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Summary

Great strides have been made in improving the outcome of patients with metastatic colorectal
cancer and targeted agents are an important part of the treatment arsenal. The approved
monoclonal antibodies, bevacizumab, cetuximab and panitumumab, are part of the standard of
care, yet only recently have we begun to define which patients benefit from these therapies using
predictive tumor biomarkers. More recently, novel agents including aflibercept and regorafenib
have had promising results and may become approved therapies. In addition, agents targeting the
mTOR pathway and the TNF pathway have demonstrated early evidence of benefit. In the coming
years, we may experience an influx of new therapies, possibly leading to further prolongation of
patient survival or even, for some, a cure.

Colorectal cancer (CRC) results in nearly 500,000 deaths annually in the world and, after
lung cancer, it is the second cause of cancer-related death in the USA [1]. However, in the
last 15 years there has been significant improvement in outcomes in the setting of advanced
disease, particularly for patients with metastatic CRC (mCRC). In a meta-analysis published
by Thirion et al. in 2004, the addition of leucovorin to 5-FU resulted in an approximate 12-
month median overall survival (OS) of mCRC patients. This regimen and its variations
became the backbone for development of new drug combinations in CRC [2]. Subsequently,
the incorporation of oxaliplatin and irinotecan were found to improve median OS by up to
approximately 16-18 months [3,4]. New targeted agents have been added to this core
selection of chemotherapeutic drugs, resulting in a median OS as high as 24-30 months
[5,6]. The benefit of incorporating targeted biological agents into treatment regimens has
since spurred a number of ongoing efforts in basic, translational and clinical research. While
monoclonal antibodies (mAbs) that inhibit angiogenesis or the EGF receptor (EGFR) have a
proven role in mCRC, a number of small-molecule kinase inhibitors that target intracellular
signaling pathways are showing great promise, and may enhance the therapeutic
armamentarium for mCRC.

This article focuses on molecular targeted therapy with established and approved drugs, new
agents in the advanced stages of development, and novel compounds that appear promising
in Phase | and Il trials.
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Antiangiogenic agents

Angiogenesis, a process that involves the recruitment of new blood vessels, does not occur
in normal healthy adults except as a normal part of wound repair, tissue remodeling and
inflammation [7]. However, angiogenesis is critical for the growth of tumors, in which this
normally highly complex and regulated process is altered, leading to leaky, excessively
branching, tortuous vessels, with an abnormal endothelial lining. Angiogenesis is regulated
by a number of signaling proteins, including the VEGFs, FGF, PDGF, TGF-a, and their
respective transmembrane receptors [8].

VEGF signaling occurs in an endocrine, paracrine and autocrine fashion. Tumor cells and
stromal tissue, including endothelial and fibroblast cells, produce VEGFs; the VEGF family
is comprised of six subtypes (A-F), as well as PGFs 1 and 2. It is believed that VEGF-A is
the most prominent mediator of angiogenesis in the VEGF family. VEGFs act by binding
extracellularly to their cognate transmembrane tyrosine kinase receptors (VEGFRS).
VEGFR activation initiates a signal transduction cascade that leads to expression of genes
related to cell proliferation, survival, migration, and differentiation capabilities (Figure 1)
[9]. This process increases vascular permeability and causes the branching and formation of
new blood vessels. There is evidence that mMCRC progression and overall disease prognosis
can be correlated with levels of endogenous VEGFs [10].

The first and only approved angiogenesis-targeting agent in mCRC is bevacizumab.
Bevacizumab is a mAb that binds to VEGF-A, interfering with the interaction of VEGF-A
with its receptor (VEGFR) and preventing receptor activation. Initially, it was hoped that
bevacizumab would prevent tumor growth by inhibiting angiogenesis, but when used as a
single agent, bevacizumab produced minimal response rates (RRs) [11]. However, when
bevacizumab was combined with cytotoxic chemotherapies, there was significant
improvement in outcome compared with cytotoxic chemotherapy treatment alone, perhaps
due to an additive suppression of tumor cell growth and induction of apoptosis. In the
landmark trial by Hurwitz et al., chemotherapy-naive patients with mCRC were treated with
a combination of irinotecan, 5-FU bolus, leucovorin (IFL) and bevacizumab. This
combination not only increased RRs, but also prolonged progression-free survival (PFS) and
OS when compared with patients treated with the IFL regimen alone [12]. Moreover,
bevacizumab has been shown to add efficacy to other modern combinations of cytotoxic
drugs, such as oxaliplatin, 5-FU bolus and continuous infusion, and leucovorin (FOLFOX)
in second- and even third-line settings [13]. The large observational BRiTE cohort study,
which compared the survival of patients treated with or without bevacizumab beyond first-
line therapy, demonstrated an advantage in OS when continuing bevacizumab treatment
until disease progression (31.8 vs 19.9 months; hazard ratio [HR]: 0.48; p < 0.001) [14].
More recently, the TML trial, a definitive, prospective Phase Il study involving 820
patients, confirmed a survival benefit with the use of bevacizumab in the second-line setting
[15]. Patients were randomized to receive oxaliplatin- or irinotecan-based therapy with or
without bevacizumab. The addition of bevacizumab to chemotherapy improved OS from 9.8
months (chemotherapy alone) to 11.2 months. It is anticipated that this trial will lead to the
approval of bevacizumab in the second-line setting.

However, the addition of bevacizumab has not always resulted in improved outcomes. In the
first-line setting, the combination of FOLFOX and bevacizumab did not improve OS when
compared with FOLFOX alone [13]. Moreover, in the adjuvant setting, a large Phase 111
trial, adding bevacizumab to FOLFOX in patients with resected stage 111 CRC, failed to
demonstrate an improvement in OS, possibly reflecting that the neoangiogenesis signal is
not as critical in the setting of micrometastatic disease [16,17].

Colorectal Cancer. Author manuscript; available in PMC 2013 November 20.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Burotto et al.

Page 3

A newer antiangiogenic agent likely to gain approval in the treatment of mCRC is
aflibercept, a fully humanized recombinant fusion molecule of the human VEGF receptor
extracellular domain 3 and the fragment crystallizable (Fc) region of human IgG1. This
molecule specifically binds to circulating VEGF-A, VEGF-B and PLGF-1 and -2, thus
preventing activation of their respective receptors [18]. In a Phase I trial of 51 heavily
pretreated mCRC patients, aflibercept produced a disease control rate (DCR) of
approximately 30% at 4 months in patients who had previously received bevacizumab [19].
The VELOUR trial is a Phase 111 study comparing irinotecan and 5-FU with and without
aflibercept in patients whose disease had progressed on an oxaliplatin-based regimen [20].
Initial results were presented at the 2011 meeting of the European Society for Medical
Oncology World Congress on Gastrointestinal Cancer. The aflibercept group had a longer
OS (13.50 vs 12.06 months; HR: 0.817; p < 0.005) and PFS (6.90 vs 4.67 months; HR:
0.758; p = 0.0001) compared with the placebo group. The RR in the aflibercept group was
19.8% compared with 11.1% in the placebo group (p = 0.0001).

A number of small-molecule kinase inhibitors that inhibit VEGFRSs have been tested in
mCRC. The potential advantages of small-molecule kinase inhibitors compared with mAbs
include their oral bioavailability, their low risk of causing infusion reactions, their
theoretical increased tumor penetration and their broader spectrum of cell signaling pathway
inhibition. However, until recently, despite a number of large clinical trials involving
thousands of patients, no small-molecule kinase inhibitor has been shown to improve
outcome in the treatment of CRC. For example, vatalanib (PTK/ZK222584), which
specifically acts against VEGFR-1, VEGFR-2, PDGFR-B and c-kit, has been tested in the
Phase 11l CONFIRM-1 trial. However, there was no improvement in PFS and OS in patients
treated with FOLFOX plus vatalanib compared with FOLFOX alone [21]. Another Phase 111
trial, CONFIRM-2, compared the efficacy of FOLFOX with that of FOLFOX combined
with vatalanib in irinotecan-refractory mCRC. While there was an improvement in PFS of
1.4 months in the FOLFOX/vatalanib-treated cohort, the OS remained unchanged [22].
Sunitinib is a TKI that targets the VEGFRs, PDGFR, c-KIT, RET and LT3. This drug is
approved and widely used in patients with renal cell cancer [23]. However, in a Phase 11 trial
of sunitinib in refractory mCRC patients, the outcomes were disappointing with a RR of
only 1.1% and 13 patients experiencing stable disease for 6 months [24]. In addition, a
Phase Il study of irinotecan, 5-FU bolus and continuous infusion, and leucovorin
(FOLFIRI), with or without vandetanib, revealed no significant benefit with the addition of
vandetanib to a chemotherapy regimen [25]. Finally, cediranib (AZD2171), another TKI that
blocks VEGFR, was tested in patients with mCRC in a randomized Phase 111 trial
(HORIZON 111) as first-line therapy in combination with FOLFOX and bevacizumab [26].
Results from this trial have yet to be published as a manuscript or abstract but a press release
by AstraZeneca confirmed that there was no improvement in OS with the addition of
cediranib [101].

Nevertheless, there are still several ongoing clinical trials studying other small-molecule
kinase inhibitors. Axitinib (AX-013736), a selective inhibitor of VEGFR-1, -2 and -3, is
being examined in a Phase Il study, in combination with FOLFOX, or FOLFOX and
bevacizumab. Motesanib (AMG 706) is a multikinase inhibitor that is being evaluated for
safety and pharmacokinetic characteristics, in combination with panitumumab and either
FOLFIRI or FOLFOX. Sorafenib (BAY-43-9006) is a potent inhibitor of VEGFR-2 and has
the added advantage of inhibiting Raf kinases, which are downstream of the VEGFR and
EGFR pathways. Phase Il trials are studying sorafenib in combination with cetuximab, in
addition to FOLFOX®, in patients with mCRC.

Finally, one TKI has shown promise for patients with mCRC. Regorafenib (BAY73-4506) is
a new, broad spectrum TKI that blocks multiple kinase signaling pathways. These pathways
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involve not only angiogenic (VEGFR-1-3 and TIE2) but also stromal (PDGFR-b and
FGFR) and oncogenic (KIT and RET) pathways [27]. A Phase | trial of 38 patients with
mMCRC, treated with regorafenib monotherapy, showed a DCR of 74% (partial response
[PR]: 4%; stable disease [SD] =7 weeks: 70%) [28]. The interim results of a Phase 11 trial
were recently presented. In this randomized study, 760 mCRC patients who had received all
standard therapies, including cetuximab and bevacizumab, were assigned to receive
regorafenib or placebo. The DCR was 44.8% in the regorafenib cohort and only 15.3% in
the placebo group. There was also an improvement in median OS of 6.4 months in the
regorafenib arm compared with 5 months in the placebo arm (p > 0.005). This trial is the
first positive Phase 111 trial using TKIls in CRC [29].

EGFR antagonists

EGFR antagonists target the EGFR family, also known as the ErbB protein family, which is
comprised of four receptor tyrosine kinases (ErbB1/EGFR/HERL, ErbB2/HER2/neu, ErbB3/
HER3 and ErbB4/HERA4) [30]. These proteins are membrane-bound receptors that are
activated by ligands including EGF and TGF-f. Ligand binding results in receptor homo- or
hetero-dimerization and autophosphorylation of the c-terminal tyrosine residues (Figure 2).
This enables docking of cytoplasmic proteins and activation of several signaling pathways
including the Ras—Raf-MAPK, PI3K-AKkt, protein kinase C, STAT and Src kinase
pathways. Activation of these signal transduction cascades results in tumor cell growth and
migration, cell invasion, and impaired apoptosis [31].

As with inhibition of angiogenesis, EGFR inhibition can be achieved through the use of
TKIs and mAbs. Cetuximab is a mAb that prevents EGFR signaling by impairing receptor
dimerization, promoting receptor internalization and degradation, and activating antibody-
dependent cell-mediated cytotoxicity and complement fixation [32]. US FDA approval of
cetuximab was based on the pivotal BOND 1 study, a Phase 11 trial in which irinotecan-
refractory mCRC patients were randomized to receive cetuximab alone, or cetuximab plus
irinotecan. Patients who received cetuximab alone had a RR of 11% and a median time to
progression of 1.5 months. Moreover, patients who received cetuximab plus irinotecan had a
RR of 23% with a time to progression of 4.1 months, demonstrating for the first time that a
targeted therapy can re-sensitize some patients previously resistant to a cytotoxic
chemotherapy [33]. In a refractory patient population, cetuximab monotherapy showed
benefit over placebo, with a RR of 10% [34].

In the first-line setting, the CRYSTAL trial showed a benefit when combining cetuximab
with FOLFIRI compared with FOLFIRI alone, with an improvement in PFS (8.9 vs 8.0
months). There was no difference in OS. This was the first study to show an interaction
between KRAS mutation status and response to cetuximab, as discussed later in this review
[35]. In two large Phase 111 randomized trials, the addition of cetuximab to oxaliplatin-based
chemotherapy did not show any benefit in the first-line setting. In the Medical Research
Council COIN trial, the addition of cetuximab to oxaliplatin plus 5-FU, versus oxaliplatin
plus 5-FU alone did not improve the OS (17 vs 17.9 months) nor the PFS (8.6 months in
both groups), although the RR was higher (64%) with cetuximab than without (57%; p =
0.05) [36]. Similarly, the Phase 111 NORDIC trial, involving 571 patients randomized to
receive 5-FU bolus administration plus oxaliplatin (FLOX) alone or FLOX plus cetuximab
demonstrated no differences in PFS or OS between the two treatment arms [37]. Thus, the
role of cetuximab in the first-line setting is still unclear; there is apparent PFS (but no OS)
benefit when combined with irinotecan-based therapy, but no benefit when added to
oxaliplatin-based therapy.
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Panitumumab is another anti-EGFR mADb that is FDA approved for the treatment of
refractory mCRC. In patients whose disease was progressing on standard therapy,
panitumumab demonstrated an 8% RR [38]. In the PRIME study, the addition of
panitumumab to FOLFOX as first-line therapy did increase PFS when compared with
FOLFOX alone (9.6 vs 8.0 months; p = 0.02), with a nonsignificant trend towards
improvement in OS (23.9 vs 19.7 months; p = 0.07) [39]. Similarly, in the second-line
setting, the addition of panitumumab to FOLFIRI significantly improved PFS, when
compared with FOLFIRI alone (5.9 vs 3.9 months; p = 0.004) [40].

The protein k-ras (encoded by the KRAS gene) is active downstream of the EGFR and it has
been shown that constitutively active mutations in the KRAS gene impact the efficacy of
anti-EGFR therapy in patients with mCRC. K-ras is a small serine-threonine kinase that is
farnesylated and inserted into the cell membrane. It is activated just downstream of the
EGFR and propagates further signaling events. A constitutively active k-ras protein
promotes tumor cell growth, even when EGFR signaling is blocked. Cancer growth
continues due to the downstream signaling of mutant KRAS[41]. Based on this, researchers
have analyzed colon cancer specimens from two large clinical trials using cetuximab and
panitumumab. In the cetuximab study, Lievre ef 4/. identified a KRAS gene mutation in 27%
of patients, with a RR of 0% in tumors with mutated KRAS versus 40% in tumors with
wild-type KRAS, and a median OS of 10.1 versus 14.3 months, respectively [42]. Similarly,
Amado et al. identified KRAS mutations in 43% of patients, again with 0% of patients with
mutated KRAS responding versus 17% in the wild-type KRAS group [43]. As a result of
these findings, we are now routinely assessing KRAS mutational status to guide therapeutic
decisions. Furthermore, for the 20-40% of patients for whom anti-EGFR mAbs are unlikely
to help, a number of newer agents that target pathways downstream of the EGFR are being
assessed in clinical trials. Some of the promising, yet early, examples are discussed below.

The NORDIC trial results [37] have complicated our understanding of the relationship
between KRAS gene status and anti-EGFR mAb therapy. In this large Phase 111 study, there
was no correlation between KRAS mutational status (wild-type or mutated) and PFS for
patients treated with cetuximab. In an excellent editorial written by Grothey and Lenz, the
predictive value of KRAS mutations for patients treated with anti-EGFR mAbs was
discussed [44]. One primary conclusion was that the chemotherapy backbone could be a
critical determinant. Thus, the outcome of irinotecan-based therapies was improved with
anti-EGFR mAbs. For oxaliplatin-based combinations, the manner in which fluorouracil is
administered (bolus vs infusional) may determine whether or not there is a benefit to the
addition of anti-EGFR mAbs. Therefore, more studies are needed to understand the
interaction between KRAS gene mutational status, the chemotherapy backbone and the
addition of an anti-EGFR mAb.

There have been attempts to combine EGFR inhibitors with bevacizumab, based on the
hypothesized advantage of blocking both VEGF and EGFR signaling. However, two large
trials have demonstrated worse outcome for patients treated with dual antibody therapy in
the first-line setting. In the PACCE study, patients were administered FOLFOX or FOLFIRI
plus bevacizumab, with or without panitumumab; the addition of panitumumab resulted in a
decreased PFS (10.0 vs 11.4 months) and OS (19.4 vs 24.5 months), along with greater
toxicity [45]. Similarly, in the CAIRO-2 study, the addition of cetuximab to a regimen of
capecitabine, oxaliplatin and bevacizumab in previously untreated mCRC patients resulted
in a decreased PFS when compared with capecitabine, oxaliplatin and bevacizumab alone
(9.4 vs 10.7 months) [46].

Despite the clinical activity and safety data of the anti-EGFR antibodies in CRC, anti-EGFR
TKIs as single agents showed minimal activity in mCRC. Erlotinib is a TKI that has been
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approved for lung and pancreatic cancer treatment. In a Phase 11 trial as second-line therapy
in patients with mCRC, erlotinib combined with capecitabine plus oxaliplatin (XELOX)
resulted in a RR of 25%. However, 78% of patients had grade 3 or 4 toxicities, mainly
involving diarrhea [47]. Lapatinib, a dual inhibitor of EGFR and HER2/neu, was well
tolerated as a single agent, but demonstrated little activity in a Phase Il trial as second-line
treatment for mCRC [48]. The first encouraging results with a TKI targeting the EGFR in
mCRC were seen in a recent Phase I trial, using a combination of cetuximab and erlotinib
as a dual approach to targeting the EGFR. The DUX trial involved 50 patients with
refractory mCRC and the primary end point of the study was RR, evaluated separately in
KRAS wild-type versus KRAS mutant tumors. The overall RR was 31%, which increased to
41% when considered in KRAS wild-type tumors only [49]. Thus, while the TKIs may have
a limited role in the treatment of mMCRC, there may be benefit when used in combination
with anti-EGFR mAbs.

Novel therapies

Akt/perifosine

It has been demonstrated that activation of the PI3K-Akt—-mTOR signaling cascade
contributes to cancer cell growth, and clinical progression and metastasis of CRC [50]. Akt
is a serine—threonine kinase that promotes tumor growth and indirectly activates NF-kB,
which contributes to chemotherapy resistance. Perifosine is an alkylphospholipid that
inhibits constitutive and inducible Akt phosphorylation in a dose- dependent manner that
thus could inhibit tumor progression [51]. 5-fluorouracil inactivates NF-kB and
demonstrates synergistic activity when combined with perifosine /n vitro [52]. A placebo-
controlled Phase I trial of perifosine plus capecitabine involved 38 patients with mCRC,
randomized to receive capecitabine plus perifosine or capecitabine alone. An impressive OS
of 17.7 months in the perifosine arm was demonstrated, compared with 7.6 months in the
group treated with capecitabine alone. The overall RRs were 20 and 7%, respectively, with
one complete response (CR) in the capecitabine plus perifosine arm [53]. These results
inspired the X-PECT trial, a highly anticipated Phase 111 study of perifosine plus
capecitabine versus capecitabine alone, which was expected to lead to fast-track approval of
perifosine. Enrollment of 468 patients was completed in August 2011 and the Phase 111
results were surprisingly negative. Patients were randomized into one of the two treatment
arms (234 patients in each) and the median OS was 6.4 months in patients receiving
perifosine plus capecitabine compared with 6.8 months in those receiving capecitabine alone
[54]. Nevertheless, several ongoing trials are targeting the PI3K—-Akt pathway using small-
molecule targeted inhibitors. One promising approach appears to be dual targeting of the
PI3K-Akt pathway concurrently with the MEK pathway, particularly in KRAS-mutant CRC
patients. While no definitive data are yet available, it is hoped that inhibition of these two
primary pathways downstream of the EGFR will result in greater disease control.

Apoptosis/TNF

One of the hallmarks of CRC is an impaired apoptotic pathway [55]. One strategy for
restoring apoptosis is to activate the extrinsic pathway. In this regard, induction of TNF — a
known agonist that triggers apoptosis — could play a role in the treatment of mCRC.
However, clinical experience with TNF modulators has demonstrated severe toxicity,
discouraging further development [56]. NGR-hTNF is a compound derived from human
TNF (hTNF) and the tumor homing peptide NGR; the mechanism of action of NGR-hTNF
incorporates the antitumor properties of TNF as well as increased vascular permeability.
NGR-hTNF is an attractive molecule to develop with the intention of being combined with
traditional chemotherapy. It has been studied in a Phase | trial [57] and the established safe
dose has been used in two Phase 11 trials for patients with mCRC. One of these trials
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included 33 previously treated mCRC patients treated with NGR-hTNF. The DCR was
39.4%, including one PR, with a median PFS and OS of 2.5 and 13.1 months, respectively
[58]. The second study combined NGR-hTNF with XELOX. Thus, 24 patients were treated
in two cohorts, one cohort with a low dose and the other with a high dose of NGR-hTNF.
PFS rates of 50% (low-dose cohort) and 33% (high-dose cohort) were observed at 3 months
[59]. This drug is likely to be incorporated in more definitive trials for patients with mCRC.

The IGF-1 pathway has been implicated in the carcinogenesis of many solid tumors. The
IGF-1 receptor belongs to the insulin receptor family. IGF-1 binding induces IGF receptor
(IGFR) dimerization, and autophosphorylation of tyrosine residues. In mCRC, induction of
the IGF-1 pathway is believed to be a mechanism of secondary resistance to EGFR
inhibitors, making IGF-1, or the IGFR, a promising target. However, the development of
mADbs against the IGFR has been disappointing. IMC-A12 is a human monoclonal 1gG4
antibody that binds with high affinity to the IGFR1, and one Phase Il trial randomized 64
patients with mCRC to IMC-A12 alone or IMC-A12 plus cetuximab. There was only one
PR reported, which was in the combination arm [60]. Nevertheless, with better patient
selection, dual antagonism of the EGFR and the IGFR may have a role in mCRC.

MTOR inhibitors

mMTOR is a serine—threonine kinase member of the PI3K—Akt family [61]. The activation of
mTOR in response to mitogenic stimuli results in phosphorylation of eukaryaotic initiation
factor 4E-binding protein and p70s6 kinase, resulting in increased cell proliferation,
decreased apoptosis and neoangiogenesis. mTOR also integrates signaling through the
VEGF-VEGFR, HIF-1 and HER family receptors, by acting as a common mediator. mMTOR
inhibition leads to cell cycle arrest and suppression of VEGF production, and also blocks
proliferation of endothelial and vascular smooth muscle cells. mTOR inhibitors are thought
to have the ability to overcome the over-activation of VEGFR and Akt signaling that is
observed following EGFR inhibition [62]. Thus, the addition of an mTOR inhibitor may
overcome resistance to EGFR inhibitors. Two mTOR inhibitors are now approved for use,
with several more in development. The first of these drugs was temsirolimus, which is FDA
approved for the treatment of advanced renal cell cancer [63]. Everolimus (RAD-001) is
FDA approved for the treatment of renal cell cancer and pancreatic neuroendocrine tumors.
In a Phase | trial of everolimus (RAD-001) as a single agent, there was one PR [64].
However, it is believed that mTOR inhibitors will be more effective in CRC when combined
with traditional chemotherapy. For example, a Phase | trial of temsirolimus with 5-FU in
refractory mCRC showed one PR lasting 7.4 months [65]. We have recently completed a
Phase I trial combining temsirolimus with capecitabine, in which 25 out of 36 patients had
highly refractory CRC. We demonstrated a 2-month DCR (CR, PR or SD) of 59% for the
entire population, with 22% of patients exhibiting disease control for more than 6 months
[66]. In addition, mTOR inhibitors have also been combined with bevacizumab and the
EGFR mAbs. For example, in a Phase Il trial of everolimus combined with bevacizumab in
previously treated mCRC patients, a minor response in 16% of patients was observed,
although 8% of patients exhibited grade 3—4 toxicity [67]. Howard et a/. presented a Phase |
trial of bevacizumab, everolimus and panitumumab in patients with advanced solid tumors
[68]. While there were notable toxicities, including grade 3/4 rash and mucositis, nine out of
18 patients had SD for at least 2 months as a best response, with a median PFS of 5.8
months; some patients experienced SD for over a year. In addition, two PRs were seen.
Therefore, the combination of mTOR inhibitors and other mAbs appears to have significant
efficacy, but with concomitant toxicity that could be responsive to dose and schedule
modifications.

Colorectal Cancer. Author manuscript; available in PMC 2013 November 20.
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Conclusion

The present review describes only published, or publicly presented, clinical trial results of
promising targeted agents for patients with mCRC. However, only a small fraction of the
novel approaches under investigation are represented here. The targeting of EGFR and
VEGF pathways has been a success and, with increasing comprehension of the need for
personalized medicine, additional biomarkers may further define the patients who will
benefit the most from any particular therapy. A dependence on tumor biomarkers will
increase our dependence on valid tumor tissue samples, cell signaling pathway analysis, and
the determination of which signaling pathways tumors are dependent upon (oncogene
addiction). Furthermore, an increase in the understanding of the molecular biology of tumors
will result in the incorporation of a number of promising new drugs into the therapeutic
armamentarium. Only a combined effort to discover new biomarkers, design better
translational studies, and consider the specific characteristics of a tumor and the patient will
enable the development of innovative treatments with the hope of not only controlling tumor
growth but also attempting to cure cancers in their advanced stages. We conclude as follows:

e Improvement has been made in the last 15 years in the treatment of mCRC.
Targeted therapy is now commonly used in first-, second- and third-line treatments;

e Bevacizumab is the only antiangiogenesis therapy that is FDA approved.
Bevacizumab targets VEGF directly. Two newer agents are likely to gain FDA
approval in 2012: regorafenib (a broad-spectrum TKI) and aflibercept (a fusion
molecule that targets VEGF-A and -B and PDGF-1 and -2). Both of these agents
showed promising results in Phase 11 trials: the global Phase 11l CORRECT
(regorafenib) [29] and the VELOUR study (aflibercept) [20];

e Cetuximab and panitumumab are mAbs that target the EGFR and both have been
FDA approved for use in mCRC. KRAS s a predictive biomarker that guides the
use of these drugs. New data suggest the need to revise the value of current
biomarkers;

e There are a number of other promising novel targeted agents currently being
developed for the treatment of mCRC.

Future perspective

We believe that the development and use of targeted agents in mCRC is a key to improving
the outcome of this disease. MCRC clinical research is evolving towards more rational trial
design — targeted agents need to show their biological effects at early stages in their
development. This is today's Phase 0 study paradigm.

We conceive that the use of biomarkers for mCRC will increase in the years to come; we
will understand the molecular subtypes of mCRC in more detail and have a better grasp on
the primary and secondary mechanisms of resistance to targeted agents.

It is envisaged that pharmacogenomics will play an increasingly more important role in the
design of the best treatment for each patient as an individual.

Finally, the exciting new field of cancer genomics and sequencing will assist in the
discovery of new signaling pathways or networks that play a part in the growth and spread
of mCRC.
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Practice points

Metastatic colorectal cancer is an evolving field that requires permanent
attention to the latest advances related to prognosis, predictive factors and new
treatments.

The targeted agents currently approved for metastatic colorectal cancer include
the monoclonal antibodies bevacizumab, which targets tumor angiogenesis, and
cetuximab and panitumumab, which block the EGF receptor pathway.

Regarding bevacizumab, there is no validated biomarker that predicts positive or
negative antitumor efficacy. The use of this drug is based on the benefit
demonstrated in clinical trials, involving the general metastatic colorectal cancer
population. However, any physician considering patient treatment with
bevacizumab cannot ignore its adverse effects.

In relation to cetuximab and panitumumab, the current recommendation is to
check for the mutation status of KRAS. If the patient's tumor expresses the wild-
type gene, there is potential benefit to be gained from the use of these drugs,
whereas if KRAS is mutated there is no benefit expected.

New targeted agents that are undergoing US FDA review with the possibility of
approval in the near future include regorafenib, a tyrosine kinase inhibitor with a
broad spectrum of action, and aflibercept, a recombinant fusion molecule that
blocks VEGF.
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Figure 1. VEGF signaling pathway
Adapted with permission from [69].
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Figure 2. EGF receptor signaling pathway
Adapted with permission from [69].

Colorectal Cancer. Author manuscript; available in PMC 2013 November 20.



