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Abstract

During the last decade we have witnessed an unprec-
edented outburst of new treatment approaches for the
management of metastatic colon cancer. Anti-angio-
genic drugs, epidermal growth factor receptor blockers
and multi-kinase inhibitors have all resulted in small but
consistent improvement in clinical outcomes. However,
this progress has paradoxically leaded us into new chal-
lenges. In many cases the clinical development was
done in parallel and the lack of head-to-head compari-
son evolved into circumstances where several valid new
“standards of care” are available. Even though desir-
able in essence, the availability of many options as well
as different possible combinations frequently leaves
the busy clinician in the difficult situation of having to
choose between one or the other, sometimes without
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solid evidence to support each decision. In addition,
progress never stops and new agents are continuously
tested. For these reason this review will try to summa-
rize all the clinical trials that constitute the theoretical
framework that support our daily practice but will also
procure the reader with rational answers to common
clinical dilemmas by critically appraising the current
literature. Lastly, we will provide with a compilation of
promising new agents that may soon become our next
line of defense against this deadly disease.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This manuscript is a comprehensive review,
with the most updated information up to 2014, regard-
ing metastatic colon cancer. It summarizes all those rel-
evant clinical trials that constitute the theoretical frame-
work to support our daily practice and provides rational
answers to common clinical dilemmas. Additionally, it
gives the reader a compilation of potential new agents
that are currently being tested and may soon become
the next step in the battle against this disease.
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INTRODUCTION

Colon cancer is the second leading cause of cancet-
related mortality in the United States and 1.2 millions of
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new cases are yearly diagnosed wotldwide". From the
clinical perspective colon cancer could be categorized
into the early stages (I -1I) and the more advanced
and usually lethal metastatic disease. Notably, since the
publication of the MOSAIC trial almost ten years ago,
no other groundbreaking development in the treatment
of resectable colon cancer became available”. On the
contrary, during the last decade we have witnessed an un-
precedented outburst of new treatment approaches for
the management of stage IV colon cancer that ultimately
evolved into the approval of five new drugs. For simpli-
fication purposes, we can subdivide these new drugs into
three categories: anti-angiogenic, epidermal growth factor
receptor (EGER) blockers and multi-kinase inhibitors. All
of them represent important advances in the fight against
this deadly disease. Nonetheless, some issues deserve
further attention. First, these new agents were generally
combined with at least some of the previously effective
chemotherapy regimens (fluoropytrimidines and/or oxali-
platin and/or irinotecan). Also, the clinical development
was done in parallel instead of following a rational step-
wise approach where each new drug was tested against
the new standard of care. This lack of head-to-head
comparison resulted in several valid new “standards of
care”. Lastly, new combinations are continuously tested
making extremely difficult for the busy clinician to keep
up with the most updated information.

For the reasons mentioned before, this manuscript
will pursue three clear objectives. First summarize all
those relevant clinical trials that constitute the theoretical
framework to support our daily practice. Second try to
provide rational answers to common clinical dilemmas by
critically appraising the current literature. Finally, provide
the reader with a compilation of potential new agents
that are currently being tested and may soon become the
next step in the battle against this disease.

ANTI-ANGIOGENESIS AS A TARGET

Anglogenesis consists in a complex multistep process of

new vessel formation. The vascular endothelial growth
factor (VEGF) and its receptor (VEGFR) play a crucial
role in the tumor transition from the “avascular” to the
“vascular” phase, acquiring metastatic potential™, Tt
also stimulates tumor growth, migration and metastasis
through mechanisms not entirely related to tumor angio-
genesism. Moreover, tissue interstitial pressure is a key
factor in chemotherapy delivery and in some tumors this
could be up to 15 times higher than the normal counter-
parts'”. There is solid evidence that VEGFR inhibition
partially restores interstitial fluid pressure and reduces
abnormal vasculature with improvement of drug delivery
and enhancement of chemotherapy efficacy”.

Bevacizumab

Bevacizumab (Avastin®, Genentech Inc.), a recombinant
humanized monoclonal IgG-1 antibody against soluble
VEGF-A, was the first anti-angiogenic drug approved
for metastatic colon cancer. It prevents the binding of
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VEGF-A to the VEGFR and, consequently, inhibits an-
giogenesis, tumor growth and metastatic development.
It was first approved on February 2004 by the FDA as
first-line treatment for patients with metastatic colon
cancer. Today, almost 10 years later, a substantial body of
evidence has accumulated to help clinicians in the judi-
cious use of this molecule. Table 1 summarizes the most
relevant clinical trial of the anti-angiogenic drugs.

The first practice-changing, double blind, random-
ized phase IIl trial that was published compared the use
of irinotecan, bolus 5-FU and leucovorin (IFL) with or
without bevacizumab in metastatic, previously untreated
patients”. The primary endpoint of the study was overall
survival (OS); disease-free survival (DFS) and overall re-
sponse rate (ORR) were secondary endpoints. OS (20.3
mo »5 15.6 mo; P < 0.001) and PFS (10.6 mo »s 6.2 mo;
P < 0.001) and ORR (45% »s 35%) were all significantly
improved with bevacizumab. Importantly, patients in
the IFL group were not allowed to crossover. Similar
results were obtained in the ARTIST trial using a modi-
fied version of IFL (5-FU was infused over 6-8 h) plus
bevacizumab in metastatic colon cancer, chemotherapy
natve, Chinese patients, confirming that results obtained
in Caucasians were also applicable in Asian populationm.
Subsequently, in 2007 results from the BICC-C trial were
released showing that bevacizumab combined with the
classical bolus and 46-h infusional 5-FU plus leucovorin
and irinotecan (FOLFIRI) was superior to a shorter ver-
sion of IFL as upfront therapy[m]. In the original trial
design patients were randomly assigned to receive FOL-
FIRI, IFL or irinotecan plus capecitabine (CapelRI) with
or without celecoxib. However, after the FDA-approval
of bevacizumab the protocol was amended and addition-
al 117 patients were randomized to receive bevacizumab
with FOLFIRI (FOLFIRI-B) or IFL (IFL-B); due to ex-
cessive toxicity the CapelRI arm was discontinued. With
an updated median follow-up of 34.4 mo, OS was longer
in the FOLFIRI-B arm (28.0 mo 25 19.2 mo; P = 0.037)""".
Thus, infusional 5-FU regimens should be preferred over
bolus 5-FU when combined with bevacizumab.

After the initial success with irinotecan combinations,
bevacizumab was soon studied in oxaliplatin-based regi-
mens. The first evidence of its synergistic effect came
from the ECOG-3200 study that investigated the role of
bevacizaumab in the second line treatment”, In this study
patients who had progressed to irinotecan and fluoropy-
rimidine therapies but who had not received oxaliplatin
or bevacizumab were randomized to FOLFOX-4 (control
arm), FOLFOX-4 plus bevacizumab (FOLFOX-B) or
single agent bevacizumab. With a median follow-up of
28-mo, a modest but statistically significant improvement
in OS was shown for the FOLFOX-B arm (12.9 mo »s
10.8 mo, P = 0.0024). Single agent bevacizumab showed
virtually no effect. Immediately after the release of this
study, and in spite of the lack of evidence in the front
line therapy setting, FOLFOX-B was rapidly accepted in
the oncology community as a valid front line option for
stage IV colon cancer. Evidence to support this practice
finally materialized in 2008. The NO16966 study was a
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time. This presumption was based on the results of the
N9741 study where the IROX (oxaliplatin + irinotecan)
arm showed worse TTP, ORR and OS compare to FOLF-
OX". However, treatment with the combination of 48-h
infusional 5-FU, oxaliplatin and irinotecan (FOLFOXIRI)
proved to be superior to FOLFIRI, which is believed to
be similar to FOLFOX, in terms of OS, PFS and ORR
in patients with mCC™". Recently, the results of a phase 3
TRIBE trial that compared FOLFOXIRI and FOLFIRI
with the addition of bevacizumab were presented”'.
Both treatments were administered for a maximum of 12
cycles followed by 5-FU + bevacizumab until progres-
sion. With a mean follow-up of 26.6 mo, significantly
increased PFS was observed in the FOLFOXIRI-B arm
(9.7 mo »s 12.2 mo, P = 0.001). As expected, greater neu-
tropenia, diarrhea, stomatitis and neurotoxicity were seen
in the FOLFOXIRI arm. Interesting, similar results were
obtained in a recent randomized phase I study (OLIVIA)
where FOLFOXIRI-B showed better ORR and conver-
sion to RO resections compared to FOLFOX-B™. Data
is still immature, but this combination could be a feasible
option for fit patients.

To summarize we should emphasize some useful
concepts. First, single agent bevacizumab has almost no
activity. Second, the best evidence comes from its usage
as upfront first line therapy in combination with either
FOLFOX or FOLFIRI and perhaps FOLFOXIRI. In all
cases, bevacizumab has persistently showed to improve
PFES. For second line treatment the ideal scenario would
be in patient who did not receive bevacizumab as a first
line option. Lastly, continuation beyond progression is
also feasible (see below).

Ziv-aflibercept

Ziv-aflibercept (Zaltrap®, Regeneron Pharmaceuticals) is
a recombinant fusion protein consisting of the extracel-
lular domains of human VEGFR-1 and 2 fused to the
Fc portion of human IgG—lml. The decoy protein binds
tightly PIGF, VEGF-A and VEGF-B preventing the
activation of VEGFR-1 and 2 by these ligands. This is a
significant difference with bevacizumab which exclusively
blocks the VEGF-A®, Pre-clinical studies confirmed
that when combined with cytotoxic drugs, ziv-aflibercept
exerted considerable inhibition of angiogenesisps’m. In
2006, 38 patients were enrolled in a phase I clinical trial
were 2, 4, 5 and 6 mg/kg escalating doses of ziv-aflibet-
cept were explored in combination with irinotecan, 5-FU
and leucovorin™. In the phase 3 VELOUR trial, patients
with metastatic colon cancer but previously treated with
oxaliplatin-containing regimens were randomly assigned
to receive FOLFIRI with or without ziv-aflibercept ev-
ery 2 wk™. Patients could not have received irinotecan
before but up to 30% of them received bevacizumab as
front line therapy. The ORR (11.1% 25 19.8%, P < 0.001),
PES (6.9 mo »s 4.6 mo, P < 0.001) and OS (13.5 mo »s
12.1 mo, P = 0.003) were all improved in ziv-aflibercept
and were not influenced by the prior use of bevacizumab
(stratifying variable). However, the absolute benefit was a
modest 1.4 mo in OS.
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BLOCKING EGFR AND OTHER KINASES

Cetuximab and panitumumab

In addition of blocking the angiogenesis pathway, an-
other line of investigation that lead to practice-changing
outcomes was the one advocated to jamming the EGFR.
Once activated, the EGFR triggers a series of down-
stream phenomenon that ultimately result in tumor
growth and survival™, Tt is then simple to understand
that blocking EGFR could potentially halt tumor pro-
gression. Nevertheless, this basic principle is not always
applicable. An overwhelming body of evidence con-
firmed the futility of blocking the EGFR when down-
stream molecules are anarchically activated. The strongest
evidence comes from the presence of KRAS codons 12
and 13 mutations in exon 2 which virtually turns anti-
EGFR strategies useless”". But, recent investigations
have broadened the number of negative predictive muta-
tions found in the RAS genes family to exons 3 and 4 of
KRAS and exons 2, 3 and 4 of NRAS genesm]. In that
sense, testing for KRAS/NRAS mutations could exclude
50% of the patients from an ineffective but potentially
harmful therapy. BRAF mutations carry a considerable
poor prognosis, but its predictive role is somehow con-
troversial. However, and in spite of this obvious limita-
tion, anti-EGFR therapies have found their place in the
treatment of stage IV colon cancer. Two compounds, ce-
tuximab (Erbitux®, Bristol-Myers) a chimeric monoclonal
IgG-1 antibody against EGFR, and panitumumab (Vert-
ibix®, Amgen) a fully humanized monoclonal IgG-2 an-
tibody also directed against EGFR, have received FDA-
approval for this indication. Table 2 summarizes the most
relevant clinical trials related to these agents.

As part of the pre-clinical investigation, cetuximab
was tested in tumor xenografts models and found to have
marked synergistic activity with itinotecan, even in previ-
ously considered irinotecan-resistant cell lines™. This
observation was the based for a couple of phase 2 clini-
cal trials which confirmed the clinical utility of cetuximab
single agent (approximately 10% ORR) and in combina-
tion with irinotecan. However, the first convincing evi-
dence of its clinical utility came from the BOND study
where 329 patients with irinotecan-resistant metastatic
colon cancer were randomly assigned to either single
agent cetuximab (ORR 11%, TTP 1.5 mo) or cetuximab
plus irinotecan (ORR 23%, TTP 4.1 mo)™™. No differ-
ence in OS was seen but crossover was allowed. As in the
case of cetuximab, single agent panitumumab showed
10% ORR in heavily pretreated patients who formerly re-
ceived 5-FU, irinotecan and/or oxaliplatinm’%]. Given the
encouraging results as second and third line therapies, it
did not take much time until both molecules were tested
as first line options. In the CRYSTAL trial, 1217 patients
were randomly assigned to FOLFIRI alone or FOLFIRI
plus cetuximab as first line treatment” . The primary
endpoint was PFS and it was statistically prolonged in
the cetuximab group, albeit by a modest 1 mo (8.0 mo s
8.9 mo in the whole population and 8.7 mo »s 9.9 mo in
the KRAS wild-type patients). Cetuximab also resulted in
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Figure 1 Schematic representation of the recent advances in the treatment of metastatic colon cancer.

cluding KIT, PDGFR and VEGFR among others. It
is structurally related to sorafenib and the most usual
adverse events are hand-foot skin reaction, mucositis, hy-
pertension and diarrhea™ ™. In an expanded phase I trial
with 27 evaluable patients, 74% achieved disease control
with 1 patient obtaining partial response and 19 stable
disease!. Globally, regorafenib was well tolerated and
adverse events were clinically manageable leading to a
multi-centric phase 3 trial. The CORRECT study enrolled
patients who had already received all the approved stan-
dard therapies and who had progressed during or within
3 mo after the last therapym. Seven hundred and sixty
participants were randomized in a 2:1 ratio to regorafenib
or placebo. Median OS was 6.4 mo in the regorafenib
group »s 5.0 mo in the placebo group (P = 0.005). The
most frequent grade 3 or 4 adverse events were hand-
foot skin reaction (17%), fatigue (10%), diarrhea (7%),
hypertension (7%), and skin desquamation (6%).

COMMON CLINICAL DILEMMAS

We have witnessed an exponential growth in the number
of clinical trials dedicated to metastatic colon cancer which
eventually resulted in small but consistent improvement in
clinical outcomes (Figure 1). However, this progress has
paradoxically leaded us into new challenges. We have arbi-
trarily chosen 3 topics that in our own opinion are proba-
bly the more relevant clinical dilemmas. The reader should
be aware, though, that the opinions expressed below come
from our own assessment of the literature and they should
be considered only as the authors’ point of view.

Is there any role for peri-operative chemotherapy

in potentially resectable liver metastases? Can the

new biological agents improve the resectability rate

on patients with borderline or unresectable liver
metastases? Which regimen to chose?

The first point to consider is whether the patient has
upfront resectable disease or not. A set of criteria have
been proposed, however in any case this decision require

JRaishideng®
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appropriate discussion between the medical and surgical
oncologists™. For those who are considered resectable
common practice is to give them at least 6 mo of chemo-
therapy. The most solid evidence for this action comes
from the EORTC 40983 trial where 364 patients, with
one to four resectable liver metastases, were randomly
assigned to surgery alone or 6 doses of FOLFOX-4 pre-
and post-surgery™. The study was positive for its primary
endpoint, PES (20.9 »s 12.5; P = 0.035, per protocol pop-
ulation) and it gained rapid acceptance within the medical
community. Oncologist extrapolated these results to the
completely neo-adjuvant or adjuvant (stage [V in NED
status) setting, albeit with no evidence to support this ap-
proach. OS was not improved in the EORTC 40983 but
the enrollment of patients was less than originally expect-
ed and its statistical power was called into question. Two
other studies were reported in the adjuvant setting after
complete resection of liver metastases”. They were also
underpowered and employed outdated chemotherapy
(5-FU bolus). The poor accrual in these clinical trials is
most likely related to the oncologists’ reluctance to enroll
patients in studies that involved a surgery only arm. One
single institution, single arm study showed 73% ORR (9%
complete pathological response) in 56 patients treated
with XELOX + bevacizumab in a peri-operative setting
(6 doses pre- and 6 other post-surgery)”". The use of
biological agents in the post-surgical period, when the
patient is NED, is very controversial. Based on the results
from adjuvant studies this practice should be discouraged.
However, formal studies addressing this issue are miss-
ing. Other relevant issue with upfront resectable disease
is the fact that chemotherapy could result in liver damage
(e.g., steatohepatitis) which could jeopardize patient’s only
curative chance.

A different scenario presents when the patient has
liver-limited but unresectable metastases. Some of these
patients (eg., low volume but abutting critical structures)
have bordetline disease, potentially amenable to be con-
verted. In these cases, clinician should choose the best
possible regimen to obtain maximal response rate. Before
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the advent of the anti-EGFR and bevacizumab, conven-
tional chemotherapy agents had already proven to enable
surgical resection in a proportion of patients. Regimens
such as FOLFOX or FOLFIRI have a conversion rate
close to 40% and this could be improved with FOLFOX-
IRI®™ > The obvious question then is how much beva-
cizumab or the anti-EGFR drugs add to this and which
one to use. A practical consideration is the fact that beva-
cizumab, which is the only option in KRAS mutant cases,
has to be stopped at least 6-wk before surgery. For wild-
type tumors, evidence may be slightly stronger for anti-
EGFR drugs.

In the Germanic CELIM phase 2 study, 114 patients
were randomly assigned to FOLFOX-6 or FOLFIRI,
both regimens with cetuximab"™. Patients required hav-
ing technically unresectable liver metastases or more than
five lesions. From a 106 evaluable patients, 36 of them
(34%) had RO resection but this proportion reached 60%
in the wild-type KRAS population (41/68). Similar results
were obtained in retrospective series. Even stronger evi-
dence supporting the use of anti-EGFR in this particular
setting came from a recently published Chinese study[ss].
This phase 2, randomized study compared the efficacy of
conventional chemotherapy (FOLFOX-6 or FOLFIRI)
with or without cetuximab. Conversion to resection was
the main outcome and after randomizing 138 patients
the arm with cetuximab duplicated the proportion of
patients deemed eligible for resection (13% »s 29%) and
triplicated the RO rates (7.4% s 25.7%). Based on these
reports chemotherapy plus cetuximab should be strongly
considered for patients with wild-type KRAS and liver
only metastases. Detractors of this posture may argue,
though, that in a fresh head-to-head comparison between
cetuximab and bevacizumab, ORR was not different
(FIRE-3; see below).

Data supporting the use of bevacizumab in this sce-
nario is somehow controversial. The most vigorous argu-
ment against its use comes from the previously mentioned
NO16966 studym. There was no difference in ORR and
there was similar proportion of patients attempted to
have curative metastatectomies (8.4% us 6.0%). However,
the study was not designed to test this hypothesis. On
the other hand, small phase 2 and retrospective studies
brought up to 40% conversion rates and pathological
responses when bevacizumab is added to XELOX, repre-
senting the fundaments for its use especially in KRAS mu-
tant patients[56’57]. In that regards, the possibility of adding
a stronger chemotherapy, such as FOLFOXIRI, should be
seriously considered for fit patients.

Which is the ideal chemotherapy mate of the current
monoclonal antibodies? And in patients with wild-type
KRAS which strategy we should choose? Anti-VEGFR
or Anti-EGFR?

Doublet chemotherapy is often used as upfront systemic
treatment for advanced CC. It is unclear to these days
which doublet is better for each patient and this has to
be individualized according to toxicity and comorbidities.
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FOLFOX, XELOX, and FOLFIRI appear to be similar
in efficacy but with different toxicity profile. XELIRI is
harder to endure. Most patients tolerate a chemotherapy
doublet, but probably not all of them need it as showed
by the frequently forgotten Dutch study (CATRO-1)P",
The addition of biologics has improved outcomes, but
not as much as we hoped. When KRAS is mutated, the
chemotherapy chosen must be accompanied with beva-
cizumab. The dilemma starts with the K-RAS wild type
patients. There are clinical trials showing benefit for both
approaches: anti-VEGFR and anti-EGFR. The question
1s which patient would benefit from one or the other
schema.

As previously mentioned, in the NO16966 study bev-
acizumab extended PFS by 1.4 mo, with a more profound
effect seen in the XELOX arm"”. But, why bevacizumab
had such a discrete effect on PFS? Was this due to no
synergistic or additive effect with FOLFOX/XELOX?
The answer is NO, since FOLXOX + bevacizumab is
active, even in second line with significant prolongation
of OS"?. Some authors advocate the idea of failure due
to the “OPTIMOX” effect, meaning when neurotoxicity
occurred oxaliplatin was stopped and fluoropyrimidine
plus bevacizumab was continued until progression. This
could be the case, since when we observe the difference
in PES of the patients on treatment, this is much more
important. It is also feasible that bevacizumab works bet-
ter with “inferior chemotherapies” such as IFL and have
less to offer with “superior chemotherapies” such as XE-
LOX or FOLFOX.

Regarding the anti-EGFR therapies, the earlier cited
CRYSTAL and PRIME studies are the foundations
for its use in the frontline treatment*™*". Nonetheless,
in 2011 the COIN study was published™. With 2445
KRAS wild-type patients randomized to XELOX or
FOLFOX +/- cetuximab, the COIN study represents
the biggest trial ever conducted in this population. The
results were disappointing. No difference in PFS was
seen. Shortly thereafter, the results of the NORDIC
VI were released™. Patients were randomly assigned to
either standard Nordic FLOX or cetuximab + FLOX or
cetuximab + intermittent FLLOX. The median PFS was
7.9, 8.3, and 7.3 mo respectively and was not significant-
ly different. In patients with KRAS wild-type tumors,
cetuximab did not provide any additional benefit but
in patients with KRAS mutations a trend toward wors-
ening PFS was observed. The authors concluded that
cetuximab did not add significant benefit to the Nordic
FLOX regimen as first-line treatment. Additionally, the
randomized, phase 2, PEAK study was presented in the
2013 ASCO GI Meeting'!. This study enrolled 285 pa-
tients and evaluated the use of first-line mFOLFOX-6 +
panitumumab »s bevacizumab. Again, no difference was
observed. It is confusing how to interpret the actual role
of anti-EGFR and chemotherapy since COIN, the larg-
est phase 3 randomized trial, was negative. The NOR-
DIC was a negative trial as well, but in the scenatio of
5-FU given by bolus, a seldom used strategy nowadays.
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It is possible that irinotecan-based chemotherapy would
be necessary when anti-EGFR is considered in the treat-
ment of metastatic disease. It is also curious that the
hazard ratios for PFS with anti-EGFR antibodies tend
to become more significant as the number of previously
used lines of treatment upsurges. For instance, these
agents are useless in the adjuvant setting and grow more
active as disease progresses (e.g., 3% line).

Lastly, the FIRE-3 trial was presented in June 20131,
This was a randomized multicenter trial comparing the
efficacy of FOLFIRI + cetuximab »s FOLFIRI + be-
vacizumab in patients with wild-type KRAS metastatic
colon cancer. The primary endpoint was ORR and 592
patients were included. The study was negative for its
primary end-point, with comparable ORR (62% vs 58%,
P = 0.183). Significantly better PFS and OS were seen
in the FOLFIRI + cetuximab arm (28.8 mo »s 25.0 mo;
P = 0.016) although this was a secondary endpoint. A
preplanned analysis of the FIRE-3 was presented at the
European Cancer Congress 2013, aimed to investigate
the effect of several other mutations beyond the exon 2
as well as BRAF (VG00E)"". About 15% of patients were
found to have these extra mutations. This sub-analysis in-
corporated 342 KRAS wild-type patients and 178 KRAS
mutant patients (113 with exon 2 mutations plus the 65
newly identified patients). The subgroups were compared
for ORR, PFS, and OS. Wild-type patients had 33.1 mo
OS with FOLFIRI + cetuximab in comparison to 25.6
mo with FOLFIRI + bevacizumab (HR = 0.70; P =
0.011). In KRAS-mutant patients, this difference was not
observed. No difference in PFS was seen in the KRAS
wild-type group (P = 0.54), but interestingly for KRAS-
mutated patients PES was better in the bevacizumab arm
(12.2 mo »s 6.1 mo; P = 0.004). ORR was similar between
the arms, irrespective of KRAS status. It is difficult to
understand why a treatment that does not improve ORR
and PFS could show such an impact on OS.

In conclusion, in 2014 we have only one approach
for KRAS mutated tumors which is chemotherapy plus
bevacizumab. For KRAS wild type we can use either che-
motherapy plus anti-EGFR antibodies OR chemotherapy
plus bevacizumab. Going deeply into this last category,
at least one clinical trial suggested cetuximab + FOL-
FIRI as the possible best option. However, head-to-head
comparison with FOLFOX+B is lacking and this still
represents a valid option. We disfavor oxaliplatin-based
chemotherapy with cetuximab based on the MRC COIN
study.

Which is the best strategy after progression

with bevacizumab-containing regimen? Switch
chemotherapy and keep anti-VEGFR or switch to anti-
EGFR antibodies?

Preclinical data showed that continuous VEGF inhibi-
tion prevents tumor regression”). However, risk-benefit
ratio associated with continuing bevacizumab use af-
ter initial progressive disease was unknown. In 2008,
Grothey ¢ al*” reported a novel observation gathered
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from the BRIiTE study. In this large, observational cohort
study patients were classified according to the treatment
received once they progressed to first line bevacizumab
containing regimens. Three groups were identified; those
with no post-progression treatment, those who received
no-bevacizumab related treatment and those who con-
tinued bevacizumab beyond progression. When adjusted
for other variables, bevacizumab beyond progression was
associated with longer survival (P < 0.001). Based on the
hypothesis generated by the BRITE investigators, a ran-
domized phase Il study-ML18147 trial-was launched"’.
The investigators assessed continuation bevacizumab plus
second-line chemotherapy (no anti-EGFR) after standard
first-line bevacizumab-based treatment. Bevacizumab
lead to a 1.4 mo longer OS (11.2 mo »s5 9.8 mo; P = 0.000).

At the present time is unclear how to proceed in pa-
tients who are treated with bevacizumab-containing che-
motherapy who progtess. In the KRAS/NRAS mutated
patients the concept is to maintain the anti-angiogenic
status in a similar strategy as the one employed in HER-2/
Neu positive breast cancers””. This could be achieved
cither by keeping bevacizumab and changing the chemo-
therapy regimen or by switching to ziv-aflibercept and
irinotecan containing regimen. For wild type tumors, the
same options applied but anti-EGFR monoclonal antibod-
ies should be strongly considered because it is important
to emphasize that independently of the biological agent
chosen first, once progressed patients with wild type tumor

should be able to receive all agents sequentiaﬂy[ssl.

NEW TARGETS

In the previous sections we have focused on the evidence
behind what is currently considered the state of the art
treatment of metastatic colon cancer. However, since this

field is quite dynamic and the frontiers are in continuous
expansion, it will be appropriate to discuss some of the
new strategies that are currently being investigated. For
description purposes, we will subdivide them based on its
main mechanism of action.

Intracellular anti-EGFR therapies

Monoclonal antibodies block the extracellular domain of
EGFR. Tyrosine kinase inhibitors (e.g., etlotinib or gefi-
tinib) target the intracellular domain of the receptor. Un-
like lung cancer, EGFR mutations ate rarely found in co-
lon cancer and are usually not associated with response[ﬁgl.
Moreover, positive EGFR protein expression does not
predict response to treatment. Results have been gener-
ally disappointing with no objective responses seen with
erlotinib and no improvement in OS with the combina-
tion of gefitinib and FOLFIRI""™. However, and after
many previous unsatisfactory attempts, a positive study
was finally published. Tournigand and colleagues recently
presented the results of the phase 3 DREAM trial (OPTI-
MOX III) showing that the addition of erlotinib to bevaci-
zumab maintenance therapy after induction with chemo-
therapy + bevacizumab resulted in a small, but statistically
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significant improvement in PFS from 4.6 to 5.8 mo (P =
0.005). Remarkably, KRAS mutation status was not a
determinant of efficacy and patients with KRAS mutated
had even better results. Some clinical trials are currently
assessing the role of dual EGFR blocking (panitumumab
+ erlotinib) with or without chemotherapy in patients
with progressed KRAS wild type tumors (NCT00940316).
This approach is attractive especially in patients with poor
performance status. Nonetheless, it will be at least 1 or 2
years before results become available.

BRAF inhibitors

Vemurafenib targets the BRAF V600E mutation and was
proved to be effective in advanced melanomas. Unfortu-
nately, results have been elusive in stage [V colon cancer.
In a small phase I study in patients with BRAF mutant
metastatic disease, only 1 of 19 patients had a partial
response with single agent vemurafenib!™, Apparently,
blocking the BRAF pathway causes a reflective hyper-
activation of the EGFR pathway. For that reason, there
seems to be some rationale in combining BRAF and
EGFR inhibitors and in preclinical studies a synergistic
effect was found™. An ongoing trial is evaluating the
combination of vemurafenib and cetuximab (EUDRACT
# 2011-004426-10).

Pi3K pathway

PTEN loss has been associated with worse survival out-
comes in colon cancer”. Some studies have also shown
that PIK3CA mutations and PTEN loss are associated
with an absence of response to anti-EGFR therapies' .
Aspirin seems to be able to block the PI3K pathway. In
a recent retrospective study only patients with PIK3CA
mutant but not wild-type colorectal cancers who took
daily aspirin had better cancer-specific and OS than those
who did not take aspirinm. A phase 2 trial combined
capecitabine plus perifosine (an inhibitor of the PI3K/
Akt/mTOR pathway) with promising activity; however
the phase 3 was negativem. Additionally, the combination
of MEK and PI3K/mTOR inhibitors is currently being
evaluated in a phase 1 trial (NCT 01390818) and Hochster
et al™ recently reported stimulating results with the com-
bination of selumetinib (MEK inhibitor) and irinotecan.

HER-2 pathway

Few studies, with inconsistent results, investigated the
role of HER-2 gene amplification as a potential predic-
tive factor for anti-HER2 therapy. Some reported that
HER-2 amplification was associated with resistance to
cetuximab and worse PFS or OS; others found neither
predictive nor prognostic value in HER-2P" A phase
2 study evaluating the combination of FOLFOX and
trastuzumab in patients who have progressed after 5-FU
and/or irinotecan-containing therapy was recently con-

cluded; results are pending (NCT00006015).

Antiangiogenics
In addition to bevacizumab and ziv-aflibercept, other

Raishidenge ~ WJGO | www.wjgnet.com

219

Recondo G Jr et a/. Advances in metastatic colon cancer

anti-angiogenic drugs have been evaluated with mixed re-
sults. Cediranib, a VEGFR inhibitor, showed comparable
efficacy to bevacizumab but was associated with increased
toxicity®. A dual EGFR and VEGFR inhibitor, vande-
tanib, was incffective’. Ramucirumab, an anti-VEGFR-2
monoclonal antibody, is curtently under evaluation in a
phase 3 (NCT01183780) following promising results in
a phase 2 study[ssl. Since there is no real validated matker
to predict response to anti-angiogenic drugs, it may take
some time before any other anti-angiogenic compound
make it to the market.

Insulin growth factor axis

The insulin growth factor (IGF) cascade activates a num-
ber of intracellular signaling pathways, including the Ras/
Raf/MAPK pathway and the PI3K/Akt pathway[g()]. Con-
sequently, it is a potential target for a number of drugs.
The main drugs developed as IGF inhibitors have been
monoclonal antibodies. Dalotuzumab failed at an interim
analysis of a phase 2/3 trial but pre-specified biomarker
analysis suggested that patients with higher levels of
IGF-1 may be a small subgroup who would potentially
benefit from this treatment. Consequently, this hypoth-
esis is being evaluated in a phase 2 study (NCT01609231).

Immunotherapy

In spite of the tremendous excitement raised by innova-
tive immune-therapies in other solid tumors the scenario
in metastatic colon cancer has been quite frustrating. No
responses were seen in eatly phase trials with ipilimum-
ab®. The same occurred with anti-PD-1 antibodies™.
Currently, some investigators are testing the use of vac-
cines (NCT01322815). However, colon cancer seems to
remain indifferent against this immunological “rush” or
“fever” that we are living at this moment.

CONCLUSION

In conclusion we can affirm that over the last couple of
years we have made some small but consistent progress
against colon cancer. Anti-angiogenic and anti-EGFR
strategies have given dividends by prolonging PFS and to
a lesser extend prolonging life in patients with metastatic
disease. We are still learning how to use them and it may
take time before we discover the best sequence and com-
bination. We also expect that in the near future better
biomarkers lead us to the deeply desire but still evasive
personalized medicine. But beyond these small victories,
new horizons are envisioned. For example, half of the
patients have KRAS/NRAS mutant tumors, though
there are few drugs that target RAS directly. However,
bypassing agents such as MEK inhibitors either alone or
in combination with PI3K inhibitors may show promis-
ing results. It is impossible to predict the future, but it is
expectable and even desirable that soon this review will
become obsolete. That is human nature. That is progress.
And that is why we must force ourselves to keep us con-
tinuously updated.
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