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ە ,QWURGXFWLRQ

0ROHFXODU�WDUJHWHG� WKHUDS\� KDV� EHHQ� LQFRUSRUDWHG� LQWR� WUHDWPHQW� IRU� +&&�� DV� LQ� RWKHU� W\SHV� RI�

FDQFHUV�� DQG� PDQ\� VWXGLHV� DUH� FXUUHQWO\� EHLQJ� FDUULHG� RXW� WR� LQYHVWLJDWH� WKH� HIILFDF\� RI� LPPXQH�

FKHFNSRLQW� LQKLELWRUV�� 7KLV� FKDSWHU� ZDV� SUHYLRXVO\� HQWLWOHG� ³&KHPRWKHUDS\´�� EXW� ZH� XVH� ³'UXJ�

7KHUDS\´ LQ� WKH� FXUUHQW� *XLGHOLQHV�� 'UXJ� WKHUDS\� IRU� +&&� HVVHQWLDOO\� EHJDQ� LQ� ����� ZKHQ� D�

GRXEOH�EOLQG� 5&7� WKH� 6+$53� VWXG\� VKRZHG� WKDW� VRUDIHQLE� VLJQLILFDQWO\� LPSURYHG� SURJQRVLV� LQ�

SDWLHQWV�ZLWK�DGYDQFHG�+&& RYHU�SODFHER��8QWLO�WKHQ��VWXGLHV�WKDW�LQYHVWLJDWHG�SURJQRVLV�DIWHU�GUXJ�

WKHUDS\ IRU�+&&�ZHUH�QRW� ODUJH�VFDOH�GRXEOH�EOLQG�5&7V�� VR� WKH�6+$53�VWXG\�ZDV� WKH� ILUVW� VXFK�

VWXG\�WR�VKRZ��ZLWK�KLJK�TXDOLW\�HYLGHQFH��WKH�EHQHILFLDO�HIIHFWV�RI�GUXJ�WKHUDS\ RQ +&&��6RUDIHQLE�

VXEVHTXHQWO\�EHFDPH�WKH�VWDQGDUG�GUXJ�IRU�+&&��6LQFH�WKHQ��PDQ\�VWXGLHV�KDYH�EHHQ�FDUULHG�RXW�WR�

GHYHORS�GUXJ�WKHUDSLHV�IRU�DGYDQFHG�+&&�

9DULRXV GUXJV� LQFOXGLQJ� PROHFXODU�WDUJHWHG� GUXJV� KDYH� EHHQ� FRPSDUHG� ZLWK� VRUDIHQLE� DV�

ILUVW�OLQH�WKHUDS\��EXW�QRQH�VKRZHG�VXSHULRULW\�RU�QRQ�LQIHULRULW\�RYHU�VRUDIHQLE�XQWLO�WKH�ILUVW�UHSRUW�

RI�WKH�QRQ�LQIHULRULW\�RI�OHQYDWLQLE�WR�VRUDIHQLE�ZDV�PDGH�DW�WKH�$6&2�$QQXDO�0HHWLQJ�LQ�-XQH�������

$�SKDVH�,,,�FOLQLFDO�VWXG\�LV�FXUUHQWO\�XQGHUZD\�WR�FRPSDUH�VRUDIHQLE�ZLWK�WKH�LPPXQH�FKHFNSRLQW�

LQKLELWRU�QLYROXPDE�

7KH� XWLOLW\� RI� YDULRXV� RWKHU� GUXJV� DV� VHFRQG�OLQH� WKHUDS\� DIWHU� VRUDIHQLE� WKHUDS\� ZDV� DOVR�

LQYHVWLJDWHG�LQ�PDQ\�SODFHER�FRQWUROOHG�VWXGLHV��EXW�QRQH�RI�WKHP�KDYH VKRZQ VXSHULRULW\��+RZHYHU��

LQ�-DQXDU\�������UHJRUDIHQLE�ZDV�UHSRUWHG�WR�LPSURYH�VXUYLYDO�LQ�SDWLHQWV�ZLWK�GLVHDVH�SURJUHVVLRQ�

GXULQJ� VRUDIHQLE� WKHUDS\� PDUNLQJ� IRU� WKH� ILUVW� WLPH� WKH� VXSHULRULW\� RI� VHFRQG�OLQH� WKHUDS\� DIWHU�

VRUDIHQLE� IDLOXUH�� &RQVHTXHQWO\�� LQ� -XQH� ������ UHJRUDIHQLE� ZDV� DSSURYHG� IRU� +&&� LQ� -DSDQ�� $�

SODFHER�FRQWUROOHG�SKDVH�,,,�FOLQLFDO�VWXG\�LV�DOVR�FXUUHQWO\�XQGHUZD\�WR�LQYHVWLJDWH�WKH�XWLOLW\�RI�WKH�

LPPXQH�FKHFNSRLQW�LQKLELWRU�SHPEUROL]XPDE�DV�VHFRQG�OLQH�WKHUDS\�DIWHU�VRUDIHQLE�

,Q� -DSDQ�� LQWUDKHSDWLF� SURJUHVVLRQ� LV� FRQYHQWLRQDOO\� WUHDWHG� ZLWK� KHSDWLF� DUWHULDO� LQIXVLRQ�

FKHPRWKHUDS\� �+$,&��� HYHQ� DIWHU� VRUDIHQLE EHFDPH� DYDLODEOH� +$,&� LV� SHUIRUPHG� HVSHFLDOO\� LQ�

SDWLHQWV�ZLWK�+&&�DFFRPSDQLHG�E\�YDVFXODU�LQYDVLRQ�LQ�WKH�PDMRU�YHVVHOV�

7KLV�IRXUWK�HGLWLRQ�RI�WKH�*XLGHOLQHV�H[FOXGHV &4���³,V�KRUPRQH�WKHUDS\�HIIHFWLYH"´ LQ WKH�WKLUG�

HGLWLRQ EHFDXVH� KRUPRQH� WKHUDS\� LV� QRW� XVHG� WR� WUHDW� +&&� LQ� -DSDQ�� $OVR�� E\� LQWHJUDWLQJ� &4���

³:KLFK�FDVHV�DUH�LQGLFDWHG�IRU�V\VWHPLF�FKHPRWKHUDS\"´�DQG�&4���³:KDW�FKHPRWKHUDS\�UHJLPHQV�

�GUXJ� UHJLPHQV�� DUH� HIIHFWLYH"´�� WKH� FXUUHQW� HGLWLRQ� QHZO\� LQFOXGHV &4��� ³,V� PROHFXODU�WDUJHWHG�

WKHUDS\�UHFRPPHQGHG�IRU�XQUHVHFWDEOH�DGYDQFHG�+&&"´

,Q� WKH FXUUHQW� UHYLVLRQ� SURFHVV�� �� FRPPLWWHH� PHPEHUV� LQGHSHQGHQWO\� SHUIRUPHG� D� OLWHUDWXUH�

VHDUFK�RI�(QJOLVK�DUWLFOHV�SXEOLVKHG�EHIRUH�-XQH�������XVLQJ�WKH�VHDUFK�TXHU\�GHYHORSHG�IRU�HDFK�&4��

$IWHU� FDUHIXOO\� UHDGLQJ�HDFK�DEVWUDFW�� WKH\ H[WUDFWHG�DUWLFOHV� LQ WKH� ILUVW� VFUHHQLQJ�EDVHG�RQ�DUWLFOH�

W\SH��QXPEHU�RI�FDVHV��DQG�VWXG\�GHVLJQ��'LVDJUHHPHQWV�ZHUH�UHVROYHG�E\�GLVFXVVLRQ��$V�LQ SUHYLRXV�

HGLWLRQV��VWXGLHV�ZHUH�H[FOXGHG�WKDW�UHSRUWHG�WUHDWPHQW�LQYROYLQJ�HPEROL]DWLRQ�RU�SHULRSHUDWLYH�GUXJ�
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WKHUDS\ DQG�VWXGLHV�HTXLYDOHQW�WR�D�SKDVH�, RU�,,�FOLQLFDO�VWXG\�WKDW�XVHG�GUXJV�VWLOO�LQ�GHYHORSPHQW�RU�

QR� ORQJHU� LQ� XVH�� $OVR� H[FOXGHG� ZHUH VWXGLHV� WKDW� GHVFULEHG� LQGHWHUPLQDWH� DQWLWXPRU� HIIHFWV� DQG�

V\VWHPDWLF� UHYLHZV�ZLWK� LQVXIILFLHQW� RU� UHGXQGDQW� GDWD� $UWLFOHV� DQG� FRQIHUHQFH� UHSRUWV� SXEOLVKHG�

DIWHU�-XQH������WKDW�GHVFULEHG�WKH�UHVXOWV�RI�D�ODUJH�VFDOH�5&7�ZHUH�LQFOXGHG�DV�IDU�DV�SRVVLEOH�

5HFRPPHQGDWLRQV� IRU� LQGLYLGXDO� &4V� ZHUH� GHFLGHG� LQ� WKH� PHHWLQJ� IRU� ILQDOL]LQJ�

UHFRPPHQGDWLRQV��DQG�DPRQJ� WKH���FRPPLWWHH�PHPEHUV�ZKR�SHUIRUPHG� WKH� OLWHUDWXUH� VHDUFK��RQH

SUHSDUHG�WKH�DEVWUDFWV DQG�WKH�RWKHU�UHYLHZHG�WKHP�

&XUUHQWO\�� PDQ\� VWXGLHV� WR� HVWDEOLVK� GUXJ� WKHUDSLHV� IRU� +&&� DUH� RQJRLQJ�� 7KHVH� VWXGLHV� DUH�

H[SHFWHG� WR� SURGXFH� QHZ�HYLGHQFH DQG PD\� OHDG� WR� WKH� DSSURYDO� RI� FHUWDLQ� GUXJV� EHIRUH� WKH�QH[W�

UHYLVLRQ RI� WKHVH *XLGHOLQHV�� 1HZO\� GHYHORSHG� GUXJV� ZLWK� KLJK�TXDOLW\� VFLHQWLILF� HYLGHQFH� DUH�

DQQRXQFHG�DQG�RIILFLDOO\� UHFRPPHQGHG�RQ� WKH�-6+�ZHESDJH�ZKHQ� WKH\�DUH�DSSURYHG� IRU 1DWLRQDO�

+HDOWK�,QVXUDQFH�FRYHUDJH��ZLWKRXW ZDLWLQJ�IRU SXEOLFDWLRQ RI�WKH�QH[W�HGLWLRQ�RI�WKH�*XLGHOLQHV�

&4�� ,V� PROHFXODU�WDUJHWHG� WKHUDS\� UHFRPPHQGHG� IRU� XQUHVHFWDEOH�
DGYDQFHG�+&&"

5HFRPPHQGDWLRQ

6WURQJ� UHFRPPHQGDWLRQ�� 6RUDIHQLE� RU� OHQYDWLQLE WKHUDS\� LV� UHFRPPHQGHG� DV� ILUVW�OLQH� WKHUDS\� IRU�

XQUHVHFWDEOH� DGYDQFHG� +&&V� WKDW� DUH� QRW� LQGLFDWLRQV� IRU� VXUJLFDO� UHVHFWLRQ�� OLYHU� WUDQVSODQWDWLRQ��

ORFRUHJLRQDO�WKHUDS\��RU�7$&(�LQ�SDWLHQWV�ZLWK�&KLOG�3XJK�$�OLYHU�IXQFWLRQ��JRRG�KHSDWLF�IXQFWLRQDO�

UHVHUYH� DQG�JRRG�36�

6WURQJ� UHFRPPHQGDWLRQ��5HJRUDIHQLE� WKHUDS\� LV� UHFRPPHQGHG� DV� VHFRQG�OLQH� WKHUDS\� IRU� SDWLHQWV�

ZLWK�&KLOG�3XJK�$�OLYHU�IXQFWLRQ�ZKR��GXULQJ VRUDIHQLE�WKHUDS\��VKRZ�+&&�GLVHDVH�SURJUHVVLRQ RQ�

LPDJLQJ�VWXG\ DQG�WROHUDQF\ IRU�VRUDIHQLE�

ڦ %DFNJURXQG

+&&� WHQGV� WR� UHFXU� UHSHDWHGO\� DW� KLJK� UDWHV� DQG�RIWHQ�SURJUHVVHV WR�DGYDQFHG�GLVHDVH� WKDW� KDV� QR�

FOHDU� LQGLFDWLRQV� IRU� VXUJLFDO� UHVHFWLRQ�� OLYHU� WUDQVSODQWDWLRQ�� ORFRUHJLRQDO� WKHUDS\�� RU� 7$&(�� 7KH�

HIILFDF\� RI� WKH� PROHFXODU�WDUJHWHG� GUXJ� VRUDIHQLE� IRU WKLV� W\SH� RI� XQUHVHFWDEOH� +&&� ZDV� ILUVW�

UHSRUWHG�E\� D�SODFHER�FRQWUROOHG� VWXG\� LQ�������6HYHUDO� RWKHU�PROHFXODU�WDUJHWHG�GUXJV�KDYH�EHHQ�

GHYHORSHG VLQFH� WKHQ��+HUH��ZH� LQYHVWLJDWHG� WKH�XWLOLW\�RI�PROHFXODU�WDUJHWHG� WKHUDS\�IRU�DGYDQFHG�

+&&�WR�GHFLGH�WKH�OHYHO�RI�UHFRPPHQGDWLRQ�

ڦ 6FLHQWLILF�6WDWHPHQW
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7KLV� &4� ZDV� HVWDEOLVKHG� E\� LQWHJUDWLQJ� &4��� ³:KLFK� FDVHV� DUH� LQGLFDWHG� IRU� V\VWHPLF�

FKHPRWKHUDS\"´� DQG�&4��� ³:KDW� FKHPRWKHUDS\� UHJLPHQV� �GUXJ� UHJLPHQV�� DUH� HIIHFWLYH"´� LQ� WKH�

WKLUG�HGLWLRQ��$�OLWHUDWXUH�VHDUFK�FRQGXFWHG�ZLWK�D�PRGLILHG�YHUVLRQ�RI�WKH�VHDUFK�TXHU\�XVHG�LQ�WKH�

WKLUG�HGLWLRQ�DQG�D�SXEOLFDWLRQ�GDWH�EHWZHHQ�-DQXDU\���������DQG�-XQH����������H[WUDFWHG����DUWLFOHV��

7KLV�ZDV�QDUURZHG�GRZQ�WR����DUWLFOHV�DERXW�5&7V��VXEJURXS�DQDO\VHV��DQG�V\VWHPDWLF�UHYLHZV�LQ�

WKH� ILUVW� VFUHHQLQJ��(OHYHQ�DUWLFOHV�ZHUH�H[WUDFWHG� LQ� WKH� VHFRQG�VFUHHQLQJ�� ,Q�DGGLWLRQ� WR� WKHVH����

DUWLFOHV����DUWLFOHV�SXEOLVKHG�DIWHU�-XO\������DQG���FRQIHUHQFH�UHSRUWV�DUH�FLWHG�DV�LPSRUWDQW�DUWLFOHV��

$IWHU�H[WUDFWLQJ���DUWLFOHV�WKDW�FRPSO\ ZLWK WKH�DERYH�VHOHFWLRQ�FULWHULD�IURP�WKH����DUWLFOHV�FLWHG�LQ�

WKH�WKLUG�HGLWLRQ��D�WRWDO�RI����DUWLFOHV�DUH�FLWHG�KHUH�IRU�4���

&RPSDUHG� ZLWK� SODFHER�� VRUDIHQLE� VLJQLILFDQWO\� H[WHQGHG� VXUYLYDO� SHULRGV� LQ� SDWLHQWV� ZLWK�

&KLOG�3XJK� $� OLYHU� IXQFWLRQ� DQG� JRRG� 36� ZKR� ZHUH� QRW� HOLJLEOH� IRU� VXUJLFDO� UHVHFWLRQ�� OLYHU�

WUDQVSODQWDWLRQ��ORFRUHJLRQDO�WKHUDS\��RU�7$&(�����7KH�HIILFDF\�RI�VRUDIHQLE�KDV�DOVR�EHHQ�YHULILHG�LQ�

GLIIHUHQW�VXEJURXSV�����$ V\VWHPDWLF�UHYLHZ�VKRZHG WKDW�VRUDIHQLE�LV�HIIHFWLYH�DQG�VDIH��

6XQLWLQLE��EULYDQLE��DQG� OLQLIDQLE� IDLOHG� WR�VKRZ�VXSHULRULW\�RU�QRQ�LQIHULRULW\�RYHU�VRUDIHQLE�DV�

ILUVW�OLQH�WKHUDS\ LQ�5&7V�����/HQYDWLQLE�ZDV�QRW�LQIHULRU�WR�VRUDIHQLE�LQ�RYHUDOO�VXUYLYDO� LQ�DQRWKHU�

5&7���

%ULYDQLE� HYHUROLPXV��UDPXFLUXPDE��6����DQG�WLYDQWLQLE�DOO�IDLOHG�WR�LPSURYH�RYHUDOO�VXUYLYDO�DV�

VHFRQG�OLQH� WKHUDS\� DIWHU VRUDIHQLE LQ� SODFHER�FRQWUROOHG� 5&7V������� ,Q� WKH� SODFHER�FRQWUROOHG�

5(625&(� �5HJRUDIHQLE� DIWHU� 6RUDIHQLE� LQ� 3DWLHQWV� ZLWK� +HSDWRFHOOXODU� &DUFLQRPD�� VWXG\��

UHJRUDIHQLE� VLJQLILFDQWO\� LPSURYHG� RYHUDOO� VXUYLYDO� LQ� &KLOG�3XJK� $� SDWLHQWV� ZLWK� GLVHDVH�

SURJUHVVLRQ�RQ� LPDJH� VWXG\� GXULQJ� VRUDIHQLE� WKHUDS\� DQG� WROHUDQF\� IRU� VRUDIHQLE� �LW� LV� SRVVLEOH� WR�

DGPLQLVWHU�������PJ�IRU������GD\V�GXULQJ�WKH����GD\�SHULRG�EHIRUH�WKH�HQG�RI�WUHDWPHQW����

$Q 5&7�RI�VRUDIHQLE�DQG�HUORWLQLE�IRXQG�WKDW WKH�DGGLWLRQ�RI�HUORWLQLE�WR�VRUDIHQLE�FRQIHUUHG�QR�

VXUYLYDO�EHQHILW���

ڦ ([SODQDWLRQ

0DQ\�5&7V�UHODWHG� WR�&4���ZHUH�H[WUDFWHG� LQ� WKH� OLWHUDWXUH�VHDUFK��7KHUHIRUH� WKH�FXUUHQW�HGLWLRQ�

H[FOXGHV DUWLFOHV� DERXW� WKH� SUHGLFWLYH� IDFWRUV IRU� WKH� HIILFDF\ RI� V\VWHPLF� FKHPRWKHUDS\� WKDW�ZHUH�

FLWHG� LQ� WKH� WKLUG�HGLWLRQ�EHFDXVH� WKHLU� FRQWHQW�GRHV�QRW� ILW� WKH� LQWHQW�RI�&4����$OVR�H[FOXGHG�DUH�

DUWLFOHV�WKDW�UHSRUW�RXWFRPHV�RI�VRUDIHQLE�WKHUDS\�LQ�&KLOG�3XJK�%�SDWLHQWV�EHFDXVH�RI�ORZ�OHYHOV�RI�

HYLGHQFH�FRPSDUHG�ZLWK�WKH�5&7V��DV�ZHOO�DV DUWLFOHV�RQ�SRVW�7$&(�WKHUDS\��DGMXYDQW�7$&(�WKHUDS\��

DQG� FRPELQDWLRQ� WKHUDS\� ZLWK� DQWLFDQFHU� GUXJV� DQG� ORFRUHJLRQDO� WKHUDS\� EHFDXVH� WKH\� GLG� QRW�

LQYROYH 5&7V�

6RUDIHQLE� KDG� EHWWHU� RYHUDOO� VXUYLYDO� WKDQ� SODFHER� LQ� WKH� 6+$53� VWXG\� LQ� ����� DQG� WKH�

$VLD�3DFLILF�VWXG\�LQ��������,Q�ERWK�VWXGLHV��VRUDIHQLE�ZDV�DGPLQLVWHUHG�IRU�XQUHVHFWDEOH�DGYDQFHG�

+&&V�WKDW�ZHUH�QRW�LQGLFDWLRQV�IRU�VXUJLFDO�UHVHFWLRQ��OLYHU�WUDQVSODQWDWLRQ��ORFRUHJLRQDO�WKHUDS\��RU�
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7$&(�LQ�&KLOG�3XJK�$�SDWLHQWV�ZLWK�JRRG�36�DQG�IDYRUDEOH�KHSDWLF IXQFWLRQDO�UHVHUYH��7KHUHIRUH��

WKH�VDPH�LQGLFDWLRQV�DUH�XVHG�DV�LQGLFDWLRQV IRU�VRUDIHQLE��7KH�HIILFDF\�RI�VRUDIHQLE�ZDV�DOVR�YHULILHG�

LQ� ERWK� VWXGLHV¶� VXEJURXS� DQDO\VHV� DV� ZHOO� DV� E\� D� V\VWHPDWLF� UHYLHZ����� 7KHUHIRUH�� EDVHG� RQ

VXIILFLHQW� HYLGHQFH� IRU� WKH� EHQHILFLDO� HIIHFW� RQ� XQUHVHFWDEOH� +&&�� VRUDIHQLE� LV� VWURQJO\�

UHFRPPHQGHG��,Q�-DSDQ��PDQ\�SDWLHQWV�KDYH�EHHQ�WUHDWHG�ZLWK�VRUDIHQLE�LQ�WKH�ODVW���\HDUV�IROORZLQJ�

LWV�DSSURYDO�IRU�SXEOLF�KHDOWK�LQVXUDQFH�LQ�0D\������

$IWHU� UHSRUWV� RI� WKH� HIILFDF\� RI� VRUDIHQLE� IRU� DGYDQFHG�+&&��PDQ\� 5&7V�ZHUH� SHUIRUPHG� WR�

LQYHVWLJDWH� WKH�HIILFDF\�RI�RWKHU PROHFXODU�WDUJHWHG�GUXJV�VXFK�DV�VXQLWLQLE��EULYDQLE��DQG� OLQLIDQLE�

DQG�RI�FRPELQDWLRQ�WKHUDS\�ZLWK�VRUDIHQLE�DQG�HUORWLQLE��XVLQJ�VRUDIHQLE�DV�D�FRQWURO��KRZHYHU��QRQH�

RI� WKH� GUXJV� RU� WKH� FRPELQDWLRQ� WKHUDS\� VKRZHG� VXSHULRULW\� RU� QRQ�LQIHULRULW\� RYHU� VRUDIHQLE� LQ�

RYHUDOO�VXUYLYDO��WKH�SULPDU\�HQGSRLQW�RI�WKH�5&7V��������/HQYDWLQLE�ZDV�UHSRUWHG�WR�EH�QRQ�LQIHULRU�WR�

VRUDIHQLE�DW�WKH������$QQXDO�0HHWLQJ�RI�WKH�$6&2����,Q�0DUFK�������OHQYDWLQLE�ZDV DSSURYHG�IRU�

WUHDWPHQW�RI�+&&�LQ�-DSDQ�DQG�LV�H[SHFWHG�WR�EHFRPH�WKH�WUHDWPHQW�RI�FKRLFH�IRU ILUVW�OLQH�WKHUDS\�

(YDOXDWLRQ� RI� WKH� PROHFXODU WDUJHWHG� GUXJV EULYDQLE�� HYHUROLPXV�� UDPXFLUXPDE�� DQG� F\WRWR[LF�

DQWLFDQFHU� GUXJ� 6��� DV� VHFRQG�OLQH� FKHPRWKHUDS\� DIWHU� VRUDIHQLE� UHYHDOHG� QR� VXSHULRULW\� RYHU�

SODFHER�IRU�RYHUDOO�VXUYLYDO��WKH�SULPDU\�HQGSRLQW�RI�WKH�VWXGLHV�������,Q�DGGLWLRQ��WLYDQWLQLE�IDLOHG�WR�

LPSURYH RYHUDOO� VXUYLYDO� LQ� SDWLHQWV� ZLWK� +&&� ZLWK� KLJK� H[SUHVVLRQ� OHYHOV� RI� 0(7� LQ� D�

SODFHER�FRQWUROOHG�VWXG\����5HJRUDIHQLE�ZDV�WKH�ILUVW�GUXJ�WR�LPSURYH�RYHUDOO�VXUYLYDO�DV�VHFRQG�OLQH�

FKHPRWKHUDS\�DIWHU�VRUDIHQLE��DV�UHSRUWHG�E\ WKH�5(625&(�VWXG\ ZKLFK�FRPSDUHG�WKH�HIILFDF\�RI�

UHJRUDIHQLE�YHUVXV�SODFHER�LQ�&KLOG�3XJK�$�SDWLHQWV�ZLWK�GLVHDVH�SURJUHVVLRQ�RQ�LPDJH�VWXG\�GXULQJ�

VRUDIHQLE� WKHUDS\�DQG� WROHUDQF\�IRU�VRUDIHQLE��LW� LV�SRVVLEOH� WR�DGPLQLVWHU�������PJ�IRU������GD\V�

GXULQJ� WKH� ���GD\� SHULRG� EHIRUH� WKH� HQG RI� WUHDWPHQW����� *LYHQ� WKH� 5(625&(� VWXG\� ILQGLQJV��

UHJRUDIHQLE�LV�QRZ�LQFOXGHG�LQ�WKH�*XLGHOLQHV�DV�D�UHFRPPHQGHG�VHFRQG�OLQH�WKHUDS\�DIWHU�VRUDIHQLE�

IDLOXUH�� +RZHYHU�� EHFDXVH� RI� WKH� FKDUDFWHULVWLF� LQFOXVLRQ� FULWHULD XVHG� LQ� WKH� 5(625&(� VWXG\�

FRPSDUHG� ZLWK� RWKHU� VWXGLHV� RI� VHFRQG�OLQH� FKHPRWKHUDS\� GUXJV�� UHJRUDIHQLE� LV� VWURQJO\�

UHFRPPHQGHG�RQO\�IRU�&KLOG�3XJK�$�SDWLHQWV�ZKR�VKRZ�GLVHDVH�SURJUHVVLRQ�RQ�LPDJH�VWXG\�GXULQJ

VRUDIHQLE WKHUDS\� DQG� WROHUDQF\� IRU� VRUDIHQLE�� +RZHYHU�� GXULQJ� WKH� FRPPLWWHH� PHHWLQJ�� VRPH�

PHPEHUV�YRLFHG�FRQFHUQV�RYHU�WKH�VWURQJ�UHFRPPHQGDWLRQ�

ڦ 5HIHUHQFHV

���/ORYHW�-0��5LFFL�6��0D]]DIHUUR�9��HW�DO��6RUDIHQLE�LQ�DGYDQFHG�KHSDWRFHOOXODU�FDUFLQRPD��1�(QJO�-�0HG �����������

��������30,'����������

���&KHQJ�$/��.DQJ�<.��&KHQ�=��HW�DO��(IILFDF\�DQG�VDIHW\�RI�VRUDIHQLE� LQ�SDWLHQWV� LQ� WKH�$VLD�3DFLILF�UHJLRQ�ZLWK�

DGYDQFHG� KHSDWRFHOOXODU� FDUFLQRPD�� D� SKDVH� ,,,� UDQGRPLVHG�� GRXEOH�EOLQG�� SODFHER�FRQWUROOHG� WULDO�� /DQFHW� 2QFRO

�����������������30,'����������

���%UXL[� -��5DRXO� -/��6KHUPDQ�0�� HW� DO��(IILFDF\� DQG� VDIHW\�RI� VRUDIHQLE� LQ�SDWLHQWV�ZLWK� DGYDQFHG�KHSDWRFHOOXODU�



���

FDUFLQRPD��VXEDQDO\VHV�RI�D�SKDVH�,,,�WULDO��-�+HSDWRO �����������������30,'����������

��� &KHQJ� $/�� *XDQ� =�� &KHQ� =�� HW� DO�� (IILFDF\� DQG� VDIHW\� RI� VRUDIHQLE� LQ� SDWLHQWV� ZLWK� DGYDQFHG� KHSDWRFHOOXODU�

FDUFLQRPD�DFFRUGLQJ� WR�EDVHOLQH� VWDWXV�� VXEVHW�DQDO\VHV�RI� WKH�SKDVH� ,,,�6RUDIHQLE�$VLD�3DFLILF� WULDO��(XU�-�&DQFHU

�������������������30,'����������

��� 5DRXO� -/�� %UXL[� -�� *UHWHQ� 7)�� HW� DO�� 5HODWLRQVKLS� EHWZHHQ� EDVHOLQH� KHSDWLF� VWDWXV� DQG� RXWFRPH�� DQG� HIIHFW� RI�

VRUDIHQLE�RQ�OLYHU�IXQFWLRQ��6+$53�WULDO�VXEDQDO\VHV��-�+HSDWRO ������������������30,'����������

��� 6KHQ�$�� 7DQJ�&��:DQJ�<�� HW� DO�� $� V\VWHPDWLF� UHYLHZ� RI� VRUDIHQLE� LQ� &KLOG�3XJK�$� SDWLHQWV�ZLWK XQUHVHFWDEOH�

KHSDWRFHOOXODU�FDUFLQRPD��-�&OLQ�*DVWURHQWHURO ������������������30,'����������

���&KHQJ�$/��.DQJ�<.��/LQ�'<�� HW� DO��6XQLWLQLE�YHUVXV� VRUDIHQLE� LQ� DGYDQFHG�KHSDWRFHOOXODU� FDQFHU�� UHVXOWV�RI� D�

UDQGRPL]HG�SKDVH�,,,�WULDO��-�&OLQ�2QFRO ��������� ���������30,'����������

��� -RKQVRQ�3-��4LQ�6��3DUN� -:��HW� DO��%ULYDQLE�YHUVXV� VRUDIHQLE�DV� ILUVW�OLQH� WKHUDS\� LQ�SDWLHQWV�ZLWK�XQUHVHFWDEOH��

DGYDQFHG�KHSDWRFHOOXODU�FDUFLQRPD��UHVXOWV�IURP�WKH�UDQGRPL]HG�SKDVH�,,,�%5,6.�)/�VWXG\��-�&OLQ�2QFRO ����������

���������30,'����������

���&DLQDS�&��4LQ�6��+XDQJ�:7��HW�DO��/LQLIDQLE�YHUVXV�VRUDIHQLE�LQ�SDWLHQWV�ZLWK�DGYDQFHG�KHSDWRFHOOXODU�FDUFLQRPD��

UHVXOWV�RI�D�UDQGRPL]HG�SKDVH�,,,�WULDO��-�&OLQ�2QFRO �����������������30,'����������

����&KHQJ�$/��)LQQ�56��4LQ�6��HW DO��3KDVH�,,,�WULDO�RI�OHQYDWLQLE��/(1��YV�VRUDIHQLE��625��LQ�ILUVWOLQH�WUHDWPHQW�RI�

SDWLHQWV��SWV��ZLWK�XQUHVHFWDEOH�KHSDWRFHOOXODU�FDUFLQRPD��X+&&���-�&OLQ�2QFRO ����������DEVWU������

����/ORYHW�-0��'HFDHQV�7��5DRXO�-/��HW�DO��%ULYDQLE� LQ�SDWLHQWV�ZLWK� DGYDQFHG�KHSDWRFHOOXODU�FDUFLQRPD�ZKR�ZHUH�

LQWROHUDQW�WR�VRUDIHQLE�RU�IRU�ZKRP�VRUDIHQLE�IDLOHG��UHVXOWV�IURP�WKH�UDQGRPL]HG�SKDVH�,,,�%5,6.�36�VWXG\��-�&OLQ�

2QFRO �������������������30,'����������

����=KX�$;��.XGR�0��$VVHQDW�(��HW�DO��(IIHFW�RI�HYHUROLPXV RQ�VXUYLYDO�LQ�DGYDQFHG�KHSDWRFHOOXODU�FDUFLQRPD�DIWHU�

IDLOXUH�RI�VRUDIHQLE��WKH�(92/9(���UDQGRPL]HG�FOLQLFDO�WULDO��-$0$ ������������������30,'����������

���� =KX� $;�� 3DUN� -2�� 5\RR� %<�� HW� DO�� 5DPXFLUXPDE� YHUVXV� SODFHER� DV� VHFRQG�OLQH� WUHDWPHQW� LQ� SDWLHQWV ZLWK�

DGYDQFHG�KHSDWRFHOOXODU�FDUFLQRPD�IROORZLQJ�ILUVW�OLQH�WKHUDS\�ZLWK�VRUDIHQLE��5($&+���D�UDQGRPLVHG��GRXEOH�EOLQG��

PXOWLFHQWUH��SKDVH���WULDO��/DQFHW�2QFRO ������������������30,'����������

���� .XGR�0��0RULJXFKL�0�� 1XPDWD� .�� HW� DO�� 6��� YHUVXV� SODFHER� LQ� SDWLHQWV� ZLWK� VRUDIHQLE�UHIUDFWRU\� DGYDQFHG�

KHSDWRFHOOXODU� FDUFLQRPD� �6�&8%(��� D� UDQGRPLVHG�� GRXEOH�EOLQG�� PXOWLFHQWUH�� SKDVH� �� WULDO�� /DQFHW� *DVWURHQWHURO�

+HSDWRO������������������30,'����������

����5LPDVVD�/��$VVHQDW�(��3HFN�5DGRVDYOMHYLF�0��HW�DO��6HFRQG�OLQH�WLYDQWLQLE��$54������YV�SODFHER�LQ�SDWLHQWV��3WV��

ZLWK�0(7�KLJK�KHSDWRFHOOXODU�FDUFLQRPD��+&&���UHVXOWV�RI�WKH�0(7,9�+&&�SKDVH�,,,�WULDO��-�&OLQ�2QFRO ����������

DEVWU������

���� %UXL[� -�� 4LQ� 6�� 0HUOH� 3�� HW� DO�� 5HJRUDIHQLE� IRU� SDWLHQWV� ZLWK� KHSDWRFHOOXODU� FDUFLQRPD� ZKR� SURJUHVVHG� RQ�

VRUDIHQLE� WUHDWPHQW� �5(625&(��� D� UDQGRPLVHG�� GRXEOH�EOLQG�� SODFHER�FRQWUROOHG�� SKDVH��� WULDO��/DQFHW �����������

�������30,'����������

����=KX�$;��5RVPRUGXF�2��(YDQV�75��HW� DO��6($5&+��D�SKDVH�,,,�� UDQGRPL]HG��GRXEOH�EOLQG��SODFHER�FRQWUROOHG�

WULDO�RI�VRUDIHQLE�SOXV�HUORWLQLE�LQ�SDWLHQWV�ZLWK�DGYDQFHG�KHSDWRFHOOXODU�FDUFLQRPD��-�&OLQ�2QFRO ������������������



���

30,'����������

&4�� ,V +$,&�UHFRPPHQGHG�IRU�XQUHVHFWDEOH�DGYDQFHG�+&&"

5HFRPPHQGDWLRQ

:HDN� UHFRPPHQGDWLRQ��+$,&�PD\�EH�SHUIRUPHG� IRU� DGYDQFHG�+&&�DFFRPSDQLHG�E\� SURJUHVVLYH�

LQWUDKHSDWLF� OHVLRQV�� ZKLFK� DUH� QRW� LQGLFDWLRQV� IRU� VXUJLFDO� UHVHFWLRQ�� OLYHU� WUDQVSODQWDWLRQ��

ORFRUHJLRQDO�WKHUDS\��RU�7$&(�

ڦ %DFNJURXQG

'HVSLWH� WKH�QHHG� IRU� VSHFLILF� VNLOOV��PDQ\�SDWLHQWV�KDYH EHHQ� WUHDWHG�E\ +$,& LQ� -DSDQ�� ,W� DOORZV�

KLJKO\ FRQFHQWUDWHG� DQWLFDQFHU� GUXJV� WR� EH� DGPLQVWHUHG� GLUHFWO\� LQWR� WKH� +&&V�� SUHYHQWLQJ� WKH�

V\VWHPLF� DGPLQLVWUDWLRQ� RI� D� KLJK� FRQFHQWUDWLRQ� RI� GUXJV� DQG� WKXV� VXSSUHVVLQJ� WKH� LQFLGHQFH� RI�

DGYHUVH�HIIHFWV��+HUH��ZH�UHYLHZHG�WKH�UHFRPPHQGDWLRQ�RI�7$,�IRU�XQUHVHFWDEOH�DGYDQFHG +&&�

ڦ 6FLHQWLILF�6WDWHPHQW

$� OLWHUDWXUH� VHDUFK� FRQGXFWHG�ZLWK� D� QHZO\� FUHDWHG� VHDUFK� TXHU\� DQG� D� SXEOLFDWLRQ� GDWH� EHWZHHQ�

-DQXDU\���������DQG�-XQH����������H[WUDFWHG����DUWLFOHV��7KLV�ZDV�QDUURZHG�GRZQ�WR����LQ�WKH�ILUVW�

VFUHHQLQJ��7HQ DUWLFOHV�WKDW�HDFK�UHSRUWHG������+$,& FDVHV�ZHUH�H[WUDFWHG�LQ�WKH�VHFRQG�VFUHHQLQJ��

,Q�DGGLWLRQ����DUWLFOHV�ZHUH�KDQG�VHDUFKHG�IURP�WKRVH�SXEOLVKHG�DIWHU�-XO\�������:LWK�WKH�LQFOXVLRQ�

RI ���DUWLFOHV�IURP�WKH�WKLUG�HGLWLRQ��D�WRWDO�RI����DUWLFOHV�DUH�FLWHG�KHUH�

1R�ODUJH�VFDOH�VWXGLHV�KDYH VKRZQ�WKDW�+$,& KDV�D�EHQHILFLDO�HIIHFW�RQ�+&&�FRPSDUHG�ZLWK�EHVW�

VXSSRUWLYH�FDUH��%6&��RU�VRUDIHQLE�

,Q� D� VPDOO�VFDOH� 5&7�� FRPELQDWLRQ� WKHUDS\� ZLWK� V\VWHPLF� DGPLQLVWUDWLRQ RI� LQWHUIHURQ� DQG�

FLVSODWLQ� DUWHULDO� LQIXVLRQ� VLJQLILFDQWO\� LPSURYHG�PHGLDQ� RYHUDOO� VXUYLYDO� FRPSDUHG�ZLWK� FLVSODWLQ�

DUWHULDO� LQIXVLRQ� FKHPRWKHUDS\� RU� %6&� DORQH��� &RPELQDWLRQ� WKHUDS\� ZLWK� LQWHUIHURQ� DQG� ��)8

DUWHULDO�LQIXVLRQ�DOVR�VLJQLILFDQWO\�LPSURYHG�RYHUDOO�VXUYLYDO�FRPSDUHG�ZLWK�KLVWRULFDO�FRQWUROV���,Q�D�

VWXG\�XVLQJ�GDWD�IURP�SULPDU\�+&&�FDVHV�UHFRUGHG�LQ�WKH�GDWDEDVH�RI�WKH�/LYHU�&DQFHU�6WXG\�*URXS�

RI�-DSDQ�� WUHDWPHQW�RXWFRPHV�ZHUH�FRPSDUHG�EHWZHHQ�+$,& ZLWK���)8�DQG�FLVSODWLQ�DQG�%6&� LQ�

WZR� JURXSV� RI� SDWLHQWV� PDWFKHG� E\� SURSHQVLW\� VFRUH��� &RPSDUHG� ZLWK� %6&�� +$,& KDG� D� JRRG�

WUHDWPHQW�RXWFRPH��KD]DUG�UDWLR�������S�����������HYHQ�LQ�SDWLHQWV�ZLWK���RU�PRUH�QRGXOHV�RU�SRUWDO�

YHLQ�WXPRU�WKURPEXV��

,Q� D� UHWURVSHFWLYH� FRKRUW� VWXG\� RI� +$,& DQG� VRUDIHQLE� LQ �� JURXSV� RI� SDWLHQWV� PDWFKHG� E\�

SURSHQVLW\�VFRUH��QR�GLIIHUHQFH�LQ�SURJQRVLV�ZDV�REVHUYHG�EHWZHHQ�VRUDIHQLE�WKHUDS\�DQG�+$,& ZLWK�

��)8�DQG�FLVSODWLQ����



���

,Q� D� SKDVH� ,,� FOLQLFDO� VWXG\�� FRPELQDWLRQ� WKHUDS\�ZLWK� VRUDIHQLE� DQG� FLVSODWLQ� DUWHULDO� LQIXVLRQ�

FKHPRWKHUDS\�LPSURYHG�SURJQRVLV�FRPSDUHG�ZLWK�VRUDIHQLE�WKHUDS\�DORQH��

:KHQ� RXWFRPHV� RI� +$,& XVLQJ� ��)8� DV� WKH� PDLQ� GUXJ� ZHUH� VWUDWLILHG� E\� KHSDWLF� IXQFWLRQDO�

UHVHUYH��UHVSRQVH�UDWH�DQG�SURJQRVLV�ZHUH�ZRUVH�LQ�SDWLHQWV�ZLWK�D�&KLOG�3XJK�VFRUH�RI�� RU���WKDQ�

WKRVH�LQ�SDWLHQWV�ZLWK�D�VFRUH�RI������

ڦ ([SODQDWLRQ

7KH�UHVSRQVH�UDWH�RI�+&&�WR�+$,& UDQJHV�ZLGHO\�IURP��������LQGLFDWLQJ�YDU\LQJ�WXPRU�VKULQNDJH�

HIIHFWV��DQG�QR�VWXGLHV�KDYH FOHDUO\�VKRZQ�WKDW +$,& LPSURYHG�RYHUDOO�VXUYLYDO��VHH�6XSSOHPHQWDO�

7DEOH� S����������$OWKRXJK�WKH�VPDOO�VFDOH�VWXG\�WKDW�UHSRUWHG�FRPELQDWLRQ�WKHUDS\�ZLWK�LQWHUIHURQ�

DQG�FLVSODWLQ�DUWHULDO�LQIXVLRQ�ZDV�DQ�5&7��WKHUH�LV�D SUREOHP�DVVRFLDWHG�ZLWK�WKH�VWXG\�GHVLJQ�LQ WKDW�

WKH�QXPEHU�RI�SDWLHQWV�DQG�WKH�UDWLRQDOH�IRU�WKH�VWXG\ DUH�QRW VSHFLILHG���7KH�PHGLDQ�VXUYLYDO�SHULRG�

ZDV�UHSRUWHG�WR�EH����������PRQWKV��VKRZLQJ�FRQVLGHUDEOH�YDULDWLRQ��6XSSOHPHQWDO�7DEOH���DQG�WKLV�

LV�WKRXJKW�WR�EH�DWWULEXWDEOH�WR�GLIIHUHQFHV�LQ�WXPRU�VWDJH�DQG�KHSDWLF IXQFWLRQDO�UHVHUYH��$OWKRXJK�D�

FRPSDUDWLYH�VWXG\�XVLQJ�KLVWRULFDO�FRQWUROV� DQG�D�UHWURVSHFWLYH�VWXG\�RI�+$,& DQG�%6&�LQ���JURXSV�

RI�SDWLHQWV�PDWFKHG�E\�SURSHQVLW\�VFRUH� VXJJHVWHG� WKH�SURJQRVWLF�EHQHILWV�RI�+$,&�� WKH� ODFN�RI�D�

ODUJH�VFDOH� 5&7 PHDQV� WKDW WKH� OHYHO� RI� HYLGHQFH� LV� QRW� KLJK�� +RZHYHU�� HYHQ� DIWHU� WKH�

PROHFXODU�WDUJHWHG� GUXJ� VRUDIHQLE�ZDV� LQWURGXFHG� LQWR� FOLQLFDO� SUDFWLFH� LQ� -DSDQ�� +$,& KDV� EHHQ�

SHUIRUPHG� LQ� FDVHV� RI� DGYDQFHG� +&& �H�J��� ZLWK� LQYDVLRQ� RI� WKH� PDLQ� SRUWDO� YHLQ� DQG� PXOWLSOH�

LQWUDKHSDWLF� OHVLRQV��� 7KLV VXJJHVWV WKDW� WKH� SURFHGXUH PD\� EH� SHUIRUPHG� IRU� WKH� WUHDWPHQW� RI�

DGYDQFHG�+&&�ZLWK�LQWUDKHSDWLF�OHVLRQV��7KHUHIRUH��WKH�5HYLVLRQ�&RPPLWWHH�KDV�GHFLGHG�RQ�D�ZHDN�

UHFRPPHQGDWLRQ IRU�+$,&�

7R�YHULI\� WKH�SURJQRVWLF� EHQHILWV� RI�+$,&�� LW� LV� GHVLUDEOH� WR� FRQGXFW� KLJK�TXDOLW\� FRPSDUDWLYH�

VWXGLHV� WKDW� XVH PROHFXODU�WDUJHWHG� GUXJV� OLNH� VRUDIHQLE� DV� D� FRQWURO�� EXW� WKH� GLIILFXOW\ DVVRFLDWHG�

ZLWK� WKLV�PHDQV� WKDW� WKHUH� KDYH� EHHQ� QR� VXFK� VWXGLHV� FDUULHG RXW� DV� \HW��$OVR�� GHVSLWH� SURPLVLQJ�

RXWFRPHV� LQ� SKDVH� ,,� FOLQLFDO� VWXGLHV����� WKH� HIILFDF\� RI� FRPELQDWLRQ� WKHUDS\� ZLWK� +$,& DQG�

PROHFXODU�WDUJHWHG�GUXJV�KDV�QRW�EHHQ�UHSURGXFHG�LQ�D�SKDVH�,,,�FOLQLFDO�VWXG\��

ڦ 5HIHUHQFHV

���&KXQJ�<+��6RQJ�,+��6RQJ�%&��HW�DO��&RPELQHG�WKHUDS\�FRQVLVWLQJ�RI�LQWUDDUWHULDO�FLVSODWLQ�LQIXVLRQ�DQG�V\VWHPLF�

LQWHUIHURQ�DOSKD�IRU�KHSDWRFHOOXODU�FDUFLQRPD�SDWLHQWV�ZLWK�PDMRU�SRUWDO�YHLQ�WKURPERVLV�RU�GLVWDQW�PHWDVWDVLV��&DQFHU

�������������������30,'����������

���2EL�6��<RVKLGD�+��7RXQH�5��HW�DO��&RPELQDWLRQ�WKHUDS\�RI�LQWUDDUWHULDO���IOXRURXUDFLO�DQG�V\VWHPLF�LQWHUIHURQ�DOSKD�

IRU�DGYDQFHG�KHSDWRFHOOXODU�FDUFLQRPD�ZLWK�SRUWDO�YHQRXV�LQYDVLRQ��&DQFHU �������������������30,'����������

���1RXVR�.��0L\DKDUD�.��8FKLGD�'�� HW� DO�� (IIHFW� RI� KHSDWLF� DUWHULDO� LQIXVLRQ� FKHPRWKHUDS\� RI� ��IOXRURXUDFLO� DQG�

FLVSODWLQ� IRU�DGYDQFHG�KHSDWRFHOOXODU�FDUFLQRPD� LQ� WKH�1DWLRQZLGH�6XUYH\�RI�3ULPDU\�/LYHU�&DQFHU� LQ� -DSDQ��%U�-�



���

&DQFHU��������������������30,'����������

��� )XNXED\DVKL� .�� 7DQDND� 0�� ,]XPL� .�� HW� DO�� (YDOXDWLRQ� RI� VRUDIHQLE� WUHDWPHQW� DQG� KHSDWLF� DUWHULDO� LQIXVLRQ�

FKHPRWKHUDS\� IRU� DGYDQFHG� KHSDWRFHOOXODU� FDUFLQRPD�� D� FRPSDUDWLYH� VWXG\� XVLQJ� WKH� SURSHQVLW\� VFRUH� PDWFKLQJ�

PHWKRG��&DQFHU�0HG ������������������30,'����������

���6KLR]DZD�.��:DWDQDEH�0��,NHKDUD�7��HW�DO��&RPSDULVRQ�RI�VRUDIHQLE�DQG�KHSDWLF�DUWHULDO�LQIXVLRQ�FKHPRWKHUDS\�IRU�

DGYDQFHG� KHSDWRFHOOXODU� FDUFLQRPD�� D SURSHQVLW\� VFRUH�PDWFKLQJ� VWXG\��+HSDWRJDVWURHQWHURORJ\ ������ ���� ��������

30,'����������

��� ,NHGD�0�� 6KLPL]X� 6� 6DWR� 7�� HW� DO�� 6RUDIHQLE� SOXV� KHSDWLF� DUWHULDO� LQIXVLRQ� FKHPRWKHUDS\�ZLWK� FLVSODWLQ� YHUVXV�

VRUDIHQLE� IRU� DGYDQFHG� KHSDWRFHOOXODU� FDUFLQRPD�� UDQGRPL]HG� SKDVH� ,,� WULDO��$QQ�2QFRO ������ ���� �������� 30,'��

��������

���0L\DNL�'��$LNDWD�+��+RQGD�<��HW�DO��+HSDWLF�DUWHULDO�LQIXVLRQ�FKHPRWKHUDS\�IRU�DGYDQFHG�KHSDWRFHOOXODU�FDUFLQRPD�

DFFRUGLQJ�WR�&KLOG�3XJK�FODVVLILFDWLRQ��-�*DVWURHQWHURO�+HSDWRO ������������������30,'����������

���8HVKLPD�.��.XGR�0��7DNLWD�0��HW�DO��+HSDWLF�DUWHULDO� LQIXVLRQ�FKHPRWKHUDS\�XVLQJ� ORZ�GRVH���IOXRURXUDFLO�DQG�

FLVSODWLQ�IRU�DGYDQFHG�KHSDWRFHOOXODU�FDUFLQRPD��2QFRORJ\ ����������6XSSO�������������30,'����������

���.XGR�0��8HVKLPD�.��<RNRVXND�2��HW�DO��3URVSHFWLYH�UDQGRPL]HG�FRQWUROOHG�SKDVH�,,,�WULDO�FRPSDULQJ�WKH�HIILFDF\�

RI� VRUDIHQLE� YHUVXV� VRUDIHQLE� LQ� FRPELQDWLRQ� ZLWK� ORZ�GRVH� FLVSODWLQ�IOXRURXUDFLO� KHSDWLF� DUWHULDO� LQIXVLRQ�

FKHPRWKHUDS\�LQ�SDWLHQWV�ZLWK�DGYDQFHG�KHSDWRFHOOXODU�FDUFLQRPD��-�+HSDWRO ����������6����6����

&4�� :KDW�IDFWRUV�SUHGLFW�WUHDWPHQW�UHVSRQVH�WR�GUXJ�WKHUDS\"

5HFRPPHQGDWLRQ

1R� UHFRPPHQGDWLRQ��7KHUH� LV� LQVXIILFLHQW� VFLHQWLILF� HYLGHQFH� WKDW� VRPH� IDFWRUV� HIIHFWLYHO\�SUHGLFW�

WUHDWPHQW�UHVSRQVH�WR�GUXJ�WKHUDS\�

ڦ %DFNJURXQG

*UHDWHU� EHQHILW� LV� H[SHFWHG� RI� GUXJ� WKHUDS\ ZLWK SURYHQ HIILFDF\� 7KHUHIRUH�� WR� JUDGH�

UHFRPPHQGDWLRQV��ZH�LQYHVWLJDWHG�WKH�SUHGLFWRUV�RI�WUHDWPHQW�UHVSRQVH�LQ�GUXJ�WKHUDS\�

ڦ 6FLHQWLILF�6WDWHPHQW

7KH� WKLUG� HGLWLRQ� FLWHG� �� VWXGLHV� WKDW� LQYHVWLJDWHG� IDFWRUV� SUHGLFWLQJ� UHVSRQVH� DQG� WKH� RXWFRPH� RI�

GUXJ� WKHUDS\ ZLWK� VRUDIHQLE�� WKH� VWDQGDUG� GUXJ� IRU� +&&�� )RU� WKH� FXUUHQW� *XLGHOLQHV�� D OLWHUDWXUH�

VHDUFK�FRQGXFWHG�ZLWK�D�QHZO\�FUHDWHG�VHDUFK�TXHU\�DQG�D�SXEOLFDWLRQ�GDWH�EHWZHHQ�-DQXDU\���������

DQG�-XQH����������H[WUDFWHG����DUWLFOHV�DERXW�+&&��GUXJ�WKHUDS\� DQG�WUHDWPHQW�RXWFRPH�SUHGLFWLRQ��

7KLV� ZDV� QDUURZHG� GRZQ� WR� ��� DUWLFOHV� LQ� WKH� ILUVW� VFUHHQLQJ�� 1LQH� RI� WKHVH DUWLFOHV� ZLWK� KLJKO\�

UHOLDEOH�GDWD�ZHUH�H[WUDFWHG�LQ�WKH�VHFRQG�VFUHHQLQJ�DIWHU�H[FOXGLQJ�DUWLFOHV�WKDW�UHSRUWHG DQDO\VLV�RI�



���

SUHGLFWRUV�EHIRUH�VXJHU\�RU�DIWHU�FXUDWLYH�VXUJHU\��$�WRWDO�RI����DUWLFOHV��LQFOXGLQJ�WKH���DUWLFOHV�IURP�

WKH�WKLUG�HGLWLRQ��DUH�FLWHG�IRU�&4���

0DQ\�VWXGLHV�KDYH�UHSRUWHG�VNLQ�WR[LFLW\���UHGXFHG�$)3�OHYHOV�����DQG�D�FRPELQDWLRQ�RI�VHYHUDO�

WXPRU�PDUNHUV�±�� DV�SUHGLFWLYH�IDFWRUV�IRU�FOLQLFDO�UHVSRQVH��6RPH�VWXGLHV�VXJJHVWHG�WKH�DVVRFLDWLRQ�

RI�SURJQRVLV�ZLWK�FKDQJHV� LQ�KHSDWLF� IXQFWLRQDO� UHVHUYH�GXULQJ� WUHDWPHQW������/RQJ�WHUP�VXUYLYDO� LV�

H[SHFWHG� LQ� SDWLHQWV� ZKRVH� WUHDWPHQW� ZDV� WHUPLQDWHG� GXH� WR� DGYHUVH� HYHQWV�� LQ WKRVH� ZLWKRXW�

H[WUDKHSDWLF�PHWDVWDVLV�RU�YDVFXODU� LQYDVLRQ��DQG�LQ�WKRVH�ZLWK�JRRG�36����2Q�WKH�RWKHU�KDQG�� OXQJ�

PHWDVWDVLV� ZDV� D� IDFWRU� SUHGLFWLQJ� SRRU� SURJQRVLV���� $OVR�� WKH� DVVHVVPHQW� RI� SHUL�WUHDWPHQW�

LQWUDWXPRUDO�KHPRG\QDPLF�FKDQJHV�RQ�&7�LPDJHV� DQG�SHUL�WUHDWPHQW�FKDQJHV�RQ�05,��FKDQJHV�LQ�

.WUDQV DQG�LQFUHDVHV�LQ�$'&��� DUH�XVHIXO�SUHGLFWLYH�IDFWRUV�IRU�SURJQRVLV�

ڦ ([SODQDWLRQ

7KH�8QLWHG� 6WDWHV� )RRG� DQG�'UXJ�$GPLQLVWUDWLRQ� FODVVLILHV� SUHGLFWLYH�PDUNHUV� LQWR� NQRZQ� YDOLG��

SUREDEOH� YDOLG�� DQG� H[SORUDWRU\� JURXSV� EDVHG� RQ� HYLGHQFH� OHYHOV� RI� WKH� SUHGLFWLYH� DELOLW\� RI� WKH�

PDUNHUV��7KHUH�DUH�FXUUHQWO\�QR�ZHOO�HVWDEOLVKHG�IDFWRUV WKDW�SUHGLFW� WUHDWPHQW�UHVSRQVH�RI�+&&�WR�

VRUDIHQLE��/RZ�$)3�OHYHOV�EHIRUH�DQG�DIWHU� WUHDWPHQW�����SUH�WUHDWPHQW� ,*)���OHYHOV��� ORZ�OHYHOV�RI�

DQJLRSRLHWLQ���RU�9(*)������DQG�ORZ�&KLOG� 3XJK�VFRUHV���� KDYH�EHHQ�SURSRVHG�DV�IDFWRUV�SUHGLFWLYH�

RI JRRG� SURJQRVLV�� EXW� QRQH� ZHUH� SURSRVHG� EDVHG� RQ� WKH� ILQGLQJV� RI D� ODUJH� SURVSHFWLYH� VWXG\��

7KHUHIRUH��WKH�5HYLVLRQ�&RPPLWWHH�FRQFOXGHV�WKHUH�LV�LQVXIILFLHQW�VFLHQWLILF�HYLGHQFH�WR�YHULI\�WKDW�

VRPH� IDFWRUV� HIIHFWLYHO\� SUHGLFW� WUHDWPHQW� UHVSRQVH� WR� GUXJ� WKHUDS\ DQG WKHUHIRUH� SURSRVHV QR�

UHFRPPHQGDWLRQ�LQ�WKH�SUHVHQW�*XLGHOLQHV�

ڦ 5HIHUHQFHV

���9LQFHQ]L�%��6DQWLQL�'��5XVVR�$��HW�DO��(DUO\�VNLQ�WR[LFLW\�DV�D�SUHGLFWLYH�IDFWRU�IRU�WXPRU�FRQWURO�LQ�KHSDWRFHOOXODU�

FDUFLQRPD�SDWLHQWV�WUHDWHG�ZLWK�VRUDIHQLE��2QFRORJLVW �����������������30,'�

��������

���<DX�7��<DR�7-��&KDQ�3��HW�DO��7KH�VLJQLILFDQFH RI�HDUO\�DOSKD�IHWRSURWHLQ�OHYHO�FKDQJHV�LQ�SUHGLFWLQJ�FOLQLFDO�DQG�

VXUYLYDO� EHQHILWV� LQ� DGYDQFHG� KHSDWRFHOOXODU� FDUFLQRPD� SDWLHQWV� UHFHLYLQJ� VRUDIHQLE��2QFRORJLVW ������ ���� ��������

30,'����������

��� .X]X\D� 7�� $VDKLQD� <�� 7VXFKL\D� .�� HW� DO�� (DUO\� GHFUHDVH� LQ� DOSKD�IHWRSURWHLQ�� EXW� QRW� GHV�JDPPD�FDUER[\�

SURWKURPELQ�� SUHGLFWV� VRUDIHQLE� HIILFDF\� LQ� SDWLHQWV� ZLWK� DGYDQFHG� KHSDWRFHOOXODU� FDUFLQRPD��2QFRORJ\ ������ ����

�������30,'����������

���.X]X\D�7��,VKLJDPL�0��,VKL]X�<��HW�DO��(DUO\�FOLQLFDO�UHVSRQVH�DIWHU���ZHHNV�RI�VRUDIHQLE�WKHUDS\�SUHGLFWV�RXWFRPHV�

DQG�DQWL�WXPRU�UHVSRQVH�LQ�SDWLHQWV�ZLWK�DGYDQFHG�KHSDWRFHOOXODU�FDUFLQRPD��3OR6�2QH ����������H���������30,'��

��������

���0L\DKDUD�.��1RXVR�.��7RPRGD�7�� HW� DO�� 3UHGLFWLQJ� WKH� WUHDWPHQW� HIIHFW� RI� VRUDIHQLE� XVLQJ VHUXP� DQJLRJHQHVLV�



���

PDUNHUV�LQ�SDWLHQWV�ZLWK�KHSDWRFHOOXODU�FDUFLQRPD��-�*DVWURHQWHURO�+HSDWRO �������������������30,'����������

���%RLJH�9��0DOND�'��%RXUUHGMHP�$��HW�DO��(IILFDF\��VDIHW\��DQG�ELRPDUNHUV�RI�VLQJOH�DJHQW�EHYDFL]XPDE�WKHUDS\�LQ�

SDWLHQWV�ZLWK DGYDQFHG�KHSDWRFHOOXODU�FDUFLQRPD��2QFRORJLVW �������������������30,'����������

���/ORYHW�-0��3HQD�&(��/DWKLD�&'��6KDQ�0��0HLQKDUGW�*��%UXL[�-��3ODVPD�ELRPDUNHUV�DV�SUHGLFWRUV�RI�RXWFRPH�LQ�

SDWLHQWV�ZLWK�DGYDQFHG�KHSDWRFHOOXODU�FDUFLQRPD��&OLQ�&DQFHU�5HV ��������������������30,'����������

��� 5DRXO� -/�� %UXL[� -�� *UHWHQ� 7)�� HW� DO�� 5HODWLRQVKLS� EHWZHHQ� EDVHOLQH� KHSDWLF� VWDWXV� DQG� RXWFRPH�� DQG� HIIHFW� RI�

VRUDIHQLE�RQ�OLYHU�IXQFWLRQ��6+$53�WULDO�VXEDQDO\VHV��-�+HSDWRO ������������������30,'����������

���6KDR�<<��+XDQJ�&&��/LQ�6'��+VX�&+��&KHQJ�$/��6HUXP�LQVXOLQ�OLNH�JURZWK�IDFWRU���OHYHOV�SUHGLFW�RXWFRPHV�RI�

SDWLHQWV�ZLWK�DGYDQFHG�KHSDWRFHOOXODU�FDUFLQRPD�UHFHLYLQJ�DQWLDQJLRJHQLF�WKHUDS\��&OLQ�&DQFHU�5HV ������������������

30,'����������

����7VXFKL\D�.��$VDKLQD�<��0DWVXGD�6��HW�DO��&KDQJHV�LQ�SODVPD�YDVFXODU�HQGRWKHOLDO�JURZWK�IDFWRU�DW���ZHHNV�DIWHU�

VRUDIHQLE�DGPLQLVWUDWLRQ�DV�SUHGLFWRUV�RI�VXUYLYDO�IRU�DGYDQFHG�KHSDWRFHOOXODU�FDUFLQRPD��&DQFHU �������������������

30,'����������

����5HLJ�0��5LPROD�-��7RUUHV�)��HW�DO��3RVWSURJUHVVLRQ�VXUYLYDO�RI�SDWLHQWV�ZLWK�DGYDQFHG�KHSDWRFHOOXODU�FDUFLQRPD��

UDWLRQDOH�IRU�VHFRQG�OLQH�WULDO�GHVLJQ��+HSDWRORJ\ �������������������30,'����������

���� ,DYDURQH� 0�� &DELEER� *�� %LRODWR� 0�� HW� DO�� 3UHGLFWRUV� RI� VXUYLYDO� LQ� SDWLHQWV� ZLWK� DGYDQFHG� KHSDWRFHOOXODU�

FDUFLQRPD�ZKR�SHUPDQHQWO\�GLVFRQWLQXHG�VRUDIHQLE��+HSDWRORJ\ ������������������30,'����������

���� <DX� 7�� &KDQ� 3�� 1J� ..�� HW� DO�� 3KDVH� �� RSHQ�ODEHO� VWXG\� RI� VLQJOH�DJHQW� VRUDIHQLE� LQ� WUHDWLQJ� DGYDQFHG�

KHSDWRFHOOXODU� FDUFLQRPD� LQ� D� KHSDWLWLV� %�HQGHPLF� $VLDQ� SRSXODWLRQ�� SUHVHQFH� RI� OXQJ� PHWDVWDVLV� SUHGLFWV� SRRU�

UHVSRQVH��&DQFHU �������������������30,'� ��������

���� 6DKDQL� '9�� -LDQJ� 7�� +D\DQR� .�� HW� DO�� 0DJQHWLF� UHVRQDQFH� LPDJLQJ� ELRPDUNHUV� LQ� KHSDWRFHOOXODU� FDUFLQRPD��

DVVRFLDWLRQ�ZLWK� UHVSRQVH�DQG�FLUFXODWLQJ�ELRPDUNHUV�DIWHU� VXQLWLQLE� WKHUDS\�� -�+HPDWRO�2QFRO �������������30,'��

��������

&4�� +RZ�VKRXOG�WUHDWPHQW�UHVSRQVH�WR�GUXJ�WKHUDS\ EH�DVVHVVHG"

5HFRPPHQGDWLRQ

6WURQJ� UHFRPPHQGDWLRQ�� 7UHDWPHQW� UHVSRQVH� WR� GUXJ� WKHUDS\ VKRXOG� EH� DVVHVVHG� XVLQJ� UHVSRQVH�

HYDOXDWLRQ� FULWHULD� WKDW� UHIOHFW� LQWUDWXPRUDO� EORRG� IORZ�� EHFDXVH� DFFXUDWH� DVVHVVPHQW� RI� DUHDV� RI�

QHFURVLV�DQG�YLDEOH�WXPRU�LV�HVVHQWLDO�

ڦ %DFNJURXQG

5(&,67�DQG�:RUOG�+HDOWK�2UJDQL]DWLRQ� �:+2� FULWHULD� WKDW� HYDOXDWH� WXPRU� VKULQNDJH� KDYH�EHHQ�

XVHG� WR�HYDOXDWH� WUHDWPHQW� UHVSRQVH� WR�FRQYHQWLRQDO FKHPRWKHUDS\��7\SLFDO�+&&� LV�K\SHUYDVFXODU��

DQG�LQWUDWXPRUDO�EORRG�IORZ�FKDQJHV�KDYH�EHHQ�DWWUDFWLQJ�DWWHQWLRQ�VLQFH�VRUDIHQLE EHFDPH�DYDLODEOH��



���

+HUH�� ZH� LQYHVWLJDWHG� WKH� UHFRPPHQGDWLRQ� DERXW� WKH� DVVHVVPHQW� RI� UHVSRQVH� RI� +&&� WR� GUXJ�

WKHUDS\�

ڦ 6FLHQWLILF�6WDWHPHQW

$� OLWHUDWXUH� VHDUFK� FRQGXFWHG�ZLWK� D� QHZO\� FUHDWHG� VHDUFK� TXHU\� DQG� D� SXEOLFDWLRQ� GDWH� EHWZHHQ�

-DQXDU\���������DQG�-XQH����������H[WUDFWHG�����DUWLFOHV�WKDW�DVVHVVHG�UHVSRQVH�WR�GUXJ�WKHUDS\ LQ�

+&&��7KLV�ZDV�QDUURZHG�GRZQ�WR����LQ�WKH�ILUVW�VFUHHQLQJ��7KLV�ZDV�QDUURZHG�IXUWKHU�WR ��DUWLFOHV�LQ�

WKH� VHFRQG� VFUHHQLQJ� DIWHU� H[FOXGLQJ� UHYLHZ� DUWLFOHV� DQG� FOLQLFDO� VWXGLHV� ZLWK� D� VPDOO� QXPEHU� RI�

SDWLHQWV��$� VWXG\� FRQGXFWHG�E\�/HQFLRQL� HW� DO� WKDW LQYHVWLJDWHG� WKH�YDOLGLW\�RI�P5(&,67�XVLQJ� D�

ODUJH�VFDOH�GDWDEDVH� ZDV�DOVR�LQFOXGHG�DV�DQ�LPSRUWDQW�DUWLFOH�SXEOLVKHG�DIWHU�-XO\�������:LWK�WKH�

DGGLWLRQ�RI���DUWLFOHV�IURP�WKH�WKLUG�HGLWLRQ��D�WRWDO�RI����DUWLFOHV�DUH�FLWHG�IRU�&4���

7KH� :+2� FULWHULD� DQG� YDULRXV� RWKHU� UHVSRQVH� HYDOXDWLRQ� FULWHULD� ZHUH� HVWDEOLVKHG� WR� VKDUH�

FRPPRQ� FULWHULD� DERXW� KRZ� WR� DVVHVV� FOLQLFDO� UHVSRQVH� WR� FKHPRWKHUDS\� LQ� WULDOV�� $PRQJ� WKRVH

FULWHULD��5(&,67����LV�FXUUHQWO\�WKH�PRVW�FRPPRQO\�XVHG��+RZHYHU��WKH�FULWHULD�XVHG�PRUH�RIWHQ�WR�

GHWHUPLQH�WKH�WUHDWPHQW�UHVSRQVH�RI�+&&�DUH�WKH�P5(&,67��($6/�5(&,&/��DQG�&KRL�FULWHULD�������

ZKLFK HYDOXDWH�GHFUHDVHV�LQ�LQWUDWXPRUDO�EORRG�IORZ�

$�FRPSDULVRQ�RI�5(&,67�����P5(&,67��DQG�WKH�&KRL�FULWHULD�VKRZHG WKDW�WKH�&KRL�FULWHULD�PRVW�

FORVHO\� UHIOHFW� WUHDWPHQW� UHVSRQVH� WR� VRUDIHQLE���7KH WUHDWPHQW� UHVSRQVH� WR� VRUDIHQLE�ZDV� DVVHVVHG�

GHILQLWLYHO\�ZLWK�GXDO�HQHUJ\�&7�WR�PHDVXUH�YLDEOH�SDUWV�RI�WXPRUV�E\�FKDQJHV�LQ�YROXPHWULF�LRGLQH�

XSWDNH����$QDO\VLV XVLQJ�FDVHV� IURP�D�SODFHER�FRQWUROOHG� VWXG\�RI�EULYDQLE�DIWHU� VRUDIHQLE� VKRZHG

WKDW� REMHFWLYH� UHVSRQVH� GHWHUPLQHG� E\�P5(&,67�PD\� EHFRPH DQ DOWHUQDWLYH� LQGLFDWRU� RI RYHUDOO�

VXUYLYDO���

ڦ ([SODQDWLRQ

,Q� FRQWUDVW� WR� FRQYHQWLRQDO FKHPRWKHUDS\�ZLWK� F\WRWR[LF� DQWLFDQFHU� GUXJV�� WKH� WKHUDSLHV� IRU�+&&�

VXFK� DV� DEODWLRQ� DQG� HPEROL]DWLRQ� GR� QRW� QHFHVVDULO\� OHDG� WR� WXPRU� VKULQNDJH�� $OVR��

PROHFXODU�WDUJHWHG�GUXJV�WKDW�VXSSUHVV�DQJLRJHQHVLV��VXFK�DV�VRUDIHQLE��RIWHQ�LQGXFH�WXPRU�QHFURVLV�

ZLWKRXW� WXPRU� VKULQNDJH�� )RU� WKHVH� UHDVRQV�� UHVSRQVH� HYDOXDWLRQ� FULWHULD� IRU QHFURVLV� DQG� YLDEOH�

WXPRU�KDYH�EHHQ�HVWDEOLVKHG�IRU�WKH�HYDOXDWLRQ�RI�WUHDWPHQW�UHVSRQVH�WR�+&&��7KHUHIRUH� P5(&,67���

5(&,&/�E\� WKH� /LYHU�&DQFHU� 6WXG\�*URXS� RI� -DSDQ��� DQG� WKH�($6/� FULWHULD� DUH� FXUUHQWO\� EHLQJ�

XVHG WR�DVVHVV WKH UHVSRQVH�RI�+&&��+RZHYHU� WKH�SUREOHP�DVVRFLDWHG�ZLWK�WKHVH�HYDOXDWLRQ�FULWHULD�

LV�GLIILFXOW\�REMHFWLYHO\ DVVHVVLQJ QHFURWLF�DUHDV��5HJDUGOHVV�RI� WKLV GLIILFXOW\��EHFDXVH� WKH�DFFXUDWH�

DVVHVVPHQW�RI�DUHDV�RI�QHFURVLV�DQG�YLDEOH�WXPRU�LV�HVVHQWLDO��WKH�XVH�RI�UHVSRQVH�HYDOXDWLRQ�FULWHULD�

UHIOHFWLQJ�LQWUDWXPRUDO�EORRG�IORZ�FKDQJHV�LV�VWURQJO\�UHFRPPHQGHG�

+RZHYHU��EHFDXVH�H[LVWLQJ�UHVSRQVH�HYDOXDWLRQ�FULWHULD�UHO\�RQ��' LPDJLQJ�WHFKQRORJ\��DFFXUDWH�

DVVHVVPHQW� PD\� EH� OLPLWHG� ZKHQ� WKH� WXPRU� PRUSKRORJ\� LV� FRPSOLFDWHG�� 5HFHQW� DGYDQFHV� LQ� �'�



���

WHFKQRORJ\ KDYH� DOORZHG� �'� LPDJLQJ�EDVHG� DVVHVVPHQW� RI� WXPRU� YROXPH� UHVSRQVH� DQG� DQ� LQLWLDO�

H[SHULHQFH� LQ� SDWLHQWV� ZLWK� DGYDQFHG� KHSDWRFHOOXODU� FDUFLQRPD� WUHDWHG� ZLWK� VRUDIHQLE� KDV� EHHQ�

UHSRUWHG���

ڦ 5HIHUHQFHV

��� /HQFLRQL� 5��0RQWDO� 5�� 7RUUHV� )�� HW� DO�� 2EMHFWLYH� UHVSRQVH� E\�P5(&,67� DV� D� SUHGLFWRU� DQG� SRWHQWLDO� VXUURJDWH�

HQG�SRLQW�RI�RYHUDOO�VXUYLYDO�LQ�DGYDQFHG�+&&��-�+HSDWRO �������������������30,'����������

���:RUOG�+HDOWK�2UJDQL]DWLRQ��:+2�+DQGERRN�IRU�5HSRUWLQJ�5HVXOWV�RI�&DQFHU�7UHDWPHQW��*HQHYD��:RUOG�+HDOWK�

2UJDQL]DWLRQ��:+2�2IIVHW�3XEOLFDWLRQ�1R�����������

���3DUN�-2��/HH�6,��6RQJ 6<��HW�DO��0HDVXULQJ�UHVSRQVH�LQ�VROLG�WXPRUV��FRPSDULVRQ�RI�5(&,67�DQG�:+2�UHVSRQVH�

FULWHULD��-SQ�-�&OLQ�2QFRO �����������������30,'����������

��� -LDQJ�7��.DPEDGDNRQH�$��.XONDUQL�10��=KX�$;��6DKDQL�'9��0RQLWRULQJ� UHVSRQVH� WR�DQWLDQJLRJHQLF� WUHDWPHQW�

DQG�SUHGLFWLQJ�RXWFRPHV�LQ�DGYDQFHG�KHSDWRFHOOXODU�FDUFLQRPD�XVLQJ�LPDJH�ELRPDUNHUV��&7�SHUIXVLRQ��WXPRU�GHQVLW\��

DQG�WXPRU�VL]H��5(&,67���,QYHVW�5DGLRO ����������������30,'����������

��� -DPHV� .�� (LVHQKDXHU� (�� &KULVWLDQ� 0�� HW� DO�� 0HDVXULQJ� UHVSRQVH� LQ� VROLG� WXPRUV�� XQLGLPHQVLRQDO� YHUVXV�

ELGLPHQVLRQDO�PHDVXUHPHQW��-�1DWO�&DQFHU�,QVW �����������������30,'����������

���/HQFLRQL�5��/ORYHW�-0��0RGLILHG�5(&,67��P5(&,67��DVVHVVPHQW�IRU�KHSDWRFHOOXODU�FDUFLQRPD��6HPLQ�/LYHU�'LV

�����������������30,'����������

���.XGR�0��.XER�6��7DND\DVX�.��HW�DO��5HVSRQVH�(YDOXDWLRQ�&ULWHULD�LQ�&DQFHU�RI�WKH�/LYHU��5(&,&/��SURSRVHG�E\�

WKH�/LYHU�&DQFHU�6WXG\�*URXS�RI�-DSDQ�������5HYLVHG�9HUVLRQ����+HSDWRO�5HV�������������������30,'����������

���)RUQHU�$��$\XVR�&��9DUHOD�0��HW� DO��(YDOXDWLRQ�RI� WXPRU� UHVSRQVH�DIWHU� ORFRUHJLRQDO� WKHUDSLHV� LQ�KHSDWRFHOOXODU�

FDUFLQRPD��DUH�UHVSRQVH�HYDOXDWLRQ�FULWHULD�LQ�VROLG�WXPRUV�UHOLDEOH"�&DQFHU �������������������30,'����������

���*DYDQLHU�0��$\DY�$�� 6HOODO� &�� HW� DO��&7� LPDJLQJ� ILQGLQJV� LQ� SDWLHQWV�ZLWK� DGYDQFHG� KHSDWRFHOOXODU� FDUFLQRPD�

WUHDWHG� ZLWK� VRUDIHQLE�� DOWHUQDWLYH� UHVSRQVH� FULWHULD� �&KRL�� (XURSHDQ� $VVRFLDWLRQ� IRU� WKH� 6WXG\� RI� WKH� /LYHU�� DQG�

PRGLILHG�5HVSRQVH� (YDOXDWLRQ�&ULWHULD� LQ� 6ROLG� 7XPRU� �P5(&,67��� YHUVXV�5(&,67� ����� (XU� -�5DGLRO ������ ����

��������30,'����������

����'DL�;��6FKOHPPHU�+3��6FKPLGW�%��HW�DO��4XDQWLWDWLYH�WKHUDS\�UHVSRQVH�DVVHVVPHQW�E\�YROXPHWULF�LRGLQH�XSWDNH�

PHDVXUHPHQW�� LQLWLDO� H[SHULHQFH� LQ� SDWLHQWV� ZLWK� DGYDQFHG� KHSDWRFHOOXODU� FDUFLQRPD� WUHDWHG� ZLWK� VRUDIHQLE�� (XU -�

5DGLRO �������������²����30,'����������

&4�� +RZ�VKRXOG�WKH�VLGH�HIIHFWV�RI�GUXJ�WKHUDS\ EH�PDQDJHG"

5HFRPPHQGDWLRQ

6WURQJ� UHFRPPHQGDWLRQ�� :KHQ� XVLQJ� F\WRWR[LF� DQWLFDQFHU� GUXJV�� DWWHQWLRQ� PXVW� EH� SDLG� WR�

KHPDWRORJLFDO�WR[LFLW\�EHFDXVH�RI�D�KLJK�LQFLGHQFH�RI�SDQF\WRSHQLD LQ�SDWLHQWV�ZLWK�+&&��%HFDXVH�



���

HDFK� GUXJ� XVHG� LQ�PROHFXODU�WDUJHWHG� WKHUDS\� LV� DVVRFLDWHG�ZLWK� VSHFLILF� VHYHUH� VLGH� HIIHFWV�� LW� LV�

LPSRUWDQW�WR�IROORZ XS�SDWLHQWV�FDUHIXOO\�DQG�UHVSRQG�WR�DGYHUVH�HYHQWV�SURSHUO\��LQFOXGLQJ�UHGXFLQJ

GUXJ�GRVDJH�DQG�SUHVFULELQJ�GUXJ�KROLGD\V�

ڦ %DFNJURXQG

%HFDXVH� RI� WKH� KLJK� SUHYDOHQFH� RI� FKURQLF� OLYHU� GLVHDVH� LQ� WKH� EDFNJURXQG�� +&&� LV� RIWHQ�

DFFRPSDQLHG�E\�SDQF\WRSHQLD�RU�LPSDLUHG�OLYHU�IXQFWLRQ��7KHUHIRUH��FDUHIXO�DWWHQWLRQ�PXVW�EH�SDLG�

EHIRUH�LQVWLWXWLQJ�GUXJ�WKHUDS\��+HUH��ZH�LQYHVWLJDWHG�GUXJ�WKHUDS\ �UHODWHG�VLGH�HIIHFWV�DQG�SURSHU�

UHFRPPHQGDWLRQV�

ڦ 6FLHQWLILF�6WDWHPHQW

$� OLWHUDWXUH� VHDUFK� FRQGXFWHG� ZLWK� D� QHZO\� FUHDWHG� VHDUFK� TXHU\� XVHG� LQ� WKH� WKLUG� HGLWLRQ� DQG� D�

SXEOLFDWLRQ�GDWH�EHWZHHQ�-DQXDU\���������DQG�-XQH����������H[WUDFWHG�����DUWLFOHV�UHODWHG�WR�WKH�VLGH�

HIIHFWV� RI� GUXJ� WKHUDS\ IRU� +&&��ZKLFK�ZHUH� QDUURZHG� GRZQ� WR� ���� LQ� WKH� ILUVW� VFUHHQLQJ�� IURP�

ZKLFK� ��� DUWLFOHV� ZHUH� VHOHFWHG� DIWHU� H[FOXGLQJ� UHYLHZ� DUWLFOHV� DQG� FOLQLFDO� VWXGLHV� ZLWK� D� VPDOO�

QXPEHU� RI� SDWLHQWV� LQ� WKH� VHFRQG� VFUHHQLQJ��$� WRWDO� RI� ��� DUWLFOHV�� LQFOXGLQJ� WKH� �� IURP� WKH� WKLUG�

HGLWLRQ��DUH�FLWHG�IRU�&4���

ڦ ([SODQDWLRQ

%HFDXVH�PRVW�SDWLHQWV�ZLWK�+&&�KDYH�FKURQLF�OLYHU�GLVHDVH�VXFK�DV�FKURQLF�KHSDWLWLV�DQG�FLUUKRVLV��

WKHUH� LV� D� KLJK� SUHYDOHQFH� RI� F\WRSHQLD� VXFK� DV� QHXWURSHQLD�� HU\WKURSHQLD�� DQG� WKURPERF\WRSHQLD�

EHIRUH�WUHDWPHQW��0\HORVXSSUHVVLRQ�LV�D�FRPPRQ�VLGH�HIIHFW�RI�F\WRWR[LF�DQWLFDQFHU�GUXJV��VR�LW� LV�

HVVHQWLDO� WR� EH� FRJQL]DQW� RI WKH� KHPDWRORJLFDO� WR[LFLW\��� $FFRUGLQJO\�� WKH� 5HYLVLRQ� &RPPLWWHH�

VWURQJO\� UHFRPPHQGV� SD\LQJ� DWWHQWLRQ� WR� KHPDWRORJLFDO� WR[LFLW\� ZKHQ� XVLQJ� F\WRWR[LF� DQWLFDQFHU�

GUXJV�

(DFK�PROHFXODU�WDUJHWHG�GUXJ�KDV�VSHFLILF�VLGH�HIIHFWV��)RU�H[DPSOH��VRUDIHQLE�FDXVHV�VRPH�IRUP�

RI� VLGH� HIIHFWV� LQ� DERXW ���� RI� SDWLHQWV�� 7KH� PRVW� IUHTXHQW� DUH� KDQG�IRRW� V\QGURPH��

UDVK�GHVTXDPDWLRQ�� GLDUUKHD�� ORVV� RI� DSSHWLWH�� K\SHUWHQVLRQ�� IDWLJXH�� DORSHFLD�� DQG� QDXVHD����� 6LGH�

HIIHFWV� VSHFLILF� WR� LQGLYLGXDO�PROHFXODU�WDUJHWHG�GUXJV�KDYH�EHHQ� UHSRUWHG� LQ�YDULRXV� ODUJH�FOLQLFDO�

VWXGLHV�����

,Q� VRUDIHQLE� WKHUDS\�� WKH� VLGH� HIIHFW� RI� KDQG�IRRW� V\QGURPH� LQIOXHQFHV� FRQWLQXDWLRQ� RI� WKHUDS\�

DQG�RIWHQ�DSSHDUV�VRRQ�DIWHU�LWV�LQLWLDWLRQ����EXW�DGPLQLVWUDWLRQ�RI�XUHD�EDVHG�FUHDP�PD\�SUHYHQW�WKH�

ZRUVHQLQJ�RI�WKLV VLGH�HIIHFW���

&RPSDUHG�ZLWK�&KLOG�3XJK�$��&KLOG�3XJK�%� SDWLHQWV�ZLWK� LPSDUHG� KHSDWLF� IXQFWLRQDO� UHVHUYH�

RIWHQ� GHYHORS� K\SHUELOLUXELQHPLD�� DVFLWHV�� DQG� KHSDWLF� HQFHSKDORSDWK\� GXULQJ� VRUDIHQLE� WKHUDS\����

DOWKRXJK� QR� VLJQLILFDQW� GLIIHUHQFHV LQ� VLGH� HIIHFWV� ZHUH� REVHUYHG� LQ D� VWXG\� WKDW� FRPSDUHG� WKH� ��



���

JURXSV�PDWFKHG�E\�DJH��VH[��DQG� WXPRU�SURJUHVVLRQ����2WKHU�VWXGLHV� UHSRUWHG� WKDW�VRUDIHQLE� LV�VDIH�

DQG� WROHUDWHG� UHJDUGOHVV� RI� EDVHOLQH� OLYHU� IXQFWLRQ������� )XUWKHUPRUH�� WKH� VLGH� HIIHFWV� RI� VRUDIHQLE�

ZHUH�QRW�DIIHFWHG�E\�GLIIHUHQW�VWDUWLQJ�GRVHV���

7KH� LQFLGHQFH� RI� KDQG�IRRW� V\QGURPH�� UDVK�� DQG� OLYHU� IDLOXUH� LV� KLJK� LQ� -DSDQ FRPSDUHG�ZLWK�

RWKHU� FRXQWULHV�� VR� SURSHU�PDQDJHPHQW� RI� GUXJ� VLGH� HIIHFWV� GXULQJ� WKHUDS\� LV� UHTXLUHG���� 6XUYLYDO�

WHQGHG� WR� EH� ORQJHU� LQ� SDWLHQWV�ZLWK� VNLQ� WR[LFLW\�� LQFOXGLQJ� KDQG�IRRW� V\QGURPH�� WKDQ� LQ� SDWLHQWV�

ZLWKRXW�WKLV�FRQGLWLRQ��VXJJHVWLQJ�WKDW�WKH�VLGH�HIIHFWV�PD\�EH�DQ�LQGLFDWRU�RI�WUHDWPHQW�UHVSRQVH�WR�

VRUDIHQLE����(YHQ�ZKHQ�WKHUDS\�LV�WHUPLQDWHG�GXH�WR�DGYHUVH�VLGH�HIIHFWV��SDWLHQWV�ZLWK�JRRG�KHSDWLF�

IXQFWLRQDO�UHVHUYH�PD\�PRYH�RQWR�VHFRQG�OLQH�WKHUDS\���

$FFRUGLQJO\��LW�LV�UHFRPPHQGHG�WKDW�SDWLHQWV�UHFHLYLQJ�PROHFXODU�WDUJHWHG�GUXJV�EH�IROORZHG XS�

FDUHIXOO\�DQG�DGYHUVH�HYHQWV�EH�PDQDJHG�DGHTXDWHO\�E\� UHGXFLQJ�GUXJ�GRVDJH�RU�SUHVFULELQJ�GUXJ�

KROLGD\V�

ڦ 5HIHUHQFHV

���.DVDL�.��8VKLR�$��.DVDL�<��HW�DO��7KHUDSHXWLF�HIILFDF\�RI�FRPELQDWLRQ�WKHUDS\�ZLWK�LQWUD�DUWHULDO���IOXRURXUDFLO�DQG�

V\VWHPLF�SHJ\ODWHG� LQWHUIHURQ�DOSKD��E�IRU�DGYDQFHG�KHSDWRFHOOXODU�FDUFLQRPD�ZLWK�SRUWDO�YHQRXV�LQYDVLRQ��&DQFHU

��������������������30,'����������

���/ORYHW�-0��5LFFL�6��0D]]DIHUUR�9��HW�DO��6RUDIHQLE�LQ�DGYDQFHG�KHSDWRFHOOXODU�FDUFLQRPD��1�(QJO�-�0HG �����������

��������30,'����������

���&KHQJ�$/��.DQJ�<.��&KHQ�=��HW�DO��(IILFDF\�DQG�VDIHW\�RI�VRUDIHQLE� LQ�SDWLHQWV� LQ� WKH�$VLD�3DFLILF�UHJLRQ�ZLWK�

DGYDQFHG� KHSDWRFHOOXODU� FDUFLQRPD�� D� SKDVH� ,,,� UDQGRPLVHG�� GRXEOH�EOLQG�� SODFHER�FRQWUROOHG� WULDO�� /DQFHW� 2QFRO

�����������������30,'����������

���%UXL[� -��5DRXO� -/��6KHUPDQ�0�� HW� DO��(IILFDF\� DQG� VDIHW\�RI� VRUDIHQLE� LQ�SDWLHQWV�ZLWK� DGYDQFHG�KHSDWRFHOOXODU�

FDUFLQRPD��VXEDQDO\VHV�RI�D�SKDVH�,,,�WULDO��-�+HSDWRO �����������������30,'����������

��� %UXL[� -�� 7DND\DPD� 7��0D]]DIHUUR� 9�� HW� DO�� $GMXYDQW VRUDIHQLE� IRU� KHSDWRFHOOXODU� FDUFLQRPD� DIWHU� UHVHFWLRQ� RU�

DEODWLRQ��67250���D�SKDVH����UDQGRPLVHG��GRXEOH�EOLQG��SODFHER�FRQWUROOHG�WULDO��/DQFHW�2QFRO �������������������

30,'����������

���&DLQDS�&��4LQ�6��+XDQJ�:7��HW�DO��/LQLIDQLE�YHUVXV�6RUDIHQLE�LQ�SDWLHQWV�ZLWK�DGYDQFHG�KHSDWRFHOOXODU�FDUFLQRPD��

UHVXOWV�RI�D�UDQGRPL]HG�SKDVH�,,,�WULDO��-�&OLQ�2QFRO �����������������30,'����������

���&KHQJ�$/��.DQJ�<.��/LQ�'<�� HW� DO��6XQLWLQLE�YHUVXV� VRUDIHQLE� LQ� DGYDQFHG�KHSDWRFHOOXODU� FDQFHU�� UHVXOWV�RI� D�

UDQGRPL]HG�SKDVH�,,,�WULDO��-�&OLQ�2QFRO �������������������30,'����������

��� &KHQJ� $/�� *XDQ� =�� &KHQ� =�� HW� DO�� (IILFDF\� DQG� VDIHW\� RI� VRUDIHQLE� LQ� SDWLHQWV� ZLWK� DGYDQFHG� KHSDWRFHOOXODU�

FDUFLQRPD�DFFRUGLQJ� WR�EDVHOLQH� VWDWXV�� VXEVHW�DQDO\VHV�RI� WKH�SKDVH� ,,,�6RUDIHQLE $VLD�3DFLILF� WULDO��(XU�-�&DQFHU

�������������������30,'����������

��� -RKQVRQ�3-��4LQ�6��3DUN� -:��HW� DO��%ULYDQLE�YHUVXV� VRUDIHQLE�DV� ILUVW�OLQH� WKHUDS\� LQ�SDWLHQWV�ZLWK�XQUHVHFWDEOH��

DGYDQFHG�KHSDWRFHOOXODU�FDUFLQRPD��UHVXOWV�IURP�WKH�UDQGRPL]HG�SKDVH�,,,�%5,6.�)/�VWXG\��-�&OLQ�2QFRO ����������



���

���������30,'����������

����=KX�$;��.XGR�0��$VVHQDW�(��HW�DO��(IIHFW�RI�HYHUROLPXV�RQ�VXUYLYDO�LQ�DGYDQFHG�KHSDWRFHOOXODU�FDUFLQRPD�DIWHU�

IDLOXUH�RI�VRUDIHQLE��WKH�(92/9(���UDQGRPL]HG�FOLQLFDO�WULDO��-$0$ ���������� �������30,'����������

����6KHQ�$��7DQJ�&��:DQJ�<�� HW� DO��$� V\VWHPDWLF� UHYLHZ�RI� VRUDIHQLE� LQ�&KLOG�3XJK�$�SDWLHQWV�ZLWK�XQUHVHFWDEOH�

KHSDWRFHOOXODU�FDUFLQRPD��-�&OLQ�*DVWURHQWHURO ������������������30,'����������

���� /HH� 6�� <RRQ� 6+�� 3DUN� -<�� HW� DO�� 6RUDIHQLE� YHUVXV� F\WRWR[LF� FKHPRWKHUDS\� IRU� SDWLHQWV� ZLWK� DGYDQFHG�

KHSDWRFHOOXODU� FDUFLQRPD�� D� UHWURVSHFWLYH�� VLQJOH�LQVWLWXWLRQ� VWXG\�� ,QYHVW� 1HZ� 'UXJV ������ ���� �������� 30,'��

��������

����/HH�:-�� /HH� -/��&KDQJ�6(�� HW� DO��&XWDQHRXV� DGYHUVH� HIIHFWV� LQ� SDWLHQWV� WUHDWHG�ZLWK� WKH�PXOWLWDUJHWHG� NLQDVH�

LQKLELWRUV�VRUDIHQLE�DQG�VXQLWLQLE��%U�-�'HUPDWRO ��������������������30,'����������

����5HQ�=��=KX�.��.DQJ�+�� HW� DO��5DQGRPL]HG� FRQWUROOHG� WULDO� RI� WKH� SURSK\ODFWLF� HIIHFW� RI� XUHD�EDVHG� FUHDP�RQ�

VRUDIHQLE�DVVRFLDWHG�KDQG�IRRW�VNLQ�UHDFWLRQV�LQ�SDWLHQWV�ZLWK�DGYDQFHG�KHSDWRFHOOXODU�FDUFLQRPD��-�&OLQ�2QFRO ������

�������������30,'����������

����$ERX�$OID�*.��$PDGRUL�'�� 6DQWRUR�$�� HW� DO��6DIHW\� DQG� HIILFDF\� RI� VRUDIHQLE� LQ�SDWLHQWV�ZLWK� KHSDWRFHOOXODU�

FDUFLQRPD��+&&��DQG�&KLOG�3XJK�$�YHUVXV�%�FLUUKRVLV��*DVWURLQWHVW�&DQFHU�5HV ���������������30,'����������

����+ROOHEHFTXH�$��&DWWDQ� 6��5RPDQR�2�� HW� DO�� 6DIHW\� DQG� HIILFDF\� RI� VRUDIHQLE� LQ�KHSDWRFHOOXODU� FDUFLQRPD�� WKH�

LPSDFW�RI�WKH�&KLOG�3XJK�VFRUH��$OLPHQW�3KDUPDFRO�7KHU ��������������������30,'����������

����5DRXO� -/�� %UXL[� -��*UHWHQ� 7)�� HW� DO�� 5HODWLRQVKLS� EHWZHHQ� EDVHOLQH� KHSDWLF� VWDWXV� DQG� RXWFRPH�� DQG� HIIHFW� RI�

VRUDIHQLE�RQ�OLYHU�IXQFWLRQ��6+$53�WULDO�VXEDQDO\VHV��-�+HSDWRO ������������������30,'����������

���� 3UHVVLDQL� 7�� %RQL� &�� 5LPDVVD� /�� HW� DO�� 6RUDIHQLE� LQ� SDWLHQWV� ZLWK� &KLOG�3XJK� FODVV� $� DQG� %� DGYDQFHG�

KHSDWRFHOOXODU�FDUFLQRPD��D�SURVSHFWLYH�IHDVLELOLW\�DQDO\VLV��$QQ�2QFRO ������������������30,'����������

����/HQFLRQL�5��.XGR�0��<H�6/�� HW� DO��*,'(21� �*OREDO� ,QYHVWLJDWLRQ�RI� WKHUDSHXWLF�'(FLVLRQV� LQ�KHSDWRFHOOXODU�

FDUFLQRPD�DQG�2I�LWV�WUHDWPHQW�ZLWK�VRUDIH1LE���VHFRQG�LQWHULP�DQDO\VLV��,QW�-�&OLQ�3UDFW ������������������30,'��

��������

����/HQFLRQL�5��.XGR�0��<H�6/��HW� DO��)LUVW� LQWHULP�DQDO\VLV�RI� WKH�*,'(21��*OREDO� ,QYHVWLJDWLRQ�RI� WKHUDSHXWLF�

GHFLVLRQV�LQ�KHSDWRFHOOXODU�FDUFLQRPD�DQG�RI�LWV�WUHDWPHQW�ZLWK�VRUDIH1LE��QRQ�LQWHUYHQWLRQDO�VWXG\��,QW�-�&OLQ�3UDFW

������������������30,'����������

����'DQLHOH�%��&URLWRUX�$��3DSDQGUHRX�&��HW�DO��,PSDFW�RI�VRUDIHQLE�GRVLQJ�RQ�RXWFRPH�IURP�WKH�(XURSHDQ�SDWLHQW�

VXEVHW�RI�WKH�*,'(21�VWXG\��)XWXUH�2QFRO �������������������30,'����������

���� 2JDVDZDUD� 6�� .DQDL� )�� 2EL� 6�� HW� DO�� 6DIHW\� DQG� WROHUDQFH� RI� VRUDIHQLE� LQ� -DSDQHVH� SDWLHQWV� ZLWK� DGYDQFHG�

KHSDWRFHOOXODU�FDUFLQRPD��+HSDWRO�,QW ����������������30,'����������

����9LQFHQ]L�%��6DQWLQL�'��5XVVR�$��HW�DO��(DUO\�VNLQ�WR[LFLW\�DV�D�SUHGLFWLYH�IDFWRU�IRU�WXPRU�FRQWURO�LQ�KHSDWRFHOOXODU�

FDUFLQRPD�SDWLHQWV�WUHDWHG�ZLWK�VRUDIHQLE��2QFRORJLVW �����������������30,'����������

���� ,DYDURQH� 0�� &DELEER� *�� %LRODWR� 0�� HW� DO�� 3UHGLFWRUV� RI� VXUYLYDO� LQ� SDWLHQWV� ZLWK� DGYDQFHG� KHSDWRFHOOXODU�

FDUFLQRPD�ZKR�SHUPDQHQWO\�GLVFRQWLQXHG�VRUDIHQLE��+HSDWRORJ\ ������������������30,'����������



���

6XSSOHPHQWDO�7DEOH� 3RVW�7$,�UHVSRQVH�UDWH�DQG�VXUYLYDO�SHULRG�E\�GUXJ��Q� ������

'UXJ &DVHV �Q� 5HVSRQVH�

UDWH

���

0HGLDQ�

VXUYLYDO�

SHULRG�

�PRQWKV�

30,' 6WXG\�

GHVLJQ

9DVFXODU�

LQYDVLRQ

����

6LQJOH�

GUXJ

'R[RUXELFLQ

�LQWUDDUWHULDO�LQMHFWLRQ�

�� �� � ��������� 5&7

'R[RUXELFLQ

�V\VWHPLF�LQMHFWLRQ�

���� ���

&''3 �� �� ���� ��������� &RKRUW�

VWXG\

''3�+ ��� ���� ����

''3�+ �� ���� 1' ��������� &RKRUW�

VWXG\

��

''3�+ �� ��� ��� ��������� &RKRUW�

VWXG\

��

''3�+ ��� ���� ���� ��������� &RKRUW�

VWXG\

����

0XOWLSOH�

GUXJV

&''3����)8��ORZ�)3� �� �� 1' ��������� &RKRUW�

VWXG\

&''3����)8��ORZ�)3��

㸩�㸫 /9

�� ���� 1' ��������� &RKRUW�

VWXG\

����

&''3����)8��ORZ�)3� �� ���� ���� ��������� &RKRUW�

VWXG\

����

&''3����)8��ORZ�)3� �� ���� ���� ��������� &RKRUW�

VWXG\

1'

&''3����)8��ORZ�)3� �� 1' ���� ���������� &RKRUW�

VWXG\

����

&''3����)8��ORZ�)3� �� ���� ��� ���������� &RKRUW�

VWXG\

����

&''3����)8��ORZ�)3� �� � ��� ���������� 5&7 ����

&''3����)8 ���� ��� ����

&''3����)8 ��� ���� 1' ���������� &RKRUW�

VWXG\

����

&''3�� PLWRP\FLQ� &�� �� 1' ��� ���������� &RKRUW� ����



���

��)8 VWXG\

&''3�� PLWRP\FLQ� &��

��)8��/9

�� ���� ���� ���������� &RKRUW�

VWXG\

&''3�� PLWRP\FLQ� &��

��)8

�� ��� ��� ���������� 5&7 ����

&''3����)8 ���� ���� ����

&''3��'R[RUXELFLQ �� �� ��� ���������� &RKRUW�

VWXG\

��

&''3��6RUDIHQLE �� ���� ���� ���������� 3KDVH�,, ���

,)1��&''3 �� �� ��� ���������� 5&7�

&''3 �� ���

%6& ���

,)1����)8 ��� �� ��� ���������� &RKRUW�

VWXG\

���

%6&� �KLVWRULFDO�

FRQWURO�

1'

,)1����)8 �� ���� ��� ���������� &RKRUW�

VWXG\

����

,)1����)8 ��� ���� ��� ���������� &RKRUW�

VWXG\

���

,)1����)8 ��� ���� ���� ���������� 5&7 ��

,)1����)8��&''3 ���� ���� ����

&''3��FLVSODWLQ��''3௅+��GLDPPLQHGLFKORURSODWLQXP��&''3�SRZGHU�� ��)8��IOXRURXUDFLO��ORZ�)3��IOXRURXUDFLO㸩

&LVSODWLQ��/9��OHXFRYRULQ��,)1��LQWHUIHURQ��%6&��EHVW�VXSSRUWLYH�FDUH��1'��QRW�GHVFULEHG

ڦ 5HIHUHQFHV

���7]RUDFROHIWKHUDNLV�((��6SLOLRWLV�-'��.\ULDNRSRXORX�7��.DNNRV�6.��,QWUD�DUWHULDO�YHUVXV�V\VWHPLF�FKHPRWKHUDS\�IRU�

QRQ�RSHUDEOH�KHSDWRFHOOXODU�FDUFLQRPD��+HSDWRJDVWURHQWHURORJ\ ������������������30,'����������

��� &RXUW�:6�� 2UGHU� 6(�� 6LHJHO� -$�� HW� DO�� 5HPLVVLRQ� DQG� VXUYLYDO� IROORZLQJ� PRQWKO\� LQWUDDUWHULDO� FLVSODWLQXP� LQ�

QRQUHVHFWDEOH�KHSDWRPD��&DQFHU�,QYHVW ������������������30,'����������

��� <RVKLNDZD� 0�� 2QR� 1�� <RGRQR� +�� ,FKLGD� 7�� 1DNDPXUD� +�� 3KDVH� ,,� VWXG\� RI� KHSDWLF� DUWHULDO� LQIXVLRQ� RI� D�

ILQH�SRZGHU�IRUPXODWLRQ�RI�FLVSODWLQ�IRU�DGYDQFHG�KHSDWRFHOOXODU�FDUFLQRPD��+HSDWRO�5HV ������������������30,'��

��������

���,ZDVD�6��,NHGD�0��2NXVDND�7��HW�DO��7UDQVFDWKHWHU�DUWHULDO�LQIXVLRQ�FKHPRWKHUDS\�ZLWK�D�ILQH�SRZGHU�IRUPXODWLRQ�

RI�FLVSODWLQ�IRU�DGYDQFHG�KHSDWRFHOOXODU�FDUFLQRPD�UHIUDFWRU\�WR�WUDQVFDWKHWHU�DUWHULDO�FKHPRHPEROL]DWLRQ��-SQ�-�&OLQ�

2QFRO �����������������30,'����������



���

���+DWDQDND�7��.DNL]DNL�6��8HQR�7��HW�DO��7UDQVDUWHULDO�LQIXVLRQ�FKHPRWKHUDS\�XVLQJ�ILQH�SRZGHU�FLVSODWLQ�LQ�SDWLHQWV�

ZLWK�DGYDQFHG�KHSDWRFHOOXODU�FDUFLQRPD��*DQ�WR�NDJDNX�U\RKR �����������������30,'����������

��� 2NXGD� .�� 7DQDND� 0�� 6KLEDWD� -�� HW� DO�� +HSDWLF� DUWHULDO� LQIXVLRQ� FKHPRWKHUDS\� ZLWK� FRQWLQXRXV� ORZ� GRVH�

DGPLQLVWUDWLRQ� RI� FLVSODWLQ� DQG� ��IOXRURXUDFLO� IRU� PXOWLSOH� UHFXUUHQFH� RI� KHSDWRFHOOXODU� FDUFLQRPD� DIWHU� VXUJLFDO�

WUHDWPHQW��2QFRO�5HS �����������������30,'����������

��� .DQD\DPD� 0�� 1DJDL� +�� 6XPLQR� <�� ,QIOXHQFH� RI� WKH� HWLRORJ\� RI� OLYHU� FLUUKRVLV� RQ� WKH� UHVSRQVH� WR� FRPELQHG�

LQWUD�DUWHULDO�FKHPRWKHUDS\�LQ�SDWLHQWV�ZLWK�DGYDQFHG�KHSDWRFHOOXODU�FDUFLQRPD��&DQFHU�&KHPRWKHU�3KDUPDFRO ������

������������30,'����������

���8HVKLPD�.��.XGR�0��7DNLWD�0��HW�DO��+HSDWLF�DUWHULDO� LQIXVLRQ�FKHPRWKHUDS\�XVLQJ� ORZ�GRVH���IOXRURXUDFLO�DQG�

FLVSODWLQ�IRU�DGYDQFHG�KHSDWRFHOOXODU�FDUFLQRPD��2QFRORJ\ ����������6XSSO�������������30,'����������

���6DHNL�,��<DPDVDNL�7��7DQDEH�1��HW�DO��$�QHZ�WKHUDSHXWLF�DVVHVVPHQW�VFRUH�IRU�DGYDQFHG�KHSDWRFHOOXODU�FDUFLQRPD�

SDWLHQWV�UHFHLYLQJ�KHSDWLF�DUWHULDO�LQIXVLRQ�FKHPRWKHUDS\��3OR6�2QH ����������H���������30,'����������

����6KLR]DZD�.��:DWDQDEH�0��,NHKDUD�7��HW�DO��&RPSDULVRQ�RI�VRUDIHQLE�DQG�KHSDWLF�DUWHULDO�LQIXVLRQ�FKHPRWKHUDS\�

IRU�DGYDQFHG�KHSDWRFHOOXODU�FDUFLQRPD��D�SURSHQVLW\�VFRUH�PDWFKLQJ�VWXG\��+HSDWRJDVWURHQWHURORJ\ ������������������

30,'����������

���� 2K� 0-�� /HH� +-�� /HH� 6+�� (IILFDF\� DQG� VDIHW\� RI� KHSDWLF� DUWHULDO� LQIXVLRQ� FKHPRWKHUDS\� IRU� DGYDQFHG�

KHSDWRFHOOXODU�FDUFLQRPD�DV�ILUVW�OLQH�WKHUDS\��&OLQ�0RO�+HSDWRO ������������������30,'����������

����:RR�+<��%DH�6+��3DUN�-<�� HW� DO��$� UDQGRPL]HG�FRPSDUDWLYH� VWXG\�RI�KLJK�GRVH�DQG� ORZ�GRVH�KHSDWLF�DUWHULDO�

LQIXVLRQ�FKHPRWKHUDS\�IRU�LQWUDFWDEOH��DGYDQFHG�KHSDWRFHOOXODU�FDUFLQRPD��&DQFHU�&KHPRWKHU�3KDUPDFRO ����������

��������30,'����������

����1RXVR�.��0L\DKDUD�.��8FKLGD�'�� HW� DO��(IIHFW� RI� KHSDWLF� DUWHULDO� LQIXVLRQ� FKHPRWKHUDS\�RI���IOXRURXUDFLO� DQG�

FLVSODWLQ� IRU�DGYDQFHG�KHSDWRFHOOXODU�FDUFLQRPD� LQ WKH�1DWLRQZLGH�6XUYH\�RI�3ULPDU\�/LYHU�&DQFHU� LQ� -DSDQ��%U�-�

&DQFHU �������������������30,'����������

����7VDL�:/��/DL�.+��/LDQJ�+/��HW�DO��+HSDWLF�DUWHULDO� LQIXVLRQ�FKHPRWKHUDS\� IRU�SDWLHQWV�ZLWK�KXJH�XQUHVHFWDEOH�

KHSDWRFHOOXODU�FDUFLQRPD��3OR6�2QH ����� ���H�������30,'����������

���� /LQ� &3�� <X� +&�� &KHQJ� -6�� HW� DO�� &OLQLFDO� HIIHFWV� RI� LQWUD²DUWHULDO� LQIXVLRQ� FKHPRWKHUDS\� ZLWK� FLVSODWLQ��

PLWRP\FLQ�&��OHXFRYRULQ�DQG���IORXURXUDFLO�IRU�XQUHVHFWDEOH�DGYDQFHG�KHSDWRFHOOXODU�FDUFLQRPD��-�&KLQ�0HG�$VVRF

������������������30,'����������

���� 6RQJ� 0-�� %DH� 6+�� &KXQ� +-�� HW� DO�� $� UDQGRPL]HG� VWXG\� RI� FLVSODWLQ� DQG� ��)8� KHSDWLF� DUWHULDO� LQIXVLRQ�

FKHPRWKHUDS\� ZLWK� RU� ZLWKRXW� DGULDP\FLQ� IRU� DGYDQFHG� KHSDWRFHOOXODU� FDUFLQRPD��&DQFHU� &KHPRWKHU� 3KDUPDFRO

������������������30,'����������

���� 0D�0&�� &KHQ� <<�� /L� 6+�� HW� DO�� ,QWUD�DUWHULDO� FKHPRWKHUDS\� ZLWK� GR[RUXELFLQ� DQG� FLVSODWLQ� LV� HIIHFWLYH� IRU�

DGYDQFHG�KHSDWRFHOOXODU�FHOO�FDUFLQRPD��6FLHQWLILF:RUOG-RXUQDO ��������������������30,'����������

���� ,NHGD�0��6KLPL]X�6��6DWR�7�� HW� DO��6RUDIHQLE�SOXV�KHSDWLF� DUWHULDO� LQIXVLRQ� FKHPRWKHUDS\�ZLWK� FLVSODWLQ�YHUVXV�

VRUDIHQLE� IRU� DGYDQFHG� KHSDWRFHOOXODU� FDUFLQRPD�� UDQGRPL]HG� SKDVH� ,,� WULDO��$QQ�2QFRO ������ ���� �������� 30,'��

��������



���

����&KXQJ�<+��6RQJ�,+��6RQJ�%&��HW�DO��&RPELQHG�WKHUDS\�FRQVLVWLQJ�RI�LQWUDDUWHULDO�FLVSODWLQ�LQIXVLRQ�DQG�V\VWHPLF�

LQWHUIHURQ�DOSKD�IRU�KHSDWRFHOOXODU�FDUFLQRPD�SDWLHQWV�ZLWK�PDMRU�SRUWDO�YHLQ�WKURPERVLV�RU�GLVWDQW�PHWDVWDVLV��&DQFHU

�������������������30,'����������

���� 2EL� 6�� <RVKLGD� +�� 7RXQH� 5�� HW� DO�� &RPELQDWLRQ� WKHUDS\� RI� LQWUDDUWHULDO� ��IOXRURXUDFLO� DQG� V\VWHPLF�

LQWHUIHURQ�DOSKD� IRU� DGYDQFHG� KHSDWRFHOOXODU� FDUFLQRPD� ZLWK� SRUWDO� YHQRXV� LQYDVLRQ�� &DQFHU ������ ����� ��������

30,'����������

���� 8ND� .�� $LNDWD� +�� 7DNDNL� 6�� HW� DO�� 3UHWUHDWPHQW� SUHGLFWRU� RI� UHVSRQVH� WLPH� WR� SURJUHVVLRQ�� DQG� VXUYLYDO� WR�

LQWUDDUWHULDO� ��IOXRURXUDFLO�LQWHUIHURQ� FRPELQDWLRQ� WKHUDS\� LQ� SDWLHQWV� ZLWK� DGYDQFHG� KHSDWRFHOOXODU� FDUFLQRPD�� -�

*DVWURHQWHURO ������������������30,'����������

����1DJDQR�+��:DGD�+��.RED\DVKL� 6�� HW� DO�� /RQJ�WHUP� RXWFRPH� RI� FRPELQHG� LQWHUIHURQ�DOSKD� DQG� ��IOXRURXUDFLO�

WUHDWPHQW�IRU�DGYDQFHG�KHSDWRFHOOXODU�FDUFLQRPD�ZLWK�PDMRU�SRUWDO�YHLQ�WKURPERVLV��2QFRORJ\ ����������������30,'��

��������

����<DPDVKLWD� 7�� $UDL�.�� 6XQDJR]DND�+�� HW� DO�� 5DQGRPL]HG�� SKDVH� ,,� VWXG\� FRPSDULQJ LQWHUIHURQ� FRPELQHG�ZLWK�

KHSDWLF�DUWHULDO�LQIXVLRQ�RI�IOXRURXUDFLO�SOXV�FLVSODWLQ�DQG�IOXRURXUDFLO�DORQH�LQ�SDWLHQWV�ZLWK�DGYDQFHG�KHSDWRFHOOXODU�

FDUFLQRPD��2QFRORJ\ ������������������30,'����������


