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Abstract

Temozolomide (TMZ) is an oral imidazotetrazine methylating 
agent which is used for the treatment of glioblastoma multiforme 
(GBM). We report a case of acute hepatotoxicity in a 53-year 
old male patient after administration of TMZ for GBM. He had 
fatigue, nausea, anorexia and jaundice. His laboratory analysis 
showed alanine aminotransferase(ALT): 632 IU/L (normal range 
0-40); aspartate aminotransferase(AST): 554 IU/L (normal range 
5-34); alkaline phosphatase(ALP): 1143 IU/L (normal range 40-
150); �-glutamyl transpeptidase(GGT): 514 IU/L (normal range 
9-64 IU/L); total bilirubin: 15.1 mg/dL (normal range 0-1.2); direct 
bilirubin: 13.2 mg/dL and prothrombin time(PT): 13.5 s, with 
international normalized ratio (INR): 1.1 (normal range 0.8-1.2). 
His liver biopsy specimen showed mixed-type (both hepatocellular 
and cholestatic) hepatic injury, compatible with a diagnosis of 
drug-induced hepatitis. An objective causality assessment using the 
Naranjo probability scale suggested that TMZ was the probable 
cause of the acute hepatitis. His liver function tests gradually 
normalized in 2 months after discontinuation of the drug. In 
susceptible individuals, TMZ use may lead to acute mixed type 
liver toxicity. Complete recovery may be possible if the drug is 
discontinued before severe liver injury is established. �$FWD�JDVWUR�
HQWHURO��EHOJ���2016, 79, 363-365��
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Introduction

0DOLJQDQW�JOLRPDV��RQH�RI�WKH�PRVW�FRPPRQ�SULPDU\�
EUDLQ� WXPRUV�� DUH� YHU\� DJJUHVVLYH� WXPRUV� ZLWK� SRRU�
SURJQRVLV� GHVSLWH� D� PXOWL�PRGDOLW\� WUHDWPHQW� DSSURDFK�
LQFOXGLQJ� VXUJHU\�� UDGLRWKHUDS\�DQG�FKHPRWKHUDS\��7KH�
PHGLDQ� VXUYLYDO� WLPH� RI� SDWLHQWV� ZLWK� JOLREODVWRPD�
PXOWLIRUPH� �*%0�� LV� RQO\� ����� PRQWKV� IURP� WKH�
GLDJQRVLV��8QIRUWXQDWHO\�� WKH�VWDQGDUG�FKHPRWKHUDS\�RI�
QLWURVRXUHDV� RU� SURFDUED]LQH�EDVHG� UHJLPHQV� KDV� RQO\�
PRGHVW� DFWLYLW\� DQG� VLJQLÀFDQW� WR[LFLW\� ZKHQ� XVHG� LQ�
WKH� VHWWLQJ� RI� UHFXUUHQW� PDOLJQDQW� JOLRPDV�� 7KHUHIRUH��
WKHUH� LV� FRQVLGHUDEOH� LQWHUHVW� LQ� QHZ� FKHPRWKHUDS\�
DJHQWV� VXFK� DV� WHPR]RORPLGH� �70=��� 70=� LV� DQ�
LPLGD]RWHWUD]LQH� GHULYDWLYH� RI� WKH� DON\ODWLQJ� DJHQW�
GDFDUED]LQH�� ,W� XQGHUJRHV� UDSLG� FKHPLFDO� FRQYHUVLRQ�
LQ� WKH� V\VWHPLF� FLUFXODWLRQ� DW� SK\VLRORJLFDO� S+� WR� WKH�
DFWLYH�FRPSRXQG�������PHWK\OWULD]HQ���\O��LPLGD]ROH���
FDUER[DPLGH��07,&���70=�H[KLELWV�VFKHGXOH�GHSHQGHQW�
DQWLQHRSODVWLF� DFWLYLW\� E\� LQWHUIHULQJ� ZLWK� '1$�
UHSOLFDWLRQ��7KH�WKHUDSHXWLF�EHQHÀW�RI�70=�GHSHQGV�RQ�
LWV�DELOLW\�WR�DON\ODWH�PHWK\ODWH�'1$��ZKLFK�PRVW�RIWHQ�
RFFXUV�DW� WKH�1���RU�2���SRVLWLRQV�RI�JXDQLQH�UHVLGXHV��
7KLV� PHWK\ODWLRQ� GDPDJHV� WKH� '1$� DQG� WULJJHUV� WKH�
GHDWK�RI�WXPRU�FHOOV��7KH�PRVW�FRPPRQ�DGYHUVH�HIIHFWV�

DVVRFLDWHG� ZLWK� 70=� DUH� KHPDWRORJLF� RQHV� OLNH� ERQH�
PDUURZ� VXSSUHVVLRQ� EXW� QRQ�KHPDWRORJLF� VLGH� HIIHFWV�
VXFK� DV� VRPQROHQFH�� KHDGDFKH�� GHUPDWLWLV�� QDXVHD� DQG�
YRPLWLQJ�FDQ�EH�VHHQ�DV�ZHOO�������

/LYHU� LQMXU\� DIWHU� 70=� XVH� LV� UDUH�� 8QGHUUHSRUWLQJ�
PD\�EH�D�FRQWULEXWLQJ�IDFWRU�WR�WKH�DEVHQFH�RI�UHSRUWV�RI�
KHSDWRWR[LFLW\�RI�70=��7KH�VHYHULW\�RI�LQMXU\�PD\�YDU\�
IURP�PLQRU�QRQ�VSHFLÀF�FKDQJHV�LQ�KHSDWLF�VWUXFWXUH�DQG�
IXQFWLRQ� WR� IXOPLQDQW� KHSDWLF� IDLOXUH�� 7KH� WHUP� GUXJ�
LQGXFHG� OLYHU� GLVHDVH� VKRXOG� EH� FRQÀQHG� WR� FDVHV� LQ�
ZKLFK�WKH�QDWXUH�RI�WKH�OLYHU�LQMXU\�KDV�EHHQ�FKDUDFWHUL]HG�
KLVWRORJLFDOO\�� EHFDXVH� ELRFKHPLFDO� SDUDPHWHUV� XVHG� WR�
GHWHFW� OLYHU� LQMXU\�PD\�DOVR�EH�HOHYDWHG�DV� DQ�DGDSWLYH�
UHVSRQVH� WR� GUXJV����� ,Q� WKLV� FDVH� UHSRUW� ZH� DLPHG� WR�
UHSRUW�D�ELRSV\�FRQÀUPHG�70=�LQGXFHG�DFXWH�FKROHVWDWLF�
KHSDWLWLV�DQG�WR�IRFXV�RQ�WKH�SUREOHPV�RI�70=�LQGXFHG�
KHSDWRWR[LFLW\�

Case report

$� ���\HDU�ROG� PDQ� ZDV� DGPLWWHG� WR� KRVSLWDO� IRU�
QDXVHD��YRPLWLQJ��UHG�LWKF\�VNLQ��MDXQGLFH�DQG�DVWKHQLD��
+LV�PHGLFDO� KLVWRU\� LQFOXGHG� ELRSV\�SURYHQ� LQRSHUDEOH�
SRQWLQH� *%0� WUHDWHG� ZLWK� UDGLRWKHUDS\� DQG� DGMXYDQW�
WHPR]RORPLGH��$� VL[�ZHHN� FRXUVH� RI�70=� ����PJ�P2�
GD\��ZLWK� UDGLRWKHUDS\�ZDV�JLYHQ� LQLWLDOO\��)RXU�ZHHNV�
DIWHU� FRPSOHWLRQ� RI� WKLV� WUHDWPHQW�� 70=� ����PJ�P2�
GD\�� RQFH� GDLO\� IRU� �� GD\V�� RXW� RI� HDFK� ��� GD\� F\FOH��
ZDV� SUHVFULEHG�� 7KUHH� ZHHNV� DIWHU� WKH� ÀUVW� DWWHPSW�
RI� WKLV� VHFRQG� WUHDWPHQW� SHULRG�� SDWLHQW� KDG� IDWLJXH��
QDXVHD��YRPLWLQJ��DQRUH[LD��UHG�LWFK\�VNLQ�DQG�MDXQGLFH��
(PHUJHQF\� ODERUDWRU\� DQDO\VLV� VKRZHG� WKH� IROORZLQJ�
UHVXOWV�� $ODQLQH� DPLQRWUDQVIHUDVH� �$/7� �� ���� ,8�/�
�QRUPDO�UDQJH������ ��DVSDUWDWH�DPLQRWUDQVIHUDVH��$67���
���� ,8�/� �QRUPDO� UDQJH� ������� DONDOLQH� SKRVSKDWDVH�
�$/3� �� ����� ,8�/� �QRUPDO� UDQJH� ��������� Ƣ�JOXWDP\O�
WUDQVSHSWLGDVH� �**7��� ���� ,8�/� �QRUPDO� UDQJH� �����
,8�/� ��WRWDO�ELOLUXELQ�������PJ�G/��QRUPDO�UDQJH���������

&RUUHVSRQGHQFH� WR� �� &HP� $\JXQ�� 0'�� 'HSDUWPHQW� RI� ,QWHUQDO� 0HGLFLQH��
'LYLVLRQ� RI� *DVWURHQWHURORJ\�� ,VWDQEXO� 0HGLSRO� 8QLYHUVLW\�� ,VWDQEXO�� 7XUNH\ 
(�PDLO��FD\JXQ�#\DKRR�FRP
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WKDW�RFFXUUHG�DIWHU�70=�WUHDWPHQW�ZHUH�DQ�DGYHUVH�GUXJ�
UHDFWLRQ� �$'5�� ZDV� DVVHVVHG� XVLQJ� WKH� 1DUDQMR�$'5�
SUREDELOLW\�VFDOH��7KH�WRWDO�1DUDQMR�VFRUH�IRU�WKH�SDWLHQW�
ZDV����ZKLFK�LV�LQ�WKH�´SUREDEOHµ�UDQJH�����

Discussion

)RXUWHHQ� ZHHNV� DIWHU� WKH� VWDUW� RI� WUHDWPHQW� ZLWK�
70=�� RXU� ���\HDU�ROG� PDOH� SDWLHQW� H[SHULHQFHG� VLJQV�
RI�KHSDWRWR[LFLW\�ZLWK� LWFK\�UHG� VNLQ�� MDXQGLFH��QDXVHD��
YRPLWLQJ� DQG� DVWKHQLD�� /DERUDWRU\� WHVWLQJ� VKRZHG�
PDUNHG�HOHYDWLRQV� LQ� VHUXP�$/7��$67��$/3��**7�DQG�
WRWDO�ELOLUXELQ�FRQFHQWUDWLRQV��+LV�V\PSWRPV��DV�ZHOO�DV�
WKH� OLYHU� WHVWV�� UHVROYHG� RQ� GLVFRQWLQXDWLRQ� RI� WKH� GUXJ�
WUHDWPHQW�� 7KH� VXEW\SH� RI� WKH� KHSDWRWR[LFLW\� REVHUYHG�
LQ� WKH� SDWLHQW� ZDV� FRQVLGHUHG� DV� PL[HG� KHSDWRFHOOXODU�
DQG� FKROHVWDWLF��7KH� GLDJQRVLV� RI� VHYHUH�70=�LQGXFHG�
KHSDWRWR[LFLW\�LQ�RXU�FDVH�ZDV�VXJJHVWHG�E\������V\PSWRPV�
VXFK�DV�IDWLJXH��QDXVHD��YRPLWLQJ��DQRUH[LD��DQG�MDXQGLFH�
VHYHUDO�ZHHNV� DIWHU�70=� LQLWLDWLRQ�� ���� WKH� FKURQRORJ\�
EHWZHHQ�70=�LQWURGXFWLRQ�DQG�OLYHU�WHVW�DEQRUPDOLWLHV��
����KLVWRORJLFDO�ÀQGLQJV�WKDW�ZHUH�KLJKO\�VXJJHVWLYH�RI�D�
WR[LF�PHFKDQLVP������DEVHQFH�RI�DQ\�RWKHU�FOHDU�HWLRORJ\��
DQG�����UHFRYHU\�DIWHU�70=�ZLWKGUDZDO�

%HFDXVH� WKH� SUHVHQWLQJ� IHDWXUHV�� FOLQLFDO� FRXUVH��
DQG� RXWFRPHV� RI� 70=� KHSDWRWR[LFLW\� KDYH� QRW� EHHQ�
ZHOO�GHÀQHG�\HW�� WKH�DLP�RI� WKLV� UHSRUW�ZDV� WR�GHVFULEH�
WKH� FOLQLFDO�� ELRFKHPLFDO� DQG� KLVWRORJLFDO� IHDWXUHV� RI�
RXU� SDWLHQW� ZLWK� DSSDUHQW� KHSDWRWR[LFLW\� GXH� WR� 70=��
&KROHVWDVLV�ZLWK� KHSDWLWLV� LV� D� IUHTXHQW� W\SH� RI� KHSDWLF�
GUXJ� UHDFWLRQ� DQG� LW� LV� FKDUDFWHUL]HG� E\� FRQVSLFXRXV�
FKROHVWDVLV� ZLWK� KHSDWRFHOOXODU� LQMXU\�� +LVWRORJLFDO�
OHVLRQV�PD\�VKRZ�OREXODU�DQG�SRUWDO�WUDFW�LQÁDPPDWLRQ��
RIWHQ�ZLWK�QHXWURSKLOV��HRVLQRSKLOV�RU�PRQRQXFOHDU�FHOOV�
����� 7KH� FOLQLFDO� VSHFWUXP� RI� FKROHVWDWLF� KHSDWLWLV� ZDV�
LQGLFDWHG� LQ� RXU� FDVH� E\� LWFKLQJ� DQG� MDXQGLFH�� ,W� ZDV�
DOVR�UHÁHFWHG�E\�WKH�PDUNHGO\�HOHYDWHG�OLYHU�WHVWV��ZLWK�
LQFUHDVHG�VHUXP�ELOLUXELQ��**7�DQG�$/3��&DVHV�RI�PL[HG�

GLUHFW�ELOLUXELQ�������PJ�G/�DQG�SURWKURPELQ�WLPH��37���
����� V�� ZLWK� LQWHUQDWLRQDO� QRUPDOL]HG� UDWLR� �,15��� ����
�QRUPDO� UDQJH� ���������� %ORRG� WHVWV� IRU� JOXFRVH�� EORRG�
XUHD� QLWURJHQ� �%81��� VHUXP� FUHDWLQLQH�� WRWDO� SURWHLQ��
DOEXPLQ�� XULF� DFLG�� WRWDO� FKROHVWHURO� DQG� WULJO\FHULGHV�
ZHUH� ZLWKLQ� QRUPDO� OLPLWV�� 7KHUH� ZDV� QR� SHULSKHUDO�
HRVLQRSKLOLD�� 7KH� SDWLHQW� ZDV� KRVSLWDOL]HG� DQG� 70=�
WUHDWPHQW� ZDV� GLVFRQWLQXHG�� $GGLWLRQDO� WHVW� UHVXOWV�
IRU� KHSDWLWLV�$�� %�� &� DQG� (� YLUXVHV�� F\WRPHJDORYLUXV��
DQG� (SVWHLQ�%DUU� YLUXV� ZHUH� QHJDWLYH�� )HUULWLQ� DQG�
VHUXORSODVPLQ� OHYHOV� ZHUH� ZLWKLQ� QRUPDO� OLPLWV��
$XWRDQWLERGLHV� �DQWLQXFOHDU�� DQWLPLWRFKRQGULDO�� DQWL�
VPRRWK�PXVFOH�� DQWL�OLYHU�NLGQH\� PLFURVRPDO� HQ]\PHV�
DQG� DQWL�VROXEOH� OLYHU� DQWLJHQ�� ZHUH� DOVR� QHJDWLYH��
+HSDWRELOLDU\�LPDJLQJ�ZLWK�XOWUDVRQRJUDSK\�ZDV�QRUPDO�
RWKHU� WKDQ� PLOG� KHSDWRVWHDWRVLV�� +H� GHQLHG� WDNLQJ� DQ\�
RWKHU�PHGLFDWLRQV�RU�XVLQJ�DOFRKRO�RU�DQ\�KHUEDO�RU�IRON�
UHPHGLHV�DW�DQ\�WLPH��7KHUH�ZDV�QR�NQRZQ�FRQWULEXWLQJ�
HQYLURQPHQWDO� LVVXHV�� 2QH� ZHHN� DIWHU� KRVSLWDOL]DWLRQ��
KLV�OLYHU�IXQFWLRQ�WHVWV�ZHUH�DV�IROORZV��$/7������,8�/��
$67������,8�/��$/3�������,8�/��**7������,8�/��WRWDO�
ELOLUXELQ�� ������ PJ�G/�� DQG� GLUHFW� ELOLUXELQ�� ����� PJ�
G/�� %RWK� KLV� PHGLFDO� KLVWRU\� DQG� ODERUDWRU\� UHVXOWV�
VXJJHVWHG� VHYHUH� DFXWH� KHSDWLWLV� RI� PL[HG�W\SH�� ZLWK�
KHSDWRFHOOXODU� DQG� FKROHVWDWLF� KHSDWLF� LQMXU\�� DQG� OLYHU�
ELRSV\� ZDV� SHUIRUPHG�� 7KH� KLVWRSDWKRORJLFDO� VDPSOHV�
UHYHDOHG� FHQWULOREXODU� DQG� SRUWDO� FKROHVWDWLF� KHSDWLWLV��
ZLWKRXW�ÀEURVLV�RU�QHFURVLV��KLJKO\� VXJJHVWLYH�RI�GUXJ�
UHODWHG�KHSDWRWR[LFLW\� �)LJXUHV�������:LWKLQ���ZHHNV�RI�
KRVSLWDOL]DWLRQ�� WKH� SDWLHQW� KDG� VLJQLÀFDQW� VXEMHFWLYH�
LPSURYHPHQW��DQG�VKRZHG�LPSURYHPHQW�RI�OLYHU�IXQFWLRQ�
WHVWV� �$/7�� ���� ,8�/��$67�� ���� ,8�/��$/3�� ���� ,8�/��
**7������ ,8�/�� WRWDO�ELOLUXELQ�������PJ�G/��DQG�GLUHFW�
ELOLUXELQ��������PJ�G/���$IWHU���ZHHN�IROORZ�XS��KLV�OLYHU�
IXQFWLRQ� WHVW� UHVXOWV� ZHUH� PRVWO\� ZLWKLQ� QRUPDO� OLPLWV�
�$/7�� ��� ,8�/��$67���� ,8�/�� DQG� WRWDO� ELOLUXELQ�� �����
PJ�G/���7KH�SDWLHQW�ZDV�GLVFKDUJHG� LQ�JRRG�FRQGLWLRQ��
7KH� SUREDELOLW\� WKDW� WKH� V\PSWRPV� RI� KHSDWRWR[LFLW\�

)LJ�����³ Liver biopsy specimen showing cholestasis, steatosis, 

DQG�SRUWDO�LQÀDPPDWLRQ� (HEx100).

)LJ�����³ Canalicular cholestasis and focal necrosis with ste-

atosis, (HEx200).
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KHSDWRWR[LFLW\� LV� DQ� LQIUHTXHQW� HYHQW��'DFDUED]LQH� DQG�
PLWR]RORPLGH� DUH� WKH� RWKHU� WZR� PRVW� FORVHO\� UHODWHG�
DON\ODWLQJ� DJHQWV� RI� WKH� LPLGD]RWHWUD]LQH� IDPLO\��
'DFDUED]LQH�LV�D�ZHOO�NQRZQ�KHSDWRWR[LQ��EXW�WKH�SDWWHUQ�
RI� LQMXU\� LV� VLQXVRLGDO� REVWUXFWLRQ� V\QGURPH� �YHQR�
RFFOXVLYH� GLVHDVH�� UDWKHU� WKDQ� KHSDWLWLV� RU� FKROHVWDVLV��
%RWK� GDFDUED]LQH� DQG� PLWR]RORPLGH�� OLNH� 70=�� FDXVH�
YDU\LQJ�GHJUHHV�RI�ERQH�PDUURZ�VXSSUHVVLRQ��7KLV�OHG�WR�
WKH�DEDQGRQPHQW�RI�PLWR]RORPLGH�DIWHU�SKDVH�,,�FOLQLFDO�
WULDOV� VKRZHG� WKDW� LW� FDXVHG� VHYHUH� DQG� XQSUHGLFWDEOH�
P\HORVXSSUHVVLRQ��������

,Q�VXPPDU\��ZLWK�WKLV�UHSRUW��ZH�SUHVHQWHG�D�FDVH�RI�
KHSDWRWR[LFLW\� DIWHU� IRXUWHHQ� ZHHNV� RI� 70=� WUHDWPHQW�
IRU�*%0��7KH� WR[LFLW\� DSSHDUHG� WR� EH� DVVRFLDWHG�ZLWK�
GUXJ� XVH�� $OWKRXJK� UDUH�� PL[HG�W\SH� �KHSDWRFHOOXODU�
DQG� FKROHVWDWLF�� KHSDWLF� LQMXU\� PLJKW� EH� DVVRFLDWHG�
ZLWK� 70=� XVH� LQ� VRPH� FDVHV�� 3DWLHQWV� PD\� SUHVHQW�
ZLWK� IDWLJXH�� QDXVHD�� YRPLWLQJ�� DQRUH[LD�� SUXULWLV� DQG�
MDXQGLFH��&RPSOHWH�UHFRYHU\�PD\�EH�SRVVLEOH�LI�WKH�GUXJ�
LV�GLVFRQWLQXHG�EHIRUH�FULWLFDO�OLYHU�LQMXU\�LV�HVWDEOLVKHG�
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WKH� V\PSWRPV�PHQWLRQHG� HDUOLHU�ZLWK� DSSDUHQW� FOLQLFDO�
ÀQGLQJV�� GUXJ�LQGXFHG� FKROHVWDVLV� LV� PRUH� OLNHO\�� DQG�
D� OLYHU� ELRSV\� LV� RIWHQ� DGYLVDEOH�� &HUWDLQ� KLVWRORJLFDO�
ÀQGLQJV�� VXFK�DV� OREXODU� DQG�SRUWDO� WUDFW� LQÁDPPDWLRQ��
VXJJHVW�D�KHSDWLF�GUXJ�UHDFWLRQ��ZKHUHDV�RWKHUV�VXFK�DV�
HGHPD� RI� WKH� SRUWDO� WUDFWV� VXJJHVW� ELOLDU\� REVWUXFWLRQ��
:KHQ� WKH� WHPSRUDO� UHODWLRQVKLS� WR� GUXJ� LQJHVWLRQ�
LQGLFDWHV�D�KLJK�SUREDELOLW\�RI�D�GUXJ�UHDFWLRQ��SDUWLFXODUO\�
ZKHQ�WKH�DJHQW�LV�NQRZQ�WR�EH�SRWHQWLDOO\�KHSDWRWR[LF��LW�
LV�DSSURSULDWH� WR�GLVFRQWLQXH� WKH� LQFULPLQDWHG�GUXJ�DQG�
REVHUYH� ZKHWKHU� LPSURYHPHQW� RFFXUV�� 5HFRYHU\� PD\�
EH�VHHQ�UDSLGO\�LI�WKH�GUXJ�LV�GLVFRQWLQXHG�EHIRUH�VHYHUH�
OLYHU�LQMXU\�LV�HVWDEOLVKHG�����

+HSDWRF\WHV��EHFDXVH�RI�WKHLU�FDSDELOLW\�WR�PHWDEROL]H�
GUXJV��IRUP�PLQXWH�DPRXQWV�RI�GUXJ�SURWHLQ�DGGXFWV��IRU�
ZKLFK� WKH� LPPXQH� V\VWHP� QRUPDOO\� VKRZV� WROHUDQFH��
+\SHUVHQVLWLYLW\� UHDFWLRQV� RFFXU� ZKHQ� WKLV� WROHUDQFH�
LV� LPSDLUHG��$GGLWLRQDO� VLJQDOV�� VXFK� DV� D� FRQFRPLWDQW�
LQÁDPPDWRU\� UHDFWLRQ�� PD\� HYHQWXDOO\� EH� QHHGHG� WR�
EUHDN� WKLV� WROHUDQFH�� 7KH� DOOHUJLF� KHSDWLWLV� LQGXFHG� E\�
GUXJV� LV� JHQHUDOO\� D� W\SH� ,9� K\SHUVHQVLWLYLW\� UHDFWLRQ�
LQYROYLQJ�&'����&'���F\WRWR[LF� O\PSKRF\WHV��DV�ZHOO�
DV� QDWXUDO� NLOOHU� FHOOV��$QWLERGLHV� GLUHFWHG� WR� WKH� GUXJV�
DUH� PXFK� OHVV� FRPPRQ�� $QWLERGLHV� DJDLQVW� FHOOXODU�
FRPSRQHQWV�PD\��KRZHYHU��RFFXU�ZKHQ�WKH�VHQVLWL]DWLRQ�
SURFHVV�HYROYHV� WRZDUGV�DQ�DXWRLPPXQH�UHDFWLRQ� �������
,Q�RXU�SDWLHQW��DXWRDQWLERGLHV�ZHUH�QHJDWLYH�ZKLFK�ZDV�
FRQVLVWHQW�ZLWK�D�PHWDEROLF�W\SH�RI�LGLRV\QFUDWLF�WR[LFLW\��
7KH�ODFN�RI�KHSDWLF�PHWDEROLVP�PD\�H[SODLQ�ZK\�70=�
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