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ABSTRACT

%DFNJURXQG

(FRQRPLF HYDOXDWLRQ RI WUHDWPHQWV LQ PXOWLSOH VFOHURVLV �06� SUHVHQWV D FKDOOHQJH� 7KH GLVHDVH

DIIHFWV D QXPEHU RI GLIIHUHQW ERG\ IXQFWLRQV DQG OHDGV WR VHYHUH GLVDELOLW\ RYHU WLPH� ZLWKRXW

KRZHYHU D VWURQJ HIIHFW RQ PRUWDOLW\� $W RQVHW� WKH PDMRULW\ RI SDWLHQWV ZLOO KDYH UHODSVLQJ�

UHPLWWLQJ GLVHDVH �5506� DQG ZLOO WKHQ FRQYHUW WR VHFRQGDU\�SURJUHVVLYH GLVHDVH �6306�

RYHUWLPH� +RZHYHU� WKH FRXUVH RI WKH GLVHDVH LV XQSUHGLFWDEOH� DQG WKH FRQYHUVLRQ WR 6306

FDQ WDNH SODFH DW GLIIHUHQW WLPHV VLQFH RQVHW DQG DW GLIIHUHQW OHYHOV RI GLVDELOLW\ IRU

GLIIHUHQW SDWLHQWV� 5HODSVHV DSSHDU WR RFFXU ZLWK WKH VDPH IUHTXHQF\ DW DOO OHYHOV RI

GLVDELOLW\� EXW ZLOO GLPLQLVK RYHU WLPH� 7KH HIIHFWLYHQHVV RI WUHDWPHQWV FDQ EH PHDVXUHG LQ

GLIIHUHQW ZD\V VXFK DV GLVHDVH DFWLYLW\� WKH QXPEHU DQG WKH VHYHULW\ RI UHODSVHV RU WKH

SURJUHVVLRQ RI IXQFWLRQDO GLVDELOLW\� UHJDUGOHVV RI WKH W\SH RI 06�

+RZHYHU� LPSURYHPHQWV LQ RXWFRPH DFKLHYHG RYHU D VKRUW WHUP PD\ KDYH DQ HIIHFW RQ WKH

GLVHDVH LQ WKH ORQJHU WHUP� DQG HIIHFWLYHQHVV GDWD IURP FOLQLFDO WULDOV PXVW WKHUHIRUH EH

H[WUDSRODWHG WR WKH ORQJHU WHUP� XVLQJ PRGHOOLQJ WHFKQLTXHV� 7KLV UHTXLUHV JRRG

HSLGHPLRORJLFDO GDWD RQ WKH QDWXUDO FRXUVH RI WKH GLVHDVH� ZKHUH GLVHDVH SURJUHVVLRQ LV

H[SUHVVHG ZLWK WKH VDPH PHDVXUHV DV LQ WKH FOLQLFDO WULDOV� $OVR WR SHUIRUP HFRQRPLF

HYDOXDWLRQV� D JOREDO RXWFRPH PHDVXUH LV UHTXLUHG WR FDSWXUH WKH LPSDFW RI WUHDWPHQWV RQ WKH

GLVHDVH DQG WKH PRVW IUHTXHQWO\ XVHG VXFK PHDVXUH LV TXDOLW\�DGMXVWHG OLIH \HDUV �4$/<V��

+RZHYHU� IRU 4$/<V WR EH XVHG LQ FRVW�HIIHFWLYHQHVV DQDO\VLV RI 06� WKH\ PXVW EH UHODWHG WR

D PHDVXUH RI WKH GLVHDVH DQG GLVHDVH SURJUHVVLRQ� 7KH ([SDQGHG 'LVDELOLW\ 6WDWXV 6FDOH

�('66� SURYLGHV D JRRG PHDVXUH RI WKH GLVHDVH DQG KDV EHHQ ZLGHO\ XVHG LQ HSLGHPLRORJLFDO

VWXGLHV DQG FOLQLFDO WULDOV� LQ DOO W\SHV RI 06� /DVWO\� GHWDLOHG HFRQRPLF GDWD WKDW FDQ EH

UHODWHG WR WKH GLIIHUHQW OHYHOV RI GLVDELOLW\ �('66� DUH UHTXLUHG�

2EMHFWLYH

:H KDYH HDUOLHU SURSRVHG D EDVLF IUDPHZRUN IRU FRVW�HIIHFWLYHQHVV PRGHOOLQJ LQ 06� DQG WKH

RULJLQDO PRGHO KDV EHHQ XSGDWHG� DV QHZ GDWD KDYH EHFRPH DYDLODEOH� 7KH FXUUHQW VWXG\

SURSRVHV D IXUWKHU GHYHORSPHQW RI WKH PRGHOOLQJ WHFKQLTXH DQG HVWLPDWHV WKH FRVW�

HIIHFWLYHQHVV RI WUHDWPHQW ZLWK LQWHUIHURQ β��E �,)1%��E� LQ D GHILQHG SDWLHQW SRSXODWLRQ

ZLWK DFWLYH GLVHDVH� ERWK 5506 DQG 6306� IURP D VRFLHWDO SHUVSHFWLYH LQ 6ZHGHQ�

� +HDOWK '\QDPLFV ,QWHUQDWLRQDO� +LJK :\FRPEH� %XFNV� 8.
� 6WRFNKROP +HDOWK (FRQRPLFV &RQVXOWLQJ $%� 8SSVDOD� 6ZHGHQ
� 'LYLVLRQ RI 1HXURORJ\� .DUROLQVND ,QVWLWXWH� +XGGLQJH +RVSLWDO� 6WRFNKROP� 6ZHGHQ
� 6WRFNKROP 6FKRRO RI (FRQRPLFV� &HQWUH IRU +HDOWK (FRQRPLFV� 6WRFNKROP 6ZHGHQ
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0HWKRGV

7KH IUDPHZRUN RI WKH HDUOLHU 0DUNRY PRGHO LV XVHG� ZKHUH VWDWHV DUH GHILQHG DFFRUGLQJ WR

('66� 7UDQVLWLRQ SUREDELOLWLHV IRU WKH ILUVW \HDUV LQ WKH PRGHO DUH FDOFXODWHG IURP FOLQLFDO

WULDO GDWD� DQG IRU WKH H[WUDSRODWLRQ IURP D ODUJH HSLGHPLRORJLFDO GDWDEDVH RQ WKH QDWXUDO

KLVWRU\ RI 06� ,Q YLHZ RI WKH IDFW WKDW WKH QXPEHU RI UHODSVHV DW JLYHQ OHYHOV RI GLVDELOLW\ GLG

QRW GLIIHU EHWZHHQ SDWLHQWV ZLWK 5506 RU 6306 LQ DQ\ RI WKH WKUHH GDWDVHWV XVHG LQ WKLV

DQDO\VLV� DQG WKDW FRQYHUVLRQ IURP 5506 WR 6306 GLG QRW RFFXU DW ZHOO GHILQHG OHYHOV RI

GLVDELOLW\� ZH FRPELQHG GDWD IURP WZR ODUJH FOLQLFDO WULDOV LQ 5506 DQG 6306� 3DWLHQWV ZHUH

VHOHFWHG RQ ZKHWKHU RU QRW WKH\ KDG DFWLYH GLVHDVH DW HQUROPHQW� GHILQHG DV DQ LQFUHDVH LQ WKH

('66 E\ DW OHDVW � SRLQW ���� SRLQWV IRU VFRUHV EHWZHHQ ('66 � DQG �� RU DW OHDVW � UHODSVHV

LQ WKH SUHFHGLQJ � \HDUV� 7KLV DOORZV VLPXODWLQJ WUHDWPHQW VWDUW DW DQ\ VWDJH DQG IRU DQ\ W\SH

RI WKH GLVHDVH DQG HVWLPDWLQJ ORQJ�WHUP FRQVHTXHQFHV ZLWKLQ WKH VDPH PRGHO� 7KH FRPELQDWLRQ

RI WKH WZR W\SHV RI 06 LV IXUWKHU VXSSRUWHG E\ WKH IDFW WKDW LW KDV EHHQ VKRZQ LQ �

REVHUYDWLRQDO VWXGLHV WKDW FRVWV DQG TXDOLW\ RI OLIH DW JLYHQ ('66 OHYHOV DUH QRW GLIIHUHQW IRU

SDWLHQWV ZLWK GLIIHUHQW W\SHV RI WKH GLVHDVH�

7UDQVLWLRQ SUREDELOLWLHV EHWZHHQ WKH 0DUNRY VWDWHV DUH HVWLPDWHG IRU ERWK WKH FOLQLFDO WULDO

DQG WKH QDWXUDO KLVWRU\ FRKRUWV XVLQJ DQ RUGHUHG SURELW PRGHO� 7UDQVLWLRQV WKXV GHSHQG RQ

VHYHUDO IDFWRUV� LQFOXGLQJ ZKDW VWDWH D SDWLHQW LV LQ� ZKHWKHU RU QRW VKH�KH KDV D UHODSVH� DJH�

DJH DW RQVHW RI WKH GLVHDVH� WLPH VLQFH RQVHW RI WKH GLVHDVH� DJH DW WUHDWPHQW VWDUW�

7KH EDVH FDVH VLPXODWLRQV XVH PHDQ FRVWV DQG PHDQ XWLOLWLHV LQ HDFK VWDWH IURP D ODUJH

REVHUYDWLRQDO VWXG\ LQ 6ZHGHQ� +RZHYHU� WKH PRGHO DOORZV FDOFXODWLQJ DFFHSWDELOLW\ FXUYHV� L�H�

WKH SUREDELOLW\ ZLWK ZKLFK WKH FRVW HIIHFWLYHQHVV UDWLR RI D WUHDWPHQW VFHQDULR LV EHORZ JLYHQ

OHYHOV RI ZLOOLQJQHVV�WR�SD\ IRU D 4$/<� XVLQJ WKH HQWLUH GLVWULEXWLRQ RI FRVWV DQG XWLOLWLHV DW

HDFK ('66 OHYHO� &RVWV DQG EHQHILWV DUH GLVFRXQWHG ZLWK ���

5HVXOWV

7KH EDVH FDVH DVVXPHV WUHDWPHQW ZLWK ,)1%��E GXULQJ �� PRQWKV� ZLWK QR IXUWKHU HIIHFW

ZKHQ WUHDWPHQW LV VWRSSHG� DQG LQFOXGHV ERWK SDWLHQWV ZLWK DFWLYH 5506 DQG 6306�

6HQVLWLYLW\ DQDO\VLV LV SUHVHQWHG IRU WUHDWPHQW GXULQJ �� PRQWKV� 7KH DQQXDO FRVW RI ,)1%��E

WUHDWPHQW ZDV ��� ��� 6(. SOXV ���� 6(. IRU VSHFLDO PRQLWRULQJ� DQG ZDV DGMXVWHG IRU

FRPSOLDQFH LQ WKH FOLQLFDO WULDO� ,Q WKH EDVH�FDVH WUHDWPHQW DGGV �� ��� WR FRVWV RYHU ��

\HDUV� DQG WKH FRVW SHU 4$/< JDLQHG LV �� ��� 6(.� :KHQ WKH WLPH KRUL]RQ LV LQFUHDVHG WR ���

�� \HDUV� WUHDWPHQW GRPLQDWHV QR WUHDWPHQW �KLJKHU XWLOLW\ DQG ORZHU FRVW�� :LWK WUHDWPHQW

GXULQJ �� PRQWKV� WKH FRVW SHU 4$/< LV ��� ��� 6(.� DOO FRVWV LQFOXGHG� :KHQ WUHDWPHQW LV

VWDUWHG HDUO\� WKH FRVW�HIIHFWLYHQHVV UDWLR LV KLJKHU� H�J� ��� ��� 6(. LQ VWDWH �� DV SDWLHQWV

LQ WKHVH VWDWHV SURJUHVV RQO\ YHU\ VORZO\�

,Q WKH QHW EHQHILW DSSURDFK� WKHUH LV D ��� SUREDELOLW\ WKDW WKH WUHDWPHQW LQLWLDWHG LQ VWDWHV

� RU � �('66 �������� LV FRVW�HIIHFWLYH� LI WKH ZLOOLQJQHVV WR SD\ IRU D 4$/< LV ��� ��� WR

��� ��� 6(.� $W WKDW OHYHO RI ZLOOLQJQHVV WR SD\� WKH SUREDELOLW\ LQ VWDWH � LV ����

&RQFOXVLRQV

:LWK WKLV QHZ PRGHO� ZKLFK FRPELQHV DFWLYH 5506 DQG 6306� WKH HIIHFW RI HDUO\ WUHDWPHQW

RQ WKH ORQJ�WHUP RXWFRPH FDQ EH HVWLPDWHG IRU WKH ILUVW WLPH XVLQJ SDWLHQW�OHYHO FOLQLFDO GDWD

IRU 5506 DQG 6306� DV ZHOO DV QDWXUDO KLVWRU\ GDWD� 7KH FRPELQDWLRQ RI WKH WZR W\SHV RI 06

LQWR RQH PRGHO LV VXSSRUWHG E\ WKH ILQGLQJ WKDW� DW JLYHQ OHYHOV RI ('66� WKHUH ZDV QR

GLIIHUHQFH LQ WKH QXPEHU RI DQQXDO UHODSVHV LQ WKH WKUHH FOLQLFDO GDWDVHWV XVHG� QRU LQ WKH

PHDQ FRVW DQG PHDQ XWLOLWLHV LQ WKH REVHUYDWLRQDO VWXG\� 7KH PRGHO LV PRUH IOH[LEOH WKDQ

SUHYLRXV PRGHOV� DV LW LQFOXGHV LQGLYLGXDO SDWLHQW GHPRJUDSKLFV DQG WKH HQWLUH GLVWULEXWLRQ RI

FRVWV DQG XWLOLWLHV LQ WKH GLIIHUHQW VWDWHV� ,W WKXV UHSUHVHQWV D YDOXDEOH WRRO WR HVWLPDWH WKH

FRVW�HIIHFWLYHQHVV RI WUHDWLQJ GLIIHUHQW SDWLHQW JURXSV ZLWK ,)1%��E�
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&RQWHQWV

� ,QWURGXFWLRQ ���������������������������������������������������������������������� �

��� %DFNJURXQG�����������������������������������������������������������������������������������������������������������������������������

����� 7KH FKDOOHQJH WR PHDVXUH HIIHFWLYHQHVV�������������������������������������������������������������

����� &KDOOHQJHV IRU HFRQRPLF HYDOXDWLRQ LQ 06�����������������������������������������������������������

����� 'HYHORSPHQW RI QHZ PRGHOV �������������������������������������������������������������������������������������

��� 6WXG\ 2EMHFWLYH�������������������������������������������������������������������������������������������������������������������

� 0DWHULDOV DQG PHWKRGV���������������������������������������������������������� ��

��� 7KH PRGHO ���������������������������������������������������������������������������������������������������������������������������� ��

��� 3DWLHQW GDWD ���������������������������������������������������������������������������������������������������������������������������

����� &OLQLFDO WULDO LQ 5506����������������������������������������������������������������������������������������������� ��

����� &OLQLFDO WULDO LQ 6306����������������������������������������������������������������������������������������������� ��

����� &RPELQHG 5506�6306 GDWDVHW �������������������������������������������������������������������������� ��

����� 1DWXUDO KLVWRU\ GDWD������������������������������������������������������������������������������������������������ ��

��� 7UDQVLWLRQ SUREDELOLWLHV �������������������������������������������������������������������������������������������������� ��

����� 0HUJHG FOLQLFDO WULDOV ���������������������������������������������������������������������������������������������� ��

����� 1DWXUDO KLVWRU\ FRKRUW ������������������������������������������������������������������������������������������� ��

��� 5HODSVH UDWHV���������������������������������������������������������������������������������������������������������������������� ��

��� &RPSOLDQFH�������������������������������������������������������������������������������������������������������������������������� ��

��� &RVWV DQG XWLOLWLHV E\ VWDWH DQG GXULQJ D UHODSVH�����������������������������������������������������

��� ,QWHUYHQWLRQ ���������������������������������������������������������������������������������������������������������������������� ��

� 5HVXOWV ��������������������������������������������������������������������������� ��

��� %DVH FDVH ���������������������������������������������������������������������������������������������������������������������������� ��

��� 6HQVLWLYLW\ DQDO\VHV��������������������������������������������������������������������������������������������������������� ��

��� 1HW %HQHILW������������������������������������������������������������������������������������������������������������������������ ��

� 'LVFXVVLRQ ������������������������������������������������������������������������ ��

� 5HIHUHQFHV����������������������������������������������������������������������� ��

� $SSHQGL[ ���������������������������������������������������������������������������

��� &RKRUW GLVWULEXWLRQV� PHUJHG FOLQLFDO GDWDVHW�������������������������������������������������������� ��

��� &RKRUW GLVWULEXWLRQV� QDWXUDO KLVWRU\ GDWDVHW�������������������������������������������������������� ��

��� 0RGHO LOOXVWUDWLRQ����������������������������������������������������������������������������������������������������������������
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,QGH[ RI 7DEOHV DQG )LJXUHV

7DEOH ��� 7KH 0DUNRY VWDWHV DFFRUGLQJ WR ('66�'66� ����������������������������������������������������������������������

7DEOH ��� 5506� %DVHOLQH FKDUDFWHULVWLFV �1 ���� �����������������������������������������������������������������������������

7DEOH ��� 6306� %DVHOLQH FKDUDFWHULVWLFV� DFWLYH SDWLHQWV� GRXEOH EOLQG SKDVH �1 ����������������

7DEOH ��� 6306� %DVHOLQH FKDUDFWHULVWLFV� DFWLYH SDWLHQWV� H[WHQVLRQ SKDVH �1 ���� ����������������

7DEOH ��� 'HVFULSWLRQ RI WKH QDWXUDO KLVWRU\ GDWD VHW��������������������������������������������������������������������������

7DEOH ��� 'HVFULSWLRQ RI WKH QDWXUDO KLVWRU\ GDWDVHW E\ W\SH RI GLVHDVH ����������������������������������������

7DEOH ��� 3URELW PRGHO� WUDQVLWLRQ SUREDELOLWLHV LQ WKH FOLQLFDO WULDOV ������������������������������������������������

7DEOH ��� 3URELW PRGHO� WUDQVLWLRQ SUREDELOLWLHV LQ WKH QDWXUDO KLVWRU\ GDWDVHW �����������������������������

7DEOH ��� 5HJUHVVLRQ PRGHO� UHODSVH UDWHV LQ WKH FOLQLFDO WULDO FRKRUW ����������������������������������������������

7DEOH ���� &RPSOLDQFH LQ WKH PHUJHG FOLQLFDO GDWDVHW ��������������������������������������������������������������������������

7DEOH ���� &RVWV DQG XWLOLWLHV LQ WKH GLIIHUHQW 0DUNRY 6WDWHV�����������������������������������������������������������

7DEOH ���� &RVW DQG XWLOLW\ ORVV GXH WR UHODSVH ��������������������������������������������������������������������������������������

7DEOH ��� ² 'LVWULEXWLRQ RI WKH FOLQLFDO FRKRUW �PHUJHG WULDOV� LQWR VWDWHV DW EDVHOLQH ����������������

7DEOH ��� &RVW XWLOLW\� FRKRUW DV LQ FOLQLFDO WULDO� 1R PRUWDOLW\�����������������������������������������������������������

7DEOH ��� &RVW XWLOLW\ IRU WUHDWPHQW VWDUW LQ GLIIHUHQW VWDWHV �OHYHOV RI GLVDELOLW\���������������������

7DEOH ��� &RVW XWLOLW\� FRKRUW DV LQ FOLQLFDO WULDO� 1RUPDO PRUWDOLW\���������������������������������������������������

7DEOH ��� &RVW XWLOLW\ IRU WUHDWPHQW VWDUW LQ GLIIHUHQW VWDWHV� QRUPDO PRUWDOLW\ LQFOXGHG ��������

7DEOH ��� &RVW�XWLOLW\ IRU WUHDWPHQW VWDUW LQ GLIIHUHQW VWDWHV� GLUHFW FRVWV� �������������������������������

7DEOH ��� &RVW�XWLOLW\ IRU WUHDWPHQW VWDUW LQ GLIIHUHQW VWDWHV� GLUHFW DQG LQIRUPDO FDUH FRVWV�

������������������������������������������������������������������������������������������������������������������������������������������������������������������

7DEOH ��� &RVW�XWLOLW\ IRU WUHDWPHQW VWDUW LQ GLIIHUHQW VWDWHV DQG ���PRQWK LQWHUYHQWLRQ�������

7DEOH ��� 6HQVLWLYLW\ DQDO\VLV IRU GLIIHUHQW FRVWV RI D UHODSVH �EDVH FDVH� FOLQLFDO FRKRUW��������

7DEOH ���� 6HQVLWLYLW\ DQDO\VLV IRU WKH GXUDWLRQ RI D UHODSVH �EDVH FDVH� FOLQLFDO FRKRUW������������

7DEOH ���� 6HQVLWLYLW\ DQDO\VLV IRU WLPH KRUL]RQ RI WKH VLPXODWLRQ �EDVH FDVH� FOLQLFDO FRKRUW����

7DEOH ��� &RKRUW GLVWULEXWLRQ FOLQLFDO GDWDVHW� QR WUHDWPHQW ������������������������������������������������������������

7DEOH ��� &RKRUW GLVWULEXWLRQ FOLQLFDO GDWDVHW� WUHDWPHQW����������������������������������������������������������������

7DEOH ��� &RKRUW GLVWULEXWLRQ� HSLGHPLRORJLFDO FRKRUW������������������������������������������������������������������������

)LJXUH ��� 7KH ULVN RI UHODSVH ZLWK RU ZLWKRXW WUHDWPHQW �������������������������������������������������������������������

)LJXUH ��� &RKRUW GLVWULEXWLRQ RYHU �� \HDUV IRU SDWLHQWV VWDUWLQJ LQ VWDWH ���������������������������������

)LJXUH ��� $FFHSWDELOLW\ FXUYHV IRU SDWLHQWV VWDUWLQJ LQ GLIIHUHQW VWDWHV �������������������������������������

)LJXUH ��� 7KH 0DUNRY PRGHO ����������������������������������������������������������������������������������������������������������������������
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1 Introduction

1.1 Background

,W LV HVWLPDWHG WKDW PXOWLSOH VFOHURVLV �06� DIIHFWV RYHU � PLOOLRQ SHRSOH ZRUOGZLGH ��

,Q LQGXVWULDOL]HG FRXQWULHV� SUHYDOHQFH UDWHV YDU\ EHWZHHQ �� DQG ��� SHU ���·��� ��

'LVHDVH RQVHW LV W\SLFDOO\ EHWZHHQ �� DQG �� \HDUV RI DJH� ZLWK D KLJKHU LQFLGHQFH LQ

IHPDOHV� DQG 06 LV WKH PRVW FRPPRQ FDXVH RI GLVDELOLW\ LQ \RXQJ DGXOWV ��

7KH FRXUVH RI WKH GLVHDVH LV XQSUHGLFWDEOH� DOWKRXJK D KLJK IUHTXHQF\ RI VHYHUH

H[DFHUEDWLRQV LQ WKH ILUVW WZR \HDUV KDV EHHQ UHODWHG WR D SRRU SURJQRVLV �� $

PDMRULW\ RI SDWLHQWV �a���� ZLOO KDYH UHODSVLQJ�UHPLWWLQJ GLVHDVH �5506� DW RQVHW�

DQG D KLJK SURSRUWLRQ RI WKHVH SDWLHQWV ZLOO FRQYHUW WR VHFRQGDU\ SURJUHVVLYH GLVHDVH

�6306�� ZLWK D JUDGXDO SURJUHVVLRQ RI IXQFWLRQDO LPSDLUPHQW ZLWK RU ZLWKRXW

VXSHULPSRVHG H[DFHUEDWLRQV �UHFXUUHQW UHODSVHV�� $ VPDOO SURSRUWLRQ RI SDWLHQWV ����

���� ZLOO KDYH SURJUHVVLYH GLVHDVH DW RQVHW �3306��

1.1.1 The challenge to measure effectiveness

$W SUHVHQW� WKH DHWLRORJ\ RI WKH GLVHDVH LV SRRUO\ XQGHUVWRRG DQG QR FXUH H[LVWV�

&XUUHQW WUHDWPHQWV IRFXV RQ UHGXFLQJ DQG PDQDJLQJ H[DFHUEDWLRQV� DQG UHVHDUFK KDV

IRFXVHG RQ WUHDWPHQWV WKDW FDQ DIIHFW WKH SURJUHVVLRQ RI WKH GLVHDVH� 6HYHUDO QHZ

WUHDWPHQWV KDYH EHHQ LQWURGXFHG WKDW KDYH VKRZQ DQ HIIHFW RQ WKH IUHTXHQF\ DQG

VHYHULW\ RI H[DFHUEDWLRQV LQ 5506 ���� 2I WKH WKUHH WULDOV ZLWK LQWHUIHURQV LQ

SURJUHVVLRQ LQ 6306� RQH KDV VKRZQ D VLJQLILFDQW HIIHFW RQ GLVHDVH SURJUHVVLRQ ��

DQG DOO WKUHH KDYH VKRZQ D VLJQLILFDQW HIIHFW RQ UHODSVHV� 7KH HIIHFWLYHQHVV RI WKHVH

WUHDWPHQWV KDV EHHQ PHDVXUHG XVLQJ VHYHUDO PHDVXUHV RI GLVHDVH DFWLYLW\ �UHODSVHV�

05, OHVLRQV� DQG SURJUHVVLRQ PHDVXUHG ZLWK WKH ([SDQGHG 'LVDELOLW\ 6WDWXV 6FDOH

�('66� ��� 7KH UHODWLRQVKLS EHWZHHQ UHODSVHV GXULQJ WKH FRXUVH RI WKH GLVHDVH DQG

GLVHDVH SURJUHVVLRQ LV QRW FOHDU� 6LPLODUO\� D UHODWLRQVKLS EHWZHHQ GLVHDVH DFWLYLW\
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VKRZQ ZLWK 05, DQG GLVHDVH SURJUHVVLRQ KDV QRW \HW EHHQ HVWDEOLVKHG�

([DFHUEDWLRQV DSSHDU WR RFFXU ZLWK WKH VDPH IUHTXHQF\ DW DOO OHYHOV RI GLVHDVH �L�H�

DW DOO ('66 OHYHOV�� +RZHYHU� WKH\ DUH PRUH IUHTXHQW LQ WKH ILUVW \HDUV DIWHU RQVHW

RI WKH GLVHDVH DQG WKHQ GLPLQLVK RYHU WLPH� L�H� WKH QXPEHU RI UHODSVHV LV LQIOXHQFHG

E\ WKH GLVHDVH GXUDWLRQ UDWKHU WKDQ E\ WKH OHYHO RI GLVDELOLW\� DQG SDWLHQWV ZKR KDYH

KDG WKH GLVHDVH IRU D ORQJHU WLPH DSSHDU WR KDYH IHZHU UHODSVHV� UHJDUGOHVV RI WKH

('66 OHYHO� $W WKH VDPH WLPH� UHODSVHV FDQ EH PRUH IUHTXHQW LQ VRPH SDWLHQWV RYHU

FHUWDLQ WLPH SHULRGV �� ���

7KH FRQYHUVLRQ IURP 5506 WR 6306 LV GLIILFXOW WR GHILQH ZLWK SUHFLVLRQ� DV WKH

WUDQVLWLRQ LV JUDGXDO DQG RFFXUV DW GLIIHUHQW OHYHOV RI GLVDELOLW\ �('66� IRU

GLIIHUHQW SDWLHQWV� *HQHUDOO\� FRQYHUVLRQ LV FRQVLGHUHG WR WDNH SODFH DURXQG ('66

�������� EXW FDQ EH DW ORZHU RU KLJKHU OHYHOV DV ZHOO� ,Q RQH HSLGHPLRORJLFDO VWXG\ ���

FRQYHUVLRQ KDV EHHQ GHILQHG DV D SURJUHVVLRQ RI DW OHDVW RQH ('66 SRLQW� RXWVLGH D

UHODSVH� FRQILUPHG DW IROORZ�XS ZLWK RQH�\HDU LQWHUYDO� ,Q WKLV GDWDEDVH� SDWLHQWV

FRQYHUWHG WR 6306 EHWZHHQ ('66 ��� DQG ��� �PHDQ ���� 6' ����� � WR �� \HDUV

DIWHU RQVHW RI WKH GLVHDVH �PHDQ ����� 6' ����� EHWZHHQ WKH DJH RI �� DQG �� \HDUV

�PHDQ �� \HDUV� ���

1.1.2 Challenges for economic evaluation in MS

7KH QHZ WUHDWPHQWV DUH PRUH H[SHQVLYH WKDQ SUHYLRXVO\ XVHG DJHQWV DQG WKHUH KDV

EHHQ D FRQFHUQ DERXW ULVLQJ FRVWV ��� 7KLV UDLVHV D QXPEHU RI FOLQLFDO� HWKLFDO DQG

HFRQRPLF TXHVWLRQV� :KLFK SDWLHQWV ZLOO EHQHILW PRVW IURP WKH WUHDWPHQWV DQG ZKLFK

SDWLHQWV VKRXOG UHFHLYH WKH WUHDWPHQW" +RZ FDQ WKH FRVWV DQG WKH EHQHILWV RI WKH

WUHDWPHQWV EH EDODQFHG" :KDW UHVRXUFHV VKRXOG EH DOORFDWHG WR WKHVH WUHDWPHQWV�

FRQVLGHULQJ RWKHU XVHV" 7KHVH FKRLFHV DUH GLIILFXOW EXW FDQQRW EH DYRLGHG� (FRQRPLF

HYDOXDWLRQV �FRVW�HIIHFWLYHQHVV DQDO\VHV� DWWHPSW WR HVWLPDWH WKH WUDGH�RIIV

LQYROYHG DQG SURYLGH LQIRUPDWLRQ WKDW FDQ VXSSRUW VXFK GHFLVLRQV� 7KH\ FDQ DOVR

LQIRUP WKH SXEOLF GHEDWH DERXW SULRULWLHV LQ KHDOWK FDUH� 7KLV LV ZHOO LOOXVWUDWHG LQ
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WKH FXUUHQW GHEDWH LQ WKH 8QLWHG .LQJGRP DURXQG WKH GHFLVLRQV WR EH PDGH E\ WKH

1DWLRQDO ,QVWLWXWH RI &OLQLFDO ([FHOOHQFH �1,&(� ��� $ QXPEHU RI HFRQRPLF

HYDOXDWLRQV� XVLQJ GLIIHUHQW PHWKRGRORJLFDO DSSURDFKHV DQG GDWD� KDYH EHHQ

SHUIRUPHG ����� 2QH RI WKH SUREOHPV LV WKDW GLIIHUHQW VWXGLHV KDYH FRPH WR

GLIIHUHQW FRQFOXVLRQV� LOOXVWUDWLQJ WKH GLIILFXOW\ RI FRVW�HIIHFWLYHQHVV DQDO\VLV LQ

06�

� :KLFK FOLQLFDO WULDO GDWD VKRXOG EH XVHG DV D EDVLV IRU DVVHVVPHQW RI

HIIHFWLYHQHVV" 5HVXOWV PD\ YDU\ EHWZHHQ SURGXFWV DQG WULDOV�

� 7KH SURJUHVVLYH DQG FKURQLF QDWXUH RI 06� DQG LWV XQSUHGLFWDEOH FRXUVH�

UHTXLUHV PRGHOOLQJ WR H[WUDSRODWH IURP FOLQLFDO WULDOV WR WKH ORQJHU WHUP� 7KLV

LQ WXUQ UHTXLUHV JRRG HSLGHPLRORJLFDO GDWD WKDW DUH QRW UHDGLO\ DYDLODEOH�

� 7KH QXPEHU RI GLIIHUHQW ERG\ IXQFWLRQV DIIHFWHG DQG PXOWLWXGH RI V\PSWRPV

RI 06 UHTXLUHV D FRPSUHKHQVLYH RXWFRPH PHDVXUH WKDW LQFRUSRUDWHV ERWK WKH

GLVHDVH SURJUHVVLRQ DQG SDWLHQWV· TXDOLW\ RI OLIH RYHU WLPH� $OWKRXJK GLIIHUHQW

FOLQLFDO RXWFRPH PHDVXUHV FDQ EH XVHG WR LOOXVWUDWH WKH HIIHFW RI WUHDWPHQWV�

WKH RQO\ PHDVXUH WKDW LQFRUSRUDWHV DOO DVSHFWV DQG FDQ WKHUHIRUH EH XVHG LQ

HFRQRPLF HYDOXDWLRQ LV WKH TXDOLW\�DGMXVWHG OLIH�\HDU �4$/<�� 4$/<V

LQFRUSRUDWH TXDQWLW\ RI OLIH �OLIH�\HDUV� DQG DGMXVW WKHVH E\ WKH TXDOLW\ RI OLIH

�XWLOLW\��

� )RU 4$/<V WR EH XVHG LQ FRVW�HIIHFWLYHQHVV DQDO\VLV RI 06� LW LV KRZHYHU

QHFHVVDU\ WKDW XWLOLWLHV FDQ EH UHODWHG WR D PHDVXUH RI WKH GLVHDVH DQG KHQFH

GLVHDVH SURJUHVVLRQ� 7KH ('66 SURYLGHV D JRRG PHDVXUH RI WKH GLVHDVH� DQG

DOWKRXJK LW KDV EHHQ DUJXHG WKDW WKH VFDOH IRFXVHV WRR PXFK RQ DPEXODWLRQ� LW

KDV WKH DGYDQWDJH RI EHLQJ YHU\ ZLGHO\ XVHG� ERWK LQ HSLGHPLRORJLFDO VWXGLHV

DQG FOLQLFDO WULDOV� ,Q DGGLWLRQ� LW LV XVHG LQ DOO W\SHV RI 06� SURYLGLQJ D

FRPPRQ PHDVXUH IRU ERWK 5506 DQG 6306�

� /DVWO\� HFRQRPLF HYDOXDWLRQV UHTXLUH JRRG HFRQRPLF GDWD WKDW FDQ EH UHODWHG

WR WKH GLIIHUHQW OHYHOV RI ('66� $ ODUJH QXPEHU RI VWXGLHV RI WKH FRVW RI 06

KDYH EHHQ SXEOLVKHG� DQG PDQ\ RI WKHP KDYH VKRZQ WKDW FRVWV DUH
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VXEVWDQWLDOO\ KLJKHU LQ DGYDQFHG GLVHDVH� ZKLOH 4R/ LV GHFUHDVHG������

+RZHYHU� RQO\ WKUHH RI WKHVH VWXGLHV KDYH UHODWHG FRVWV DQG XWLOLWLHV WR ('66

VFRUHV UDWKHU WKDQ WR PLOG� PRGHUDWH DQG VHYHUH SDWLHQW JURXSV� DQG KDYH

FROOHFWHG DOO FRVWV FDXVHG E\ 06 UDWKHU WKDQ RQO\ KHDOWK FDUH FRVWV ������

1.1.3 Development of new models

:H KDYH HDUOLHU SURSRVHG D EDVLF IUDPHZRUN IRU FRVW�HIIHFWLYHQHVV PRGHOOLQJ LQ 06

��� XVLQJ D ��\HDU FOLQLFDO WULDO LQ 6306 �� 7KH EDVLF PRGHO KDV EHHQ IXUWKHU

GHYHORSHG DV QHZ GDWD EHFDPH DYDLODEOH DQG QHZ NQRZOHGJH DQG PHWKRGV GHYHORS� $

VHFRQG YHUVLRQ LQFRUSRUDWHG GHWDLOHG REVHUYDWLRQDO GDWD RQ FRVWV DQG XWLOLWLHV E\

('66 OHYHOV ��� DQG D WKLUG YHUVLRQ FRPELQHG FOLQLFDO WULDO DQG QDWXUDO KLVWRU\ GDWD

IRU WKH H[WUDSRODWLRQ EH\RQG WKH WULDO ���

7KLV VWXG\ SURSRVHV D IXUWKHU GHYHORSPHQW RI WKH PRGHOOLQJ WHFKQLTXH DQG HVWLPDWHV

WKH FRVW�HIIHFWLYHQHVV LQ D GHILQHG SDWLHQW SRSXODWLRQ ZLWK DFWLYH GLVHDVH�

1.2 Study Objective

7KH REMHFWLYH RI WKLV VWXG\ LV WR HVWLPDWH WKH FRVW SHU 4$/< RI LQWHUIHURQ β��E

�,)1%��E� LQ WKH WUHDWPHQW RI 5506 DQG 6306� FRPSDUHG WR QR SURSK\ODFWLF

WUHDWPHQW� IURP D VRFLHWDO SHUVSHFWLYH LQ 6ZHGHQ�

7KH FRVW�XWLOLW\ RI ,)1%��E PD\ GHSHQG RQ D QXPEHU RI IDFWRUV WKDW KDYH QRW

SUHYLRXVO\ EHHQ LQFOXGHG LQ WKH PRGHOV�

� SDWLHQW FKDUDFWHULVWLFV VXFK DV JHQGHU� DJH DW RQVHW RI 06� WLPH VLQFH

GLVHDVH RQVHW� GLVHDVH W\SH� OHYHO RI GLVDELOLW\� DJH DW WUHDWPHQW VWDUW� HWF

� LQGLFDWLRQ DQG GXUDWLRQ RI WUHDWPHQW� L�H� ('66 OHYHOV DW WUHDWPHQW VWDUW�

GXUDWLRQ RI WUHDWPHQW� HWF�

� HIIHFWV�DVVXPSWLRQV DERXW WKH FRXUVH RI HYHQWV DIWHU WUHDWPHQW

GLVFRQWLQXDWLRQ�
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5HVXOWV PD\ IXUWKHU GHSHQG RQ KRZ PXFK FRVWV DQG XWLOLWLHV YDU\ DPRQJ SDWLHQWV DW

WKH VDPH OHYHO RI ('66� 3UHYLRXV YHUVLRQV RI WKH PRGHO XVHG PHDQ YDOXHV IRU FRVWV

DQG XWLOLWLHV IRU HDFK 0DUNRY VWDWH� JLYLQJ QR LQIRUPDWLRQ RQ WKH GLVWULEXWLRQ RI WKH

HVWLPDWHV�

7KH PRGHO SURSRVHG LQ WKLV VWXG\ DOORZV WDNLQJ DOO RI WKH GLIIHUHQW SDWLHQW YDULDEOHV

LQWR DFFRXQW DQG WR XVH WKH HQWLUH GLVWULEXWLRQ RI FRVWV DQG XWLOLWLHV�

0RVW LPSRUWDQWO\� DOO SUHYLRXV PRGHOV KDYH EHHQ FRQVWUXFWHG WR HYDOXDWH WUHDWPHQW

RI HLWKHU 5506 RU 6306� ,Q YLHZ RI WKH IDFW WKDW

� WKH QXPEHU RI UHODSVHV GRHV QRW DSSHDU WR YDU\ EHWZHHQ GLIIHUHQW ('66

OHYHOV RU W\SHV RI 06� EXW UDWKHU GHSHQGV RQ WKH WLPH VLQFH RQVHW RI GLVHDVH

� QR GLIIHUHQFH LQ WKH QXPEHU RI UHODSVHV ZDV IRXQG LQ WKH WKUHH FOLQLFDO

GDWDVHWV XVHG LQ WKLV PRGHO

� WKH FRQYHUVLRQ IURP 5506 WR 6306 LV QRW YHU\ ZHOO GHILQHG DQG FDQ WDNH

SODFH DW GLIIHUHQW OHYHOV RI ('66

� WKH REVHUYDWLRQDO VWXGLHV LQ 6ZHGHQ� WKH 8. DQG *HUPDQ\ KDYH VKRZQ WKDW

FRVWV DQG XWLOLWLHV DW JLYHQ ('66 OHYHOV DUH QRW GLIIHUHQW EHWZHHQ SDWLHQWV

ZLWK 5506 RU 6306

� WKHUH LV D FRQWLQXXP EHWZHHQ 5506 DQG 6306 LQ WKDW 6306 LV WKH ORQJ�

WHUP RXWFRPH RI 5506 ��

ZH FRPELQHG GDWD IRU ERWK W\SHV RI GLVHDVH LQ WKH PRGHO� 7KLV DOORZV VLPXODWLQJ

WUHDWPHQW VWDUW DW DQ\ VWDJH RI WKH GLVHDVH DQG IROORZLQJ ORQJ�WHUP FRQVHTXHQFHV

ZLWKLQ WKH VDPH PRGHO�
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2 Materials and methods

2.1 The model

$ 0DUNRY VLPXODWLRQ PRGHO LV XVHG WR FRPELQH WKH FOLQLFDO� HSLGHPLRORJLFDO DQG

REVHUYDWLRQDO GDWD� DQG WR H[WUDSRODWH LQ WLPH EH\RQG WKH FOLQLFDO WULDOV� 0DUNRY

VWDWHV DUH GHILQHG DFFRUGLQJ WR IXQFWLRQDO GLVDELOLW\ PHDVXUHG E\ ('66� 7KH

JURXSLQJ RI ('66 VFRUHV LQWR VWDWHV LV GRQH LQ VXFK D ZD\ WKDW LW DOVR ILWV ZLWK WKH

'66 �WKH HDUOLHU RI WKH ('66�� DV WKH HSLGHPLRORJLFDO GDWD VHW XVHG WKH '66� 7KLV LV

D FKDQJH IURP WKH SUHYLRXV PRGHO LQ 6306 �� �� ��� ZKHUH VWDWHV ZHUH GHILQHG

DFFRUGLQJ WR WKH LQFOXVLRQ FULWHULD LQ WKH FOLQLFDO WULDOV ZLWK ,)1%��E� ('66 DERYH

���� OHDGLQJ WR H�J� VWDWH � LQFOXGLQJ SDWLHQWV EHORZ RU DW ���� VWDWH � SDWLHQWV DW ����

���� HWF�

,Q WKLV PRGHO� SDWLHQWV DUH GLYLGHG LQWR WKH VHYHQ GLVHDVH VWDWHV DFFRUGLQJ WR WKHLU

('66 RU '66 VFRUH� DV VKRZQ EHORZ�

7DEOH ��� 7KH 0DUNRY VWDWHV DFFRUGLQJ WR ('66�'66�

('66 VFRUH 6WDWH LQ PRGHO

('66 ������� VWDWH �

('66 ������� VWDWH �

('66 ������� VWDWH �

('66 ������� VWDWH �

('66 ������� VWDWH �

('66 ������� VWDWH �

('66 ������� VWDWH �

7KHUH LV DOVR D VWDWH IRU SDWLHQWV ZKR GLH GXULQJ WKH WLPH RI WKH VLPXODWLRQ� 7KH

HIIHFW RI 06 RQ PRUWDOLW\ LV FRQVLGHUHG VPDOO� DQG FXUUHQWO\ QR HSLGHPLRORJLFDO RU

FOLQLFDO GDWD ZLWK ,1)%��E DUH DYDLODEOH WKDW ZRXOG DOORZ FDOFXODWLQJ WUDQVLWLRQ

SUREDELOLWLHV IRU DQ 06�VSHFLILF LQFUHDVHG PRUWDOLW\ ULVN� +RZHYHU� UHJLVWU\ GDWD H�J�
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LQ 'HQPDUN �� KDYH UHFHQWO\ LQGLFDWHG D VXEVWDQWLDOO\ KLJKHU PRUWDOLW\ IRU 06

SDWLHQWV �55 a��� DQG LI WKHVH GDWD EHFRPH DFFHVVLEOH LQ PRUH GHWDLO� LW LV SRVVLEOH WR

LQWHJUDWH WKHP LQWR WKH PRGHO� 7KH FXUUHQW PRGHO RQO\ LQFOXGHV QRUPDO PRUWDOLW\�

+RZHYHU� VHQVLWLYLW\ DQDO\VLV XVLQJ D UHODWLYH ULVN RI � DQG �� LV VKRZQ DV D VHQVLWLYLW\

DQDO\VLV�

$OO WUDQVLWLRQV DUH DOORZHG� H[FHSW WKDW SDWLHQWV FDQQRW OHDYH WKH VWDWH ´GHDGµ�

7UDQVLWLRQ SUREDELOLWLHV DUH HVWLPDWHG XVLQJ DQ RUGHUHG SURELW PRGHO� DQG GHSHQG RQ

VHYHUDO IDFWRUV� LQFOXGLQJ ZKHWKHU RU QRW WKH SDWLHQW KDV D UHODSVH GXULQJ WKH

FXUUHQW WLPH SHULRG� DJH� DJH DW RQVHW RI 06 DQG WLPH VLQFH RQVHW RI 06� *HQGHU KDG

QR LQIOXHQFH DQG ZDV H[FOXGHG�

7KH SUREDELOLW\ RI D UHODSVH GXULQJ WKH SHULRG LV HVWLPDWHG E\ D ORJLVWLF UHJUHVVLRQ

PRGHO� %RWK WUDQVLWLRQ SUREDELOLWLHV DQG SUREDELOLWLHV RI D UHODSVH DUH GLIIHUHQW IRU

XQWUHDWHG DQG WUHDWHG SDWLHQWV�

2.2 Patient data

7ZR GRXEOH EOLQG FOLQLFDO WULDOV ZHUH XVHG WR HVWLPDWH WKH WUDQVLWLRQ SUREDELOLWLHV IRU

WUHDWHG DQG XQWUHDWHG SDWLHQWV IRU WKH ILUVW \HDUV LQ WKH PRGHO� RQH WULDO LQ 5506 �

DQG RQH WULDO LQ 6306 �� )RU ERWK RI WKHVH WULDOV� RSHQ H[WHQVLRQ VWXGLHV EH\RQG WKH

GRXEOH�EOLQG SHULRG WR �� PRQWKV ZHUH DYDLODEOH� )RU WKH H[WUDSRODWLRQ EH\RQG WKH

WULDO SHULRG� GDWD IURP DQ HSLGHPLRORJLFDO VWXG\ RI WKH QDWXUDO KLVWRU\ RI WKH GLVHDVH

�� ZDV XVHG� 7KHVH VWXGLHV DUH GHVFULEHG EHORZ�
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2.2.1 Clinical trial in RRMS

7KH WULDO LQFOXGHG SDWLHQWV ZLWK UHODSVLQJ GLVHDVH EHWZHHQ ('66 � DQG ��� ZKR KDG

KDG � RU PRUH H[DFHUEDWLRQV LQ WKH WZR \HDUV SUHFHGLQJ HQUROPHQW� ��� SDWLHQWV

ZHUH UDQGRPLVHG WR WKUHH WUHDWPHQW JURXSV� SODFHER ���� SDWLHQWV�� ,)1%��E ���

0,8�NJ ���� SDWLHQWV� DQG ,)1%��E � 0,8�NJ ���� SDWLHQWV�� 7KH DSSURYHG

VWDQGDUG GRVH RI ,)1%��E LV � 0,8� DQG KHQFH RQO\ WKH SODFHER JURXS DQG WKH

KLJKHU GRVH WUHDWPHQW JURXS ZHUH XVHG IRU WKLV DQDO\VLV ���� SDWLHQWV��

('66 DVVHVVPHQWV ZHUH GRQH GXULQJ DQ RXWSDWLHQW YLVLW DW DSSUR[LPDWHO\ ��PRQWK

LQWHUYDOV IRU XS WR � \HDUV� 7KH DYHUDJH IROORZ�XS WLPH ZDV ��� ZHHNV �UDQJH � WR

��� ZHHNV��

$V WKH PRGHO UXQV LQ ��PRQWK F\FOHV� EXW YLVLWV GLG QRW WDNH SODFH H[DFWO\ DW �

PRQWKV �EXW SOXV PLQXV ��� ZHHNV�� ('66 VFRUHV IRU ��PRQWK LQWHUYDOV KDG WR EH

HVWLPDWHG� (DFK YLVLW ZDV QXPEHUHG ZLWK WKH ZHHN VLQFH VWXG\ VWDUW WKDW LW WRRN

SODFH DQG D IXOO SDQHO GDWD VHW ZDV JHQHUDWHG ZLWK DOO ��� VXEMHFWV DQG ��� WLPH

SHULRGV �ZHHN ������� LQ WRWDO ����� REVHUYDWLRQV� )RU REVHUYDWLRQV �ZHHNV� ZKHUH

QR YLVLW WRRN SODFH� WKH ('66 VFRUH DW WKLV ZHHN ZDV HVWLPDWHG E\ OLQHDU

LQWHUSRODWLRQ EHWZHHQ WKH WZR YLVLWV FORVHVW LQ WLPH� $OO REVHUYDWLRQV H[FHSW IRU

WKRVH DW ZHHNV �� ��� ��� ��«��� ZHUH WKHQ H[FOXGHG� 1R H[WUDSRODWLRQ ZDV PDGH

RXWVLGH WKH GDWD PDWHULDO�

6LQFH OLQHDU LQWHUSRODWLRQ ZDV XVHG WR HVWLPDWH ('66 VFRUHV� WKHVH FRXOG EH DQ\

GHFLPDO QXPEHU �QRW RQO\ �� ���� ��� HWF��� ,Q RUGHU WR JURXS SDWLHQWV LQWR WKH 0DUNRY

VWDWHV DW HDFK ��PRQWK LQWHUYDO� ZH FODVVLILHG SDWLHQWV ZLWK DQ HVWLPDWHG ('66

VFRUH RI OHVV WKDQ ���� LQWR VWDWH �� SDWLHQWV ZLWK D VFRUH DW RU DERYH ���� DQG EHORZ

���� LQWR VWDWH �� HWF�
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2.2.2 Clinical trial in SPMS

7KLV VWXG\ LQFOXGHG SDWLHQWV ZLWK VHFRQGDU\ SURJUHVVLYH GLVHDVH EHWZHHQ ('66

VFRUHV ��� DQG ���� ��� SDWLHQWV ZHUH UDQGRPLVHG WR SODFHER ���� SDWLHQWV� RU DFWLYH

WUHDWPHQW ZLWK LQWHUIHURQ EHWD ���� SDWLHQWV� DQG WUHDWHG IRU �� PRQWKV� $IWHU

WKLV GRXEOH EOLQG SHULRG� DOO SDWLHQWV ZHUH JLYHQ WKH SRVVLELOLW\ WR UHFHLYH ,)1%��E

WUHDWPHQW LQ DQ RSHQ ODEHO H[WHQVLRQ IRU XS WR �� PRQWKV� 7KXV� SDWLHQWV LQ WKH

WUHDWPHQW JURXS UHFHLYHG WUHDWPHQW IRU XS WR �� PRQWKV� ,Q WKH PRGHO� RQO\ SDWLHQWV

ZKR UHFHLYHG WUHDWPHQW LQ WKH GRXEOH EOLQG SKDVH ZHUH XVHG IRU WKH H[WHQVLRQ

SHULRG� ZKLOH SDWLHQWV ZKR KDG VZLWFKHG IURP WKH SODFHER JURXS DIWHU � \HDUV ZHUH

H[FOXGHG� ,Q DGGLWLRQ� SDWLHQWV ZKR KDG QRW UHFHLYHG WUHDWPHQW IRU PRUH WKDQ ��

GD\V �RQH F\FOH� EHWZHHQ WKH GRXEOH EOLQG DQG WKH H[WHQVLRQ VWXG\ ZHUH H[FOXGHG

IURP WKH H[WHQVLRQ SHULRG�

3DWLHQWV ZHUH IROORZHG LQ ��PRQWK LQWHUYDOV� DQG ('66 VFRUHV ZHUH DYDLODEOH IRU DOO

SDWLHQWV DW � PRQWKV ���� � ZHHN�� 7KXV� QR LQWHUSRODWLRQ ZDV UHTXLUHG DQG SDWLHQWV

ZHUH GLUHFWO\ JURXSHG LQWR WKH 0DUNRY VWDWHV�

2.2.3 Combined RRMS-SPMS dataset

7KH PDLQ FRVW�HIIHFWLYHQHVV DQDO\VLV LV SHUIRUPHG IRU SDWLHQWV ZLWK ERWK 5506 DQG

6306� ,Q RUGHU WR FRPELQH WKH WZR W\SHV RI WKH GLVHDVH� D VXEVHW RI SDWLHQWV LQ WKH

6306 WULDO� ZLWK VLPLODU GLVHDVH DFWLYLW\ DV WKRVH HQUROOHG LQ WKH 5506 WULDO� ZHUH

LGHQWLILHG� 3DWLHQWV ZHUH GHILQHG DV KDYLQJ ´DFWLYH GLVHDVHµ� L�H�

� SDWLHQWV ZLWK 5506 ZKR KDG WZR RU PRUH UHODSVHV LQ WKH SDVW WZR \HDUV� L�H�

DOO ��� SDWLHQWV HQUROOHG LQ WKH 5506 WULDO

� SDWLHQWV ZLWK 6306 ZKR KDG WZR RU PRUH UHODSVHV RU DW OHDVW RQH SRLQW

SURJUHVVLRQ RQ ('66 �ñ SRLQW LQ WKH UDQJH EHWZHHQ � DQG �� LQ WKH WZR \HDUV

SUHFHGLQJ WKH FOLQLFDO WULDO� L�H� ��� RI WKH ��� SDWLHQWV� ��� LQ WKH WUHDWPHQW

JURXS DQG ��� LQ WKH SODFHER JURXS� 2I WKH ��� SDWLHQWV LQ WKH WUHDWPHQW

JURXS� ��� SDWLHQWV HQWHUHG WKH RSHQ ODEHO H[WHQVLRQ�

'HWDLOV RI WKH FRKRUW XVHG LQ WKH PRGHO DUH LQ WKH WDEOH EHORZ�
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7DEOH ��� 5506� %DVHOLQH FKDUDFWHULVWLFV �1 ����

3ODFHER ,1)%��E

%DVHOLQH YDULDEOHV �0HDQ� 6(�

�Q ���� �Q ���� S�YDOXH


$JH �\U� ���� ���� ������

'LVHDVH GXUDWLRQ �\U� ��� ��� ������

$JH DW RQVHW RI 06 �\U� ���� ��� � ������

7LPH VLQFH GLDJQRVLV RI 5506 �\U� ��� ��� ������


WZR�VLGHG W�WHVW

7DEOH ��� 6306� %DVHOLQH FKDUDFWHULVWLFV� DFWLYH SDWLHQWV� GRXEOH EOLQG SKDVH �1 ����

3ODFHER ,)1%��E

%DVHOLQH YDULDEOHV �PHDQ� 6(� �Q ���� �Q ���� S�YDOXH

$JH �\U� ���� ����� ���� ����� ������

'LVHDVH GXUDWLRQ �\U� ����� ������ ����� ������ ������

$JH DW RQVHW RI 06 �\U� ����� ������ ����� ������ ������

7LPH VLQFH GLDJQRVLV RI 5506 �\U� ���� ������ ���� ������ ������

7LPH VLQFH GLDJQRVLV RI 6306 �\U� ���� ������ ���� ������ ������

&KDQJH RI ('66 VFRUH LQ � \HDUV

SUHFHGLQJ WKH '% WULDO

���� ������ ���� ������ ������

7DEOH ��� 6306� %DVHOLQH FKDUDFWHULVWLFV� DFWLYH SDWLHQWV� H[WHQVLRQ SKDVH �1 ����

$VVLJQHG WR

SODFHER LQ '%

$VVLJQHG WR

,)1%��E LQ '%

%DVHOLQH YDULDEOHV �PHDQ� 6(� �Q ���� �Q ���� S�YDOXH


$JH �\U� ���� ����� ���� ����� ������

'LVHDVH GXUDWLRQ �\U� ���� ������ ���� ������ ������

$JH DW RQVHW RI 06 �\U� ���� ����� ���� ����� ������

7LPH VLQFH GLDJQRVLV RI 5506 �\U� ���� ����� ���� ����� ������

7LPH VLQFH GLDJQRVLV RI 6306 �\U� ���� ������ ���� ������ ������

&KDQJH RI ('66 VFRUH LQ � \HDUV

SUHFHGLQJ WKH '% WULDO

���� ������ ���� ������ ������
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2.2.4 Natural history data

7KH QDWXUDO KLVWRU\ RI 06 KDV EHHQ GHVFULEHG EDVHG RQ D JHRJUDSKLFDOO\ EDVHG VWXG\

LQ &DQDGD ��� ,Q WKLV VWXG\� ���� SDWLHQWV ZHUH IROORZHG IURP RQVHW RI 06 DW WKH

06 &OLQLF LQ /RQGRQ� 2QWDULR� &DQDGD� $QQXDO GDWD RQ GLVDELOLW\ DUH DYDLODEOH LQ WKH

IRUP RI '66 VFRUHV �� IRU DOO SDWLHQWV� )RU WKH PRGHOOLQJ SURFHVV� D VSHFLDO GDWD VHW

ZLWK GHPRJUDSKLF DQG GLVHDVH GDWD IRU SDWLHQWV ZLWK UHODSVLQJ�UHPLWWLQJ GLVHDVH

�5506� DW RQVHW ZDV H[WUDFWHG IURP WKH GDWDEDVH� 7KH ILOH FRQWDLQHG LQIRUPDWLRQ

RQ DJH� JHQGHU� PRUWDOLW\ �06 VSHFLILF RU QRW�� DJH DW RQVHW RI 06� FXUUHQW W\SH RI

06� WLPH IURP RQVHW WR FRQYHUVLRQ WR 6306� GLVDELOLW\ DW FRQYHUVLRQ WR 6306 DQG

DQQXDO GLVDELOLW\ VFRUHV� 7KH GDWDVHW LQFOXGHG ��� SDWLHQWV ZLWK D PHDQ IROORZ�XS

WLPH RI ���� \HDUV �6' ������ 'HWDLOV RQ WKLV GDWDVHW DUH EHORZ�

7DEOH ��� 'HVFULSWLRQ RI WKH QDWXUDO KLVWRU\ GDWD VHW

1R 3DWLHQWV � RU 0HDQ �6'�

(QWLUH 'DWDVHW

)HPDOHV

$JH DW RQVHW RI 06

'HDG DW ODVW IROORZ�XS

5506 W ODVW IROORZ�XS

6306 DW ODVW IROORZ�XS

���

���

���

���

���

���

�����

���� �����

�����

�����

�����

7DEOH ��� 'HVFULSWLRQ RI WKH QDWXUDO KLVWRU\ GDWDVHW E\ W\SH RI GLVHDVH

1R 3DWLHQWV 0HDQ �6'�

5506 �Q  ����

� DJH DW RQVHW

� PHDQ IROORZ�XS WLPH

 
 ���
 ���

 
 ���� ������

 ���� �����

 6306 �Q  ����

� DJH DW RQVHW

� PHDQ IROORZ�XS WLPH

� DJH DW FRQYHUVLRQ IURP 5506

� WLPH WR FRQYHUVLRQ WR 6306

� ('66 DW FRQYHUVLRQ WR 6306

 
 ���
 ���
 ���
 ���
 ���

 
 ���� �����

 ���� ������
 ���� ������

 ���� �����

 ��� �����

 

 7KH DQQXDO IROORZ�XS GDWD ZHUH H[SDQGHG WR TXDUWHUO\ REVHUYDWLRQV� WR PDWFK WKH

F\FOH OHQJWK LQ WKH PRGHO� XVLQJ OLQHDU LQWHUSRODWLRQ� 7KXV� DQ ('66 VFRUH IRU HDFK

SDWLHQW DW HYHU\ ��PRQWK LQWHUYDO ZDV HVWLPDWHG� 3DWLHQWV ZHUH WKHQ GLYLGHG LQWR

VWDWHV XVLQJ WKH XVXDO FXW�RII SRLQWV�
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2.3 Transition probabilities

 ,Q HDUOLHU PRGHOV� WUDQVLWLRQ SUREDELOLWLHV ZHUH FDOFXODWHG ZLWKRXW UHIHUHQFH WR

SDWLHQW FKDUDFWHULVWLFV� +RZHYHU� LW FDQ EH DUJXHG WKDW WUDQVLWLRQ SUREDELOLWLHV PD\

EH GHSHQGHQW RQ IDFWRUV VXFK DV VH[� DJH� DJH DW GLVHDVH RQVHW� WLPH VLQFH GLVHDVH

RQVHW� DJH DQG OHYHO RI GLVDELOLW\ DW WUHDWPHQW VWDUW� ,Q WKLV PRGHO� DOO RI WKHVH

IDFWRUV �H[FHSW VH[ ZKLFK ZDV QRW VLJQLILFDQW� DUH XVHG DV LQGHSHQGHQW YDULDEOHV

ZKHQ FDOFXODWLQJ WUDQVLWLRQ SUREDELOLWLHV�

 

2.3.1 Merged clinical trials

 3DWLHQWV IURP WKH 5506 DQG 6306 WULDOV ZHUH PHUJHG LQWR RQH GDWDEDVH DQG

WUDQVLWLRQ SUREDELOLWLHV FDOFXODWHG XVLQJ WKH SURELW PRGHO� ZKHUH

� ´6� WR 6�µ DUH GXPPLHV IRU VWDWHV ��� �UHIHUHQFH VWDWH ��

� ´DJHµ LV WKH DJH DW VWDUW RI WUHDWPHQW

� ´DJHDWRQVµ LV WKH DJH DW RQVHW RI 06

� ´WLPHµ LV WKH QXPEHU RI ��PRQWK SHULRGV VLQFH WKH VWDUW RI WUHDWPHQW

� ´LQW �µ LV DQ LQWHUDFWLRQ WHUP EHWZHHQ WUHDWPHQW DQG D GXPP\ IRU EHLQJ LQ

VWDWH � WKURXJK �� DV WKHUH ZDV QR VLJQLILFDQW HIIHFW RI WKH WUHDWPHQW RQ

WUDQVLWLRQ SUREDELOLWLHV LQ VWDWHV � DQG � LQ WKH FOLQLFDO GDWDVHW� WKH FDOFXODWLRQ

DVVXPHV WKDW WUHDWPHQW DIIHFWV WUDQVLWLRQ SUREDELOLWLHV RQO\ ZKHQ D SDWLHQW LV

LQ VWDWHV � WR � �('66 ������

� ´UHODSVHµ LV D GXPP\ IRU UHODSVH �UHIHUHQFH QR UHODSVH� GXULQJ WKH FXUUHQW

SHULRG

 $OO WKH FRHIILFLHQWV KDYH WKH H[SHFWHG VLJQV DQG DUH VLJQLILFDQW �S � ������� %HLQJ LQ D

PRUH VHYHUH VWDWH LQFUHDVHV WKH SUREDELOLW\ WR JR WR WKH QH[W KLJKHU VWDWH LQ WKH

QH[W F\FOH� FRPSDUHG WR EHLQJ LQ VWDWH �� $JH LV SRVLWLYH� L�H� WKH SUREDELOLW\ RI EHLQJ

LQ D PRUH VHYHUH VWDWH LQ WKH QH[W SHULRG LQFUHDVHV VOLJKWO\ ZKHQ WUHDWPHQW LV

VWDUWHG DW D KLJKHU DJH ������ IRU HDFK \HDU�� $JH DW RQVHW LV QHJDWLYH� L�H� WKH

\RXQJHU D SDWLHQW DW GLVHDVH RQVHW� WKH KLJKHU WKH SUREDELOLW\ WR EH LQ D PRUH VHYHUH

VWDWH ������� IRU HDFK \HDU�� 7LPH LV SRVLWLYH� L�H� WKH SUREDELOLW\ WR EH LQ D KLJKHU

VWDWH LQ WKH QH[W F\FOH LQFUHDVHV E\ ����� IRU HDFK DGGLWLRQDO ��PRQWK SHULRG WKDW

KDV HODSVHG VLQFH EDVHOLQH� +DYLQJ D UHODSVH LQFUHDVHV WKH SUREDELOLW\ WR EH LQ D

KLJKHU VWDWH LQ WKH QH[W F\FOH E\ �����
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 7KH LQWHUDFWLRQ EHWZHHQ WUHDWPHQW DQG VWDWHV � WR � ZDV LQWURGXFHG WR DFFRXQW IRU

WKH IDFW WKDW LQ WKH HDUO\ VWDJHV RI 06� ZKHUH WKH YDVW PDMRULW\ RI SDWLHQWV KDV

5506� WUHDWPHQW UHGXFHV WKH QXPEHU RI UHODSVHV� EXW KDV QR HIIHFW RQ SURJUHVVLRQ�

DV SDWLHQWV UHFRYHU DIWHU D UHODSVH� 3URJUHVVLRQ LV DIIHFWHG RQFH D SDWLHQW FRQYHUWV

WR 6306� JHQHUDOO\ DURXQG ('66 ��� RU ���� 7KLV LV FOHDUO\ VHHQ LQ WKH PHUJHG

FOLQLFDO GDWDVHW� ZKHUH SDWLHQWV LQ WKH 5506 WULDO ZHUH FOXVWHUHG LQ VWDWHV � DQG ��

ZLWK OLPLWHG SURJUHVVLRQ� $ WRWDO RI ��� RI WKH GDWDVHW ZHUH LQ VWDWHV � DQG �

�('66 ����� DW EDVHOLQH�

 

 7DEOH ��� 3URELW PRGHO� WUDQVLWLRQ SUREDELOLWLHV LQ WKH FOLQLFDO WULDOV

 Iteration 0:   log likelihood =  -17535.09
 Iteration 1:   log likelihood = -9606.0457
 Iteration 2:   log likelihood = -8149.0398
 Iteration 3:   log likelihood = -7909.5119
 Iteration 4:   log likelihood = -7900.8964
 Iteration 5:   log likelihood = -7900.8812
 
 Ordered probit estimates                          Number of obs   =      10069
                                                   Wald chi2(11)   =    2562.37
                                                   Prob > chi2     =     0.0000
 Log likelihood = -7900.8812                       Pseudo R2       =     0.5494
 
                                (standard errors adjusted for clustering on id)
 ------------------------------------------------------------------------------
          |               Robust
    state |      Coef.   Std. Err.       z     P>|z|       (95% Conf. Interval)
 ---------+--------------------------------------------------------------------
       s2 |   1.960251   .0809251     24.223   0.000       1.801641    2.118861
       s3 |   3.476992   .1129868     30.773   0.000       3.255542    3.698442
       s4 |   4.742726   .1378524     34.404   0.000        4.47254    5.012912
       s5 |   6.733288   .1564043     43.051   0.000       6.426742    7.039835
       s6 |   8.776759   .1819334     48.242   0.000       8.420176    9.133341
       s7 |   10.38026   .3004678     34.547   0.000       9.791356    10.96917
      age |   .0081904   .0019119      4.284   0.000       .0044431    .0119377
 ageatons |  -.0054619   .0018886     -2.892   0.004      -.0091634   -.0017604
     time |   .0075081   .0020557      3.652   0.000       .0034791    .0115371
     int1 |  -.0803573   .0309238     -2.599   0.009      -.1409667   -.0197478
  relapse |   .2265549   .0407262      5.563   0.000       .1467331    .3063768
 ---------+--------------------------------------------------------------------
    _cut1 |   1.326034    .079766             (Ancillary parameters)
    _cut2 |   2.871344   .1091634
    _cut3 |   4.289891   .1382199
    _cut4 |   5.544517   .1565744
    _cut5 |   8.383985   .1778311
    _cut6 |    9.91157   .2174867
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2.3.2 Natural history cohort

 7KH FDOFXODWLRQ RI WUDQVLWLRQ SUREDELOLWLHV LQ WKH HSLGHPLRORJLFDO GDWDVHW LV VKRZQ

EHORZ�

 7KH UHVXOWV DUH VLPLODU WR WKH FOLQLFDO GDWDVHW� DQG EHLQJ LQ D PRUH VHYHUH VWDWH

LQFUHDVHV WKH SUREDELOLW\ WR JR WR WKH QH[W KLJKHU VWDWH LQ WKH QH[W F\FOH� FRPSDUHG

WR EHLQJ LQ VWDWH �� +RZHYHU� LQ WKLV GDWDVHW� JHQGHU ZDV VLJQLILFDQW DV ZHOO� DQG

PDOHV KDG D KLJKHU SUREDELOLW\ WR JR WR D PRUH VHYHUH VWDWH LQ WKH QH[W SHULRG

�S������� $JH DW LQFOXVLRQ LQWR WKH VWXG\ ZDV QHJDWLYH� L�H� SDWLHQWV WKDW ZHUH \RXQJHU

DW WKH VWDUW RI IROORZ�XS KDG D KLJKHU SUREDELOLW\ WR JR WR WKH QH[W KLJKHU VWDWH LQ

WKH QH[W F\FOH� 7LPH VLQFH LQFOXVLRQ ZDV QRW VLJQLILFDQW DQG WKHUHIRUH H[FOXGHG�

 

7DEOH ��� 3URELW PRGHO� WUDQVLWLRQ SUREDELOLWLHV LQ WKH QDWXUDO KLVWRU\ GDWDVHW

 

 Ordered probit estimates                          Number of obs   =      72176
                                                   Wald chi2(9)    =    4077.01
                                                   Prob > chi2     =     0.0000
 Log likelihood =   -11881.9                       Pseudo R2       =     0.9015
 
                                (standard errors adjusted for clustering on id)
 ------------------------------------------------------------------------------
          |               Robust
    state |      Coef.   Std. Err.       z     P>|z|       (95% Conf. Interval)
 ---------+--------------------------------------------------------------------
       s2 |   5.369649   .2095633     25.623   0.000       4.958912    5.780385
       s3 |   9.370129   .2388048     39.238   0.000       8.902081    9.838178
       s4 |   13.01429   .2815082     46.231   0.000       12.46255    13.56604
       s5 |   17.04609   .3859744     44.164   0.000       16.28959    17.80258
       s6 |   21.25233   .4259271     49.897   0.000       20.41753    22.08713
       s7 |   26.36626   .4562622     57.788   0.000         25.472    27.26051
      age |   -.005872   .0017244     -3.405   0.001      -.0092516   -.0024923
     male |   .0616268   .0218665      2.818   0.005       .0187691    .1044844
 ageonset |   .0083327   .0018869      4.416   0.000       .0046344    .0120309
 ---------+--------------------------------------------------------------------
    _cut1 |   2.098103   .0419231             (Ancillary parameters)
    _cut2 |   6.789731   .2205148
    _cut3 |   10.39137   .2507423
    _cut4 |   14.13039   .2945314
    _cut5 |   18.48295   .3966199
    _cut6 |   22.70499   .4275972
 ------------------------------------------------------------------------------
 

� ´6� WR 6�µ DUH GXPPLHV IRU VWDWHV ��� �UHIHUHQFH VWDWH ��

� ´DJHµ LV WKH DJH DW VWDUW RI WKH IROORZ�XS

� ´PDOHµ LV WKH JHQGHU �UHIHUHQFH IHPDOH�

� ´DJHDWRQVµ LV WKH DJH DW RQVHW RI 06
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2.4 Relapse rates

 7KH ULVN RI KDYLQJ D UHODSVH LQ HDFK ��PRQWK SHULRG LV HVWLPDWHG E\ D ORJLVWLF

UHJUHVVLRQ PRGHO� FRQWUROOLQJ IRU JHQGHU� DJH DW RQVHW RI GLVHDVH� DJH DW VWDUW RI

WUHDWPHQW� WLPH VLQFH VWDUW RI WUHDWPHQW DQG D GXPP\ IRU DFWLYH WUHDWPHQW� 7KH

RGGV UDWLR IRU UHODSVHV ZLWK WUHDWPHQW LV �����

 

7DEOH ��� 5HJUHVVLRQ PRGHO� UHODSVH UDWHV LQ WKH FOLQLFDO WULDO FRKRUW

 

 Logit estimates                                   Number of obs   =      10260
                                                   Wald chi2(5)    =     109.91
                                                   Prob > chi2     =     0.0000
 Log likelihood = -4245.4684                       Pseudo R2       =     0.0223
 
                                (standard errors adjusted for clustering on id)
 ------------------------------------------------------------------------------
          |               Robust
  relapse | Odds Ratio   Std. Err.       z     P>|z|       (95% Conf. Interval)
 ---------+--------------------------------------------------------------------
      age |   .9656662   .0068715     -4.910   0.000       .9522918    .9792284
 ageatons |   1.022928   .0080145      2.893   0.004       1.007339    1.038757
     male |   .8262499   .0747127     -2.111   0.035       .6920581    .9864618
     time |   .9470245   .0067515     -7.635   0.000       .9338839    .9603501
    treat |   .7491483   .0639578     -3.383   0.001       .6337198    .8856015
 ------------------------------------------------------------------------------

 

 )LJXUH ��� 7KH ULVN RI UHODSVH ZLWK RU ZLWKRXW WUHDWPHQW
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2.5 Compliance

 

 7KH PRGHO XVHV LQWHQWLRQ WR WUHDW �,77� GDWD IURP WKH FOLQLFDO WULDOV� L�H� GDWD IURP

DOO SDWLHQWV LQFOXGHG LQ WKH FOLQLFDO WULDOV DUH XVHG� LUUHVSHFWLYH RI ZKHWKHU SDWLHQWV

ZLWKGUHZ IURP WUHDWPHQW RU QRW� ('66 VFRUHV WKXV LQFOXGH QRQ�FRPSOLDQFH WR WKH

WUHDWPHQW� DQG WKH FRVW RI WUHDWPHQW QHHGV WKHUHIRUH WR EH DGMXVWHG E\ WKH DFWXDO

FRPSOLDQFH UDWH� 7KH IUDFWLRQ RI SDWLHQWV ZKR DUH FRPSOLDQW DW HDFK SRLQW LQ WLPH LV

HVWLPDWHG E\ WKH .DSODQ�0HLHU PHWKRG �VHH EHORZ��

 

 The compliance after 36 months in the combined clinical cohort is 93%.

 

7DEOH ���� &RPSOLDQFH LQ WKH PHUJHG FOLQLFDO GDWDVHW

 

            Beg.          Net            Survivor      Std.
   Time    Total   Fail   Lost           Function     Error     (95% Conf. Int.)
 -------------------------------------------------------------------------------
      3      716      0      8             1.0000         .          .         .
      6      708      0      2             1.0000         .          .         .
      9      706      3      5             0.9958    0.0024     0.9869    0.9986
     12      698      2      2             0.9929    0.0032     0.9830    0.9970
     15      694      6      8             0.9843    0.0047     0.9719    0.9913
     18      680      6      7             0.9756    0.0058     0.9611    0.9848
     21      667      5      4             0.9683    0.0066     0.9523    0.9790
     24      658      2     15             0.9654    0.0069     0.9488    0.9767
     27      641      6      8             0.9563    0.0078     0.9381    0.9693
     30      627      5     11             0.9487    0.0085     0.9293    0.9629
     33      611      6     12             0.9394    0.0092     0.9186    0.9550
     36      593      9    419             0.9251    0.0102     0.9024    0.9428
     39      165      1      1             0.9195    0.0116     0.8935    0.9394
     42      163      2      4             0.9082    0.0139     0.8768    0.9320
     45      157      6      1             0.8735    0.0193     0.8301    0.9065
     48      150      3      3             0.8561    0.0214     0.8082    0.8928
     51      144      6      0             0.8204    0.0250     0.7652    0.8637
     54      138      5    133             0.7907    0.0274     0.7309    0.8387
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2.6 Costs and utilities by state and during a relapse

 &RVWV DQG XWLOLWLHV LQ GLIIHUHQW VWDWHV� DV ZHOO DV WKH H[WUD FRVWV DQG XWLOLW\ ORVV GXH

WR D UHODSVH DUH HVWLPDWHG IURP DQ REVHUYDWLRQDO VWXG\ LQ 6ZHGHQ ��� 7KLV FURVV�

VHFWLRQDO ERWWRP�XS VWXG\ LQFOXGHG ��� SDWLHQWV DQG FROOHFWHG DOO FRVWV� DV ZHOO DV

XWLOLWLHV DQG ('66 VFRUHV� 7KH PHDQ DJH RI SDWLHQWV ZDV �� \HDUV DQG ��� ZHUH

IHPDOH� $JH DW RQVHW RI WKH GLVHDVH ZDV �� \HDUV� DQG ��� RI SDWLHQWV KDG EHQLJQ

GLVHDVH RU UHODSVLQJ�UHPLWWLQJ GLVHDVH� ��� KDG VHFRQGDU\ SURJUHVVLYH DQG ���

SULPDU\ SURJUHVVLYH GLVHDVH� ���� RI SDWLHQWV KDG VXIIHUHG IURP D UHODSVH LQ WKH

PRQWK SUHFHGLQJ GDWD FROOHFWLRQ�

 

 7KH WRWDO FRVW ZDV RQ DYHUDJH ��� ��� 6(. SHU \HDU� ��� EHLQJ GLUHFW PHGLFDO

FRVWV� ��� LQGLUHFW FRVWV DQG �� FRVWV RI LQIRUPDO FDUH� 7KH DYHUDJH XWLOLW\ LQ WKH

6ZHGLVK REVHUYDWLRQDO VWXG\ ZDV ������ RU ����� ZKHQ QHJDWLYH XWLOLWLHV ZHUH VHW WR

]HUR�

 

 $ OLQHDU UHJUHVVLRQ PRGHO ZDV XVHG WR HVWLPDWH WKH FRVW LQ GLIIHUHQW ('66 VWDWHV DV

ZHOO DV WKH H[WUD FRVW GXH WR D UHODSVH� $JH� JHQGHU RU DJH DW RQVHW RI GLVHDVH GLG

QRW KDYH DQ\ VLJQLILFDQW HIIHFW RQ FRVWV� VR WKHVH YDULDEOHV ZHUH H[FOXGHG IURP WKH

UHJUHVVLRQ HTXDWLRQ� 7KH ('66 VWDWHV ZHUH LQFOXGHG DV GXPP\ YDULDEOHV� WRJHWKHU

ZLWK D GXPP\ YDULDEOH IRU ZKHWKHU WKH SDWLHQW KDV KDG D UHODSVH GXULQJ WKH ODVW

PRQWK�

 7DEOH ���� VKRZV WKH FRVWV E\ VWDWH�

 

 7KH XWLOLW\ LQ GLIIHUHQW VWDWHV DQG WKH XWLOLW\ ORVV IURP D UHODSVH ZHUH HVWLPDWHG LQ D

VLPLODU ZD\ E\ OLQHDU UHJUHVVLRQ� $JH ZDV IRXQG WR KDYH D VLJQLILFDQW LQGHSHQGHQW

HIIHFW RQ XWLOLW\� ROGHU SDWLHQWV KDYLQJ ORZHU XWLOLW\ WKDQ \RXQJHU� DV H[SHFWHG�

 7DEOH ���� VKRZ WKH XWLOLWLHV E\ VWDWH�
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 7DEOH ���� &RVWV DQG XWLOLWLHV LQ WKH GLIIHUHQW 0DUNRY 6WDWHV

 6WDWH  ('66  &RVWV SHU � PRQWKV �6(.� �����  8WLOLW\

   'LUHFW  ,QGLUHFW  ,QIRUPDO  7RWDO  (4��'


 �  �����  ����  �����  �

  �����  ������
 �  �������  �����  �����  ����  �����  ������
 �  �������  �����  �����  ����  �����  ������
 �  �������  �����  �����  ����  �����  ������
 �  �������  �����  �����  ����  �����  ������
 �  �������  ������  �����  �����  ������  ������
 �  �������  ������  �����  �����  ������  ������

 
 LQGLYLGXDO QHJDWLYH XWLOLWLHV ZHUH VHW WR ]HUR SULRU WR WKH FDOFXODWLRQV

 

 7KH FRVW RI LQIRUPDO FDUH LQ VWDWH � ZDV SUHGLFWHG WR ²�� 6(. E\ WKH UHJUHVVLRQ PRGHO� 6LQFH D

QHJDWLYH FRVWV PDNH OLWWOH VHQVH LQ WKLV FRQWH[W� WKH FRVW LV VHW WR ]HUR�

 

 

 $VVXPLQJ WKDW D UHODSVH ODVWV IRU RQH PRQWK� WKH XWLOLW\ ORVV LV ������ 4$/<V �HTXDO

WR ��� TXDOLW\�DGMXVWHG GD\V�� )RU D UHODSVH ODVWLQJ � PRQWKV� WKH 4$/< ORVV ZRXOG EH

������� RU ���� TXDOLW\�DGMXVWHG GD\V�

 

 7KH H[WUD FRVW GXH WR D UHODSVH ODVWLQJ � PRQWK ZDV HVWLPDWHG WR ����� 6(.� GLUHFW

FRVWV FRQVWLWXWLQJ ���� LQGLUHFW FRVWV ��� DQG LQIRUPDO FDUH �� RI WKH WRWDO FRVW RI

UHODSVH�

 

 7DEOH ���� &RVW DQG XWLOLW\ ORVV GXH WR UHODSVH

 'XUDWLRQ  &RVWV �6(.� �����  8WLOLW\ ORVV

  'LUHFW  ,QGLUHFW  ,QIRUPDO  7RWDO  (4��'


 � PRQWK  �����  ����  ���  �����  ������
 � PRQWKV  �����  �����  ����  �����  ������
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2.7 Intervention

 7UHDWPHQW ZLWK ,)1%��E IRU WKH ILUVW � \HDUV LV FRPSDUHG WR SODFHER� EDVHG RQ WKH

FOLQLFDO WULDOV DQG DIWHU �� F\FOHV� WUDQVLWLRQV IURP WKH QDWXUDO KLVWRU\ GDWD DUH XVHG

IRU ERWK JURXSV� :KHQ WUHDWPHQW LV VWRSSHG� QR IXUWKHU WUHDWPHQW HIIHFW LV

DVVXPHG� :KHQ WUHDWPHQW LV H[WHQGHG WR �� F\FOHV� WUDQVLWLRQV DUH FRPSDUHG WR WKH

QDWXUDO KLVWRU\ FRKRUW� DV QR SODFHER JURXS ZDV DYDLODEOH IRU WKLV WLPH SHULRG�

 

 7KH UHFRPPHQGHG GRVDJH LV � PLOOLRQ XQLWV E\ VXEFXWDQHRXV LQMHFWLRQ HYHU\ VHFRQG

GD\� 7KH SULFH IRU �� YLDOV LV ���� 6(.� ZKLFK EULQJV WKH DQQXDO GUXJ FRVW WR ������

6(.� ���� 6(. SHU \HDU LV DGGHG IRU WUHDWPHQW DGPLQLVWUDWLRQ DQG PRQLWRULQJ� ,Q

WKH PRGHO� WKH DQQXDO FRVW RI ,)1%��E LV DGMXVWHG IRU FRPSOLDQFH�
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3 Results

3.1 Base case

 7KH EDVH FDVH SUHVHQWV D FRKRUW ZLWK WKH VDPH EDVHOLQH FKDUDFWHULVWLFV DV WKH

PHUJHG FOLQLFDO WULDO FRKRUW �PHDQ DJH �� \HDUV� DJH DW GLVHDVH RQVHW �� \HDUV�

����� IHPDOHV�� 7KH VLPXODWLRQ UXQV IRU �� F\FOHV ��� \HDUV� DQG WKH GXUDWLRQ RI WKH

LQWHUYHQWLRQ LQ WKH EDVH FDVH LV �� F\FOHV �� \HDUV��

 7DEOH ��� ² 'LVWULEXWLRQ RI WKH FOLQLFDO FRKRUW �PHUJHG WULDOV� LQWR VWDWHV DW EDVHOLQH

 6WDWH  ,QLWLDO GLVWULEXWLRQ ���

 �  �����
 �  �����
 �  �����
 �  �����
 �  �����
 �  �
 �  �

 

 )LJXUH ���� EHORZ VKRZV KRZ WKH FRKRUW GLVWULEXWLRQ GHYHORSV RYHU WLPH LQ WKH PRGHO�

IRU D FRKRUW ZKHUH DOO SDWLHQWV DUH LQ VWDWH � DW WKH VWDUW RI WKH VLPXODWLRQ�

 )LJXUH ��� &RKRUW GLVWULEXWLRQ RYHU �� \HDUV IRU SDWLHQWV VWDUWLQJ LQ VWDWH �

 

Markov Probability Analysis
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 7KH FRVW SHU 4$/< IRU WKH FOLQLFDO FRKRUW� DQG IRU SDWLHQWV VWDUWLQJ WUHDWPHQW DW

GLIIHUHQW OHYHOV RI GLVDELOLW\ �VWDWHV� LV VKRZQ EHORZ� H[FOXGLQJ RU LQFOXGLQJ QRUPDO

PRUWDOLW\� 7KHVH FDOFXODWLRQV XVH WKH PHDQ YDOXHV IRU FRVWV DQG XWLOLWLHV LQ HDFK

VWDWH�

 

 7DEOH ��� &RVW XWLOLW\� FRKRUW DV LQ FOLQLFDO WULDO� 1R PRUWDOLW\�

6WUDWHJ\ &RVW ,QFU� FRVW 8WLOLW\ ,QFU XWLOLW\ ,QFU FRVW�XWLOLW\

1R WUHDWPHQW � ��� ��� �����

7UHDWPHQW � ��� ��� � ��� ����� ����� �� ���

 

 7DEOH ��� &RVW XWLOLW\ IRU WUHDWPHQW VWDUW LQ GLIIHUHQW VWDWHV �OHYHOV RI GLVDELOLW\�

 6WDUWLQJ VWDWH  6(.�4$/<

 
 0HUJHG FOLQLFDO FRKRUW �� ���

 � � ��� ���

 � ��� ���

 � &RVW�VDYLQJ

 � &RVW�VDYLQJ

 � &RVW�VDYLQJ

 

 7UHDWPHQW RQO\ DGGV D VPDOO FRVW� ���� 6(.� DV LOOXVWUDWHG LQ WKH EDVH FDVH IRU WKH

FOLQLFDO FRKRUW �WDEOH ������ +RZHYHU� WKHUH LV D XWLOLW\ JDLQ� ����� 4$/<V� ZKLFK LV

HTXDO WR �� GD\V ZLWK SHUIHFW KHDOWK� 7KLV JDLQ PXVW EH FRQVLGHUHG LQ UHODWLRQ WR WKH

WRWDO XWLOLW\ RYHU �� \HDUV ���� 4$/<V GLVFRXQWHG� DQG UHSUHVHQWV WKHUHIRUH D

VXEVWDQWLDO JDLQ�

 

 $V H[SHFWHG� LQ D ���\HDU KRUL]RQ� WUHDWPHQW LV PRUH FRVW�HIIHFWLYH LQ SDWLHQWV ZKR

SURJUHVV� DV ERWK WKH SURJUHVVLRQ DQG WKH UHODSVH UDWH DUH DIIHFWHG� ,Q WKH YHU\

HDUO\ VWDJHV� WKH HIIHFW RI WUHDWPHQW LV RQ WKH UHODSVH UDWH RQO\� DQG WKH FRVW SHU

4$/< LV WKHUHIRUH KLJKHU�
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 :KHQ QRUPDO PRUWDOLW\ LV LQFOXGHG LQ WKH PRGHO� WKH XWLOLW\ JDLQ GHFUHDVHV DQG WKH

FRVW HIIHFWLYHQHVV UDWLRV DUH KLJKHU�

 7DEOH ��� &RVW XWLOLW\� FRKRUW DV LQ FOLQLFDO WULDO� 1RUPDO PRUWDOLW\�

6WUDWHJ\ &RVW ,QFU� FRVW 8WLOLW\ ,QFU XWLOLW\ ,QFU FRVW�XWLOLW\

1R WUHDWPHQW � ��� ��� �����

7UHDWPHQW � ��� ��� �� ��� ����� ����� �� ���

 

 7DEOH ��� &RVW XWLOLW\ IRU WUHDWPHQW VWDUW LQ GLIIHUHQW VWDWHV� QRUPDO PRUWDOLW\ LQFOXGHG

 6WDUWLQJ VWDWH  6(.�4$/<

 
 0HUJHG FOLQLFDO FRKRUW �� ���

 � � ��� ���

 � ��� ���

 � &RVW�VDYLQJ

 � &RVW�VDYLQJ

 � &RVW�VDYLQJ

 

 

 ,QFOXGLQJ D UHODWLYH PRUWDOLW\ ULVN RI �� WKH FRVW SHU 4$/< LV ��� ��� 6(.� :LWK D

PRUWDOLW\ ULVN RI �� LW WKH FRVW SHU 4$/< LV ��� ��� 6(.�

 

3.2 Sensitivity analyses

 6HQVLWLYLW\ DQDO\VHV DUH SUHVHQWHG IRU

� GLIIHUHQW GHILQLWLRQV RI FRVWV �LQGLUHFW DQG�RU LQIRUPDO FDUH FRVWV H[FOXGHG�

� GLIIHUHQW GXUDWLRQV RI WUHDWPHQW ��� PRQWKV�

� GLIIHUHQW WLPH KRUL]RQV ������ \HDUV�

� GLIIHUHQW DVVXPSWLRQV UHJDUGLQJ

o GXUDWLRQ RI D UHODSVH ���� PRQWKV�

o FRPSOLDQFH UDWHV ������� ZLWKGUDZDOV�

$OO RI WKHVH DQDO\VHV LQFOXGH QRUPDO PRUWDOLW\�
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7DEOH ��� &RVW�XWLOLW\ IRU WUHDWPHQW VWDUW LQ GLIIHUHQW VWDWHV� GLUHFW FRVWV�

6WDUWLQJ VWDWH 6(.�4$/<

0HUJHG FOLQLFDO FRKRUW ��� ���

� � ��� ���

� � ��� ���

� ��� ���

� �� ���

� ��� ���

7DEOH ��� &RVW�XWLOLW\ IRU WUHDWPHQW VWDUW LQ GLIIHUHQW VWDWHV� GLUHFW DQG LQIRUPDO FDUH FRVWV�

6WDUWLQJ VWDWH 6(.�4$/<

0HUJHG FOLQLFDO FRKRUW ��� ���

� � ��� ���

� ��� ���

� ��� ���

� � ���

� �� ���

7DEOH ��� &RVW�XWLOLW\ IRU WUHDWPHQW VWDUW LQ GLIIHUHQW VWDWHV DQG ���PRQWK LQWHUYHQWLRQ

6WDUWLQJ VWDWH 6(.�4$/<

0HUJHG FOLQLFDO FRKRUW ��� ���

� � ��� ���

� ��� ���

� ��� ���

� � ���

� �� ���

7DEOH ��� 6HQVLWLYLW\ DQDO\VLV IRU GLIIHUHQW FRVWV RI D UHODSVH �EDVH FDVH� FOLQLFDO FRKRUW�

5HODSVH FRVW 6(.�4$/<

����� ��� ���

���� �� ���

��� 71 428
���� �� ���

����� �� ���
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7DEOH ���� 6HQVLWLYLW\ DQDO\VLV IRU WKH GXUDWLRQ RI D UHODSVH �EDVH FDVH� FOLQLFDO FRKRUW�

'XUDWLRQ RI UHODSVH 6(.�4$/<

� PRQWK �EDVH FDVH� �� ���

� PRQWKV �� ���

� PRQWKV �� ���

When the timeframe of the analysis is increased to 15-20 years, the the treatment

becomes cost-saving since additional long-term effects of treatment are included in the

analysis.

7DEOH ���� 6HQVLWLYLW\ DQDO\VLV IRU WLPH KRUL]RQ RI WKH VLPXODWLRQ �EDVH FDVH� FOLQLFDO FRKRUW��

6LPXODWLRQ GXUDWLRQ 6(.�4$/<

�� \HDUV �EDVH FDVH� �� ���

�� \HDUV &RVW�VDYLQJ

�� \HDUV &RVW�VDYLQJ

�� \HDUV &RVW�VDYLQJ

3.3 Net Benefit

7KH EDVH FDVH XVHV PHDQ FRVWV DQG XWLOLWLHV IRU WKH 0DUNRY VWDWHV� LJQRULQJ WKH

YDULDELOLW\ DQG GLVWULEXWLRQ� ,Q YLHZ RI WKH ODUJH QXPEHU RI REVHUYDWLRQV LQ WKH

REVHUYDWLRQDO VWXG\� LW LV SRVVLEOH WR HVWLPDWH WKH VWDELOLW\ RI WKH HVWLPDWHV� E\ XVLQJ

WKH QHW EHQHILW DSSURDFK DQG DFFHSWDELOLW\ FXUYHV IRU D FHUWDLQ ZLOOLQJQHVV WR SD\ IRU

D 4$/<�

7KH DFFHSWDELOLW\ FXUYHV DUH JHQHUDWHG E\ 0RQWH &DUOR VLPXODWLRQ� XVLQJ ���

LQGLYLGXDO GUDZV IURP WKH GLVWULEXWLRQV RI FRVWV DQG XWLOLWLHV LQ GLIIHUHQW VWDWHV�

,Q WKLV FDOFXODWLRQ� D ZLOOLQJQHVV WR SD\ IRU D 4$/< LV GHILQHG DQG WKH SUREDELOLW\

HVWLPDWHG� ZLWK ZKLFK WKH FRVW�4$/< ZLWK WKH WUHDWPHQW ZLOO EH EHORZ WKLV DPRXQW

ZKHQ WKH HQWLUH GLVWULEXWLRQ RI FRVWV DQG XWLOLWLHV LV XVHG LQ WKH FDOFXODWLRQ�
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)RU H[DPSOH� IRU SDWLHQWV VWDUWLQJ LQ VWDWHV � RU �� WKH SUREDELOLW\ WKDW WKH

WUHDWPHQW LV DFFHSWDEOH LV URXJKO\ ��� LI WKH ZLOOLQJQHVV WR SD\ IRU D 4$/< LV

EHWZHHQ ����� ��� 6(.� RU D ��� SUREDELOLW\ LI WKH ZLOOLQJQHVV WR SD\ LV ��� ���

6(.� $W WKDW VDPH ZLOOLQJQHVV WR SD\� WKHUH LV D ��� SUREDELOLW\ WKDW WKH WUHDWPHQW

LV DFFHSWDEOH LQ VWDWH �� 7KH FKDQFH RI WKH WUHDWPHQW EHLQJ FRVW�VDYLQJ LV DERXW ���

LQ VWDWHV ��� DQG ��� LQ VWDWH ��

)LJXUH ��� $FFHSWDELOLW\ FXUYHV IRU SDWLHQWV VWDUWLQJ LQ GLIIHUHQW VWDWHV
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4 Discussion

7KH REMHFWLYH RI WUHDWPHQW LQ 06 LV WR DYRLG WHPSRUDU\ GLVDELOLW\ E\ UHGXFLQJ WKH

QXPEHU DQG WKH LQWHQVLW\ RI UHODSVHV� DQG PRUH LPSRUWDQWO\� WR GHOD\ SURJUHVVLRQ WR

SHUPDQHQW VHYHUH GLVDELOLW\� 7KHUH LV FXUUHQWO\ D GHEDWH ZKHWKHU WKH QHZ

WUHDWPHQWV UHSUHVHQW DQ HIILFLHQW XVH RI UHVRXUFHV� DV DOO FOLQLFDO WULDOV KDYH VKRZQ D

VLJQLILFDQW HIIHFW RQ UHODSVHV� EXW RQO\ RQH WULDO KDV GHPRQVWUDWHG D VLJQLILFDQW

HIIHFW RQ SURJUHVVLRQ� $OVR� WKH WUHDWPHQWV DUH H[SHQVLYH� DQG HFRQRPLF HYDOXDWLRQV

KDYH HVWLPDWHG KLJK FRVW�HIIHFWLYHQHVV UDWLRV� SDUWLFXODUO\ IRU WUHDWLQJ UHODSVLQJ�

UHPLWWLQJ GLVHDVH�

7KHUH DUH VHYHUDO FKDOOHQJHV ZKHQ SHUIRUPLQJ HFRQRPLF HYDOXDWLRQ LQ 06� DQG WKH

HFRQRPLF PRGHO SUHVHQWHG LQ WKLV UHSRUW DWWHPSWV WR DGGUHVV D QXPEHU RI WKHVH

LVVXHV�

¾ 7KH FRXUVH RI WKH GLVHDVH LV XQSUHGLFWDEOH DQG OLPLWHG GDWD RQ SURJUHVVLRQ�

SDUWLFXODUO\ RQ ULVN IDFWRUV WKDW ZRXOG DIIHFW SURJUHVVLRQ� DUH DYDLODEOH� 'DWD

RQ WKH HIIHFW RI WKH GLVHDVH RQ PRUWDOLW\ DUH VFDUFH� 7KLV PDNHV HVWLPDWHV RI

WKH HIIHFW RI D WUHDWPHQW RQ ORQJ�WHUP RXWFRPH GLIILFXOW�

¾ $OO RI WKH QHZ WUHDWPHQWV DUH DSSURYHG IRU XVH LQ 5506� DQG FOLQLFDO GDWD DUH

PRVWO\ DYDLODEOH IRU VKRUW�WHUP HIIHFWV RQ UHODSVHV� 2QO\ RQH RI WKH

WUHDWPHQWV KDV EHHQ DSSURYHG IRU XVH LQ 6306 RQ WKH EDVLV RI RQH WULDO DQG

OLPLWHG GDWD DUH WKXV DYDLODEOH WR HVWLPDWH WKH HIIHFW RI WUHDWPHQW RQ

SURJUHVVLRQ� +RZHYHU� LW LV WKH GHOD\ RI SURJUHVVLRQ WR VHYHUH GLVDELOLW\ DQG

LWV FRQVHTXHQFHV RQ FRVWV DQG TXDOLW\ RI OLIH WKDW ZRXOG MXVWLI\ LQYHVWPHQW LQ

D FRVWO\ WUHDWPHQW� DV KDV EHHQ VKRZQ LQ VHYHUDO SXEOLVKHG HFRQRPLF PRGHOV�

¾ 7KH GLVHDVH PHFKDQLVPV XQGHUO\LQJ 5506 DQG 6306 DSSHDU WR EH VLPLODU� DQG

WKH FRQYHUVLRQ IURP UHODSVLQJ WR SURJUHVVLYH GLVHDVH KDV QRW EHHQ FOHDUO\

GHILQHG� 3DWLHQWV FRQYHUW DW GLIIHUHQW OHYHOV RI GLVDELOLW\ �('66� DQG DW

GLIIHUHQW WLPHV DIWHU GLVHDVH RQVHW� 7KLV LQFUHDVHV WKH GLIILFXOW\ WR HVWLPDWH
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WKH HIIHFW RI HDUO\ WUHDWPHQW� RI SDWLHQWV ZLWK 5506� RQ GLVHDVH SURJUHVVLRQ

DQG ORQJ�WHUP RXWFRPH�

¾ 1R FRQFOXVLRQV DSSHDU WR KDYH EHHQ UHDFKHG UHJDUGLQJ WKH UHDVRQV ZK\ RQH

WULDO ZLWK ,)1%��E �LQ (XURSH� VKRZHG D VLJQLILFDQW HIIHFW RQ SURJUHVVLRQ�

ZKLOH WKH VHFRQG WULDO �LQ WKH 86$� GLG QRW UHDFK VLJQLILFDQFH� 2QH

H[SODQDWLRQ WKDW KDV EHHQ RIIHUHG LV WKDW WKH 86 WULDO KDG HQUROOHG SDWLHQWV

ZLWK OHVV DFWLYH GLVHDVH� EXW QR DVVHVVPHQW RI WKH FRVW�HIIHFWLYHQHVV RI

WUHDWLQJ SDWLHQWV ZLWK DFWLYH GLVHDVH KDV EHHQ GRQH VR IDU�

¾ 7KH GLVHDVH DIIHFWV D QXPEHU RI SK\VLFDO IXQFWLRQV� DQG QRQH RI WKH

IUHTXHQWO\ XVHG FOLQLFDO RXWFRPH PHDVXUHV H[SUHVVHV WKH RYHUDOO HIIHFW RI

WKH GLVHDVH RU D WUHDWPHQW� DV UHTXLUHG IRU HFRQRPLF HYDOXDWLRQ� +RZHYHU� LW

KDV EHHQ VKRZQ LQ VHYHUDO VWXGLHV WKDW SK\VLFDO GLVDELOLW\ PHDVXUHG ZLWK WKH

('66 FRUUHODWHV ZHOO ZLWK D JHQHUDO PHDVXUH RI TXDOLW\ RI OLIH �XWLOLW\�� DQG

WKH 4$/< KDV EHFRPH WKH PRVW IUHTXHQWO\ XVHG HIIHFWLYHQHVV PHDVXUH LQ

HFRQRPLF HYDOXDWLRQV�

¾ 'HWDLOHG GDWD RQ UHVRXUFH XWLOLVDWLRQ IRU SDWLHQWV DW DOO OHYHOV RI GLVDELOLW\ DUH

UHTXLUHG LQ RUGHU WR HVWLPDWH WKH VDYLQJV DVVRFLDWHG ZLWK D GHOD\ LQ GLVHDVH

SURJUHVVLRQ� &OLQLFDO WULDOV ZLOO QRW SURYLGH VXIILFLHQW GDWD� DV RQO\ GHILQHG

SDWLHQW JURXSV� HLWKHU LQ WKH HDUO\ RU WKH PLGGOH UDQJHV RI WKH ('66� DUH

LQFOXGHG� 7KH QXPEHU RI SDWLHQWV SURJUHVVLQJ WR VHYHUH GLVDELOLW\ GXULQJ WKH

WULDO LV WKHUHIRUH WRR VPDOO WR HVWLPDWH UHVRXUFH XWLOLVDWLRQ�

¾ 7KH YDULDELOLW\ RI WKH GLVHDVH LWVHOI� EXW SDUWLFXODUO\ RI WKH FRVWV DQG 4R/

HIIHFWV DVVRFLDWHG ZLWK LW UHTXLUHV ODUJH GDWDVHWV WR HQVXUH WKDW WKH IXOO

VSHFWUXP LV WDNHQ LQWR DFFRXQW�

7KH PRGHO SUHVHQWHG KHUH DWWHPSWV WR DGGUHVV D QXPEHU RI WKHVH LVVXHV E\

FRPELQLQJ 5506 DQG 6306 LQWR RQH PRGHO DQG LQFRUSRUDWLQJ WKH QDWXUDO KLVWRU\ RI

WKH GLVHDVH DV ZHOO DV GHWDLOHG GDWD RQ FRVWV DQG 4R/ DW DOO OHYHOV RI GLVDELOLW\� 7KLV

DOORZV VLPXODWLQJ WUHDWPHQW IRU SDWLHQWV ZLWK GLIIHUHQW W\SHV RI WKH GLVHDVH� DW



&RVW�XWLOLW\ DQDO\VLV RI LQWHUIHURQ EHWD��E WUHDWPHQW LQ GLIIHUHQW W\SHV RI PXOWLSOH VFOHURVLV -XO\ ��� ����

��

GLIIHUHQW OHYHOV RI ('66 DQG HVWLPDWH FRQILGHQFH LQWHUYDOV IRU WKH FRVW�

HIIHFWLYHQHVV FDOFXODWLRQV�

7KH ILUVW ��� \HDUV LQ WKH PRGHO DUH EDVHG RQ D GHILQHG VXEJURXS RI SDWLHQWV IURP

WZR ODUJH FOLQLFDO WULDOV LQ 5506 DQG 6306� 7R EH LQFOXGHG LQ WKH GDWDVHW� SDWLHQWV

KDG WR KDYH DFWLYH GLVHDVH� GHILQHG DV DW OHDVW � UHODSVHV RU � ('66 SRLQW

SURJUHVVLRQ LQ WKH WZR \HDUV SUHFHGLQJ WKH WULDO� $OO SDWLHQWV LQ WKH 5506 WULDO ZHUH

LQFOXGHG� DV WKH QXPEHU RI UHODSVHV ZDV SDUW RI WKH LQFOXVLRQ FULWHULD� ZKLOH RQO\ D

VXEJURXS RI SDWLHQWV ���� RI ���� LQ WKH 6306 WULDO ZHUH VHOHFWHG� ,W FRXOG EH

DUJXHG WKDW WKH WZR JURXSV ZHUH QRW IXOO\ FRPSDUDEOH� DV D QXPEHU RI SDWLHQWV ZLWK

6306 ZHUH VHOHFWHG EDVHG RQO\ RQ SURJUHVVLRQ UDWKHU WKDQ RQ UHODSVH UDWHV�

+RZHYHU� ��� RI WKH SDWLHQWV IXOILOOHG ERWK FULWHULD� ZKLOH ��� KDG RQH RU PRUH

UHODSVHV� DQG WKH GHILQLWLRQ ZDV WKHUHIRUH DFFHSWHG�

$ IXUWKHU DUJXPHQW DJDLQVW FRPELQLQJ WKH WZR W\SHV RI 06 FRXOG EH WKDW WKH FRXUVH

RI WKH GLVHDVH LV GLIIHUHQW IRU 5506 DQG 6306� 7KHUH DUH KRZHYHU VHYHUDO UHDVRQV

WKDW VSHDN IRU PHUJLQJ WKH GDWD� )LUVW� FRQYHUVLRQ IURP 5506 DQG 6306 FDQ WDNH

SODFH DW D UDQJH RI ('66 OHYHOV� DQG KHQFH WKHUH ZLOO DOZD\V EH SDWLHQWV ZLWK ERWK

W\SHV RI WKH GLVHDVH DW PDQ\ ('66 OHYHOV� 7KLV LV LOOXVWUDWHG E\ WKH ��� SDWLHQWV LQ

WKH QDWXUDO KLVWRU\ GDWDEDVH ZKR KDG FRQYHUWHG IURP 5506 WR 6306� 7KH PHDQ DQG

PHGLDQ ('66 VFRUHV DW FRQYHUVLRQ ZHUH ���� EXW WKH UDQJH FRYHUHG ('66 ��� WR ����

6HFRQG� WKH REVHUYDWLRQDO VWXGLHV LQ WKH 8.� 6ZHGHQ DQG *HUPDQ\ KDYH DOO VKRZQ

WKDW FRVWV DQG TXDOLW\ RI OLIH DUH GHSHQGHQW RQ ('66 OHYHOV EXW QRW RQ WKH W\SH RI

WKH GLVHDVH� 7KLUG� WKH GLIIHUHQFH LQ WLPH WR JLYHQ OHYHOV RI GLVDELOLW\ IRU SDWLHQWV

ZLWK 5506 RU 6306 LV IXOO\ WDNHQ LQWR DFFRXQW LQ WKH WUDQVLWLRQ SUREDELOLWLHV� DV DOO

SDWLHQWV DUH XVHG IRU WKHVH FDOFXODWLRQV� 7KLV LV LOOXVWUDWHG E\ WKH IDFW WKDW

SURJUHVVLRQ LV YHU\ VORZ LQ WKH HDUO\ ('66 OHYHOV ZLWK SUHGRPLQDQWO\ 5506 SDWLHQWV

�VWDWHV � DQG �� ('66 ��������� $OVR� WKHUH ZDV QR VLJQLILFDQW HIIHFW RI WUHDWPHQW RQ

SURJUHVVLRQ DW WKHVH OHYHOV LQ WKH FOLQLFDO GDWD� DQG ZLWKLQ D ���\HDU WLPHIUDPH� WKH

HIIHFW RI HDUO\ WUHDWPHQW RQ WKH ORQJ�WHUP FRXUVH LV WKHUHIRUH OLPLWHG� 7KLV LV
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LOOXVWUDWHG E\ WKH KLJKHU FRVW SHU 4$/< ZKHQ WUHDWPHQW LV VWDUWHG LQ VWDWHV � DQG ��

FRPSDUHG WR D WUHDWPHQW VWDUW LQ VWDWHV � DQG �� 7KH WUHDWPHQW EHFRPHV FRVW�VDYLQJ

ZKHQ WKH WLPH KRUL]RQ LV LQFUHDVHG WR ����� \HDUV�

7KH H[WUDSRODWLRQ EH\RQG WKH FOLQLFDO WULDOV� IURP ��� WR ��� DQG XS WR �� \HDUV LV

EDVHG RQ HSLGHPLRORJLFDO GDWD� ,QFRUSRUDWLRQ RI WKH QDWXUDO KLVWRU\ GDWD UHSUHVHQW

DQRWKHU GLIILFXOW\� DV WKH ��� SDWLHQWV ZLWK 5506 DW RQVHW UHSUHVHQW DOO SDWLHQWV�

UDWKHU WKDQ SDWLHQWV ZLWK DFWLYH GLVHDVH� 5HOLDEOH GDWD RQ UHODSVH UDWHV ZHUH RQO\

DYDLODEOH IRU FHUWDLQ SRLQWV LQ WLPH �DW GLVHDVH RQVHW DQG DW FRQYHUVLRQ WR 6306�� DQG

LW ZDV WKHUHIRUH QRW SRVVLEOH WR H[WUDFW D ODUJH HQRXJK VXE�VDPSOH RI SDWLHQWV ZLWK

DFWLYH GLVHDVH� 7KHUHIRUH WKH HQWLUH GDWDVHW ZDV XVHG� ZKLFK PD\ UHSUHVHQW DQ

XQGHUHVWLPDWH IRU WKLV JURXS RI SDWLHQWV DQG KHQFH D SRWHQWLDO XQGHUHVWLPDWH RI WKH

ORQJ�WHUP HIIHFW RI WUHDWPHQW� $ SUHYLRXV PRGHO �� KDG KRZHYHU VKRZQ WKDW

SURJUHVVLRQ RI SDWLHQWV ZLWK 6306 LQ WKH QDWXUDO KLVWRU\ GDWDVHW ZDV IDVWHU WKDQ

ZKDW ZDV HVWLPDWHG E\ H[WUDSRODWLQJ WKH DYHUDJH SURJUHVVLRQ LQ WKH XQWUHDWHG

FOLQLFDO WULDO FRKRUW� 7KLV ZDV LQWHUSUHWHG WR EH GXH WR D WULDO HIIHFW �SODFHER

HIIHFW�� DV ZHOO DV WR IDFW WKDW YHU\ IHZ SDWLHQWV DERYH ('66 ��� ZHUH HQUROOHG LQWR

WKH WULDO DQG WKHUHIRUH YHU\ OLPLWHG GDWD RQ SURJUHVVLRQ EH\RQG WKLV OHYHO DUH

DYDLODEOH� 7KHUHIRUH� LW ZDV GHFLGHG WKDW WKH HVWLPDWHV LQ WKLV PRGHO ZRXOG EH PRUH

DFFXUDWH LI WKH IXOO QDWXUDO KLVWRU\ GDWDVHW ZDV XVHG IRU WKH H[WUDSRODWLRQ� GHVSLWH

WKH OLPLWDWLRQV�

$Q XQH[SHFWHG ILQGLQJ LQ WKH GDWD ZDV WKDW UHODSVH UDWHV ZHUH QRW VLJQLILFDQWO\

GLIIHUHQW DW GLIIHUHQW ('66 OHYHOV� 7KLV LV FRQWUDU\ WR JHQHUDO FOLQLFDO RSLQLRQ WKDW

UHODSVH UDWHV GHFUHDVH DV WKH GLVHDVH SURJUHVVHV� +RZHYHU� WKHUH ZDV QR VLJQLILFDQW

GLIIHUHQFH EHWZHHQ UHODSVH UDWHV LQ WKH GLIIHUHQW VWDWHV LQ HLWKHU RI WKH WKUHH

GDWDVHWV XVHG� WKH WZR FOLQLFDO WULDOV DQG WKH QDWXUDO KLVWRU\ GDWDEDVH DW WKH WLPH

SRLQWV WKDW ZHUH DYDLODEOH� 7KHUH DUH VHYHUDO SRVVLEOH H[SODQDWLRQV IRU WKLV� ,W LV

SRVVLEOH WKDW WKHUH LV D FRQIXVLRQ EHWZHHQ UHODSVHV DW JLYHQ OHYHOV RI GLVDELOLW\ DQG

WLPH VLQFH RQVHW RI GLVHDVH� ,Q ERWK FOLQLFDO WULDOV� WKH QXPEHU RI UHODSVHV GHFUHDVHG
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WKH ORQJHU SDWLHQWV KDG KDG WKH GLVHDVH� EXW ZLWK WKH YDULDEOH FRXUVH RI WKH GLVHDVH�

WKLV GLG QRW WUDQVODWH LQWR D UHGXFWLRQ RI UHODSVHV DW KLJKHU OHYHOV RI ('66� $QRWKHU

SRVVLELOLW\ LV WKDW WKHUH FRXOG EH XQGHUUHSRUWLQJ RI UHODSVHV DW WKH KLJKHU OHYHOV RI

('66 LQ FOLQLFDO SUDFWLFH� DV WKH GLIIHUHQFH LQ GLVDELOLW\ GXULQJ RU EHWZHHQ D UHODSVH

LV UDWKHU VPDOO� ZKLOH WKH HIIHFW RI DQ H[DFHUEDWLRQ LQ HDUO\ VWDJHV LV IDU PRUH

YLVLEOH� ,Q FOLQLFDO WULDOV RU FRKRUW VWXGLHV� WKLV UHSRUWLQJ DUWHIDFW ZLOO EH HOLPLQDWHG

DQG DOO UHODSVHV� KRZHYHU OLPLWHG� ZLOO EH UHSRUWHG� /DVWO\� WKHUH ZDV D GLIIHUHQFH LQ

UHVRXUFH FRQVXPSWLRQV LQ WKH REVHUYDWLRQDO VWXG\ EHWZHHQ SDWLHQWV ZKR KDG KDG D

UHODSVH LQ WKH SDVW � PRQWKV DQG WKRVH ZKR GLGQ·W DW WKH ORZHU ('66 OHYHOV� ZKLOH

WKHUH ZDV QR GLIIHUHQFH DW PHGLXP DQG KLJKHU OHYHOV� 7KLV FRXOG EH LQWHUSUHWHG DV D

PRUH OLPLWHG LPSDFW RI D UHODSVH DW KLJK ('66 OHYHOV DQG ZRXOG VXSSRUW WKH

H[SODQDWLRQ RI XQGHUUHSRUWLQJ LQ FOLQLFDO SUDFWLFH�

7KH LQFUHPHQWDO FRVW SHU 4$/< ZLWK ,)1%��E IRU WKH PHUJHG FOLQLFDO FRKRUW LV ORZHU

WKDQ SUHYLRXVO\ HVWLPDWHG� VXSSRUWLQJ WKH K\SRWKHVLV WKDW SDWLHQWV ZLWK PRUH DFWLYH

GLVHDVH PLJKW H[SHULHQFH D ODUJHU WUHDWPHQW HIIHFW� $OVR� HVWLPDWHV DUH PRUH

UHOLDEOH� DV WKH PRGHO FRQWUROV IRU GLIIHUHQFHV LQ SDWLHQW GHPRJUDSKLFV VXFK DV DJH�

WLPH VLQFH GLVHDVH RQVHW� DJH DW WUHDWPHQW VWDUW IRU ERWK WKH WUHDWPHQW WLPH DQG

WKH H[WUDSRODWLRQ� 0RVW LPSRUWDQWO\ KRZHYHU� WKH PRGHO SUHVHQWV PHDVXUHV RI WKH

SUHFLVLRQ RI WKH HVWLPDWHV LQ WKH IRUP RI DFFHSWDELOLW\ FXUYHV IRU WKH FRVW�

HIIHFWLYHQHVV UDWLRV� XVLQJ WKH HQWLUH GLVWULEXWLRQ RI FRVWV DQG XWLOLWLHV LQ WKH GDWD

VHWV�
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6 Appendix

6.1 Cohort distributions, merged clinical dataset

7DEOH ��� &RKRUW GLVWULEXWLRQ FOLQLFDO GDWDVHW� QR WUHDWPHQW

Time State 1 State 2 State 3 State 4 State 5 State 6 State 7

Relapse No Yes No Yes No Yes No Yes No Yes No Yes No Yes

0 45 14 61 7 52 19 49 21 82 36

1 54 18 49 16 41 17 51 11 92 27 5 5 1

2 54 19 47 14 49 11 39 13 99 23 6 4

3 58 11 49 10 42 15 40 13 106 21 8 1 3 1

4 58 15 33 15 44 8 42 10 106 16 13 3 7

5 53 15 43 12 34 7 40 6 112 13 18 4 6

6 54 8 35 14 41 11 33 12 112 11 19 3 6

7 50 18 28 5 39 10 34 9 106 21 28 7

8 53 11 31 8 39 7 39 7 105 16 22 6 11

9 51 8 35 4 36 5 39 6 104 11 27 8 10 1

10 53 9 33 5 31 4 40 4 103 8 32 3 12 2

11 44 9 29 8 35 4 30 3 96 3 36 1 12 1

12 40 9 27 7 29 3 27 1 86 5 26 20 1

13 32 10 17 2 5 2 5 1 8 3 3 1

14 35 7 11 2 9 1 2 8 1 4

15 38 3 12 3 4 2 5 5 3 4 1

16 33 4 8 4 5 4 2 3 7 1 5 1

17 28 1 4 1 7 4 2 8 1 1 1

18 22 3 5 4 1 2 5 1 2 1

19 12 2 4 1 1 4 1 2

20 5 3 1

21 1 1
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7DEOH ��� &RKRUW GLVWULEXWLRQ FOLQLFDO GDWDVHW� WUHDWPHQW

Time State 1 State 2 State 3 State 4 State 5 State 6 State 7

Relapse No Yes No Yes No Yes No Yes No Yes No Yes No Yes

0 46 12 59 18 66 9 51 10 91 13

1 55 11 57 17 54 9 51 10 85 22 5 1

2 48 8 71 13 58 9 40 9 83 16 6 1 2

3 52 8 55 13 60 12 35 8 96 13 8 2

4 62 8 48 5 54 10 43 3 95 17 6 4

5 62 9 43 10 52 5 41 7 99 10 9 2 2

6 54 10 54 6 50 5 43 3 88 16 15 3 1

7 49 11 47 9 55 5 40 1 92 11 15 2 5

8 52 15 42 8 40 7 41 4 96 13 15 1 6

9 60 6 39 7 47 1 36 3 99 10 17 1 7 1

10 55 7 45 4 38 6 37 3 98 9 12 1 5 3

11 57 7 33 6 31 6 36 4 79 9 21 1 7 1

12 55 4 38 4 40 4 32 5 97 2 24 1 7

13 44 7 20 4 29 6 18 4 61 4 10 1 5

14 44 10 21 5 40 3 28 4 72 5 18 6 5 1

15 44 3 26 1 28 8 31 7 67 11 16 1 9

16 42 5 19 3 35 6 25 5 72 11 19 1 8

17 30 3 23 1 30 6 25 1 68 10 20 4 7

18 22 1 22 2 30 2 23 2 74 8 18 8 2

19 14 3 1 5 4 1

20 8 3 1 2 2

21 2 1 1

22 1



&RVW�XWLOLW\ DQDO\VLV RI LQWHUIHURQ EHWD��E WUHDWPHQW LQ GLIIHUHQW W\SHV RI PXOWLSOH VFOHURVLV -XO\ ��� ����

��

6.2 Cohort distributions, natural history dataset

7DEOH ��� &RKRUW GLVWULEXWLRQ� HSLGHPLRORJLFDO FRKRUW

Year State 1 State 2 State 3 State 4 State 5 State 6 State 7

0 723 48 5 5 9 1 2

1 650 73 18 11 17 10 3

2 598 81 26 23 27 14 9

3 547 95 36 27 31 22 16

4 511 94 33 39 43 24 23

5 467 92 48 41 58 28 29

6 433 98 43 49 60 40 36

7 414 91 46 46 73 40 50

8 385 91 42 54 77 43 65

9 356 88 41 59 87 47 75

10 327 93 39 56 87 55 91

11 294 95 44 54 85 66 103

12 270 93 48 58 81 75 113

13 249 89 43 54 92 79 127

14 225 71 50 46 92 86 143

15 197 75 46 41 92 89 160

16 180 66 34 46 91 85 172

17 158 60 32 40 90 81 189

18 134 61 30 39 85 80 195

19 119 51 32 32 79 78 203

20 97 52 21 38 68 75 214

21 82 46 19 28 60 79 215

22 64 46 24 20 52 74 215

23 54 37 18 20 44 71 225

24 38 34 20 21 38 61 221

25 31 31 19 17 29 61 219

26 25 26 16 13 26 51 221

27 20 22 13 12 24 35 230

28 17 16 11 11 24 27 216

29 15 15 9 9 21 26 209
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6.3 Model illustration
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