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$%675$&7
$IIHFWHG� WLVVXHV� LQ� D� QXPEHU� RI�GLVHDVHV�� LQFOXGLQJ�FDQFHU�� VWURNH�� FDUGLDF� LQIDUFWLRQ�DQG�GLDEHWHV��GHYHORS� IRFDO�WLVVXH�K\SR[LD�GXULQJ�WKHLU�SURJUHVVLRQ��7KH�SUHVHQFH�RI�K\SR[LF�WLVVXH�PD\�PDNH�WKH�GLVHDVH�UHIUDFWRU\�WR�WKHUDS\��DV�LQ�WKH�FDVH�RI�VROLG�WXPRU�WKHUDS\�XVLQJ�ORZ�/(7�LRQL]LQJ�UDGLDWLRQ��,Q�RWKHU�SDWKRORJLHV��WKH�GHWHFWLRQ�RI�YLDEOH�EXW� K\SR[LF� WLVVXHV�PD\� VHUYH� DV� D SURGURPDO� LQGLFDWRU� RI� GHYHORSLQJ� GLVHDVH� �H�J�� GLDEHWHV��RU� DV� D� SURJQRVWLF�LQGLFDWRU�IRU�PDQDJHPHQW�RI�WKH�GLVHDVH��H�J��VWURNH���2YHU�WKH�SDVW�WZR�GHFDGHV��D�QXPEHU�RI�K\SR[LD�UDGLRLPDJLQJ�DJHQWV� KDYH� EHHQ� GHYHORSHG� DQG� WHVWHG� FOLQLFDOO\�� 2I� WKHVH�� ��)�)PLVR� DQG� ���,�,$=$� DUH� WKH� PRVW� ZLGHO\� XVHG�UDGLRWUDFHUV� IRU� 3(7� DQG� 63(&7�SODQDU� LPDJLQJ�� UHVSHFWLYHO\�� ,$=$� DQG� )PLVR� DUH� D� ��QLWURLPLGD]ROHV� WKDW�FKHPLFDOO\� ELQG� WR� VXEFHOOXODU� FRPSRQHQWV�RI� YLDEOH�K\SR[LF� WLVVXHV��7KH\� VHQVLWL]H�K\SR[LF� WXPRXU� WR� WKH NLOOLQJ�HIIHFWV� RI� LRQL]LQJ� UDGLDWLRQ� YLD�PHFKDQLVPV� WKDW�PLPLF� WKH� UDGLRVHQVLWL]LQJ� HIIHFWV� RI� R[\JHQ�� DQG� DUH� WKHUHIRUH�FDOOHG� R[\JHQ� PLPHWLFV�� 7KH� R[\JHQ� PLPHWLF� HIIHFW� LV� DWWULEXWDEOH� LQ� ODUJH� SDUW� WR� WKH� FRYDOHQW� ELQGLQJ� RI�UHGXFWLYHO\�DFWLYDWHG� QLWURLPLGD]ROH� LQWHUPHGLDWHV� WR� FULWLFDO� FHOOXODU� PDFURPROHFXOHV�� 1LWURLPLGD]ROHV� ODEHOOHG�ZLWK� JDPPD�HPLWWLQJ� UDGLRQXFOLGHV� �H�J�� ��)�)PLVR� DQG� ���,�,$=$�� KDYH� EHHQ� XVHG� DV� VFLQWLJUDSKLF� PDUNHUV� RI�WXPRXU� K\SR[LD�� EDVHG� RQ� WKH� QHHG� WR� LGHQWLI\� UDGLRUHVLVWDQW� K\SR[LF� WXPRXU� FHOOV� DV� SDUW� RI� WKH� UDGLRWKHUDS\�SODQQLQJ�SURFHVV��%URDGHU� LQWHUHVW� LQ�QRQ�LQYDVLYH�� LPDJLQJ�EDVHG� LGHQWLILFDWLRQ�RI� IRFDO�K\SR[LD� LQ�D�QXPEHU�RI�GLVHDVHV�KDV�H[WHQGHG�K\SR[LD�VWXGLHV�WR�LQFOXGH�SHULSKHUDO�YDVFXODU�GLVHDVH�DVVRFLDWHG�ZLWK�GLDEHWHV��UKHXPDWRLG�DUWKULWLV�� VWURNH�� P\RFDUGLDO� LVFKDHPLD�� EUDLQ� WUDXPD� DQG� R[LGDWLYH� VWUHVV�� ,Q� WKLV� UHYLHZ�� WKH� FXUUHQW� VWDWXV� RI�K\SR[LD�VHOHFWLYH�VWXGLHV�ZLWK����,�,$=$���DQ�H[SHULPHQWDO�GLDJQRVWLF�UDGLRSKDUPDFHXWLFDO��LV�UHYLHZHG�ZLWK�UHVSHFW�WR�LWV SUH�FOLQLFDO�GHYHORSPHQW�DQG�FOLQLFDO�DSSOLFDWLRQV�
.H\�ZRUGV��6FLQWLJUDSKLF�,PDJLQJ��+\SR[LF�7LVVXH��&OLQLFDO�$SSOLFDWLRQV�����,�,$=$


 $XWKRU�IRU�FRUUHVSRQGHQFH

,1752'8&7,21
7LVVXHV� DUH� K\SR[LF� LI� PROHFXODU� R[\JHQ� �2 ���OHYHOV�DUH�EHORZ�QRUPDO��EXW�QRW�DW�]HUR��DQR[LD���7KHUH� DUH� VXEVWDQWLDO� IOXFWXDWLRQV� LQ� 2 �� OHYHOV�DPRQJ� DQG� ZLWKLQ� YDULRXV� WLVVXHV� XQGHU� QRUPDO�SHUIXVLRQ�� VR� WKDW� WKHUH� LV� QR� XQLYHUVDO� EDVH �OLQH�FULWHULRQ�IRU�K\SR[LD��)RU�H[DPSOH��UDGLRELRORJLFDO�K\SR[LD� LV� PRVW� SURQRXQFHG� DW� 2 �� OHYHOV� EHORZ������SSP��������������PP�+J�S2���EXW�LQ�RWKHU�

WLVVXHV�� PHWDEROLF� HIIHFWV� PD\� EH� DSSDUHQW� DW� 2 �FRQFHQWUDWLRQV� MXVW� EHORZ� WKH� YHQRXV� EORRG�FRQFHQWUDWLRQ� ����� PP� +J� S2���� +\SR[LD� PD\�GHYHORS� LQ� WLVVXHV� EHFDXVH� RI� WUDQVLHQW� FDSLOODU\�RFFOXVLRQ�� YDVFXODU� RU� DUWHULDO� GDPDJH�� RU�LQDGHTXDWH� DQJLRJHQHVLV�� +\SR[LD� LQ� UDGLDWLRQ�WKHUDS\� RI� FDQFHU� LV� WKH� VXEMHFW� RI� PDQ\� UHSRUWV��%XQQ�	�3R\WRQ�������'DFKV�	�6WUDWIRUG���������$� GLVFXVVLRQ� RI� WKH� FDXVHV� DQG� SDWKRORJLFDO�LPSOLFDWLRQV�RI�K\SR[LD�IDOOV�EH\RQG�WKH�VFRSH�RI�
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WKLV�UHYLHZ��7KH�R[\JHQ�HIIHFW�LQ�UDGLDWLRQ�ELRORJ\�UHIHUV�WR�WKH�FRQWULEXWLRQ�RI�PROHFXODU�R[\JHQ��2 ���WR� WKH� OHWKDO� HIIHFWV� RI� ORZ� OLQHDU �HQHUJ\�WUDQVIHU��/(7��LRQL]LQJ�UDGLDWLRQ��

2[\JHQ�GHILFLHQW� �K\SR[LF�� FHOOV� UHTXLUH�DSSUR[LPDWHO\�WKUHH�WLPHV�PRUH�ORZ �/(7�UDGLDWLRQ�IRU� D� OHWKDO� HIIHFW� WKDQ� LV� UHTXLUHG� WR� NLOO�R[\JHQDWHG� FHOOV�� 7KLV� FKDQJH� LQ� VHQVLWLYLW\� LV�UHIHUUHG� WR� DV� WKH� R[\JHQ� HQKDQFHPHQW� UDWLR�2(5��� 7KH�2(5��ZKLFK� FDQ� EH� XS� WR� WKUHH� �L�H��WLVVXH� ZLWK� 2�� LV� �� WLPHV� PRUH� VHQVLWLYH� WKDQ�K\SR[LF�WLVVXH���DQG�LV�DWWU LEXWDEOH�WR�WKH�UHDFWLRQ�RI� 2�� ZLWK� UDGLDWLRQ�LQGXFHG� PROHFXODU� IUHH�UDGLFDOV�� 5DGLDWLRQ� JHQHUDWHV� KLJK� FRQFHQWUDWLRQV�RI� PROHFXODU� IUHH� UDGLFDOV�� K\GUDWHG� HOHFWURQV��K\GURJHQ� UDGLFDOV� DQG� K\GUR[\� UDGLFDOV� LQ�LUUDGLDWHG� WLVVXHV�� 7KHVH� UHDFWLYH� VSHFLHV�� PRV WO\�VKRUW�OLYHG�DQG�GHULYHG�SULPDULO\�IURP�ZDWHU��UHDFW�ZLWK� 2�� WR� SURGXFH� R[\JHQ� UDGLFDO� DQLRQ��VXSHUR[LGH��� SHUR[\� UDGLFDOV� DQG� RWKHU� ORQJHU �OLYHG� UHDFWLYH� VSHFLHV� WKDW� ELQG� FR �YDOHQWO\� WR�FULWLFDO�FHOOXODU�PROHFXOHV�VXFK�DV�'1$��WKURXJK�D�SURFHVV�FDOOHG DGGXFW�IRUPDWLRQ��$GGXFW�IRUPDWLRQ�UHQGHUV� WKH� UDGLDWLRQ�LQGXFHG� GDPDJH� ODUJHO\�LUUHSDUDEOH� E\� SUHYHQWLQJ� RU� LQKLELWLQJ� QRUPDO�KRPHRVWDWLF�UHSDLU�PHFKDQLVPV��7KH�SK\VLRORJLFDO�LPSOLFDWLRQV�RI� WKLV�ELRFKHPLVWU\�DUH�PXOWLIDFHWHG��'DFKV�	�6WUDWIRUG��������6RPH�EXW�QRW�DOO�FODVVHV�RI�UDGLRVHQVLWL]HUV�DFW�E\�PLPLFNLQJ� WKH� R[\JHQ� HIIHFW� �$GDPV� 	� 'HZH\���������7KH�µR[\JHQ�PLPHWLFV¶�IRUP�DGGXFWV�XQGHU�WKH� UHGXFLQJ� FRQGLWLRQV� IRXQG� LQ� YLDEOH� EXW�K\SR[LF� FHOOV�� RIWHQ� SURGXFLQJ� 2(5¶V� LQ� WKH� � ���UDQJH��7KH�UHGXFWLYH�ELQGLQJ��DGGXFW�IRUPDWLRQ��RI�QLWURLPLGD]ROHV��6FKHPH����QRW�RQO\�LQFUHDVHV�WKH�VHQVLWLYLW\� RI� K\SR[LF� FHOOV� WR� ORZ� /(7� LRQL]LQJ�UDGLDWLRQ� WKURXJK� WKLV�R[\JHQ �PLPLFNLQJ�SURFHVV��

EXW� DOVR� UHVXOWV� LQ� WKHLU� K\SR[LD �VHOHFWLYH�DFFXPXODWLRQ�LQ�K\SR[LF�FHOOV�
(IIHFWV�RI�+\SR[LD�RQ�&DQFHUx 5DGLRUHVLVWDQFHx &KHPRUHVLVWDQFHx 5HFHSWRU�XSUHJXODWLRQx ,QLWLDWLRQ�RI�DQJLRJHQHVLVx $FWLYDWLRQ�RI�JHQH�VHTXHQFHVx %LQG� FHOOXODU� FRQVWLWXHQWV�'1$� EUHDNV�� WKLRO�GHSOHWLRQ��R[LGDWLYH�VWUHVV�VXVFHSWLELOLW\
)RU� UDGLRODEHOOHG� QLWURLPLGD]ROHV�� WKLV� DGGXFW�IRUPDWLRQ�LQ�WKH�YLUWXDO�DEVHQFH�RI�2 � �K\SR[LD��LV�WKH� EDVLV� IRU� VHOHFWLYH� UDGLRWUDFHU� DFFXPXODWLRQ��DQG� LPDJLQJ�� LQ� WDUJHW� WLVVXHV�� 7KH� VSHFLILFLW\� RI�DGGXFW� IRUPDWLRQ� LQ� RQO\� WKRVH� FHOOV� ZKLFK� DUH�K\SR[LF� LV� DWWULEXWDEOH� WR� WKH� IRUPD WLRQ� RI�FKHPLFDOO\�UHDFWLYH� VSHFLHV� E\� PHWDEROLFDOO\ �YLDEOH�� IXQFWLRQDO� UHGXFWDVHV�� ,PSRUWDQWO\�� DV�VKRZQ� LQ� 6FKHPH� ��� WKH� ILUVW �HOHFWURQ� UHGXFWLRQ�SURFHVV�LV�UHYHUVLEOH��WKHUHE\�HQVXULQJ�WKDW�DGGXFW�IRUPDWLRQ�ZLOO�RFFXU�SULPDULO\�LQ�WKH�DEVHQFH��ORZ�FRQFHQWUDWLRQV��RI�2��
+\SR[LD�'LUHFWHG�7KHUDS\x 2[\JHQ�PLPHWLF�WKHUDS\x &RPELQDWLRQ�WKHUDS\x %LRUHGXFWLRQ�RI���QLWURLPLGD]ROHVx %LRDFWLYDWLRQ�RI�QLWURKHWHURF\FOLFVx ,Q� K\SR[LF� WLVVXHV�� UHDFWLYH� PHWDEROLWHV�IRUPHG� UHDFW�ZLWK�'1$��51$��SURWHLQV�� DQG�*6+
,Q� FRQWUDVW� WR� WKH� FDVH� IRU� UDGLRVHQVLWL]DWLRQ� LQ�UDGLRWKHUDS\�� ZKHUH� UHGXFLQJ� HTXLYDOHQWV��HOHFWURQV��PD\�EH�SURGXFHG� LQ�KLJK�IOX[� WKURXJK�WKH� LQWHUDFWLRQ�RI� WKHUDSHXWLF�[ � ��J�UDGLDWLRQ�ZLWK�FHOO�FRQVWLWXHQWV��PDLQO\�ZDWHU���K\SR[LD �VHQVLWLYH�UDGLRSKDUPDFHXWLFDOV� PXVW� EH� UHGXFHG� E\�PHWDEROLFDOO\�GHULYHG� HOHFWURQV�� )ODYLQ�GHSHQGHQW�F\WRFKURPH�3���� UHGXFWDVH� DQG� UHODWHG� HQ]\PHV��LQFOXGLQJ� [DQWKLQH� DQG� DOGHK\GH� R[LGDVHV�� DQG�TXLQRQH�R[LGDVH��DUH�FDSHDEOH�RI�FDUU\LQJ�RXW� WKH�DFWLYDWLRQ� �UHGXFWLRQ� WR� UHDFWLYH� VSHFLHV� VWHS���%LDJORZ�HW�DO���������7KH� ELRUHGXFWLYH� DFWLYDWLRQ� SURFHVV� LV� GHSHQGHQW�RQ� WKH� IORZ� RI� HOHFWURQV�� GHULYHG� IURP� WKH�LQWHUPHGLDU\� PHWDEROLVP� RI� JOXFRVH�� GRZQ� WKH�HOHFWURPRWLYH� SRWHQWLDO� RI� WKH� F\WRFKURPH� FKDLQ��
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7KH�HOHFWURQV�IORZ�IURP�ORZ�HOHFWURQ�SR WHQWLDO� WR�PRUH� HOHFWURQ�DIILQLF� VSHFLHV�� DV� GHSLFWHG� LQ�6FKHPH� ��� 1RUPDOO\�� 2� LV� WKH� XOWLPDWH� HOHFWURQ�UHFLSLHQW�� EXW� LQ� LWV� DEVHQFH� RWKHU�PROHFXOHV� FDQ�DFFHSW�DQG�EH�UHGXFHG�E\�WKHVH�HOHFWURQV��7KH�FHOO�PXVW� EH� YLDEOH�� HYHQ� LI� R[LGDWLYHO\� TXLHVFHQW�� WR�FDUU\� RXW� WKLV� IXQFWLRQ�� ,QGHHG� LW� LV� WKLV� SURSHUW\�WKDW� PDNHV� K\SR[LD� YDOXDEOH� WKHUDSHXWLF� DQG�GLDJQRVWLF� WDUJHW�� HQDEOLQJ� WKH� RQFRORJLVW� WR�VHOHFWLYHO\� WUHDW� WKH� GLVHDVHG� WLVVXHV�� DQG� WKH�GLDJQRVWLFLDQ� WR� GLVFULPLQDWH� EHWZHHQ� GHDG� DQG�SRWHQWLDOO\�VDOYDJHDEOH�WLVVXH�

6FKHPH� � � 5HGXFWLYH� DFWLYDWLRQ� DQG�ELQGLQJ�RI�QLWURLPLGD]ROH�UDGLRVHQVLWL]HUV��OHIW��
'HVLJQ�FRQVLGHUDWLRQV�IRU�K\SR[LD�UDGLRWUDFHUV
,Q� ����� &KDSPDQ� �&KDSPDQ� HW� DO��� ������SRVWXODWHG� WKDW� QLWURLPLGD]ROH� UDGLRVHQVLWL ]HUV�FRXOG�IRUP�WKH�EDVLV�RI�D�XVHIXO�SUHGLFWLYH�DVVD\�RI�K\SR[LD�LQ�UDGLDWLRQ�WKHUDS\�SODQQLQJ���7KH�GHVLJQ�RI�UDGLRODEHOOHG�QLWURLPLGD]ROH�UDGLRVHQVLWL]HUV�KDV�EHHQ�EDVHG�ODUJHO\�RQ�WKH�H[WHQVLYH�OLWHUDWXUH�WKDW�GHVFULEHV� WKH� SURSHUWLHV� RI� FOLQLFDOO\� DFF HSWDEOH�UDGLRVHQVLWL]HUV�(OHFWURQ� UHGXFWLRQ� SRWHQWLDO� �(�� DQG� ZDWHU�OLSLG�SDUWLWLRQ� �3�� KDYH� EHHQ� LGHQWLGLHG� DV� WKH� FULWLFDO�SURSHUWLHV� WKDW� JRYHUQ� HIILFDF\� DQG� WR[LFLW\� RI�

QLWURLPLGD]ROH� UDGLRVHQVLWL]HUV�� %ULHIO\�� LI� WKH�HOHFWURQ�DIILQLW\�RI� WKH� WUDFHU� I RU� WKH� ILUVW�� VLQJOH�HOHFWURQ�� UHGXFWLRQ� VWHS� �ILUVW� HOHFWURQ� UHGXFWLRQ�SRWHQWLDO� DW� QHXWUDO� S+�� (���� LV� WRR� JUHDW��DSSURDFKLQJ�WKDW�RI�2� ������P9���WKHQ�VHOHFWLYLW\�IRU� K\SR[LD� ZLOO� EH� GLPLQLVKHG�� LI� LW� LV� QRW�VXIILFLHQWO\�HOHFWURQ�DIILQLF��(�� �������P9���WKHQ�VHQVLWLYLW\�ZLOO�EH�ORVW��7KLV�VWHS�LV�FULWLFDO��VLQFH�LW�LV�UHYHUVLEOH�E\�2��DQG�LV�WKHUHIRUH�UHVSRQVLEOH�IRU�VHOHFWLYH�ELQGLQJ� WR�RQO\�WKRVH�WLVVXHV�WKDW�DUH�2 �GHILFLHQW��7KH�(��¶V�RI�PRVW���QLWURLPLGD]ROHV�DUH�DURXQG������P9��DQ�HOHFWURQ�DIILQL W\�FRQVLGHUHG�WR�EH� RSWLPDO� IRU� ERWK� VHOHFWLYLW\� DQG� VHQVLWLYLW\��$GDPV�HW�DO���������$Q� HTXDOO\� LPSRUWDQW� SURSHUW\� LV� WKH�UDGLRVHQVLWL]HU¶V� DELOLW\� WR� SHUPHDWH� WLVVXHV�� 7KH�FRPELQDWLRQ�RI�H[WUD� DQG�LQWUDFHOOXODU�ZDWHU��DQG�K\GURSKRELF�FHOOXODU�PHPEUDQHV ��GLFWDWHV�WKDW�WKH�PROHFXOHV� PXVW� KDYH� VRPH� OLSRSKLOLFLW\� �%URZQ�DQG� :RUNPDQ�� ������� +RZHYHU�� LI� WKH\� DUH� WRR�OLSRSKLOLF� �RFWDQRO�ZDWHU� 3 !� ����� WKH\� ZLOO�GLVVROYH�LQ�OLSRLGDO�WLVVXHV�DQG�GHOLQHDWH�DUHDV�WKDW�DUH� QRW� QHFHVVDULO\� K\SR[LF�� � /LSRSKLOLFLW\�LQFUHDVHV� WKH� WR[LFLW\� RI� WKHVH� FRPSRXQGV� DW�WKHUDSHXWLF� GRVHV�� DQG� FDXVHV� IDOVH �SRVLWLYH�UHJLRQDO� XSWDNH� ZKHQ� XVHG� LQ� UDGLRLPDJLQJ��WUDFHU�� GRVHV�� � ,I� WKH\� DUH� WRR� K\GURSKLOLF� � 3 �������� WKH\� PD\� QRW� GLIIXVH� UHDGLO\� WKURXJK� FHOO�PHPEUDQHV�RU�SRRUO\�SHUIXVHG WLVVXH��DQG�WKH\�DUH�OLNHO\� WR� EH� FOHDUHG� YHU\� UDSLGO\� YLD� WKH� NLGQH\���%RWK�RI�WKHVH�OLSRSKLOLF�HIIHFWV�ZLOO�VKDUSO\�UHGXFH�WKH� DPRXQW� RI� GUXJ� DYDLODEOH� IRU� LQWUDFHOOXODU�PHWDEROLF� DFWLYDWLRQ� DQG� K\SR[LD �GHSHQGHQW�ELQGLQJ���7KH�FRQVHTXHQFH�IRU�LPDJLQJ�ZL OO�EH�ORZ�VLJQDO� LQWHQVLW\�� DQG� IRU� UDGLRWKHUDS\�� LW� ZLOO� EH�LQHIIHFWLYH�GHOLYHU\�RI�WKH�UDGLDWLRQ�GRVH�2WKHU� GHVLJQ� SURSHUWLHV� WKDW� PXVW� DOVR� EH�FRQVLGHUHG� �:RUNPDQ� DQG�%URZQ�� ������ 3URWHLQ�ELQGLQJ� PD\� DIIHFW� ERWK� FOHDUDQFH� DQG� GLIIXVLRQ�IURP� WKH� FHQWUDO� FRPSDUWPHQW� �EORRG�� WR� WLVVXHV��6WURQJ�SURWHLQ�ELQGLQJ�RI� WKH�UDGLRSKDUPDFHXWLFDO�RU�DQ\�RI�LWV�UDGLRODEHOOHG�PHWDEROLWHV�PD\�UHVXOW�LQ�SURORQJHG� FOHDUDQFH� WLPHV�� WKHUHE\� GHOD\LQJ� RU�SUHYHQWLQJ� LPDJLQJ�� RU� DGGLQJ� XQZDQWHG� JHQHUDO�GHOLYHU\� RI� WKH� UDGLDWLRQ� GRVH� EHFDXVH� RI� SRRU�WDUJHW�WR�EDFNJURXQG� VHOHFWLYLW\�� 7KH� URXWH� RI�HOLPLQDWLRQ�RI�WKH�UDGLRWUDFHU�DQG�LWV�PHWDEROLWHV�LV�DOVR� LPSRUWDQW�� ZLWK� UHQDO� FOHDUDQFH� DQG� XULQDU\�H[FUHWLRQ� EHLQJ� SUHIHUUHG� RYHU� KHSDWR �ELOLDU\�FOHDUDQFH� EHFDXVH� RI� UDGLDWLRQ� GRVLPH WU\� DQG�LPDJLQJ� FRPSOH[LW\� FRQVLGHUDWLRQV�� 6LPLODUO\��PHWDEROLVP� RWKHU� WKDQ� UHGXFWLRQ� ZLOO� FRPSOLFDWH�LPDJH� LQWHUSUHWDWLRQ� RU� GRVH �GHOLYHU\� HVWLPDWLRQ�
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EHFDXVH� RI� GLIIHUHQFHV� EHWZHHQ� WKH�UDGLRSKDUPDFHXWLFDO� DQG� LWV� PHWDEROLWH�V�� ZLWK�UHVSHFW� WR� ZKROH�ERG\� WUDFHU� NLQHWLFV��PLFURNLQHWLFV� �LQWUDFHOOXODU� G\QDPLFV�� DQG� HYHQ�PHWDEROLF�ELQGLQJ��)LQDOO\��WKH�DFLGLW\��S.D��RI�WKH�PROHFXOH� ZLOO� LQIOXHQFH� WUDQV �FHOOXODU� GLIIXVLRQ�HTXLOLEULXP� LI� WKHUH� DUH� LQWHUFHOOXODU �H[WUDFHOOXODU�LQWUDYDVFXODU� S+� JUDGLHQWV�� :HDNO\� DF LGLF� RU�ZHDNO\� EDVLF� FRPSRXQGV� ZLOO� FRQFHQWUDWH� DV� D�UHVXOW� RI� LRQL]DWLRQ� LQ� HLWKHU� H[WUDFHOOXODU� RU�LQWUDFHOOXODU� IOXLG�� OHDGLQJ� WR� LRQLF� WUDSSLQJ� RU�H[FOXVLRQ�� DQG� SRVVLEO\� HUURQHRXV� HVWLPDWLRQ� RI�WLVVXH�R[\JHQDWLRQ�RU�GHOLYHU\�RI�WKH�UDGLDWLRQ�GRVH�WR�QRQ�WDUJHW�WLVVXHV�

6FKHPH� � � (OHFWURQ� IORZ� IURP� JOXFRVH�WR� 2�� DORQJ� WKH� IODYLQ�F\WRFKURPH�V\VWHP� LQ� PHWDEROLFDOO\� YLDEOH� WLVVXH��ULJKW��
7KHUH� DUH� DOVR� GHVLJQ� OLPLWDWLRQV� LPSRVHG�E\� WKH�UDGLRQXFOLGH�WR�EH�XVHG�DV�WKH�UDGLDWLRQ�VRXUFH�� 2I�WKH� HOHPHQWV� UHSUHVHQWHG� LQ� PRVW� ELRORJLFDO�FRPSRXQGV��+��&��1��2��3�DQG�6���RQO\�FDUERQ�KDV�D� JDPPD�HPLVVLRQ� �DFWXDOO\� SRVLWURQ� DQQLKLODWLRQ�JDPPDV�� RI� VXLWDEOH� HQHUJ\� DQG� D� GHFD\� KDOI �OLIH�IRU� LPDJLQJ�� DQG� 3�� DOWKRXJK� KDYLQJ� D�WKHUDSHXWLFDOO\�XVHDEOH EHWD� HPLVVLRQ�� LV� QRW�SUHVHQW� LQ� PRVW� PROHFXOHV�� � 5DGLRKDORJHQV��HVSHFLDOO\� ���,� DQG� ��)�� KDYH� WKH� PRVW� DFFHSWDEOH�SURSHUWLHV� IRU� LPDJLQJ� LQ�WHUPV�RI�SKRWRQ�HQHUJ\��SKRWRQ� IOX[�� GHFD\� KDOI �OLIH� DQG� UDGLDWLRQ�GRVLPHWU\���,PSRUWDQWO\��WKH�FKHPLFDO�SURSHUWLH V�RI�,� DQG� )� PDNH� WKHP� DFFHSWDEOH� ELRLVRVWHULF�UHSODFHPHQWV� IRU� +�� K\GUR[\O� DQG� HYHQ� PHWK\O�VXEVWLWXHQWV��:LHEH��������

2WKHU� UDGLRKDORJHQV� ������������,�� ��%U�� DQG� ��P7F��KDYH� EHHQ� SURSRVHG� IRU� DQG�RU� XVHG� LQ� WKH�V\QWKHVLV� DQG� SUH�FOLQLFDO� HYDOXDWLRQ� RI� SRWHQWLDO�K\SR[LD�UDGLRWUDFHUV��ZLWK�OLPLWHG�VXFFHVV�WR�GDWH���7KH� LQWURGXFWLRQ� RI� WKHVH� µQRQ �LVRWRSLF�UDGLRWUDFHUV�FRPSOLFDWHV�WKH�GHVLJQ�RI�WKH�K\SR[LD�LPDJLQJ� UDGLRSKDUPDFHXWLFDO� EHFDXVH� WKH\�SHUWXUEDWH� WKH� SK\VLFR�FKHPLFDO� SURSHUWLHV� RI� WKH�ODEHOOHG� SURGXFW�� )RU� H[DPSOH�� UHSODFHPHQW� RI�K\GUR[\O� E\� �UDGLR�LRGLQH� DW�& ��� RI� DQ� D]RP\FLQ�QXFOHRVLGH�ZLOO�LQFUHDVH�WKH�3�YDOXH�E\�DOPRVW�RQH�RUGHU�RI�PDJQLWXGH��:LHEH�HW�DO���������,QWHUHVWHG�UHDGHUV�DUH�UHIHUUHG�WR�UHYLHZV�E\�1XQQ�HW� DO� �1XQQ� DQG� 6WUDXVV�� ������ :LHEH� DQG�6W\SLQVNL� �:LHEH� DQG� 6W\SLQVNL�� ������ DQG�0DFKXOOD� �0DFKXOOD�� ������ IRU� GHWDLOHG�LQIRUPDWLRQ� RQ� WKH� GHYHORSPHQW� RI� K\SR[LD �VHOHFWLYH�DJHQWV�
���,�,$=$�>D]RP\FLQ�DUDELQRVLGH����DD�'����LRGR���GHR[\DUDELQR�IXUDQRV\O����QLWURLPLGD]ROH��,$=$@7KH UDGLRLRGLQDWHG� ��QLWURLPLGD]ROHV� �D]RP\FLQ�GHULYDWLYHV�� FRPSULVH� WKH�PDLQ� ERG\� RI� OLWHUDWXUH�WKDW�GHDOV�ZLWK�DJHQWV�IRU�VLQJOH�SKRWRQ��SODQDU�RU�WRPRJUDSKLF�� VFLQWLJUDSKLF� GHWHFWLRQ� RI� WLVVXH�K\SR[LD�� �7KHLU�(��¶V� OLH�ZLWKLQ� WKH� UDQJH� IRU�2��UHYHUVLEOH� UHGXFWLRQV� WR� RFFXU�� VR� WKH� PDLQ�FKDOOHQJH� LQ�PROHFXODU�GHVLJQ�LV�WR�RSWLPL]H�WKHLU�PHWDEROLF� �QRQ�UHGXFWLYH�� DQG� SKDUPDFRNLQHWLF�SURSHUWLHV�� 0LVRQLGD]ROH� �0LVR�� UHPDLQV� WKH�UHIHUHQFH�FRPSRXQG�DJDLQVW�ZKLFK�WKH�VHQVLWL]LQJ�SURSHUWLHV� RI� UDGLRVHQVLWL]HUV� DUH� FRPSDUHG��8QIRUWXQDWHO\�� DV� PHQWLRQHG� LQ� WKH� SUHFHGLQJ�SDUDJUDSK��LW�LV�QRW�VXLWDEOH�IRU�LPDJLQJ�EHFDXVH�LW�GRHV� QRW� FRQWDLQ� HOHPHQWV� WKDW� KDYH� D� VXLWDEOH�JDPPD�HPLWWLQJ� UDGLRLVRWRSH�� ,Q� RXU� UHVHDUFK�SURJUDP�� WKH� UDGLRKDORJHQDWHG� D]RP\FLQ�QXFOHRVLGHV� ZHUH� VHOHFWHG� EHFDXVH� WKH� VLGH�FKDLQ�K\GUR[\O� JURXSV� FRXQWHUDFW� WKH� OLSRSKLOLF� HIIHFWV�RI� LRGLQH�� WKHUHE\� IRUPLQJ� UDGLRWUDFHUV� WKDW� DUH�RQO\� ZHDNO\� OLSRSKLOLF�� $� QXPEHU� RI� D]RP\FLQ�QXFOHRVLGHV� KDYH� EHHQ� UHSRUWHG� �:LHEH� HW� DO��������� -HWWH� HW� DO��� ������ 0HUFHU� HW� DO��� ������0DQQDQ�HW�DO���������0DQQDQ�HW�DO���������0DQQDQ�HW�DO���������6FKQHLGHU�HW�DO���������.XPDU�HW�DO���������� 2I� WKHVH�� LRGRD]RP\FLQ� DUDELQRVLGH��,$=$�� �0DQQDQ� HW� DO��� ������ DQG� LRGRD]RP\FLQ�S\UDQRVLGH� �,$=3�� �0DQQDQ� HW� DO��� ������ KDYH�EHHQ�DSSOLHG�LQ�FOLQLFDO�VWXGLHV���7KH�GHYHORSPHQW�RI� ���,�,$=$�� DQG� LWV� FOLQLFDO� DSSOLFDWLRQV�� DUH�UHYLHZHG�LQ�WKH�IROORZLQJ�SDUDJUDSKV�
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3UH�FOLQLFDO�GHYHORSPHQW�RI�,$=$
7KH� V\QWKHVLV� RI� ��D�'����LRGR���GHR[\DUDELQR�IXUDQRV\O����QLWURLPLGD]ROH �D]RP\FLQ�DUDELQRVLGH�� ���,�,$=$�� ZDV� UHSRUWHG� LQ� ������0DQQDQ� HW� DO��� ������� � ���,�,$=$� LV� PRUH�OLSRSKLOLF� �3  � ������ WKDQ� WKH� VHQVLWL]HU�PLVRQLGD]ROH� �3  � ������ �%URZQ� DQG� :RUNPDQ���������DQG�WKDQ�D]RP\FLQ�ULERVLGH��3  �������-HWWH�HW� DO��� ������ WKH� ILUVW� UHSRUWHG� FRPSRXQG� RI� WKLV�FODVV����,�,$=$�ZDV�IRXQG�WR�XQGHUJR� LQ�YLWUR K\SR[LD�GHSHQGHQW� DGGXFW� IRUPDWLRQ� DW� D� KLJKHU� UDWH� WKDQ�PLVRQLGD]ROH�%LQGLQJ� WR� WLVVXH� PDFURPROHFXOHV� IRUPHG� QRQ �GLIIXVLEOH� DGGXFWV� RYHU� D� UDQJH� RI� R[\JHQ�FRQFHQWUDWLRQV��ZLWK�PRVW�UDSLG�ELQGLQJ�RFFXUULQJ�DW�WKH�ORZHVW�R[\JHQ�FRQFHQWUDWLRQV�$OWKRXJK� LW� ZDV� IRXQG� WR� EH�PRUH� HIIHFWLYH� DV� D�UDGLRVHQVLWL]HU�� LW� ZDV� DOVR� PRUH� F\WRWR[LF��0DQQDQ� HW� DO��� ������� 6LQFH� WR[LFLW\� LV� QRW� D�FRQFHUQ� DW� WKH� ORZ� FKHPLFDO� GRVHV� XVHG� LQ�VFLQWLJUDSKLF� LPDJLQJ�� UDGLRLRGLQDWHG� ���,�,$=$�ZDV� FRQVLGHUHG� KLJKO\� VXLWDEOH� IRU� LPDJLQJ�DSSOLFDWLRQV�LQ�GLDJQRVWLF�QXFOHDU�PHGLFLQH�DQG�LW�KDV� EHHQ� VXJJHVWHG� �0�� 3LHUW�� SHUVRQDO�FRPPXQLFDWLRQ��WKDW� ���,�,$=$�PD\�EH�ZHOO�VXLWHG�IRU�LVRWRSH�UDGLRWKHUDS\�RI�FDQFHU�3UHFOLQLFDO� ELRGLVWULEXWLRQ� VWXGLHV� ZLWK� �������,�,$=$� UHYHDOHG� WKDW� WKHUH� ZDV� PLQLPDO�GHLRGLQDWLRQ� DQG�PHWDEROLF� GHJUDGDWLRQ� LQ� WKH� LQ�YLYR (07��� PXULQH� WXPRXU� PRGHO�� � 6FLQWLJUDPV�WDNHQ� �� K� SRVW� ���,�,$=$� LQMHFWLRQ� LQ� WKLV� PRGHO�VKRZHG� VWURQJ� XSWDNH� E\� WKH� WXPRXU� DQG� UDSLG�ZKROH�ERG\�EDFNJURXQG�FOHDUDQFH��SURYLGLQJ�FOHDU�LPDJHV� ZLWKLQ� ���� K DIWHU� LQMHFWLRQ���$GPLQLVWUDWLRQ� RI� D� 
FROG
� GRVH� RI� ���,�,$=$�VHYHUDO�KRXUV�DIWHU�WKH�WUDFHU�GRVH�KDV�EHHQ�VKRZQ�

WR� UHGXFH� EORRG� OHYHOV� RI� UDGLRDFWLYLW\� E\� DOPRVW����� ZLWKRXW� UHGXFLQJ� K\SR[LF� WXPRXU�UDGLRDFWLYLW\��0DQQDQ�HW�DO���������� $OWKRXJK�WKLV�WHFKQLTXH� LV� DSSHDOLQJ� IURP� WKH� GRVH �GLVWULEXWLRQ�YDQWDJH�� ULVN� DVVRFLDWHG� ZLWK� DGPLQLVWHULQJ� D�UHODWLYHO\� ODUJH� �UDGLRVHQVLWL]LQJ�� FKHPLFDO� GRVH�ZRXOG� KDYH� WR� EH� DVVHVVHG� EHIRUH� FOLQLFDO�HYDOXDWLRQ� RI� WKH� SURFHGXUH� FRXOG� SURFHHG�� � 7KH�GHOLQHDWLRQ� RI� WK\URLG� DQG� VWRPDFK� LQ� WKH� ��� KVFLQWLJUDPV�RI�PLFH� WKDW�ZHUH�QRW�SUH �GRVHG�ZLWK�LRGLGH� WR� EORFN� WK\URLG� XSWDNH� DW� ODWHU� LPDJLQJ�WLPHV� FRQILUPHG� WKDW� GHLRGLQDWLRQ�� ZKLFK�UHSUHVHQWHG�RQO\�DURXQG����RI�WKH�GRVH��ZRXOG�QRW�LQWHUIHUH� ZLWK� LPDJLQJ�� KRZHYHU�� LQ� UDGLRWKHUDS\�WKH�VWDQGDUG� WK\URLG�EORFNLQJ�WHFKQLTXH�ZRXOG�EH�DSSOLHG��0DQQDQ�HW�DO���������5DGLRLRGLQDWHG� ���,�,$=$� KDV� EHHQ� XVHG� IRU�LPDJLQJ� LQ�D�YDULHW\�RI�H[SHULPHQWDO�SDWK RORJLFDO�FRQGLWLRQV�� � ,Q� SKRWRG\QDPLF� WKHUDS\� �3'7�� RI�FDQFHU�XVLQJ�WKH�)LVKHU�[�&RSHQKDJHQ�UDW�'XQQLQJ������ SURVWDWH� WXPRXU�PRGHO�� ���,�,$=$� ORFDOL]HG�LQ� UHJLRQV� RI� 3'7�LQGXFHG� K\SR[LD�� � %LQGLQJ� RI����,�,$=$� FRUUHODWHG� LQYHUVHO\� ��P7F�+03$2�XSWDNH� �D� SHUIXVLRQ� PDUNHU��� WR� SURYLGH�SK\VLRORJLFDO� HYLGHQFH� LQ� VXSSRUW� RI� ���,�,$=$
V�K\SR[LD�VHOHFWLYH�ELQGLQJ��0RRUH�HW�DO���������$� GXDO� UDGLRQXFOLGH� DXWRUDGLRJUDSKLF� VWXG\� RI�FHUHEUDO� RFFOXVLRQ� LQ� UDWV�GHSLFWHG�XSWDNH�RI� ���,�,$=$� LQ� LVFKDHPLF� DUHDV� DOVR� VKRZQ� W R� EH�PXWXDOO\�H[FOXVLYH�WR� ��P7F�+03$2�SHUIXVLRQ�LQ�SRRUO\� SHUIXVHG� UHJLRQV� RI� WKH� EUDLQ� �/\WKJRH� HW�DO��������� 0DJQHWLF�UHVRQDQFH�LPDJLQJ�VWXGLHV�LQ�WKLV� PRGHO� RI� EUDLQ� LVFKDHPLD� VKRZHG� WKDW� ���,�,$=$�ELQGLQJ�FRUUHODWHG�LQYHUVHO\�WR�WKH�DSSDUHQW�GLIIXVLRQ� FRHIILFLHQW� IRU� ZDWHU� LQ� WKH� RFFOXGHG�UHJLRQ�� 7KHVH� H[SHULPHQWV� GHPRQVWUDWHG� WKDW�LQFUHDVHG� ELQGLQJ� RI� ���,�,$=$� RFFXUUHG� DV�FHUHEUDO� EORRG� IORZ� GHFUHDVHG�� ZLWK� D� ����

������,,��,,$$==$$
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GHFUHDVH� LQ� IORZ� UHTXLUHG� EHIRUH� DQ\� ELQGLQJ�LQFUHDVH�ZDV�REVHUYHG��/\WKJRH�HW�DO���������3UHOLPLQDU\� VWXGLHV� LQ� D� VXUJLFDO�PRGHO�RI�FDQLQH�P\RFDUGLDO�LVFKDHPLD�VKRZHG�XSWDNH�RI� ���,�,$=$�LQ�H[�YLYR EXW�QRW� LQ�YLYR ��K�DIWHU�GRVLQJ��7LVVXH�DQDO\VLV� UHIOHFWHG� JRRG� K\SR[LF� ELQGLQJ�� EXW�SHUVLVWHQW�UDGLRDFWLYLW\�LQ�EORRG�DW�VKRUW�WLPHV��� ���K� DIWHU� LQMHFWLRQ�� REVFXUHG� XSWDNH� E\� K\SR[LF�P\RFDUGLXP��2NDGD�HW�DO������,�,$=$�DQG� ��P7F�SHUWHFKQHWDWH�KDYH�DOVR�EHHQ�XVHG�LQ�PRGHOV�RI�QRQ�VWHURLGDO�DQWL�LQIODPPDWRU\�GUXJ��16$,'��GDPDJH�WR�WKH�LQWHVWLQDO�HSLWKHOLXP�DQG� RI� DGMXYDQW�LQGXFHG� DUWKULWLV� LQ� UDWV�� 7KHVH�DQLPDO� PRGHOV� VKRZHG� DEQRUPDO� DQG� FRQWUDVWLQJ�ELRGLVWULEXWLRQ� SDWWHUQV� IRU� ERWK� RI� WKHVH� WUDFHUV��'DYLHV�HW�DO�����������7KH�16$,'�PRGHO�VKRZHG�PDVVLYH� DFFXPXODWLRQ� RI� UDGLRDFWLYLW\� LQ� WKH�SHULWRQHDO� FDYLW\�� ZKHUHDV� WKH� DUWKULWLV� PRGHO�VKRZHG�IRFDO�XSWDNH�LQ�WKH�DIIHFWHG�MRLQW�DV�ZHOO�DV�GLIIXVH� XSWDNH� LQ� WKH� VXUURXQGLQJ� WLVVXH�� � 7KH�

UHODWLRQVKLSV� RI� WKHVH� ELRGLVWULEXWLRQ� SDWWHUQV� WR�K\SR[LD� DUH� QRW� XQGHUVWRRG�� DQG� UHPDLQ� XQGHU�LQYHVWLJDWLRQ��'DYLHV�HW�DO���������,Q�PXULQH�PRGHOV��WKH�UHODWLYHO\ VORZ�FOHDUDQFH�RI�UDGLRDFWLYLW\� IURP� WKH� EORRG� VWUHDP� PDNHV� LW�QHFHVVDU\� WR� LPDJH� DW� �� WR� �� K� DIWHU� LQMHFWLRQ� RI����,�,$=$���$�SKDUPDFRNLQHWLF�VWXG\�RI� ���,�,$=$�LQ� UDWV� KDV� VKRZQ� WKDW� WKHUH� DUH� WZR� UDGLRDFWLYH��SKDUPDFRNLQHWLF�� SRSXODWLRQV� LQ� UDW� SODVPD�&KURPDWRJUDSKLFDOO\�� RQH� FRPSRQHQW� KDV� EHHQ�FKDUDFWHUL]HG� DV� ���,�,$=$� LWVHOI�� � 7KH� VHFRQG�FRPSRQHQW�� FKURPDWRJUDSKLFDOO\� HOXWLQJ� DW� WKH�FROXPQ� YRLG� YROXPH�� DSSHDUV� WR� LQFOXGH�UDGLRLRGLGH� DQG� PD\� LQFOXGH� RWKHU� K\GURSKLOLF�PHWDEROLWHV�� � 7KH� ODWWHU� DUH� FOHD UHG� PRUH� VORZO\�WKDQ� ���,�,$=$�� DQG� DUH� SDUWLDOO\� UHVSRQVLEOH� IRU�WKH� �VORZ�� FOHDUDQFH� RI� UDGLRDFWLYLW\� IURP� WKH�EORRGVWUHDP� �6W\SLQVNL� HW� DO��� ������ 6W\SLQVNL� HW�DO���������

&%)����� �� ���,$=$
��UHODW

LYH�XS
WDNH�

,$=$ &%)

�

�

$'&DY52,V IURP�,$=$�DQG�&%)

3ODWH� � � $XWRUDGLRJUDSKLF� GLVWULEXWLRQ� LQ� UDW� EUDLQ� RI� ���,�,$=$� �,$=$�� DQG� ��P+03$2� �&%)��DORQH� DQG� LQ� RYHUOD\� SUHVHQWDWLRQ� RI� UHJLRQV� RI� LQWHUHVW� �52,�� IURP� ���,����,�,$=$� DQG� &%)��FRPSDUHG� WR�DQ�DSSDUHQW�GLIIXVLRQ�FRHIILFLHQW�PDS� �$'&DY�� IURP�PDJQHWLF� UHVRQDQFH� LPDJLQJ��7KH�JUDSK�RQ� WKH� ULJKW�GHSLFWV� ���,�,$=$�ELQGLQJ�DV� D� IXQFWLRQ�RI�&%)�� �5HSURGXFHG�DQG�DGDSWHG� IURP�/\WKJRH�HW�DO� ������/\WKJRH�HW�DO���������
7KH�IXOO\�UHGXFHG�DPLQR�PHWDEROLWH����� �>��LRGR���GHR[\DUDELQR�IXUDQRV\O@���DPLQRLPLGD]ROH�� �/HH� HW�DO�������� DQG�WKH�K\GURO\WLF�UDGLRODEHOOHG�VXJDU�SURGXFW� ���LRGR���GHR[\DUDELQRIXUDQRVH�� �/HH� HW�
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DO��� ������ KDYH� EHHQ� H[FOXGHG� DV� FRQWULEXWLQJ�PHWDEROLWHV�� $QHVWKHVLD� GXULQJ� LPDJLQJ� KDV� EHHQ�VKRZQ� WR� SHUWXUEDWH� WKH� SKDUPDFRNLQHWLF� SURILOH�IRU ���,�,$=$��EXW�QRW�IRU�WRWDO�UDGLRDFWLYLW\��LQ�WKH�UDW���6W\SLQVNL�HW�DO���������
&OLQLFDO�DSSOLFDWLRQV�RI����,�,$=$
+LJK� GLIIXVLELOLW\� LQWR� SRRUO\ �YDVFXODUL]HG��LVFKDHPLF�� WLVVXHV�� KLJK� UHGXFWLYH� ELQGLQJ� UDWH��PRGHUDWHO\�UDSLG�FOHDUDQFH�IURP�EORRG��UDSLG�WRWDO�ERG\� FOHDUDQFH� DQG�PLQLPDO� ORVV� RI� UDGLRODEHO� LQ�DQLPDO� VWXGLHV� SURYLGHG� WKH� UDWLRQDOH� IRU� FOLQLFDO�WXPRXU� LPDJLQJ� ZLWK� ���,�,$=$�� � &OLQLFDOO\�� ���,�,$=$� �EDVHG� LQYHVWLJDWLRQV� RI� UHJLRQDO� K\SR[LD�KDYH� IRFXVHG�RQ�FDQFHU� �3DUOLDPHQW� HW� DO����������EXW� VHYHUDO� RWKHU� FRQGLWLRQV� LQ� ZKLFK� K\SR[LD� LV�NQRZQ�WR�SOD\�D�UROH�KDYH�DOVR�EHHQ�H[DPLQHG�7KHVH� LQFOXGH� GLDEHWHV� �$O�$UDIDM� HW� DO�� �������DUWKULWLV� �0F(ZDQ� HW� DO��� ������� EUDLQ� WUDXPD��9LQMDPXUL�HW�DO���������DQG�H[HUFLVH�VWUHVV��&ZLN�HW� DO��� ������ ,Q� DGGLWLRQ�� D� FRPSOHWH�SKDUPDFRNLQHWLF� �6W\SLQVNL� HW� DO��� ������ DQG�UDGLDWLRQ GRVLPHWULF� HYDOXDWLRQV� �6W\SLQVNL� HW� DO��������� RI� ���,�,$=$� LQ� KHDOWK\� KXPDQ� YROXQWHHUV�DQG� LQ� FDUGLDF�VWUHVVHG� KXPDQ� YROXQWHHUV� KDYH�EHHQ� UHSRUWHG�� 7KHVH� FOLQLFDO� LQYHVWLJDWLRQV� KDYH�EHHQ� FRQGXFWHG� XQGHU� WKH� DXVSLFHV� RI� ORFDO�PHGLFDO�HWKLFV�DQG�UDGLDWLRQ�VDIHW\�DXWKRUL]DWLRQV�

���,�,$=$�LQ�&OLQLFDO�+\SR[LDx &DQFHU��	�SHUIXVLRQ�FRUUHODWLRQ�x 3HULSKHUDO�YDVFXODU�GLVHDVH��GLDEHWHV�x $UWKULWLVx %OXQW�WUDXPD�RI�EUDLQx +HDOWK\�YROXQWHHUVx &DUGLDF�VWUHVVHG�KHDOWK\�YROXQWHHUV
&DQFHU
,W� LV� XQGHUVWDQGDEOH�� JLYHQ� W KH� UROH� RI� WXPRXU�K\SR[LD� LQ� UDGLDWLRQ� UHVLVWDQFH� RI� VRPH� KXPDQ�WXPRXUV��WKDW�PRVW�RI�WKH�SDWLHQWV�VWXGLHG�ZLWK� ���,�,$=$�KDYH� RQFRORJLFDO� GLVHDVH�� �2I� WKHVH� FDQFHU�SDWLHQWV�� PRVW� SUHVHQWHG� ZLWK� KHDG� DQG� QHFN�SULPDULHV� DQG�RU� PHWDVWDVHV�� LQFOXGLQJ� VPDOO� FH OO�OXQJ� FDQFHU�� VTXDPRXV� FHOO� FDUFLQRPDV��JOLREODVWRPDV� DQG� VRIW �WLVVXH� VDUFRPD�� � $ERXW����� RI� WKH� WXPRXUV� ZHUH� IRXQG� WR� EH� K\SR[LF��

EDVHG� RQ� WKH� ���,�,$=$�XSWDNH� FULWHULRQ��3DUOLDPHQW�HW�DO���������$� FRUUHODWLYH� VWXG\� RI� ���,�,$=$� XSWDNH� �IRU�K\SR[LD�� DV D� IXQFWLRQ� RI� WLVVXH� SHUIXVLRQ����P7F+03$2� XSWDNH�� UHYHDOHG� DQ� LQYHUVH�UHODWLRQVKLS� EHWZHHQ� WKHVH� WZR� PDUNHUV��FRUUHODWLRQ�3� ��������7KH�XSWDNH�FULWHULRQ�ZDV�D�WXPRXU�EDFNJURXQG� �7�1�� UDWLR� RI� ����� WKH� 7�1�DYHUDJHG� ���� IRU� VPDOO� FHOO� OXQJ� WXPRXUV� �6&&��DQG�����IRU�VDUFRPDV �*URVKDU�HW�DO���������$YLGLW\� IRU� ���,�,$=$� ZDV� DOVR� VHHQ� LQ� D� VPDOO�VDPSOH� RI� SDWLHQWV� ZLWK� EUHDVW� FDQFHU� �0F(ZDQ����HW�DO��� $�VPDOO� IROORZ�XS�VWXG\�RI� WKH�SURJQRVWLF�SRWHQWLDO� RI� K\SR[LD� ZLWK� UHVSHFW� WR� UDGLDWLRQ�WKHUDS\� UHVSRQVH� VKRZHG� WKDW� ���,�,$=$� �DYLG�WXPRXUV� ��� RI� ��� ZHUH� QRW� FRQWUROOHG� �� PRQWKV�DIWHU� WKHUDS\�� ZKHUHDV� QRQ�DYLG� WXPRXUV� ZHUH�FRQWUROOHG� ��� RI� ���� �0F(ZDQ� HW� DO���� � 7KLV� LV�FRQVLVWHQW�ZLWK�DFFXUDWH�GLDJQRVLV�RI�K\SR[LD�DQG�LWV� FRUUHODWLRQ� WR� SRRU� WKHUDSHXWLF� FRQWU RO�DVVRFLDWHG�ZLWK�UDGLRUHVLVWDQW�WXPRXUV��
Response at 3 Months After Radiotherapy 

in 14 Squamous Cell Carcinomas 
of the Head and Neck Patients

Patients with hypoxic tumors are less likely to have 
tumor control after radiation therapy:

Response Avid IAZA Non-avid IAZA

CR 1/4 7/10

Urtasun RC, Br J Cancer, 1996; 74: S209

/DWH� EUDLQ� XSWDNH� �3ODWH� ��� KDV� EHHQ� REVHUYHG� LQ�WKH� LPDJHV� RI� DSSUR[LPDWHO\� ���� RI� WKH� FDQFHU�SDWLHQWV�ZKR�UHFHLYHG� ���,�,$=$��0F(ZDQ�HW�DO����,W� LV� QRW� NQRZQ� ZKHWKHU� WKLV� SKHQRPHQ RQ�UHSUHVHQWV� XSWDNH� RI� D� UDGLRDFWLYH� PHWDEROLWH�� RU�ZKHWKHU�LW�LQGLFDWHV�WKDW�WKH�LQWHJULW\�RI�WKH�EORRG �EUDLQ� EDUULHU� KDV� EHHQ� FRPSURPLVHG� E\� DFWLYH�FKHPR� DQG� UDGLRWKHUDS\�� $OO� SDWLHQWV� LQ� WKHVH�VWXGLHV� KDG� UHFHLYHG� WKHLU� FRPSOHWH� UHJLPHQ� RI�UDGLDWLRQ�DQG�FKHPRWKHUDS\�
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7DEOH�� � 4XDQWLWDWLYH�DQDO\VLV�RI� WXPRXU� W\SH�DQG����,�,$=$�DYLG�VFDQV�ZLWK�PHGLDQ� WXPRXU�QRLVH�VLJQDO�RI�������UDQJH�������������LQ�ILIW\�WZR�SDWLHQWV�7XPRXU�&ODVVLILFDWLRQ ���,�,$=$8SWDNH��WRWDO�FDVHV ��+\SR[LF
6PDOO�FHOO�OXQJ�FDQFHU ���� ���6&&
�RI�KHDG�DQG�QHFN ���� ���0DOLJQDQW�JOLRPDV ���� ��%UDLQ�PHWDVWDVHV ��� ���6RIW�WLVVXH�FDUFLQRPDV ��� ���3URVWDWH�FDUFLQRPD ��� ��0HODQRPD��PHWDVWDWLF�WR�QHFN� ��� ��7RWDO ����� ���
6&&�LV�VPDOO�FHOO�FDUFLQRPD��5HSURGXFHG�IURP�8UWDVXQ�HW�DO�����������

3ODWH� � � $FFXPXODWLRQ� RI� UDGLRDFWLYLW\� LQ� EUDLQ� LQ� D�SODQDU� ��� K� LPDJH�� IROORZLQJ� LQMHFWLRQ� RI� ���,�,$=$��5DGLRDFWLYLW\�LQ�WKH�QRVH�DQG�RUDO�SKDU\QJHDO�UHJLRQV�LV�DWWULEXWHG�WR�UDGLRLRGLGH�VHFUHWLRQ�LQ�VDOLYD��
3HULSKHUDO�YDVFXODU�GLVHDVH
'LDEHWHV�PHOOLWXV� LV� D� SUHYDOHQW� GLVHDVH� LQ�ZKLFK�WKH� DFXWH� V\PSWRPV� DUH� XVXDOO\� PDQDJHG� E\�LQVXOLQ� UHSODFHPHQW� WKHUDS\�� � &KURQLF� GLVHDVH��HYHQ�ZLWK� HIIHFWLYH� JOXFRVH� FRQWURO�� LV� IUHTXHQWO\�DVVRFLDWHG� ZLWK� VHULRXV� FRPSOLFDWLRQV� 'LDEHWLF�SHULSKHUDO� YDVFXODU� GLVHDVH� FDXVHV� LVFKDHPLD��ZKLFK� OHDGV� WR� XOFHUDWLRQ�� LQIHFWLRQ� DQG� HYHQ�DPSXWDWLRQ�RI�DIIHFWHG�OLPEV���&XUUHQW�GLDJQRVLV�RI�SHULSKHUDO� YDVFXODU� FRPSOLFDWLRQV� LQFOXGHV�VXSHUILFLDO� WUDQVFXWDQHRXV� PHDVXUHPHQW� RI� OLPE�R[\JHQDWLRQ �7FS2��� XVLQJ� R[\JHQ�VHQVLWLYH�VXUIDFH�HOHFWURGHV��D�WHFKQLTXH�WKDW�GRHV�QRW�GHWHFW�VXEFXWDQHRXV� K\SR[LD� DQG� WKHUHIRUH� LV� QRW�HIIHFWLYH�XQWLO�XOFHUDWLRQ�LV�LPPLQHQW� �0HUFHU�DQG�/LX��������

3ODWH�� � ���,�,$=$�VFLQWLJUDSKLF�LPDJHV�VKRZLQJ�IRFDO�DQG�GLIIXVH�XSWDNH� LQ� WKH� IHHW� �OHIW�SDQHO��� DQG�DEVHQFH�RI� UDGLRDFWLYLW\� �QRUPDO�� LQ� WKH�KHDG��ULJKW�SDQHO���RI�D�GLDEHWLF�SDWLHQW�
,Q�DQ� LPDJLQJ� LQYHVWLJDWLRQ�RI� WKH� ORZHU� OLPEV�RI�GLDEHWLF� SDWLHQWV�� ���,�,$=$� LPDJHV� GHSLFWHG� ERWK�UHJLRQDO�DQG�IRFDO�K\SR[LD� �$O�$UDIDM�HW�DO�� �������,PDJH� FRUUHODWLRQ� WR� 7FS2� VFRUHV� DQG� YLVLEOH�OHVLRQV�LQGLFDWHG�WKDW� ���,�,$=$�LPDJLQJ�PD\�KDYH�D� UROH� DV� D� SUHGLFWLYH� WHVW� WR� LGHQWLI\� GHYHORSLQJ�GHHS� SDWKRORJ\� WKDW� FDQQRW� EH� GHWHFWHG� E\�VXSHUILFLDO�7FS2��PHWKRGV��5KHXPDWRLG�DUWKULWLV
+\SR[LD� LQ� ORDG�EHDULQJ� MRLQWV� UHVXOWV� IURP�PRPHQWDU\�LVFKDHPLD�GXULQJ�WKH�SUHVVXUH�LQWHUYDO��-RLQWV� ZLWK� LQIODPPDWRU\� HIIXVLYH� V\QRYLWLV� KDYH�DVVRFLDWHG� LQFUHDVHV� LQ� LQWUD �DUWLFXODU�SUHVVXUH�� ,Q�UKHXPDWRLG� DUWKULWLV�� LQFUHDVHV� LQ� V\QRYLDO�PHPEUDQH� R[\JHQ� FRQVXPSWLRQ� FRPELQH� ZLWK�FKURQLFDOO\�KLJK�LQWUD�DUWLFXODU�SUHVVXUHV�WR�FUHDWH�DQ� K\SR[LF� MRLQW�� � 2[\JHQ� PHDVXUHPHQWV� LQ�



6FLQWLJUDSKLF�,PDJLQJ�RI�)RFDO�+\SR[LF�7LVVXH

%UD]LOLDQ�$UFKLYHV�RI�%LRORJ\�DQG�7HFKQRORJ\

��
V\QRYLDO� WLVVXH�ELRSVLHV� DQG� LQ� DVSLUDWHG�V\QRYLDO�IOXLG� FRUUHODWH� ZLWK� ORZ� S+�� LQFUHDVHG� ODFWDWH��HOHYDWHG� S&2��� KLJK� LQWUD�DUWLFXODU� SUHVVXUH� DQG�ODUJH� V\QRYLDO� IOXLG� YROXPH�� ,PSRUWDQWO\�� R[\JHQ�FRQFHQWUDWLRQV�DUH� LQYHUVHO\� UHODWHG� WR� VHYHULW\�RI�DUWKULWLF� GLVHDVH�� 7KH� UDGLRSKDUPDFHXWLFDOV�FXUUHQWO\� XVHG� RU� SURSRVHG� IRU� LPDJLQJ� WKH�DUWKULWLF� MRLQW� DFW� QRQ�VSHFLILFDOO\� RU� DUH� WDUJHWHG�WRZDUGV� RWKHU� �QRW� K\SR[LD�� VSHFLILF� PDUNHUV�� ,Q�DQ� RQJRLQJ� FOLQLFDO� VWXG\� XVLQJ� ���,�,$=$��VFLQWLJUDSKLF� HYLGHQFH� �3ODWH� ��� RI� DUWKULWLF� MRLQW�K\SR[LD�KDV�EHHQ�REVHUYHG�EXW�LQWHQVLW\�RI�ELQGLQJ�GRHV�QRW�FRUUHODWH�VWURQJO\�WR�VHYHULW\�RI�GLVHDVH�LQ�WKHVH�SDWLHQWV��0F(ZDQ�HW�DO���������

3ODWH� � � ���,�,$=$� VFLQWLJUDP� VKRZLQJ� IRFDO�XSWDNH� RI� UDGLRDFWLYLW\� LQ� WKH� NQHH� MRLQWV� RI� D�SDWLHQW�ZLWK�UKHXPDWRLG�DUWKULWLV�
%OXQW�WUDXPD�RI�EUDLQ
���,�,$=$� KDV� DOVR� EHLQJ� XVHG� FOLQLFDOO\� WR� VWXG\�UHJLRQDO� K\SR[LD� DVVRFLDWHG� ZLWK� EUDLQ� WUDXPD��9LQMDPXUL�HW�DO���������� 3UHOLPLQDU\�GDWD�LQGLFDWH�WKDW����,�,$=$�XSWDNH�RFFXUV�LQ�DUHDV�LQ�GHFUHDVHG�SHUIXVLRQ���7KHUH�PD\�EH�D�FRPSOLPHQWDU\�UROH�IRU�K\SR[LD� LPDJLQJ� WR� YHULI\� WKH� YLDELOLW\� RI� SRRUO\�SHUIXVHG� EUDLQ� WLVVXH�� WR� SURYLGH� D� SURJQRVLV� IRU�UHFRYHU\�DQG�WR�UHIOHFW�WKHUDSHXWLF�HIILFDF\�
3KDUPDFRNLQHWLFV�DQG�GRVH�HIIHFWV,Q� HDUO\� FOLQLFDO� VWXGLHV� WKHUH� ZDV� VRPH� FRQFHUQ�FKHPLFDO�GRVH��DPRXQW�RI�VXEVWDQFH�DGPLQLVWHUHG��FRXOG� DIIHFW� WKH� VHQVLWLYLW\� RI� WKLV� GLDJQRVWLF�LPDJLQJ� WHVW� LQ� YLYR� $� FOLQLFDO� VWXG\� RI� WXPRXU�ELQGLQJ�RI��+�0LVR�ZDV�EDVHG�RQ�D�QRPLQDO����PJ�GRVH� RI� UDGLRWUDFHU� �8UWDVXQ� HW� DO��� �������

UHIOHFWLQJ� OLWHUDWXUH� UHSRUWV� RI� GRVH �GHSHQGHQW�0LVR� SKDUPDFRNLQHWLFV� �:LHEH� DQG� 6W\SLQVNL��������� $QLPDO� WXPRXU� PRGHOV� KDG� DOVR� IRXQG�GRVH�GHSHQGHQW� XSWDNH� RI� ���,�,$=$� �0DQQDQ� HW�DO����������7KH�LPSDFW�RI����,�,$=$�GRVH�RQ�XSWDNH�LQ� K\SR[LF� WLVVXH� KDV� QRW� EHHQ� V\VWHPDWLFDOO\�LQYHVWLJDWHG�LQ�SDWLHQWV��+RZHYHU�� FOLQLFDO� UDGLRSKDUPDFRNLQHWLFV� DQG�UDGLRWUDFHU� NLQHWLFV� LQ� KHDOWK\� YROXQWHHUV� DQG�SDWLHQWV��DIWHU�L�Y��GRVHV�UDQJLQJ�IURP�����WR����PJ�RI� FDUULHU� ���,�,$=$�� VKRZHG� QR� GLVFHUQLEOH�GLIIHUHQFHV� LQ� SODVPD� FOHDUDQFH� DQG� ZKROH �ERG\�HOLPLQDWLRQ� �6W\SLQVNL� HW� DO��� ������7KHVH�SKDUPDFRNLQHWLF� VWXGLHV� LQ� KHDOWK\� YROXQWHHU V�FRQILUPHG�UDSLG�GLVWULEXWLRQ�DQG�FOHDUDQFH�SKDVHV��ZLWK�H[WHQVLYH�XULQDU\�FOHDUDQFH��3ODWH������,PDJHV�DQG� UDGLRSKDUPDFRNLQHWLFV� LQ� FDUGLDF� VWUHVVHG�YROXQWHHUV��%UXFH�SURWRFRO��ZHUH�TXDOLWDWLYHO\�DQG�TXDQWLWDWLYHO\� VLPLODU� WR� WKH� GDWD� IURP� UHVWLQJ�YROXQWHHUV��6W\SLQVNL�HW�DO����������,QLWLDO�UDGLDWLRQ�GRVLPHWU\� HVWLPDWHV� LQGLFDWH� D� GRVH� RI� �����P*\�0%T�WR�WKH�EODGGHU�ZDOO�DQG��� �IROG�OHVV�WR�WKH�OLYHU��6W\SLQVNL�HW�DO����������

3ODWH� � � 3ODQDU� VFLQWLJUDP� RI� D� KHDOWK\� YROXQWHHU���� PLQ� DIWHU� LQMHFWLRQ� RI� ���,�,$=$� �����0%T� DV�EROXV�L�Y��GRVH���5HSURGXFHG�IURP�6W\SLQVNL������
2YHUDOO�� WKH� UDGLDWLRQ� GRVH� HVWLPDWHV� FRPSDUH�IDYRUDEO\� ZLWK� SXEOLVKHG� GDWD� IRU� RWKHU� ���,� DQG�
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��P7F�UDGLRSKDUPDFHXWLFDOV�� 7KHVH� GDWD� FDQ� EH�XVHG� WR� HVWLPDWH� WKH� LPPHGLDWH� ZKROH�ERG\�UDGLDWLRQ� EXUGHQ� WKDW� FDQ� EH� DQWLFLSDWHG� ZKHQ�XVLQJ�UDGLRWKHUDSHXWLF�GRVHV�RI� �������,�,$=$�7KH�SKDUPDFRNLQHWLF�SDUDPHWHUV�IRU� ���,�,$=$�DQG�WRWDO� ���,�UDGLRDFWLYLW\� ZHUH� GHWHUPLQHG� LQ� VL[�UHVWLQJ�YROXQWHHUV���7KHVH�GDWD�GHSLFW�D� VXEVWDQWLDO�FRQWULEXWLRQ�RI� 
QRQ����,�,$=$�UDGLRDFWLYLW\
� WR�WKH�

WRWDO� UDGLRDFWLYLW\� LQ� SODVPD�� DQG� LQGLFDWH� WKDW�ORQJHU� WLPHV� DIWHU� LQMHFWLRQ� ZLOO� SURYLGH� EHWWHU�VLJQDO�WR�QRLVH� YDOXHV�� 1RQH�WKH�OHVV�� EHFDXVH� RI�WKH����K�KDOI�OLIH�RI� ���,��VXEVWDQWLDO�SKRWRQ�IOX[�LV�ORVW�WKURXJK�GHFD\��DOPRVW�����LQ����K���VR�VDPH �GD\� LPDJLQJ� LV�SUHIHUUHG�RYHU����K� LPDJLQJ��'DWD�DUH�SUHVHQWHG�LQ�)LJXUH���DQG�7DEOH���
7DEOH� �� � 'HFD\�FRUUHFWHG� SKDUPDFRNLQHWLF� SDUDPHWHUV� IRU� ���,�,$=$� DQG� ���,�WRWDO� UDGLRDFWLYLW\� LQ� KXPDQYROXQWHHUV���'DWD�DUH�PHDQV�r 6�'���Q� ����)URP�6W\SLQVNL�HW�DO� �����5DGLRDFWLYLW\LQ�SODVPD 7���D�PLQ� 7���EPLQ� 9VV�/�NJ� &OV�P/�PLQ� &OU�P/�PLQ�7RWDO����, ������� ������ ��������� ����� �����

���,�,$=$ ������� ������ �������� ������ ����7���D �PLQ�� GLVWULEXWLRQ� SKDVH�� 7���E �PLQ�� FOHDUDQFH� SKDVH�� 9VV �/�NJ�� YROXPH� RI� GLVWULEXWLRQ� DW� VWHDG\� VWDWH�� &OV �P/�PLQ��V\VWHPLF�FOHDUDQFH��&OU��P/�PLQ��UHQDO�FOHDUDQFH�
&21&/86,21
+\SR[LD� LPDJLQJ� DJHQWV�ZHUH� LQLWLDOO\� GHYHORSHG�IRU� XVH� DV� SUHGLFWLYH PDUNHUV� RI� UDGLRUHVLVWDQW��K\SR[LF�� WXPRXUV�� � 7KHUH� LV� QRZ� LQWHUHVW� LQ�DSSO\LQJ� WKLV� GLDJQRVWLF� SURFHGXUH� QRW� RQO\� WR�GHWHFW� K\SR[LF� WLVVXHV� IRU� UDGLRWKHUDS\� SODQQLQJ��EXW�DOVR�WR�GHOLQHDWH�YLDEOH�K\SR[LF�WLVVXH�LQ�RWKHU�GLVHDVHV��

���,�,$=$�2[\JHQ�0LPHWLF�8SWDNHx FRUUHODWHV�LQ�YLYR�ZLWK�SHUIXVLRQ�VWDWXV�LQ�SDWLHQWVx FRUUHODWHV�ZLWK�NQRZQ�SDWWHUQV�RI�K\SR[LD�LQ�KXPDQ�WXPRUVx DSSHDUV�WR�SUHGLFW�WUHDWPHQW�UHVSRQVH�DQG�WUHDWPHQW�IDLOXUHx LQ�YLWUR�DSSHDUV�WR�VXSSRUW�WKH�FRQFHSW�RI�R[\JHQ�PLPHWLF�WKHUDS\
7KH�LGHQWLILFDWLRQ�RI�VDOYDJHDEOH�K\SR[LF�WLVVXH�LQ�D�JLYHQ�SDWKRORJ\�LV�LPSRUWDQW�IRU�ERWK�SURJQRVLV�DQG�IRU�PRQLWRULQJ�WKHUDS\��'HPRQVWUDWLRQV�RI�WKH�ZLGHVSUHDG� LQIOXHQFH� RI� K\SR[LD� RQ� FHOO� ELRORJ\��'DFKV� DQG� 6WUDWIRUG�� ������ FRQWLQXH� WR� FUHDWH�LQWHUHVW� LQ� K\SR[LD� LPDJLQJ� WR� DGGUHVV� EDVLF�VFLHQWLILF� TXHVWLRQV�� � $V� DQ� H[SHULPHQWDO�UDGLRWUDFHU�� ���,�,$=$� KDV� EHHQ� HIIHFWLYH� LQ�LPDJLQJ� UHJLRQDO� DQG� IRFDO� K\SR[LD� LQ� VHYHUDO�DQLPDO� PRGHOV� DQG� LQ� D� QXPEHU� RI� FOLQLFDO�

GLVHDVHV�� DQG� LQ� SURYLGLQJ� YDOLGDWLRQ� RI� WKH�FRQFHSW� WKDW� ���,�,$=$ KDV� D� SRWHQWLDO UROH� LQ�UDGLRLVRWRSH�UDGLRWKHUDS\�,W� UHPDLQV� QHFHVVDU\� WR� GHYHORS� D� FOLQLFDO�SDUDGLJP�IRU�YDOLGDWLRQ�RI�WKH�GLDJQRVWLF�HIILFDF\�RI� ���,�,$=$� LQ� WKH� FOLQLFDO� VHWWLQJ�� $� SRVWXODWHG�PRGHO� IRU� WKLV� HYDOXDWLRQ� LQ� OXQJ� FDQFHU� L V�GHSLFWHG�LQ�WKH�IROORZLQJ�GLDJUDP�
5(6802
2V� WHFLGRV� DIHWDGRV� HP� LQ~PHUDV� GRHQoDV��LQFOXtQGR� FkQFHU�� DFLGHQWHV� YDVFXODUHV� FHUHEUDLV��LQIDUWR� DJXGR� GR� PLRFiUGLR� H� GLDEHWHV��GHVHQYROYHP� KLSR[LD� IRFDO� WHFLGXDO� GXUDQWH� D�HYROXomR� GD� GRHQoD�� $� SUHVHQoD� GH� WHFLGR�KLSy[LFR�SRGH�WRUQDU�D�GRHQoD�UHIUDWiULD�j�WHUDSLD���FRPR� QR� FDVR� GR� WUDWDPHQWR� GH� WXPRUHV� VyOLGRV�XVDQGR�EDL[D�UDGLDomR�LRQL]DQWH��/(7���(P�RXWUDV�GRHQoDV�� D� GHWHFomR� GH� WHFLGRV� YLiYHLV� PDLV�KLSy[LFRV� SRGH� VHUYLU� FRPR� LQGLFDGRU� SURG{PLFR�GR� GHVHQYROYLPHQWR� GD� GRHQoD� �FRPR� SRU�H[HPSOR�� GLDEHWHV��� RX� XP� LQGLFDGRU� SURJQyVWLFR�GR�FRQWUROH�GD�GRHQoD��FRPR�QR�DFLGHQWH�YDVFXODU�FHUHEUDO��� 1DV� ~OWLPDV� GXDV� GpFDGDV�� YiULRV�VXEVWkQFLDV� XWLOL]DGDV� HP� UDGLRLPDJHP� SDUD�DYDOLDU� D� KLSy[LD� IRUDP� GHVHQYROYLGDV� H� WHV WDGDV�FOLQLFDPHQWH�� 'HVWDV�� ��)�)PLVR� H� ���,�,$=$� VmR�RV�UDGLRWUDoDGRUHV�PDLV�XVXDOPHQWH�XWLOL]DGRV�SDUD�LPDJHQV� SODQDUHV� GH� 3(7� H� 63(&7��
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UHVSHFWLYDPHQWH�� ,$=$� H� )PLVR� VmR� � �QLWURLPLGD]yLV� TXH� TXLPLFDPHQWH� VH� OLJDP� D�FRPSRQHQWHV� VXEFHOXODUHV� GH� WHFLGRV� KLS y[LFRV�YLiYHLV�� (OHV� VHQVLELOL]DP� WXPRUHV� KLSy[LFRV� DRV�HIHLWRV�OHWDLV�GD�UDGLDomR�LRQL]DQWH�YLD�PHFDQLVPRV�TXH� PLPHWL]DP� RV� HIHLWRV� UDGLRVHQVtYHLV� GR�R[LJrQLR��H�VmR�FRQVHTXHQWHPHQWH�GHQRPLQDGRV�GH�R[LJrQLR�PLPpWLFRV��2�HIHLWR�R[LJrQLR�PLPpWLFR�p�DWULEXtGR�HP�JUDQGH�SDUWH�j�OLJDomR�FRYDOHQWH�GRV�LQWHUPHGLiULRV� QLWURLPLGD]yLV� UHGXWLYDPHQWH�DWLYDGRV� SDDUD�PDFURPROpFXODV� FHOXODUHV� FUtWLFDV��1LWURLPLGD]yLV� PDUFDGRV� FRP� UDGLRQXFOtGHRV�HPLVVRUHV� GH� UDGLDomR� JDPD� �SRU� H[HPSOR�� ��� ) �)PLVR� H� ���,�,$=$�� WHP� VLGR� XVDGR� FRPR�PDUFDGRUHV� FLQWLJUiILFRV� GD� KLSy[LD� WXPRUDO��EDVHDGR� QD� QHFHVVLGDGH� GH� LGHQWLILFDU� FpOXODV�

WXPRUDLV�KLSy[LFDV�UDGLRUHVLVWHQWHV�FRPR�SDUWH�GR�SURFHVVR� GH� SODQHMDPHQWR� GD� UDGLRWHUDSLD�� 8P�LQWHUHVVH� PDLV� DPSOR� HP� LGHQWLILFDomR� QmR �LQYDVLYD� EDVHDGD� HP� LPDJHP�GH�KLSy[LD� IRFDO�GH�YiULDV� GRHQoDV� WHP� HVWHQGLGR� RV� HVWXGRV� GH�KLSy[LD�SDUD�LQFOXLU�GRHQoDV�YDVFXODUHV�SHULIpULFDV�DVVRFLDGDV� FRP� GLDEHWHV�� DUWULWH� UHXPDWyLGH��DFLGHQWHV� YDVFXODUHV� FHUHEUDLV�� LVTXHPLD�PLRFiUGLFD�� WUDXPDWLVPR� HQFHIiOLFR� H� HVWUHVVH�R[LGDWLYR�� 1HVWD� UHYLVmR�� R� HVWDGR� DWXDO� GRV�HVWXGRV� GH� KLSR[LD� VHOHWLYD� FRP� ���,�,$=$�� XP�UDGLRIDUPiFR� SDUD� R� GLDJQyVWLFR� H[SHULPHQWDO� p�UHYLVWR� HP� UHODomR� DR� GHVHQYROYLPHQWR� GH�DSOLFDo}HV�FOLQLFDV�H�SUp�FOLQLFDV��

5()(5(1&(6
$GDPV�� *�� (�� DQG� 'HZH\�� '�� /�� �������� +\GUDWHG�HOHFWURQV� DQG� UDGLRELRORJLFDO� VHQVLWL]DWLRQ��%LRFKHP��%LRSK\V��5HV��&RPPXQ�� ������������$GDPV�� *�� (��� )ORFNKDUW�� ,�� 5��� 6PLWKHQ�� &�� (���6WUDWIRUG��,��-���:DUGPDQ��3��DQG�:DWWV��0�(����������(OHFWURQ� DIILQLF� VHQVLWL]DWLRQ� 9,,,�� $� FRUUHODWLRQ�EHWZHHQ� VWUXFWXUH�� RQH� HOHFWURQ� UHGXFWLRQ� SRWHQWLDO�DQG� HIILFLHQF\� RI� QLWURLPLGD]ROHV� DV� K\SR[LF� FHOO�UDGLRVHQVLWL]HUV��5DGLDW��5HV������������

$O�$UDIDM�� $��� 5\DQ�� (�� $��� +XWFKLQVRQ�� .���0DQQDQ�� 5��+��� 0HUFHU�� -��� :LHEH�� /� ,�� DQG� 0F(ZDQ�� $�� -�� %����������$Q�(YDOXDWLRQ�RI���� ,�,RGRD]RP\FLQDUDELQRVLGH��>��� ,@�,$=$��DV�D�0DUNHU�RI�/RFDOL]HG�7LVVXH�+\SR[LD�LQ�3DWLHQWV�ZLWK�'LDEHWHV�0HOOLWXV��(XURS��-��1XFO��0HG�����������������%LDJORZ��-��(���9DUQHV��0��(���5RL]HQ�7RZOH��/�� &ODUN��(��3���(SS��(��5���$VWRU��0��%��DQG�+DOO��(��-����������%LRFKHPLVWU\� RI� UHGXFWLRQ� RI� QLWURLPLGD]ROHV��%LRFKHP��3KDUPDF�� ����������
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%URZQ�� -�� 0�� DQG� :RUNPDQ�� 3�� �������� 3DUWLWLRQ�FRHIILFLHQWV� DV� D� JXLGH� WR� WKH� GHYHORSPHQW� RI�UDGLRVHQVLWL]HUV� ZKLFK� DUH� OHVV� WR[LF� WKDQ�PLVRQLGD]ROH��5DGLDW��5HV���������������%XQQ��+��)��DQG�3R\WRQ��5��2����������2[\JHQ�VHQVLQJ�DQG� PROHFXODU� DGDSWDWLRQ� WR� K\SR[LD�� 3K\VLRO�� 5HY��������������&KDSPDQ��-��'���)UDQNR��$��-��DQG�6KDUSOLQ��-����������$�PDUNHU� IRU� K\SR[LF� FHOOV� LQ� WXPRXUV� ZLWK� FOLQLFDO�DSSOLFDELOLW\��%ULW��-��&DQFHU� �������������&ZLN�� 9�� $��� 0F(ZDQ� $�� -�� %�� DQG� %URRNH�� 0�� +���������� $� QRYHO� 63(&7� PHWKRG� IRU� GHWHFWLQJ� IUHH�UDGLFDOV� LQ� WKH� ZRUNLQJ� IRUHDUP�� 1HXURORJ\�� �� ���6XSSO������$����'DFKV��*��8��DQG�6WUDWIRUG��,��-����������7KH�PROHFXODU�UHVSRQVH� RI� PDPPDOLDQ� FHOOV� WR� K\SR[LD� DQG� WKH�SRWHQWLDO� IRU� H[SORLWDWLRQ� LQ� FDQFHU� WKHUDS\�� %U�� -��&DQFHU������6����6����*URVKDU�� '��� 0F(ZDQ�� $�� -�� %��� 3DUOLDPHQW�� 0�� %���8UWDVXQ�� 5��� *ROEHUJ�� &�� /�� (��� +RVNLQVRQ� 0���0HUFHU�� -�� 0��� 0DQQDQ�� 5�� +��� :LHEH�� /�� ,�� DQG�&KDSPDQ��-��'����������,PDJLQJ�7XPRU�+\SR[LD�DQG�7XPRU�3HUIXVLRQ��-��1XFO��0HG���������������-HWWH��'��&���:LHEH�� /�� ,��� )ODQDJDQ��5�� -���/HH�� -�� DQG�&KDSPDQ�� -�� '�� �������� ,RGRD]RP\FLQ� 5LERVLGH� >����¶�, R�G�R����¶��G�H�R�[�\��U�L�E�R�I�X�U�D�Q�R�V�\�O�����QLWURLPLGD]ROH@�� D�+\SR[LF�&HOO�0DUNHU�� ,��6\QWKHVLV�DQG�LQ�YLYR�&KDUDFWHUL]DWLRQ��5DG��5HV����������������.XPDU�� 3��� 6W\SLQVNL�� '��� ;LD�� +���0F(ZDQ��$�� -�� %���0DFKXOOD�� +�� -�� DQG� :LHEH�� /�� ,�� ��������)OXRURD]RP\FLQ�DUDELQRVLGH� �)$=$���6\QWKHVLV����+�DQG� �� +�ODEHOOLQJ� DQG� SUHOLPLQDU\� ELRORJLFDO�HYDOXDWLRQ� RI� D� QRYHO� ��QLWURLPLGD]ROH� PDUNHU� RI�WLVVXH� K\SR[LD�� -�� /DEHO�� &RPS��5DGLRSKDUPDFHXWLFDOV� ��� �����/HH��+��&���.XPDU��3���0F(ZDQ��$��-���:LHEH�/��,��DQG�0HUFHU�� -�� 5�� �������� 6\QWKHVLV�� 5DGLRODEHOOLQJ� DQG�%LRGLVWULEXWLRQ� RI� 3XWDWLYH� 0HWDEROLWHV� RI�,RGRD]RP\FLQ� $UDELQRVLGH�� 1XFO�� %LRO�� 0HG�� ������������/HH�� +�� &��� .XPDU�� 3��� :LHEH�� /�� ,��� 0F'RQDOG�� 5���0HUFHU�� -�� 5��� 2KNXUD�� .�� DQG� 6HNL�� .�� ,� ��������6\QWKHVLV�RI�LRGRDPLQRLPLGD]ROH�DUDELQRVLGH��,$,$���D� SRWHQWLDO� UHGXFWLYH� PHWDEROLWH� RI� WKH� 63(&7�LPDJLQJ� DJHQW�� LRGRD]RP\FLQ� DUDELQRVLGH� �,$=$���1XFOHRVLGHV�DQG�1XFOHRWLGHV� ��������������/\WKJRH��0��)���:LOOLDPV��6��5���%XV]D��$��/���:LHEH��/���0F(ZDQ��$��-��%���*DGLDQ��'��*��DQG�*RUGRQ�� ,����������7KH�UHODWLRQVKLS�EHWZHHQ�PDJQHWLF�UHVRQDQFH�GLIIXVLRQ� LPDJLQJ� DQG� DXWRUDGLRJUDSKLF� PDUNHUV� RI�FHUHEUDO� EORRG� IORZ�DQG�K\SR[LD� LQ�DQ�DQLPDO� VWURNH�PRGHO��0DJ��5HV��0HG��������������/\WKJRH��0��)���:LOOLDPV��6��5���:LHEH��/��,���0F(ZDQ��$�� -�� %�� DQG� *RUGRQ�� ,�� �������� $XWRUDGLRJUDSKLF�LPDJLQJ�RI�FHUHEUDO�LVFKDHPLD�XVLQJ�D�FRPELQDWLRQ�RI�EORRG�IORZ�DQG�K\SR[LF�PDUNHUV�LQ�DQ�DQLPDO�PRGHO��(XURS��-��1XFO��0HG�������������

0DFKXOOD�� +�� -�� �������� ,PDJLQJ� RI� +\SR[LD� �7UDFHU�'HYHORSPHQWV�� .OXZHU� $FDGHPLF� 3XEOLVKHUV��'RUGUHFKW�0DQQDQ��5��+���0HUFHU�� -��5��DQG�:LHEH��/�� ,�� ��������1RYHO�QRQ�LQYDVLYH�PDUNHUV�RI�WXPRU�K\SR[LD��3K��'��7KHVLV��8QLYHUVLW\�RI�$OEHUWD��>XQSXEOLVKHG@�0DQQDQ��5��+���0HUFHU��-��5���:LHEH��/��,���.XPDU��3���6RPD\DML�� 9�� 9�� DQG� &KDSPDQ�� -�� '�� ��������5DGLRLRGLQDWHG� $]RP\FLQ� 3\UDQRVLGH� �,$=3��� $�1RYHO� 1RQ�,QYDVLYH� 0DUNHU� IRU� WKH� $VVHVVPHQW� RI�7XPRU�+\SR[LD��-��1XFO��%LRO��0HG�������������0DQQDQ��5��+���0HUFHU�� -��5���:LHEH��/�� ,���6RPD\DML��9��9� DQG�&KDSPDQ��-��'�� ��������5DGLRLRGLQDWHG������)OXRUR���,RGR�����'LGHR[\�E�/�;\ORS\UDQRV\O����1LWURLPLGD]ROH�� $� 1RYHO� 3UREH� IRU� WKH� 1RQ�,QYDVLYH� $VVHVVPHQW� RI� 7XPRU� +\SR[LD��5DG�� 5HV����������������0DQQDQ��5��+���6RPD\DML��9��9���/HH��-���0HUFHU��-��5��&KDSPDQ�� -�� '�� DQG� :LHEH�� /�� ,�� ��������5DGLRLRGLQDWHG� �����,RGR���GHR[\�E�'�DUDELQRIXUDQRV\O���� QLWURLPLGD]ROH� �,RGRD]RP\FLQ�$UDELQRVLGH�� ,$=$��� D� 1RYHO� 0DUNHU� RI� 7LVVXH�+\SR[LD��-��1XFO��0HG�����������������0F(ZDQ�� $�� -�� %�� �������� (IIHFWV� RI� PHWKR[\IOXUDQH�DQHVWKHVLD�RQ�WKH�SKDUPDFRNLQHWLFV�RI�����,�,$=$�LQ�6SUDJXH�'DZOH\�UDWV��1XFO��0HG��%LRO�� ������������0F(ZDQ�� $�� -�� %��� 6NHLWK�� .�� -��� 0DQQDQ�� 5�� +���'DYLHV�� 1��� -DPDOL�� )�� DQG� :LHEH�� /�� ,�� ��������+\SR[LD�7DUJHWHG� ���,�,RGRD]RP\FLQ� $UDELQRVLGH�,PDJLQJ� RI� WKH� $GMXYDQW� $UWKULWLV� 5DW� 0RGHO��&DQ��$VVRF�� 1XFO�� 0HG�� $QQ�� 6FL�� 0WJ��� 4XHEHF��>XQSXEOLVKHG@�0F(ZDQ�� $�� -�� %��� 6NHLWK�� .�� -��� 0DQQDQ�� 5�� +���'DYLHV��1��� -DPDOL�� )��� 6FKPLGW��5���*ROEHUJ��/�� DQG�:LHEH��/��,����������-��1XFO��0HG���������������0F(ZDQ��$�� -�� %���8UWDVXQ��5��&��� 3DUOLDPHQW��0��%���0HUFHU�� -�� 5�� DQG�/LX��+�� �������� 7KH� HYDOXDWLRQ� RI�K\SR[LD� LQ� GLDEHWHV�� ,Q� 0DFKXOOD�� +�� -�� �(G���,PDJLQJ� RI� +\SR[LD�� 7UDFHU� 'HYHORSPHQWV��.OXZHU�$FDGHPLF� 3UHVV�� 'RUGUHFKW�� SS�� ���������>XQSXEOLVKHG@�0HUFHU��-��5���0DQQDQ��5��+���6RPD\DML��9��9���/HH��-���&KDSPDQ�� -�� '�� DQG� :LHEH�� /�� ,�� �������� 6XJDU�FRXSOHG��� QLWURLPLGD]ROHV��QRYHO�LQ�YLYR�PDUNHUV�IRU�K\SR[LF�WXPRU�WLVVXH��,Q� 0DGGDOHQD��'��-���6QRZGRQ��*�� 0�� DQG� %RQLIDFH�� *�� 5�� �(GV���� $GYDQFHV� LQ�5DGLRSKDUPDFRORJ\�:ROORQJRQJ� 8QLYHUVLW\� 3ULQWLQJ�6HUYLFHV��$XVWUDOLD��SS����������0RRUH��5��%���&KDSPDQ��-��'���0HUFHU��-��5���0DQQDQ��5��+���:LHEH��/��,���0F(ZDQ��$��-��DQG�0F3KHH��0��6�� ��������0HDVXUHPHQW�RI�3'7�,QGXFHG�+\SR[LD�LQ�'XQQLQJ� 3URVWDWH� 7XPRUV E\� ���,�,RGRD]RP\FLQ�$UDELQRVLGH��-��1XFO��0HG���������������1XQQ�� $��� /LQGHU�� .�� DQG� 6WUDXVV�� +�� :�� ��������1LWURLPLGD]ROHV� DQG� LPDJLQJ� K\SR[LD�� (XURS�� -��1XFO��0HG���������������
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2NDGD�� 5��� -RKQVRQ��*��� (GZDUGV�� %���0DQQDQ��5��+���0F(ZDQ�� $�� -�� %��� :LHEH�� /�� ,��� 'DYLHV�� 1�� 0���0DQQDQ��5���6NHLWK��.��-���-DPDOL��)��DQG�:LHEH��/��,����������� 1RQ�LQYDVLYH� GHWHFWLRQ� RI� 16$,'�LQGXFHG�JDVWURLQWHVWLQDO� GDPDJH� LQ� WKH� UDW�� SHUPHDELOLW\� DQG�LVFKHPLD� SUREHV�� &DQ�� 'LJHVWLYH� 'LVHDVH� :HHN��>XQSXEOLVKHG@�3DUOLDPHQW�� 0�� %��� &KDSPDQ�� -�� '��� 8UWDVXQ�� 5�� &���0F(ZDQ��$�� -���*ROEHUJ��/���0HUFHU�� -��5���0DQQDQ��5�� +�� DQG� :LHEH�� /�� ,��� �������� 1RQ�LQYDVLYH�$VVHVVPHQW� RI� +XPDQ� 7XPRXU� +\SR[LD� ZLWK� ���,�,RGRD]RP\FLQ� $UDELQRVLGH�� 3UHOLPLQDU\� 5HSRUW� RI� D�&OLQLFDO�6WXG\��%U��-��5DGLRO�������������6FKQHLGHU�� 5�� )��� (QJHOKDUGW�� (�� /��� 6WREEH�� &�� &���)HQQLQJ�� 0�� &�� DQG� &KDSPDQ�� -�� '�� �������� 7KH�V\QWKHVLV�DQG�UDGLRODEHOLQJ�RI�QRYHO�PDUNHUV�RI�WLVVXH�K\SR[LD� RI� WKH� LRGLQDWHG� D]RP\FLQ� QXFOHRVLGH� FODVV��-��/DEHO��&RPS��5DGLRSKDUPDFHXWLFDOV��������������6W\SLQVNL��'���0F4XDUULH��6��$���:LHEH��/�� ,���7DQ��<��.��� 0HUFHU�� -�� 5�� DQG� 0F(ZDQ�� $�� -�� %�� ��������3KDUPDFRNLQHWLF� 9DOLGDWLRQ� RI� 6FLQWLJUDSKLF�'RVLPHWU\� (VWLPDWLRQV� IRU� ���,�,$=$� LQ� +HDOWK\�6XEMHFWV��-��1XFO��0HG�����������������6W\SLQVNL��'���:LHEH��/��,��DQG�0HUFHU��-��5����������$�UDSLG� DQG� VLPSOH� DVVD\� WR� GHWHUPLQH� WKH� EORRG� DQG�XULQH� FRQFHQWUDWLRQV� RI� �����>������� ,@LRGR���GHR[\DUDELQRIXUDQRV\O����QLWURLPLGD]ROH�� D� K\SR[LF�FHOO� PDUNHU�� -�� 3KDUP�� %LRPHG�� $QDO\VLV� �������������������6W\SLQVNL��'���:LHEH��/��,���0F(ZDQ��$��-���6FKPLGW��5��3��� 7DQ�� <�� .�� DQG� 0HUFHU�� -�� 5�� �������� &OLQLFDO�SKDUPDFRNLQHWLFV�RI� ���,�,$=$� LQ�KHDOWK\�YROXQWHHUV��1XFO��0HG��&RPPXQ�� ������������8UWDVXQ�� 5�� &��� .RFK�� &�� -�� DQG� )UDQNR�� -�$�� ��������5DOHLJK� DQG� -�'�� &KDSPDQ�� $� QRYHO� WHFKQLTXH� IRU�PHDVXULQJ�KXPDQ�WLVVXH�S2���DW�WKH�FHOOXODU�OHYHO��%U��-��&DQFHU� ��������������8UWDVXQ�� 5�� &��� 3DUOLDPHQW�� 0�� %��� 0F(ZDQ�� $�� -���0HUFHU��-��5���0DQQDQ��5��+���:LHEH��/��,���0RULQ��&��DQG�&KDSPDQ��-��'����������0HDVXUHPHQW�RI�K\SR[LD�LQ� KXPDQ� WXPRXUV� E\� QRQ�LQYDVLYH� 63(&7�����LPDJLQJ�RI� D]RP\FLQ� DUDELQRVLGH��%U�� -��&DQFHU������6����6����

9LQMDPXUL�� 6���2¶'ULVFRO��.���0DOWE\��3���0F(ZDQ��$��-��� :LHEH�� /�� ,�� DQG� &ULWFKOH\�� 0�� ��������,GHQWLILFDWLRQ� RI� K\SR[LF� UHJLRQV� LQ� WUDXPDWLF� EUDLQ�LQMXU\��&OLQ��1XFO��0HG�� ������������:LHEH�� /�� ,�� �������� 5DGLRQXFOLGHV�� 5DGLRWUDFHUV� DQG�5DGLRSKDUPDFHXWLFDOV� IRU� LQ� YLYR�'LDJQRVLV��5DGLDW��3K\V��&KHP���������������:LHEH��/��,��DQG�6W\SLQVNL��'����������3KDUPDFRNLQHWLFV�RI�63(&7�UDGLRSKDUPDFHXWLFDOV� IRU� LPDJLQJ�K\SR[LF�WLVVXHV��4XDUW��-��1XFO��0HG���������������:LHEH��/��,���-HWWH��'��&���&KDSPDQ��-��'���)ODQDJDQ��5��-��DQG�0HHNHU��%��(����������,RGRD]RP\FLQ�5LERVLGH�>����¶�LRGR��¶�GHR[\ULERIXUDQRV\O��¶�QLWURLPLGD]ROH@�� D� +\SR[LF� &HOO� 0DUNHU�� ,,�� ,Q� YLYR�(YDOXDWLRQ� LQ� ([SHULPHQWDO� 7XPRUV�� 1XFOHDU�0HGLFLQH� LQ� &OLQLFDO� 2QFRORJ\�� �&�� :LQNOHU�� (G���6SULQJHU�9HUODJ����������:LHEH��/��,���0DQQDQ��5��+���0HUFHU��-��5���+DYHUODQG��*��:��DQG�&KDSPDQ��-��'����������6WUXFWXUH�$FWLYLW\�5HODWLRQVKLSV� $PRQJ� 1LWURLPLGD]ROH� 1XFOHRVLGHV�8VHG� DV�0DUNHUV� RI�7LVVXH�+\SR[LD���� WK� ,QW��6\PS��5DGLRSKDUPDFRO�:RUNPDQ�� 3�� DQG� %URZQ�� -�0�� �������� 6WUXFWXUH�SKDUPDFRNLQHWLF� UHODWLRQVKLSV� IRU� PLVRQLGD]ROH�DQDORJXHV� LQ� PLFH��&DQFHU� &KHPRWKHU�� 3KDUPDFRO�����������
5HFHLYHG���-XO\����������5HYLVHG���-XO\����������$FFHSWHG���-XO\����������


