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ABSTRACT 

Introduction:� 7KLV� UHYLHZ� DLPV� WR� VXPPDUL]H� WKH� DYDLODEOH� HYLGHQFH� RQ� WKH� UROH� RI�

PHWDVWDVLV�GLUHFWHG�WKHUDS\��0'7��DQG�RU�SURVWDWH�WDUJHWHG�WKHUDS\��377��LQ�WKH�VHWWLQJ�

RI�ROLJRPHWDVWDWLF�SURVWDWH�FDQFHU��3&D���

Evidence acquisition:�:H� VHDUFKHG� 3XE0HG�� WKH�:HE� RI� 6FLHQFH�� DQG� WKH�&RFKUDQH�

/LEUDU\� GDWDEDVHV�� 7KH� IROORZLQJ� NH\ZRUGV� ZHUH� XVHG�� �SURVWDWH� FDQFHU� 25� SURVWDWH�

FDUFLQRPD� 25� SURVWDWH� QHRSODVP� 25� SURVWDWH� WXPRU� 25� SURVWDWH� WXPRXU�� $1'�

�ROLJRPHWDVWDWLF�25�ROLJRPHWDVWDVLV�25�360$��$1'��VXUJHU\�25�SURVWDWHFWRP\�25�

UDGLFDO� SURVWDWHFWRP\� 25� F\WRUHGXFWLYH� 25� ORFDO� WUHDWPHQW� 25� UDGLRWKHUDS\� 25�

VWHUHRWDFWLF�25�VWHUHRWD[LF��$1'��VXUYLYDO�25�PRUWDOLW\���

Evidence synthesis: $IWHU� HYDOXDWLQJ� WKH� VHOHFWLRQ�FULWHULD�� ��� VWXGLHV�ZHUH� HYDOXDWHG�

IRU�RXU�HQGSRLQWV��:H�LQFOXGHG����VWXGLHV� IRU�377�RI�V\QFKURQRXV�P3&D��7KHUH�KDYH�

EHHQ� QR� UDQGRPLVHG� VWXGLHV� RQ� F\WRUHGXFWLYH� SURVWDWHFWRP\� �F53��� )RXU� SURVSHFWLYH�

VWXGLHV� VKRZHG� WKDW� F53� ZDV� IHDVLEOH� EXW� GLG� QRW� FRQWULEXWH� WR� D� SRVLWLYH� HIIHFW� RQ�

RYHUDOO�VXUYLYDO��26���5HJDUGLQJ�377�UDGLRWKHUDS\��WZR�UDQGRPLVHG�FRQWUROOHG�SKDVH���

WULDOV� VKRZHG� WKDW�26�ZDV� LPSURYHG� LQ�PHQ�ZLWK� D� ORZ�PHWDVWDWLF�EXUGHQ��5HJDUGLQJ�

0'7� RI�PHWDFKURQRXV� O\PSK� QRGH� UHFXUUHQFH�� ZH� LQFOXGHG� ��� UHWURVSHFWLYH� VWXGLHV��

)RU�0'7� RI� ROLJRPHWDVWDVHV�� ZH� LQFOXGHG� ��� VWXGLHV�� 2QH� UDQGRPLVHG� SKDVH� �� WULDO�

VKRZHG�WKDW�DQGURJHQ�GHSULYDWLRQ�WKHUDS\�IUHH�VXUYLYDO�LPSURYHG�ZLWK�VWHUHRWDFWLF�ERG\�

UDGLDWLRQ� WKHUDS\�FRPSDUHG� WR� WKDW�ZLWK�VXUYHLOODQFH��KRZHYHU��EHQHILWV�RQ�26�UHPDLQ�

XQFOHDU�� �

Conclusions�� :H� SHUIRUPHG� D� FRPSUHKHQVLYH� RYHUYLHZ� RI� WKH� FXUUHQW� OLWHUDWXUH� RQ�

0'7�DQG�377��7KH�IHDVLELOLW\�RI�0'7�DQG�377�LV�VXSSRUWHG�E\�VHYHUDO� UHWURVSHFWLYH�

VWXGLHV��1HYHUWKHOHVV�� WKHUH� UHPDLQV� D� ODFN� RI� KLJK�TXDOLW\� WULDOV� WR� SURYH� LWV� VXUYLYDO�
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Introduction 

2OLJRPHWDVWDWLF� GLVHDVH�ZDV� SURSRVHG� LQ� ����� DV� D� GLVWLQFW� FDQFHU� FRQGLWLRQ� EHWZHHQ�

ORFDOO\�FRQILQHG�DQG�V\VWHPDWLFDO�PHWDVWDWLF�GLVHDVH���6RPH�VWXGLHV�KDYH�VKRZQ�WKDW�DQ�

LQFUHDVLQJ�QXPEHU�RI�PHWDVWDWLF�OHVLRQV�DUH�DVVRFLDWHG�ZLWK�SRRU�RXWFRPHV�LQ�PHWDVWDWLF�

SURVWDWH�FDQFHU��3&D��� ��:KLOH�FLJDUHWWH�VPRNLQJ�LV�DVVRFLDWHG�ZLWK�DQ�LQFUHDVHG�ULVN�RI�

QRFWXULD� LQ�SDWLHQWV�ZLWK�EHQLJQ�SURVWDWLF� HQODUJHPHQW� �%3(�� LW� GRHV�QRW� DSSHDU� WR�EH�

DVVRFLDWHG�ZLWK�3&D�DJJUHVVLYHQHVV���0HWDEROLF�V\QGURPH�DQG�VPRNLQJ�DUH�DVVRFLDWHG�

ZLWK�DQ� LQFUHDVHG� ULVN�RI�QRFWXULD� LQ�PDOH�SDWLHQWV�ZLWK�%3(���5HFHQWO\��QHZ� LPDJLQJ�

PRGDOLWLHV�VXFK�DV����*D�ODEHOHG�SURVWDWH�VSHFLILF�PHPEUDQH�DQWLJHQ��360$��OLJDQGV��

DV�ZHOO� DV�ZKROH�ERG\�PDJQHWLF� UHVRQDQFH� LPDJLQJ� �05,��� KDYH� EHHQ� GHYHORSHG� DQG�

DUH� LPSURYLQJ� WKH� GHWHFWLRQ� RI� ORZ� YROXPH� PHWDVWDWLF� GLVHDVH���� 7KHVH� DGYDQFHV� RI�

LPDJLQJ� WHFKQLTXHV� DOORZ� LGHQWLILFDWLRQ� RI� VPDOO�PHWDVWDVHV�� DQG� KHOS� WR� GLIIHUHQWLDWH�

EHWZHHQ�ROLJRPHWDVWDWLF� DQG�SRO\PHWDVWDWLF�GLVHDVHV��+RZHYHU�� WKH�H[DFW� GHILQLWLRQ�RI�

ROLJRPHWDVWDVLV� KDV� QRW� EHHQ� GHWHUPLQHG�� )XUWKHUPRUH�� YDULRXV� ROLJRPHWDVWDWLF�

VLWXDWLRQV�KDYH�EHHQ�HQYLVLRQHG��H�J��GH�QRYR�RU�UHSHDW��V\QFKURQRXV�RU�PHWDFKURQRXV���

*XFNHQEHUJHU� HW� DO�� HVWDEOLVKHG� D� V\VWHP� IRU� FRPSUHKHQVLYH� FKDUDFWHUL]DWLRQ� RI�

ROLJRPHWDVWDWLF�GLVHDVH��7KH\�GHYHORSHG�DQ�ROLJRPHWDVWDWLF�GLVHDVH�FODVVLILFDWLRQ�V\VWHP�

RQ�WKH�EDVLV�RI�D�GHFLVLRQ�WUHH�RI�ILYH�ELQDU\�GLVHDVH�FKDUDFWHUL]DWLRQ�IDFWRUV���

6WDQGDUG� VWUDWHJLHV� IRU� SDWLHQWV�ZLWK�PHWDVWDWLF� KRUPRQH� VHQVLWLYH�3&D� DUH� SDOOLDWLYH�

WUHDWPHQWV�� LQFOXGLQJ� DQGURJHQ� GHSULYDWLRQ� WKHUDS\� �$'7�� SOXV� HLWKHU� GRFHWD[HO� RU�

DELUDWHURQH����1HYHUWKHOHVV��UHFHQW�VWXGLHV�KDYH�VKRZQ�WKDW�PHWDVWDVLV�GLUHFWHG�WKHUDS\�

�0'7��RU� WUHDWPHQW�RI� WKH�SULPDU\� WXPRXU�DUH�DVVRFLDWHG�ZLWK� LPSURYHG�SURJQRVLV� LQ�

ROLJRPHWDVWDWLF�3&D�SDWLHQWV��2QH�RI�WKH�UHDVRQV�LV� WKDW�3&D�PHWDVWDVHV�FDQ�EH�VHHGHG�

QRW�RQO\�IURP�WKH�SULPDU\�WXPRXU��EXW�DOVR�IURP�RWKHU�PHWDVWDWLF�VLWHV��� ���
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7KH�DLP�RI�WKLV�UHYLHZ�ZDV�WR�VXPPDUL]H�WKH�DYDLODEOH�HYLGHQFH�RQ�WKH�UROH�RI�0'7�

DQG�RU� SURVWDWH�WDUJHWHG� WKHUDS\� �377�� LQ� WKH� VHWWLQJ� RI� ROLJRPHWDVWDWLF� 3&D�� 7KHVH�

VWXGLHV�ZHUH�HYDOXDWHG�XVLQJ�GLIIHUHQW�GLDJQRVWLF�PHWKRGV�DQG�XVHG�GLIIHUHQW�GHILQLWLRQV�

RI� ROLJRPHWDVWDVLV��7R� LGHQWLI\� WKHVH� GLIIHUHQFHV��ZH� UHYLHZHG� WKH� GLDJQRVWLF�PHWKRGV�

DQG�WKH�GHILQLWLRQV�RI�ROLJRPHWDVWDVLV�LQ�DOO�FDQGLGDWH�SDSHUV��,Q�DGGLWLRQ��ZH�FRQILUPHG�

WKH�ROLJRPHWDVWDWLF�GLVHDVH�FODVVLILFDWLRQ�UHFHQWO\�SURSRVHG�E\�*XFNHQEHUJHU�HW�DO���

� �
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Methods 

6HDUFK�6WUDWHJ\�

:H�VHDUFKHG�3XE0HG��WKH�:HE�RI�6FLHQFH��DQG�WKH�&RFKUDQH�/LEUDU\�WR�GHWHUPLQH�WKH�

HIILFDF\�RI�ORFDO�DQG�PHWDVWDVLV�GLUHFWHG�WKHUDSLHV�LQ�SDWLHQWV�ZLWK�ROLJRPHWDVWDWLF�3&D�

XQWLO� 'HFHPEHU� ������ :H� VHDUFKHG� DUWLFOHV� SXEOLVKHG� LQ� WKH� (QJOLVK� ODQJXDJH� RQO\��

7KHUH�ZDV�QR�UHVWULFWLRQ�UHJDUGLQJ�WKH�SXEOLFDWLRQ�SHULRG��

$IWHU� DQ� LQLWLDO� VFUHHQLQJ�EDVHG�RQ�VWXG\� WLWOHV�DQG�DEVWUDFWV�� DOO�SDSHUV�ZHUH� DVVHVVHG�

EDVHG�RQ�IXOO�WH[WV�DQG�ZHUH�H[FOXGHG�ZLWK�UHDVRQV�ZKHQ�LQDSSURSULDWH��D�IXUWKHU�FKHFN�

RI� WKH� DSSURSULDWHQHVV�RI� WKH�SDSHUV�EDVHG�RQ�D� IXOO�WH[W� UHYLVLRQ�ZDV�SHUIRUPHG�DIWHU�

GDWD� H[WUDFWLRQ�� 7KH� IROORZLQJ� NH\ZRUGV� ZHUH� XVHG� LQ� RXU� VHDUFK� VWUDWHJ\�� �SURVWDWH�

FDQFHU�25�SURVWDWH�FDUFLQRPD�25�SURVWDWH�QHRSODVP�25�SURVWDWH�WXPRXU�25�SURVWDWH�

WXPRXU�� $1'� �ROLJRPHWDVWDWLF� 25� ROLJRPHWDVWDVLV� 25� 360$�� $1'� �VXUJHU\� 25�

SURVWDWHFWRP\� 25� UDGLFDO� SURVWDWHFWRP\� 25� F\WRUHGXFWLYH� 25� ORFDO� WUHDWPHQW� 25�

UDGLRWKHUDS\�25�VWHUHRWDFWLF�25�VWHUHRWD[LF��$1'��VXUYLYDO�25�PRUWDOLW\��

,QFOXVLRQ�DQG�H[FOXVLRQ�FULWHULD�

7KH� LQLWLDO� VFUHHQLQJ�ZDV� SHUIRUPHG� LQGHSHQGHQWO\� E\� WZR� LQYHVWLJDWRUV� EDVHG� RQ� WKH�

WLWOHV� DQG� DEVWUDFWV� WR� FKHFN� LQHOLJLEOH� UHSRUWV��:H� GHILQHG� VWXG\� HOLJLELOLW\� XVLQJ� WKH�

SDWLHQW� SRSXODWLRQ�� LQWHUYHQWLRQ�� FRPSDUDWRU�� RXWFRPH�� DQG� VWXG\� GHVLJQ� �3,&26��

DSSURDFK� �6XSSOHPHQWDU\� 7DEOH� ���� :H� LQFOXGHG� SXEOLVKHG� DUWLFOHV� WKDW� GHILQHG� WKH�

ROLJRPHWDVWDVHV�DV� OHVV� WKDQ���GLVWDQW�PHWDVWDVHV��:H�H[FOXGHG�DUWLFOHV�QRW� LQ�(QJOLVK��

LQFOXGLQJ� UHYLHZV�� PHWD�DQDO\VHV�� JXLGHOLQHV�� HGLWRULDOV�� OHWWHUV�� DQG� FDVH� UHSRUWV��

'RVLPHWULF��PRWLRQ�PDQDJHPHQW��RU�UDGLRWKHUDS\�SODQQLQJ�VWXGLHV��DQG�EDVLF�VFLHQFH�RU�

SUH�FOLQLFDO�VWXGLHV�ZHUH�DOVR�H[FOXGHG��3RWHQWLDOO\�UHOHYDQW�UHSRUWV�ZHUH�VXEMHFWHG�WR�D�

IXOO�SDSHU� UHYLHZ�� DQG� WKH� UHOHYDQFH� RI� WKH� UHSRUWV� ZDV� FRQILUPHG� DIWHU� WKH� GDWD�
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H[WUDFWLRQ�SURFHVV��'LVFUHSDQFLHV�ZHUH�UHVROYHG�E\�FRQVHQVXV�RU�UHFRXUVH�WR�WKH�VHQLRU�

DXWKRU��

'DWD�H[WUDFWLRQ�

7KH� LQIRUPDWLRQ� ZDV� H[WUDFWHG� IURP� WKH� LQFOXGHG� DUWLFOHV� E\� WZR� LQYHVWLJDWRUV�

LQGHSHQGHQWO\�� DXWKRU¶V� QDPH�� SXEOLFDWLRQ� \HDU�� SHULRG� RI� UHJLVWUDWLRQ�� QXPEHU� RI�

SDWLHQWV�� VWDWXV� RI� ROLJRPHWDVWDVLV��PHWKRG� RI� GLDJQRVLV�� GHILQLWLRQ� RI� ROLJRPHWDVWDWLF��

SURVWDWH�VSHFLILF� DQWLJHQ� �36$��� WKH� UDWH� RI� *OHDVRQ� VFRUH� !��� WUHDWPHQW�� IROORZ�XS�

GXUDWLRQ��RQFRORJLFDO�RXWFRPHV��DQG�WR[LFLW\�� �

� �
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Results 

/LWHUDWXUH�VHDUFK�

2YHUDOO��������SXEOLFDWLRQV�ZHUH�LGHQWLILHG�LQ�WKH�LQLWLDO�VHDUFK��3XE0HG�������6FRSXV��

������:HE� RI� 6FLHQFH�� ����� DQG� ��� DUWLFOHV� VXJJHVWHG� E\� DXWKRUV��$PRQJ� WKHVH�� ����

DUWLFOHV� ZHUH� H[FOXGHG� DIWHU� VFUHHQLQJ� GXSOLFDWHV�� QRQ�UHOHYDQW� DUWLFOHV� DFFRUGLQJ� WR�

LQFOXVLRQ�FULWHULD�� ERRNV�� UHYLHZV�� HGLWRULDO� FRPPHQW�� FDVH� UHSRUWV�� DEVWUDFWV� RQO\�� DQG�

QRQ�(QJOLVK� DUWLFOHV�� $� IXOO�WH[W� UHYLHZ� ZDV� SHUIRUPHG� IRU� ���� SRWHQWLDOO\� UHOHYDQW�

DUWLFOHV��$IWHU�HYDOXDWLQJ� WKH�VHOHFWLRQ�FULWHULD��ZH� LGHQWLILHG����DUWLFOHV��7KH�VHOHFWLRQ�

SURFHVV�DQG�OLVW�DUH�VKRZQ�LQ�)LJ�����

6WXG\�FDWHJRULVDWLRQ�

(LJKW\�WZR�FRKRUWV�ZHUH�HYDOXDWHG�IRU�HQGSRLQWV�LQ�WKH����LQFOXGHG�VWXGLHV��7KLV�VWXG\�

FDWHJRULVHG�FRKRUWV�LQWR�PHWDFKURQRXV�DQG�V\QFKURQRXV�FDVHV�GHSHQGLQJ�RQ�WKH�WLPLQJ�

RI�PHWDVWDVLV�DQG�LQWR�377�RU�0'7�GHSHQGLQJ�RQ�WUHDWPHQW�PRGDOLW\��:H�LQFOXGHG����

VWXGLHV�IRU�377�RI�V\QFKURQRXV�PHWDVWDWLF�3&D��6XSSOHPHQWDU\�7DEOH�����)RU�0'7�WR�

PHWDFKURQRXV�O\PSK�QRGH��/1��UHFXUUHQFH�DIWHU�SULPDU\�WUHDWPHQW�ZLWK�FXUDWLYH�LQWHQW��

ZH� LQFOXGHG� ��� VWXGLHV� �6XSSOHPHQWDU\� 7DEOH� ���� )RU� 0'7� WR� PHWDFKURQRXV� DQG�RU�

V\QFKURQRXV�ROLJRPHWDVWDVHV��ZH�LQFOXGHG����VWXGLHV��6XSSOHPHQWDU\�7DEOH�����

���'HILQLWLRQ�RI�ROLJRPHWDVWDWLF�GLVHDVH�

7KHUH�LV�QR�FRQVHQVXV�RQ�WKH�GHILQLWLRQ�RI�ROLJRPHWDVWDWLF�GLVHDVH��,QGHHG��WKH�OLWHUDWXUH�

SURYLGHV�D�UDQJH�RI�GHILQLWLRQV�EDVHG�RQ�WKH�QXPEHU�RI�SURVWDWH�PHWDVWDVHV��ʿ��WR� ʿ����

ZLWK�YDULDEOH�VLWHV��H�J��ERQH��/1��RWKHU�RUJDQ��DQG�EDVHG�RQ�YDULRXV�GLDJQRVWLF�LPDJLQJ�

PRGDOLWLHV��&RQYHQWLRQDOO\��FRPSXWHG�WRPRJUDSK\��&7��DQG���P�WHFKQHWLXP�PHWK\OHQH�

GLSKRVSKRQDWH� ���P7F�0'3�� DUH� XVHG� WR� GLDJQRVH� PHWDVWDVLV� RI� 3&D�� 7KH� (XURSHDQ�

$VVRFLDWLRQ� RI� 8URORJ\� UHFRPPHQGV� WKH� XVH� RI� WKHVH� FRQYHQWLRQDO� LPDJLQJ�
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PRGDOLWLHV���� +RZHYHU�� VXFK� LPDJLQJ� PRGDOLWLHV� DUH� OLPLWHG� E\� SRRU� VHQVLWLYLW\��

SDUWLFXODUO\� LQ� WKH� ROLJRPHWDVWDWLF� VHWWLQJ� DQG� E\� ORZ� 36$� OHYHOV�� $OELVLQQL� HW� DO��

UHSRUWHG�D�SURVSHFWLYH�VWXG\�WKDW�36$0�3(7�&7�FKDQJHG�WUHDWPHQW�VWUDWHJ\�LQ�����RI�

SDWLHQWV�FRPSDUHG�WR�FRQYHQWLRQDO�VWDJLQJ����7KLV�VXJJHVWV�WKDW�LPDJLQJ�PRGDOLWLHV�FDQ�

VLJQLILFDQWO\�DIIHFW�WKH�RQFRORJLFDO�RXWFRPH�RI�SDWLHQWV�ZLWK�ROLJRPHWDVWDWLF�3&D�� �

:H� VXPPDUL]HG� WKH� GLVWULEXWLRQV� RI� ³LPDJLQJ�PRGDOLWLHV� IRU� GHWHFWLQJ�PHWDVWDVHV´� LQ�

)LJXUH����,Q�WKH�FDWHJRU\�RI�377�����VWXGLHV�������XVHG�FRQYHQWLRQDO�LPDJLQJ�WR�GHWHFW�

ROLJRPHWDVWDWLF�GLVHDVH��&RQYHUVHO\��LQ�WKH�0'7�WR�/1�FDWHJRU\�����VWXGLHV�������XVHG�

QRYHO� WDUJHWLQJ� LPDJLQJ� WR� GHWHFW� ROLJRPHWDVWDWLF� GLVHDVH�� 6LPLODUO\�� LQ� WKH� 0'7� WR�

ROLJRPHWDVWDVHV� FDWHJRU\�� ��� VWXGLHV� ������ XVHG� QRYHO� WDUJHWLQJ� LPDJLQJ� WR� GHWHFW�

ROLJRPHWDVWDWLF�GLVHDVH��5HJDUGLQJ�WR�WKH�GHILQLWLRQ�RI�ROLJRPHWDVWDWLF�GLVHDVH��WKH�PRVW�

FRPPRQO\� XVHG� GHILQLWLRQ� ZDV� D� FRQGLWLRQ� ZLWK� WKUHH� RU� OHVV� ERQH� PHWDVWDVHV� �VL[�

VWXGLHV�������LQ�WKH�377�FDWHJRU\��DQG����VWXGLHV�������LQ�WKH�0'7�WR�ROLJRPHWDVWDVHV�

FDWHJRU\��� �

���5ROH�RI�SURVWDWH�WDUJHWHG�WKHUDS\�LQ�ROLJRPHWDVWDWLF�GLVHDVH���7DEOH��� ������

:H� LQFOXGHG� ��� VWXGLHV� IRU� 377� RI� V\QFKURQRXV� P3&D�� 8VLQJ� WKH� 6((5�0HGLFDUH�

GDWDEDVH��6DWNXQDVLYDP�HW�DO��UHSRUWHG�D�ORZHU�RYHUDOO�PRUWDOLW\�ULVN�RI������p ������LQ�

SDWLHQWV� ZKR� XQGHUZHQW� 53�� DQG� RI� ���� �p�������� LQ� SDWLHQWV� ZKR� XQGHUZHQW�

LQWHQVLW\�PRGXODWHG� UDGLDWLRQ� WKHUDS\� �,057�� ZKHQ� FRPSDUHG� ZLWK� QRQORFDO�

WUHDWPHQW����6LPLODUO\��XVLQJ�WKH�1DWLRQDO�&DQFHU�'DWD�%DVH��1&'%���/|SSHQEHUJ�HW�DO��

UHSRUWHG�WKDW���\�RYHUDOO�PRUWDOLW\�IUHH�VXUYLYDO�ZDV�KLJKHU�LQ�WKH�ORFDO�WUHDWPHQW�JURXS�

YHUVXV� WKH� QRQORFDO� WUHDWPHQW� JURXS� ����� YV� ����� S����������� 7KHVH� ILQGLQJV� RI�

UHWURVSHFWLYH�DQDO\VLV�RI�VHYHUDO�ODUJH�GDWDEDVHV�VXJJHVW�WKH�HIILFDF\�RI�ORFDO�WUHDWPHQW�

IRU�PHWDVWDWLF�3&D��
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����&\WRUHGXFWLYH�UDGLFDO�SURVWDWHFWRP\��F53���

7KHUH� ZHUH� ��� UHSRUWV� �URERW�DVVLVWHG� ODSDURVFRSLF� UDGLFDO� SURVWDWHFWRP\� �5$/3�� ��

UHSRUW ���� 53� ��� UHSRUWV������� ������� 5$/3� RU� 53� �� UHSRUW ����� 6HYHQ� VWXGLHV� ZHUH�

UHWURVSHFWLYH����������DQG�IRXU�VWXGLHV�ZHUH�SURVSHFWLYH�������

0DQ\� UHWURVSHFWLYH� VWXGLHV� UHYHDOHG� D�EHQHILW� RI� F53� LQ�SDWLHQWV�ZLWK�PHWDVWDWLF�3&D��

.LQSSHU�HW�DO�� UHWURVSHFWLYHO\� LQYHVWLJDWHG����F53�SDWLHQWV�ZLWK� ORZ�PHWDVWDWLF�EXUGHQ�

�/0%�� ���� ERQH� PHWDVWDVHV�� DQG� FRPSDUHG� WKH� UHVXOWV� RI� 67$03('(� DUP� +� ZLWK�

/0%� ZKR� UHFHLYHG� UDGLRWKHUDS\� �57��� $W� �� \HDUV�� 26� ZDV� ����� PHWDVWDWLF�

SURJUHVVLRQ�IUHH�VXUYLYDO��03)6��ZDV������DQG�&66�ZDV������ZKLOH�����������DQG�

�����UHVSHFWLYHO\��ZHUH�UHSRUWHG�LQ�WKH�57�VXEJURXS�ZLWK�/0%�LQ�WKH�67$03('(�DUP�

+��7KH�DXWKRUV�FRQFOXGHG�WKDW�QR�PDMRU�GLVDGYDQWDJH�LQ�26�DQG�&66�PD\�EH�H[SHFWHG�

ZKHQ�FRPSDULQJ� WKH� F53�FRKRUW�ZLWK� WKH� UHVXOWV�RI�67$03('(�DUP�+���� -DQJ�HW� DO��

UHYLHZHG�WKH�UHFRUGV�RI����SDWLHQWV�ZLWK�ROLJRPHWDVWDWLF�3&D�WUHDWHG�ZLWK�5$/3�RU�$'7�

DQG� VKRZHG� WKDW� 5$/3� LQ� WKH� VHWWLQJ� RI� ROLJRPHWDVWDWLF� 3&D� LPSURYHG� RQFRORJLFDO�

RXWFRPHV� LQ� WHUPV�RI�SURJUHVVLRQ�IUHH� VXUYLYDO� �3)6�� DQG�&66����6LPLODU� UHVXOWV�KDYH�

EHHQ� UHSRUWHG� E\� VHYHUDO� DXWKRUV����� ������ 1HYHUWKHOHVV�� ZH� VKRXOG� FRQVLGHU� SRWHQWLDO�

VHOHFWLRQ�ELDV�LQ�WKHVH�UHWURVSHFWLYH�VWXGLHV��

7KHUH� ZHUH� IRXU� SURVSHFWLYH� VWXGLHV� WKDW� KDG� ORZHU� VHOHFWLRQ� ELDV�� 6WHXEHU� HW� DO��

FRQFOXGHG�WKDW�WKHUH�ZDV�QRW�D�VLJQLILFDQW�EHQHILW�RI�F53�RQ�VXUYLYDO��KRZHYHU��WKH�UDWH�

RI�ORFRUHJLRQDO�FRPSOLFDWLRQV�ZDV�ORZHU����6LPLODUO\��6LPIRURRVK�HW�DO��VKRZHG�WKDW�F53�

GLG�QRW�LPSURYH�FDQFHU�VSHFLILF�VXUYLYDO�LQ�SDWLHQWV�ZLWK�VNHOHWDO�PHWDVWDWLF�3&D�LQ�WKH�

VKRUW� WHUP�� EXW� RIIHUHG� EHWWHU� ORFDO� FRQWURO�� LPSURYHG� ELRFKHPLFDO� UHODSVH�IUHH�

VXUYLYDO����+HLGHQUHLFK�HW� DO�� VKRZHG� WKDW�F53�ZDV� IHDVLEOH� LQ�ZHOO�VHOHFWHG�PHQ�ZLWK�

PHWDVWDWLF� 3&D� ZKR� UHVSRQG� ZHOO� WR� QHRDGMXYDQW� $'7� ��� 7KHVH� SURVSHFWLYH� VWXGLHV�
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KDYH�UHYHDOHG�WKDW�F53�ZDV�IHDVLEOH�EXW�GLG�QRW�FRQWULEXWH�WR�WKH�SRVLWLYH�HIIHFW�RQ�26�

LQ� OLPLWHG�SDWLHQW� VDPSOHV�� ,Q� WKLV� UHYLHZ��&ODYLHQ�'LQGR�*��RU�KLJKHU� DGYHUVH�HYHQWV�

RFFXUUHG�LQ����RI�WKH�����SDWLHQWV�������������������

,Q�VXPPDU\��UHWURVSHFWLYH�VWXGLHV�VKRZHG�PDQ\�SRVLWLYH�UHVXOWV��EXW�SURVSHFWLYH�VWXGLHV�

GLG� QRW� GHPRQVWUDWH� DQ\� FRQWULEXWLRQ� WR� 26�� $GYHUVH� HYHQWV� ZHUH� ZLWKLQ� DFFHSWDEOH�

OLPLWV� DQG� FRQWULEXWHG� WR� WKH� UHGXFWLRQ� RI� ORFDO� V\PSWRPV�� DQG� ORFDO� FRQWUROV� ZHUH�

HIIHFWLYH��:H�QHHG�WR�ZDLW�IRU�WKH�UHVXOWV�RI�IXWXUH�SURVSHFWLYH�WULDOV��6HYHUDO�SURVSHFWLYH�

VWXGLHV�DUH�RQJRLQJ��H�J��75R0ERQH� WULDO� >7HVWLQJ�5DGLFDO�SURVWDWHFWRP\�LQ�PHQ�ZLWK�

3&D� DQG� ROLJR0HWDVWDVHV� WR� WKH� ERQH@���� WKH� J�5$033� WULDO� >1&7��������@�� $�

3URVSHFWLYH��0XOWL�,QVWLWXWLRQDO��5DQGRPL]HG��3KDVH�,,�7ULDO�RI�%HVW�6\VWHPLF�7KHUDS\�

RU�%HVW�6\VWHPLF�7KHUDS\� �%67��3OXV�'HILQLWLYH�7UHDWPHQW� �5DGLDWLRQ�RU�6XUJHU\��RI�

WKH�3ULPDU\�7XPRU� LQ�0HWDVWDWLF� �0���3URVWDWH�&DQFHU� �1&7�����������5DQGRPL]HG�

)HDVLELOLW\� 7ULDO� RI� 3URVWDWH� 5DGLRWKHUDS\� YV� 3URVWDWHFWRP\� LQ� 0HQ� :LWK� +RUPRQH�

6HQVLWLYH� 2OLJRPHWDVWDWLF� 3URVWDWH� &DQFHU� �1&7���������� $Q� 2SHQ�ODEHO ɼ

5DQGRPL]HG� 3URVSHFWLYH� 3KDVH� ,,� 7ULDO� RI� $'7� RU� $'7� 3OXV� 'HILQLWLYH� 7UHDWPHQW�

�5DGLDWLRQ� RU� 6XUJHU\�� RI� WKH� 3ULPDU\� 7XPRU� LQ� 2OLJRPHWDVWDWLF� 3URVWDWH� &DQFHU�

�1&7����������� DQG� /RFDO� 7UHDWPHQW� :LWK� 5DGLFDO� 3URVWDWHFWRP\� �53�� IRU�

1HZO\�GLDJQRVHG�0HWDVWDWLF�3URVWDWH�&DQFHU�>P3&D@�>1&7��������@ 12)��DQG�WKH\�ZLOO�

SURYLGH� YDOXDEOH� RXWFRPH� UHVXOWV� IRU�PHQ�ZLWK� QHZO\� GLDJQRVHG� ROLJRPHWDVWDWLF� 3&D�

ZKR� KDYH� UHFHLYHG� F53�� $W� WKLV� WLPH�� F53� VKRXOG� EH� SHUIRUPHG� RQO\� ZLWKLQ� FOLQLFDO�

WULDOV��

����3URVWDWH�WDUJHWHG�57��377�57��

7KHUH� DUH� WZR� SURVSHFWLYH� UDQGRPLVHG� VWXGLHV� DVVHVVLQJ� WKH� SURJQRVWLF� FRPSDULVRQ�

EHWZHHQ� 57�$'7� DQG� $'7� RQO\�� 7KH� +255$'� WULDO� ZDV� D� PXOWLFHQWUH�
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UDQGRPLVHG�FRQWUROOHG�WULDO�WKDW�VWXGLHG�WKH�HIILFDF\�RI�H[WHUQDO�EHDP�UDGLDWLRQ�WKHUDS\�

�(%57��WR�WKH�SURVWDWH�LQ�DGGLWLRQ�WR�VWDQGDUG�$'7�LQ�SDWLHQWV�ZLWK�P3&D��ZLWK�26�DV�

WKH�SULPDU\�RXWFRPH��7KH�WULDO�UHYHDOHG�WKDW�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�26��0HGLDQ�26�

ZDV����PRQWKV�LQ�WKH�57�JURXS�DQG����PRQWKV�LQ�WKH�FRQWURO�JURXS��S� �������7KH�WULDO�

VXJJHVWHG�WKDW�DGGLWLRQDO�UDGLRWKHUDS\�GLG�QRW�LPSURYH�26��+RZHYHU��VXEJURXS�DQDO\VLV�

RI�SDWLHQWV�ZLWK�IHZHU�WKDQ�ILYH�ERQH�OHVLRQV�VKRZHG�LPSURYHPHQWV�LQ�VXUYLYDO�ZKHQ�57�

ZDV�DGGHG�WR�$'7��7KH�DXWKRU�QRWHG�DV�OLPLWDWLRQV�RI�WKLV�VWXG\�WKH�ORZ�LUUDGLDWLRQ�GRVH�

�RQO\����*\��DQG�WKH�ODFN�RI�LQIRUPDWLRQ�UHJDUGLQJ�YLVFHUDO�PHWDVWDVHV����

7KH� 67$03('(� WULDO� ZDV� D� UDQGRPL]VG� FRQWUROOHG� SKDVH� �� WULDO� WR� FRPSDUH� WKH�

VWDQGDUG�RI� FDUH� IRU�PHWDVWDWLF� 3&D��ZLWK� DQG�ZLWKRXW� UDGLRWKHUDS\�� 7KH� GHILQLWLRQ� RI�

PHWDVWDWLF�EXUGHQ�ZDV�VLPLODU�WR�WKH�RQH�XVHG�LQ�WKH�&+$$57('�WULDO��KLJK�PHWDVWDWLF�

EXUGHQ� ZDV� GHILQHG� DV� IRXU� RU� PRUH� ERQH� PHWDVWDVHV� ZLWK� RQH� RU� PRUH� RXWVLGH� WKH�

YHUWHEUDO�ERGLHV��RU�SHOYLV�RU�YLVFHUDO�PHWDVWDVHV�RU�ERWK��DOO�RWKHUV�ZHUH�FRQVLGHUHG�WR�

KDYH�D� ORZ�PHWDVWDWLF�EXUGHQ��7KH� WULDO� VXJJHVWHG� WKDW� WKH� DGGLWLRQ�RI� UDGLRWKHUDS\� WR�

SURVWDWH�GLG�QRW� LPSURYH�26��+5�����������&,�����±������S� ���������IRU�XQVHOHFWHG�

SDWLHQWV�ZLWK�QHZO\�GLDJQRVHG�PHWDVWDWLF�3&D��+RZHYHU��VLPLODUO\�WR�WKH�+255$'�WULDO��

VXEJURXS� DQDO\VLV� VKRZHG� WKDW�26�GLG� LPSURYH� LQ�PHQ�ZLWK� D� ORZ�PHWDVWDWLF� EXUGHQ�

�+5� ������ ����&,� ����±������ S�  � ������� ��\HDU� VXUYLYDO� ���� LQ� FRQWUROV� YV� ����RI�

SDWLHQWV�ZLWK�UDGLRWKHUDS\��5HJDUGLQJ�DGYHUVH�HYHQWV��SDWLHQWV�LQ�WKH�UDGLRWKHUDS\�JURXS�

UHSRUWHG� D� ORZHU� LQFLGHQFH� RI� JUDGH� �� DQG� �� 5DGLDWLRQ� 7KHUDS\� 2QFRORJ\� *URXS�

�572*�� DFXWH� ����� DQG� ODWH� ����� HIIHFWV�� 7KH� DXWKRU� VXJJHVWHG� WKDW� SURVWDWH�

UDGLRWKHUDS\� VKRXOG� EH� D� VWDQGDUG� WUHDWPHQW� RSWLRQ� IRU� PHQ� ZLWK� D� ORZ� PHWDVWDWLF�

EXUGHQ����

,Q�VXPPDU\��WZR�SURVSHFWLYH�UDQGRPLVHG�SKDVH���WULDOV�VXJJHVWHG�WKDW�377�57�PD\�EH�
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EHQHILFLDO�LQ�SDWLHQWV�ZLWK�ORZ�PHWDVWDWLF�EXUGHQ��$GYHUVH�HIIHFWV�ZHUH�PRGHVW��5HFHQWO\��

DFFXPXODWLQJ�HYLGHQFH�KDV�LQGLFDWHG�WKDW�IUDFWLRQDWHG�UDGLRWKHUDS\�FDQ�UHVXOW�LQ�GLVWDQW�

QRQ�LUUDGLDWHG� �DEVFRSDO�� WXPRXU� UHJUHVVLRQ����7KLV�DEVFRSDO� HIIHFW�PD\�EH�RQH�RI� WKH�

SRWHQWLDO�UHDVRQV�ZK\�377�57�LV�EHQHILFLDO�LQ�SDWLHQWV�ZLWK�WKH�PHWDVWDWLF�EXUGHQ�� �

+RZHYHU�� LW� VKRXOG� EH� QRWHG� WKDW� WKHVH� UHVXOWV� DUH� VXEJURXS� ILQGLQJV� DQG� WKDW� WKH�

GHILQLWLRQV�RI� ORZ�PHWDVWDWLF�EXUGHQ� LQ� WKHVH� WULDOV�DUH�EDVHG�RQ�FRQYHQWLRQDO� LPDJLQJ�

XVLQJ�&7�DQG�ERQH�VFDQ�UHVXOWV��

���5ROH�RI�PHWDVWDVLV�GLUHFWHG�WKHUDS\��0'7��

����/\PSK�QRGH�PHWDVWDVLV�GLUHFWHG�WKHUDS\��7DEOH��� ������

3.1.1 Conventional RT�

$OO� UHSRUWV� ZHUH� UHWURVSHFWLYH� VWXGLHV�� 7ZR� RI� WKH� WKUHH� UHSRUWV� XVHG� QHZ� LPDJLQJ�

PRGDOLWLHV�WR�GHWHFW�/1�PHWDVWDVLV��5HJDUGLQJ�WR[LFLW\��QR�JUDGH���WR[LFLW\�ZDV�REVHUYHG��

8VLQJ� WKH� 9HWHUDQV� $IIDLUV� �9$�� ,QIRUPDWLFV� DQG� &RPSXWLQJ� ,QIUDVWUXFWXUH� �9,1&,��

SODWIRUP�� %U\DQW� HW� DO�� LQYHVWLJDWHG� ���� SDWLHQWV� ZLWK� FOLQLFDOO\� QRGH�SRVLWLYH� 3&D�

WUHDWHG�ZLWK�$'7� �Q� � �����RU�$'7�SOXV� FRQYHQWLRQDO�57� �$'7�57�� �Q� �������7KH�

DXWKRU� UHSRUWHG� WKDW� DGGLWLRQ� RI� 57� WR� $'7� ZDV� DVVRFLDWHG� ZLWK� VXEVWDQWLDO�

LPSURYHPHQWV� LQ�ERWK�3&D�VSHFLILF�PRUWDOLW\� �3&60��DQG�DOO�FDXVH�PRUWDOLW\� �$&0���

)XUWKHUPRUH�� $'7�57� ZDV� DVVRFLDWHG� ZLWK� D� VLJQLILFDQW� LPSURYHPHQW� LQ� 3&60� DQG�

$&0�DPRQJ�SDWLHQWV�ZLWK�D�SUH�WUHDWPHQW�36$�OHYHO�OHVV�WKDQ�WKH�PHGLDQ�RI����QJ�P/�

EXW�QRW�JUHDWHU�WKDQ�WKH�PHGLDQ����

2WKHU�UHSRUWV�ZHUH�IURP�D�VPDOO�QXPEHU�RI�VLQJOH�FHQWUHV��5LVFKNH�HW�DO��HYDOXDWHG����

SDWLHQWV�ZLWK�36$�UHFXUUHQFH�DQG�LPDJLQJ�SRVLWLYH�IRU�/1�PHWDVWDVHV�RU�DGGLWLRQDO�ORFDO�

UHFXUUHQFH� LQ� WKH� SURVWDWH� IRVVD� DIWHU� 53� XVLQJ� FKROLQH�3(7�&7�� &7� DQG� '&(�05,�

�'&(�05,���7KH�DXWKRUV�FRQFOXGHG�WKDW�SDWLHQWV�ZLWK�RQO\�RQH�RU�WZR�3(7�SRVLWLYH�/1�
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WUHDWHG�E\�57�DFKLHYHG�SURORQJHG�FRPSOHWH�ELRFKHPLFDO�UHPLVVLRQ����

3.1.2 Stereotactic body radiation therapy (SBRT)/Elective nodal radiotherapy (ENRT) 

$OO�UHSRUWV�RQ�6%57�(157�KDYH�EHHQ�UHWURVSHFWLYH�VWXGLHV��$PRQJ�WKHP��1LFRVLD�HW�DO��

UHSRUWHG� UHVXOWV� RI� D� UHODWLYHO\� ODUJH� QXPEHU� RI� FDVHV� WUHDWHG� ZLWK� 6%57� XVLQJ�

PXOWL�LQVWLWXWLRQDO� DQDO\VLV�� $FFRUGLQJ� WR� WKHLU� VWXG\�� ���� 3&D� SDWLHQWV� ZLWK� /1�

PHWDVWDVLV�ZHUH�WUHDWHG�ZLWK�6%57��/RFDO�FRQWURO�UDWHV�DW���DQG���\HDUV�ZHUH�������DQG�

������� UHVSHFWLYHO\��1R� JUDGH� �� RU� KLJKHU� DFXWH� RU� ODWH� WR[LFLW\� RFFXUUHG��7KH� DXWKRU�

FRQFOXGHG� WKDW� 6%57� LV� DQ� HIIHFWLYH� DQG� ZHOO�WROHUDWHG� WUHDWPHQW� RSWLRQ� IRU�

PDQDJHPHQW� RI� /1� PHWDVWDVHV� IURP� 3&D���� 5HFHQWO\�� WKH� VFLHQWLILF� FRPPXQLW\� KDV�

GHEDWHG� IRFDO� LUUDGLDWLRQ� YHUVXV� HOHFWLYH� WUHDWPHQW� RI� WKH� /1� FKDLQ�� 'H� %OHVHU� HW� DO��

FRPSDUHG� RXWFRPH� DQG� WR[LFLW\� EHWZHHQ� 6%57� GHILQHG� DV� D� PLQLPXP� RI� �� *\� SHU�

IUDFWLRQ�WR�HDFK�OHVLRQ�ZLWK�D�PD[LPXP�RI�WHQ�IUDFWLRQV�DQG�(157�GHILQHG�DV�PLQLPXP�

GRVH� RI� ��� *\� LQ� XS� WR� ��� IUDFWLRQV� WR� WKH� HOHFWLYH� QRGHV�� /RFDO� SURJUHVVLRQ� ZDV�

REVHUYHG�LQ����SDWLHQWV�IROORZLQJ�6%57�DQG�LQ�QLQH�SDWLHQWV�IROORZLQJ�(157��S���������

7KH� ��\�PHWDVWDVLV�IUHH� VXUYLYDO�ZDV� ���� IRU� 6%57� DQG� ���� IRU� (157� �S�  � �������

(DUO\�DQG�ODWH�WR[LFLWLHV�IROORZLQJ�(157�ZHUH�VLJQLILFDQWO\�KLJKHU�WKDQ�WKRVH�IROORZLQJ�

6%57� �S ������ DQG� S�������� UHVSHFWLYHO\��� +RZHYHU�� PRVW� VLGH�HIIHFWV� ZLWK� (157�

ZHUH� OLPLWHG� WR� JUDGH� ��� 7KH� DXWKRU� FRQFOXGHG� WKDW� QRGDO� UHODSVH� ZDV� OHVV� IUHTXHQW�

IROORZLQJ�(157�WKDQ�IROORZLQJ�6%57��DQG�WKXV�(157�PLJKW�EH�WKH�SUHIHUUHG�WUHDWPHQW�

RSWLRQ����

3.1.3 Salvage lymph node dissection (SLND) 

7KHUH�ZHUH� ��� UHSRUWV� RQ� �6/1'� �RSHQ��� �� UHSRUWV ����������� 6/1'� �URERW�DVVLVWHG��� ��

UHSRUWV��������6/1'��RSHQ�RU�URERW�����UHSRUW����5DGLRJXLGHG�VXUJHU\����UHSRUWV��������$OO�

UHSRUWV� ZHUH� UHWURVSHFWLYH� VWXGLHV�� $W� OHDVW� RQH� RI� ��&�FKROLQH�� ��*D�360$� RU�
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��)�FKROLQH� ZDV� XVHG� WR� GHWHFW� /1� PHWDVWDVLV�� 5HJDUGLQJ� WKH� GLDJQRVWLF� LPDJH��

+HUOHPDQQ� HW� DO�� UHSRUWHG� WKDW�SDWLHQWV�ZLWK�/1�PHWDVWDVHV�GLDJQRVHG�RQ� ��*D�360$�

3(7�&7� VKRZHG� D� KLJKHU� UDWH� RI� FRPSOHWH� ELRFKHPLFDO� UHVSRQVH� FRPSDUHG� WR�

��)�FKROLQH�3(7�&7�������YV��������S� �����������

5HJDUGLQJ� WR� RQFRORJLFDO� RXWFRPHV�� 6/1'� FDQ� DFKLHYH� 36$� UHVSRQVH� UDWHV� LQ�

�����������RI�SDWLHQWV��ZLWK���\�E3)6�UDWHV�RI������������(YHQ�LI�D�36$�UHVSRQVH�FRXOG�

EH� DFKLHYHG�� WKHUH� DUH� PDQ\� SDWLHQWV� ZKR� H[SHULHQFH� ELRFKHPLFDO� UHFXUUHQFH��

6LULZDUGDQD� HW� DO�� VXJJHVWV� WKDW� ��*D�360$� LPDJLQJ� XQGHUHVWLPDWHV�PLFUR�PHWDVWDWLF�

GLVHDVH�� WKHUHIRUH� 6/1'� UDUHO\� FXUHV� DQG� UHFRPPHQGHG� VWULFW� SDWLHQW� VHOHFWLRQ� DQG�

FOLQLFDO�WULDOV����

$GYHUVH�HYHQWV�RI�6/1'�KDYH�EHHQ�UHSRUWHG�WR�EH�PRUH�IUHTXHQW�WKDQ�QRUPDO�/1'����,Q�

WKLV� UHYLHZ�� ��� RI� ���� SDWLHQWV� H[SHULHQFHG�&ODYLHQ�'LQGR� JUDGH� �� RU� KLJKHU� DGYHUVH�

HYHQWV��ZKLFK�VHHPHG� WR�KDYH�PRUH�VHULRXV�DGYHUVH�HYHQWV� WKDQ�RWKHU� WUHDWPHQWV��7KH�

PRVW� IUHTXHQWO\� UHSRUWHG� FRPSOLFDWLRQV� LQ� OLWHUDWXUH� ZHUH� O\PSKRFHOH�� IHYHU�� DQG�

SURORQJHG� LOHXV�� +RZHYHU�� 'HYRV� HW� DO�� UHSRUWHG� WKDW� WKHUH� ZHUH� VLJQLILFDQWO\� IHZHU�

DGYHUVH�HYHQWV�RI�URERW�DVVLVWHG�6/1'�WKDQ�WKRVH�RI�WKH�RSHQ�6/1'�JURXS����

,Q�VXPPDU\�� WKH�HYLGHQFH�RI�0'7�WR�/1�PHWDVWDVHV�LV� LQDGHTXDWH��EHFDXVH�PRVW�GDWD�

GHULYHG�IURP�UHWURVSHFWLYH�DQG�VLQJOH�FHQWUH�VWXGLHV��/DUJH�SURVSHFWLYH�WULDOV�ZLWK�VWULFW�

SDWLHQW�VHOHFWLRQ�DUH�UHTXLUHG�� �

����'07�WR�ROLJRPHWDVWDVHV���7DEOH��� ������

3.2.1 Conventional RT  

7KHUH� ZHUH� IRXU� UHSRUWV� LGHQWLILHG������� $OO� UHSRUWV� ZHUH� UHWURVSHFWLYH� VLQJOH�FHQWUH�

VWXGLHV��7KUHH�RI�WKH�IRXU�UHSRUWV�XVHG�QHZ�LPDJH�PRGDOLW\�WR�GHWHFW�PHWDVWDVLV��:X�HW�

DO�� UHSRUWHG� WKH� HIILFDF\� DQG� WR[LFLW\� RI� UDGLRWKHUDS\� FRPELQHG� ZLWK� DQGURJHQ�
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GHSULYDWLRQ��$'7��IRU�ERQH�ROLJRPHWDVWDVHV�DIWHU�SULPDU\�FXUDWLYH�57�IRU�3&D��7KH���\�

26�UDWHV�ZHUH�����DQG�D�WRWDO�RI����SDWLHQWV������ˍ��DFKLHYHG�SDLQ�UHOLHI��1R�JUDGH���

WR[LFLW\�ZDV�REVHUYHG����

3.2.2 SBRT/ SABR/ Image-guided RT 

7KHUH�ZHUH���� UHSRUWV� ����FRKRUWV��������0DQ\� UHWURVSHFWLYH�VWXGLHV� VXJJHVW� WKDW�0'7�

IRU�ROLJRPHWDVWDWLF�3&D�LPSURYHV�3)6���������������5HFHQWO\��QLQH�SURVSHFWLYH�VWXGLHV�KDYH�

EHHQ�SXEOLVKHG �����������RQH�RI�ZKLFK�ZDV�D�UDQGRPL]HG�WULDO� ���

2VW�HW�DO��UHSRUWHG�D�UDQGRPL]HG�WULDO�FRPSDULQJ�VXUYHLOODQFH�YHUVXV�0'7�LQ�D�VDPSOH�

RI����3&D�SDWLHQWV�ZKR�KDG�D�ELRFKHPLFDO�UHFXUUHQFH�DIWHU�SULPDU\�3&D�WUHDWPHQW�ZLWK�

FXUDWLYH�LQWHQW��WKUHH�RU�IHZHU�H[WUDFUDQLDO�PHWDVWDWLF�OHVLRQV�RQ�FKROLQH�3(7�&7��:LWK�D�

PHGLDQ� IROORZ�XS� RI� �� \HDUV�� WKH� PHGLDQ� $'7�IUHH� VXUYLYDO� ZDV� ��� PRQWKV� IRU�

VXUYHLOODQFH�JURXS�YHUVXV����PRQWKV�IRU�WKH�0'7�JURXS��,Q�WHUPV�RI�3)6��WKH�PHGLDQ�

WLPH�XQWLO� SURJUHVVLRQ�ZDV���PRQWKV� IRU� WKH� VXUYHLOODQFH�JURXS�� DV� FRPSDUHG�ZLWK����

PRQWKV� IRU� WKH�0'7� JURXS� �S�  � ������� 1R� JUDGH� �� WR� �� WR[LFLW\� ZDV� REVHUYHG�� 7KH�

DXWKRUV� FRQFOXGHG� WKDW� 0'7� IRU� SDWLHQWV� ZLWK� ROLJRUHFXUUHQW� 3&D� ZDV� VDIH� DQG�

LPSURYHV� $'7�IUHH� VXUYLYDO� ZKHQ� FRPSDUHG� ZLWK� VXUYHLOODQFH� DQG� UHFRPPHQGHG�

WHVWLQJ�0'7�LQ�ODUJHU�SKDVH�,,,�VWXGLHV����7KHVH�UHVXOWV�PD\�EH�SRWHQWLDOO\�DGYDQWDJHRXV�

LQ� IUDLO� SHRSOH� LQ� ZKLFK� WKH� LQWURGXFWLRQ� RI�$'7� �DQG� SDUWLFXODUO\�PRGHUQ� KRUPRQDO�

DJHQWV�� FRXOG� EH� D� FRQFHUQ�� 6LPLODU� UHVXOWV� ZHUH� UHSRUWHG� LQ� RWKHU� SURVSHFWLYH� WULDOV��

ZLWK� *�� DQG� KLJKHU� WR[LFLW\� EHLQJ� H[WUHPHO\� UDUH�� 3DVTXDOHWWL� HW� DO�� UHSRUWHG� WKH�

SURVSHFWLYH� REVHUYDWLRQDO� VWXG\� WR� DVVHVV� WKH� UROH� RI� ,PDQ*XLGHG� 6WHUHRWDFWLF�

5DGLRWKHUDS\��,*�6%57���(VWLPDWHG����DQG����PRQWKV�ORFDO�FRQWURO�UDWLRQV�ZHUH�������

DQG��������UHVSHFWLYHO\��([FHSW�IRU�RQH�FDVH��WR[LFLW\�JUHDWHU�WKDQ�*��ZDV�QRW�UHFRUGHG��

7KH�DXWKRU�FRQFOXGHG� ,*�6%57�ZDV�VDIH� DQG�FDQ�EH� FRQVLGHUHG�DV� D�YDOLG� WKHUDS\� LQ�
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SDWLHQWV�ZLWK�ROLJRPHWDVWDWLF�3&D����

5HJDUGLQJ�WR�LPDJLQJ�PRGDOLW\��3DVTXDOHWWL�HW�DO��UHSRUWHG�D�SURVSHFWLYH�VWXG\�DLPLQJ�WR�

YDOLGDWH�WKH�UROH�RI�>��)@�IOXRUR�PHWK\O�FKROLQH��>��)@�)0&+��3(7�&7�LQ�WKH�VHOHFWLRQ�

RI� 3&D� SDWLHQWV� VXLWDEOH� IRU� 6%57�� )RUW\�VL[� SDWLHQWV� ZLWK� ELRFKHPLFDO� UHFXUUHQFH�

OLPLWHG�XS�WR�WKUHH�OHVLRQV�UHYHDOHG�E\� >��)@�)0&+�3(7�&7�ZHUH�HQUROOHG�DQG�WUHDWHG�

ZLWK� 6%57�RQ� DOO� DFWLYH� OHVLRQV��:LWK�PHGLDQ� IROORZ�XS� RI� �����PRQWKV�� WKH�PHGLDQ�

V\VWHPDWLF� WKHUDS\�IUHH� VXUYLYDO� ZDV� ����� PRQWKV�� 7KH� DXWKRUV� FRQFOXGHG� WKDW�

>��)@�)0&+�3(7�&7�FDQ�LGHQWLI\�ROLJRPHWDVWDWLF�3&D�SDWLHQWV�VXLWDEOH�IRU�6%57����

,Q�VXPPDU\�� WKHVH�UHVXOWV� LQGLFDWH� WKDW� WKH�0'7�IRU�ROLJRPHWDVWDWLF�3&D�SDWLHQWV�PD\�

SOD\�D�GHFLVLYH�UROH�IRU�VXUYLYDO�DQG�TXDOLW\�RI�OLIH��+RZHYHU��WKHUH�DUH�VHYHUDO�LPSRUWDQW�

OLPLWDWLRQV�� VXFK� DV� VPDOO� VDPSOH� VL]H� DQG� OLPLWHG� GXUDWLRQ� RI� IROORZ�XS�� /RQJ�WHUP�

IROORZ�XS�UHVXOWV�IURP�RQ�JRLQJ�SURVSHFWLYH�UDQGRPL]HG�WULDOV�DUH�DZDLWHG��H�J��67203 

���25,2/( �����

Limitations 

,Q� WKLV� SDSHU�� ZH� IRFXVHG� RQ� D� FRPSUHKHQVLYH� RYHUYLHZ� RQ� ROLJRPHWDVWDWLF� 3&D�� $OO�

FXUUHQW� WUHDWPHQW� RXWFRPHV� ZHUH� FRPSUHKHQVLYHO\� LQYHVWLJDWHG�� LQFOXGLQJ� PDQ\�

VLQJOH�DUP� UHWURVSHFWLYH� VWXGLHV� ZLWKRXW� D� FRQWURO� DUP�� 7KHUHIRUH�� ZH� IROORZHG� WKH�

JHQHUDO�SULQFLSOHV�RI�D�V\VWHPDWLF�UHYLHZ�UHFRPPHQGHG�E\�35,60$��EXW�GLG�QRW�GHFLGH�

WKH� ³FRPSDULVRQ´�SDUW� LQFOXGLQJ� D� ³3,&26´� IUDPHZRUN��6HFRQG�� WKLV� UHYLHZ� LQFOXGHG�

PDQ\� UHWURVSHFWLYH� VWXGLHV�� ZKLFK� LQFUHDVHV� VHOHFWLRQ� ELDV�� ,W� LV� DOVR� SRVVLEOH� WKDW�

QHJDWLYH�UHVXOWV�ZHUH�QRW�SXEOLVKHG��� �
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Conclusion 

:H�UHSRUW�D�FRPSUHKHQVLYH�RYHUYLHZ�RI�WKH�FXUUHQW�OLWHUDWXUH�UHJDUGLQJ�0'7�DQG�377��

7KH� IHDVLELOLW\�RI�0'7�DQG� ORFDO� WUHDWPHQW� WDUJHWHG� WR� WKH�SURVWDWH� LQ�ROLJRPHWDVWDWLF�

3&D� LV�VXSSRUWHG�E\�VHYHUDO� UHWURVSHFWLYH�FDVH�VWXGLHV��7ZR�UDQGRPL]HG�SKDVH��� WULDOV�

VXJJHVW� WKDW� 377�57�PD\� EH� EHQHILFLDO� LQ� SDWLHQWV� ZLWK� ORZ� PHWDVWDWLF� EXUGHQ�� 2QH�

UDQGRPLVHG�SKDVH���WULDO�VXJJHVWHG�WKDW�0'7�PLJKW�EH�EHQHILFLDO�RI�$'7�IUHH�VXUYLYDO�

EXW�EHQHILWV�RI�26�DUH�XQFOHDU�\HW��5HJDUGLQJ�F53�DQG�6/1'��WKHUH�UHPDLQV�D�ODFN�RI�

KLJK�TXDOLW\�WULDOV�WR�SURYH�LWV�VXUYLYDO�EHQHILWV��5HVXOWV�IURP�RQ�JRLQJ�SURVSHFWLYH�WULDOV�

GDWD�DUH�KLJKO\�DZDLWHG�� �
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'LVFORVXUH�

7KH�DXWKRUV�KDYH�QR�FRQIOLFWV�RI�LQWHUHVW�LQ�WKLV�ZRUN��

�

)XQGLQJ� �

7KLV�UHVHDUFK�GLG�QRW�UHFHLYH�DQ\�IXQGLQJ�VXSSRUW�DQG�UROH�RI�WKH�VSRQVRU��

�

$XWKRU�&RQWULEXWLRQV�

3URMHFW�GHYHORSPHQW��1�0LXUD��%�3UDGHUH��.�0RUL��+�0RVWDIDHL��)�4XKDO��9�0LVUDL��'�

'¶$QGUHD��6�$OELVLQQL��5�3DSDOLD��7�6DLND��50�6FDUSD��6)�6KDULDW��)�(VSHUWR��

'DWD�FROOHFWLRQ��1�0LXUD��%�3UDGHUH�

'DWD�DQDO\VLV��1�0LXUD��%�3UDGHUH�

0DQXVFULSW� ZULWLQJ�HGLWLQJ�� 1� 0LXUD�� %� 3UDGHUH�� .� 0RUL�� +� 0RVWDIDHL�� )� 4XKDO�� 9�

0LVUDL��'�'¶$QGUHD��6�$OELVLQQL��5�3DSDOLD��7�6DLND��50�6FDUSD��6)�6KDULDW��)�(VSHUWR��

� �
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)LJXUH�OHJHQGV�

)LJXUH���

)ORZ�FKDUW�IRU�DUWLFOH�VHOHFWLRQ�SURFHVV�

�
)LJXUH���
�$��7KH�SURSRUWLRQV�RI� LPDJLQJ�PRGDOLWLHV� IRU�GHWHFWLQJ�PHWDVWDVHV� LQ� WKH�FDWHJRU\�RI�
377��0'7��/1��DQG�0'7��20���
�%��7KH�SURSRUWLRQV�RI�WKH�GHILQLWLRQV�RI�ROLJRPHWDVWDVHV�LQ�WKH�FDWHJRU\�RI�377��0'7�
�/1��DQG�0'7��20���
$EEUHYLDWLRQ�� 377�� SURVWDWH�WDUJHWHG� WKHUDS\�� 0'7�� PHWDVWDVLV�GLUHFWHG� WKHUDS\�� /1� 
O\PSK�QRGH��20��ROLJRPHWDVWDVLV��15��QRW�UHSRUWHG� �
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