
INTERNATIONAL JOURNAL OF ONCOLOGY  41:  1950-1958,  20121950

Abstract. ,QÁDPPDWRU\�SURFHVVHV�DUH�LPSRUWDQW�FRPSRQHQWV�
LQ�WKH�SDWKRJHQHVLV�RI�PDQ\�KXPDQ�FDQFHUV��$FFRUGLQJ�WR�WKH�
¶LQMXU\�DQG�UHJHQHUDWLRQ·�PRGHO�IRU�SURVWDWH�FDUFLQRJHQHVLV��
LQMXU\�FDXVHG�E\�SDWKRJHQV�RU�SUR�LQÁDPPDWRU\�F\WRWR[LF�
DJHQWV� ZRXOG� WULJJHU� SUROLIHUDWLRQ� RI� SURVWDWLF� JODQGXODU�
FHOOV��OHDGLQJ�WR�WKH�DSSHDUDQFH�RI�HSLWKHOLDO�OHVLRQV�QDPHG�
¶3UROLIHUDWLYH�,QÁDPPDWRU\�$WURSK\·��3,$��� ,QÁDPPDWRU\�
FHOOV�LQÀOWUDWLQJ�WKH�SURVWDWH�ZRXOG�UHOHDVH�JHQRWR[LF�UHDFWLYH�
R[\JHQ�VSHFLHV��OHDGLQJ�DWURSKLF�FHOOV�WR�QHRSODVWLF�SURJUHV-
VLRQ��7KH�K\SRWKHVLV�SRLQWLQJ�WR�3,$�DV�ULVN�OHVLRQ�IRU�SURVWDWH�
FDQFHU�KDV�EHHQ�H[WHQVLYHO\�LQYHVWLJDWHG�DW�WKH�FHOOXODU�DQG�
PROHFXODU� OHYHOV��EXW�IHZ�PRUSKRORJLFDO�GDWD�DUH�DYDLODEOH�
OLQNLQJ�3,$�RU�SURVWDWLF� LQWUDHSLWKHOLDO�QHRSODVLD� �3,1�� WR�
LQÁDPPDWLRQ�RU�FOLQLFDO�SURVWDWLWLV��:H�LQYHVWLJDWHG�DW� WKH�
PRUSKRORJLFDO�OHYHO������SURVWDWH�ELRSVLHV�IURP����SDWLHQWV�
ZLWK�D�UHFHQW�KLVWRU\�RI�FKURQLF�SURVWDWLWLV��DQG����SDWLHQWV�ZLWK�
ELRSVLHV�SRVLWLYH�IRU�FDUFLQRPD��2XU�UHVXOWV�VKRZ�WKDW�L��3,$�LV�
IRXQG�PRUH�IUHTXHQWO\�LQ�ELRSV\�FRUHV�FRQWDLQLQJ�D�VHYHUH�RU�
PRGHUDWH�LQÁDPPDWRU\�IRFXV��FRPSDUHG�WR�121�3,$�OHVLRQV�
�SDUWLDO�RU�F\VWLF�DWURSK\��� LL�� WKH�3,$�OHVLRQ�SRVW�DWURSKLF�
K\SHUSODVLD�LV�PRUH�IUHTXHQWO\�IRXQG�LQ�WLVVXHV�VKRZLQJ�PLOG�
RU�QR�LQÁDPPDWLRQ��LLL��WKH�H[WHQW�RI�3,$�SHU�SDWLHQW�FRUUHODWHV�

ZLWK�WKH�EXUGHQ�RI�PRGHUDWH�RU�VHYHUH�LQÁDPPDWLRQ��ZKHUHDV�
121�3,$�OHVLRQV�GR�QRW��LY��ORZ�JUDGH�3,1�LV�LQ�RYHU�����
RI�FDVHV�HPHUJLQJ�IURP�QRUPDO��QRQ�DWURSKLF�JODQGV�DQG�LV�
PRUH�IUHTXHQWO\�IRXQG�LQ�ELRSV\�FRUHV�ZLWK�DEVHQW�RU�PLOG�
LQÁDPPDWRU\�EXUGHQ��Y��WKH�LQYHUVH�UHODWLRQVKLS�EHWZHHQ�WKH�
SUHYDOHQFH�RI�ORZ�JUDGH�3,1�DQG�WKH�H[WHQW�RI�3,$�OHVLRQV�SHU�
SDWLHQW�LV�GHVFULEHG�E\�D�SRZHU�ODZ�IXQFWLRQ��VXJJHVWLQJ�WKH�
ORZ�OLNHOLKRRG�RI�WKH�FRQFRPLWDQW�SUHVHQFH�RI�WKHVH�OHVLRQV�LQ�
WKH�VDPH�WLVVXH��YL��121�3,$�OHVLRQV�FRUUHODWH�LQYHUVHO\�ZLWK�
QHRSODVLD�LQ�SDWLHQWV�ZLWK�SURVWDWH�FDQFHU��YLL��WKH�WRWDO�VFRUHV�
RI�WKH�1,+�&36,�TXHVWLRQQDLUH�FRUUHODWH�ZLWK�ERWK�3,$�DQG�
LQÁDPPDWLRQ�EXUGHQV�DW�GLDJQRVLV�RI�SURVWDWLWLV�EXW�QRW�DIWHU�
SKDUPDFRORJLFDO�LQWHUYHQWLRQ��7KHVH�UHVXOWV�SRLQW�WR�D�SRVLWLYH�
DVVRFLDWLRQ�EHWZHHQ�WLVVXH�LQÁDPPDWLRQ��FOLQLFDO�SURVWDWLWLV�
DQG�WKH�SXWDWLYH�FDQFHU�ULVN�OHVLRQ�3,$��EXW�GR�QRW�VXSSRUW�D�
PRGHO�ZKHUHE\�ORZ�JUDGH�3,1�ZRXOG�DULVH�IURP�3,$�
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LQ�RQFRJHQHVLV��$�UHFHQW�VWXG\�SHUIRUPHG�RQ��������1RUWK�
$PHULFDQ�PHQ�VKRZHG�WKDW�D�FOLQLFDO�KLVWRU\�RI�SURVWDWLWLV�
VLJQLILFDQWO\� LQFUHDVHV� WKH�UHODWLYH�ULVN�IRU�SURVWDWH�FDQFHU�
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,Q� UHFHQW� \HDUV�� H[WHQVLYH� UHVHDUFK� HIIRUWV� KDYH� EHHQ�
GHYRWHG� WR� LQYHVWLJDWH� WKH� OLQN�EHWZHHQ� LQIODPPDWLRQ�DQG�
3&D�DQG�WR�ÀQG�ZKLFK�LQÁDPPDWRU\�OHVLRQV�RI�WKH�JODQGXODU�
HSLWKHOLXP�PLJKW�DFW�DV�HDUO\�IRUHUXQQHUV�RI�QHRSODVWLF�WUDQV-
IRUPDWLRQ��$�QHZ�¶LQMXU\�DQG�UHJHQHUDWLRQ·�PRGHO��OLQNLQJ�WKH�
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HIIHFWV�RI�FKURQLF�LQÁDPPDWLRQ�WR�WKH�PROHFXODU�DQG�FHOOXODU�
PRGLÀFDWLRQV�XQGHUO\LQJ�WKH�SDWKRJHQHVLV�RI�SURVWDWH�FDQFHU�
KDV�EHHQ�DGYDQFHG�E\�'H�0DU]R�DQG�FRZRUNHUV������$FFRUGLQJ�
WR�WKLV�PRGHO��LQÁDPPDWRU\�FHOOV�LQÀOWUDWLQJ�WKH�SURVWDWH�LQ�
UHVSRQVH�WR�DQ�LQMXU\�FDXVHG�E\�LQIHFWLRQ�RU�E\�WKH�DFWLRQ�RI�
HQGRJHQRXV�H[RJHQRXV�LUULWDQWV�RU�F\WRWR[LQV�PD\�FDXVH�WKH�
LQLWLDWLRQ�RI�QHRSODVWLF�WUDQVIRUPDWLRQ�E\�UHOHDVLQJ�JHQRWR[LF�
UHDFWLYH�R[\JHQ�VSHFLHV��526���7LVVXH� LQMXU\�DQG�FHOO� ORVV�
ZRXOG�DW�WKH�VDPH�WLPH�WULJJHU�D�WXPRU�SURPRWLRQ�VWHS�ZLWK�
SUROLIHUDWLYH�UHJHQHUDWLRQ�RI�WKH�GDPDJHG�HSLWKHOLXP��OHDGLQJ�
WR�WKH�DSSHDUDQFH��PDLQO\�LQ�WKH�SHULSKHUDO�]RQH�RI�WKH�JODQG��
RI�SXWDWLYH�FDQFHU�¶ULVN·�OHVLRQV�RI�DWURSKLF�DSSHDUDQFH��JHQHU-
DOO\�UHIHUUHG�WR�DV�¶3UROLIHUDWLYH�,QÁDPPDWRU\�$WURSK\·��3,$���
3UROLIHUDWLQJ�DWURSKLF�FHOOV��IXUWKHU�H[SRVHG�WR�526�LQGXFHG�
R[LGDWLYH�'1$�GDPDJH��PLJKW�VXEVHTXHQWO\�SURJUHVV�WR�WKH�
in situ� FDQFHU�SUHFXUVRU�SURVWDWLF� LQWUDHSLWKHOLDO�QHRSODVLD�
�3,1��DQG��XOWLPDWHO\��WR�IUDQN�DGHQRFDUFLQRPD�����

7KH�K\SRWKHVLV�SRLQWLQJ�WR�3,$�DV�D�ULVN�OHVLRQ�IRU�SURV-
WDWH�FDQFHU�KDV�EHHQ�LQYHVWLJDWHG�DW�WKH�SUHFOLQLFDO��FOLQLFDO��
FHOOXODU�DQG�PROHFXODU�OHYHOV��UHYLHZHG�LQ�UHI������9HU\�UHFHQWO\��
WKH�SUHVHQFH�RI�DWURSK\�KDV�EHHQ�OLQNHG�WR�DGYDQFHG�SURVWDWH�
FDQFHU��������$W�WKH�PRUSKRORJLFDO�OHYHO��LW�KDV�EHHQ�VKRZQ�WKDW�
KLJK�JUDGH��+*��3,1�DQG�3&D�PD\�PHUJH�ZLWK�3,$�OHVLRQV��
WKXV�VXJJHVWLQJ�WKH�H[LVWHQFH�RI�D�FRQWLQXXP�EHWZHHQ�WKHVH�
HQWLWLHV��������+RZHYHU��WKH�LVVXH�RI�ZKHWKHU�WKHVH�KLVWRORJLFDO�
ÀQGLQJV�DUH�WUXH�VLJQV�RI�DQ�XQGHUJRLQJ�3,$�FDQFHU�WUDQVLWLRQ�
LV�VWLOO�FRQWURYHUVLDO����������WKRXJK�VRPH�H[SHUWV�FDXWLRXVO\�
VXJJHVW� WKDW� WKH�JUHDW� JHQHWLF� LQVWDELOLW\�RI� DWURSKLF� FHOOV�
PDNHV�WKHP�PRUH�YXOQHUDEOH�WR�OHVLRQV�SRVVLEO\�OHDGLQJ�WR�
QHRSODVWLF�WUDQVIRUPDWLRQ���������

$W�WKH�JHQHWLF�OHYHO��LW�ZDV�VKRZQ�WKDW�D�QXPEHU�RI�KDOO-
PDUNV�RI�KLJK�JUDGH�3,1�DQG�3&D�DUH�IRXQG�LQ�3,$�FHOOV���������
)RU�H[DPSOH��FKURPRVRPDO�DEHUUDWLRQV�FRPPRQO\�IRXQG�LQ�
3&D��OLNH��S���ORVV���T���JDLQ���F�JDLQ�DQG�;�JDLQ��DUH�DOVR�
GHWHFWHG� LQ�3,$��DOEHLW� LQ� WKH� IRUP�RI�VRPDWLF�DEHUUDWLRQV�
���������$W�WKH�PROHFXODU�OHYHO��D�QXPEHU�RI�SURWR�RQFRJHQHV��
WXPRU�VXSSUHVVRUV�DQG�WUDQVGXFHUV�RI�JURZWK�VXUYLYDO�VLJQDOV�
VXFK�DV�1.;�����065���.L�����%FO����S���&'.1���S����S����
*673��DQG�&R[����ZHUH�IRXQG�WR�EH�XSUHJXODWHG�GLVUHJXODWHG�
LQ�3,$��VRPHWLPHV�WR�DQ�H[WHQW�VLPLODU�RU�LGHQWLFDO�WR�KLJK�
JUDGH�3,1�RU�3&D��UHYLHZHG�LQ�UHIV����DQG�����7KH�LQFUHDVLQJ�
HYLGHQFH�DLPHG�DW�OLQNLQJ�3,$��LQÁDPPDWLRQ�DQG�3&D�H[WHQGV�
WR�ÀQGLQJV�LQYROYLQJ�WKH�UROH�RI�FRUSRUD�DP\ODFHD�������WKH�
H[SUHVVLRQ�RI�WKH�SURVWDWH�WXPRU�RYHUH[SUHVVHG����3729���
JHQH�LQ�DWURSK\�������WKH�LQYROYHPHQW�RI�LPPXQH�UHJXODWRU\�
FHOOV��H�J���7+���FHOOV��DQG�F\WRNLQHV��DQG�WKH�LQÁXHQFH�RI�D�
QXPEHU�RI�3&D�DVVRFLDWHG�SRO\PRUSKLVPV�LQ�WKH�F\FORR[\-

JHQDVH���JHQH��UHYLHZHG�LQ�UHIV�����DQG�����
'HVSLWH�WKLV�PRXQWLQJ�KRVW�RI�PROHFXODU�HYLGHQFH��YHU\�

VFDQW�PRUSKRORJLFDO�WRSRJUDSKLF�GDWD�DUH�DYDLODEOH�OLQNLQJ�
3,$�RU�3,1�WR�LQÁDPPDWRU\�ÀQGLQJV�RU�WR�FOLQLFDO�FKURQLF�
SURVWDWLWLV��&3��

7R�LQFUHDVH�NQRZOHGJH�LQ�WKLV�DUHD��ZH�LQYHVWLJDWHG�DW�WKH�
PRUSKRORJLFDO�OHYHO������SURVWDWH�ELRSVLHV�IURP����SDWLHQWV�
DIIHFWHG�E\�FKURQLF�SURVWDWLWLV��&3��DQG����SDWLHQWV�ZLWK�D�
KLVWRU\�RI�&3�DQG�D�ELRSV\�SRVLWLYH�IRU�FDUFLQRPD��7KH�DLP�
RI�WKLV�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�WRSRJUDSKLF�DQG�TXDQ-

WLWDWLYH� UHODWLRQVKLS�EHWZHHQ� LQIODPPDWLRQ�� SUROLIHUDWLYH�
LQÁDPPDWRU\�DWURSK\�DQG�ORZ��RU�KLJK�JUDGH�SUROLIHUDWLYH�
LQWUDHSLWKHOLDO�QHRSODVLD�

0DWHULDOV�DQG�PHWKRGV

Biopsy material. 7KLV� VWXG\� ZDV� SHUIRUPHG� RQ� ELRSV\�
VSHFLPHQV�IURP�SDWLHQWV�UDQGRPO\�VHOHFWHG�IURP�D�KLVWRULFDO�
FROOHFWLRQ�RI�KHPDWR[\OLQ�DQG�HRVLQ�VWDLQHG��IXOO\�DQRQ\PL]HG�
SURVWDWH�ELRSVLHV��FROOHFWHG�LQ�WKH�\HDUV�����������

3DWLHQWV�KDG�EHHQ�VXEMHFWHG�WR�SURVWDWH�ELRSV\�WR�H[FOXGH�
WKH�SUHVHQFH�RI�PDOLJQDQF\��LQ�WKH�SUHVHQFH�RI�HOHYDWHG�WRWDO�
VHUXP�36$�OHYHOV��!��QJ�PO��DQG�VXVSLFLRXV�FOLQLFDO�ÀQGLQJV�

7KH�LQFOXVLRQ�FULWHULRQ�IRU� WKLV�UHWURVSHFWLYH�VWXG\�ZDV�
D� UHFHQW� KLVWRU\� ����PRQWKV�� RI� FODVV� ,,� FKURQLF� EDFWHULDO�
SURVWDWLWLV��&%3������RI�WRWDO�SDWLHQWV��RU�FODVV�,,,�FKURQLF�
SURVWDWLWLV�FKURQLF�SHOYLF�SDLQ�V\QGURPH�>&3�&336��LQÁDP-

PDWRU\�VXEW\SH�,,,D��1,+�1,''.�FODVVLÀFDWLRQ������@������RI�
WRWDO�SDWLHQWV���$W�GLDJQRVLV�RI�FKURQLF�SURVWDWLWLV��&3���SDWLHQWV�
ZHUH� VXEMHFWHG� WR� D� FRPELQHG�SKDUPDFRORJLFDO� WUHDWPHQW�
SURWRFRO�RI���ZHHNV��LQFOXGLQJ�DQWLEDFWHULDO�DJHQWV��Ơ�EORFNHUV�
DQG�DQWL�LQÁDPPDWRU\�DJHQWV���������

,Q� WKH�SUHVHQFH�RI�SHUVLVWLQJ�HOHYDWHG�36$�OHYHOV�SRVW�
WKHUDS\�������SDWLHQWV�ZHUH�VXEMHFWHG�WR�WUDQVUHFWDO�ELRSVLHV�
GLUHFWHG�WR�WKH�SHULSKHUDO�]RQH�RI�WKH�JODQG��$�WRWDO�RI������
ELRSV\�FRUHV�ZHUH�DQDO\]HG�IRU�WKLV�VWXG\��&RUHV�FRQWDLQLQJ�
QRQ�SURVWDWLF�WLVVXH��UHFWDO�PXFRVD�DQG�DFFHVVRU\�JODQGV��RU�
JODQG�IUHH�SURVWDWLF� VWURPD�ZHUH�GLVFDUGHG��%LRSV\�FRUHV��
SUHYLRXVO\�VFUHHQHG�IRU�FDQFHU�E\�D�KRVSLWDO�SDWKRORJLVW��ZHUH�
EOLQG�DQDO\]HG�E\�D�KLVWRSDWKRORJLVW�ZLWK�H[SHUWLVH�LQ�SURVWDWH�
OHVLRQV� WR�GHWHFW� WKH�SUHVHQFH�DQG�H[WHQW�RI� LQIODPPDWRU\�
LQÀOWUDWHV��IRFDO�DWURSK\�DQG�RWKHU�SURVWDWLF�OHVLRQV��,Q�FDVH�RI�
XQFHUWDLQW\�RU�FRQWURYHUV\��DQ�LQGHSHQGHQW�SDWKRORJLVW�IURP�D�
IRUHLJQ�LQVWLWXWLRQ�ZDV�FRQVXOWHG�

&KDUDFWHUL]DWLRQ�RI�H[WHQW�DQG�VHYHULW\�RI�LQÁDPPDWRU\�ÀQG-
ings. &KURQLF�LQÁDPPDWLRQ�ZDV�FDWHJRUL]HG�DFFRUGLQJ�WR�WKH�
FRQVHQVXV�FODVVLÀFDWLRQ�V\VWHP�SURSRVHG�E\�1LFNHO�et al�������
$FFRUGLQJ�WR�WKLV�V\VWHP��WKH�ORFDOL]DWLRQ�RI�LQÁDPPDWRU\�
LQÀOWUDWHV�FDQ�EH�JODQGXODU��SHULJODQGXODU�RU�VWURPDO��WKH�H[WHQW�
RI�SURVWDWLF�LQÁDPPDWLRQ�LV�FODVVLÀHG�DV�IRFDO��PXOWLIRFDO�RU�
GLIIXVH��DQG�WKH�VHYHULW\�RI�WKH�LQÁDPPDWRU\�ÀQGLQJ�LV�FDWHJR-

UL]HG�DV�PLOG��PRGHUDWH�RU�VHYHUH��7R�FODVVLI\�WKH�VHYHULW\�RI�
LQÁDPPDWLRQ��ZH�DGRSWHG�DV�D�YLVXDO�UHIHUHQFH�WKH�SLFWXUHV�
VKRZQ�LQ�WKH�6RQJ�et al�SURVWDWH�KLVWRORJLF�LQÁDPPDWLRQ�VWXG\�
�)LJ����LQ�UHI�������7KH�SUHVHQW�VWXG\�GLG�QRW�IRFXV�RQ�DFXWH�
LQÁDPPDWLRQ�

&ODVVLÀFDWLRQ�DQG�TXDQWLWDWLYH�HVWLPDWLRQ�RI�IRFDO�SURVWDWLF�
atrophy and other non-neoplastic glandular lesions. $WURSK\�
GHWHFWHG�LQ�ELRSV\�VSHFLPHQV�ZDV�FODVVLÀHG�DFFRUGLQJ�WR�WKH�
�����,QWHUQDWLRQDO�:RUNLQJ�*URXS�&ODVVLÀFDWLRQ�6\VWHP�IRU�
)RFDO�3URVWDWH�$WURSK\�/HVLRQV������

7KLV�FRQVHQVXV�V\VWHP�UHFRJQL]HV�IRXU�FDWHJRULHV�RI�IRFDO�
DWURSK\��VLPSOH�DWURSK\��6$���SRVW�DWURSKLF�K\SHUSODVLD��3$+���
SDUWLDO�DWURSK\��3$��DQG�VLPSOH�DWURSK\�ZLWK�F\VW�IRUPDWLRQ�
�6$&)���7KH�WHUP��3UROLIHUDWLYH�,QÁDPPDWRU\�$WURSK\��3,$��
LQFOXGHV�RQO\�WZR�OHVLRQV��6$�DQG�3$+�������,Q�WKH�SUHVHQW�
VWXG\��3$�DQG�6$&)�ZHUH�FDWHJRUL]HG�DV�¶121�3,$·��)LJ�����

7KH�H[WHQW�RI�SURVWDWLF�DWURSK\�LQ�HDFK�ELRSV\�ZDV�TXDQ-

WLWDWLYHO\�H[SUHVVHG�DV�WKH�SHUFHQWDJH�RI�H[WHQW�RI�DWURSKLF�
JODQGV�RYHU�WRWDO�JODQGV��DFFRUGLQJ�WR�%LOOLV�et al�������)URP�
WKHVH�YDOXHV��D�¶3,$�LQGH[·��L�H���WKH�WRWDO�SHUFHQWDJH�RI�3,$�
RYHU�WRWDO�JODQGV�SHU�SURVWDWH��L�H���SHU�SDWLHQW��ZDV�FDOFXODWHG�
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:KHQ�SUHVHQW��KLJK��DQG�ORZ�JUDGH�3,1��EDVDO�FHOO�K\SHU-
SODVLD��%&+���DGHQRVLV�DQG�DW\SLFDO�VPDOO�DFLQDU�SUROLIHUDWLRQ�
�$6$3��ZHUH�LGHQWLÀHG�DQG�FDWHJRUL]HG�DFFRUGLQJ�WR�SXEOLVKHG�
GHVFULSWRUV���������

&OLQLFDO�ÀQGLQJV��7KH�V\PSWRPV�RI�FOLQLFDO�FKURQLF�SURVWDWLWLV�
ZHUH�VFRUHG�XVLQJ�WKH�LQWHUQDWLRQDO��YDOLGDWHG�TXHVWLRQQDLUH�
1DWLRQDO�,QVWLWXWHV�RI�+HDOWK�&KURQLF�3URVWDWLWLV�6\PSWRP�
,QGH[��1,+�&36,��������'XH�WR�WKH�UHWURVSHFWLYH�QDWXUH�RI�
WKLV�VWXG\��WKH�TXHVWLRQQDLUH�ZDV�RQO\�DGPLQLVWHUHG�WR�D�IUDF-
WLRQ�RI�SDWLHQWV�DW�GLDJQRVLV�RI�SURVWDWLWLV�DQG�DW�WKH�HQG�RI�
SKDUPDFRORJLFDO�WKHUDS\��WLPH�RI�FROOHFWLRQ������ZHHNV�DIWHU�
WKHUDS\���4XHVWLRQQDLUHV�ZHUH�IXOO\�DQRQ\PL]HG��$W�WKH�WLPH�
RI�TXHVWLRQQDLUH�DGPLQLVWUDWLRQ��DOO�SDWLHQWV�KDG�JLYHQ�WKHLU�
ZULWWHQ�LQIRUPHG�FRQVHQW�WR�KDQGOLQJ�DQG�SXEOLFDWLRQ�RI�WKHLU�
DQRQ\PL]HG�FOLQLFDO�GDWD��IRU�VFLHQWLÀF�SXUSRVHV�

Statistical analysis. 7KH�TXDQWLWDWLYH� UHODWLRQVKLS�EHWZHHQ�
LQÁDPPDWLRQ�DQG�DWURSK\�� LQÁDPPDWLRQ�DQG�3,1��DWURSK\�
DQG�3,1��LQÁDPPDWLRQ�DQG�%&+��DQG�DWURSK\�DQG�%&+�ZDV�
DQDO\]HG�FDOFXODWLQJ�WKH�3HDUVRQ
V�SURGXFW�PRPHQW�FRUUHO�
DWLRQ�FRHIÀFLHQW��7KH�;/6WDWLVWLFV������SURJUDP��KWWS���ZZZ�
GHDNLQ�HGX�DX�aURGQH\F�;/6WDWLVWLFV���ZDV�XVHG�IRU�DQDO\VLV�
RI�GDWD��/LQHDU�UHJUHVVLRQV��HTXDWLRQ�ÀQGLQJ�DQG�FXUYH�ÀWWLQJ�
SURFHGXUHV�ZHUH�SHUIRUPHG�XVLQJ� WKH�FXUYH�ILWWLQJ� WRRO� LQ�
$SSOH�L:RUN�1XPEHUV�
����YHUVLRQ�����

7R�DQDO\]H�FRQWLQJHQF\�WDEOHV�FRQWDLQLQJ�WKH�SURSRUWLRQ�RI�
3,$�YV��QRQ�3,$�OHVLRQV�LQ�LQÁDPPDWRU\�YV��QRQ�LQÁDPPDWRU\�
ELRSV\�FRUHV��ZH�FDOFXODWHG�WKH�FKL�VTXDUH�DQG�WKH�SUREDELOLW\�
RI�D�QXOO�K\SRWKHVLV�RI�HTXDO�SURSRUWLRQV�XVLQJ�WKH�9DVVDU�
&ROOHJH��86$��RQ�OLQH�WRRO��KWWS���YDVVDUVWDWV�QHW�QHZFV�KWPO���
7R�FRUUHFW�WKH�DVVXPSWLRQ�RI�FRQWLQXLW\�LQ�WKH�Ƶ2�GLVWULEXWLRQ�RI�
IUHTXHQFLHV�LQ��[��WDEOHV��ZH�DGRSWHG�WKH�<DWHV
V�PRGLÀFDWLRQ�
RI�3HDUVRQ
V�Ƶ2�IRUPXOD������

Results

(TXLYDOHQW� SURSRUWLRQV� VHYHUH�PRGHUDWH� ��������� RU�
PLOG�DEVHQW����������LQÁDPPDWRU\�LQÀOWUDWHV�ZHUH�GHWHFWHG�
LQ� WKH�ELRSV\�FRUHV�DQDO\]HG�LQ� WKH�SUHVHQW�VWXG\��6LPLODU�
QXPEHUV�RI�DWURSKLF�OHVLRQV��GLFKRWRPL]HG�DV�3,$��Q �����
��������RU�121�3,$��Q ��������������ZHUH�GHWHFWHG�LQ�SURV-

WDWH�ELRSVLHV��'XH�WR�WKH�HTXLYDOHQW�SURSRUWLRQV�RI�3,$�YV��
121�3,$�ÀQGLQJV��DQG�RI�VHYHUH�PRGHUDWH�YV��DEVHQW�PLOG�

)LJXUH����7KH�PRVW�UHSUHVHQWDWLYH�DQG�PRUH�SUHYDOHQW�¶3,$·�OHVLRQ�LV�VLPSOH�DWURSK\��6$��OHIW���6$�LV�FKDUDFWHUL]HG�E\�D�ÁDWWHQHG�HSLWKHOLXP�FRPSRVHG�RI�
WLJKWO\�SDFNHG�FXERLGDO�FHOOV��VRPHWLPHV�FRQWDLQLQJ�PLWRWLF�ÀJXUHV��LQ�PHGLXP�WR�ODUJH�VL]HG�JODQGV�ODFNLQJ�SDSLOODU\�LQIROGLQJV��6LQJOH�FHOOV�DQG�WKH�HSLWKH-

OLXP�DV�D�ZKROH�VKRZ�D�GDUN�DSSHDUDQFH�FDXVHG�E\�D�KLJK�QXFOHXV�F\WRSODVP�UDWLR��7KH�PRVW�UHSUHVHQWDWLYH�¶121�3,$·�OHVLRQ�LV�SDUWLDO�DWURSK\��3$��ULJKW���
FRQVLVWLQJ�RI�FHOOV�ZLWK�SDOH�F\WRSODVP��VFDQW�DW�FHOO�DSH[�EXW�UDWKHU�DEXQGDQW�DW�WKH�VLGH�RI�QXFOHL��1XFOHL�DUH�URXQGLVK�RU�VSLQGOH�VKDSHG��*ODQGV�DUH�VPDOO�WR�
PHGLXP�LQ�VL]H��DOWKRXJK�WKH�FOHDU�DSSHDULQJ�HSLWKHOLXP�PD\�EH�ZDY\�LQ�DSSHDUDQFH��LW�ODFNV�WUXH�SDSLOODU\�LQIROGLQJV�

)LJXUH����7RWDO�QXPEHU�RI�ELRSV\�FRUHV�FRQWDLQLQJ�3,$�RU�121�3,$�OHVLRQV�
DGMDFHQW�WR�D�VHYHUH�RU�PRGHUDWH�LQÁDPPDWRU\�IRFXV��$��RU�FRQWDLQHG�ZLWKLQ�
D�PLOG��RU�QRQ�LQÁDPPDWRU\�VSHFLPHQ��%���3,$�DQG�121�3,$�OHVLRQV�DUH�
DOVR�VHSDUDWHG�LQWR�WKH���FDWHJRULHV��6$��3$+��3$�DQG�6$&)�
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LQÁDPPDWLRQ��QRUPDOL]DWLRQ�ZDV�QRW�GHHPHG�DV�QHFHVVDU\��
/RZ�JUDGH�DQG�KLJK�JUDGH�3,1�ZHUH�GHWHFWHG�LQ�WRWDO�����DQG�
��ELRSVLHV��UHVSHFWLYHO\�

5HODWLRQVKLS�EHWZHHQ�LQÁDPPDWRU\�LQÀOWUDWHV�DQG�DWURSKLF�
lesions. ,Q�RUGHU�WR�LQYHVWLJDWH�WKH�SUHVHQFH�DQG�SUHYDOHQFH�
RI�IRFDO�DWURSK\�LQ�UHODWLRQVKLS�WR�WKH�SUHVHQFH�DQG�VHYHULW\�
RI�LQÁDPPDWLRQ��ZH�FDOFXODWHG�WKH�QXPEHU�RI�ELRSV\�FRUHV�
FRQWDLQLQJ�L��D�VHYHUH�PRGHUDWH�RU�LL��D�PLOG�RU�DEVHQW�LQÁDP-

PDWRU\�LQÀOWUDWH�DGMDFHQW� WR� L��D�3,$��6$�RU�3$+��RU� LL��D�
121�3,$�OHVLRQ��3$�RU�6$&)���$Q�H[DPSOH�RI�UHSUHVHQWDWLYH�
3,$�DQG�121�3,$�OHVLRQV�LV�VKRZQ�LQ�)LJ����

3,$� ZDV� IRXQG� PRUH� IUHTXHQWO\� LQ� FRUHV� FRQWDLQLQJ�
D� VHYHUH�PRGHUDWH� LQIODPPDWRU\� ILQGLQJ� �Q ���� FRUHV���
FRPSDUHG�WR�121�3,$��Q ����FRUHV��)LJ���$���Ƶ2�DQDO\VLV�
UHMHFWHG�WKH�QXOO�K\SRWKHVLV�RI�HTXDO�GLVWULEXWLRQV�RI�3,$�YV��
121�3,$�LQ�FRUHV�KDUERULQJ�VHYHUH�PRGHUDWH�YV��DEVHQW�PLOG�
LQÁDPPDWLRQ��Ƶ2 �����3 ��������

:KHQ�3,$�DQG�121�3,$�FODVVHV�ZHUH�GLVVHFWHG�LQWR�VLQJOH�
DWURSKLF�OHVLRQV��VLPSOH�DWURSK\�ZDV�IRXQG�PRUH�IUHTXHQWO\�LQ�
VHYHUH�PRGHUDWH�LQÁDPPDWRU\�FRUHV��Q ����������� WKDQ�LQ�
FRUHV�ZLWK�DEVHQW�RU�PLOG�LQÁDPPDWLRQ��Q �����������)LJ������
&RQYHUVHO\��SDUWLDO�DWURSK\�ZDV�IRXQG�PRUH�IUHTXHQWO\�LQ�QRQ�
LQIODPPDWRU\�RU�PLOGO\�LQIODPPDWRU\�FRUHV��Q �����������
DQG�WR�D�OHVVHU�H[WHQW�LQ�FRUHV�FRQWDLQLQJ�D�VHYHUH�RU�PRGHUDWH�
LQÁDPPDWRU\�IRFXV��Q �����������)LJ������,QWHUHVWLQJO\��SRVW�
DWURSKLF�K\SHUSODVLD��D�3,$�VXEW\SH��ZDV�IRXQG�WR�EH�PRUH�
SUHYDOHQW�LQ�WLVVXHV�ZLWK�PLOG�RU�DEVHQW�LQÁDPPDWLRQ��Q �����
�����WKDQ�LQ�LQÁDPPDWRU\�FRUHV��Q �����������)LJ�����

7KH�ER[�DQG�ZKLVNHU�GLDJUDP�LQ�)LJ����VKRZV�WKH�UHOD-

WLRQVKLS�EHWZHHQ�WKH�VHYHULW\�RI�LQÁDPPDWLRQ�DQG�WKH�H[WHQW�
RI� IRFDO� DWURSK\� �3,$�RU�121�3,$�� LQ� HDFK� ELRSV\� FRUH��
&RPSDUHG�WR�QRQ�LQÁDPPDWRU\�FRUHV��3,$�OHVLRQV�ZHUH�IRXQG�
WR�EH�PRUH�H[WHQVLYH�LQ�WKH�SUHVHQFH�RI�VHYHUH�RU�PRGHUDWH�
LQÁDPPDWLRQ��ZKHUHDV�121�3,$�OHVLRQV�ZHUH�IRXQG�WR�EH�
HTXDOO\�GLVWULEXWHG�LQ�DIIHFWHG�SURVWDWHV��LUUHVSHFWLYH�RI�WKH�
VHYHULW\�RI�LQÁDPPDWLRQ�

%HVLGHV�EHLQJ�VWXGLHG�DW�WKH�OHYHO�RI�VLQJOH�ELRSV\�FRUHV��
WKH�UHODWLRQVKLS�EHWZHHQ�DWURSK\�DQG�WKH�VHYHULW\�RI�LQÁDP�
PDWLRQ�ZDV�LQYHVWLJDWHG�DW�WKH�OHYHO�RI�WKH�ZKROH�SURVWDWH�JODQG�
E\�FDOFXODWLQJ�WKH�SHUFHQWDJH�RI�JODQGXODU�DWURSKLF�HSLWKHOLXP�

SHU�SDWLHQW��,I�IRFDO�OHVLRQV�ZHUH�6$�RU�3$+��WKLV�HQWLW\�ZDV�
FDOOHG�¶3,$�LQGH[·��ZKHUHDV�LW�ZDV�GHQRPLQDWHG�¶121�3,$�
LQGH[·�ZKHQ�DWURSK\�VXEW\SHV�ZHUH�6$&)�RU�3$�

+LJK�FRUUHODWLRQ�ZDV�IRXQG�EHWZHHQ�WKH�3,$�LQGH[�DQG�
WKH�SHUFHQWDJH�RI�ELRSV\�FRUHV�SHU�SDWLHQW�FRQWDLQLQJ�DW�OHDVW�
RQH�VHYHUH�RU�PRGHUDWH�LQÁDPPDWRU\�IRFXV��3HDUVRQ
V�r ������
)LJ���$���&RQYHUVHO\��SRRU�FRUUHODWLRQ�ZDV�IRXQG�ZKHQ�WKH�
3,$�LQGH[�ZDV�FRPSDUHG�WR�WKH�SHUFHQWDJH�RI�ELRSV\�FRUHV�
SHU�SDWLHQW�GHYRLG�RI�LQÁDPPDWLRQ��RU�FRQWDLQLQJ�DW�OHDVW�RQH�
PLOG�LQÁDPPDWRU\�IRFXV��)LJ���%���1R�FRUUHODWLRQ�ZDV�IRXQG�
EHWZHHQ�WKH�121�3,$�LQGH[�DQG�WKH�SHUFHQWDJH�RI�ELRSV\�
FRUHV�SHU�SDWLHQW�FRQWDLQLQJ�DW�OHDVW�RQH�LQÁDPPDWRU\�IRFXV�RI�
DQ\�VHYHULW\��)LJ���&�DQG�'��

Relationship between low-grade PIN, inflammation and 
atrophy. 7R�LQYHVWLJDWH�DW�WKH�PRUSKRORJLFDO�OHYHO�WKH�OLQNDJH�
EHWZHHQ�ORZ�JUDGH�3,1�DQG�LQÁDPPDWLRQ��ZH�FDOFXODWHG�WKH�
QXPEHU�RI�ELRSV\�FRUHV�FRQWDLQLQJ�L��D�VHYHUH�PRGHUDWH�RU�LL��
D�PLOG�RU�DEVHQW�LQÁDPPDWRU\�LQÀOWUDWH�DGMDFHQW�WR�DW�OHDVW�
RQH�ORZ�JUDGH�3,1�OHVLRQ��/RZ�JUDGH�3,1�ZDV�IRXQG�PRUH�
IUHTXHQWO\�LQ�FRUHV�GHYRLG�RI�LQÁDPPDWLRQ��RU�ZLWK�HYLGHQFH�
RI� PLOG� LQIODPPDWLRQ� �Q ����� ������ FRPSDUHG� WR� FRUHV�
KDUERULQJ�D�PRGHUDWH�RU�VHYHUH�LQÁDPPDWRU\�IRFXV��Q �����
�����)LJ���$��

/RZ�JUDGH� 3,1� RIWHQ� DSSHDUV� DV� D� WXIWLQJ� JURZWK� RI�
SUROLIHUDWLQJ�FHOOV�VWHPPLQJ�IURP�WKH�OXPHQ�RI�SURVWDWH�VHFUH-
WRU\�JODQGV�RU�GXFWV��,Q�VRPH�FDVHV��WKH�OHVLRQ�H[WHQGV�WR�DQ�
HQWLUH�JODQG��7R�LQYHVWLJDWH�ZKHWKHU�D�OLQN�H[LVWHG�EHWZHHQ�
DWURSK\�DQG�ORZ�JUDGH�3,1��ZH�DQDO\]HG�WKH�SKHQRW\SH�RI�WKH�
JODQGXODU�HSLWKHOLXP�IURP�ZKLFK�3,1�OHVLRQV�ZHUH�VWHPPLQJ��
7KUHH�KXQGUHG�DQG�WKLUW\�HLJKW�ELRSV\�FRUHV�FRQWDLQHG�DW�OHDVW�
RQH�ORZ�JUDGH�3,1�OHVLRQ��,Q�����FDVHV�ORZ�JUDGH�3,1�ZDV�
IRXQG�WR�VWHP�IURP�D�JODQGXODU�HSLWKHOLXP�RI�QRUPDO�DSSHDU-
DQFH��ZKHUHDV�LQ�RQO\����FDVHV�3,1�HPHUJHG�IURP��RU�PHUJHG�
ZLWK��DQ�DWURSKLF�JODQG��)LJ���%��

:KHQ�WKH�3,$�LQGH[�ZDV�SORWWHG�DJDLQVW�WKH�SHUFHQWDJH�RI�
ELRSV\�FRUHV�SHU�SDWLHQW�VKRZLQJ�DW�OHDVW�RQH�ORZ�JUDGH�3,1�
OHVLRQ��DQ� LQYHUVH� UHODWLRQVKLS�ZDV�IRXQG��7KLV�FRUUHODWLRQ�
ZDV�EHVW�ÀWWHG�E\�D�SRZHU�GHFD\�FXUYH��ȼ52 ������)LJ���$���
,QWHUHVWLQJO\��QR�FRUUHODWLRQ�ZDV�IRXQG�EHWZHHQ�WKH�121�3,$�
LQGH[�DQG�WKH�SUHYDOHQFH�RI�ORZ�JUDGH�3,1��)LJ���%��

)LJXUH����%R[�DQG�ZKLVNHU�GLDJUDP�FRPSDULQJ�WKH�WKH�VHYHULW\�RI�LQÁDPPDWLRQ�>VHYHUH�DQG�PRGHUDWH��02'�6(9���YV��DEVHQW�RU�PLOG��12�0,/'�@�DQG�WKH�
H[WHQW�RI�IRFDO�DWURSK\��3,$�RU�121�3,$��LQ�HDFK�ELRSV\�FRUH��2Q�WKH�YHUWLFDO�D[LV�WKH�WKH�SHUFHQWDJH�RI�H[WHQW�RI�DWURSKLF�JODQGV�RYHU�QRUPDO�JODQGV�PHDVXUHG�
IRU�HDFK�ELRSV\�FRUH�LV�VKRZQ��7KH�ER[HV�GHÀQH���WK�DQG���WK�SHUFHQWLOHV��DQG�FRQWDLQ�WKH�PHGLDQ�EDU��7KH�HQGV�RI�WKH�ZKLVNHUV�VKRZ�WKH�ORZHVW�RU�KLJKHVW�
GDWD�ZLWKLQ�����LQWHUTXDUWLOH�UDQJH�RI�WKH�ORZHU�RU�XSSHU�TXDUWLOHV��UHVSHFWLYHO\�
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5HODWLRQVKLS�EHWZHHQ�EDVDO�FHOO�K\SHUSODVLD��LQÁDPPDWLRQ�
and atrophy. 3RRU�FRUUHODWLRQ�ZDV�IRXQG�EHWZHHQ�WKH�H[WHQW�
RI�EDVDO�FHOO�K\SHUSODVLD�DQG�LQÁDPPDWRU\�ÀQGLQJV�RI�DQ\�
GHJUHH�RI�VHYHULW\����FRUHV�SHU�SDWLHQW�ZLWK�%&+�YV����FRUHV�
ZLWK�VHYHUH�PRGHUDWH�LQÁDPPDWLRQ��r ������YV����FRUHV�ZLWK�
DEVHQW�PLOG�LQÁDPPDWLRQ��r ������JUDSKV�QRW�VKRZQ��

3RRU�FRUUHODWLRQ�ZDV�IRXQG�EHWZHHQ�WKH�H[WHQW�RI�EDVDO�FHOO�
K\SHUSODVLD�DQG�WKH�H[WHQW�RI�IRFDO�DWURSK\�RI�DQ\�NLQG��3,$�
RU�121�3,$�����FRUHV�SHU�SDWLHQW�ZLWK�%&+�YV��3,$�LQGH[��
r ������%&+�YV��121�3,$�LQGH[��r ������JUDSKV�QRW�VKRZQ��

$OWKRXJK�DGGLWLRQDO�SURVWDWH�OHVLRQV�OLNH�KLJK�JUDGH�3,1�
DQG�$6$3�ZHUH�LGHQWLÀHG��WKH\�ZHUH�QRW�IXUWKHU�LQYHVWLJDWHG�
EHFDXVH� RI� WKH� VPDOO� QXPEHU� RI� FDVHV�� ,W� LV� LPSRUWDQW� WR�
PHQWLRQ�WKDW�ZH�GLG�QRW�REVHUYH�KLJK�JUDGH�3,1�VWHPPLQJ�
IURP�3,$�OHVLRQV�

Relationship between atrophy and prostate cancer. ,Q����
SDWLHQWV��SURVWDWH�FDQFHU�ZDV�GLDJQRVHG�LQ�ELRSV\�VSHFLPHQV��
7KH�VDPH�VSHFLPHQV�ZHUH�VXEVHTXHQWO\�VFUHHQHG�IRU�IRFDO�
DWURSK\��ORZ��DQG�KLJK�JUDGH�3,1��%&+�DQG�$6$3��,Q�WKHVH�

)LJXUH����&RUUHODWLRQ�EHWZHHQ�WKH�3,$�LQGH[�SHU�SDWLHQW��L�H���WKH�WRWDO�SHUFHQWDJH�RI�JODQGV�RFFXSLHG�E\�3,$�OHVLRQV�LQ�HDFK�SURVWDWH��DQG�WKH�SHUFHQW�RI�ELRSV\�
FRUHV�SHU�SDWLHQW��YL]���SHU�SURVWDWH��FRQWDLQLQJ�DW�OHDVW�RQH�VHYHUH�RU�PRGHUDWH�LQÁDPPDWRU\�IRFXV��$��RU�PLOG�RU�QR�LQÁDPPDWLRQ��%���,Q��&��DQG��'��D�VLPLODU�
UHODWLRQVKLS�LV�SUHVHQWHG��EXW�WKH�121�3,$�LQGH[�LV�SORWWHG�LQ�KRUL]RQWDO�D[HV��7KH�3HDUVRQ
V�FRUUHODWLRQ�FRHIÀFLHQW�LV�VKRZQ�LQ�HDFK�JUDSK�
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ELRSVLHV��ZH�LQYHVWLJDWHG�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�H[WHQW�
RI�3&D�DQG�WKH�H[WHQW�RI�3,$��121�3,$�DQG�ORZ�JUDGH�3,1�

7KH�121�3,$�LQGH[�ZDV�IRXQG�WR�EH�LQYHUVHO\�UHODWHG�WR�
WKH�SHUFHQW�RI�ELRSVLHV�SHU�SDWLHQW�VKRZLQJ�HYLGHQFH�RI�FDUFL-
QRPD��7KH�FRUUHODWLRQ�ZDV�EHVW�ÀWWHG�E\�D�SRZHU�GHFD\�FXUYH�
�ȼ52 ������)LJ������,Q�FRQWUDVW��OLWWOH�FRUUHODWLRQ�ZDV�IRXQG�
EHWZHHQ�WKH�SHUFHQW�RI�ELRSVLHV�VKRZLQJ�HYLGHQFH�RI�SURVWDWH�
FDQFHU�DQG�WKH�3,$�LQGH[�SHU�SDWLHQW��r ������)LJ�����

/LWWOH�FRUUHODWLRQ�ZDV�IRXQG�EHWZHHQ�WKH�SURVWDWH�FDQFHU�
EXUGHQ�SHU�SDWLHQW�DQG�WKH�SHUFHQW�RI�ELRSVLHV�VKRZLQJ�DW�OHDVW�
RQH�ORZ�JUDGH�3,1�OHVLRQ��r ������JUDSK�QRW�VKRZQ��

Relationship between atrophy, inflammatory findings and 
clinical symptoms of chronic prostatitis. $�FRKRUW�RI����&3�
SDWLHQWV� LQFOXGHG�LQ� WKH�SUHVHQW�VWXG\�ÀOOHG�WKH�1,+�&36,�
V\PSWRP�TXHVWLRQQDLUH�ERWK�DW�GLDJQRVLV�RI�SURVWDWLWLV�DQG�
DW�WKH�HQG�RI�SKDUPDFRORJLFDO�WKHUDS\��3URVWDWH�ELRSVLHV�ZHUH�
WDNHQ�����ZHHNV�DIWHU�WKH�HQG�RI�WKHUDS\�

:KHQ�WKH�WRWDO�VFRUH�RI�WKH�1,+�&36,�WHVW�ZDV�SORWWHG�
DJDLQVW�WKH�SHUFHQW�RI�ELRSVLHV�SHU�SDWLHQW�VKRZLQJ�DW�OHDVW�
RQH�PRGHUDWH�RU�VHYHUH�LQÁDPPDWRU\�IRFXV��D�SRVLWLYH�FRUUH-

ODWLRQ��r ������EHWZHHQ�FOLQLFDO�V\PSWRPV�DQG�KLVWRORJLF�
LQÁDP�PDWLRQ�ZDV�IRXQG�DW�GLDJQRVLV�RI�FKURQLF�SURVWDWLWLV�
�)LJ���$���EXW�QRW�DW�WKH�HQG�RI�WKHUDS\��r ������JUDSK�QRW�
VKRZQ���1R�FRUUHODWLRQ�ZDV�IRXQG�EHWZHHQ�1,+�&36,�VFRUHV�
DQG�PLOGO\�� RU� QRQ�LQIODPPDWRU\� ILQGLQJV� OHVLRQV� HLWKHU�
EHIRUH��r ������RU�DIWHU�WKH�HQG�RI�WKHUDS\��r ������JUDSKV�
QRW�VKRZQ��

6LPLODUO\��:KHQ�WKH�3,$�EXUGHQ�SHU�SDWLHQW�ZDV�FRPSDUHG�
ZLWK� FOLQLFDO� V\PSWRPV�� D� SRVLWLYH� FRUUHODWLRQ� �r ������
EHWZHHQ�WKH� WRWDO�VFRUH�RI� WKH�1,+�&36,� WHVW�DQG�WKH�3,$�
LQGH[�ZDV�IRXQG�DW�GLDJQRVLV�RI�FKURQLF�SURVWDWLWLV��L�H���EHIRUH�
WKHUDS\��)LJ���%���EXW�QRW�DW�WKH�HQG�RI�WKHUDS\��r ������JUDSK�
QRW�VKRZQ���1R�FRUUHODWLRQ�ZDV�IRXQG�EHWZHHQ�WKH�1,+�&36,�
VFRUH�DQG�WKH�121�3,$�LQGH[�HLWKHU�EHIRUH��r ������RU�DIWHU�
WKH�HQG�RI�WKHUDS\��r ������JUDSKV�QRW�VKRZQ��

)LJXUH�����$��7RWDO�QXPEHU�RI�ELRSV\�FRUHV�FRQWDLQLQJ�DW�OHDVW�RQH�ORZ�JUDGH�
3,1�OHVLRQ�DGMDFHQW�WR�D�VHYHUH�RU�PRGHUDWH�LQÁDPPDWRU\�IRFXV��OHIW�EDU���RU�
DGMDFHQW�WR�D�PLOG�IRFXV�RU�LQÁDPPDWLRQ��RU�SUHVHQW�ZLWKLQ�D�QRQ�LQÁDPPDWRU\�
VSHFLPHQ��ULJKW�EDU����%��6KRZV�WKH�WRWDO�QXPEHU�RI�ELRSV\�FRUHV�FRQWDLQLQJ�D�
ORZ�JUDGH�3,1�OHVLRQ�DULVLQJ�IURP�D�JODQGXODU�HSLWKHOLXP�RI�QRUPDO�DSSHDU-
DQFH��OHIW�EDU��Q ������RU�IURP�DQ�DWURSKLF�OHVLRQ��ULJKW�EDU��Q ����

)LJXUH����&RUUHODWLRQ�EHWZHHQ�WKH�3,$�LQGH[��$��RU�121�3,$�LQGH[��%��SHU�SDWLHQW��L�H���WKH�WRWDO�SHUFHQWDJH�RI�JODQGV�RFFXSLHG�E\�3,$�RU�121�3,$�OHVLRQV�
LQ�HDFK�SURVWDWH��DQG�WKH�SHUFHQW�RI�ELRSV\�FRUHV�SHU�SDWLHQW��YL]���SHU�SURVWDWH��FRQWDLQLQJ�DW�OHDVW�RQH�ORZ�JUDGH�3,1�OHVLRQ��7KH�HTXDWLRQ�DQG�WKH�VTXDUH�URRW�
RI�WKH�52�FRHIÀFLHQW�RI�GHWHUPLQDWLRQ�IRU�WKH�SRZHU�ODZ�FXUYH�DUH�JLYHQ�LQ��$���7KH�3HDUVRQ
V�r�IRU�WKH�OLQHDU�FRUUHODWLRQ�LV�JLYHQ�LQ��%��
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Discussion

6LQFH�LWV�ÀUVW�GHÀQLWLRQ��3,$�KDV�EHHQ�FRQVLGHUHG�DV�D�OHVLRQ�
DVVRFLDWHG�ZLWK��RU�FDXVHG�E\��LQÁDPPDWLRQ��+RZHYHU��WR�WKH�
EHVW�RI�RXU�NQRZOHGJH��YHU\� IHZ�TXDQWLWDWLYH�KLVWRORJLFDO�
FOLQLFDO�VWXGLHV�KDYH�EHHQ�FRQGXFWHG�WR�VXSSRUW�WKLV�HVWDEOLVKHG�
HPSLULFDO�REVHUYDWLRQ��7KH�%LOOLV�DQG�0DJQD�DQG�WKH�5XVND�
et al�VWXGLHV�DUH�DPRQJ�WKH�IHZ�SXEOLVKHG�UHSRUWV�LQYHVWLJDWLQJ�
WKH�UHODWLRQVKLS�EHWZHHQ�IRFDO�DWURSK\�DQG�SURVWDWH�LQÁDP�
PDWLRQ�LQ�DXWRSV\�RU�ELRSV\�PDWHULDO����������+RZHYHU��ERWK�
VWXGLHV� IRFXVHG� H[FOXVLYHO\� RQ� 3,$� DQG� GLG� QRW� LQFOXGH�
121�3,$�OHVLRQV��%LOOLV�DQG�0DJQD�IRXQG�WKDW�3,$�ZDV�DVVRFL-
DWHG�ZLWK�LQÁDPPDWLRQ�LQ�����RI�DQDO\]HG�SURVWDWHV��ZKHUHDV�
LQ�����RI�FDVHV�LW�ZDV�QRW�������,Q�RXU�ELRSV\�VHULHV�VLPSOH�

DWURSK\��D�3,$�OHVLRQ��ZDV�DVVRFLDWHG�ZLWK�VHYHUH�PRGHUDWH�
LQÁDPPDWLRQ�LQ�������RI�ELRSV\�FRUHV����������FRUHV��)LJ������
ZKHUHDV� LQ� WKH� UHPDLQLQJ�������RI� FDVHV� FRQWLJXLW\�ZLWK�
LQÁDPPDWRU\�IRFXVHV�ZDV�QRW�HYLGHQW��,W�PXVW�EH�VWUHVVHG�WKDW�
ZH�FDQQRW�H[FOXGH�WKDW�LQ�WKHVH�ODWWHU�FDVHV�DQ�LQÁDPPDWRU\�
IRFXV� PLJKW� KDYH� EHHQ� SUHVHQW� LQ� DGMDFHQW� WLVVXHV�� QRW�
LQFOXGHG�LQ�WKH�ELRSV\�FRUH��7KLV�LV�DQ�LPSRUWDQW�OLPLWDWLRQ�
RI�D�ELRSV\�VWXG\�

,Q�FRQWUDVW�WR�WKH�%LOOLV�DQG�0DJQD�VWXG\��LQ�ZKLFK�3$+�
ZDV�H[FOXVLYHO\�DVVRFLDWHG�ZLWK�LQÁDPPDWLRQ��ZH�IRXQG�WKDW�
WKLV�DWURSKLF�OHVLRQ�LV�PRUH�SUHYDOHQW�LQ�ELRSV\�FRUHV�ZLWK�PLOG�
RU�QR�LQÁDPPDWLRQ������RI�FDVHV���DQG�OHVV�IUHTXHQWO\�SUHVHQW�
LQ�IUDQN�LQÁDPPDWRU\�VSHFLPHQV������RI�FRUHV�ZLWK�VHYHUH�
PRGHUDWH�LQÁDPPDWLRQ���)LJ������7KLV�ODWWHU�SHUFHQWDJH�LV�VWULNLQ� 

)LJXUH����&RUUHODWLRQ�EHWZHHQ�WKH�3,$�LQGH[��$��RU�121�3,$�LQGH[��%��SHU�SDWLHQW��L�H���WKH�WRWDO�SHUFHQWDJH�RI�JODQGV�RFFXSLHG�E\�3,$�RU�121�3,$�OHVLRQV�
LQ�HDFK�SURVWDWH��DQG�WKH�SHUFHQW�RI�ELRSV\�FRUHV�SHU�SDWLHQW��YL]���SHU�SURVWDWH��FRQWDLQLQJ�HYLGHQFH�RI�QHRSODVLD��DQ\�*OHDVRQ�JUDGH���7KH�3HDUVRQ
V�r�IRU�WKH�
OLQHDU�FRUUHODWLRQ�LV�JLYHQ�LQ��$���7KH�HTXDWLRQ�DQG�WKH�VTXDUH�URRW�RI�WKH�52�FRHIÀFLHQW�RI�GHWHUPLQDWLRQ�IRU�WKH�SRZHU�ODZ�FXUYH�DUH�JLYHQ�LQ��%��

)LJXUH�����$��&RUUHODWLRQ�EHWZHHQ�WKH�H[WHQW�RI�LQÁDPPDWLRQ�SHU�SDWLHQW��H[SUHVVHG�DV�WKH�SHUFHQW�RI�ELRSV\�FRUHV�SHU�SURVWDWH�FRQWDLQLQJ�DW�OHDVW�RQH�VHYHUH�
RU�PRGHUDWH�LQÁDPPDWRU\�ÀQGLQJ�DQG�WKH�WRWDO�VFRUH�RI�WKH�1,+�&36,�TXHVWLRQQDLUH�EHIRUH�SKDUPDFRORJLFDO�WKHUDS\���%��&RUUHODWLRQ�EHWZHHQ�WKH�3,$�LQGH[�
SHU�SDWLHQW��H[SUHVVHG�DV�WKH�WKH�SHUFHQWDJH�RI�JODQGV�RFFXSLHG�E\�3,$�OHVLRQV�LQ�HDFK�SURVWDWH�DQG�WKH�WRWDO�VFRUH�RI�WKH�1,+�&36,�TXHVWLRQQDLUH�EHIRUH�
SKDUPDFRORJLFDO�WKHUDS\��7KH�3HDUVRQ
V�FRUUHODWLRQ�FRHIÀFLHQW�LV�VKRZQ�LQ�HDFK�JUDSK�
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JO\�VLPLODU�WR�WKH�IUDFWLRQ�RI�3$+�DVVRFLDWHG�ZLWK�PRGHUDWH�
VHYHUH�FKURQLF�LQÁDPPDWLRQ�������UHSRUWHG�LQ�WKH�5XVND�et al 
ELRSV\�VWXG\�������7KXV��GHVSLWH�LWV�LQFOXVLRQ�LQWR�WKH�¶3,$·�FDWH-
JRU\��3$+�PD\�DSSHDU�WR�EH�LQ�PRVW�FDVHV�D�QRQ�LQÁDPPDWRU\�
OHVLRQ��,QGHHG��DV�VWDWHG�E\�0F1HDO������DQG�DFFRUGLQJ�WR�RXU�
H[SHULHQFH��3$+�PD\�UHSUHVHQW�D�¶SRVW�LQÁDPPDWRU\·�DWURSKLF�
OHVLRQ��7KLV� GHILQLWLRQ� LV� VXSSRUWHG� E\� WKH�PRUSKRORJLFDO�
HYLGHQFH�WKDW�LQ�3$+�WKH�JODQGXODU�OXPHQ�RIWHQ�FRPSULVHV�
FHOO�IUHH�DUHDV�>GHÀQHG�E\�6ULJOH\�DV�WKH�¶DWURSKLF·�FRPSRQHQW�
RI�3$+������@��OLNHO\�FRQVWLWXWLQJ�WKH�UHPQDQWV�RI�D�SUHYLRXV�
LQIODPPDWRU\�LQMXU\��3UROLIHUDWLYH�UHJHQHUDWLRQ�RI�VHFUHWRU\�
FHOOV� IROORZLQJ�GLVUXSWLRQ�RI� WKH� HSLWKHOLXP��PD\�JHQHUDWH�
VPDOO��K\SHUSODVWLF�JODQGV�DUUDQJHG�LQ�D�OREXODU�FRQÀJXUDWLRQ��
WKH�W\SLFDO�IHDWXUH�RI�3$+��,Q�RXU�RSLQLRQ��WKH�IDFW�WKDW�LQ�RYHU�
����RI�FDVHV�3$+�ZDV�QRW�DVVRFL�DWHG�ZLWK�D�PRGHUDWH�RU�VHYHUH�
LQÁDPPDWRU\�IRFXV��LV�QRW�VXIÀFLHQW�WR�UXOH�RXW�WKH�HVVHQWLDO�
LQÁDPPDWRU\�QDWXUH�RI�WKLV�OHVLRQ�

,Q�WKH�SUHVHQW�VWXG\��SDUWLDO�DWURSK\��WKH�PRVW�UHSUHVHQWD-

WLYH�121�3,$�OHVLRQ��ZDV�IRXQG�WR�EH�LQ�D�VOLJKW�PDMRULW\�RI�
FDVHV�DVVRFLDWHG�ZLWK�PLOG�RU�QR�LQÁDPPDWLRQ������RI�FRUHV��
)LJ������,Q�RXU�RSLQLRQ��WKH�IDFW�WKDW�3$�ZDV�IRXQG�WR�EH�DGMD-
FHQW�WR�PRGHUDWH�VHYHUH�LQÁDPPDWRU\�IRFL�LQ�����RI�DQDO\]HG�
FRUHV�VKRXOG�QRW�EH�RYHUORRNHG��5HFHQWO\��%LOOLV�DQG�FRZRUNHUV�
KDYH� GHPRQVWUDWHG� WKDW� D�PHUJHQFH� EHWZHHQ� 3$� DQG� 6$�
RFFXUUHG�LQ�����RI�SURVWDWLF�ELRSVLHV��ZLWK�WUDQVLWLRQV�RIWHQ�
WDNLQJ�SODFH�ZLWKLQ�WKH�VDPH�JODQG�������7KH�DXWKRUV�K\SRWK-

HVL]HG�WKDW�3$�PD\�EH�SDUW�RI�DQ�HYROYLQJ�¶FRQWLQXXP·�LQ�IRFDO�
SURVWDWLF�DWURSK\��ZLWK�6$�DULVLQJ�IURP�3$�LQ�WKLV�PRUSKRORJLF�
VHTXHQFH��+RZHYHU��LQ�QR�FDVH�GLG�WKH�DXWKRUV�ÀQG�LQÁDP-

PDWRU\�FHOOV�LQ�ELRSV\�FRUHV�FRQWDLQLQJ�3$��%HFDXVH�RI�WKLV�
ÀQGLQJ��%LOOLV�DQG�FRZRUNHUV�K\SRWKHVL]HG�WKDW�LQÁDPPDWLRQ�
PLJKW�UHSUHVHQW�D�VHFRQGDU\�SKHQRPHQRQ�LQ�FRPSOHWH�IRFDO�
DWURSK\��,Q�FRQWUDVW�ZLWK�WKHVH�ÀQGLQJV��LQ�RXU�VWXG\�3$�FRXOG�
EH�IRXQG�DGMDFHQW�WR�PRGHUDWH�RU�VHYHUH�LQÁDPPDWLRQ�LQ�PRUH�
WKDQ�����RI�FDVHV��DOWKRXJK�LQ�����FDVHV�RXW�RI�����LQÁDPPD-
WLRQ�ZDV�FODVVLÀHG�DV�¶PRGHUDWH·�DQG�LQ�WKH�UHPDLQLQJ�FDVHV�DV�
¶VHYHUH·��7KXV��RXU�GDWD�PD\�LQ�SDUW�VXSSRUW�WKH�K\SRWKHVLV�WKDW�
3$�FRXOG�SUHFHGH�6$��DV�WKH�UHVXOW�RI�D�SKHQRW\SLF�VHTXHQWLDO�
HYROXWLRQ��WULJJHUHG�E\�LQÁDPPDWLRQ��7KLV�LV�VXSSRUWHG�E\�WKH�
IDFW�WKDW��OLNH�%LOOLV�DQG�FRZRUNHUV��ZH�REVHUYHG�RFFDVLRQDO�
3$�6$�WUDQVLWLRQV�ZLWKLQ�WKH�VDPH�JODQG��GDWD�QRW�VKRZQ���
+RZHYHU��LQ�FRQWUDVW�WR�%LOOLV�DQG�FRZRUNHUV��ZH�PDLQWDLQ�WKH�
YLHZ�WKDW�LQÁDPPDWLRQ�LV�PRUH�OLNHO\�WR�EH�D�primum movens 
LQ� WKH�GHYHORSPHQW�RI�3,$�� UDWKHU� WKDQ�D�PHUH� VHFRQGDU\�
SKHQRPHQRQ��$�VWXG\�LV�LQ�SURJUHVV�WR�YHULI\�WKH�¶FRQWLQXXP·�
K\SRWKHVLV�LQ�SDWLHQWV�VXEMHFWHG�WR�PXOWLSOH�ELRSVLHV�DQG�RU�
UDGLFDO�SURVWDWHFWRP\�

$Q� LQWHUHVWLQJ� ILQGLQJ� LQ� RXU� VWXG\�ZDV� WKH� GUDPDWLF�
GHFOLQH�RI�WKH�EXUGHQ�RI�ORZ�JUDGH�3,1�OHVLRQV��FRQFRPLWDQW�
ZLWK�WKH�LQFUHDVH�RI�WKH�H[WHQW�RI�3,$�LQ�WKH�VDPH�JODQG��7KLV�
LQYHUVH�UHODWLRQ�ZDV�EHVW� ILWWHG�E\�D�SRZHU�IXQFWLRQ�GHFD\�
FXUYH��)LJ������7KLV�ÀQGLQJ�VXJJHVWV�WKDW�/*�3,1�DQG�3,$�
PD\�EH�PXWXDOO\�H[FOXVLYH�OHVLRQV�ZLWKLQ�WKH�VDPH�WLVVXH�RU�
WLVVXH�DUHD��DQG�LW�LV�VXSSRUWHG�E\�RXU�ÀQGLQJ�WKDW�LQ�DERXW�
����RI�FDVHV�/*�3,1�DULVHV�IURP�D�QRUPDO�UDWKHU�WKDQ�IURP�
DQ�DWURSKLF�JODQG��)LJ������,Q�������'H�0DU]R�DQG�FRZRUNHUV�
SURPRWHG�WKHLU�¶LQMXU\�DQG�UHJHQHUDWLRQ·�PRGHO�IRU�SURVWDWH�
FDUFLQRJHQHVLV�LQ�WKH�IUDPH�RI�D�FRPSUHKHQVLYH�UHYLHZ�DUWLFOH�
�����,Q�WKDW�FRQWH[W�� WKH�DXWKRUV�LQFOXGHG�ORZ�JUDGH�3,1�DV�
D� SRVVLEOH� LQWHUPHGLDWH� OHVLRQ�� GHYHORSLQJ� IURP�3,$�� DQG�

UHSUHVHQWLQJ�D�SXWDWLYH���DOWKRXJK�QRQ�REOLJDWH���IRUHUXQQHU�RI�
KLJK�JUDGH�3,1�RU�FDQFHU��)LJ����LQ�UHI������7KH�UHVXOWV�RI�WKH�
SUHVHQW�VWXG\�VHHP�WR�H[FOXGH�WKLV�K\SRWKHVLV��DOVR�JLYHQ�WKDW�
ORZ�JUDGH�3,1�LV�PRUH�IUHTXHQWO\�IRXQG�LQ�QRQ�LQÁDPPDWRU\�
WLVVXHV��)LJ������ZKLFK�DOVR�VHHPV�LQFRPSDWLEOH�ZLWK�WKH�KLJKHU�
SUHYDOHQFH�RI�3,$�DGMDFHQW�WR�IRFXVHV�RI�VHYHUH�RU�PRGHUDWH�
LQÁDPPDWLRQ�

,Q�WKH�SUHVHQW�VWXG\�ZH�IDLOHG�WR�GHPRQVWUDWH�D�SRVLWLYH�
FRUUHODWLRQ�EHWZHHQ� WKH�H[WHQW�RI�3,$� OHVLRQV�DQG� WKH�SHU�
SDWLHQW�EXUGHQ�RI�SURVWDWH�FDQFHU��)LJ������,QWULJXLQJO\��SURVWDWH�
FDQFHU�DQG�121�3,$�OHVLRQV�WHQG�WR�EH�PXWXDOO\�H[FOXVLYH�
LQ�WKH�VDPH�WLVVXH�RU�WLVVXH�DUHD��)LJ������7KLV�ÀQGLQJ��WR�EH�
FRQÀUPHG�LQ�D�ODUJHU�VDPSOH�RI�SDWLHQWV��ZHDNHQV�WKH�K\SR�
WKHVLV�RI�D�SRVVLEOH�OLQNDJH�EHWZHHQ�FDQFHU�DQG�121�3,$�
OHVLRQV��1RWZLWKVWDQGLQJ�WKLV�HYLGHQFH��LI�D�¶FRQWLQXXP·�KDV�
WR�EH�K\SRWKHVL]HG�EHWZHHQ�SDUWLDO�DWURSK\��3,$�DQG�FDQFHU��
WKH�IRUPHU�DQG�WKH�ODWWHU�OHVLRQV�DUH�PRVW�OLNHO\�WR�RFFXU�IDU�
DSDUW�LQ�WLPH�

$QRWKHU�LQWHUHVWLQJ�ÀQGLQJ�RI�WKH�SUHVHQW�VWXG\�LV�WKH�JRRG�
FRUUHODWLRQ�>3RUWQH\�DQG�:DWNLQV�FULWHULD������@�EHWZHHQ�WKH�
WRWDO�1,+�&36,�V\PSWRP�VFRUH�DQG�WKH�H[WHQW�RI�ERWK�LQÁDP�
PDWLRQ�DQG�3,$�DW�GLDJQRVLV�RI�FKURQLF�SURVWDWLWLV��)LJ������
7KLV�LV�WR�RXU�NQRZOHGJH�WKH�ÀUVW�VWXG\�DWWHPSWLQJ�WR�OLQN�
WKH�FOLQLFDO�V\PSWRPV�RI�&3�WR�WKH�H[WHQW�DQG�VHYHULW\�RI�KLVWR-

ORJLFDO�SURVWDWH�LQÁDPPDWLRQ��DV�ZHOO�DV�WR�WKH�H[WHQW�RI�IRFDO�
DWURSK\��7KH�DEVHQFH�RI�D�FRUUHODWLRQ�EHWZHHQ�WKHVH�HQWLWLHV�DW�
WKH�HQG�RI�WKHUDS\��IHZ�GD\V�EHIRUH�ELRSV\��LV�SUREDEO\�GXH�WR�
WKH�DWWHQXDWLRQ�RI�FOLQLFDO�V\PSWRPV�RI�&3�DFKLHYHG�E\�DJJUHV-
VLYH�SKDUPDFRORJLFDO�WKHUDS\��DQG�PD\�LQGLUHFWO\�VXSSRUW�WKH�
OLQN�EHWZHHQ�LQÁDPPDWLRQ�DQG�V\PSWRP�VHYHULW\�GXULQJ�WKH�
DFWLYH��LQÁDPPDWRU\��SKDVH�RI�&3��$OWKRXJK�WKH�VPDOO�VDPSOH�
VL]H��Q ����GRHV�QRW�DOORZ�WR�GUDZ�D�FRQFOXVLYH�DQVZHU��WKH�
FRUUHODWLRQ�EHWZHHQ�1,+�&36,�VFRUHV�DQG�LQIODPPDWLRQ�LV�
LQGLFDWLYH�RI�D�UHODWLRQVKLS�EHWZHHQ�WKH�FOLQLFDO�DQG�KLVWRORJLFDO�
DVSHFWV�RI�FKURQLF�SURVWDWH� LQIODPPDWLRQ��:KHUHDV�VXFK�D�
UHODWLRQVKLS�FDQ�EH�H[SHFWHG�LQ�SDWLHQWV�VXIIHULQJ�IURP�LQÁDP-

PDWRU\�VXEW\SHV�RI�FKURQLF�SURVWDWLWLV��FODVV�,,�&%3�DQG�FODVV�
,,,D�&3�&336���WKH�FRUUHODWLRQ�EHWZHHQ�V\PSWRP�VHYHULW\�DQG�
WKH�SHU�SDWLHQW�H[WHQW�RI�DWURSK\�LV�PRUH�VWULNLQJ��DQG�VXSSRUWV�
WKH�K\SRWKHVLV�WKDW�DQ�LQÁDPPDWRU\�LQMXU\�FDXVHG�E\�LQIHFWLRQ�
RU�RWKHU�HWLRORJLFDO�GHWHUPLQDQWV�PD\�EH�WKH�RULJLQDO�FDXVDWLYH�
IDFWRU�RI�WKH�DWURSKLF�SURFHVV�����

,Q�FRQFOXVLRQ�� WKH�HYLGHQFH�HPHUJLQJ� IURP�WKH�SUHVHQW�
VWXG\�L��SRLQWV�WR�D�SRVLWLYH�DVVRFLDWLRQ�EHWZHHQ�WLVVXH�LQÁDP-

PDWLRQ�DQG�3,$��LL��TXHVWLRQV�WKH�SUHVXPHG�QRQ�LQÁDPPDWRU\�
QDWXUH�RI�SDUWLDO�DWURSK\�DQG�LLL��GRHV�QRW�VHHP�WR�VXSSRUW�D�
PRGHO�ZKHUHE\�ORZ�JUDGH�3,1�ZRXOG�DULVH�IURP�3,$�OHVLRQV�

5HIHUHQFHV

�����0DQWRYDQL�$��$OODYHQD�3��6LFD�$�DQG�%DONZLOO�)��&DQFHU�UHODWHG�
LQÁDPPDWLRQ��1DWXUH��������������������

�����&KHQJ�,��:LWWH�-6��-DFREVHQ�6-��et al��3URVWDWLWLV��VH[XDOO\�WUDQV-
PLWWHG�GLVHDVHV��DQG�SURVWDWH�FDQFHU��WKH�&DOLIRUQLD�0HQ
V�+HDOWK�
6WXG\��3/R6�2QH����H�����������

����� -DIDUL�6��(WPLQDQ�0�DQG�$IVKDU�.��1RQVWHURLGDO�DQWL�LQÁDP-

PDWRU\�GUXJV�DQG�SURVWDWH�FDQFHU��D�V\VWHPDWLF�UHYLHZ�RI�WKH�
OLWHUDWXUH�DQG�PHWD�DQDO\VLV��&DQ�8URO�$VVRF�-������������������

�����'H�0DU]R�$0��3ODW]�($��6XWFOLIIH�6��et al�� ,QÁDPPDWLRQ� LQ�
SURVWDWH�FDUFLQRJHQHVLV��1DW�5HY�&DQFHU������������������

�����3HUOHWWL�*��0RQWDQDUL�(��9UDO�$��*D]]DQR�*��0DUUDV�(��0LRQH�6�
DQG�0DJUL�9��,QÁDPPDWLRQ��SURVWDWLWLV��SUROLIHUDWLYH�LQÁDPPD-
WRU\�DWURSK\��Ϋ)HUWLOH�JURXQGά�IRU�SURVWDWH�FDQFHU�GHYHORSPHQW"�
0RO�0HG�5HS���������������
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�����.U\YHQNR�21��-DQNRZVNL�0��&KLWDOH�'$��7DQJ�'��5XQGOH�$��
7UXGHDX�6�DQG�5\ELFNL�%$��,QIODPPDWLRQ�DQG�SUHQHRSODVWLF�
OHVLRQV�LQ�EHQLJQ�SURVWDWH�DV�ULVN�IDFWRUV�IRU�SURVWDWH�FDQFHU��0RG�
3DWKRO��������������������

����� 'DYLGVVRQ�6��)LRUHQWLQR�0��$QGUpQ�2��et al�� ,QIODPPDWLRQ��
IRFDO�DWURSKLF� OHVLRQV��DQG�SURVWDWLF� LQWUDHSLWKHOLDO�QHRSODVLD�
ZLWK�UHVSHFW�WR�ULVN�RI�OHWKDO�SURVWDWH�FDQFHU��&DQFHU�(SLGHPLRO�
%LRPDUNHUV�3UHY���������������������

�����3XW]L�0-�DQG�'H�0DU]R�$0��0RUSKRORJLF�WUDQVLWLRQV�EHWZHHQ�
SUROLIHUDWLYH� LQIODPPDWRU\�DWURSK\�DQG�KLJK�JUDGH�SURVWDWLF�
LQWUDHSLWKHOLDO�QHRSODVLD��8URORJ\�������������������

�����:DQJ�:��%HUJK�$�DQG�'DPEHU�-(��0RUSKRORJLFDO�WUDQVLWLRQ�RI�
SUROLIHUDWLYH�LQÁDPPDWRU\�DWURSK\�WR�KLJK�JUDGH�LQWUDHSLWKHOLDO�
QHRSODVLD�DQG�FDQFHU�LQ�KXPDQ�SURVWDWH��3URVWDWH����������������
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