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Case Report

%5$)�0XWDWHG�0HWDVWDWLF�&RORUHFWDO�&DUFLQRPD��P&5&���
A case report

&RORUHFWDO�FDQFHU��&5&��LV�WKH�WKLUG�DQG�VHFRQG�PRVW�IUHTXHQW�FDQFHU�LQ�PHQ�DQG�ZRPHQ�UHVSHFWLYHO\��$OWKRXJK�KLVWRORJLFDOO\�
VLPLODU��&5&V�DUH�GLYHUVH�ZLWK�UHVSHFW�WR�WKH�XQGHUO\LQJ�PROHFXODU�PHFKDQLVP�ZKLFK�FRXOG�EH�H[SORUHG�IRU�SODQQLQJ�WUHDWPHQW�
strategies. Chromosomal instability, microsatellite instability, and errors in the DNA repair mechanism are the most frequent 
PROHFXODU�DEHUUDWLRQV�LQYROYHG�LQ�YDULRXV�VXE�JURXSV�RI�&5&V�

%5$)�Y�5DI�PXULQH�VDUFRPD�YLUDO�RQFRJHQH�KRPRORJ�%��PXWDWLRQ�LV�VHHQ�LQ��������RI�&5&��ZLWK�D�KLJKHU�PXWDWLRQ�UDWH�
LQ�ULJKW�VLGHG�FRORQ�FDQFHU��3DWLHQWV�ZLWK�%5$)�9����(�PXWDWLRQ�WHQGV�WR�KDYH�D�SRRU�SURJQRVLV�ZLWK�D�PHGLDQ�VXUYLYDO�
UDWH�RI�OHVV�WKDQ����PRQWKV��,Q�WHUPV�RI�WUHDWPHQW�WKHVH�SDWLHQWV�GR�QRW�EHQHͤW�IURP�WKHUDSHXWLFV�WDUJHWLQJ�WKH�(*)5�VR�
it is important for clinicians to be aware. Treatment options beyond standard chemotherapy are crucial to achieve better 
RXWFRPHV�DQG�WKH�UROH�RI�DQWL�(*)5�WKHUDS\�DORQH�UHPDLQV�FRQWURYHUVLDO��&XUUHQW�WULDOV�DVVHVVLQJ�FRPELQDWLRQV�RI�PROHFXODU�
targeted agents have shown some promise.

We report a case of a 32 year old female who presented with features of intestinal obstruction and pallor of skin and 
mucous membranes. Her blood test showed low Hb and a high serum CEA value and CT Abdomen revealed a large hepatic 
flexure growth with multiple liver metastasis. Colonoscopic biopsy showed moderately differentiated adenocarcinoma and 
PROHFXODU�DVVD\�FRQͤUPHG�ZLOG�W\SH�.�5$6�DQG�PXWDWHG�%5$)��7R�WKH�EHVW�RI�RXU�NQRZOHGJH�WKHUH�DUH�QR�UHSRUWHG�FDVHV�RI�
%5$)�PXWDWHG�PHWDVWDWLF�FDUFLQRPD�FRORQ�IURP�1HSDO�
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,1752'8&7,21

&RORUHFWDO� FDQFHU� �&5&�� UHPDLQV�RQH�RI� WKH�PDLQ� FDXVHV�
of cancer mortality around the world. Although global 
mortality is decreasing, an increased mortality in young 
DGXOWV�����̭\HDUV�ROG��KDV�EHHQ�UHSRUWHG�1b7KH�5$)�NLQDVH�
IDPLO\�FRQVLVWV�RI�NH\�FRPSRQHQWV�RI�WKH�5$6̰5$)̰0(.̰
(5.� VLJQDOLQJ� FDVFDGH� �)LJXUH� ��b �� /LNH� 5$6�� WKH� VHULQH�
WKUHRQLQH�SURWHLQ�NLQDVH�%5$)� LV�D�GRZQVWUHDP�VLJQDOLQJ�
SURWHLQ� LQ� WKH� HSLGHUPDO� JURZWK� IDFWRU� UHFHSWRU� �(*)5��
PHGLDWHG�SDWKZD\�bLQ�YLWURbH[SHULHQFHV�KDYH�KLJKOLJKWHG�WKDW�
VRPH�JHQHV�DUH�GLIIHUHQWO\�H[SUHVVHG�LQb%5$)�PXWDQW�DQG�
ZLOG�W\SH�&5&�FHOO�OLQHV�2,3b$�FKDUDFWHULVWLF�JHQH�H[SUHVVLRQ�
VLJQDWXUH� DVVRFLDWHG� ZLWKb %5$)b PXWDWLRQ� KDV� EHHQ�
LGHQWLͤHG��bHowever, attempts to directly inhibit the active 
%5$)�SURWHLQ�IDLOHG�LQ�PHWDVWDWLF�&5&��P&5&��5bVXJJHVWLQJ�
a more complex (or at least different) carcinogenic process 
LQ� WKLV� GLVHDVH�� 1HYHUWKHOHVV�b %5$)b PXWDWLRQ� WHVWLQJ�
LV� QRZ� UHFRPPHQGHG� IRU� P&5&� LQ� WKH� ODWHVW� 1DWLRQDO�
Comprehensive Cancer Network guidelines.6

�

Figure 1: The MAPK pathway 



18 NMMJ | Volume 1 | Number 1 | July-December 2020

%5$)�0XWDWHG�0HWDVWDWLF�&RORUHFWDO�&DUFLQRPD��P&5&�����_ Case Report

The MAPK pathway plays a major role in homeostasis 
of cellular proliferation, differentiation, survival, and 
DSRSWRVLV�b $OWKRXJK� WKH� WZR� JHQHV� ZRUN� FORVHO\� LQ� WKH�
VDPH� SDWKZD\�� WKH� JHQH� H[SUHVVLRQ� SDWWHUQV� RIb .5$6�
PXWDQW� DQGb %5$)�PXWDQW� P&5&� DUH� YHU\� GLIIHUHQW� IURP�
each other.7b )XUWKHUPRUH�� WKH� RQFRJHQLF� FRQWULEXWLRQ� RI�
PXWDWHGb%5$)bPD\�YDU\�EHWZHHQ�WXPRU�W\SHV��DV�VXJJHVWHG�
E\�WKH�YHU\�KHWHURJHQHRXV�FOLQLFDO�EHQHͤW�SURYLGHG�E\�%5$)�
LQKLELWLRQ�WUHDWPHQW�VWUDWHJLHV�LQ�PHODQRPD�DQG�P&5&�5,8

,W� KDV� EHHQ� UHSRUWHG� WKDWb %5$)�� DQG� HVSHFLDOO\� 9���(�
PXWDWLRQV�OHDG�WR�FRQVWLWXWLYH�%5$)�NLQDVH�SKRVSKRU\ODWLRQ�
RI� 0(.� DQG� (5.� NLQDVHV� DQG� VXVWDLQHG� 0$3.� SDWKZD\�
VLJQDOLQJ�� $V� VRRQ� DV� WKH� 5$)� NLQDVHV� DUH� DFWLYDWHG��
MEK1 and MEK2 are phosphorylated and activated, and 
DV�D�FRQVHTXHQFH�(5.��DQG�5.��DUH�SKRVSKRU\ODWHG�DQG�
activated.9b7KLV�(5.�DFWLYDWLRQ�SURGXFHV�SKRVSKRU\ODWLRQ�RI�
numerous substrates both in the nucleus and the cytosol, 
leading to an enhancement of cell proliferation and a longer 
survival. 

(3,'(0,2/2*<

%5$)b PXWDWLRQV� DUH� SUHVHQW� LQ� �̰���� RI� &5&�� ZLWK� D�
higher mutation rate in right-sided colon cancer.10,11 In a 
UHSRUW� FRPSULVLQJ� ����� SDWLHQWV� ZLWK� P&5&� LQFOXGHG� LQ�
three randomized trials (COIN, FOCUS, and PICCOLO), the 
SUHYDOHQFH�RIb%5$)bPXWDWLRQV�ZDV������12b,Q�D�SRSXODWLRQ�
based study that could better reflect the true incidence, 
����RI� WKH�SDWLHQWV�KDGb%5$)�9���(�PXWDQW� WXPRUV�13b ,Q�
DQRWKHU�SRSXODWLRQ�EDVHG�UHSRUW�WKH�SHUFHQWDJH�RIb%5$)�
mutant tumors was even superior to 20%.14b'XDO�PXWDWLRQV�
RIb 5$)b DQGb 5$6b JHQHV� DUH� UDUHO\� VHHQ�� (LJKW� DPRQJ�
the 2530 patients (0.3%) and 0.01% of cases in another 
series.15b b%5$)bPXWDWLRQV��DQGb.5$6��ZHUH�DSSUR[LPDWHO\�
twice as likely to be found in the caecum than the sigmoid 
colon.16

,03$&7� 2)b %5$)b 087$7,216� 21� 352*126,6� ,1�
0(7$67$7,&�',6($6(

The mechanism resulting to the poor prognosis of patients 
ZLWKb %5$)�PXWDQW� P&5&� LV� SRRUO\� XQGHUVWRRG�� ,W� ZDV�
rapidly shown that with standard treatment including 
targeted therapies, the median OS of these patients was 
DURXQG���̭PRQWKV��PXFK�ORZHU�WKDQ�WKDW�REWDLQHG�LQb%5$)�
wild-type patients.17,18b � ,Q� D� VWXG\� HYDOXDWLQJ� �)8�IROLQLF�
DFLG�LULQRWHFDQ� �)2/),5,�� SOXV� SDQLWXPXPDE� LQ� D� SXUH�
VHFRQG�OLQH� VHWWLQJ�� SDWLHQWV� ZLWKb %5$)�PXWDQW� P&5&�
KDG�D�PHGLDQ�3)6�RI����̭PRQWKV�DQG�DQ�26�RI����̭PRQWKV��
FRPSDUHG�ZLWK�D�3)6�DQG�DQ�26�RI�����DQG�����̭PRQWKV��
UHVSHFWLYHO\��LQ�SDWLHQWV�ZLWKb%5$)�ZLOG�W\SH�WXPRUV�19

)2/)2;,5,���%(9$&,=80$%�$6�),567�/,1(�75($70(17�
2)b%5$)�087$17�780256��$�67$1'$5'�2)�&$5("

Despite a lack of evidence to back up the interest in the use of 

bevacizumab in combination with chemotherapy, the most 
LQWHUHVWLQJ� GDWD� REWDLQHG� WR� GDWH� LQb %5$)�PXWDQW�P&5&�
resulted from a combination of triplet chemotherapy with 
EHYDFL]XPDE��)ROORZLQJ�WKH�UHVXOWV�RI�WKH�ͤUVW�ODUJH�SKDVH�
,,,�WULDO�RI�WKH�*212�JURXS��LW�KDV�EHHQ�NQRZQ�IRU���̭\HDUV�
that triplet chemotherapy with 5FU, folinic acid, irinotecan, 
DQG� R[DOLSODWLQ� �)2/)2;,5,��ZDV� DEOH� WR� LPSURYH� HIͤFDF\�
WR� )2/),5,� LQ� DQ� DOO�FRPHUV� SDWLHQW� SRSXODWLRQ�20b 7KH�
same group evaluated the role of this combination plus 
bevacizumab. They reported a very good response rate 
�������PHGLDQ�3)6������̭PRQWKV���DQG�26������̭PRQWKV��LQ�
D�VXEJURXS�RI����SDWLHQWV�ZLWKb%5$)�PXWDQW�WXPRUV�WUHDWHG�
ZLWK�)2/)2;,5,���EHYDFL]XPDE��SRVW�KRFbDQDO\VLV����b

75($70(17�2)b%5$)�087$17�780256�$)7(5�)$,/85(�
2)�),567�/,1(�7+(5$3<

%H\RQG� WKH� ͤUVW� OLQH�� GHVSLWH� WKH� IDLOXUH� RI� 5$)� LQKLELWRU�
monotherapy, some second-line treatments, such as the 
combination of vemurafenib, irinotecan, and cetuximab, 
have shown activity. Thus, a sequential use of FOLFOX 
bevacizumab followed by irinotecan, 5 FU, vemurafenib, and 
cetuximab is the other valid option.

&$6(�35(6(17$7,21

A 32 year old , normotensive and non diabetic lady, with no 
VLJQLͤFDQW�SDVW�PHGLFDO�DQG�VXUJLFDO�KLVWRU\��DQG�QR�IDPLOLDO�
history of colon cancer syndrome sought medical attention 
after she experienced sudden onset pain abdomen in the right 
VLGH�RI�WKH�DEGRPHQ�DVVRFLDWHG�ZLWK�VLJQLͤFDQW�ZHLJKW�ORVV�
for 1 month. A contrast enhanced CT scan of the abdomen 
showed moderately heterogenous asymmetric thickening 
of the hepatic flexure of the colon with features of intestinal 
obstruction and associated multiple liver metastasis. Her 
hematological and biochemical parameters were all within 
normal limits. Serological analysis showed raised serum 
CEA of 168.07 ng/ml. On colonoscopy a large ulcerative 
mass in the hepatic flexure was visualized, a biopsy of 
which showed moderately differentiated adenocarcinoma 
(Fig 2). 

Figure 2 (HE stain, x10): A: Moderately differentiated 
adenocarcinoma in submucosa, normal colonic mucosa is 

�
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evident. B-C: The neoplastic glandular cell invades muscle 
layer up to serosa. Signet ring cells with foci of mucinous 
pool is seen. D: Neoplastic glandular cells show prominent 
desmoplasia.

She underwent right hemicolectomy with left lateral 
segmentectomy and metastectomy of liver. Histopathology 
also revealed moderately differentiated adenocarcinoma 
ZLWK� LQͤOWUDWLRQ� XSWR� SHULFROLF� IDW� ZLWK� O\PSK� QRGH�
involvement( 7/20), lymphovascular invasion with overall 
TNM staging of pT3N2M1(liver metastasis). Molecular 
WHVWLQJ� VKRZHG� .5$6�� ZLOG� W\SH� GLVHDVH�� KLJK� 06,� DQG�
%5$)�9���(�PXWDWLRQ��

After one month of post operative period she again 
developed right sided abdominal pain associated with 
QDXVHD��YRPLWLQJ���DQRUH[LD�DQG�VLJQLͤFDQW�ZHLJKW�ORVV��6KH�
was advised for a whole body PET scan in view of clinical 
SURJUHVVLRQ� RI� GLVHDVH�� ͤQGLQJ� RI�ZKLFK�ZDV� SURJUHVVLYH�
liver and lymph node metastasis. (Figure 3). 

Figure 3 PET images showing multiple liver and nodal 
metastasis 

6KH� ZDV� VXEVHTXHQWO\� LQLWLDWHG� RQ� )2/),5,� UHJLPHQ�
(5FU, Leucovorin, Irinotecan) along with Vemurafenib, a 
%5$)� LQKLELWRU� DQG� &HWX[LPDE�� DQ� DQWL�(*)5�PRQRFORQDO�
antibody. She showed marked clinical improvement as 
evident by decrease pain abdomen, weight gain and a drop 
in CEA value to near normal( 9 ng/ml) after two cycles of 
treatment. After radiological assessment she is planned for 
FRQWLQXDWLRQ�RI�IXUWKHU�FKHPRWKHUDS\��%5$)�LQKLELWLRQ�DQG�
DQWL�(*)5�WKHUDS\�

',6&866,21

%5$)9���(b PXWDWLRQ� LQ� SDWLHQWV� ZLWK� &5&� LV� D� XQLTXH�
PROHFXODU�VXEW\SH�RFFXUULQJ�LQ��������RI�SDWLHQWV�ZLWK�P&5&�
and is associated with poor prognosis in the metastatic stage 
despite good early stage prognosis.22,23b+HQFH��DJJUHVVLYH�
combination chemotherapy is required to improve the 
VXUYLYDO�UDWH�LQ�SDWLHQWV�ZLWK�%5$)9���(bP&5&�24

The standard therapy includes surgery followed by adjuvant 
chemotherapy in combination with targeted therapy, which 
improves overall survival (OS).25b 6HTXHQWLDO� FRPELQDWLRQ�
FKHPRWKHUDS\� DOVR� SOD\V� DQ� LPSRUWDQW� UROH� LQ� &5&�
PDQDJHPHQW�� HVSHFLDOO\� LQ�P&5&�26b&\WRWR[LF�GUXJV�VXFK�
as 5-fluorouracil combined with oxaliplatin and irinotecan 
�)2/)2;,5,�� DUH� VWLOO� WKH� SUHIHUUHG� FKHPRWKHUDSHXWLF�
UHJLPHQ� IRU�P&5&�27b7KH\�KDYH�D�V\QHUJLVWLF�HIIHFW�ZKHQ�
FRPELQHG� ZLWK� ELRORJLFDO� DJHQWV� VXFK� DV� (*)5� DQG�
%5$)9���(�VSHFLͤF�LQKLELWRUV�28

Our patient presented with right sided colonic growth 
with multiple liver metastasis and was found to have 
%5$)9���(b PXWDWLRQ� DQG� ZLOG� W\SH� .�5$6� RQ� VXUJLFDO�
specimen. Her disease biology was very aggressive in 
QDWXUH�DV�HYLGHQW�E\�KHU�3(7�VFDQ�ͤQGLQJV� MXVW�DIWHU�RQH�
month of surgery. She showed symptomatic improvement 
DIWHU� WUHDWPHQW� ZLWK� � %5$)9���(b LQKLELWRU�� YHPXUDIHQLE�
DQG�DQWL��(*)5�WKHUDS\��FHWX[LPDE�DORQJ�ZLWK�WKH�F\WRWR[LF�
drugs irinotecan and 5-fluorouracil. Further radiological 
evaluation of this patient is planned after 6 courses of 
therapy.

The presence of only minor adverse events indicates that 
the drug combination is well tolerated in our case. Although 
ZH�FRXOG�QRW�DVFHUWDLQ�WKH�ORQJ�WHUP�UHFXUUHQFH�RI�P&5&�
and safety in our patient, the drug combination could be an 
RSWLRQ� DV� ͤUVW�OLQH� WKHUDS\� IRU� WUHDWLQJ� VLPLODU� SDWLHQWV� LQ�
our subset of patients in Nepal.

&21&/86,21

3DWLHQWV� ZLWKb %5$)�9���(�PXWDQW� P&5&� FOHDUO\� KDYH� D�
SRRU�SURJQRVLV�DQG�FRQVWLWXWH�D�VSHFLͤF�JURXS��PDNLQJ�XS�
DURXQG�����RI�DOO�SDWLHQWV�ZLWK�P&5&��7KH�H[DFW�SUHYDOHQFH�
RI�%5$)�9���(�PXWDWHG�P&5&�IURP�1HSDO� LV�QRW�NQRZQ��
Pooled analysis of similar cases need to done from different 
KRVSLWDO�EDVHG�UHJLVWULHV�DFURVV�WKH�FRXQWU\��)2/)2;,5,���
bevacizumab is a possible good treatment option. The role 
RI�WKH�DGGLWLRQ�RI�DQWL�(*)5�DQG�%5$)�LQKLELWRU�WR�)2/),5,�
is also well documented as seen in our case. New drugs, 
new combinations, and new targets are urgently required in 
this subset of patients for a better outcome.

5()(5(1&(6
��b� 6LHJHO� 5/�� 0LOOHU� .'�� )HGHZD� 6$�� HW� DO�b &RORUHFWDO� FDQFHU�

VWDWLVWLFV�������b&$�&DQFHU�-�&OLQb�����b�������̰�����

��b� 2LNRQRPRX�(��0DNURGRXOL�(��(YDJHOLGRX�0��HW�DO�b%5$)�9���(��
HIͤFLHQW� WUDQVIRUPDWLRQ� DQG� LQGXFWLRQ� RI� PLFURVDWHOOLWH�
LQVWDELOLW\� YHUVXV� .5$6�*��9�� LQGXFWLRQ� RI� VHQHVFHQFH�
PDUNHUV� LQ� KXPDQ� FRORQ� FDQFHU� FHOOV�b 1HRSODVLDb �����b ����
����̰�����b

��b� -R\FH�7��2LNRQRPRX�(��.RVPLGRX�9��HW�DO�b$�PROHFXODU�VLJQDWXUH�
IRU� RQFRJHQLF�%5$)� LQ� KXPDQ�FRORQ� FDQFHU� FHOOV� LV� UHYHDOHG�
E\� PLFURDUUD\� DQDO\VLV�b &XUU� &DQFHU� 'UXJ� 7DUJHWVb �����b ����
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873–898. 

��b3RSRYLFL�9��%XGLQVND�(��7HMSDU�6��HW�DO�b ,GHQWLͤFDWLRQ�RI�D�SRRU�
SURJQRVLV�%5$)�PXWDQW�OLNH�SRSXODWLRQ�RI�SDWLHQWV�ZLWK�FRORQ�
FDQFHU�b-�&OLQ�2QFROb�����b��������̰������

��b.RSHW]�6��'HVDL�-��&KDQ�(��HW�DO�b3KDVH�,,�3LORW�VWXG\�RI�YHPXUDIHQLE�
LQ�SDWLHQWV�ZLWK�PHWDVWDWLF�%5$)�0XWDWHG�FRORUHFWDO�FDQFHU�b-�
&OLQ�2QFROb�����b��������̰�����b

��b%HQVRQ�$%��,,,��9HQRRN�$3��$O�+DZDU\�00��HW�DO�b1&&1�JXLGHOLQHV�
LQVLJKWV�� FRORQ� FDQFHU�� YHUVLRQ� �������b -� 1DWO� &RPSU� &DQF�
1HWZb�����b�������̰�����

��b7LDQ�6��6LPRQ�,��0RUHQR�9��HW�DO�b$�FRPELQHG�RQFRJHQLF�SDWKZD\�
VLJQDWXUH� RI� %5$)�� .5$6� DQG� 3,�.&$� PXWDWLRQ� LPSURYHV�
FRORUHFWDO� FDQFHU� FODVVLͤFDWLRQ� DQG� FHWX[LPDE� WUHDWPHQW�
SUHGLFWLRQ�b*XWb�����b�������̰����

��b )ODKHUW\� .7�� 3X]DQRY� ,�� .LP� .%�� HW� DO�b ,QKLELWLRQ� RI� PXWDWHG��
DFWLYDWHG� %5$)� LQ� PHWDVWDWLF� PHODQRPD�b 1� (QJO� -�
0HGb�����b��������̰����b

��b'KLOORQ�$6��+DJDQ�6��5DWK�2��HW�DO�b0$3�NLQDVH�VLJQDOOLQJ�SDWKZD\V�
LQ�FDQFHU�b2QFRJHQHb�����b��������̰�����

���b -DVV� -5�b &ODVVLͤFDWLRQ� RI� FRORUHFWDO� FDQFHU� EDVHG� RQ�
correlation of clinical, morphological and molecular 
IHDWXUHV�b+LVWRSDWKRORJ\b�����b�������̰�����

���b&KLX�-:��.U]\]DQRZVND�0.��6HUUD�6��HW�DO�b0ROHFXODU�SURͤOLQJ�
of patients with advanced colorectal cancer: Princess Margaret 
&DQFHU� &HQWUH� H[SHULHQFH�b &OLQ� &RORUHFWDO� &DQFHUb �����b ����
73–79. 

���b 6HOLJPDQQ� -)�� )LVKHU� '�� 6PLWK� &*�� HW� DO�b ,QYHVWLJDWLQJ� WKH�
SRRU�RXWFRPHV�RI�%5$)�PXWDQW� DGYDQFHG�FRORUHFWDO� FDQFHU��
DQDO\VLV�IURP������SDWLHQWV�LQ�UDQGRPLVHG�FOLQLFDO�WULDOV�b$QQ�
2QFROb�����b�������̰����

���b 6HSSDOD� 77�� %RKP� -3�� )ULPDQ� 0�� HW� DO�b &RPELQDWLRQ� RI�
PLFURVDWHOOLWH� LQVWDELOLW\� DQG� %5$)� PXWDWLRQ� VWDWXV� IRU�
VXEW\SLQJ� FRORUHFWDO� FDQFHU�b %U� -� &DQFHUb �����b ����� ����̰
�����b

���b6RUE\H�+��'UDJRPLU�$��6XQGVWURP�0��HW�DO�b+LJK�%5$)�PXWDWLRQ�
frequency and marked survival differences in subgroups 
DFFRUGLQJ� WR� .5$6�%5$)� PXWDWLRQ� VWDWXV� DQG� WXPRU� WLVVXH�
availability in a prospective population-based metastatic 
FRORUHFWDO�FDQFHU�FRKRUW�b3/R6�2QHb�����b����H��������b

���b6DKLQ�,+��.D]PL�60��<RULR�-7��HW�DO�b5DUH�WKRXJK�QRW�PXWXDOO\�
H[FOXVLYH�� D� UHSRUW� RI� WKUHH� FDVHV� RI� FRQFRPLWDQW� .5$6� DQG�
%5$)�PXWDWLRQ�DQG�D�UHYLHZ�RI�WKH�OLWHUDWXUH�b-�&DQFHUb�����b���
���̰����b

���b'LHQVWPDQQ�5�b7XPRU�VLGH�DV�PRGHO�RI� LQWHJUDWLYH�PROHFXODU�
FODVVLͤFDWLRQ�RI� FRORUHFWDO� FDQFHU�b&OLQ�&DQFHU�5HVb�����b ����
989–990. 

���b5LFKPDQ�6'��6H\PRXU�07��&KDPEHUV�3��HW�DO�b.5$6�DQG�%5$)�
mutations in advanced colorectal cancer are associated with 
SRRU� SURJQRVLV� EXW� GR� QRW� SUHFOXGH� EHQHͤW� IURP� R[DOLSODWLQ�
RU� LULQRWHFDQ�� UHVXOWV� IURP� WKH� 05&� )2&86� WULDO�b -� &OLQ�
2QFROb�����b��������̰������

���b /RXSDNLV� )�� &UHPROLQL� &�� 0DVL� *�� HW� DO�b ,QLWLDO� WKHUDS\� ZLWK�
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