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Summary

Colorectal cancer (CRC) is the third most common cancer and
the second cause of cancer-related deaths worldwide. Despite
early diagnosis and treatment improvement, the majority
of patients will still suffer from metastatic disease (mCRC),
which has a poor prognosis. Molecular diversity of CRC re-
quires personalized targeted approach for improving patient
outcomes. Antiangiogenic agents proved to be beneficial in
the continuum of mCRC treatment. For efficient epidermal
growth factor receptor (EGFR) directed therapy, subtle molec-
ular selection and better strategies to overcome resistance are
needed. BRAF mutant and HER-2 positive mCRC will soon be

Introduction

With more than 1.71 million new cases and
830,000 deaths in 2016, CRC is the third most
common cancer and the second cause of cancer-
related deaths worldwide [1]. It is estimated that
the incidence will increase by 60% in the next
decade, especially among young adults, often
presented in advanced stage and with aggressive
features.

Despite early diagnosis and treatment improve-
ment, up to 75% of patients will still suffer from
metastatic disease. Metastatic CRC (mCRC) has a
poor prognosis and 5-year overall survival (OS) rate
of 13% [2]. The cornerstone of mCRC treatment is
cytostatic fluoropyrimidine based therapy in com-
bination with oxaliplatin (FOLFOX) or irinothecan
(FOLFIRI). Agents directed towards angiogenesis

provided with approved targeted treatments and check-point
inhibitors demonstrated effectiveness in microsatellite insta-
bility (MSI) - high mCRC. Moreover, numeorous promising
agents are entering clinical trial arena. This review summa-
rizes actual and possible targets and current and promising
agents for mCRC treatment. With broader accessibility of
liquid biopsy we could track molecular evolution of CRC and
target genetic alterations as they emerge.
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and EGFR inhibition have brought significant im-
provement in patient outcomes. Median OS (mOS)
for patients with mCRC has been prolonged from
18 months with the use of cytostatic doublets only
[6,7] to nearly 30 months by using doublet or triplet
(FOLFOXIRI) in combination with targeted therapy
[3].

However, the effectiveness of approved target-
ed therapy is diminished by the lack of predictive
markers and development of treatment resistance.
Molecular diversity of mCRC requires personalized
targeted approach in order to obtain more effec-
tive disease control and better survival rates. This
review summarizes actual and possible targets as
well as current and promising targeted agents for
mCRC treatment.
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Antiangiogenic treatment

Angiogenesis is a hallmark of CRC progres-
sion [9]. Overexpression of vascular endothelial
growth factor (VEGF) family of ligands and their
interaction with tyrosin kinase receptors (VEG-
FR-1, VEGFR-2 and VEGFR-3) transfer signals for
endothelial cell proliferation, migration and per-
meability. Bevacizumab (a humanized monoclonal
antibody (mAb) that binds all isoforms of VEGF-A)
is the only antiangiogenic drug approved for the
first line treatment of mCRC [10]. Combined with
IFL chemotherapy, bevacizumab improved median
progression free survival (mPFS) for 4, 4 months
(HR 0.54; p=0.001) and mOS for 4, 7 months (HR,
0.66; p=0.001) compared to IFL, in first line set-
ting [4]. In combination with FOLFOX/XELOX,
more modest results were obtained. In second line
treatment, bevacizumab and FOLFOX provided sur-
vival benefit over FOLFQX, in bevacizumab naive
patients [5]. Several trials demonstrated that keep-
ing bevacizumab beyond progression and changing
only chemotherapy backbone in the second line
treatment will improve OS, suggesting a benefit
of continued anti-VEGF treatment [0].

Aflibercept is a recombinant protein of VEG-
FR-1 and VEGFR-2 parts fused to IgGl Fc frag-
ment, which binds VEGF-A, VEGF-B and PIGFE.
Ramucirumab is a humanized mAb targeting ex-
tracellular domain (ECD) of VEGFR-2. Both agents
demonstrated superior mOS and mPFS in second
line treatment in combination with FOLFIRI com-
pared to FOLFIRI only [7,8], irrespective of prior
bevacizumab consumption. Since neither of them
was compared directly to bevacizumab, all three
are valid antiangiogenic agents for the second line
mCRC treatment.

Regorafenib is an oral multikinase inhibitor
approved for refractory mCRC, that blocks angio-
genesis (VEGFR 1-3, TIE2), oncogenesis (KIT, RET,
RAF1, BRAF) and the tumor microenvironment
(PDGFR and FGFR). Regorafenib improved mOS
from 5.0 months (with placebo) to 6.4 months (HR
0.77; one-sided p=0.0052) in a population of refrac-
tory mCRC [18]. Since grade 3-4 toxicity was report-
ed in 50% of patients, research is directed towards
finding effective way to mitigate adverse effect of
regorafenib. Recently, significant improvement in
mOS in chemorefractory KRAS wild type mCRC pa-
tients has been reported when regorafenib is given
before cetuximab +/- irinothecan, compared to the
reverse treatment sequence (HR 0.61, p=0.0293)
[10]. A novel oral tyrozin kinase inhibitor (TKI) of
VEGEFR -1, VEGFR-2 and VEGFR-3, fruquintinib,
significantly prolonged mOS (HR 0.65, p<0.001)
and mPFS (HR 0.26, p<0.001) compared to placebo
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in patients with chemorefractory mCRC [11], dem-
onstrated benefit of VEGFR inhibition in the latter
lines of mCRC treatment.

Anti-EGFR therapy

EGFR belongs to the ERBB/HER family of
transmembrane receptor tyrosine kinases [21].
Upon activation, it triggers RAS-RAF-MEK-ERK
and the PI3K-AKT-mTOR pathway, transferring sig-
nals for normal cell growth and survival [22]. Two
recombinant mAbs against EGFR, cetuximab (IgG1
human/mouse chimeric) and panitumumab (IgG2k
fully human), are approved for the treatment of
mCRC patients without RAS mutations. Cetuximab
and panitumumab proved efficacy in combination
with chemotherapy regimens FOLFOX [12,13] and
FOLFIRI [14,15], in first and second line treatment
of mCRC. In chemorefractory patients, cetuximab
is used in combination with irinotecan [16,17] or as
monotherapy [18] for patients with irinotecan in-
tolerance. Panitumumab proved to be non-inferior
to cetuximab as single agent therapy in pretreated
patients [30].

Resistance to anti-EGFR treatment

Cetuximab induced response rate (RR) of only
8-11% of unselected mCRC patients [16,18]. Several
biomarkers seem to be predictive of the lack of re-
sponse to anti-EGFR treatment, inducing primary
resistance to anti-EGFR therapy.

Activating mutations in RAS genes are com-
mon alterations, presented in around 56% of CRCs.
The most frequent is KRAS mutation (40%), pre-
dominantly in exon 2, codon 12 and 13. In RAS
mutant CRC there is constitutive activation of RAS
downstream pathway, promoting tumor prolifera-
tion, invasion and dissemination irrespective of
EGFR inhibition. In molecularly unselected pa-
tients, addition of anti-EGFR mAb to chemotherapy
significantly improved RR and PFS, but benefit in
OS was lacking. However, in the subgroup of pa-
tients without KRAS exon 2 mutation, significant
OS improvement was evident, while in patients
harboring KRAS exon 2 mutations, no benefit at
all, or even harm were reported. Retrospective
analyses confirmed the importance of accessing
additional RAS mutations (in KRAS exons 3 and 4
and NRAS exons 2, 3 and 4) - “expanded RAS”, in
order to select patients for anti-EGFR treatment. Fi-
nally, meta-analysis showed that patients without
RAS mutations had a significantly better treatment
outcome with anti-EGFR mAb therapy than RAS
mutant patients [20]. RAS mutations are negative
predictive markers of cetuximab and panitumumab



Therapies in metastatic colorectal cancer

1787

activity and patients with known RAS mutation
should not be treated with anti-EGFR agents.

Mutations in BRAF, PI3KCA or PTEN loss
could be additional biomarkers of primary resist-
ance. Tumors lacking mutations in KRAS, NRAS,
BRAF and PIK3CA are named “quadrupole nega-
tive” CRCs, having the best chance to respond to
anti-EGFR therapy [21]. Moreover, this molecularly
selected subgroup could have a benefit of keeping
anti-EGFR mAbs beyond progression, and changing
only chemotherapy backbone [22]. However, results
from randomized phase 3 trials are needed. HER2
and MET amplification/overexpression and hyper-
production of HER3/HER4 ligand herregulin and
MET ligand HGF are alterations associated with
treatment resistance, however, less frequent [23].

Even if a patient responded to cetuximab/pani-
tumumab, resistance develops in 3-12 months. The
most frequent mechanisms of acquired (secondary)
resistance are mutations in KRAS/NRAS, emerg-
ing in almost 50% of patients. BRAF mutations,
activation of IGF-1R pathway, as well as HER2 and
MET amplification are also detected. Analyses of
circulating tumor DNA (ctDNA) identified mutant
allels months before disease progression [24], sug-
gesting that secondary resistance develops mostly
by clonal selection of rare preexisted mutated cells
under the positive selection pressure from EGFR
blockage [49]. EGFR ECD mutation develops de
novo and prevents binding anti-EGFR Ab to EGFR.
It occurs in about 20% of patients treated with ce-
tuximab, and only 1% treated with panitumumab
[25].

Overcoming resistance to anti-EGFR
mAbs

Targeting different epitopes of EGFR could
be a strategy to overcome anti-EGFR resistance.
Sym004 is a combination of two, and MM-151
of three mAbs to simultaneously engage distinct
non-overlapping epitopes on EGFR. In preclinical
studies both agents demonstrated profound signal
inhibition, stronger antitumor activity than cetuxi-
mab and efficacy in tumor cells harboring EGFR
ECD mutation. Sym004 was explored versus inves-
tigators treatment of choice (capecitabine/ 5-FU/
best supportive care) in chemorefractory KRAS
exon 2 wild type mCRC patients with acquired re-
sistance to anti-EGFR therapy. Despite cells with
EGFR ECD mutation were efectively targeted, this
was not reflected in OS improvement. Subgroup
analysis identified patients without RAS/BRAF/
EGFR ECD mutations with OS benefit owing to
Sym004 treatment [26]. EGFR ECD point mutation
S492R interrupts binding of cetuximab, but does

not affect panitumumab binding, suggesting the
possibility for clinical evaluation of panitumumab
in S492R EGFR ECD mutated patients [27]. Simul-
taneous tissue and circulating tumor DNA (ctDNA)
analysis revealed extensive intra- and interlesional
genetic heterogeneity due to cetuximab/panitu-
mumab therapy, which is difficult to target with
unique strategy [28]. Accessing early emergence
of resistant clones by ctDNA analysis and tailoring
the treatment accordingly might be the effective
method to reverse resistance to anti-EGFR therapy.

Targeting RAS mutant CRC

For patients with RAS mutant tumors there are
still no specific targeted treatments. Development
of drugs targeting activated RAS remains a chal-
lenge because of treatment specificity issues. A pos-
sible biological strategy might be targeting tumor
cells with human reovirus that replicates in RAS
mutant cells and induces cell lysis (NCT01274624).
The inhibition of mutant RAS might be successful
by blocking the pathway at the downstream effec-
tor points. In preclinical model a combination of
MEK inhibitor trametinib and cyclin dependent
kinases (CDK) 4/6 inhibitor palbociclib proved to
be well tolerated and highly effective [29]. A com-
bination of PI3K and MEK inhibitor induced tumor
regression in mouse model of PI3KCA wild-type,
KRAS mutant colorectal cancer [30]. Preclinical
studies documented synergistic antiproliferative
and apoptotic effects of combined MEK inhibitor or
regorafenib with cetuximab [31]. These strategies
require further clinical research.

BRAF mutant CRC

Oncogenic BRAFYSE mutation, as the most
common somatic mutation in BRAF gene, is present
in approximately 10-15% of CRC patients, causing
constitutive, RAS independent activation of BRAF
kinase. Patients with BRAFV®E CRC are more fre-
quently females in advanced age, with proximal
tumours, and tend to have peritoneal dissemina-
tion [32]. BRAF mutation confers poorer prognosis
in metastatic and earlier disease settings and may
predict a lack of benefit for anti-EGFR mAb therapy,
although predictive role has not been well founded
[33].

Since BRAF inhibition in BRAFV%E malignant
melanoma elicits RR of 60-75% [76], vemurafenib
(selective BRAFY?E inhibitor) was evaluated in 21
previously treated BRAF mutant mCRC patients,
but derived disappointing RR of 5% [34]. Suggested
reason for resistance to BRAF inhibitors in CRC was
adaptive feedback signaling via ligand-dependent
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EGEFR activation, induction of RAS and signaling
through other members of RAF family as well as
activation of PI3K/AKT pathway [35]. Several clini-
cal studies paired EGFR and BRAF inhibitors. A
combination of BRAF inhibitor dabrafenib with
MEK inhibitor trametinib yielded RR of 12% and
mPFS of 3.5 months [36]. Triple inhibition of EGFR,
BRAF and MEK was evaluated by using panitu-
mumab, dabrafenib and trametinib, respectively,
and proved to be tolerable and promising therapeu-
tic strategy for BRAFV® mutant CRC, resulting in
ORR of 21%, and mPFS of 4.2 months [37]. A com-
bination of selective RAF inhibitor encorafenib and
cetuximab, with PI3Ka inhibitor alpelisib resulted
in increased toxicity and no significant therapeu-
tic improvement over doublet (HR 0.69, P=0.064)
[38]. Cetuximab and irinotecan proved to be more
efficient with the addition of vemurafenib (mPFS
4.4 vs 2.0 months, HR 0.42, p<0.001; RR 16 vs 4%,
p=0.09) [39].

The results of the phase 3 trial that was eval-
uating encorafenib + cetuximab with or without
MEK inhibitor binimetinib versus FOLFIRI/irinote-
can + cetuximab (BEACON CRC) [40] in progres-
sive BRAF mutant CRC patients have been recently
reported. The targeted triple regimen resulted in
median OS of 9 months compared to 54 months
for standard therapy (HR 0.52; 95% CI: 0.39-0.7,
p<0.0001), pointing to the novel successful chem-
otherapy-free targeted regimen for BRAF mutant
biology.

Wnt and CDK-inhibitors in combination with
BRAF inhibitors and new agents that target both
BRAF and C-RAF or ERK are entering the clinical
trial arena. A better treatment for BRAF mutant
CRC is on the horizon.

HER-2 amplification/overexpression

HER-2 gene amplification/mutation, leading to
excessive PI3KCA/AKT/mTOR signaling, is present
in about 5-7% of mCRC patients, predominantly
in RAS wild type tumors [41]. In HER2 amplified/
overexpressed, heavily pretreated mCRC patients,
a combination of trastuzumab (mAb against HER-
2 receptor) and lapatinib (TKI targeting EGFR
and HER-2) resulted in ORR of 30% and clinical
benefit in 74% patients, mPFS was 5 months and
mOS 11.5 months [42]. The extent of HER2 am-
plification/expression correlated with response to
treatment. Trastuzumab and pertuzumab (mAb
that blocks HER2 dimerization) combination in
“HER-2 positive” refractory mCRC produced simi-
lar results: ORR 38% and the median duration of
response (mDOR) of 11 months [43]. Results sug-
gest that dual anti-HER2 therapy is an effective sal-
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vage treatment in pretreated HER-2 overexpressing
patients. Phase 3 studies are warranted to obtain
more data.

The future research is directed towards posi-
tioning anti HER-2 treatment in earlier lines of
therapy (NCT03365882), finding the most effec-
tive anti HER-2 drug combination (NCT03225937;
NCT03043313) and exploring rescue treatment
possibilities after progression (NCT03418558). Tu-
catinib (TKI of HER-2) is assessed in combination
with trastuzumab. Neratinib (TKI of EGFR, HER2,
and HER4) plus cetuximab will be tested in HER-2
non-amplified, whereas neratinib with trastuzumab
will be applied to HER-2 amplified/mutated, quad-
ruple negative mCRC (NCT03457890).

Immune checkpoint inhibitors

Immunotherapy strategies aim to increase
effectiveness of T cells and antitumor immune
response by blocking CTLA-4, PD-1 or its ligand
PD-L1 with the specific mAbs called checkpoint
inhibitors. These agents had poor results in non-
selected mCRC patients. However, in patients with
dMMR/MSI, checkpoint inhibitors demonstrated
an outstanding antitumor effect. MSI is present
in about 4-5% of mCRC. It is a characteristic of
Lynch syndrome and hereditary CRC [99], but can
also be observed sporadically, as a result of biallelic
inactivation of MLH1 by promoter hypermethyla-
tion [44]. Tumors with dAMMR/MSI acquire more
somatic mutations compared to MMR proficient
tumors [45] and they have increased immuno-
genicity, manifested by high number of activated
tumor infiltrating lymphocytes. Deficient MMR/
MSI is predictive for response to immune check-
point inhibitors and should be assessed in all mCRC
patients.

Pembrolizumab (humanized IgG4 MAb against
PD1 receptors) in progressive mCRC patients re-
sulted in ORR and PFS rate of 40% and 78%, re-
spectively, for dAMMR/MSI-high subpopulation
[46]. Similarly, a durable antitumor activity and a
manageable safety profile of pembrolizumab was
proved in preselected dAMMR/MSI-high mCRC pa-
tients. Nivolumab (humanized IgG4 MAD directed
against PD1) also provided long term responses
in 31.1% of pretreated patients with dAMMR/MSI-
high mCRC [47]. A combination of nivolumab and
a low dose ipilimumab (a fully human IgGl MAb
that blocks CTLA-4) demonstrated improved effi-
cacy and a favorable benefit-risk profile in com-
parison to anti-PD-1 monotherapy, with ORR of
55%, disease control rates (DCR) of 80%, and PFS
and OS rates of 71% and 85%, respectively, after
12 months [48]. Based on these results, pembroli-
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zumab, nivolumab, and ipilimumab in combination
with nivolumab are FDA-approved for the treat-
ment of patients with dMMR/MSI-high mCRC that
progressed on chemotherapy. A durable clinical
benefit of nivolumab plus low-dose ipilimumab in
first line setting has recently been observed and an
ongoing phase 3 trial is assessing pembrolizumab
versus standard chemotherapy in the first-line set-
ting for dAMMR/MSI-high mCRC (NCT02563002).

A combination of atezolizumab (humanized IgG1
anti-PD-L1 Ab) and bevacizumab in heavily pre-
treated MSI-H mCRC patients induced ORR of 30%
and DCR of 90% with a tolerable safety profile [49].
Based on preclinical data regarding MEK inhibition
enhancing tumor immunogenicity, a combination
of atezolizumab and cobimetinib (MEK inhibitor)
was evaluated in MSS patients, but failed to prove
benefit in PFS and OS over monotherapy with at-
ezolizumab or regorafenib [50]. Numerous strate-
gies to enhance immunogenicity of MSS CRC are
being tested to include checkpoint inhibitors in
therapeutic armamentarium of larger proportion
of mCRC patients.

Promising future targets

PI3KCA mutations, detected in 10-20% of CRC
patients, may coexist with RAS and BRAF muta-
tions and correlate with worse prognosis and re-
sistance to anti-EGFR treatment. Low-dose aspirin
seems to improve survival rate in patients with
PI3KCA-mutant tumors, by aspirin-mediated COX2
inhibition, which inhibits PI3K signaling. However,
this observation requires prospective evaluation
[51]. A recent study has reported promising results
of the mTOR inhibitor everolimus combined with
panitumumab and irinotecan in second line treat-
ment of KRAS wild type mCRC patients [52].

High MET expression is a negative prognostic
marker, associated with the treatment resistance.
Studies that explored MET inhibition in combi-
nation with anti EGFR therapy did not show sig-
nificant benefit [53]. However, subgroup analysis
trended in favor of MET overexpression. Current
research is focused on selected mCRC patients with
MET gene amplification/overexpression and the
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