5"'&5<$('&=!>&
5"%0(2*'&$('&#0$#G'#2-%+2-0(&5$&901$%'&5'&7+(7'*&3+*&1<=!>:&#$6'22'&D&$('&#2*+2-)-7+2-0(A&;'#&-%31-7+2-0(#&#'&
2*0$9'(2&5+(#&1+&5"2'72-0(:&1+&#2*+2-)-7+2-0(&'2&1'&31+((-(?&2B"*+3'$2-4$'A&&

;+&5'$8-C%'&3+*2-'&3*030#'&$('&+(+1H#'&5'&2'82$*'&5'#&5-))"*'(2'#&#"4$'(7'#&'2&7+*20?*+3B-'#&4$+(2-2+2-9'#&
'(&5-))$#-0(&'2&3'*)$#-0(&30$*&1+&5"2'72-0(&'2&1+&#2*+2-)-7+2-0(&5$&7+(7'*A&I'22'&+33*07B'&%$12-3+*+%"2*-4$'&5'&
J& K70*'& 5<L(2*03-'& M& '#2& 2'#2"'& 5+(#& $('& 303$1+2-0(& 3-102'& +$& %0%'(2& 5'#& @-03#-'#& '2& 3*"#'(2'& 5'#&
3'*)0*%+(7'#& 5-+?(0#2-4$'& 30$*& #"1'72-0(('*& 1'#& 1"#-0(#& D& @-03#-'*A& I'& #70*'& 5<'(2*03-'& 3+*2-7-3'& 5'& 1+&
#2*+2-)-7+2-0(&5$&7+(7'*&'(&70**"1+(2&30#-2-9'%'(2&+9'7&1'&#70*'&5'&N1'+#0(&'2&1+&10(?$'$*&5'&7+(7'*&@-03#-4$'A&

;+&2*0-#-C%'&3+*2-'&'8310*'&1'&*O1'&5'&1<=!>&5+(#&1'&#$-9-&5<$('&2B"*+3-'&"%'*?'(2':&5-2'&)07+1':&5$&7+(7'*A&=1&
#<+?-2&5<$(&2*+9+-1&5'&*'7+1+?'&(0(G*-?-5'&10(?-2$5-(+1&#$*&$('&70B0*2'&5'&3+2-'(2#&2*+-2"#&3+*&2B"*+3-'&)07+1'&'(&
9$'&5'&70%3'(#'*&1'#&5")0*%+2-0(&)07+1'%'(2&-(5$-2'#A&=1&+33+*+P2&4$'&7'&2H3'&5'&*'7+1+?'&3'$2&3'*%'22*'&$(&
#$-9-&0@6'72-)&5'#& *"#$12+2#&5<+@1+2-0(&'2&302'(2-'11'%'(2&"1+@0*'*&$('&7-@1'&@-03#-4$'&'2& *+5-010?-4$'&5+(#& 1'&
#$-9-&0(7010?-4$'A&

Q-2*'&'(&+(?1+-#&&

>05'11-(?&3*0#2+2'&7+(7'*&$#-(?&>!=.&5'2'72-0(:&*-#R&#2*+2-)-7+2-0(:&E/&2B'*+3'$2-7&31+((-(?&

+(5&)0110S&$3&0)&)07+1&2B'*+3H&@+#'5&0(&-%+?'&3*07'##-(?&+(5&70G*'?-#2*+2-0(&

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

I0(9'(2-0(+1&3*0#2+2'&>!=:&'(B+(7'5&@H&5-))$#-0(&+(5&3'*)$#-0(&#'4$'(7'#:&+(5&2B'(&(+%'5&%$12-3+*+%'2*-7:&
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