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0HGLFDO�6FLHQFH����������.RGDWVXQR��.DQD]DZD��,VKLNDZD� ����������-DSDQ�

� 'HSDUWPHQW�RI�+/$�/DERUDWRU\� -DSDQHVH�5HG�&URVV�.DQWR�.RVKLQHWVX�%ORFN�%ORRG�&HQWHU��

�������7DWVXPL��.RWR�NX��7RN\R������������-DSDQ�

�%DVLF�0HGLFDO�6FLHQFH�DQG�0ROHFXODU�0HGLFLQH��7RNDL�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH������
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1XPEHU�RI�UHIHUHQFHV����

&DWHJRU\� ,PPXQRELRORJ\�DQG ,PPXQRWKUDS\
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$EVWUDFW

7R�JDLQ�LQVLJKWV�LQWR�WKH�RULJLQ�DQG�FOLQLFDO�VLJQLILFDQFH�RI�OHXNRF\WHV�WKDW�ODFN�+/$�$�DOOHOH�

H[SUHVVLRQ�GXH�WR�D�FRS\�QXPEHU�QHXWUDO�ORVV�RI�KHWHUR]\JRVLW\�LQ�WKH�VKRUW�DUP�RI�FKURPRVRPH���LQ�

SDWLHQWV�ZLWK�DFTXLUHG�DSODVWLF�DQHPLD��$$���ZH�XVHG�D�KLJK�VHQVLWLYLW\�IORZ�F\WRPHWU\�DVVD\�WR�

LQYHVWLJDWH�WKH�SUHVHQFH�RI�+/$�$�DOOHOH�ODFNLQJ�OHXNRF\WHV��+/$�//V��LQ�����$$�SDWLHQWV��

+/$�//V�DFFRXQWLQJ�IRU�����������RI�HDFK�OHXNRF\WH�SRSXODWLRQ�ZHUH�GHWHFWHG�LQ����RI������������

QHZO\�GLDJQRVHG�DQG����RI������������SUHYLRXVO\�WUHDWHG�SDWLHQWV��7KH�OLQHDJH�FRPELQDWLRQ�SDWWHUQV�

RI�WKH�+/$�//V�LQ�WKH����+/$�//����SDWLHQWV�ZHUH�JUDQXORF\WHV �*V���PRQRF\WHV��0V���%�FHOOV�

�%V���DQG�7�FHOOV��7V��*0%7��LQ����FDVHV��*0%�LQ����FDVHV��*0�LQ����FDVHV��DQG�%�DORQH�LQ�WKUHH�

FDVHV��7KH�UHVSRQVH�UDWH�WR�DQWL�WK\PRF\WH�JOREXOLQ�SOXV�F\FORVSRULQH�WKHUDS\ ������ DQG�WKH���\HDU�

IDLOXUH�IUHH�VXUYLYDO�UDWH ������ LQ�HLJKW�QHZO\�GLDJQRVHG�+/$�//��� SDWLHQWV�ZHUH�VLJQLILFDQWO\�

KLJKHU�WKDQ�LQ����+/$�//��� SDWLHQWV �������IRU�ERWK UDWHV�� 7KHVH�GDWD�VXJJHVW�WKDW�+/$�//V�DUH�D�

XVHIXO�PDUNHU�RI�WKH�SUHVHQFH�RI�LPPXQH�SDWKRSK\VLRORJ\�LQ�$$�DQG�WKDW�7�FHOO DWWDFNV�DJDLQVW�

KHPDWRSRLHWLF�SURJHQLWRU�FHOOV��UDWKHU�WKDQ�KHPDWRSRLHWLF�VWHP�FHOOV��FDQ�WULJJHU�ERQH�PDUURZ�IDLOXUH�

LQ�$$�SDWLHQWV�

.H\ZRUGV� DSODVWLF�DQHPLD� ERQH�PDUURZ�IDLOXUH� ORVV�RI�KHWHUR]\JRVLW\�RI�WKH�+/$�KDSORW\SH�

LPPXQRVXSSUHVVLYH�WKHUDS\
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,QWURGXFWLRQ

$FFRUGLQJ�WR�WKH�ZLGHO\�DFFHSWHG�PRGHO�RI�DFTXLUHG�DSODVWLF�DQHPLD��$$���F\WRWR[LF�7�O\PSKRF\WHV

�&7/V��UHFRJQL]H�DXWR�DQWLJHQV�WKDW�DUH�SUHVHQWHG�RQ�KHPDWRSRLHWLF�VWHP�FHOOV��+6&V��WKURXJK�WKHLU�

FODVV�,�KXPDQ�OHXNRF\WH�DQWLJHQ��+/$� PROHFXOHV��SOD\LQJ DQ LPSRUWDQW�UROH�LQ�LQLWLDWLRQ�RI�WKH�

DXWRLPPXQH�UHDFWLRQV WKDW�OHDG�WR�ERQH�PDUURZ��%0��IDLOXUH>���@� 6HYHUDO�LQGLUHFW�SLHFHV�RI�

HYLGHQFH KDYH�EHHQ�UHSRUWHG�LQ�SUHYLRXV�VWXGLHV��VXFK�DV�WKH�DFFXPXODWLRQ RI�7�FHOOV�ZLWK�SDUWLFXODU�

FORQRW\SHV�DV�GHPRQVWUDWHG�E\�7�FHOO�UHFHSWRU�DQDO\VHV>�������@� DV�ZHOO�DV�WKH�SUHVHQFH�RI�7�FHOO�

FORQHV�FDSDEOH�RI�NLOOLQJ�P\HORLG�OHXNHPLD FHOO�OLQHV ZLWKLQ�WKH�%0>����@��+RZHYHU��LW�LV�HQWLUHO\�

XQNQRZQ�ZKDW�NLQG�RI�FHOOV�WKH�DQWLJHQ�VSHFLILF�7�FHOOV DWWDFN DQG KRZ�WKHVH 7�FHOOV�GLPLQLVK�+6&V�

LQ�YLYR�

6LQJOH�QXFOHRWLGH�SRO\PRUSKLVP��613� DUUD\�DQDO\VLV UHYHDOV�WKH�FRS\�QXPEHU�QHXWUDO�ORVV�RI�

KHWHUR]\JRVLW\ RI�WKH�+/$�KDSORW\SH�GXH�WR�XQLSDUHQWDO�GLVRP\�LQ�WKH�VKRUW�DUP�RI�FKURPRVRPH��

��S/2+��LQ�DSSUR[LPDWHO\ ��� RI�$$�SDWLHQWV>����@��)ORZ�F\WRPHWU\��)&0��FDQ�EH�VXEVWLWXWHG�IRU�

613�DUUD\�IRU�GHWHFWLRQ�RI�+/$�$�DOOHOH�ODFNLQJ�OHXNRF\WHV��+/$�//V��DV�D�UHVXOW�RI��S/2+�

EHFDXVH��S/2+�ZDV�UHYHDOHG�LQ�DOO +/$�//��� SDWLHQWV�LQ�RXU�SUHYLRXV�VWXG\>�@��7KH�SUHVHQFH�RI�

�S/2+�LV WKRXJKW�WR�RIIHU�FRPSHOOLQJ�HYLGHQFH�RI�&7/�LQYROYHPHQW LQ�WKH�GHYHORSPHQW�RI�$$��7KH�

ODFN�RI�SDUWLFXODU�FODVV�,�+/$�DOOHOHV�WKDW�SUHVHQW�DXWR�DQWLJHQV�UHSUHVHQWV�³HVFDSH´ KHPDWRSRLHVLV�
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E\��S/2+����+6&V WKDW�KDYH�VXUYLYHG &7/�DWWDFN>�@��+RZHYHU��WKH�RULJLQ�RI�WKH +/$�//V WKDW�

VHUYH�DV�&7/ WDUJHWV DQG�WKH�FOLQLFDO�VLJQLILFDQFH�RI�+/$�//V�LQ�SDWLHQWV�ZLWK�$$ KDYH�QRW�EHHQ�

WKRURXJKO\�GHWHUPLQHG� GXH�WR�WKH�VPDOO�QXPEHU�RI�SDWLHQWV�DQDO\]HG�YLD�)&0 EHIRUH�

LPPXQRVXSSUHVVLYH�WKHUDS\ LQ�RXU�SUHYLRXV�VWXG\�

+/$�//V FDQ�HDVLO\�EH�WUDFNHG�XVLQJ�)&0�ZLWK�PRQRFORQDO�DQWLERGLHV �P$EV� VSHFLILF�WR�

+/$�$�DOOHOHV>�@��6WXG\LQJ�WKH�OLQHDJH�GLYHUVLW\�RI�+/$�//V DQG�WKH FRUUHODWLRQ�EHWZHHQ�WKH�

SUHVHQFH�RI�+/$�//V�DQG�WKH�UHVSRQVH�WR�,67 PD\�SURYLGH�LQVLJKW�LQWR�WKH�&7/�WDUJHWV UHVSRQVLEOH�

IRU�WKH�GHYHORSPHQW�RI�$$ DV�ZHOO�DV�WKH�FOLQLFDO�VLJQLILFDQFH�RI�+/$�//V�LQ�$$�SDWLHQWV��7R�WHVW�

WKHVH K\SRWKHVHV��ZH�H[DPLQHG�D�ODUJH�QXPEHU�RI�$$�SDWLHQWV�IRU�WKH�SUHVHQFH�RI�+/$�//V��DQG�

GHWHUPLQHG�WKH�OLQHDJH�FRPELQDWLRQV�DQG�WKH�FKURQRORJLFDO�FKDQJHV�LQ�WKH�+/$�//V WKDW�RFFXUUHG�LQ�

DVVRFLDWLRQ ZLWK WKH ,67 DQG�UHVSRQVH�WR�,67�LQ�+/$�//����DQG�+/$�//����SDWLHQWV�ZLWK�

QHZO\�GLDJQRVHG�$$��

0DWHULDO�DQG�PHWKRGV

3DWLHQWV�

$�WRWDO�RI���� $$�SDWLHQWV�ZKR�ZHUH�UHIHUUHG�WR�RXU�FOLQLF�IURP�2FWREHU����� WR�1RYHPEHU�����

ZHUH�FRQVHFXWLYHO\�DVVHVVHG�LQ�WKLV�VWXG\��2I�WKHVH����� ZHUH�LGLRSDWKLF�DQG��� ZHUH�

KHSDWLWLV�DVVRFLDWHG����� ZHUH�DVVHVVHG�SUH�WUHDWPHQW DQG���� SRVW�WUHDWPHQW���� ZHUH�GLDJQRVHG�
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ZLWK�VHYHUH�$$�DQG���� ZLWK�QRQ�VHYHUH�$$ �7DEOH�����(LJKW\�IRXU RI�WKH�����SDWLHQWV�ZHUH

LQFOXGHG�LQ�RXU�SUHYLRXV�VWXG\ RI �S/2+�XVLQJ 613�DUUD\�DQDO\VLV>�@��3UHYLRXV�WUHDWPHQWV�LQFOXGHG�

UDEELW�DQWL�WK\PRF\WH�JOREXOLQ��$7*��7K\PRJOREXOLQ��6DQRIL��3DULV��)UDQFH� LQ��� SDWLHQWV��

F\FORVSRULQH �&V$� DORQH LQ��� SDWLHQWV��DQG�DQDEROLF�VWHURLGV DORQH LQ�WKUHH�SDWLHQWV��7KLV�VWXG\�

SURWRFRO��1R�������ZDV�DSSURYHG�E\�WKH�(WKLFV�&RPPLWWHH�IRU�+XPDQ�*HQRPH�*HQH�$QDO\VLV�

5HVHDUFK�DW .DQD]DZD�8QLYHUVLW\�*UDGXDWH�6FKRRO�RI�0HGLFDO�6FLHQFH��DQG�DOO�SDWLHQWV�SURYLGHG�

WKHLU�LQIRUPHG�FRQVHQW�SULRU�WR�SDUWLFLSDWLRQ� 6HYHUH�$$�ZDV�GHILQHG�E\ WKH�SUHVHQFH�RI�D�

K\SRFHOOXODU�ERQH�PDUURZ�DQG�DW�OHDVW�WZR�RI�WKUHH IROORZLQJ SHULSKHUDO�EORRG�FULWHULD��DEVROXWH�

QHXWURSKLO FRXQW��$1&� ���������/��SODWHOHW FRXQW ��������/��DQG�DEVROXWH�UHWLFXORF\WH FRXQW�

�$5&� ��������/>��@� 3DWLHQWV�ZLWK�$$�ZKR�GLG�QRW�PHHW�FULWHULD�IRU�VHYHUH�$$�EXW�ZLWK�DW�OHDVW�

WZR�RI WKUHH�IROORZLQJ SHULSKHUDO�EORRG�FULWHULD��$1&����������/��SODWHOHW�FRXQW���������/��DQG�

$5&���������/��ZHUH�FRQVLGHUHG�DV�QRQ�VHYHUH�$$� $7* DW�D�GRVH�RI�����WR������PJ�NJ�SHU�GD\�

ZDV�LQWUDYHQRXVO\ DGPLQLVWHUHG�RQ�GD\��WR ���&V$�ZDV�JLYHQ���PJ�NJ SHU�GD\ RUDOO\��FRQWLQXHG�IRU�

DW�OHDVW�VL[�PRQWKV��&V$�ZDV�VWDUWHG RQ GD\���RU�GD\� RI�$7*�WKHUDS\� 5HVSRQVHV�WR�,67�ZHUH�

HYDOXDWHG�DFFRUGLQJ�WR�HVWDEOLVKHG�FULWHULD>��@ DIWHU�VL[�PRQWKV�RI�WUHDWPHQW��DQG�SDWLHQWV�ZKR�

DFKLHYHG FRPSOHWH�RU�SDUWLDO�UHVSRQVHV ZHUH�FRQVLGHUHG�WR�EH�UHVSRQGHUV��

)ORZ�F\WRPHWU\

(WK\OHQHGLDPLQHWHWUDDFHWLF�DFLG�DGGHG SHULSKHUDO�EORRG��3%� ZDV FROOHFWHG�IURP�SDUWLFLSDWLQJ
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SDWLHQWV�DW�GLDJQRVLV�DQG�RU�DIWHU�WUHDWPHQW��+/$�$ DOOHOH�H[SUHVVLRQ�RQ JUDQXORF\WHV �*V���

PRQRF\WHV �0V���%�FHOOV �%V���7�FHOOV �7V���DQG�1.�FHOOV ZDV�DQDO\]HG�E\�)&0 XVLQJ�D�)$&6&DQWR

,, �%HFWRQ�'LFNLQVRQ��)UDQNOLQ�/DNHV��1-��86$��ZLWK�WKH�)ORZ-R�SURJUDP��7UHH�6WDU��,QF���$VKODQG��

25��86$���7KLV�VWXG\�XVHG P$EV VSHFLILF�IRU�+/$�$����$���$����$��� DV�ZHOO�DV�WKH�OLQHDJH�

PDUNHU DQWLERGLHV�VSHFLILF�IRU�&'��E�LQ *V��&'���LQ 0V��&'���LQ %V� &'��LQ 7V��DQG�1.S�� LQ

1.�FHOOV��)RU�SDWLHQWV�LQ�ZKRP +/$�$�DOOHOHV�KDG�QRW�EHHQ�GHWHUPLQHG��3% PRQRQXFOHDU�FHOOV�

�3%0&V��ZHUH�FU\RSUHVHUYHG� DQG�WKDZHG�0V�ZHUH�ODWHU�VXEMHFWHG�WR�)&0�DIWHU�+/$�$�DOOHOH�GDWD�

EHFDPH�DYDLODEOH��:KHQ�+/$�//V�ZHUH�GHWHFWHG�LQ�SDWLHQWV�ZKR�ZHUH�KHWHUR]\JRXV�ZLWK�HLWKHU�

+/$�$�������$������ RU�$����� DQG�HLWKHU�+/$�$����$���$����RU�$����SRVLWLYH�UHVXOWV�ZHUH�

FRQILUPHG�E\�H[DPLQLQJ�D�VHFRQG�VDPSOH�IURP�WKH�VDPH�SDWLHQW��+/$�//V�ZHUH�QRW�DVVHVVDEOH LQ�

SDWLHQWV�ZKR�ZHUH�KRPR]\JRXV�IRU�WKH +/$�$�DOOHOH E\�WKLV�)&0�DVVD\�EHFDXVH��S/2+�GRHV�QRW�

FKDQJH�WKH�+/$�$�DOOHOH�H[SUHVVLRQ SDWWHUQ�LQ�WKHVH SDWLHQWV��

0HDVXUHPHQW�RI�*3,�$3� *V�ZDV�SHUIRUPHG�DV�SUHYLRXVO\�GHVFULEHG>��@� ZLWK�PLQRU�

PRGLILFDWLRQV��7KH�SUHVHQFH�RI���������IOXRUHVFHLQ�ODEHOHG�SURDHURO\VLQ �)/$(5�±&'��E� RU�

&'��±&'��±&'��E� *V�ZDV�GHILQHG�DV�DQ�DEQRUPDO�LQFUHDVH� EDVHG�RQ�UHVXOWV�REWDLQHG�IURP�����

KHDOWK\�LQGLYLGXDOV>��@� 7KH�P$EV�XVHG�IRU�WKLV�VWXG\�DUH�GHWDLOHG�LQ 6XSSOHPHQWDU\ 7DEOH�(���

$QDO\VLV�RI�JHQRPLF�FRS\�QXPEHUV�DQG�GHWHFWLRQ�RI��S/2+
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'1$�H[WUDFWHG�IURP�ZKROH�EORRG�DQG�VRUWHG�* SRSXODWLRQV�ZDV�VXEMHFWHG�WR�JHQRPLF DQG�

DOOHOH�VSHFLILF�FRS\�QXPEHU DQDO\VHV XVLQJ�*HQH&KLS�����.�DUUD\V��$II\PHWUL[��,QF���6DQWD�&ODUD��

&$��86$�� DV�SUHYLRXVO\�GHVFULEHG>������@��*3,�$3� DQG�*3,�$3� FHOOV�ZHUH�VRUWHG�IURP�*�

VDPSOHV�REWDLQHG�IURP�SDWLHQWV�SRVVHVVLQJ�ERWK�+/$�//V�DQG�*3,�$3V� FHOOV�XVLQJ�)$&6$ULD ,,

�%HFWRQ�'LFNLQVRQ��)UDQNOLQ�/DNHV��1-��86$���

+/$�$�DQG�+/$�%�JHQH�DQDO\VLV�XVLQJ�D�QH[W�JHQHUDWLRQ�VHTXHQFHU

*HQRPLF�DEQRUPDOLWLHV�UHVSRQVLEOH�IRU�WKH�IDLOXUH�RI�FODVV�,�DOOHOLF�H[SUHVVLRQ�E\�LVRODWHG�%V ZHUH�

DQDO\]HG�XVLQJ�D�QH[W�JHQHUDWLRQ�5RFKH�*6�-XQLRU�6\VWHP�EHQFKWRS VHTXHQFHU �5RFKH��%DVHO��

6ZLW]HUODQG�� DV�SUHYLRXVO\�GHVFULEHG>��@�

6WDWLVWLFDO�$QDO\VLV

'DWD�REWDLQHG�IURP�ERWK�WUHDWHG�DQG�XQWUHDWHG�SDWLHQWV�ZHUH�XVHG�WR�FKDUDFWHUL]H�+/$�//V�ZKLOH�

RQO\�WKH�GDWD�IURP�XQWUHDWHG�SDWLHQWV�ZHUH�XVHG�IRU�DQDO\]LQJ�WKH�LQIOXHQFH�RI�+/$�//V�RQ�

UHVSRQVHV�WR�,67�DQG�SURJQRVLV�RI�$$��$OO�WKH�GDWD�DUH�UHSRUWHG�DV�WKH�PHDQ���6�(��RI�WULSOLFDWH�

H[SHULPHQWV��7KH�UHVXOWV�ZHUH�DQDO\]HG�XVLQJ�)LVKHU¶V�H[DFW�WHVW DQG�WKH�ORJ�UDQN�WHVW��3�YDOXHV RI

������ZHUH�FRQVLGHUHG�WR�LQGLFDWH VWDWLVWLFDO�VLJQLILFDQFH��)DLOXUH�IUHH�VXUYLYDO�ZDV�GHILQHG�DV�WKH�

WLPH�IURP�WKH�ILUVW�GD\�RI�$7*�WKHUDS\�XQWLO�D�UHODSVH�RI�SDQF\WRSHQLD� VWHP�FHOO�WUDQVSODQWDWLRQ��

SURJUHVVLRQ�WR�P\HORG\VSODVWLF�V\QGURPHV��0'6��DFXWH�P\HORLG�OHXNHPLD RU�GLVHDVH�UHODWHG�GHDWK�

2YHUDOO�VXUYLYDO�ZDV�GHILQHG�DV�WKH�WLPH�IURP�WKH�ILUVW�GD\ RI�$7*�WKHUDS\�XQWLO�GHDWK��$OO�VWDWLVWLFDO�



��

DQDO\VHV�ZHUH�SHUIRUPHG�XVLQJ (=5��D�JUDSKLFDO�XVHU�LQWHUIDFH�IRU�5������� �5�)RXQGDWLRQ�IRU�

6WDWLVWLFDO�&RPSXWLQJ��9LHQQD��$XVWULD�>��@�

5HVXOWV

3UHYDOHQFH�RI�+/$�//V

$�WRWDO�RI���� ��������SDWLHQWV�ZHUH�KHWHUR]\JRXV�IRU�WKH�+/$�$�DOOHOH��DQG ZHUH�WKHUHIRUH�DEOH�WR�

EH�DVVHVVHG IRU�WKH�SUHVHQFH�RI�+/$�//V E\�)&0��7KH�VHQVLWLYLW\�RI�)&0�LQ�GHWHFWLQJ�+/$�//V

GLIIHUHG�DPRQJ�WKH�IRXU�DQWL�+/$�$�DOOHOH�VSHFLILF P$EV��0L[LQJ�H[SHULPHQWV�WKDW�XVHG�EORRG�

VDPSOHV FRQWDLQLQJ !����$���ODFNLQJ��$�������$������ DQG�$������ RU�!���$� ODFNLQJ�

�$������ $������ DQG�$������ *V DV�ZHOO�DV�QRUPDO�EORRG VDPSOHV VKRZHG�)&0�XVLQJ�

IOXRUHVFHQFH�ODEHOHG VSHFLILF�P$EV�IRU�WKHVH�DOOHOHV�WR�GHWHFW�!�����RI�*V WKDW�ODFNHG�HLWKHU�RI�WKH�$�

DOOHOHV��7KH�VHQVLWLYLWLHV RI�)&0�XVLQJ DQWL�$���DQG�DQWL�$���DQWLERGLHV��$EV�� LQ�FRPELQDWLRQ�ZLWK�

IOXRUHVFHQFH�ODEHOHG DQWL�PRXVH�,J0$EV� ZHUH��� DQG������UHVSHFWLYHO\ �GDWD�QRW�VKRZQ���

(LJKWHHQ ������� �� ZLWK�VHYHUH $$�DQG�HLJKW ZLWK�QRQ�VHYHUH�$$��RI�WKH��� SUH�WUHDWPHQW�SDWLHQWV�

DQG��� ������� �� ZLWK�VHYHUH�$$�DQG��� ZLWK�QRQ�VHYHUH�$$��RI�WKH��� SRVW�WUHDWPHQW�SDWLHQWV�

ZHUH�IRXQG�WR�EH�SRVLWLYH�IRU�+/$�//V� 7KH�PHGLDQ�SHUFHQWDJHV�LQ HDFK�OLQHDJH�ZHUH�������

������������Q ����IRU�*V� ������������������Q ����IRU�0V� ����������������Q ����IRU�%V� DQG����

������������Q ����7V �)LJ� �$��%���
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/LQHDJH�GLYHUVLW\�RI�+/$�//V

7KH�OLQHDJH�FRPELQDWLRQV�RI�+/$�//V�LQ�WKH��� +/$�//��� SDWLHQWV�ZHUH�*0%7�LQ�����*0%�LQ�

����DQG�*0�LQ��� �)LJ� �$��7DEOH����DQG�6XSSOHPHQWDU\ 7DEOH�(����8QH[SHFWHGO\��+/$�//V ZHUH�

IRXQG�LQ�%V DORQH�LQ�WKUHH�SDWLHQWV��)LJ� �$��&���7KH�SUHVHQFH�RI��S/2+�ZDV�FRQILUPHG�YLD�GHHS�

VHTXHQFLQJ�RI�LVRODWHG�%V IURP�RQH�RI�WKHVH WKUHH�SDWLHQWV �&DVH�����6XSSOHPHQWDU\ 7DEOH�(����

7ZR RI�WKH�WKUHH�SDWLHQWV �&DVHV���� ��� VKRZHG�FRPSOHWH�UHVSRQVHV DW�WKH�WLPH�RI�VDPSOLQJ�WKUHH�

\HDUV�DIWHU�$7*�WKHUDS\�DQG����\HDUV DIWHU�&V$ WKHUDS\� ZKLOH�&DVH��� UHTXLUHG�ORZ�GRVH &V$�WR�

PDLQWDLQ�JRRG�KHPDWRSRLHWLF�IXQFWLRQ��

%ORRG�VDPSOHV�IURP��� RI�WKH����+/$�//��� SDWLHQWV�ZHUH�REWDLQHG IRU�IROORZ�XS�DW������

PRQWKV�DIWHU�LQLWLDO DQDO\VLV��+/$�//V UHPDLQHG�GHWHFWDEOH�LQ�DOO�EXW�RQH�SDWLHQW��&DVH�����ZLWK�WKH�

*0%�SDWWHUQ��LQ�ZKRP +/$�ODFNLQJ�*V GHFUHDVHG�IURP�������EHIRUH�WUHDWPHQW�WR����DIWHU ��

PRQWKV�RI�$7*�WKHUDS\ �)LJ� �$���,Q�WKH�RWKHU �� SDWLHQWV� LQFOXGLQJ�WZR�QHZO\�GLDJQRVHG�SDWLHQWV�

ZKRVH�VDPSOHV�ZHUH�DYDLODEOH�RQFH�WKH\�DFKLHYHG�UHPLVVLRQ�WKURXJK�,67� FORQH�VL]HV�DQG�OLQHDJH�

FRPELQDWLRQ SDWWHUQV�RI�+/$�//V ZHUH�QRW�REVHUYHG�WR�FKDQJH�GXULQJ�WKH�IROORZ�XS�SHULRG �)LJ�

�%���

7DEOH�� VXPPDUL]HV�FKDUDFWHULVWLFV�RI�WKH��� SDWLHQWV�ZKR�SRVVHVVHG�+/$�//V� 7KH�FORQH�VL]HV

RI�+/$�//V LQ�HDFK�OHXNRF\WH�OLQHDJH�ZHUH�FRQVLVWHQWO\ *Ҹ0�%!7��7KH�SHUFHQWDJHV�RI�0V

ODFNLQJ�+/$�$�DOOHOH�H[SUHVVLRQ �+/$�/0V� LQ�FU\RSUHVHUYHG�3%0&V�REWDLQHG�DW�GLDJQRVLV�ZHUH�
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FRPSDUHG�ZLWK�WKRVH�RI�IUHVKO\�REWDLQHG�3%0&V IURP�WZR�SDWLHQWV DIWHU�+/$�$�DOOHOHV�ZHUH�

GHWHUPLQHG��7KHUH�ZHUH�QR�GLIIHUHQFHV�LQ�WKH�FORQH�VL]HV RI�+/$�/0V EHWZHHQ�WKH�WZR�VHWV�RI�

VDPSOHV�������Y� ����� DQG�������Y� ��������

+/$�//V LQ�SDWLHQWV�SRVVHVVLQJ�*3,�$3� FHOOV

$Q�LQFUHDVH LQ�WKH�SHUFHQWDJH�RI�*3,�$3� *V��UDQJLQJ�IURP��������WR������� ZDV�GHWHFWHG�LQ���� RI�

WKH ��� SDUWLFLSDWLQJ SDWLHQWV ZKRVH�VDPSOHV�ZHUH�DYDLODEOH�IRU�WKH�DQDO\VHV�RI�*3,�$3� FHOOV��

7ZHQW\�ILYH���������RI�WKH��� SDWLHQWV�ZLWK�LQFUHDVHG�*3,�$3� *V��SDUR[\VPDO�QRFWXUQDO�

KHPRJORELQXULD��31+�� SDWLHQWV�� DQG������������RI�WKH��� SDWLHQWV�ZLWKRXW�WKHVH�DEHUUDQW�FHOOV

�31+� SDWLHQWV� SRVVHVVHG�+/$�//V �3 ��������$PRQJ�WKH����31+��SDWLHQWV��*V�ODFNLQJ�+/$�$�

DOOHOH�H[SUHVVLRQ��+/$�/*V� ZHUH�GHWHFWHG�LQ�ERWK�*3,�$3� DQG�*3,�$3� FHOOV�LQ�WKUHH�SDWLHQWV��

ZKLOH�+/$�/*V ZHUH�RQO\�GHWHFWHG�LQ�*3,�$3� FHOOV�LQ�WKH�RWKHU ���SDWLHQWV �)LJ� ����

5HVSRQVH�WR�,67�DQG�VXUYLYDO LQ�SDWLHQWV�ZLWK�DQG�ZLWKRXW�+/$�//V

$�WRWDO�RI��� SDWLHQWV� LQFOXGLQJ�HLJKW�+/$�//��� SDWLHQWV� �� +/$�//��� SDWLHQWV��DQG��� SDWLHQWV�

ZKR�ZHUH�KRPR]\JRXV IRU�WKH�+/$�$�DOOHOH� XQGHUZHQW ,67 LQFOXGLQJ�$7*�SOXV�&V$ DIWHU�EORRG�

VDPSOHV�ZHUH�REWDLQHG�IRU�)&0��$OO�HLJKW�+/$�//��� SDWLHQWV��DV�ZHOO�DV �����������+/$�//���

SDWLHQWV��3 ������� DQG��� ��������KRPR]\JRXV�SDWLHQWV�UHVSRQGHG WR�WUHDWPHQW��7DEOH��$ DQG�)LJ�

�$���2I�WKH��� SDWLHQWV ZKR�KDG DOUHDG\ EHHQ�WUHDWHG�ZLWK�,67�DW�WKH�WLPH�RI�VDPSOLQJ� �� LQFOXGLQJ�

QLQH +/$�//��������+/$�//�����DQG����KRPR]\JRXV�SDWLHQWV ZHUH�HYDOXDEOH�IRU�UHVSRQVHV WR�,67�
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DQG�WZR�SDWLHQWV�ZHUH�ORVW�WR�IROORZ�XS��7KH�UDWH�RI�UHVSRQVH�WR�,67�DPRQJ�WKH QLQH +/$�//���

SDWLHQWV�ZDV�RQO\�VOLJKWO\�KLJKHU�WKDQ�WKDW�DPRQJ�WKH����+/$�//����SDWLHQWV��������YV���������

3 �����7DEOH��%���7KH�SUHYDOHQFH�RI�LQFUHDVHG�RI�*3,�$3� FHOO�QXPEHUV��ZKLFK�LV�NQRZQ�WR�EH�

DVVRFLDWHG�ZLWK�D�JRRG�UHVSRQVH�WR�,67��ZDV�VLJQLILFDQWO\�ORZHU�LQ�WKH�+/$�//����SDWLHQWV WKDQ�LQ�

WKH�+/$�//����SDWLHQWV��������YV���������3 ��������7KH�UHVSRQVH�UDWH�DPRQJ KRPR]\JRXV�SDWLHQWV�

��������ZDV�FRPSDUDEOH�WR�WKH�UHVSRQVH�UDWHV�RI�WKH�RWKHU�WZR�JURXSV�

7KH�PHGLDQ�IROORZ�XS�SHULRG�ZDV�������GD\V��UDQJH�����WR������GD\V���7KH�WZR�\HDU�IDLOXUH�IUHH�

VXUYLYDO�UDWH��������LQ�WKH�SUHYLRXVO\�XQWUHDWHG�+/$�//����SDWLHQWV�ZHUH�VLJQLILFDQWO\�KLJKHU�WKDQ�

WKDW�RI�WKH�+/$�//����SDWLHQWV���������3 �������DQG�WKDW�RI�WKH SDWLHQWV�ZKR�ZHUH�KRPR]\JRXV�IRU�

WKH�+/$�$�DOOHOH���������3 ��������KRZHYHU� WKHUH�ZHUH QR�VLJQLILFDQW�GLIIHUHQFHV LQ�WKH�RYHUDOO�

VXUYLYDO�UDWHV RI WKH�WKUHH�JURXSV��)LJ� �%��&��

'LVFXVVLRQ

2XU�SUHYLRXV�VWXG\�XVHG D�613�DUUD\�DQDO\VLV WR�UHYHDO�WKDW�DSSUR[LPDWHO\�����RI�$$�SDWLHQWV�KDG�

�S/2+����FHOOV>�����@��+RZHYHU��WKH LQYROYHPHQW�RI�WKH OLQHDJH�RI�+/$�//V�LQ��S/2+����SDWLHQWV�

UHPDLQHG�XQFOHDU GXH�WR�WKH�OLPLWHG�QXPEHU�RI�SDWLHQWV�ZKRVH�OHXNRF\WHV�ZHUH�DQDO\]HG�ZLWK�)&0��

7KH�FXUUHQW�VWXG\��LQ�ZKLFK�D�ODUJH�QXPEHU�RI�$$�SDWLHQWV ZHUH�DQDO\]HG XVLQJ�DQWL�+/$�$�DOOHOH�

VSHFLILF�P$EV� UHYHDOHG�VHYHUDO�QHZ�DVSHFWV�RI�+/$�//V��)LUVW��WKH SUHYDOHQFH�RI�+/$�//V LQ�
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HYDOXDEOH�SDWLHQWV�ZLWK�QHZO\�GLDJQRVHG�$$ ������� ZDV KLJKHU�WKDQ�WKH�SUHYDOHQFH�RI��S/2+

������LQ�QHZO\�GLDJQRVHG�SDWHQWV�LQ�RXU�SUHYLRXV�VWXG\>�@��7KH�KLJKHU�SUHYDOHQFH�RI�+/$�//V FDQ�

EH�H[SODLQHG�E\�)&0¶V�JUHDWHU�VHQVLWLYLW\�LQ�WKH�GHWHFWLRQ�RI DEHUUDQW�FHOOV �LQ�FRPSDULVRQ�WR�WKH�

613�DUUD\�LQ�WKH�GHWHFWLRQ�RI��S/2+����OHXNRF\WHV���$QRWKHU�H[SODQDWLRQ�LV�WKDW�LQ�VRPH�SDWLHQWV��

+/$�//V�FDQ�EH�FDXVHG�E\�PHFKDQLVPV RWKHU�WKDQ �S/2+��,W�KDV�EHHQ�VKRZQ WKDW�PXWDWLRQV LQ�WKH�

FRGLQJ�UHJLRQ�RI�FODVV�,�+/$�DOOHOHV KDYH WKH�SRWHQWLDO�WR SURGXFH�+/$�//V LQ�SDWLHQWV ZLWK�$$>����

��@��6RPH�RI�WKH�+/$�//V�REVHUYHG�LQ�SDWLHQWV�IURP�WKH�FXUUHQW�VWXG\�PD\�KDYH�EHHQ�SURGXFHG E\�

PXWDWLRQV�RI�WKH�FRGLQJ�UHJLRQ�RI�+/$�$�DOOHOHV��*LYHQ�WKH�IDFW�WKDW�WKH�SUHVHQFH�RI�+/$�//V

FDQQRW�EH�HYDOXDWHG�LQ�RQH�WKLUG�RI�$$�SDWLHQWV��GXH�WR�+/$�$�KRPRJHQHLW\�RU�WKH ODFN RI�P$EV�

VSHFLILF�WR�+/$�$��DQG�$��� DV�ZHOO�DV RWKHU�+/$�FODVV�, DOOHOHV� LQFOXGLQJ�+/$�%�DQG�+/$�&���

WKH�WUXH�LQFLGHQFH�RI�+/$�FODVV�,�DOOHOH�ODFNLQJ�OHXNRF\WHV�LQ�QHZO\�GLDJQRVHG�$$�SDWLHQWV�PD\�EH�

KLJKHU�WKDQ�������

2XU�SUHYLRXV�VWXG\�VKRZHG�WKDW�DOO����SDWLHQWV�ZLWK�QHZO\�GLDJQRVHG��S/2+����$$�UHVSRQGHG�WR�

HLWKHU�$7* SOXV�&V$ RU�&V$�DORQH�ZKLOH�WKH�UHVSRQVH�UDWH�WR�,67�LQ��S/2+����$$�SDWLHQWV�ZDV������

7KH�FXUUHQW�VWXG\�ZKLFK�LQYROYHG D�QHZ�FRKRUW�RI�+/$�//����SDWLHQWV��LQFOXGLQJ�HLJKW�QHZO\�

GLDJQRVHG�$$�SDWLHQWV�DOVR�VKRZHG�D������UHVSRQVH�UDWH�WR�$7*��ZKLFK�ZDV�VLJQLILFDQWO\�KLJKHU�

WKDQ WKH�UHVSRQVH�UDWH���������LQ�+/$�//����$$�SDWLHQWV��7KH�UHPDUNDEO\�KLJK�UHVSRQVH�UDWH�WR�,67

DQG�WKH�VLJQLILFDQWO\ KLJKHU�WZR�\HDU�IDLOXUH�IUHH�VXUYLYDO�UDWHV RI +/$�//����SDWLHQWV LQ�
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FRPSDULVRQ�WR +/$�//����SDWLHQWV VXSSRUW�WKH�K\SRWKHVLV�WKDW�WKH�SUHVHQFH�RI�+/$�//V LV�VWURQJO\�

DVVRFLDWHG�ZLWK�WKH�&7/�PHGLDWHG�LPPXQH�SDWKRSK\VLRORJ\�RI�$$��,Q�DJUHHPHQW�ZLWK�WKLV�

K\SRWKHVLV���S/2+�KDV�EHHQ�UDUHO\�GHWHFWHG�LQ�SDWLHQWV�ZLWK�LQKHULWHG�%0�IDLOXUH>��@ RU�LQ�SDWLHQWV�

ZLWK�P\HORG\VSODVWLF�V\QGURPHV>��@ ZKHUH�WKH�&7/�PHGLDWHG�LPPXQH PHFKDQLVPV�DUH�QRW�

LQYROYHG�LQ�WKH�%0�IDLOXUH��7KHVH�VFHQDULRV�DUH�IXUWKHU�VXSSRUWHG�E\�WKH�UHFHQW�UHSRUWV�VKRZLQJ�WKDW�

WKH �S/2+ SURYLGHV�D�FRPPRQ�PHFKDQLVP�RI�OHXNHPLF�UHODSVH�DIWHU�+/$�KDSORLGHQWLFDO�VWHP�FHOO�

WUDQVSODQWDWLRQV��LQ�ZKLFK�OHXNHPLF�FHOOV�WKDW�ORVW�WKH�PLVPDWFKHG�+/$�KDSORW\SH�WKURXJK��S/2+

DUH�WKRXJKW�WR�HVFDSH�WKH�LPPXQRORJLF�VXUYHLOODQFH�RI�WKH�HQJUDIWHG�GRQRU�7�FHOOV>������@� ,QGHHG��

ZH�VXFFHVVIXOO\�LVRODWHG�D�7�FHOO�FORQH�WKDW�ZDV�FDSDEOH�RI�NLOOLQJ KHPDWRSRLHWLF�FHOOV�LQ�DQ�

+/$�%������UHVWULFWHG�PDQQHU�IURP�RQH�RI�WKH��S/2+����SDWLHQWV �FDVH���>�@��2Q�WKH�RWKHU�KDQG��

D�UHFHQW�DQDO\VLV�RI�����VHYHUH�$$ SDWLHQWV��LQFOXGLQJ�����S/2+����SDWLHQWV��ZKR�ZHUH�WUHDWHG�ZLWK�

KRUVH�$7*�LQ�WKH�8QLWHG�6WDWHV�IDLOHG�WR�VKRZ�D�EHWWHU�UHVSRQVH�UDWH�LQ�FRPSDULVRQ�WR �S/2+����

SDWLHQWV>��@��$QRWKHU�UHFHQW�VWXG\ E\�%HWHQVN\�HW�DO��GHWHFWHG��S/2+�LQ�HLJKW���������RI����SDWLHQWV

ZLWK�ERQH�PDUURZ�IDLOXUH XVLQJ�D�613�DUUD\�DQDO\VLV�DQG�IRXQG�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�WKH�

UHVSRQVH UDWH�WR�,67�EHWZHHQ��S/2+����SDWLHQWV DQG��S/2+����SDWLHQWV������Y��������>��@� 7KH�

ORZHU�UHVSRQVH�UDWH�WR�,67�LQ�WKH�WZR�VWXGLHV�IURP�WKH�86$�WKDQ�RXUV�PD\�EH�DWWULEXWHG�WR�WKH�ORZHU�

VHQVLWLYLW\�RI�WKH�613 DUUD\�DQDO\VLV�LQ�FRPSDULVRQ�WR )&0�LQ�WKH�GHWHFWLRQ �S/2+����OHXNRF\WHV��

ZKLFK�FRXOG�XQGHUHVWLPDWH�WKH�SUHYDOHQFH�RI��S/2+����SDWLHQWV��7KH�GLIIHUHQFHV LQ WKH SDWLHQWV¶ DJH�



��

PD\ DOVR KDYH�DIIHFWHG�WKH�UHVSRQVH�WR�,67��2XU�VWXG\�LQFOXGHG�RQO\����SHGLDWULF�SDWLHQWV ZKLOH�

������RI�WKH�SDWLHQWV�VWXGLHG�E\�%HWHQVN\�HW�DO��ZHUH�FKLOGUHQ \RXQJHU�WKDQ��� \HDUV�ROG��7KH�

SURJQRVWLF�YDOXH�RI��S/2+����OHXNRF\WHV�PXVW�EH�H[DPLQHG�E\�SURVSHFWLYH�VWXGLHV�ZKLFK�LQFOXGH D�

JUHDWHU�QXPEHU RI�$$�SDWLHQWV�

2QH�RI�WKH�LPSRUWDQW�ILQGLQJ�RI�WKH�FXUUHQW�VWXG\�LV�WKH�GLYHUVLW\�LQ�WKH�OLQHDJH�RI�+/$�//V

ZLWKLQ�LQGLYLGXDO�SDWLHQWV�ZLWK�$$��,Q�FRQWUDVW�WR�RXU�SUHYLRXV�VWXG\� ZKLFK�UHYHDOHG��S/2+����FHOOV

LQ�DOO�OLQHDJHV�RI�OHXNRF\WHV��PDQ\�SDWLHQWV�ZLWK�+/$�/*V�DQG�+/$�/0V�GLG�QRW�VKRZ�+/$�//V�

LQ�O\PSKRF\WHV��7KH�VDPH�UHVWULFWHG�SDWWHUQV�RI�OLQHDJH�FRPELQDWLRQ�ZHUH�REVHUYHG�WR�UHPDLQ�

XQFKDQJHG�IRU�RQH WR����PRQWKV LQ�SDWLHQWV�ZLWK�QHZO\�GLDJQRVHG�$$��D�ILQGLQJ�FRPSDWLEOH�ZLWK�D�

VLQJOH�FHOO�RULJLQ�RI�WKH�+/$�//V��7KHVH�ILQGLQJV�VXJJHVW�WKDW�WKH�KHPDWRSRLHWLF�SUHFXUVRU�FORQHV�

WKDW�HVFDSH &7/�DWWDFN�DUH�KHPDWRSRLHWLF�SURJHQLWRU�FHOOV��+3&V��WKDW�ODFN�WKH�FDSDFLW\�WR�

GLIIHUHQWLDWH LQWR�O\PSKRLG�FHOOV�EXW�DUH�FDSDEOH�RI�VHOI�UHQHZLQJ�WR�VXSSRUW P\HORSRLHVLV�IRU�ORQJ�

SHULRGV�RI�WLPH��6XQ�HW�DO��UHFHQWO\�GHPRQVWUDWHG�WKDW�PXULQH�KHPDWRSRLHVLV�LV�VXSSRUWHG�E\�D�OLPLWHG�

QXPEHU�RI�+3&V�UDWKHU�WKDQ�+6&V>��@��:H�SUHYLRXVO\�GHPRQVWUDWHG�WKDW�LQ�$$�SDWLHQWV�ZKR�SRVVHVV

*3,�$3� FHOOV��VHOI�UHQHZLQJ 3,*$�PXWDQW�+3&V�ZLWK�OLPLWHG�GLIIHUHQWLDWLRQ�FDSDFLW\�SURGXFH

*3,�$3� FHOOV�IRU�PDQ\�\HDUV� LQ�D�VLPLODU�PDQQHU�WR��S/2+����+3&V>��@��8QOLNH�3,*$�PXWDQW�

+3&V ODFNLQJ�DOO�*3,�$3V��PDQ\�RI�ZKLFK�SRWHQWLDOO\�SOD\�LPSRUWDQW�UROHV�LQ�WKH�UHJXODWLRQ�RI�

KHPDWRSRLHVLV���S/2+����+3&V DUH�YHU\�VLPLODU�WR�QRUPDO�+3&V��7KHVH�LQ�YLYR REVHUYDWLRQV�



��

VXJJHVW�WKDW�KHPDWRSRLHVLV�LQ�KXPDQV�PD\�EH VXSSRUWHG� DW�OHDVW�LQ�SDUW� E\�+3&V�

7KH�SUHVHQFH�RI�³HVFDSH´ KHPDWRSRLHVLV�E\�+3&V�ZLWK�OLPLWHG�GLIIHUHQWLDWLRQ�FDSDFLW\�SURYLGHV�

LQVLJKW�LQWR�WKH�SDWKRJHQHVLV�RI�$$��,Q�&DVHV �������ZKLFK SRVVHVVHG�+/$�//V LQ�*0%��&7/�

WDUJHWV�DUH�SUHVXPHG�WR�EH�+3&V�FDSDEOH�RI�GLIIHUHQWLDWLQJ�LQWR�*0% �6XSSOHPHQWDU\ 7DEOH�(����

7KH�GHSOHWLRQ�RI�+3&V�E\�VSHFLILF�&7/V��KRZHYHU��GRHV�QRW�LWVHOI�OHDG�WR�%0�IDLOXUH�EHFDXVH�RWKHU�

+6&V�WKDW�GR�QRW�VKDUH�DQWLJHQV�ZLWK�WKH�WDUJHW�+3&V�FRPSHQVDWH�IRU�WKH�+3&�ORVV E\�UHSOHQLVKLQJ�

QHZ�+3&V��,W�LV�HYHQ�PRUH�GLIILFXOW�WR�UHODWH WKH�SUHVHQFH�RI�+/$�//V LQ�WKH�WKUHH�FDVHV�LQ�ZKLFK�

WKH\�ZHUH�REVHUYHG�LQ�%V DORQH�WR WKH�SDWKRJHQHVLV�RI %0 IDLOXUH��EHFDXVH &7/V�DUH�WKRXJKW�WR�

WDUJHW�%V RU�%�SUHFXUVRUV��$OO�WKUHH�RI�WKHVH�SDWLHQWV�KDG�QRUPDO�VHUXP�LPPXQRJOREXOLQ�OHYHOV�DQG�

VKRZHG JRRG�UHVSRQVHV WR�,67 EHIRUH�VDPSOLQJ��$�SODXVLEOH�PHFKDQLVP�IRU�%0�IDLOXUH�LV�LQGLUHFW�

LQMXU\�WR�%0�SUHFXUVRUV�E\�F\WRNLQHV�SURGXFHG�E\�&7/V�WKDW�UHVSRQG�WR�DQWLJHQ�SUHVHQWLQJ�%�

SUHFXUVRUV�RU�+3&V��2XU�SUHYLRXV�VWXG\�LQGLFDWHG�WKDW�QRQ�VSHFLILF�VXSSUHVVLRQ�RI�KHPDWRSRLHVLV�E\�

F\WRNLQHV� UDWKHU�WKDQ�D�GHFUHDVH�LQ�WKH�QXPEHU�RI�+6&V�LQGXFHG�E\�&7/V� ZDV�WKH�PDMRU�

PHFKDQLVP�RI�LPPXQH�PHGLDWHG�%0�IDLOXUH>�@��7KH�FXUUHQW�FKURQRORJLFDO�VWXGLHV�RI

QHZO\�GLDJQRVHG�$$�SDWLHQWV�ZKR�DUH�UHVSRQVLYH�WR�,67�DOVR�VKRZ WKH SHUVLVWHQFH RI�+/$�//V DIWHU�

VXFFHVVIXO�,67�DW�VLPLODU�SHUFHQWDJHV WR�WKRVH REVHUYHG EHIRUH�,67��7KH�E\VWDQGHU�HIIHFW KDV�EHHQ�

VXJJHVWHG�WR�LQIOXHQFH�%0�IDLOXUH�FDXVHG�E\ WKH�LPPXQH�UHVSRQVH�WR�DEQRUPDO�+6&V�ZLWK�WULVRP\���

E\�D�SUHYLRXV�VWXG\ RQ�$$�SDWLHQWV�ZLWK�WULVRP\��>��@��7KHVH�ILQGLQJV�VXJJHVW�WKDW &7/V�VSHFLILF�IRU�
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+3&V�FDQ�WULJJHU�%0 IDLOXUH� EXW�PD\�QRW�SOD\�D�PDMRU�UROH�LQ�WKH�GHYHORSPHQW�RI�$$��

,Q�FRQFOXVLRQ��WKLV�VWXG\�UHYHDOHG�+/$�//V�LQ�DSSUR[LPDWHO\�RQH�IRXUWK�RI�QHZO\�GLDJQRVHG�$$�

SDWLHQWV��&RQVLGHULQJ�WKH�PDUNHGO\�KLJK�))6�UDWH�DQG�WKH�UHVSRQVH�UDWH�WR�,67�LQ�+/$�//����
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