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Background. Colorectal cancer is a successful model of genetic biomarker development in oncology. Currently,
several predictive or prognostic genetic alterations have been identified and are used in clinical practice. The RAS
gene family, which includes KRAS and NRAS act as predictors for anti-epithelial growth factor receptor treatment
(anti-EGFR), and it has been suggested that NRAS mutations also play a role in prognosis: patients harboring NRAS
alterations have a significantly shorter survival compared to those with wild type fumours. BRAF V400E mutations
are rare and occur mostly in fumors located in the ascending colon in elderly female patients. BRAF is instrumental
in establishing prognosis: survival is shorter by 10-16 months in BRAF-mutant patients, and BRAF may be a negative
prognostic factor for patients who undergo hepatic or pulmonary metastasectomy. Moreover, this mutation is used
as a negative predictive factor for anti-EGFR therapies. Two new biomarkers have recently been added to the meta-
static colorectal cancer panel: HER2 and microsatellite instability. While HER2 is still being investigated in different
prospective studies in order to validate its prognostic role, microsatellite instability already guides clinical decisions in
substituted with advanced colorectal cancer.

Conclusions. There are current evidences that support using above mentioned genetic biomarkers to better identify
the right medicine that is supposed to be used in the right patient. This approach contributes to a more individualized
patient-oriented treatment in daily clinical practice.
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Introduction

ing novel therapies and therapeutic advances in
the field of metastatic colorectal cancer (mCRC)

Colorectal cancer (CRC) is the third most com-
mon cancer in men and the second most common
in women.! It is also one of the leading causes
of death worldwide, accounting for 10% of all
cancer deaths. Although screening, addressabil-
ity and increased awareness have augmented the
number of cases in the non-metastatic setting, ap-
proximately one in four individuals with CRC will
be diagnosed in stage IV.'? As such, a significant
part of cancer research has focused on identify-
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over the last 20 years have significantly extended
overall survival (OS) from 10 months to more than
20 months.® A large part of this improvement is
due to the approval of new molecular therapies
(such as Bevacizumab, Cetuximab, Panitumumab,
Aflibercept and Regorafenib) that are given in
combination with different classical or modern
cytotoxic agents (including Oxaliplatin, Irinotecan
Capecitabine or Trifluridine/Tipiracil).* Another
cornerstone of improved patient management con-
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sists of identifying markers and tumor molecular
anomalies that predict treatment response and
can discriminate between different types of prog-
nosis in such patients. Additionally, because this
improvement in survival has also been associated
with substantial health care financial burden, ap-
propriate selection of patients for specific treat-
ments is of utmost importance. Currently, there
are several biomarkers that help clinicians in mak-
ing the optimal treatment decision: KRAS, NRAS,
BRAF mutations, human epidermal growth factor
receptor 2 (HER2) amplification and microsatellite
instability (MSI) or mismatch repair (MMR), they
all play a significant role in the process, facilitating
selection of the right treatment for the right patient.
The aim of this review is to provide clinicians with
an update on the particular features of these bio-
markers. The correlations between demographic,
clinical, pathological and molecular characteristics
of KRAS, NRAS, BRAF, HER2 and MSI and patient
outcome will be presented, together with the role
of these assessments in determining mCRC prog-
nosis and treatment personalization.

This paper shows the impact of such biomark-
ers analyzing the results of clinical trials and their
outcomes from the perspective of routine clinical
practice.

15285 records identified through database searching using the terms:
: [metastatic colorectal cancer) AND therapy) OR treatment) AND RAS)
QR EKRAS) OR MRAS) OR BRAF) OR HERZ) OR MSI) OR MMR)

|

2334 were clinical studies, clinical trials,

reviews and meta-analysis ]

Methods

A search algorithm (Figure 1) based on a combi-
nation of the terms ““metastatic colorectal cancer”
AND “therapy” OR “treatment” AND “RAS” OR
“KRAS” OR “NRAS” AND “BRAF” AND “HER2”
AND “MSI” OR “MMR” was used for the search in
PubMed and EMBASE, data was gathered from the
beginning of the database PubMed and the search
was updated until 30" of April 2019. All the stud-
ies which analyzed the biomarkers KRAS, NRAS,
BRAF, HER2 and MSI, were considered eligible
for inclusion in this review. Eligibility criteria for
study selection included: 1) clinical studies/trials;
and 2) reviews; 3) meta-analysis. The exclusion cri-
teria were: a) articles not within the field of interest
of this review: not discussing about clinical, patho-
logical and molecular correlations, predictive fac-
tors, prognostic factors of the studied biomarkers;
b) editorials, letters to the editor, commentaries,
conference proceedings; c) case reports or small
case series; d) articles not in English; e) studies not
in humans.

Eligible studies reported on patients with meta-
static colorectal cancer and included details on
KRAS, NRAS, BRAF, HER2 and MSI biomarker
status of the tumour, oncological outcomes and
type of therapy implemented.

KRAS: an indispensable
biomarker for anti-epidermal
growth factor receptor
treatment

RAS is a family of proteins expressed
in all cell organs belonging to a class
of protein called GTPase, and its role
is to transmit signals within cells.
These signals finally stimulate cell
proliferation. RAS regulated signal
pathways control processes like cell

196 not in English

proliferation, cell differentiation, cell

adhesion, apoptosis and cell migra-

359 not in Humans

tion. When they are mutated, the
cell will have an increased poten-

tial of invasion and metastasis. The

46 had data overlap

main members of the RAS family are

KRAS and NRAS mutations.>” These

1602 not direct link
with the subject

are point mutations in which a single
nucleotide base is changed, inserted

T e e

[ &3 full-text articles included ]

FIGURE 1. Flow chart of the search for the eligible studies.
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or deleted from a DNA sequence.
Moreover, these are frequently so-
matic mutations (acquired during
lifetime).? In the metastatic setting,
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KRAS mutations occur in approximately 40% of
the cases, especially in exon 2, codons 12 (70-80%)
and 13 (15-20%). Different KRAS mutations are
mainly located in exon 3, codons 59-61, and in
exon 4, codons 117 and 146. In exon 2, mutations
are common in codons 12: G12D, G12V and G12C;
in exon 3, the affected codons are Q61H and Q61R,
while in exon 4 the codons involved are A146T and
Al146V.?°

The geographic distribution of RAS mutations is
uneven. The distribution of KRAS mutation among
clinical trials was 44.7% in Western European
countries, 35.8% in Eastern European countries,
while 19.5% of the patients were from the Middle
East. Also, in one Middle Eastern study by Zekri
et al., the percentage of mutations ranged from
13% to 45% depending on country.’*> Most of the
data suggest that geographical distribution is not
a significant factor in how such mutations are po-
sitioned in the codons. As for racial distribution,
certain studies indicated that African-American
patients have RAS tumours (68%) more often than
Caucasians. It is unclear if such geographic and
racial variations are due to genetic background or
environmental and lifestyle differences.'

Concerning gender, data has been inconclusive.
In a meta-analysis by Kafatos et al., RAS mutations
were distributed almost equally among men and
women: 43.8% in men vs. 43.3% in women, P =
0.006.7 In another study by Kwak et al., the rate of
mutations was significantly higher in women than
in men (46% vs. 34.4%, P = 0.03). Codon 12 muta-
tions were more prevalent in women than in men
(73.4% vs. 66.2%). In the same study, the occur-
rence of KRAS mutation subtypes did not appear
to depend on gender (P = 0.592) and no significant
differences were noticed regarding the codon 12
and codon 13 mutations in women versus in men
(P=0.166, P =0.122).18

The full analysis of the RAS gene exons 2, 3
and 4 revealed that these mutations correlate with
certain typical clinical, pathological and molecu-
lar features, depending on their exact location on
exons and codons. For instance, the mutations of
exon 2 and codon 12 are associated with the well/
moderately differentiated adenocarcinoma sub-
type and the mucinous subtype.?

In terms of where tumours with KRAS muta-
tions are located, findings are inconsistent: some
studies have shown that the KRAS mutation does
not correlate with the location of the tumour, while
others have found that tumours with KRAS mu-
tations occur more frequently in the caecum area.
These studies are limited by the lack of clinical and

histological data, as well as by their retrospective
observational methodology.!®

Epidermal growth factor receptor (EGFR) is con-
sidered a very important component of initiation
and progression in colorectal cancer. It is a mem-
brane-bound receptor tyrosine kinase and became
a key target for monoclonal antibodies which bind
on the extracellular domain of the receptor. The
KRAS status is critical for the medical oncologists
because it guides the treatment. KRAS mutations
have been considered a predictive feature for re-
sistance to EGFR biological therapy, as confirmed
by the results of the CRYSTAL and OPUS trials.?’2!

These indicated that adding Cetuximab to
standard chemotherapy protocols such as FOLFOX
(regimen of chemotherapy consisting of the next
citotoxic agents: Oxaliplatin, 5-Fluorouracil and
Folinic acid) and FOLFIRI (regimen of chemo-
therapy consisting of the next citotoxic agents:
Irinotecan, 5-Fluorouracil and Folinic acid) has no
benefit in patients with KRAS mutation. However,
in patients with RAS wild-type (WT), the addition
of Cetuximab resulted in improved prognosis.?2?
The same conclusions were shown as well in clini-
cal trials with high enrolment number like COIN,
NORDIC or PRIME.**?¢ Some trials investigated
potential correlations between KRAS mutation
and Bevacizumab efficacy, but with negative re-
sults.” Another predictive element in relation to
KRAS is the location of the tumour: left-side CRC
tumours are more responsive to anti-EGFR treat-
ment. This may be due to the more frequent ac-
tivation of EGFR signalling in left-sided tumours
compared to those on the right side.?® In contrast
with anti-EGFR treatment, the effectiveness of
Bevacizumab is not dependent on tumour loca-
tion.?” Recent data indicates that different KRAS
mutations exert different biological effects and
their impact on EGFR resistance is not consistent
throughout the mutational spectrum. Thus, not
all tumours with KRAS mutation are resistant to
EGFR-inhibiting treatment. This phenomenon is
probably due to the heterogeneity of tumours. It
should also be noted that patients with tumours
on the right colon exhibit more frequent BRAF
mutations, which result in relative resistance to
anti-EGFR treatment.?-%

Available data is inconclusive regarding the
prognostic role of KRAS. One study showed that
patients with KRAS mutation who presented
with stage IV CRC, synonymous with metastatic
disease, had a higher mortality rate (34% versus
18.5%) and reduced OS (23.5 months versus 14
months) compared to patients without this muta-
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tion. Also, the presence of the KRAS mutation
was found to be an independent risk factor for
reduced survival.® The mutation status of KRAS
has not been associated significantly with OS in
the case of patients receiving best supportive care
(BSC) in a randomized phase III trial comparing
Cetuximab with BSC.3®> One explanation for such
inconsistent results is that different mutations in
different codons may lead to variable tumour ac-
tivity of the KRAS protein.*

NRAS: the little brother of KRAS

Patients with NRAS mutation form a distinct
mCRC subgroup from a clinical and molecular
standpoint. 3-5% of CRC show a mutation in ex-
ons 2, 3 and 4 of the NRAS gene, but the impact of
these genetic changes is less studied compared to
KRAS and BRAF mutations due to the low num-
ber of patients.3

One study by Schiripa et al. found the NRAS
mutation in 6% of the 785 included patients.
Available literature indicates that the clinical and
pathological features of patients with KRAS and
NRAS mutation are similar. In another study,
tumours with NRAS mutation were identified
on the proximal colon in 33% of the cases, on the
distal colon in 36% and at the rectal level in 31%
of the cases. KRAS and NRAS mutant tumours
exhibit similar metastasis patterns, namely their
dissemination is frequently hepatic, pulmonary
and peritoneal. Nevertheless, there are individual
differences: low incidence of mucinous histology
in patients with NRAS mutation (4% versus 26%,
P =0.012) and less frequent lung metastasis (30%
versus 35%).3

Patients with NRAS mutation respond poorly
to anti-EGFR treatment. De Roock et al. evalu-
ated the role of the NRAS mutation in a cohort
of patients treated with Cetuximab and chemo-
therapy. Only one of the 13 patients responded to
treatment. A phase II trial that included patients
with NRAS mutation found them non-respon-
sive to anti-EGFR treatment. Similar results were
obtained in a phase III trial testing Panitumumab
against BSC: none of the patients with NRAS
mutation responded to the treatment.® Similar
results were found in another study: only one
of the 37 patients responded with an objective
response rate of 2.7%. Given the ineffectiveness
of anti-EGFR treatment in patients with NRAS
mutation, the European Drug Agency does not
recommend the use of anti-EGFR drugs in such
patients.3*
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In Schiripa’s study, patients with NRAS muta-
tion had a lower OS rate compared to WT patients
— 25.6 months vs. 42.7 months. There were no dif-
ferences in the survival of patients with NRAS and
those with KRAS mutations. OS depended on the
position of the mutation on the exons. In mCRC
patients with NRAS mutation, it was significantly
shorter in exon 3 compared to mCRC RAS WT pa-
tients (HR 2.85; 95% CI 1.87-4.36, P < 0.01) and to
patients with NRAS mutation in exon 2 (HR 2.0;
95% CI1.04-4.0, P = 0.039).3+%

BRAF: rare, but important

BRAF plays a role in MAP-kinase (MAPK) path-
way activation and contributes to cellular growth,
proliferation and differentiation, as well as to other
key cellular processes such as migration, apoptosis
and cellular survival. Approximately 90% of BRAF
mutations occur at the level of T1799 transversion
in exon 15, which leads to the substitution of valine
for glutamic acid (V600E).” This substitution regu-
lates phosphorylation, increasing BRAF activity by
approximately ten times compared to WT.3

CRC patients with BRAF mutation are a small
and unique group that make up 8%-12% of all the
patients suffering from CRC.*#* Concerning the
epidemiology of the BRAF mutation, several stud-
ies have revealed similar rates of occurrence across
the world, with only minor variations between re-
gions.**8 The BRAF mutation has been reported in
multiple studies in association with various clinical
and pathological parameters in mCRC patients. It is
more common in women older than 70, and for tu-
mours located in the right colon.*” BRAF mutations
are less frequent if the left colon is affected (4%) and
in rectal cancers (2%).* In terms of aggressiveness,
approximately 60% of the BRAF mutant tumours
are poorly differentiated, and only 36% of them are
well or moderately differentiated. Histologically,
the mucinous subtype is more frequently associat-
ed with BRAF mutant cancers (22-67%).44 Unlike
most colorectal cancers, tumours with BRAF mu-
tations metastasize more frequently in the perito-
neum and less commonly in the lungs and liver.*

The relationship between BRAF mutations and
certain molecular tumour characteristics has been in-
vestigated. The BRAF and KRAS mutations are mu-
tually exclusive. The BRAF mutation coexists with
the PIK3CA mutation in 13% of the patients and with
the PTEN mutation in 22% of the patients.>3

BRAF V600 mutations are significantly more
common in patients with MSI high (38.9%) than in
those with MSI-low (9.3%; OR =8.18; 95% CI=5.08-
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13.17).5! Patients with sporadic CRC and MSI-high
carry the BRAF mutation in 91% of the cases.>*
Therefore, BRAF mutation testing is also useful in
identifying patients with Lynch syndrome. Patients
with MSI-high and the absence of BRAF mutation
should undergo genetic polymerase chain reaction
testing to confirm Lynch syndrome.>”

BRAF mutations are considered a biomarker for
negative prognosis in mCRC. Several trials such
as COIN, PRIME, CRYSTAL and OPUS, as well
as a meta-analysis of 21 trials with patients in the
metastatic stage, have found reduced survival and
shorter progression-free survival (PFS) in mCRC
patients with BRAF mutation. Thus, regardless of
the approach to treatment, median survival is gen-
erally reported as 10-16 months shorter in CRC pa-
tients with BRAF mutation than in those without
it.53%8 In recent years, the role of the BRAF mutation
in patients undergoing metastasectomy has been
discussed. In a retrospective study of 309 patients
whose secondary hepatic lesions were surgically
removed, recurrence-free survival was 5.7 months
for those with BRAF mutation compared to 11 and
14.4 months for RAS mutant and RAS WT without
BRAF mutation, respectively (P = 0.003). Renaud
et al. evaluated the pulmonary metastasectomies
retrospectively in 180 patients with BRAF muta-
tion, KRAS mutant and WT CRC. Patients with
CRC and BRAF mutation had a lower survival rate
following surgery compared to those with KRAS
mutant tumours or WT (15, 55 and 98 months, re-
spectively, P < 0.0001).%

Several post-hoc analyses of phase III rand-
omized trials have assessed the predictive role
of the BRAF V600E mutation concerning the ef-
fectiveness of anti-EGFR therapies. The results of
these retrospective studies did not reach statistical
significance and were insufficient for a definitive
conclusion about the potential use of BRAF V600E
as a biomarker for determining primary resistance
to anti-EGFR agents in CRC.?"-® Therefore, the pre-
dictive role of the BRAF mutation for anti-EGFR
agents after two meta-analyses is still unclear.®®”
Pietrantonio et al. concluded that the BRAF mu-
tations could be a negative predictive factor for
anti-EGFR agents, thus supporting the meta-anal-
ysis conducted by Yuan et al.®® However, another
meta-analysis by Rowland et al. of 7 randomized
controlled trials looking at OS and PFS concluded
that the evidence is insufficient in order to justify
the exclusion of anti-EGFR agents in the case of pa-
tients with BRAF mutation.5¢7:68

It has been suggested that BRAF-mutant pa-
tients might benefit more from an intensive chemo-

therapy regimen, such as the FOLFOXIRI (regimen
of chemotherapy consisting of the next citotoxic
agents: Oxaliplatin, Irinotecan, 5-Fluorouracil and
Folinic acid) and Bevacizumab protocol. Loupakis
et al. obtained encouraging results in their study of
15 patients with BRAF mutation in a validation co-
hort with a median OS of 24.1 months and median
PFS of 11.8 months.®” Although the results were
confirmed in the phase 3 trial TRIBE, this strategy
was not embraced by all oncologists due to the high
toxicity profile in which FOLFOXIRI-Bevacizumab
was compared with FOLFIRI-Bevacizumab as the
first line of treatment in mCRC. Recently, the FDA
has approved the combined use of Encorafenib (a
small molecule which blocks BRAF by acting as
a competitive RAF kinase inhibitor), Binimetinib
(an inhibitor of the mitogen-activating kinase) and
Cetuximab for the treatment of mCRC patients
with BRAF V600E mutation who underwent one
or two lines of chemotherapy for their metastatic
disease based on the results of the BEACON trial,
which found a 62% OS rate 1 year after the analy-
sis. The median PFS for the patients treated with
this triple combination was of 8 months (95% CI =
5.6-9.3) regardless of whether or not they had pre-
viously benefitted from one or two lines of treat-
ment. The overall response rate was 48%, and in
the case of patients who had previously undergone
a single line of treatment it was 62%.”

Non-V600 BRAF mutations are a special and in-
frequent category (they occur in 2% of mCRC pa-
tients). Certain differences between patients with
V600 and those with non-V600 BRAF mutations
were noticed: the latter were found in younger pa-
tients (58 versus 68), mostly male (65% versus 46%),
with well-differentiated tumours located less often
in the right colon and which more frequently suf-
fer concurrent RAS mutations. Survival was also
much longer in this category of patients compared
to mCRC patients with V600E BRAF mutation or
RAS WT (60.7 months versus 11.4 and 43 months,
respectively, P <0.001). Non-V600 BRAF mutations
define a distinct molecular subtype of mCRC with
excellent prognosis.>

HER2: the stranger on the shore

HER2 oncogene is a member of the tyrosine kinase
family similar to EGFR, HER-1, HER-3 and HER-
4. HER-2 is located on chromosome 17 and codes
a transmembrane protein of 185 kD which is ac-
tivated through ligand binding. HER-2 activation
initiates the signal pathways, including MAPK and
PI3K/AKT, which are essential for cellular prolif-
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eration and differentiation. Meanwhile, the family
of receptors is located on the normal cells; multiple
studies have shown that they are overexpressed in
multiple malignant tumors, including colorectal
cancer.”! HER2 amplification is a relevant genetic
alteration in mCRC. This fact was documented in
the HERACLES and MyPathway clinical trials. This
biomarker can be screened at diagnosis and has a
prevalence of approximately 5% in patients with
KRAS WT mCRC.” Seo et al. investigated different
correlations between different clinicopathological
variables and the HER?2 status. Overexpression of
HER?2 was not associated with gender and micro-
satellite status but was correlated with an aggres-
sive tumoural behaviour which includes profound
invasion, lymphatic metastases, distant metastases,
perineural invasion and distal colon location with
the highest incidence in the rectum.”7

HER2 can be a predictive factor for anti-EGFR
therapies. Two retrospective clinical series sup-
ports the idea that HER2 signalling activation
could determine cetuximab resistance.”*”® Raghav
et al. analysed the impact of HER2 amplification
and the efficacy of monoclonal antibodies in RAS
and BRAF WT mCRC in a cohort of 99 patients,
which included 99 patients. 37 of 99 patients had
HER2 amplification identified with next-genera-
tion sequencing. Median PFS with anti-EGFR treat-
ment was significantly shorter for the patients with
HER2 amplification compared to those without
amplification (2.9 months versus 8.1 months, P <
0.0001).” Yonesaka et al., evaluated the clinical im-
pact of de novo HER2 amplification in 233 patients
treated with cetuximab.”® Median PFS and OS were
reduced in patients with amplified HER versus
unamplified HER2, 3 months versus 5 months
and OS was 10.2 months versus 30.5 months. (P <
0.0013).8°In the HERACLES-A clinical trial, which
included only patients with HER2 positive mCRC
patients who received previously Panitumumab
and Cetuximab had resistance to Trastuzumab.
However, these data are retrospective, and they
must be carefully taken into consideration because
they have to be validated in prospective clinical tri-
als. HERACLES-A clinical trial opened new thera-
peutic perspectives in mCRC with the use of HER2
dual blockade with Lapatinib and Trastuzumab in
patients with KRAS WT in exon 2 (codons 12 and
13) pretreated with four lines or more of chemo-
therapy and with resistance to Cetuximab and
Panitumumab. The objective response rate was
35%, clinical benefit was 70%, median PFS was 5,5
months, and the safety profile was agreeable.” The
early trials proposed a negative prognostic impact
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of HER2 overexpression, but more recent trials
did not confirm this fact.®*8! Li’s meta-analysis in-
dicated that HER2 overexpression probably has a
minor impact on OS in patients with mCRC. The
prognostic role of HER2 in mCRC remains uncer-
tain due to few clinical trials which analyzed this
problem .

Microsatellite instability: the new player
which brings hope

Microsatellites are repetitive sequences of coding,
and non-coding DNA.% MSI is the result of the in-
ability of MMR gene to repeat the DNA errors ap-
peared during replication. Insertions and deletions
represent somatic mutations in these repetitive
sequences of DNA, and they determine genomic
instability. MMR genes inactivation is the result of
MLH1 promoter hypermethylation or the germi-
nal mutations of MLH1, MSH2, MSH6 and PMS2.8
Germinal anomalies of MSI represent the molecu-
lar basis of Lynch syndrome.®> MSI is detected in
approximately 15% of patients with mCRC; only
3% of cases are associated with Lynch syndrome
and the other 12% are caused by sporadic hyper-
methylation of the MLH1 gene. The MSI preva-
lence is similar across different populations: 12%
of Afro-Americans are positive, 12% of Hispanics
are positive, and 12% of Caucasians are positive.
CRC tumours are more frequently positive for MSI
in stage II and III than in stage IV. Sporadic MSI
positive tumours are located proximal, appear
more frequent in older women, are poorly differ-
entiated, have mucinous histology and have pro-
nounced lymphocytic infiltration.

Mismatch deficiency causes multiple somatic
mutations that can produce multiple immunogen-
ic neoantigens and antigens, which will increase
the response to checkpoint inhibitors. Le et al. in
a phase II study have shown that patients with
deficient mismatch CRC were treated with anti-
PD-1 pembrolizumab and they had an objective re-
sponse rate of 62% compared with MSI-L tumours.
Nivolumab monotherapy and the nivolumab ip-
ilimumab combination in patients with pretreated
MSI-H mCRC was studied. After a median follow-
up of 21 months, patients treated with nivolumab
had a response rate of 34%. The responses were
durable; 64% of patients had at least a response for
a year. After one year, 44% of patients did not pro-
gress, and 73% were alive. After a median follow-
up of 13.4 months, the patients who received the
combination of nivolumab and ipilimumab had a
response rate of 55%, 71% did not have progres-
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Incidence Gene

Biomarker

Exon 2,34

3%-5% Exon 2,34

8%-12% Exon 15

Chromosome 17
amplification

MSI/MMR

12%-15% Not applicable

Predictive Treatment

Prognostic

Decreased
0s

Resistance to
anti- EGFR

Chemotherapy

+ Bevacizumab

Resistance to
anti-EGFR

Chemotherapy
+ Bevacizumab

Reduced OS

Resistance o
anti-EGFR
(unclear)

Reduced FOLFOXIRI +
0S Bevacizumab

Trastuzumab
+/- Pertuzumahb
OR t+/-Lapatinib

Sensitivity to
anti-HER2

Sensitivity to Pembrolizumab
checkpoint None

inhibitors

Nivolumb+/-
Ipilimumab

FIGURE 2. Summary features of biomarkers in stage IV colorectal cancer

EGFR = epithelial growth factor receptor; FOLFOXIRI = regimen of chemotherapy consisting of 5-fluorouracil, folinic acid, oxaliplatin and irinotecan; MMR
= mismatch repair; MSI = microsatellite instability; OS = overall survival; WT = wild type

sion, and 85% were alive. The discovery of MSI in
CRC widened the molecular landscape and created
the premises for a new type of systemic treatment:
immunotherapy. MSI-H became a predictive bio-
marker for immunotherapy in stage IV currently
CRC.¥

MSI represents a favourable prognostic factor
in stage II and III of disease, but this is not ap-
plicable for metastatic disease. In a study of 2439
patients with mCRC, no significant survival differ-
ences were observed between patients with MSI-H
and MSI-L tumours (3.82 versus 2.95 years; P =
0,76).58%

Conclusions

Biomarker testing in mCRC patients has become
a routine in clinical practice. While the predictive
role of KRAS and NRAS is well-known and wide-
ly used in treatment selection, other features of
these biomarkers are only now being investigated
in prospective studies. NRAS-mutated tumors
are associated with reduced OS and resistance to
anti-EGFR treatment. Similarly, the presence of
a BRAF mutation in mCRC seems to also predict
resistance to anti-EGFR treatment and identifies a
very poor-prognosis subgroup of patients. More

recently, HER2 overexpression has been linked
to sensitivity to anti-Her2 treatment in mCRC
patients and MSI/MMR status has been shown
to predict tumor response to checkpoint inhibi-
tors. All these information help identify personal-
ized treatments for cancer patients, thus increas-
ing overall survival and significantly decreasing
drug-related toxicity.
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