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0HGLFDWLRQ�$GKHUHQFH�DQG�+HDOWKFDUH�8WLOL]DWLRQ�
LQ�5HODSVLQJ�5HPLWWLQJ�0XOWLSOH�6FOHURVLV�3DWLHQWV�
8VLQJ�7HULÁXQRPLGH
1XSXU�*UHHQH���.HLNR�+LJXFKL���.DWDOLQ�%RJQDU ���(XQLFH�&KDQJ ���0LFKDHO�6�%URGHU �

�1HXURORJ\�	�,PPXQRORJ\��1	,���6DQRÀ��&DPEULGJH��0$��86$���5HDO�:RUOG�(YLGHQFH��3+$5��3DUWQHUVKLS�IRU�+HDOWK�$QDO\WLF�5HVHDUFK���%HYHUO\�
+LOOV��&$��86$

&RUUHVSRQGHQFH��1XSXU�*UHHQH��*OREDO�+(9$�%XVLQHVV�3DUWQHU��1	,��6DQRÀ������:DWHU�6WUHHW��&DPEULGJH��0$��86$��7HO������������������
(PDLO�1XSXU�*UHHQH#VDQRÀ�FRP�

3XUSRVH��0XOWLSOH�VFOHURVLV��06��LV�D�FRVWO\��LPPXQH�PHGLDWHG�GLVHDVH�RI�WKH�FHQWUDO�QHUYRXV�V\VWHP��0RVW�SDWLHQWV�KDYH�UHODSVLQJ��
UHPLWWLQJ�06��5506��IRU�ZKLFK�GLVHDVH�PRGLI\LQJ�WKHUDSLHV��'07V��SURYLGH�DQ�HIIHFWLYH�WUHDWPHQW�RSWLRQ�E\�UHGXFLQJ�UHODSVH�UDWHV��
+RZHYHU��DGKHUHQFH�WR�'07V�LV�VXERSWLPDO��7KLV�VWXG\�H[DPLQHV�WKH�DVVRFLDWLRQ�EHWZHHQ�DGKHUHQFH�WR�WHULÀXQRPLGH�DQG�FOLQLFDO�DQG�
KHDOWKFDUH�XWLOL]DWLRQ�RXWFRPHV�
3DWLHQWV� DQG�0HWKRGV��3DWLHQWV� ZLWK� 5506� ZKR� VWDUWHG� WUHDWPHQW� ZLWK� WHULÀXQRPLGH� EHWZHHQ� ��������� DQG� ����������� ZHUH�
DQDO\]HG� XVLQJ� ,49,$� 3KDU0HWULFV�� 3OXV� GDWD�� 5506� SDWLHQWV� ZHUH� LGHQWL¿HG� YLD� GLDJQRVLV� FRGHV� DQG� WUHDWPHQW� W\SHV�� WKH� ¿UVW�
SUHVFULSWLRQ�GDWH�IRU�WHULÀXQRPLGH�ZDV�WKH�LQGH[�GDWH��+LJKO\�DQG�SRRUO\�DGKHUHQW�SDWLHQWV�ZHUH�LGHQWL¿HG�EDVHG�RQ�WKH�SURSRUWLRQ�RI�
GD\V� FRYHUHG� �3'&�� SRVW�LQGH[� �3'&� ����� DQG� 3'&� ������ UHVSHFWLYHO\��� 3DWLHQW� GHPRJUDSKLFV�� FOLQLFDO� FKDUDFWHULVWLFV�� KHDOWKFDUH�
XWLOL]DWLRQ� GXULQJ� WKH� \HDU� SUH�� DQG� SRVW�LQGH[�� DQG� UHODSVH� UDWH� SRVW�LQGH[�ZHUH� UHSRUWHG� GHVFULSWLYHO\�� 2XWFRPHV�ZHUH� FRPSDUHG�
EHWZHHQ�KLJKO\�DQG�SRRUO\�DGKHUHQW�SDWLHQWV�WKURXJK�ORJLVWLF�UHJUHVVLRQ��0RGHOV�ZHUH�DGMXVWHG�IRU�GHPRJUDSKLFV��FRPRUELGLWLHV��DQG�
XWLOL]DWLRQ�PHDVXUHV�GXULQJ�WKH�EDVHOLQH�SHULRG�
5HVXOWV��$PRQJ�WKH�����5506�SDWLHQWV�LGHQWL¿HG��������������ZHUH�KLJKO\�DGKHUHQW�WR�WHULÀXQRPLGH��ZKLOH�������������KDG�
3'&�������7KH�WZR�JURXSV�ZHUH�QRW�VWDWLVWLFDOO\�GLIIHUHQW�LQ�WHUPV�RI�GHPRJUDSKLF�FKDUDFWHULVWLFV�DQG�FRPRUELGLWLHV��KRZHYHU��
SRRUO\� DGKHUHQW� SDWLHQWV� ZHUH� PRUH� OLNHO\� WR� KDYH� HPHUJHQF\� GHSDUWPHQW� �('�� RU� LQSDWLHQW� YLVLWV� GXULQJ� EDVHOLQH� �������
YHUVXV� �������3 ������� ������ YHUVXV� �������3 ������� UHVSHFWLYHO\��� 8QDGMXVWHG� UHVXOWV� VXJJHVWHG� ORZHU� OLNHOLKRRG� RI� ERWK�
UHODSVHV� DQG� XWLOL]DWLRQ� GXULQJ� IROORZ�XS� DPRQJ� KLJKO\� DGKHUHQW� SDWLHQWV� FRPSDUHG� WR� SRRUO\� DGKHUHQW� SDWLHQWV�� $GMXVWHG�
UHVXOWV� FRQ¿UPHG� WKDW� KLJK� DGKHUHQFH� ZDV� DVVRFLDWHG� ZLWK� GHFUHDVHG� OLNHOLKRRG� RI� SRVW�LQGH[� UHODSVHV�� ('� XWLOL]DWLRQ�� DQG�
LQSDWLHQW� XWLOL]DWLRQ� �25� >���� &,@�� ����� >����±����@�� ����� >����±����@�� DQG� ����� >����±����@�� UHVSHFWLYHO\�� HYHQ� DIWHU�
FRQWUROOLQJ� IRU� EDVHOLQH� XWLOL]DWLRQ�
&RQFOXVLRQ��+LJK�DGKHUHQFH�WR�WHULÀXQRPLGH�ZDV�IRXQG�WR�EH�DVVRFLDWHG�ZLWK�IHZHU�UHODSVHV�DQG�ORZHU�KHDOWKFDUH�XWLOL]DWLRQ�DPRQJ�
SDWLHQWV�ZLWK�5506�
.H\ZRUGV��DGPLQLVWUDWLYH�FODLPV�DQDO\VLV��GLVHDVH�PRGLI\LQJ�WKHUDSLHV��PHGLFDWLRQ�FRPSOLDQFH��SHUFHQW�RI�GD\V�FRYHUHG

,QWURGXFWLRQ
0XOWLSOH� VFOHURVLV� �06�� LV� D� FRVWO\�� LPPXQH�PHGLDWHG� GLVHDVH� RI� WKH� FHQWUDO� QHUYRXV� V\VWHP�� ZLWK� WKH� PHDQ� WRWDO�
KHDOWKFDUH�FRVWV�UDQJLQJ�IURP�������WR���������DQQXDOO\�SHU�SDWLHQW��� 2I�WKH�HVWLPDWHG�RQH�PLOOLRQ�SHRSOH�DIIHFWHG�E\�
06� LQ� WKH� 86�� DSSUR[LPDWHO\� ���� KDYH� WKH� UHODSVLQJ�UHPLWWLQJ� �55�� 06� VXEW\SH�� FKDUDFWHUL]HG� E\� UHODSVH� HYHQWV�
IROORZHG�E\�SDUWLDO�RU�FRPSOHWH�UHPLVVLRQ�ZLWKRXW�GLVHDVH�SURJUHVVLRQ�GXULQJ�UHPLVVLRQ��±�

'LVHDVH� PRGLI\LQJ� WKHUDSLHV� �'07V�� DUH� WKH� FRUQHUVWRQH� RI� WUHDWPHQW� IRU� 5506� DQG� YDULRXV� RUDO� �¿QJROLPRG��
WHULÀXQRPLGH��GLPHWK\O�IXPDUDWH��VLSRQLPRG��FODGULELQH���LQMHFWDEOH��LQWHUIHURQ�DQG�JODWLUDPHU�DFHWDWH���DQG�LQWUDYHQRXV�
�QDWDOL]XPDE��RFUHOL]XPDE��DOHPWX]XPDE��DQG�ULWX[LPDE��RSWLRQV�DUH�DYDLODEOH�IRU�SDWLHQWV�LQ�WKH�86��
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7KHUH� LV� H[LVWLQJ� HYLGHQFH� RI� VXERSWLPDO� DGKHUHQFH� WR� RUDO�'07V� LQ�06�±� LQGLFDWHG� E\�PHDQ� SURSRUWLRQ� RI� GD\V�
FRYHUHG� �3'&�� DQG� PHGLFDO� SRVVHVVLRQ� UDWHV� �035��� DV� ZHOO� DV� E\� ELQDU\� PHDVXUHV�� 3DUWLFXODUO\�� UHFHQW� V\VWHPDWLF�
UHYLHZV�E\�0DUGDQ�HW�DO�DQG�1LFKRODV�HW�DO�IRXQG�D�ZLGH�UDQJH����±�����RI�SDWLHQWV�WDNLQJ�RUDO�'07V�ZLWK�3'&���������

6HYHUDO�VWXGLHV�GRFXPHQW�WKDW�LQFUHDVHG�DGKHUHQFH�WR�'07V�DV�D�FODVV�LV�DVVRFLDWHG�ZLWK�UHGXFHG�UHODSVH�UDWHV��VORZHU�
5506�GLVHDVH�SURJUHVVLRQ��DQG�ORZHU�KHDOWKFDUH�FRVWV��±��� SRVVLEO\�DOORZLQJ�SDWLHQWV�WR�RSWLPDOO\�EHQH¿W�IURP�'07V¶�
HI¿FDF\��7KHVH�VWXGLHV��KRZHYHU��DUH�VHYHUDO�\HDUV�ROG��DQG�DV�QHZ�WKHUDSLHV�DUH�LQWURGXFHG��FOLQLFLDQV�PD\�PRGLI\�WKHLU�
SUHVFULELQJ�SUDFWLFHV�WR�DFFRPPRGDWH�QHZ�DJHQWV�RU�QHZ�NQRZOHGJH�DERXW�ROGHU�RQHV�

7HULÀXQRPLGH��DQ�RUDO�S\ULPLGLQH�V\QWKHVLV�LQKLELWRU�LQGLFDWHG�IRU�WKH�WUHDWPHQW�RI�DGXOWV�ZLWK�UHODSVLQJ�IRUPV�RI�06��
ZDV�DSSURYHG�E\� WKH�)'$�LQ������DV�D�RQFH�D�GD\�RUDO� WUHDWPHQW��$W� WKLV�SRLQW� LQ� WKH�KLVWRU\�RI� LWV�XVH��SUDFWLFHV� IRU�
WHULÀXQRPLGH�XVH�PD\�KDYH�VWDELOL]HG�EH\RQG�ZKDW�ZDV�REVHUYHG�LQ�HDUOLHU�VWXGLHV��,QVXUDQFH�FODLPV�DUH�ZHOO�VXLWHG�WR�
VWXG\LQJ�WKH�OLQN�EHWZHHQ�SUHVFULSWLRQ�¿OO�EHKDYLRU�DQG�RXWFRPHV�DV�WKHVH�GDWD�DOORZ�REVHUYDWLRQV�RYHU�UHODWLYHO\�ORQJ�
SHULRGV�ZLWK�FRPSOHWH�GDWD�RQ�KHDOWKFDUH�XWLOL]DWLRQ�

7KH� REMHFWLYH� RI� WKLV� VWXG\� ZDV� WR� H[DPLQH� DVVRFLDWLRQ� RI� KLJK� DGKHUHQFH� DQG� FOLQLFDO� RXWFRPH� DQG� KHDOWKFDUH�
XWLOL]DWLRQ� IRU�SDWLHQWV� LQLWLDWLQJ� WHULÀXQRPLGH� LQ� D� FRQWHPSRUDU\� LQVXUDQFH�FODLPV�GDWD� VHW��6SHFL¿FDOO\��ZH�FRPSDUHG�
RXWFRPHV�DFURVV�5506�SDWLHQWV�LQLWLDWLQJ�WHULÀXQRPLGH�ZKR�DUH�DGKHUHQW�WR�WUHDWPHQW�WR�SDWLHQWV�ZKR�DUH�QRQ�DGKHUHQW�

0DWHULDOV�DQG�0HWKRGV
7KLV�ZDV�D�UHWURVSHFWLYH��ORQJLWXGLQDO�FRKRUW�VWXG\�XVLQJ�WKH�DGPLQLVWUDWLYH�FODLPV�GDWD�IURP�,49,$�3KDU0HWULFV��3OXV�
IRU� \HDUV� ����±������ ,49,$� GDWDEDVHV� DUH� DGPLQLVWUDWLYH� FODLPV� GDWDEDVHV� WKDW� FRPSULVH� GH�LGHQWL¿HG� DGMXGLFDWHG�
SKDUPDF\�FODLPV��HJ��RXWSDWLHQW�SUHVFULSWLRQV��DQG�PHGLFDO�FODLPV��HJ�� LQSDWLHQW�DQG�RXWSDWLHQW�VHUYLFHV��VXEPLWWHG�IRU�
SD\PHQW�E\�SURYLGHUV��KHDOWKFDUH�IDFLOLWLHV��DQG�SKDUPDFLHV��DV�ZHOO�DV�PHPEHU�HQUROOPHQW�DQG�EHQH¿W��SDWLHQW��SURYLGHU��
DQG� KRVSLWDO� GHPRJUDSKLF� LQIRUPDWLRQ�� ,49,$� GDWDEDVHV� DUH� +HDOWK� ,QVXUDQFH� 3RUWDELOLW\� DQG� $FFRXQWDELOLW\� $FW�
FRPSOLDQW�DQG�WKXV�FRQVLVWHQW�ZLWK����&)5��������E�����DQG�H[HPSW�IURP�,QVWLWXWLRQDO�5HYLHZ�%RDUG�RYHUVLJKW�

7KH� RYHUDOO� VWXG\� SRSXODWLRQ� LQFOXGHG� DGXOW� SDWLHQWV� ����� \HDUV�� ZLWK� 5506� ZKR� ZHUH� QHZO\� WUHDWHG� ZLWK�
WHULÀXQRPLGH��GXULQJ�WKH� LGHQWL¿FDWLRQ��,'��SHULRG�IURP�-DQXDU\����������WR�'HFHPEHU�����������$V�QR�VSHFL¿F�,&'��
���GLDJQRVLV�FRGH�H[LVWV�IRU�5506��D�YDOLGDWHG�FODLPV�EDVHG�DOJRULWKP�ZDV�XVHG�WR�LGHQWLI\�SDWLHQWV�ZLWK�WKH�FRQGLWLRQ�
�SRVLWLYH�SUHGLFWLYH�YDOXH�RI��������� 3DWLHQWV�ZLWK�06�ZLWKRXW�HYLGHQFH�RI�GLVHDVH�SURJUHVVLRQ�ZHUH�GH¿QHG�DV�5506�
SDWLHQWV�� 'LVHDVH� SURJUHVVLRQ� ZDV� LGHQWL¿HG� E\� REVHUYLQJ� XVH� RI� VSHFL¿F� PHGLFDWLRQV���� 6SHFL¿FDOO\�� SDWLHQWV� ZHUH�
FRQVLGHUHG� WR� KDYH�5506� LI� WKH\� KDG� �L�� ��� FODLP� IRU� WHULÀXQRPLGH� DW� DQ\� WLPH� GXULQJ� WKH� ,'� SHULRG�ZLWK� D� ��\HDU�
ZDVKRXW� SHULRG�ZLWK� QR� WHULÀXQRPLGH�XVH� �WKH�¿UVW�¿OO� RI� LQGH[� WUHDWPHQW�ZDV� GH¿QHG� DV� WKH� LQGH[� GDWH��� DQG� �LL�� ���
PHGLFDO�FODLP�IRU�06��,QWHUQDWLRQDO�&ODVVL¿FDWLRQ�RI�'LVHDVH����WK�5HYLVLRQ��&OLQLFDO�0RGL¿FDWLRQ�>,&'����&0@�FRGHV��
*���[[�� SULRU� WR� RU� RQ� WKH� LQGH[� GDWH�� DQG� �LLL�� QR� XVH� RI� PHGLFDWLRQV� FRPPRQO\� XVHG� IRU� SURJUHVVLYH� GLVHDVH�
�PLWR[DQWURQH�� F\FORSKRVSKDPLGH�� RU� PHWKRWUH[DWH�� DW� DQ\� WLPH� GXULQJ� WKH� VWXG\� SHULRG�� $GGLWLRQDOO\�� SDWLHQWV� ZHUH�
UHTXLUHG�WR�KDYH�FRQWLQXRXV�PHGLFDO�DQG�SKDUPDF\�HQUROOPHQW�GXULQJ�WKH���\HDU�SULRU�WR��SUH�LQGH[�SHULRG��DQG���\HDU�
DIWHU��SRVW�LQGH[�SHULRG�� WKH� LQGH[�GDWH�DQG�ZHUH�DW� OHDVW����\HDUV�ROG�DW� WKH� LQGH[�GDWH��6WXG\�VFKHPD� LV�SUHVHQWHG� LQ�
)LJXUH���

$PRQJ�SDWLHQWV�ZKR�PHW�LQFOXVLRQ�FULWHULD��DGKHUHQFH�WR�WHULÀXQRPLGH�GXULQJ�WKH�IROORZ�XS�SHULRG�ZDV�PHDVXUHG�DV�
3'&��3'&� LV� D� SUHIHUUHG�PHWKRG�RI�PHDVXULQJ�PHGLFDWLRQ� DGKHUHQFH� DQG�ZDV� FDOFXODWHG� E\� WKH� QXPEHU� RI� GD\V� WKDW�
D�SDWLHQW�KDG�PHGLFDWLRQ�DYDLODEOH�GLYLGHG�E\�GD\V�RI�SRVW�LQGH[�SHULRG���±���3DWLHQWV�ZHUH�JURXSHG�LQWR�KLJK�DGKHUHQFH�
�3'&������� DQG� ORZ�DGKHUHQFH� FRKRUWV� �3'&��������3DWLHQWV� QRW� LQ� WKH� KLJK�RU� ORZ�DGKHUHQFH�JURXSV� ����������ZHUH�
H[FOXGHG�

'HPRJUDSKLF� FKDUDFWHULVWLFV� ZHUH� PHDVXUHG� LQ� WKH� EDVHOLQH� SHULRG�� 7R� DVVHVV� GLVHDVH� VHYHULW\� DW� EDVHOLQH�� ZH�
FDOFXODWHG� ([SDQGHG� 'LVDELOLW\� 6WDWXV� 6FDOH� �('66�� XVLQJ� D� FODLPV�EDVHG� DOJRULWKP���� .XUW]NH� )XQFWLRQDO� 6\VWHP�
6FRUHV��.)66��ZHUH�JHQHUDWHG�EDVHG�RQ�,&'����&0�FRGHV��WKHQ�PDSSHG�WR�DQ�('66�VFRUH��:H�PHDVXUHG�FRPRUELGLWLHV�
LQ�VHYHUDO�ZD\V�� LQFOXGLQJ�WKH�&KDUOVRQ�&RPRUELGLW\�,QGH[��&&,��DQG�H[DPLQLQJ�VSHFL¿F�06�UHODWHG�DQG�DXWRLPPXQH�
GLVHDVH�UHODWHG�FRPRUELGLWLHV�RI�LQWHUHVW��$GGLWLRQDOO\��ZH�VXPPDUL]HG�KHDOWKFDUH�XWLOL]DWLRQ�LQ�WKH�EDVHOLQH�SHULRG��*LYHQ�
WKDW�WKH�IROORZ�XS�SHULRG�LQWHUVHFWHG�ZLWK�WKH�&29,'����SDQGHPLF��ZH�WUDFNHG�WKH�QXPEHU�RI�SDQGHPLF�PRQWKV�GXULQJ�
WKH�SDWLHQW¶V�IROORZ�XS�SHULRG��XVLQJ�$SULO����������DV�WKH�VWDUW�RI�WKH�SDQGHPLF�
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7KH�SULPDU\�RXWFRPHV�ZHUH�UHODSVH�UDWH�DQG�KHDOWKFDUH�XWLOL]DWLRQ��LQSDWLHQW�DQG�HPHUJHQF\�GHSDUWPHQW�>('@�YLVLWV��
GXULQJ� IROORZ�XS�� 5HODSVHV� ZHUH� GHWHUPLQHG� IURP� DGPLQLVWUDWLYH� FODLPV� GDWD� DFFRUGLQJ� WR� DQ� DOJRULWKP� XVHG� DQG�
YDOLGDWHG�LQ�WKH�OLWHUDWXUH��±��� UHTXLULQJ�HLWKHU��L��DQ�LQSDWLHQW�YLVLW�ZLWK�D�SULPDU\�GLDJQRVLV�RI�06�RU��LL��DQ�RXWSDWLHQW�
YLVLW� ZLWK� D� GLDJQRVLV� RI� 06� DQG� RUDO� RU� LQWUDYHQRXV� FRUWLFRVWHURLG� XVH� ZLWKLQ� �� GD\V� RI� WKH� RXWSDWLHQW� YLVLW�� 7KLV�
DOJRULWKP�ZDV�IRXQG�WR�KDYH�D�SRVLWLYH�SUHGLFWLYH�YDOXH�RI���������

'HVFULSWLYH� VWDWLVWLFV� LQFOXGLQJ� PHDQV�� VWDQGDUG� GHYLDWLRQV� �6'��� DQG� UHODWLYH� IUHTXHQFLHV� DQG� SHUFHQWDJHV� ZHUH�
UHSRUWHG� IRU� FRQWLQXRXV� DQG� FDWHJRULFDO� GDWD�� ,Q� DGGLWLRQ� WR� GHVFULSWLYH� DQDO\VHV��PRGHOLQJ�ZDV� SHUIRUPHG� WR� FRQWURO�
IRU�GLIIHUHQFHV�LQ�REVHUYHG�FKDUDFWHULVWLFV�EHWZHHQ�DGKHUHQW�DQG�QRQ�DGKHUHQW�SDWLHQWV�WKDW�PD\�FRQIRXQG�WKH�¿QGLQJV��
/RJLVWLF� UHJUHVVLRQ�PRGHOV�ZHUH� FRQGXFWHG� WR� HVWLPDWH� WKH� OLNHOLKRRG� RI� SRVW�LQGH[� UHODSVHV�� ('� YLVLWV�� DQG� LQSDWLHQW�
YLVLWV��$OO�PRGHOV�ZHUH�DGMXVWHG�IRU�WKH�IROORZLQJ��DJH�JURXS��JHQGHU��UHJLRQ��EDVHOLQH�('66��EDVHOLQH�FRPRUELGLWLHV��DQG�
EDVHOLQH�KHDOWKFDUH�XWLOL]DWLRQ��2GGV�UDWLR��25��DQG�����FRQ¿GHQFH�LQWHUYDOV��&,���DV�ZHOO�DV�DGMXVWHG�UDWHV�DQG�����&,��
ZHUH�UHSRUWHG�IRU�WKH�ORJLVWLF�UHJUHVVLRQ�PRGHO�

$OO�GDWD�WUDQVIRUPDWLRQV�DQG�VWDWLVWLFDO�DQDO\VHV�ZHUH�SHUIRUPHG�XVLQJ�6$6��YHUVLRQ�����

5HVXOWV
$PRQJ�WKH�����SDWLHQWV�ZLWK�5506�LQLWLDWLQJ�WHULÀXQRPLGH�ZKR�ZHUH�LGHQWL¿HG�DQG�PHW�WKH�VWXG\�FULWHULD��������������
ZHUH�KLJKO\�DGKHUHQW�WR�WKH�PHGLFDWLRQ��3'&�������DQG�������������ZHUH�SRRUO\�DGKHUHQW�WR�WKH�PHGLFDWLRQ��3'&��������
7KH� UHPDLQLQJ� ���� SDWLHQWV� ZLWK� LQWHUPHGLDWH� DGKHUHQFH� ZHUH� UHPRYHG� IURP� WKH� DQDO\VLV�� 7DEOH� �� SURYLGHV� EDVHOLQH�
FKDUDFWHULVWLFV�IRU�WKH�VWXG\�FRKRUW��7KH�PHDQ�DJH�RI�KLJKO\�DGKHUHQW�SDWLHQWV�ZDV������\HDUV�YHUVXV������\HDUV�IRU�SRRUO\�
DGKHUHQW�SDWLHQWV��3 ��������7KH�UDWH�RI�IHPDOHV��������YHUVXV��������3 ��������DV�ZHOO�DV�WKH�JHRJUDSKLF�GLVWULEXWLRQ�
RI�SDWLHQWV��3 �������ZHUH�VLPLODU�DPRQJ�KLJKO\�DQG�SRRUO\�DGKHUHQW�SDWLHQWV��%DVHOLQH�GLVDELOLW\�DQG�FRPRUELGLWLHV�ZHUH�
QRW�VWDWLVWLFDOO\�GLIIHUHQW�EHWZHHQ�WKH� WZR�JURXSV��7KH�PHDQ�EDVHOLQH�('66�VFRUH�DPRQJ�KLJKO\�DGKHUHQW�SDWLHQWV�ZDV�
�����ZKLOH�WKH�VDPH�PHDVXUH�DPRQJ�SRRUO\�DGKHUHQW�SDWLHQWV�ZDV������3 ��������7KH�PHDQ�&&,�ZDV�����LQ�ERWK�JURXSV�
�3 �������� ZKLOH� WKH� PHDQ� QXPEHU� RI� FKURQLF� FRQGLWLRQV� ZDV� ���� DQG� ���� LQ� WKH� KLJK� DQG� ORZ� DGKHUHQFH� JURXSV��
UHVSHFWLYHO\��3 ��������0RUHRYHU��WKH�SUHYDOHQFH�RI�D�ZLGH�UDQJH�RI�06�DQG�DXWRLPPXQH�UHODWHG�FRPRUELGLWLHV�ZHUH�QRW�
VWDWLVWLFDOO\�GLIIHUHQW�EHWZHHQ�WKH�WZR�JURXSV��3RRUO\�DGKHUHQW�SDWLHQWV�ZHUH�PRUH�OLNHO\�WR�KDYH�('�DQG�LQSDWLHQW�YLVLWV�
DW� EDVHOLQH� WKDQ� KLJKO\� DGKHUHQW� SDWLHQWV� ������� YHUVXV� ������� 3 ������ DQG� ������ YHUVXV� ������� 3 �������
UHVSHFWLYHO\��

'XULQJ�WKH���\HDU�IROORZ�XS�SHULRG��KLJKO\�DGKHUHQW�SDWLHQWV�ZHUH�OHVV�OLNHO\�WR�KDYH�UHODSVHV�WKDQ�SDWLHQWV�ZLWK�ORZ�
DGKHUHQFH��������YHUVXV��������3���������ZKLOH�WKHUH�ZDV�QR�VWDWLVWLFDO�GLIIHUHQFH�EHWZHHQ�WKH�WZR�JURXSV�LQ�WHUPV�RI�
OLNHOLKRRG� RI� VHYHUH� LQIHFWLRQ� DQG�('66� VFRUHV�� ,Q� WHUPV� RI� KHDOWKFDUH� XWLOL]DWLRQ�� KLJKO\� DGKHUHQW� SDWLHQWV�ZHUH� OHVV�
OLNHO\� WR� KDYH� HLWKHU� ('� RU� LQSDWLHQW� YLVLWV� GXULQJ� IROORZ�XS� ������� YHUVXV� �������3�������� DQG� ����� YHUVXV� ������
3 �������UHVSHFWLYHO\���7DEOH�����7KH�DVVRFLDWLRQ�EHWZHHQ�DGKHUHQFH�DQG�RXWFRPHV�UHPDLQHG�DIWHU�DGMXVWLQJ�IRU�SRWHQWLDO�
FRQIRXQGHUV�� SDUWLFXODUO\� EDVHOLQH� XWLOL]DWLRQ�� 7KH� ORJLVWLF� PRGHO� VKRZHG� WKDW� KLJK� DGKHUHQFH� ZDV� DVVRFLDWHG� ZLWK�

Identification period 

Follow-up period

12/31/20

Baseline period

Index date
Teriflunomide initiation 

1/1/17

)LJXUH���6WXG\�GHVLJQ�GLDJUDP�
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GHFUHDVHG�OLNHOLKRRG�RI�SRVW�LQGH[�UHODSVHV��('�YLVLWV��DQG�LQSDWLHQW�KRVSLWDOL]DWLRQ��25�>����&,@�������>����±����@�������
>����±����@�� DQG� ����� >����±����@�� UHVSHFWLYHO\�� HYHQ� DIWHU� FRQWUROOLQJ� IRU� EDVHOLQH� XWLOL]DWLRQ� �7DEOH� ���� 7KH� DGMXVWHG�
SUREDELOLW\�RI�UHODSVH�ZDV�������IRU�KLJKO\�DGKHUHQW�DQG�������IRU�SRRUO\�DGKHUHQW�SDWLHQWV��7KH�DGMXVWHG�OLNHOLKRRG�RI�
('�DQG� LQSDWLHQW�YLVLWV�ZDV�DERXW� WZLFH�DV�PXFK�IRU�SRRUO\�DGKHUHQW�5506�SDWLHQWV� WKDQ�IRU�KLJKO\�DGKHUHQW�SDWLHQWV�
�������YHUVXV�������DQG������YHUVXV�������UHVSHFWLYHO\���)LJXUH����

7DEOH���%DVHOLQH�3DWLHQW�&KDUDFWHULVWLFV�DQG�8WLOL]DWLRQ

+LJK�$GKHUHQFH /RZ�$GKHUHQFH $OO 3�YDOXH

1���� ���������� ���������� ���������
$JH��\HDU��PHDQ��6'� ���������� ����������� ����������� �����

)HPDOH��Q���� ���������� ���������� ���������� ������

*HRJUDSKLF�UHJLRQ��Q���� �����
0LGZHVW ���������� ��������� ����������

1RUWKHDVW ���������� ��������� ����������

6RXWK ���������� ���������� ����������
:HVW �������� ��������� ��������

0RQWKV�RI�WKH�SRVW�LQGH[�GXULQJ�WKH�&29,'����SDQGHPLF��
PHDQ��6'��>PHGLDQ@

����������>�@ ����������>�@ ����������>�@ �����

%DVHOLQH�('66��PHDQ��6'� ��������� ��������� ��������� �����

�����
0LOG���²������Q���� ���������� ���������� ����������

0RGHUDWH���²������Q���� ���������� ���������� ����������

6HYHUH�������Q���� ��������� ��������� ���������
&KDUOVRQ�&RPRUELGLW\�,QGH[��PHDQ��6'��>PHGLDQ@ ����������>�@ ����������>�@ ����������>�@ �����

1XPEHU�RI�FKURQLF�FRQGLWLRQV��PHDQ��6'��>PHGLDQ@ ����������>�@ ����������>�@ ����������>�@ �����

2IÀFH�YLVLWV��PHDQ��6'��>PHGLDQ@ ������������>��@ ������������>��@ ������������
>��@

�����

(PHUJHQF\�GHSDUWPHQW�YLVLWV��Q���� ���������� ��������� ���������� �����

,QSDWLHQW�KRVSLWDOL]DWLRQV��Q���� ��������� ��������� ���������� �����
/26��GD\V��DPRQJ�SDWLHQWV�ZLWK�KRVSLWDOL]DWLRQV��PHDQ��6'��>PHGLDQ@ ����������>�@ ����������>�@ ����������>�@ �����

1RWH��%ROG�WH[W�LQGLFDWHV�KHDGHU�RU�RYHUDOO�FDWHJRU\��
$EEUHYLDWLRQV�����SHUFHQW��('66��([SDQGHG�'LVDELOLW\�6WDWXV�6FDOH��/26��OHQJWK�RI�VWD\��Q��QXPEHU�RI�SDWLHQWV��6'��VWDQGDUG�GHYLDWLRQ�

7DEOH���3RVW�,QGH[�0HDVXUHV��8QDGMXVWHG�

+LJK�$GKHUHQFH /RZ�$GKHUHQFH $OO 3�YDOXH

1���� ���������� ���������� ���������

5HODSVHV��Q���� ���������� ���������� ���������� �������

,QSDWLHQW�UHODSVHV��Q���� ������� ������� �������� �����

2XWSDWLHQW�UHODSVHV��Q���� ���������� ���������� ���������� �������

6HYHUH�LQIHFWLRQ��Q���� ��������� ��������� ���������� �����

3RVW�('66��PHDQ��6'��>PHGLDQ@ ����������>�@ ����������>�@ ����������>�@ �����

�����

0LOG���²������Q���� ���������� ���������� ����������

0RGHUDWH���²������Q���� ���������� ��������� ����������

6HYHUH�������Q���� �������� �������� ��������

/HXNRSHQLD��Q���� ������� ������� �������� ������

2IÀFH�YLVLWV��PHDQ��6'��>PHGLDQ@ ������������>��@ ������������>��@ ������������>��@ �����

(PHUJHQF\�GHSDUWPHQW�YLVLWV��Q���� ��������� ��������� ���������� ������

,QSDWLHQW�KRVSLWDOL]DWLRQV��Q���� �������� �������� �������� ������

/26��GD\V��DPRQJ�SDWLHQWV�ZLWK�KRVSLWDOL]DWLRQV��PHDQ��6'��>PHGLDQ@ ����������>�@ �����������>�@ �����������>�@ �����

1RWH��%ROG�WH[W�LQGLFDWHV�KHDGHU�RU�RYHUDOO�FDWHJRU\��
$EEUHYLDWLRQV�����SHUFHQW�����OHVV�WKDQ��('66��([SDQGHG�'LVDELOLW\�6WDWXV�6FDOH��/26��OHQJWK�RI�VWD\��Q��QXPEHU�RI�SDWLHQWV��6'��VWDQGDUG�GHYLDWLRQ�
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'LVFXVVLRQ
,Q� WKLV� VWXG\� RI� FRPPHUFLDOO\� LQVXUHG� SDWLHQWV�ZLWK� 5506� LQLWLDWLQJ� WHULÀXQRPLGH�� ZH� IRXQG� WKDW� KLJK� DGKHUHQFH� WR�
WHULÀXQRPLGH��3'&�������ZDV�DVVRFLDWHG�ZLWK�VLJQL¿FDQWO\�EHWWHU�SDWLHQW�RXWFRPHV�DQG�ORZHU�KHDOWKFDUH�XWLOL]DWLRQ��ZLWK�
D�GHFUHDVHG�OLNHOLKRRG�RI�UHODSVHV�DQG�('�RU�LQSDWLHQW�YLVLWV��+LJKO\�DGKHUHQW�SDWLHQWV�ZHUH�DERXW�����OHVV�OLNHO\�WR�KDYH�
D� UHODSVH�� DQG� DERXW� ���� OHVV� OLNHO\� WR� KDYH� LQSDWLHQW� KRVSLWDOL]DWLRQ�RU�('�YLVLWV� WKDQ� SDWLHQWV� LQ� WKH� ORZ� DGKHUHQFH�
FRKRUW�

2XU� ¿QGLQJV� VXJJHVW� WKDW� LPSURYLQJ� DGKHUHQFH� WR� WHULÀXQRPLGH� LQ� SDWLHQWV�ZLWK�5506�PD\� OHDG� WR� EHWWHU� KHDOWK�
RXWFRPHV� DV�ZHOO� DV� GHFUHDVHG� XWLOL]DWLRQ� RI� KHDOWKFDUH� UHVRXUFHV�� ,Q� SDUWLFXODU�� LI� ���� SRRUO\� DGKHUHQW� SDWLHQWV�ZHUH�
LQVWHDG� KLJKO\� DGKHUHQW�� URXJKO\� ��� UHODSVHV� DQG� ��� ('� YLVLWV� PD\� EH� DYRLGHG� LQ� WKH� ¿UVW� \HDU� DIWHU� LQLWLDWLRQ��:H�

7DEOH���5HVXOWV�RI�/RJLVWLF�5HJUHVVLRQ�0RGHOV

$Q\�3RVW�,QGH[�5HODSVHV $Q\�3RVW�LQGH[�('�9LVLWV $Q\�3RVW�,QGH[�,QSDWLHQW�

+RVSLWDOL]DWLRQV

25������&,� 3�YDOXH 25������&,� 3�YDOXH 25������&,� 3�YDOXH

$JH�JURXS

��²���YV���� ����������²����� ����� ����������²����� ����� ����������²����� �����

��²���YV���� ����������²����� ����� ����������²����� ����� ����������²����� �����

*HQGHU��)HPDOH�YV�0DOH ����������²����� ����� ����������²����� ����� ����������²����� �����

*HRJUDSKLF�UHJLRQ

0LGZHVW�YV�:HVW ����������²����� ����� ����������²����� ����� ����������²����� �����

1RUWKHDVW�YV�:HVW ����������²����� ����� ����������²����� ����� ����������²����� �����

6RXWK�YV�:HVW ����������²����� ����� ����������²����� ����� ����������²����� �����

%DVHOLQH�('66 ����������²����� ������ ����������²����� ����� ����������²����� �����

%DVHOLQH�&KDUOVRQ�FRPRUELGLW\�LQGH[ ����������²����� ����� ����������²����� ����� ����������²����� �����

$Q\�EDVHOLQH�DXWRLPPXQH�UHODWHG�FRPRUELGLWLHV��\HV�YV�QR ����������²����� ����� ����������²����� ����� ����������²����� �����

0RQWKV�RI�WKH�SRVW�LQGH[�GXULQJ�WKH�&29,'����SDQGHPLF ����������²����� ����� ����������²����� ����� ����������²����� �����

$Q\�EDVHOLQH�('�YLVLWV��\HV�YV�QR ����������²����� ����� ����������²����� ������ ����������²����� �����

$Q\�EDVHOLQH�LQSDWLHQW�KRVSLWDOL]DWLRQV��\HV�YV�QR ����������²����� ����� ����������²����� ����� ����������²����� �����

$GKHUHQFH�JURXS��KLJK�YV�ORZ ����������²����� ������ ����������²����� ������ ����������²����� �����

1RWH��%ROG�WH[W�LQGLFDWHV�KHDGHU�RU�RYHUDOO�FDWHJRU\��DQG�VWDWLVWLFDOO\�VLJQLÀFDQW��S�������UHVXOWV�DFURVV�PRGHOV��
$EEUHYLDWLRQV�����SHUFHQW�����OHVV�WKDQ��('��HPHUJHQF\�GHSDUWPHQW��('66��([SDQGHG�'LVDELOLW\�6WDWXV�6FDOH�

Any Post-Index Relapses Any Post-index ED visits Any Post-Index Inpatient
Hospitalizations

High adherent
patients 27.5% 16.0% 3.6%

Low adherent
patients 40.9% 28.1% 6.7%

0%
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20%

30%

40%

50%
Adjusted outcomes

)LJXUH���$GMXVWHG�RXWFRPHV�
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UHFRJQL]H� WKDW� LQKHUHQW�GLIIHUHQFHV�EHWZHHQ� WKH� VWXG\¶V�QRQ�UDQGRPL]HG�FRPSDUDWRU�JURXSV�PD\� OHDG� WR�GLIIHUHQFHV� LQ�
UHODSVH�UDWH�DQG�XWLOL]DWLRQ��)RU�H[DPSOH��KLJKO\�DGKHUHQW�SDWLHQWV�PD\�EH�KHDOWKLHU�RU�OHVV�OLNHO\�WR�JR�WR�WKH�HPHUJHQF\�
GHSDUWPHQW� WKDQ� SRRUO\� DGKHUHQW� SDWLHQWV�� 7R� PLQLPL]H� WKH� HIIHFW� RI� VXFK� FRQIRXQGLQJ� IDFWRUV�� ZH� SHUIRUPHG�PXOWL�
YDULDEOH� DQDO\VHV� XVLQJ�YDULRXV� FRQWUROV� IRU� GLVHDVH� VHYHULW\� DQG� DGMXVWLQJ� IRU� EDVHOLQH� KHDOWKFDUH� XWLOL]DWLRQ��:H� DOVR�
XWLOL]HG�D�QRYHO�FODLPV�EDVHG�DOJRULWKP���WR�FUHDWH�D�SUR[\�PHDVXUHPHQW�IRU�('66��D�PHDVXUH�FRPPRQO\�XVHG�LQ�FOLQLFDO�
VHWWLQJV� WR� DVVHVV� GLVDELOLW\� LQ� 06�� WKXV� DOORZLQJ� XV� WR� FRQWURO� IRU� VHYHULW\� RI� GLVHDVH� LQ� DGGLWLRQ� WR� WKH� VWDQGDUG�
FRPRUELGLW\�PHDVXUHV�

6HYHUDO� VWXGLHV� KDYH� HVWDEOLVKHG� OLQNV� EHWZHHQ� DGKHUHQFH� DQG� SDWLHQW� RXWFRPHV� DQG� XWLOL]DWLRQ�� ,Q� FRQWUDVW� WR� RXU�
VWXG\�� WKHVH� VWXGLHV� DUH� PRVWO\� EDVHG� RQ� ROGHU� GDWD�� FRQVLGHU� FODVV�OHYHO� DVVRFLDWLRQV�� DQG� PD\� QRW� KDYH� DGHTXDWHO\�
FRQWUROOHG�IRU�GLVDELOLW\��±���+RZHYHU��WKHLU�UHVXOWV�DUH�VLPLODU�WR�ZKDW�ZDV�IRXQG�LQ�WKLV�VWXG\��3DUWLFXODUO\��%XUNV�HW�DO���

IRXQG�WKDW�SDWLHQWV�ZLWK�06�ZKR�DUH�KLJKO\�DGKHUHQW�WR�'07V�DUH�DERXW�����OHVV�OLNHO\�WR�KDYH�UHODSVHV�GXULQJ�WKH�\HDU�
SRVW�LQGH[�DQG�DERXW�����DQG�����OHVV�OLNHO\�WR�KDYH�KRVSLWDO�DQG�(5�YLVLWV��UHVSHFWLYHO\��FRPSDUHG�WR�SRRUO\�DGKHUHQW�
SDWLHQWV��<HUPDNRY�HW�DO��IRXQG�TXDOLWDWLYHO\�VLPLODU�UHVXOWV�LQ�WKDW�KLJKHU�DGKHUHQFH�LV�DVVRFLDWHG�ZLWK�IHZHU�UHODSVHV�DQG�
ORZHU� KHDOWKFDUH� UHVRXUFH� XWLOL]DWLRQ�� KRZHYHU�� WKH\� UHSRUW� FKDQJH� LQ� RXWFRPHV� DVVRFLDWHG� ZLWK� D� ���� LQFUHDVH� LQ�
DGKHUHQFH�VR�TXDQWLWDWLYH�FRPSDULVRQ�RI�UHVXOWV�LV�GLI¿FXOW��)LQDOO\��7DQ�HW�DO�� XVHG�VLJQL¿FDQWO\�ROGHU�GDWD�DQG�IRFXVHG�
RQ�HDUOLHU�DYDLODEOH�WUHDWPHQWV��7KH\�IRXQG�WKDW�KLJK�DGKHUHQFH�LV�DVVRFLDWHG�ZLWK�EHWWHU�RXWFRPHV��EXW�WKH�PDJQLWXGH�RI�
WKH�HIIHFWV�ZDV�VPDOOHU�WKDQ�RQHV�UHSRUWHG�LQ�WKLV�VWXG\�

/LPLWDWLRQV
,Q�RUGHU� WR�SURYLGH�XSGDWHG� LQIRUPDWLRQ�RQ�DGKHUHQFH�DQG�RXWFRPHV� LQ�5506��ZH�XVHG� WKH�PRVW� UHFHQW�\HDUV�RI�GDWD�
DYDLODEOH��7KLV�SUHVHQWHG�D�SRWHQWLDO�FKDOOHQJH�LQ�WKDW�WKH�&29,'����SDQGHPLF�PD\�KDYH�LPSDFWHG�SDWLHQW�EHKDYLRU�DQG�
KHDOWKFDUH�XWLOL]DWLRQ��:H�VHDUFKHG�IRU��EXW�GLG�QRW�¿QG��D�VWDWLVWLFDOO\�VLJQL¿FDQW�LQWHUDFWLRQ�EHWZHHQ�&29,'����DQG�ULVN�
RI�UHODSVH��('�YLVLWV��RU�KRVSLWDOL]DWLRQ�LQ�RXU�GDWD��2XU�UHVXOWV�ZHUH�OLPLWHG�E\�WKH�VKRUW�GXUDWLRQ�RI�WKH�SDQGHPLF�SHULRG�
LQ� RXU� GDWD��5HSHDWLQJ� RXU� DQDO\VLV�ZLWK� DGGLWLRQDO� GDWD� DV� LW� EHFRPHV� DYDLODEOH�ZRXOG� SURYLGH�QHHGHG� LQVLJKW� RQ� WKH�
EXUGHQ�IDFHG�E\�SDWLHQWV�ZLWK�06�GXULQJ�WKH�SDQGHPLF��DV�ZHOO�DV�IXUWKHU�FKDUDFWHUL]LQJ�WUHDWPHQW�SDWWHUQV��$GGLWLRQDOO\��
WKLV�VWXG\�ZDV�D�UHWURVSHFWLYH��REVHUYDWLRQDO�DQDO\VLV�XVLQJ�ODUJH�DGPLQLVWUDWLYH�FODLPV�GDWD��7KHVH�GDWD�ODFN�LPSRUWDQW�
FOLQLFDO� GHWDLOV�� LQFOXGLQJ� GLVHDVH� VHYHULW\� DQG� V\PSWRPV��ZKLFK� SUHYHQWHG�XV� IURP�XVLQJ� VXFK�GHWDLOV� WR� GHWHUPLQH� LI�
D�SDWLHQW�KDV�5506��+RZHYHU��ZH�XVHG�D�YDOLGDWHG�DOJRULWKP� WR� LGHQWLI\� WKHVH�SDWLHQWV��$GGLWLRQDOO\��ZKHQ�DQDO\]LQJ�
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