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Chemotherapy for Colorectal Cancer
Yong Sang Hong, M.D. and Tae Won Kim, M.D.

Department of Oncology, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea

Recent advances in chemotherapy lead to improved survival outcomes in patients with colorectal cancer. The
S-fluorouracil (5-FU) is still one of the important chemotherapeutic agents since 1950s, but the introduction of
newer cytotoxic agents, irinotecan and oxaliplatin, or targeted agents, bevacizumab and cetuximab, have changed
treatment strategies for these patients. A deliberate choice should be made for adjuvant chemotherapy, because it
has became complicated more than ever before. Oxaliplatin plus 5-FU seemed to be superior in terms of dis-
ease-free and overall survival than 5-FU alone after curative surgery for colon cancers. However not all of these
patients seemed to receive benefit from this intensive adjuvant treatment, and some limitations are present accord-
ing to the postoperative stage, tumor biology and clinical characteristics. For metastatic disease, there is no doubt
that more complicated strategies are present because we have more abundant chemotherapeutic agents available
for metastatic setting compared to adjuvant setting. Recently, targeted agents, such as bevacizumab or cetuximab,
also took an important place in the treatment of metastatic colorectal cancer, and many efforts are also made to
find the biomarkers for predicting treatment responses to these targeted agents. In this review, we intended to sort
up the standard strategies of chemotherapy for patients with colorectal cancer according to the latest pivotal
publications. (Korean J Gastroenterol 2009;54:355-363)
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A 71o3s3Act LV5FU2¢} FOLFOXE H|Z3le iR 34 didadteln
th7%H(colorectal cancer)<- SF-SHH Q1 $1Xoll wie} A4 19985 20010744 F 2246789 A7} FFoflgle
Qk(colon cancer)®} Z| A9k (rectal cancer) o2 FE-slH, o] % w > FOLFOXE A8t FollA] 51 3 AEg3 6 %
FE] 7lese WE2, AolA A (metastatic disease)2] x| AEEo] BAFCE YIS H sl rh(Table 1). L
735 oHAlel gHo] Tl ALHAE, FE X E5EE A U} 37]0llAE FOLFOX 79 AEE o] EAIRo =
A& gk Hzdlstaewo] A9 ARt AAqte] FEEo] -4k vhsto] a9]ET 27]0llA = F F 7] Aol7)
o|afjx]ofof e}, Z=]2) gkokow, 37] ZAgtelg} sltiEts 654 o]
H o] #rlol| A& FOLFOX7} $-2stA] efghths AR Hol
ZEAS| = T BXRH g wksk Aol slzllch

3. Capecitabine

1. 5-FU/LV (FL
/LV (FL) Capecitabine> 774 fluoropyrimidine Xﬂzﬂi 5-FUE A+

T F 23719 ZAK(colon cancer) $HAtoNA FE £ uff w2 BA83 EH3G-FU A5 AFE A% o
B = QW (adjuvant chemotherapy) 2.2 tjokst £k 8w 2] Holt FA A Akqhel §lar 53 wollA] 5-FU/LV (FL
5-FULV (FL)& A-&3F 29 frolsiAl AEgo] S7hsdol X LVSFU2)3) 243k 553 Ao g Hrlulo] T AL
19901 thol] Al o] F2AR9] 34 dFellA] FHEEle ol wolvha Qlvk. & ¥ 37] AASE 3AE ez

w, o] F AA dFollA 7 Ho] ALEE AL Mayo H=z3}8la W o & 4 9] Mayo Clinic regimen (FL)Z} capecita-
Clinic regimen (5—day bolus FL, 6709)o|t}t! 2-37]¢] Aot bine2 B3 R 34 dtol] wh2w, A AZg3}
AE e = 733 A gk F151%9)3 6/1Y A AEE wollA] 55 (capecitabine®] non-inferiority)©]
7+l FL e¥& /(] P T(158%)= H|Zeg S o, 51 d F- ] 9) © 1 (p-value for equivalence <0.001), 3% 0|42 &
At AZ-E-(relapse-free survival) (58% ™ 74%; p=0.001)7} 5 9 FAaZE, T 52 542 capecitabine TollA] ] &

W AA] AEE(overall survival)S (63% ™ 74%; p=0.02)% 9ck(p<0.001).* Capecitabine> 37] ZAStollA] HzQWo
EF AR E Fosl FL TollA 9938 Earslqick & FOLFOX< =7H3lAl AgslA] Fahe 79l 3=
ARl 271 2T A= B2 FL Qo] 32 T+ ek

T Uk

4. 1 2o xR

2. Oxaliplatin/LV5FU2 (FOLFOX) JPotolld ASEL e AEEA AL irino.

Oxaliplatine 3A|t] wWiFA] 3FdA 2, e 431794 tecan®| It} Irinotecan/5-FU/LV-S AR} =& & W =233t
AH&E = FAlolek. 2000t o] EqiE glen, ARk oo g AxSgH B 74 AT A FHT UEEgS
R z31st ool AHEE 3 Qlr}. LVSFU2E de Gramonto] ] LHCALGB 89803, PETACC-3, FFCD9802) S-|7}A = FL &

& E{4% SFULVeE AEHFE S§HOZE bolus 5-FULV Woll vlal] T U AAS Hasla glA] Eala glol A, K
(FL) &0l v]zsle] a3t HollA &= 343 T3+ 54 zZ 9ol irinotecan X F| A 9=l Anti-angiogenic
"401]*15 FZF U Ao g dElA °“:‘r MOSAIC A& agent{] bevacizumab 4] Aol iAol = -3k 4=

3 2718} 3719] AAQkA] e F Hzojow = HolFa glony, 2] W (NSABP-C08)oll oahd <

Table 1. Survival Outcomes in Patients with Stage II and III Colon Cancer (MOSAIC Trial)

5 year DFS 6 year OS
FOLFOX LV5FU2 HR p-value FOLFOX LV5FU2 HR p-value
Overall 73.3% 67.4% 0.80 0.003 78.5% 76.0% 0.84 0.046
Stage III 66.4% 58.9% 0.78 0.005 72.9% 68.7% 0.80 0.023
Stage IT* 83.7% 79.9% 0.84 0.258 86.8% 86.7% 1.00 0.986

DFS, disease-free survival, OS, overall survival, HR, hazard ratio.
* FOLFOX did not result in survival benefit in patients with high-risk stage II colon cancers (T4 lesion, perforated, obstructive,
poorly differentiated grade of tumor, positive venous invasion, harvested less than 10 lymph nodes during surgery).
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HollA 8] F5 oFAl= 5-FULVelH, 1 S &2 713
o g 7AA}ol| A1 2] Mayo Clinic regimenol] wp-Ec}, & ol
= % ¥ Hx gdhibA4 9 ¥ (postoperative adjuvant che-
moradiation) 2.t} & A LA QW (preoperative  che-
moradiation)0] A% ¥, o]= & A P o] =
& AET 54 WHollA g o aZH L8] o
ok & A G S A3 73Sl 4
A7ke] Kz gehslsta o] ) Capecitabine®] 7d-5-
2 Akl bl ey e Hedgreyow of
= Ax AL = spARy, ZAARtae vhZA] FOLFOX7}
5-FULVHETE Hzowo gy dsicte S+ oFF ¢l
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i)

A AEES FAA7E Aoz dedx] 9 FOLFOX7}
EF e¥jelH, 27] 19§1T-¢] %9 FOLFOX, FL, cape-
citabineo] 21E < ot AA| AL € F HzoHo

Xl_iolei [HQ%O"A-{_O_' TAI™ %I-OI-EI.%I-_.?_I:H

ZolA tARt ghxte] AEEL 2T FAle] Ao ulg)
A =P eHFg 1), EF AE
15220708, EAXEAE F7Vste] AHEsE 79 202570
G7A F7F AYE 7)7ke] Hars|x Qirl
HolA tiqtollAe] nAH dtstaye] FFL 5-
2 J|8o® 3= 24 W QWO F 5-FUd oxaliplatin
= irinotecans W $tsto] AL-£8l+= FOLFOX (oxaliplatin/5-
FU/LV) = FOLFIRI (irinotecan/5-FU/LV) Q¥ o]t} '>B o]
23t 24 e¥o] A2 vl Ak shH A vES-E Holl
Ale -43l7] Wil 14] @ SHsk Z9) ofd 3
A=A gkt AZESA QA 37HAE B WEste] A
ZNE R o o] = 24] @l vlsl FA4L F7lstk
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Best supportive care mup 5
Capecitabine m— 12 5
LVSFU2 (de Gramont) m——) 15_5

FOLFIRI or FOLFOX je——————)- 17 .4 or 16.2

Avastin+IFL > 203
FOLFIRI>FOLFOX | > 20.4
FOLFOX—FOLFIRI | > 215

FOLFOXIRI | » 226

Cetuximab+FOLFIRI | > 24.9
Bevacizumab+FOLFOX |

» 25.9
T T T T 1
0 6 12 18 24 30

Overall survival (months in median)

Fig. 1. Improvement of overall survival in patients with meta-
static colorectal cancer according to the recent advances in
chemotherapy.

A=A =t B ol FAAE FFoE Hyl vk )
= 24| 2¥¥} EHX] A (bevacizumab, cetuximab)ol] TtHsl
F2 J)sstaz) s

1. 28 28

FOLFOX$} FOLFIRIE= &z) Ho|A
=4 ke EFolEt & 4 9 =
3L Qirt Zhzhel Bakgo] okie thE x|l
Zg oA 719 viszsld F 7kA] oA
TA ol WA= 2zle] AA| AEE HollAM= & Hol7}

Al A o] aate) FAg-S dopd Fzke] i -
o|th'® A & 1 line FOLFIRI ¥ Zw o] Al 2™ line
FOLFOX 2 (FOLFIRI-FOLFOX), B 72 1% line FOLFOX
% Awo] AgPsl 2 line FOLFIRIZ(FOLFOX—FOLFIRI)
kel wiAgsle] X85 A, 7+ FollA 2" line
treatment”7}A] B A3l W& 321= 60-70% 7109
FOLFIRI ¥ FOLFOX, *:+ FOLFOX ¥ FOLFIRIZ -2}
Sl vkl X538 FA e wekA = Al AE 717k 2d
AEE WA= 7 T Zholl Zpol & HolA| Yokrh(Table 2).
A X187} FOLFIRICIA] FOLFOXQI A ol| et % Hk-S-E-2
ek 50% 71 TR AE 717E < Y AEE B
o g xolE Hol|A] gkt ulebA], <FAle] A X5
o tNet F2hg, F4 X5 A] We, ghxke] A4l A, 7
Ao} Wk AW FE] o, % A Wi AA T

59 ofg] W& aste] A= Ao T el
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Table 2. FOLFIRI Followed by FOLFOX or the Reverse Sequence in Metastatic Colorectal Cancer, GERCOR Study

Arm A (n=109)

Arm B (n=111)

FOLFIRI — FOLFOX FOLFOX — FOLFIRI p-value
RR (1* line) 56% 54% 0.68
PFS (1* line) 8.5 mo 8.0 mo 0.26
RR (2" line) 15% 4% 0.05
PFS (2™ line) 4.2 mo 2.5 mo 0.003
PFS (2™ PD) 14.2 mo 10.9 mo 0.64
OS 21.5 mo 20.6 mo 0.99
2-year survival rate 41% 45% -

RR, response rate; PFS, progression-free survival, OS, overall survival.

2. ATE fluoropyrimidine? S84

FOLFOX$} FOLFIRI] 73-$- FLO| A< AF= Qo] 4
ol oA} T4 WRe] uyt sl A 5
o] w2y wj2E FAWdAd, AW A5 5
F2Ago] =EA whA3 5= It} Capecitabine®| 7% FLol|
Hlste] B oA & 43t 5538 Aol €A o
FA-E v e H A WollA = FLoll vl -9 Ho| &
212 9le] 4] FOLFIRI ¥ FOLFOXZ XELIRI (capecitabine
+irinotecan ¥3}) T XELOX (capecitabine +oxaliplatin
HE dAlstAL sl A7 Hol Al

XELOX9] 73-$-= FOLFOX®} &3}e} H2hg- moj4] 79
Fosted, AAl HolAd tigtellA] FOLFOX®} XELOXT
Foot ajog oty k™ e, XELIRIS 74
+ FOLFIRI®} H]arsto] a3t HollA % ok7F d-53bar F2)
&5 Z7 U B2 Zle® 4#A o], XELIRI®H
FOLFIRIE H|azsl= it s 34 57 =7] $54 0 o
t} % 2 XELIRIS] #13% 247} 8-=Hmodified XELIRI)
off tigt I A-Eo] Y= JolA], 5 AnE AA
= davt Sk

1“‘

EXX| 2N (targeted agents)

3.

A TRl A HolA thAstel] AHg-o] 7kl At F
o] A% EA|= bevacizumab (Avastin®, anti-VEGF recom-
binant humanized monoclonal antibody)¥} cetuximab (Erbitux®,
anti-EGFR recombinant chimeric monoclonal antibody)e] 9t}
Fig. 1914 & 4 90|, A2 AEFA 8 (irinotecan,
oxaliplatin)®] W& wto 2% Ho|Al At skxle] A x| A
717}8] F7kgke] <oF 2070 97kA] =] At EA X S A
Wekshe 735 25709742 AL 717ke] dAE e
TR 24 Aol sk A 30/HE/HA = Koy

& RS o oy
o 1T
B>

ot} @Al NCCN guidelineS Ao]4 thaele]l X X &
B FHXEAE s e Fdsla k. olzst

FAX 2Ale) WS HFAY FAA2A] By Foirb
57 ok FolAlE W83k WollAl vhAl mEelliob
o FAI), ol FAGIAE ol okE A Zue

Alsletan, X gst 455 WAk chEslE et

1) Bevacizumab (Avastin®)

Bevacizumab<- circulating VEGF (vascular endothelial gro-
wth factor)E %22 3} humanized IgGl monoclonal
antibodyo] ™, &2} thAeka vE3F ofe] 31y QFFollA &
= BT gk HAEA HolA thAstellA] beva-
cizumab®] H-LZFL 1x} X859} 2% X ol k|,
bevacizumab THF o2& A} Fla AIEFA AetAlel ¥
ato] Ag-stodof Shrh. Bevacizumabo- FolA tiaqholl Al
AEHE RE ALY A9 Biel Fseel, ol
oalsl wakstriehE ok WMol L 710 E54t Ao %
7t 3 gl

Bevacizumab H3F Qo] A|Z5A4 ghal] ekl vl Ay
& 717 S sk AR ditE el 2004
W Hurwitz 57" (irinotecan 7|4+ @89} # k1] 52)7} 2008+
Saltz 5% (oxaliplatin 7|8} Q™ 3} ¥3k-nH| )0l oj3)] x5
AcH(Table 3).

Table 304 71€3l950], A X EZA] bevacizumabg 2

73

Al eofl Wgste] Agsle ¢ R AL I F
AR ARE = A £ e, AA AL 717k A
S bevacizumab/IFL HJgt Q-2 [FLel| H]3le] EAZ o=
FolsA]l Z71= 9l 21 bevacizumab/XELOX or FOLFOX ¥
a2 XELOX or FOLFOXell Hl3l| Z7lsl= 7 wh&
HoJF ) Bevacizumab 2™ line chemotherapy2} -85}
o] I o] S E]QI=1] 1st line irinotecan 7|8t QW]

of] Z1zPEk HolA et 3kAE O Z 2" line treatment
EA4] FOLFOX$} bevacizumab/FOLFOXE Bv]iz3dt 34 4+
AT A} o kA SFTHECOG E3200 %17).” Be-
vacizumab/FOLFOX & AH-8-8F -oll4] FOLFOX w55 A8
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Table 3. Pivotal Randomized Phase III Trials of Bevacizumab in Patients with Metastatic Colorectal Cancers

Hurwitz et al.!

Saltz et al.”

IFL IFL +Bev p-value OxF OxF+Bev p-value
RR 34.8% 44.8% 0.004 49% 47% 0.31
PES (mo) 6.2 10.6 <0.001 8.0 9.4 0.0023
OS (mo) 15.6 20.3 <0.001 19.9 21.3 0.0769

RR, response rate; PFS, progression-free survival, OS, overall survival; IFL, irinotecan+bolus FL; OxF, FOLFOX or XELOX; Bev,

bevacizumab.

Table 4. Bevacizumab-associated Adverse Events (from the
BEAT Study)

Any grade Grade 3 or 4
Hypertension 30% 5%
Proteinuria 10% 1%
Bleeding 31% 3%
Wound healing complication 4% 1%
Arterial thromboembolism 2% 1%
GI perforation 2% 2%

gk ol vlal wk3-Eol FolsAl %o (22.7% vs. 8.6%,
p<0.0001) 7R AE 7|17 JA] [-oJHA] AAck7.3704
vs. 4771, p<0.0001). L&} o oIol|A] Agx 2
line bevacizumab®] £2ko] EAF 0 & 1 line & & AFL-E &=
5 mg/kg/2-weeke] F H2l 10 mg/kg/2-week7} AHEE] At
ol AR AA = Qi

Bevacizumab®| #2482 thE AlZ54 debA|h= oh2c)
Bevacizumab #+& 2282 ot 3 AGHBEAT A7)
o] AtoflA A& o] glom, o] BEAT 7%, 14 A
FAIZ bevacizumabI} A Z5A gHA|(FOLFOX, XELOX,
FOLFIRI, fluoropyrimidine) *¢F QS & 1,965 2] 37}l
A AlgYstel Aztg Eg iR 4 dolth* Beva-
cizumab gl F28-L UulE Q] anti-angiogenic agent”} 7}
A FAEoE Ae + 9lom Table 40l Aelslaict

<

2) Cetuximab (Erbitux®™)

Cetuximab A|Z2} £ 9] EGFR (epidermal growth factor
receptor)= %30 & <= chimeric IgG1 monoclonal antibody
o|t}. Cetuximabo] Z+3g4l7] A|ZkEl o]f+=, FOLFOXu}
FOLFIRI 59| %% AE54 et 55 AN 45,
£3] o|A ]| irinotecanel] :=Z=|o] A|gF 9ol E cetuxi-
mab?} irinotecang W wff F7} BEE o] HaEgl
7] W E-o]tHBOND trial).”> BOND trial-2 irinotecan-s E3+3}
EE AEEA Yol A4 B4 3, FF 2204

EGFR o]z sheted 4] A7} ob4el #4298 ol

© F cetuximab §-53} cetuximabfirinotecan ¥-§ QWS B
3% Jedrolrt. ool irinotecandl] =ZEE AL}
Holl 25 Aaljgl 790l % cetuximabfirinotecan *§-9.
Agsigle ) S now, FAW AE A0E
4104, AA AL 77 seMEE Husddet 53
BOND trial cetuximab®] irinotecanol] thal WS &8-S
& ke M3t EE ARl BF A BASAAE
F7HAQ1 Fok vkEI U AL 717 AAS Ve
Urke e Easivke bl 997t o] Fe3t AF=E
7} k31 9ir}. o] oxaliplatin 7]Hbol] Asligl 3kx}E9HS
Ao 2 2™ line cetuximabfirinotecan®} irinotecan THE-g H]
¥ EPIC A7 1% line treatment@# FOLFIRI vs.
cetuximab/FOLFIRIZ H| 23+ CRYSTAL 17 1% line treat-
mentZ4] FOLFOX vs. cetuximab/FOLFOXZ H|32&F OPUS
A Go] F ol WEFHA, HolA tlAtollA cetuxi-
mab®] 55 HWelrka ek oluidt ATEY FERL
cetuximab®] anti-EGFR monoclonal antibody©]”] wlj&ol] 3k}
Ao 7|FEs “FUdzZ oA EGFR W32 77t kA
Q) %2 AReeHe Zoleh. T} 2ol AT A
o] oJ3lH EGFR I3 Z 77} cetuximab®] e} oA
Aol givke Aol uhslzlom ®¥ EGFR 413 A A7
(signaling pathway)ell Zojst= FAAF F P9l Kras®] &
o] f-oll Wk cetuximab®] I} thErhE Hol
A A AP 919] QAT AFpEo] AefAF AL e

Mz

N R
N‘O I;o r—?—*"

¢

3) K-ras E¢1t0| 0152} cetuximab

K-ras 732 diAste] Whael] d3bd o8] 4
SR 1967 A5 7= 92w EGFR AlE A% A A
AL FAsIL e TR F shelth Kras EHo]
(point mutation)= FA| St g2ke] oF 40% 7)ol A Wk
AR, Eodmo] 91X|& codon 1293} 136l 7pA W
(81%), codon 61 (19%)A = LYX ubA e} ¥

K-ras T o] o {7} cetuximab?] & F}ol] F 23 o] EF
9l i Fig. 204 7]EE wlel ol Kras7h B4
(wild-type)?l 73-¢- EGFRS Alsl= 2 A7t &b A=
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Fig. 2. Cetuximab and K-ras
modulate signaling through the
epidermal growth factor receptor
(EGFR) pathway. (A) Binding of
ligand to EGFR triggers signaling
through ras/fMAPK pathway to
multiple targets that may regulate
ligand levels. (B) In the presence
of cetuximab, ligand binding is
prevented, and there is deactiva-
tion of EGFR signaling in cells
dependent on this pathway. (C)
K-ras mutations can lead to dys-
regulation of MAPK pathway and
downstream signaling in the ab-
sence of ligand-dependent receptor
activation.
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Table 5. Different Efficacy Outcomes according to the K-ras Mutation Status (CRYSTAL and OPUS Trial)

CRYSTAL OPUS
FOLFIRI FOLFIRI + Cetuximab p-value FOLFOX FOLFOX + Cetuximab p-value
Overall patients
RR 38.7% 46.9% 0.004 36% 46% 0.064
PFS (mo) 8.0 89 0.048 72 72
OS (mo) 18.6 19.9
K-ras wild-type
RR 432% 59.3% 0.03 37% 61% 0.011
PFS (mo) 8.7 9.9 0.07 72 7.7 0.0163
OS (mo) 21.0 249
K-ras mutant
RR 40.2% 36.2% 49% 33%
PFS (mo) 8.1 7.6 8.6 55 0.0192
OS (mo) 17.7 17.5

RR, response rate; PFS, progression-free survival, OS, overall survival.

p-value: Clinically meaningful values were only recorded.

AA AAE dAlsle] AZE FA AA2] Z2H5 Y F 9
Ak, K-rasoll Eedwlo) 7} Q= 7% Kras ol %< EGFR
A3 A AA7E Ao Z 24 3kE] o (permanently acti-
vated) 9] THAIQl EGFRS Al % AE Z2]o] <&
e AL v § gA "oke AolvkFg. 2).*

o]} o], cetuximab®] FZolli= EGFR A4 of -9} F-3
SHAl K-ras EAH 0|7} 593 o1& QR predictive factor)$)
o] A A, o]H e 34 A5l gt At AslA o]
A == 9k

HolA tiAelr BAtollA] 12k Qo EM 9] cetuximab?]
o]l tHek thE Q) 1779 CRYSTALY} OPUSS] A=

K-ras E1Hlo] of o] ule} Al 4t Z 2 Table 50 &
gt

Table 50ll4] H0] CRYSTAL A} OPUS A7 =%
oA, K-ras EQAWol7t “gle” 7d-F-(wild-type)ollTH cetuxi-
mab2] EIE 7IE 4= gk 2 E o2l ARt vigke
2 cetuximab®] )7} o] “Koras Eodwo]7} gl Aol
At Agshs 2o Z MNEEAct v ALAZEHSHS] EGFR
=9 woleh= g, ARES] odToll o tiAtollA
K-ras®] Qo] vk QFzke] o7t glom, gk
AN % K-ras EIH o] f-5oll whebA] cetuximabol] Tk
X8 Z3p} d2vka g glek®



4) K-ras 2|9 CIE O|F QIXt

K-ras< cetuximab X| & ol tgk o] QR negative
predictive factor)Z 3918 Wkl I8} Koras W o]7}
e A BFOlAIA cetuximabe] EIHQ A1 o]
wl#ell, K-ras 2loll EGFR A% A& A o] = oh& F
Az W A} cetuximabe] HIF Abolo] A4
TEE] 13k dFEe] EeAl AePEx gk
BRAF, PTEN, PI3KCA Soll*** that 377} wkgs| 5 g
w, o7l F7PAR1 A7t T el

Bevacizumab®] 739 o}F d|&ztet & kst Aol ¢l
o 3 wwel sleb 27 e 9 el B QA5
bevacizumab E3}7} Qo] Qrh= W 9oy’ gl
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