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olorectal cancer (CRCQC) is the third most common cancer in the

United States and remains the second most common cause

of cancer-related death, with 142,570 new cases of CRC and
51,370 CRC-related deaths estimated for 2010." In the past decade, the
introduction of several new drugs and the results of pivotal clinical trials

have transformed the management paradigm of metastatic CRC.

Traditionally, the treatment of metastatic CRC con-
sisted of 5-fluorouracil (5-FU) monotherapy, which
yvielded a 10% to 15% response rate and a 10-month
median overall survival (0S).2® The addition of cyto-
toxic chemotherapy (irinotecan and oxaliplatin) to the
5-FU backbone led to encouraging tumor responses
and OS results, providing additional treatment options.
The addition of molecular-targeted agents to combina-
tion cytotoxic agents has further altered the treatment
landscape of metastatic CRC. The increasing therapeu-
tic effectiveness has led to more patients with incurable
disease being able to achieve palliation with therapy and
more patients previously considered to have incurable

disease being able to receive therapy with a curative
intent. This review describes the pivotal trials that have
established our present standards for frontline treat-
ment of metastatic CRC.

Combination Cytotoxic Chemotherapy

Initial explorations in combination cytotoxic che-
motherapy evaluated the addition of irinotecan to the
5-FU backbone. The results of 3 Phase'lll trials estab-
lished the superiority of this combination over 5-FU
alone (Table 1).4¢ The trials differed in the way the 5-FU
was given (bolus vs bolus plus 24-hour infusion vs bolus
plus two 22-hour infusions), but they all demonstrated
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an 18% to 19% improvement in response rate (RR) and a
2- to 3-month improvement in OS with the addition of
irinotecan. The use of irinotecan with bolus 5-FU (IFL)
was associated with a greater 60-day mortality, mainly
because of a syndrome characterized by diarrhea, neutro-
penia, and sepsis.” The use of infusional 5-FU with irinote-
can (FOLFIRID) avoided this risk and became accepted as
the preferred regimen of the combination.

The oxaliplatin and 5-FU combination was explored in
2 published Phase Il trials (Table 1).8° One looked at the
addition of oxaliplatin to chronomodulated 5-FU, while
the other trial looked at the addition of oxaliplatin to infu-
sional 5-FU (FOLFOX). These trials demonstrated 28%
and 37% improvements in RR and approximately 3-month
improvements in progression-free survival (PFS; P=0.048
and P=0.0003 for oxaliplatin/infusional 5-FU and oxali-
platin/chronomodulated 5-FU, respectively), but no sta-
tistically significant improvement in-median OS was seen
(P=not significant and P=0.12, respectively). Although
diarrhea was more frequent.in the oxaliplatin-treated
arms, the most common dose-limiting toxicity was neu-
ropathy, which increased in frequency when cumulative
doses above 540 mg/m? were given®

The Phase lll Gl Intergroup N9741 trial compared IFL
with FOLFOX and IROX (every 3 weeks combination of
irinotecan and oxaliplatin)." When FOLFOX was com-
pared with IFL, RR (45% vs 31%; P=0.002), time to pro-
gression (TTP; 8.7 vs 6.9 months; P=0.0014), and - OS
(19.5 vs 15 months; P=0.0001) all favored FOLFOX. How-
ever, some argued that the comparison was flawed
because FOLFOX was compared with IFL rather than
FOLFIRI. Tournigand et al reported the results of a Phase
Il trial of FOLFOX followed by FOLFIRI at progression
versus FOLFIRI followed by FOLFOX at progression
(Table 1).” There was no statistical difference in terms of
RR (54% vs 56%; P=not significant), PFS (8 vs 8.5 months;
P=0.26) or OS (20.6 vs 21.5 months; P=0.99). There were
differences in toxicity, with more frequent grade 3/4
mucositis, nausea and vomiting, and grade 2 alopecia
with FOLFIRI, and more frequent grade 3/4 neutropenia
and neurotoxicity with FOLFOX. Thus, at present both
sequences are deemed equally efficacious for frontline
therapy, but they have differing toxicity profiles.

Choice of Fluoropyrimidine
For Combination Therapy

In the single-agent setting, infusional 5-FU provides
a small (1-month) but real survival advantage over bolus
5-FU,® and when combined with irinotecan, infusional
5-FU consistently has demonstrated improved OS and
toxicity compared with bolus 5-FU.>® This has led to the
uniform adoption of infusional 5-FU as the fluorouracil
backbone of combinational therapy.

The oral fluoropyrimidine capecitabine (Xeloda,
Roche) was compared with bolus 5-FU in 2 large Phase
Il trials and resulted in improved RR, tolerability, and
ease of administration but no OS benefit."® This led to
trials that tried to substitute capecitabine for fluoroura-
cil in combinational therapy.

e N
Table 1. Cytotoxic Combinational
Chemotherapy Trials

PFS/
Author/Regimen RR, % | TTP, mo

Infusional 5-FU 23 4.42 14.1
FOLFIRI 41 6.7 17.4
Infusional 5-FU 22 6.0 14.7
FOLFOX 50 9.0 16.2
Chronomodulated 5-FU 16 6.1 19.9
Chronomodulated 53 8.7 19.4

5-FU/oxaliplatin

IFL 31 6.9 15.0
FOLFOX 45 8.7 19.5
AlO 5-FU 34 6.1 16.9
AlO/5-FU/irinotecan 53 8.5 20.1
Bolus 5-FU 21 4.3 12.6
IFL 39 7.0 14.8
FOLFIRI 56 8.5 21.5
FOLFOX 54 8.0 20.6

2 Trial reported TTP not PFS.

AlO, weekly 24-h infusion of 5-FU; FOLFIRI, leucovorin/5-FU/irinotecan;
FOLFOX, leucovorin/5-FU/oxaliplatin; 5-FU, 5-fluorouracil; OS, overall
survival; PFS, progression-free survival; TTP, time to progression

- J

Several Phase Il trials have explored the capecitabine
and irinotecan combination (CAPIRI/XELIRI). They
reported RRs ranging from 35% to 61%, TTP of 6.6 to
9.2 months, and median OS of 17 to 25 months, but
the toxicity of this combination was significant, with
grade 3/4 diarrhea reported in 19% to 28% of patients
and grade 3/4 neutropenia in 5% to 25%./5® The Phase
[l BICC-C trial studied the safety and efficacy of 3 iri-
notecan-containing regimens—FOLFIRI, modified IFL,
and CAPIRI (Table 2). Patients also were randomized
to celecoxib or placebo. FOLFIRI showed statistically
significant improvement in'PFS over modified IFL and
CAPIRI (7.6 vs 5.9 vs 5.8 months; P=0.004 and P=0.015,
respectively), translating into.a numerical, but not sta-
tistically significant, improvementin OS (23.1vs 17.6 vs
18.9 months; P=0.09 and P=0.27, respectively). CAPIRI
was associated with significantly higher rates of severe
diarrhea, vomiting, and dehydration.. This led to a pro-
tocol amendment that discontinued the CAPIRI arm.”®

Capecitabine also has been explored in combination
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Table 2. Trials Evaluating
Different Fluoropyrimidines

Trial/Regimen PFS/TTP, mo m
-—<

FOLFIRI - 7.6 231
mIiFL - 5.9 16.6
(P=0.004) (P=0.09)
CAPIRI - 5.8 18.9
(P=0.015) (P=0.27)
oz
% T
CAPOX - 8.0 19.8
FOLFOX - 8.5 19.6
(HR, 1.04; (HR, 0.99;
92.5% Cl, 92.5% Cl,
0:93-1.16) 0.88-1.12)
v, 1> 4
= 7.
FOLFOX 41 - 19.2
Bolus 5-FU/ 20 - 17.9
oxaliplatin
CAPOX 27 - 17.2

CAPIRI, capecitabine/irinotecan; CAPOX, capecitabine/oxaliplatin;

HR, hazard ratio; FOLFIRI, leucovorin/5-FU/irinotecan; FOLFOX;
leucovorin/5-FU/oxaliplatin; 5-FU, 5-fluorouracil; mIFL, irinotecan/bolus
5-FU/leucovorin; OS, overall survival; PFS, progression-free survival;
RR, response rate; TTP, time to progression

. J

with oxaliplatin (CAPOX/XELOX) and found to have
similar results to FOLFOX. The results of several Phase Il
trials that explored different capecitabine schedules
reported response rates of 42% to 55% and median OS
of 19.5 to 20 months, confirming the activity of the regi-
men.?%23 TREE-1 (Three Regimens of Eloxatin Evaluation)
was a randomized Phase Il study exploring the safety
and efficacy of 3 oxaliplatin combinations—FOLFOX,
bolus 5-FU and oxaliplatin, and CAPOX.?* Following the
approval of bevacizumab, the study later was amended
to include bevacizumab (TREE-2). The results of the
TREE-1 cohort showed RRs of 41%, 20%, and 27%, respec-
tively. OS for the TREE-1 cohort was 19.2, 17.9, and 17.2
months for FOLFOX, bolus 5-FU and oxaliplatin, and
CAPOX, respectively. Of those in the CAPOX arm, 31%
had grade 3/4 diarrhea and 27% had grade 3/4 dehydra-
tion, which led to the reduction of the dose of the
capecitabine (from 1,000 to 850 mg/m? twice daily,
days 1-14, repeated every 21 days) in the TREE-2 cohort,
resulting in improved tolerance in that study.

NO16966 was an international Phase Il trial initial-
ly designed to explore the noninferiority of CAPOX
to FOLFOX. It was later amended to be a 2 x 2 anal-
ysis of patients assigned to either CAPOX or FOLFOX,
and then to bevacizumab or placebo.?® In the pooled
CAPOX-alone arms, the median PFS was 8, versus 8.5
months in the pooled FOLFOX-alone arms (hazard ratio
[HR], 1.04; 97.5% confidence interval [Cl], 0.93-1.16), and
the median OS was 19.8 vs 19.6 months, respectively

(HR, 0.99; 97.5% CIl, 0.88-1.12). FOLFOX was associated
with more grade 3/4 neutropenia and febrile neutrope-
nia and CAPOX had more grade 3 diarrhea and hand-
foot syndrome.

What appears clear is that the tolerance of
capecitabine is different in the United States than in
Asia and Europe. It is uncertain if the differences are
based on dietary variables or are the result of underly-
ing differences in genetic polymorphisms that alter the
pharmacokinetics of the drug in varying populations.
Based on these tolerance issues, routine use of CAPI-
Rl in the United States should be discouraged. CAPOX
is a reasonable alternative to FOLFOX, but has differ-
ing toxicity profiles that warrant attention when select-
ing patients.

Antiangiogenic Therapy

Vascular endothelial growth factor (VEGF) has been
shown to be an important proangiogenic protein and
a viable target for drug development. Bevacizumab is
a monoclonal antibody that targets VEGF, and its role
in the treatment of metastatic CRC has been refined
through a series of randomized clinical trials (RCTs)
(Table 3).2426-28 The initial 3-arm Phase Il study by Kab-
binavar et al compared bolus 5-FU with 2 different
doses of bevacizumab (5 and 10 mg/kg every 2 weeks)
in combination with bolus 5-FU.22 The arm containing
5 mg/kg of bevacizumab produced a doubling of the
RR (P=0.029) and an approximately 4-month improve-
ment in PFS (P=0.005). This result led to the pivotal
AVF 2107 Phase Il trial, conducted by Hurwitz et al.?”
This‘initially was a 3-arm trial, comparing the efficacy
of IFL with or without bevacizumab. The third arm of
bolus 5-FU plus bevacizumab was closed early after
planned interim analysis showed no increase in toxicity
of IFL plus bevacizumab. The addition of bevacizum-
ab increased'RRs from 34.8% to 44.8% and increased
TTP from 6.3 to 10.6 months (P=<0.001). The median
survival also improved from 15.6 with IFL alone to 20.3
months with the combination (P<0.001). Of note, this
is likely the last metastatic CRC frontline randomized
trial in which OS can serve as a surrogate marker of
efficacy. The commercial-availability of several drugs
and use of subsequent lines of therapy make PFS a
more reliable surrogate of efficacy.

After data from the Hurwitz trial became avail-
able, the BICC-C trial (discussed earlier) had a sec-
ond phase; it became a 2-arm trial of FOLFIRI/bevaci-
zumab and modified IFL/bevacizumab after the CAPI-
Rl arm was discontinued because of toxicity. Analy-
sis of these data revealed that the FOLFIRI/bevaci-
zumab arm had a median survival of 28 months, ver-
sus 19.2 months in the modified IFL/bevacizumab arm
(P=0.007).%¢

The addition of bevacizumab to oxaliplatin-based
chemotherapy was explored in the TREE and NO16966
trials. The TREE study (discussed earlier) had a pro-
tocol amendment that accrued a sequential cohort of
patients (TREE-2) with the 3 oxaliplatin-containing
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Table 3. Selected Studies Evaluating Angiogenesis Inhibitors
IFL 34.8
IFL/bevacizumab 44.8 (P=0.004)
Bolus 5-FU/bevacizumab 40.0 (P=0.66)
v
> (period 2"
FOLFIRI/bevacizumab -
CAPIRI/bevacizumab =
(& @
& Yo.
Bolus 5-FU 17
Bolus 5-FU/bevacizumab 5 mg/kg 40 (P=0.029)
Bolus 5-FU/bevacizumab 10 mg/kg 24 (P=0.434)
P G,
FOLFOX or CAPOX 38
FOLVOX/CAPOX + Bev 38 (P=0.99)
-~ A\ ¢
X ¢,
FOLFOX/Bev 52
Bolus 5-FU/oxaliplatin/bevacizumab " 39
CAPOX/bevacizumab 46

CAPIRI, capecitabine/irinotecan; CAPOX, capecitabine/oxaliplatin; FOLFIRI, leucovorin/5-FU/irinotecan; FOLFOX, leucovorin/5-FU/oxaliplatin;
5-FU, 5-fluorouracil; IFL, irinotecan/5-FU/leucovorin; OS, overall survival; PFS, progression-free survival; RR, response rate; TTP, time to progression

6.2 15.6
10.6 (P<0.001) 20.3
8.8 (P=0.4192) 18.3 (P=0.2521)

= 28.0
= 19.2 (P=0.037)

5.2 13.8
9.0 (P=0.005) 21.5
7.2 (P=0.217) 16.1
8 19.9

9.4 (P=0.0023) 21.3 (P=0.077)
= 26.1

= 20.4

= 24.6

J

regimens—FOLFOX, bolus 5-FU/oxaliplatin, -and
CAPOX—plus bevacizumab.?* The addition of bevaci-
zumab to any of the 3 arms generally resulted in a 10%
improvement in RR and increased TTP by 2 months. The
median OS for FOLFOX, bolus 5-FU/oxaliplatin, and
CAPOX in TREE-2 were 26.1, 20.4, and 24.6 months,
respectively. In comparison, during the TREE-1 period,
median OS was 19.2, 17.9, and 17.2 months, respectively.
Saltz et al conducted the analysis of the second portion
of the NO16966 trial (discussed earlier).?° They looked
at the addition of bevacizumab or placebo to the oxali-
platin-containing regimens (FOLFOX or CAPOX) and
found that bevacizumab led to similar RRs (38%), an
increase in PFS from 8 to 9.4 months (P=0.0023), and
a nonsignificant increase in median OS (21.3 vs 19.9
months; P=0.077). One possible explanation for the
less-than-impressive survival benefit was that a major-
ity of patients (71%) stopped all treatment for nonpro-
gressive events, which were primarily oxaliplatin-relat-
ed neurotoxicity.

Epidermal Growth Factor Receptor

Epidermal growth factor receptor (EGFR) and its
associated downstream signaling pathways are impor-
tant in the maintenance of several characteristics dis-
played by neoplastic cells and are felt to be an impor-
tant therapeutic target.3° Cetuximab (chimeric immu-
noglobulin G1 [IgG1] antibody) and panitumumab (fully
humanized IgG2 antibody) both target EGFR with high

affinity. The results of a pivotal randomized Phase Il
study (BOND [Bowel Oncology and Cetuximab Anti-
body]) demonstrating the ability of cetuximab to over-
come chemotherapy resistance led to a series of Phase
[I/1lF'studies exploring the role of EGFR inhibitors in the
frontline treatment of metastatic CRC (Table 4).9

The Phase Il CRYSTAL (Cetuximab combined with iRi-
notecan in first line therapY for metaSTatic colorectAL
cancer), Phase Il OPUS (Oxaliplatin and Cetuximab in
First-Line Treatment of Metastatic Colorectal Cancer),
and Phase Il SAKK (Swiss Group for Clinical Cancer
Research) trials were randomized studies that examined
the addition of cetuximab to frontline treatment with
FOLFIRI and FOLFOX. In the CRYSTAL trial, the addition
of cetuximab increased RR (38.7% vs 46.9%; P=0.004)
and PFS (8 vs 8.9 months; P=0.048) but resulted in no
statistically significant.improvement in OS (18.6 vs 19.9
months; P=0.31).32 In the OPUS trial, the addition of cetux-
imab to FOLFOX improved the RR (36% vs 46%; P=0.064)
but had no impact on PFS (7.2 vs7.2 months; P=0.62).33
The SAKK trial was a small study looking at the addition
of cetuximab to CAPOX. Thistrial noted an improvement
in RRs (14% vs 41%), PFS (5.8 vs 7.2 months), and median
OS (16.5 vs 20.5 months).** These trials supported the
clinical activity of cetuximab, but the clinical benefit
appeared modest at best.

Data indicating that KRAS-mutant (MT) tumors are
resistant to cetuximab therapy*® led to a retrospective
analysis of the outcomes in CRYSTAL and OPUS with

INDEPENDENTLY DEVELOPED BY MCMAHON PUBLISHING 41



-

Table 4. Selected Studies Evaluating EGFR Inhibitors

FOLFIRI 38.7
FOLFIRI/cetuximab WT 46.9 (P=0.004)
v
Phe -
FOLFOX 36
FOLFOX/cetuximab 46 (P=0.064)
A ¢ N
o L
FOLFIRI KRAS 43.2
FOLFIRI/cetuximab WT 59.3 (P=0.0025)
FOLFIRI KRAS 40.2

FOLFIRI/cetuximab MT

36.2 (p=0.46)

r Y

.

FOLFOX KRAS 37 7.2 -
FOLFOX/cetuximab WT 61 (P=0.011) 7.7 (P=0.0163) —
FOLFOX KRAS 49 8.6 =
FOLFOX/cetuximab MT 33 (P=0.106) 5.5 (P=0.0192) =
% W
FOLFOX/CAPOX KRAS 57 8.6 17.9
FOLFOX/CAPOX + cetuximab WT 64 (P=0.049) 8.6 17.0 (P=0.68)
A b

FOLFOX KRAS 48 8.0 19.7
FOLFOX/panitumumab WT 55) 9.6 (P=0.02) 2319
FOLFOX KRAS = 818 =
FOLFOX/panitumumab MT — 2.3 (P=0.02) —

Cl, confidence interval; FOLFIRI, leucovorin/5-FU/irinotecan; FOLFOX, leucovorin/5-FU/oxaliplatin; HR, hazard ratio;
MT, mutant type; OS, overall survival; PFS, progression-free survival; RR, response rate; TTP, time to progression; WT, wild-type

8.0 18.6

8.9 (P=0.048) 19.9 (P=0.31)

7.2 =

7.2 (P=0.62) =

8.7 21.0

9.9 (P=0.02) 24.9 (HR 0.84; 95% Cl, 0.64-1.1)
8.1 17.7

7.6 (P=0.75) 17.5 (HR 1.03; 95% ClI, 0.74-1.44)

J

respect to KRAS mutation status. In the CRYSTAL study,
for those who were KRAS wild-type (WT), the addition
of cetuximab to FOLFIRI led to an improvement in RR
(43.2% vs 59.3%; P=0.0025) and PFS (8.7 vs 9.9 months;
P=0.02) but no statistical difference in the median OS (21
vs 24.9 months; HR, 0.84; 95% ClI, 0.64-1.11).22 The inves-
tigators subsequently released an update of their data
showing that with longer follow-up, the addition of cetux-
imab led to an improvement in OS that was statistically
significant (20 vs 23.5 months; P=0.0094).3¢ For patients
who had KRAS-MT tumors, the addition of cetuximalb had
no impact on RR, PFS, or OS. Similarly, in the OPUS study,
the addition of cetuximab to FOLFOX in patients with
KRAS-WT tumors resulted in an improvement in RR (37%
vs 61%; P=0.011) and PFS (7.2 vs 7.7 months; P=0.0163).33
For the KRAS-MT tumors, the addition of cetuximab led
to a decrease in RR (49% vs 33%; P=0.106) and a worsen-
ing in PFS (8.6 vs 5.5 months; P=0.0192).

The UK Medical Research Council (MRC)/COIN (Com-
bination Chemotherapy With or Without Cetuximab as
First-Line Therapy in Treating Patients With Metastatic

Colorectal'Cancer) study explored the addition of cetux-
imab to CAPOX or FOLFOX (investigator’s choice)
in patients with untreated metastatic CRC.*” For the
KRAS-WT group, the ‘addition of cetuximab resulted in
an improvement.in RR (50% vs 59%; P=0.049) but no
improvement in PFS (8.6 vs 8.6 months; P=0.60) or OS
(17.9 vs 17 months; P=0.68). There were no differences
seen in RR, PFS, or OS with the addition of cetuximab to
the KRAS-MT population.

Panitumumab also has been explored in frontline
therapy of metastatic CRC. PRIME (Panitumumab Ran-
domized Trial in Combination With: Chemotherapy
for Metastatic Colorectal Cancer, to Determine Effica-
cy) was a randomized Phase Il trial of FOLFOX with
or without panitumumab.?® The findings were similar to
those of cetuximab-based frontline trials with FOLFOX.
In the KRAS-WT population, the addition of panitumum-
ab led to an improvement in RR (48% vs 55%; P=0.068)
and PFS (8 vs 9.6 months; P=0.02), as well'as a numeric
difference in OS that was not statistically significant (19.7
vs 23.9 months; P=0.072). For the KRAS-MT population,
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Table 5. Studies Evaluating Dual VEGF and EGFR Inhibitors
Taymegimen ——[mR% es/Tmo  Josmo |
Irinotecan/cetuximab/bevacizumab 37 7A32 14.5
Cetuximab/bevacizumab 20 4.9 1.4
CENE
FOLFOX/bevacizumab unselected 48 1.4 24.5
FOLFOX/bevacizumab + panitumumabw 46 10.0 (HR, 1.27; 95% ClI, 1.06-1.52) 19.4 (HR, 1.43;
95% Cl, 1.11-1.83)
FOLFIRI/bevacizumab unselected 40 1n.7 20.5
FOLFIRI/ bevacizumab. + panitumumab 43 10.1 (HR, 1.19; 95% CI, 0.29-1.29) 20.7 (HR, 1.42;
95% Cl, 0.77-2.62)
FOLFOX/bevacizumab KRAS 56 1.5 24.5
FOLFOX/bevacizumab + panitumumab WT 50 9.8 (HR, 1.36; 95% Cl, 1.04-1.77) 20.7 (P=0.45)
FOLFIRI/ bevacizumab KRAS 48 1225 19.8
FOLFIRI/bevacizumab + panitumumab WT 54 10.0 NE
FOLFOX/bevacizumab KRAS 44 n 19.3
FOLFOX/bevacizumab + panitumumab MT 47 10.4 19.3
FOLFIRI/bevacizumab KRAS 38 1.9 20.5
FOLFIRI/bevacizumab + panitumumab MT 30 8.3 12.8
. 9>
CAPOX/ bevacizumab unselected 50 10.7 20.3
CAPOX/ bevacizumab + panitumumab 52.7 9.4 (P=0.01) 19.4 (P=0.16)
(P=0.49)
CAPOX/ bevacizumab KRAS 50.0 10.6 22.4
CAPOX/ bevacizumab + panitumumab WT  61.4 10.5 (P=0.030) 21.8 (P=0.64)
(P=.06)
CAPOX/ bevacizumab KRAS 59.2 10.5 24.9
CAPOX/ bevacizumab + panitumumab MT 45.9 8.1(P=0.003) 17.2 (P=0.03)
= TTP reported
CAPOX, capecitabine/oxaliplatin; EGFR, endothelial growth factor receptor; FOLFIRI, leucovorin/5-FU/irinotecan; FOLFOX, leucovorin/5-FU/oxaliplatin; HR, hazard ratio;
MT, mutant type; OS, overall survival; PFS, progression-free survival; RR, response rate; TTP, time to progression; VEGF, vascular endothelial growth factor; WT, wild-type
- J

the addition of panitumumab produced no difference in
RR (40% vs 40%; P=0.98), but there appeared to have
been a worsening in PFS (8.8 vs 7.3 months; P=0.02) and
OS (19.3 vs 15.5 months; P=0.068).

KRAS has demonstrated its ability to serve as a
predictive biomarker of response for EGFR-targeted
agents. Generally, anti-EGFR antibodies only are offered
to patients with KRAS-WT tumors. The results of RCTs
suggest that there may be a negative interaction
between oxaliplatin and anti-EGFR antibodies and that
irinotecan may be a better partner. Recent provocative
data from De Roock et al question the validity of treating
all KRAS-mutated tumors in a similar fashion.*®* The KRAS
mutation is found in 30% to 50% of CRC, commonly in

codons 12, 13, and 61 (in decreasing order of incidence).

De Roock et al conducted a retrospective pooled
analysis of 579 patients with chemotherapy-refractory
metastatic CRC treated with cetuximab and found that

patients with a mutation in codon 13 (p.G13d, n=32) had
a longer PES (4 vs 1.9 months; P=0.004) and OS (7.6
vs 5.7 months; P=0.005) compared with patients with
other KRAS-mutated tumors. There was no difference
in PFS or OS between KRAS-WT tumors and those
that had the p.G13d' mutation. The study was limited
by the small sample size of the p.G13d group and the
retrospective nature of the analysis. It will require further
validation in an adequately powered trial before routine
implementation of EGFR inhibitors in this population can
be recommended.

Dual Therapy With Targeted Agents

The activity of VEGF and EGFR inhibitors naturally
led to exploration of regimens incorporating dual VEGF
and EGFR blockade in metastatic CRC (Table 5). The
results of the randomized Phase [l BOND-2 trial in iri-
notecan-refractory metastatic CRC demonstrated that
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dual biologic inhibition improved the RR, PFS, and OS in
the irinotecan/cetuximab plus bevacizumab arm as well
as the cetuximab and bevacizumab arm.4° Patients had
received a median of 3 lines of prior therapy. This trial
was unique because the investigational arm of com-
bined biologic therapy without cytotoxic therapy result-
ed in an impressive RR of 20%.

The preliminary results of BOND-2 served as the impe-
tus for the creation of 2 large Phase Il trials exploring
the benefit of dual inhibition for patients with metastat-
ic CRC. The PACCE (Panitumumab Advanced Colorec-
tal Cancer Evaluation) trial explored the addition of pani-
tumumab to FOLFOX or FOLFIRI plus bevacizumab in
KRAS-unselected metastatic CRC, with the end point lim-
ited to patients treated with FOLFOX.* The addition of
panitumumab to FOLFOX resulted in statistically sig-
nificant worsening of PFS and OS. When the results
were analyzed based on KRAS status, similar results
were seen. Similar, but less pronounced, findings were
seen in the FOLFIRI-based population. CAIRO2 also
explored the role of dual inhibition.*? Patients with
unselected metastatic CRC were treated with:CAPOX/
bevacizumab with or without the addition of cetuximab.
This trial also reported a significantly worse PFS-in the
arm treated with cetuximab and no benefit with respect
to RR or OS.

Surprisingly, unlike in BOND-2, in the PACCE and
CAIRO2 trials, combined biologic therapy added to
the cytotoxic chemotherapy backbone appeared
to result in a detrimental outcome. As a result, the
CALGB (Cancer and Leukemia Group B) 80405 study
was amended to exclude KRAS-MT tumors as well as
dual biologic inhibition with bevacizumab and cetux-
imab (Figure).*® At present, there are no data to sup-
port the routine use of dual VEGF and EGFR inhibition
in metastatic CRC, but as investigators identify more
predictive biomarkers, a subset of patients with met-
astatic CRC who would benefit from dual inhibition
with other biologic agents might be uncovered.

Alternative Treatment Schedules

Pooled analysis from several clinical trials suggested
that there was an association with improved outcome
with exposure to all active agents in metastatic CRC.#4
Investigators began to explore alternative treatment
schedules that questioned sequential versus combina-
tion therapy, as well as duration of exposure to key che-
motherapy agents.

The MRC FOCUS (Fluorouracil, Oxaliplatin and Iri-
notecan: Use and Sequencing) trial explored different
sequential and combination chemotherapy regimens
for patients with untreated metastatic CRC (N=2,135).4°
Patients on strategy A were treated with 5-FU monother-
apy, followed by single-agent irinotecan at progression
(control arm). Strategy B patients were treated with 5-FU
monotherapy, followed by FOLFOX or FOLFIRI at pro-
gression. Strategy C patients were treated with FOLFOX
or FOLFIRI. The median OS for strategy A patients was
13.9 months; the median OS for strategy B patients were

15.2 and 15 months for FOLFOX and FOLFIRI, respective-
ly; the median OS for strategy C patients were 15.4 and
16.7 months for FOLFOX and FOLFIRI, respectively. Log-
rank comparison of each group demonstrated superior-
ity only for patients treated on strategy C with FOLFIRI
(P=0.01). Comparison of strategies B and C demon-
strated noninferiority (HR, 1.06; 95% ClI, 0.97-1.17). Qual-
ity-of-life analysis revealed no significant differences
between the 3 approaches.

The original CAIRO study explored a similar ques-
tion.*¢ Patients were assigned to either capecitabine
followed by irinotecan followed by CAPOX, or CAPI-
RI followed by CAPOX. Despite improvements in RR or
PFS in favor of up-front combinational therapy, there was
no difference in median OS, which was 16.3 months for
sequential treatment and 17.4 months for combination
treatment (P=0.3281). Quality-of-life analysis suggest-
ed a decrease in all functional domains in the combina-
tion arm.

Results from FOCUS and CAIRO challenged the
paradigm of combination therapy for all patients and
suggested that an alternative option is warranted for
some patients. However, neither trial included biolog-
ic agents, and in the FOCUS trial, only 23% of patients
received all available cytotoxic agents. Sequential ther-
apy is not accepted as a routine standard option for
all patients, but it is a viable alternative. The criteria
to select patients who would benefit from sequential
treatment is not defined. Generally, those patients who
present with potentially resectable disease, are symp-
tomatic, or have a heavy tumor burden appear more
appropriate for up-front combination therapy.

A review conducted by Folprecht et al demonstrat-
ed.an association between RR to neoadjuvant chemo-
therapy and the rate of liver resection with curative
intent*” Furthermore, there is consistent evidence that
exposure to all 3 active cytotoxic drugs can result in a
greater fraction of patients undergoing secondary sur-
gery on metastasis. But, with less-intense chemothera-
py schedules, fewer patients are receiving subsequent
lines of therapy. The Gruppo Oncologico Nord Ovest
conducted a Phase Il trial comparing infusional 5-FU,
oxaliplatin, and irinotecan (FOLFOXIRI) with FOLFIRI.48
FOLFOXIRI resulted.in an-improved RR (60% vs 34%,;
P=0.0002). The clear resection margin (RO stage) rate
was greater in the FOLFOXIRI arm overall (15% vs 6%;
P=0.033) and in those with only liver disease (36% vs
12%; P=0.017). Treatment with FOLFOXIRI improved
PFS (9.8 vs 6.9 months; P=0.0006)and OS (22.9 vs 16.7
months; P=0.032) when compared with FOLFIRI alone.
This trial highlights the concept of dose intensification
as a treatment option for select patients.

With increased use of oxaliplatin-based frontline che-
motherapy, the development of cumulative neuropa-
thy associated with prolonged exposure to oxaliplatin is
a concern. One strategy that addresses this problem is
the stop-and-go approach that has gained popularity as
a result of the OPTIMOX (Optimized LV-5FU-Oxaliplat-
in Strategy in Metastatic Colorectal Cancer) studies. The
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OPTIMOX1 study randomized patents to FOLFOX until
progression or FOLFOX for 6 cycles, 5-FU/leucovorin
maintenance without oxaliplatin for 12 cycles, and reintro-
duction of FOLFOX.*® There was no difference between
the 2 arms with respect to RR (58.5% vs 58.2%), PFS (9 vs
8.7 month; P=0.47), and OS (19.3 vs 21.2 months; P=0.49
for the continuous and intermittent arms, respectively).
Grade 3 neuropathy was observed in 17.9% of those treat-
ed continuously versus 13.3% of those in the intermittent
arm. Of note, only 40.1% of patients in the intermittent
arm were able to have oxaliplatin reintroduced.

OPTIMOX2 was a follow-up randomized Phase |l
study that evaluated planned complete chemother-
apy discontinuation.>°" Patients were randomized to
receive 6 cycles of FOLFOX followed by 5-FU mono-
therapy until progression, or 6 cycles of FOLFOX before
a complete discontinuation of all chemotherapy, with
reintroduction of FOLFOX after tumor progression in
both arms. The primary end point was duration of dis-
ease control, which was 13.1'months in those assigned
to the maintenance arm versus 9.2 months (P=0.046)
for those who took a planned chemotherapy holiday.
Similarly, both PFS (8.6 vs 6.6 months) and OS (23.8
vs 19.5 months) were worse for those  who' discontin-
ued all chemotherapy. There was no difference in RR
between the 2 arms (59.2% vs 59.6%). Based on these
results, prolonged chemotherapy breaks with no treat-
ment cannot be recommended.

Conclusion

The past decade has significantly altered the treat-
ment paradigm of metastatic CRC. The proliferation of
active agents and the emergence of predictive biomark-
ers has made the management of CRC quite complex.
5-FU remains the backbone of cytotoxic chemothera-
py, and infusional 5-FU or capecitabine are the preferred
agents. Irinotecan and oxaliplatin are equally efficacious
agents in combination with 5-FU in the frontline therapy
of metastatic CRC.

The addition of bevacizumab to cytotoxic chemo-
therapy has improved outcomes compared with che-
motherapy alone. However, the magnitude of benefit
appears modest at best in modern clinical trials using
optimal chemotherapy platforms. Similarly, EGFR inhi-
bition appears to have a modest benefit in the frontline
setting. More importantly, the development in predic-
tive biomarkers such as KRAS has helped identify those
who would potentially not benefit from EGFR inhibition.
There are still a large number of patients with KRAS-
WT tumors who do not respond to EGFR inhibition, and
identification of additional predictive markers is greatly
needed to minimize exposure to ineffective chemothera-
py. There are no reliable predictive markers to help select
those who may benefit from VEGF-targeted agents.

The progress in the treatment of metastatic CRC is
encouraging, but challenges remain for patients with
surgically incurable disease. Trials with novel approach-
es and agents that attempt to minimize toxicity and
improve efficacy are urgently needed. Additional

biologic markers will continue to be identified and used
to aid in treatment decisions. However, the underlying
biology of CRC is complex and heterogenous, making
it one of the most interesting malignancies for clinical
research at this time.
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