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Recent advances in molecular diagnosis and the trend towards personalized medicine have made colorec-
tal cancer one of the tumors where therapies have significantly improved patient survival after metasta-
sis development. KRAS mutations in codon 12 and 13 are recognized biomarkers that are analyzed in
clinic previously for anti-EGFR therapies administration. Since originally mutations in both codons were
considered as a predictor of lack of response to cetuximab or panitumumab, the European Medicines
Agency and the US Food and Drug Administration suggested that patients harboring any of those muta-
tions should be excluded from the treatment. However, subsequent retrospective analysis has shown that
mutations in codon 12 and codon 13 of KRAS gene could be different in their biological characteristics and
as a result could confer variable effects in patients. In addition and increasing and sometimes contradic-
tory number of solutions have been published demonstrating that patients with mutations in codon 13
could have worse outcome but could obtain a significant clinical benefit from anti-EGFR therapies. Here,
we review and update the latest data on the biological role leading to a predictive outcome and benefit
from anti-EGFR antibodies in patients with specific KRAS mutations in codon 13.

� 2013 Elsevier Ireland Ltd. All rights reserved.
1. Introduction Medicines Agency and US Food and Drug Administration (FDA) ad-
Colorectal cancer (CRC) is the third most common cancer world-
wide with an overall 5-year survival of 11% for patients with met-
astatic disease [1].

The immunoglobulins G1 monoclonal antibodies against EGFR,
cetuximab (Erbitux�, ImClone Systems) and panitumumab (Vectib-
ix�, Amgen) have been proven effective in combination with chemo-
therapy or as a single treatment of patients with metastatic
colorectal cancer (mCRC) [2,3]. These monoclonal antibodies bind
to the Epidermal Growth Factor Receptor (EGFR), preventing binding
and activation of different EGFR downstream signaling pathways [4].

Mitogen-activated protein kinase (MAPK) signaling is one of the
most important pathways situated downstream of EGFR, which is
activated as a consequence of mutation in KRAS gene.

It has been widely demonstrated that mutation in KRAS, fre-
quently in codon 12 and 13 and less common in codon 61, 63
and 146 are major predictive biomarkers for resistance to anti-
EGFR treatment [5–7]. As a result of these findings, the European
vised that patients harboring mutations in codons 12 and 13 of
KRAS gene should not receive cetuximab or panitumumab.

KRAS mutations in codon 12 and 13 are reported in approxi-
mately 40%–60% of all colorectal cancer specimens [7–10] what
constitutes a significant part of the patients with reduced treat-
ment options compared with those who are KRAS wild type
(WT). By contrast, mutations in codon 61, 63 and 146 occur at
much lower prevalence (<5% of total KRAS mutations) [11] and
their clinical relevance has not been studied yet.

Taking together those data, only around 50% of patients with
metastatic CRC could receive anti-EGFR therapies. Nevertheless,
resistance to cetuximab is common and only 10–20% of patients
truly benefits from the treatment. Several reasons have been
pointed out as contributors to the fail therapy, i.e. mutations in
BRAF, PI3K [12,13].

In addition, since personalized medicine has become more clin-
ically relevant in the last few years, several studies have analyzed
the significance of specific mutations. As a consequence, in colorec-
tal cancer multiple results indicate that not all KRAS mutations are
equal in their biological characteristics and as a result they could
confer variable effects.

Specifically, KRAS codon 13 mutations showed greater trans-
forming ability in vitro compared with mutations in codon 12
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[14–16] and differential impact on cellular transformation [17].
Subsequent studies and meta-analysis have been done on patients
for potential differences in KRAS codon 12 and 13 but the results
are contradictory and still there is not consensus that this could
have outcome implications or whether mutations in codon 13
could define candidates for anti-EGFR therapy.

The purpose of this review is to provide an update of the latest
information on the biological role leading to a predictive outcome
and benefit from anti-EGFR antibodies in patients with specific
KRAS mutations in codon 13.

2. Biological role of specific KRAS mutations in codon 13

Mutations in exon 2, codon 12 and 13 lead to alterations in en-
coded amino acids adjacent to the GDP/GTP binding pocket (Fig. 1),
reducing or abolishing the GTPase activity of KRAS protein after
guanine nucleotide activating protein (GAP) binding and locking
the protein in an active, GTP-bound state [18]. Although in both
cases, codons 12 and 13 in KRAS WT encode the glycine amino
acid, the residue changed after mutation is frequently different.
The incorporation of other amino acids, most usually aspartate
and valine at codon 12 and aspartate at codon 13 [19], brings about
the projection of larger amino acid side chains into the GDP/GTP
binding pocket of the protein, interfering with the steric hindrance
in GTP hydrolysis [20]. Consequently to those conformational and
structural changes the EGFR signaling pathway is out of control
with constitutive activation of the KRAS protein. Nonetheless,
these structural modifications will be different in case of each co-
don and the amino acid changed conferring variable activated
KRAS effects.

In particular, retrospective studies in vitro suggested that the
mutation in codon 13 of the KRAS (G13D), a glycine to aspartate,
exhibit weaker transforming activity than codon 12 mutations
[14]. Also some studies have demonstrated a reduced transforming
capacity of the codon 13 mutation as compared with the codon 12
mutation in in vitro and in vivo experimental systems [21]. A small
number of available experimental data show that tumor clones
carrying KRAS codon 13 mutations are less aggressive than those
with codon 12 mutations because they show higher levels of apop-
tosis [22] but still the mechanisms are not fully understood. In
addition, recent computational analysis demonstrated that KRAS
mutations in codon 13 have similar behavior as KRAS wild type
and consequently patients who harbor this mutation could benefit
from the addition of anti-EGFR antibodies [23].
Fig. 1. Structural analysis of the (A) WT, (B) G12D and (C) G13D KRAS proteins. Cluster of
orientation. Electrostatic potential surfaces in blue for positive, white for hydrophobic, an
the structures of G12D and G13D, respectively. All images were generated by the PyMO
reader is referred to the web version of this article.)
All of these data show that theoretically, codon 12-mutated
KRAS remains in an active GTP-bound state longer than codon
13-mutated or WT KRAS. Herein, it seems that mutations in codon
13 can confer similar protein structure dynamics to WT KRAS and
consequently possess reduced transforming capacity in tumoral
cells.

In fact, these data support the clinical findings from Morelli and
Kopetz [24] suggesting that although codon 12 and 13 KRAS muta-
tions may be induced at a similar rate in precursor lesions in the
colon, KRAS codon 12 mutations increase in frequency relative to
KRAS codon 13 mutations during tumor progression.

In conclusion, the biological role of KRAS mutations in codon 13
described above supports its putative prognostic value and impli-
cations in the therapy setting. Therefore, multiple studies have
been performed in this regarding during the last few years.

3. KRAS mutations in codon 13 as a prognostic marker

KRAS mutations, as a prognostic factor has been assessed in
numerous studies and although the majority of them show those
mutations as an adverse prognostic indicator, the results are still
conflicting [25–28] (Table 1).

While most authors agree that different KRAS gene mutations
have different impacts on the outcome [19], it has to be indicated
that the initial analysis considered both mutations, in codon 12
and 13, as a whole. Only a small and very recent detailed analysis
estimated the effect of KRAS mutations when codon 12 and 13 are
counted separately.

In fact, initial data from clinical trials including those obtained
from RASCAL study concluded that KRAS status is an important fac-
tor for progression and outcome in the CRC and gIycine to valine in
codon 12 was associated with poorer prognosis (shorter disease-
free interval and lower survival rate) [19,29,30]. This study, has
been broadly accepted around the world since more than four
thousand patients from 21 different countries were included and
data analysis was very robust.

Regarding to mutations in codon 13, Pajkos et al. [31] conducted
a study in 88 Hungarian patients and concluded that mutations in
codon 13 appear more frequently in cases of local recurrence and
Samowitz et al. [32], based on a population study of 1413 patients
including black, white and Hispanic subjets, that mutation 13G-A
portends worse prognosis. Bazan et al. [33] analyzed 160 patients
in Italy and showed that the combination of KRAS mutation in
codon 13 are also associated with worse prognosis, advanced
GTP-binding residues are shown in electrostatic potential surfaces mode in the same
d red for negative. High negative potentials are found at the residues 12 and 13 for
L software. (For interpretation of the references to color in this figure legend, the



Table 1
Prognostic value of KRAS mutation in codon 13 in patients with colorectal cancer.

Reference Year Number of patients Country Effect of codon 13 mutation

Pajkos et al. 2000 88 Hungary Appeared more frequently in cases of local recurrentes
Samowitz et al. 2000 1413 USA Associated with a higher short-term mortality, 40% greater likelihood of dying
Bazan et al. 2002 160 Italy Associated with advanced Dukes’ stage and lymph-node metastasis
Modest et al. 2011 273 Germany Mutated mCRC presents a more aggressive disease frequently associated with local

and distant metastasis at first diagnosis
Imamura et al. 2012 1075 USA Not significantly associated with prognosis
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Dukes’ stages and lymph-node metastasis. These authors, in agree-
ment with Smowitz et al. found that codon 13 mutation, most
common G to A transitions, had a stronger predictive value than
any KRAS mutations (considering all mutations in codon 12 sepa-
rately). Previous findings also showed that compared with KRAS
codon 12 mutations, codon 13 mutated CRC present as a more
aggressive disease frequently associated with local and distant
metastases at first diagnosis [34]. By contrast, more recent analysis
done by Imamura et al. using a molecular epidemiology database
with 1261 patients (1075 for KRAS), show that compared with
KRAS wild type, KRAS codon 12 mutations, but not codon 13 muta-
tions are associated with inferior survival in colorectal cancer [35].

Considering the outcome of patients as responders to therapies,
data from different randomized studies have shown that both KRAS
codon 12 and 13 mutations have a negative prognostic value in
mCRC, receiving different chemotherapies on the basis of 5FU
and Oxaliplatins [36]. Patients with codon 13 mutations seem to
benefit more in terms of progresión free survival (PFS) and (overall
survival) OS from the oral capecitabine although the objective re-
sponse rate (ORR) was lower [37]. In addition, De Roock et al.
[38] and Tejpar et al. [39] reported that patients with codon 13
mutations in KRAS exhibit a worse overall prognosis with short
overall survival times under standard chemotherapy.

In conclusion, since the majority of studies demonstrated that
KRAS mutation in codon 13 confers worse prognosis and outcome
for patients, several clinical investigations considered several ther-
apeutic options including those that take into account anti-EGFR
antibodies and its effectivity has been evaluated.
4. KRAS mutations in codon 13 and response to anti-EGFR

Several findings indicated that KRAS G13D mutation may have a
unique behavior of colorectal cancer patients, survival and differ-
ent effects on anti-EGFR therapies responses.

Messner et al. [40] demonstrated in different cell lines with a
G13D mutation that cetuximab and panitumumab treatment in-
duce significant growth inhibition in contrast to cell lines with
mutations at codon 12 or 61.

In fact, a few authors reported that patients with G13D mutation
could obtain benefit from cetuximab or panitumumab although the
clinical relevance of these data has not been fully clarified and there
is not consensus in the oncology field. The first data from Benvenuti
et al. analyzing 48 patients enrolled into clinical trials of pani-
tumumab or cetuximab, indicated that a small percentage of pa-
tients, around 10% (1 harboring G13D mutation of 11 responders)
with KRAS mutated tumors could respond to anti-EGFR therapy
[41]. Then, KRAS mutational analysis of 113 patients with irinotecan
refractory therapy treated with cetuximab in clinical trials (EVER-
EST, BOND, SALVAGE and BABEL from 4 Belgian centers) demon-
strated that about 15% of patients with KRAS mutations in codon
12 have long term disease stabilization [42]. However, regarding
to the efficacy of anti-EGFR therapies, very few studies have been
done considering separately mutations in codon 13 from those in co-
don 12. To date, only 6 analysis have been published (Table 2).
De Rook et al. were the first studing retrospectively the associa-
tion between KRAS mutation in codon 13 (G13D) versus mutations
in codon 12 evaluating response and survival in patients with che-
motherapy refractory treated with cetuximab [38]. On the basis of
their observations obtained from 579 patients with chemother-
apy-refractory included in CO.17, BOND, MABEL, EMR202600,
EVEREST, BABEL or SALVAGE clinical trials, mutations in codon 13
were associated with better outcome after cetuximab treatment
observed by a longer OS and longer PFS. In particular, patients har-
boring G13D KRAS mutation who received cetuximab in mono-
therapy or combined with chemotherapy, presented a OS of
7.6 months and PFS of 4.0 months while these values were 5.7
and 1.9 months respectively for those with other KRAS mutations.
No significant difference in OS or PFS was observed between pa-
tients with G13D and KRAS wild-type tumors. Then, Tejpar et al.
[39] analyzed the association between KRAS status (wild type,
G13D, G12V or other mutations) in 533 patients from CRYSTAL
and OPUS studies and concluded that the addition of cetuximab
to first-line chemotherapy seemed to benefit patients harboring
mutations in codon 13. Cetuximab plus chemotherapy versus che-
motherapy alone significantly improved PFS (7.4 versus 6 months)
but non survival (15.4 versus 14.7 months) in G13D patients. Pa-
tients with G12V and other mutations did not benefit from this
treatment combination and those with G13D receiving chemother-
apy alone had worse outcomes than those with other mutations.
Bando et al. [43] could not find significant differences in progres-
sion or survival between patients with mutations in both codon
but conclude that the disease control rate was higher in KRAS
G13D mutant patients. Analyzing 109 Japanese patients refractory
or intolerance to fluoropyrimidines, oxaliplatin and irinotecan the
authors suggested that cetuximab showed some activity in KRAS
p.G13D-mutant colorectal cancer patients. Specifically, for wild
type, G13D and all other KRAS mutations the response rate was
30%, 14% and 0% respectively; the PFS was 4.6, 4.1 and 2.1 months
and the OS 11.2, 8.5 and 6.8 months respectively. Finally, Mao
et al. [44] performed a meta-analysis with 1487 patients and con-
cluded that mCRC patients harboring mutations in KRAS G13D
may benefit from cetuximab treatment. In this systematic review
they showed that patients with G13D receiving cetuximab had a
higher ORR and longer PFS and OS than patients with codon 12
mutations. By contrast, those parameters are worse if they do not
get the anti-EGFR treatment.

By contrast, recent retrospective analysis including 110 patients
in Spain by Gajate et al. [45] reported that patients (with cetux-
imab or cetuximab in combination with chemotherapy in the first
and subsequent lines of treatment) whose tumor harbored a KRAS
G13D allele did not benefit from cetuximab treatment and had a
trend toward lower OS compared with patients whose tumors har-
bored either wt KRAS or one of the other KRAS mutations (8.2, 14.9
and 19 months respectively).

In addition, Peeters et al. [46] in a retrospective analysis of three
ramdomized phase III studies evaluated the impact of pani-
tumumab and concluded that patients with mutations in codon
12 and 13 are unlikely to benefit from this therapy. They did not
find any specific KRAS mutation was consistently associate with



Table 2
Main studies analyzing response to anti-EGFR therapies in patients with KRAS mutation in codon 13.

Reference Year Number of
patients

Country Studies Previous treatment Anti-EGFR
therapy

Result for G13D compared to Codon 12
mutations

De Roock
et al.

2010 579 Canada/
Australia

EVEREST, BOND,
SALVAGE, BABEL

Refractory to F, I or Ca. Cetuximab Longer OS and PFS in patients treated
with cetuximab

Bando
et al.

2012 109 Japan NA Refractory or intolerance to
F, O and I

Cetuximab Higher disease control rate but not OS
or PFS

Tejpar
et al.

2012 533 Belgium CRYSTAL, OPUS No prior Cetuximab Improved PFS and tumor response, but
not OS

Mao et al. 2013 1487 NA Meta-analysis NI Cetuximab Higher ORR, Longer PFS and OS
Gajate

et al.
2012 110 Spain NA O, I and others Cetuximab No differences in PFS or OS

Peeters
et al.

2013 1096 Belgium 2005203, No prior Panitumumab No association with PFS or OS
1083 20050181, F

427 20020408 F, I, O

NA, non applicable. NI, non indicated. F, fluoropyrimidine. O, oxaliplatin. I, irinotecan. Ca, capecitabine.
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PFS or OS in patients receiving panitumumab treatment. Only in
one of the three studies, 20050203, a significant negative interac-
tion was interaction was found in G13D patients associated with
OS.

This result analyzing Panitumumab are in contrast with re-
ported cetuximab data [38,39,43]. Although the number of studies
carried out with Panitumumab are very limited, the differences
could be attributed to the different epitopes recognized by the
two different antibodies and not equal abilities to bind to EGFR
[47]. However, this important conflict reported between the both
different antibodies should be clarified with further studies.
5. Conclusion

On the basis of the revised literature most of the publications
seem to demonstrate that KRAS codon 13 mutations occur in a un-
ique molecular and clinical context.

The majority of in vitro studies at molecular level demonstrate
that KRAS codon 13 mutations confers weaker transforming capac-
ity of the cells [15]. By computational analysis it has been seen that
KRAS protein with mutation in codon 13 has a similar structure
and dynamics to WT KRAS protein, compared with mutations in
codon 12 [23].

These differences may result in a subtle but important differ-
ence in how these mutant forms of KRAS activate downstream
effectors and/or may reflect differences in the molecular context
in which these tumors develop.

By contrast to the molecular data, most of the clinical studies
show that patients harboring mutations in KRAS codon 13 appear
to have worse outcomes and prognosis. Compared with tumors
with codon 12 mutations, tumors that contain a codon 13 mutation
are more likely to have spread to lymph nodes at the time of diag-
nosis, have fewer dendritic cell immune infiltrates, and are less
likely to arise in the proximal colon [32,34]. However, a biological
explanation is not showed in this clinical analysis and still we can-
not fully understand the different behavior of tumors with differ-
ent mutations and further outcome in CRC patients. Further
detailed molecular analysis of patients is needed to clarify this
important issue.

Since KRAS codon 13 mutations are present in approximately 5%
of tumors from patients with metastatic colorectal cancer, decision
regarding treatment are important from the ethical, economic and
social point of view.

Although original clinical trials have indicated that mCRC with
KRAS mutations are resistant to anti-EGFR monoclonal therapy
[48] and consequently anti-EGFR therapy is used only for patients
with wild-type mCRC patients, numerous studies indicate that pa-
tients with codon 13 KRAS mutation benefit from anti-EGFR thera-
pies. In particular, theres is a consensus showing Cetuximab
increases OS, PFS and ORR [39,43,44]. Regarding to the efficacy of
anti-EGFR therapies, here we presented 6 studies where mutations
in codon 13 has been analyzed separately from those in codon 12.
From them, 5 have been made with cetuximab and only one with
panitumubab. Four of the five studies with cetuximab demon-
strated that this therapy provides some advantage to KRAS G13D
patients, mostly due to a higher disease control and PFS. Advantage
in OS is controversial since half of the studies (2 of 4) found a po-
sitive correlation with G13D mutation and the other half did not
show significative differences. Contrary, the only analysis by Gajate
et al. did not find any differences in OS or PFS comparing patients
mutation in codon 13 with either WT KRAS or one of the other KRAS
mutations. In summary, the mayority of studies here reported,
show an advantage for patients harboring G13D mutation after
cetuximab administration and none of them reported worse out-
come than those with wild type or other KRAS mutations.

Nevertheless and although the trend seems positive, since there
is not total agreement and the number of studies is small, further
evaluation should be done taking into account economic and
ethical considerations.

On the other hand, the only study done with panitumumbad
[46] cannot demonstrate benefit from the treatment. It is clear that
more and bigger analysis should be done with this therapy, before
make further conclusions and support opinions for patients’
treatment.

In our opinion a large and comprehensive clinical trials are
needed to clarify whether patients with mCRC harboring a KRAS
G13D mutation respond to anti-EGFR therapies in the near future,
also differentiating cetuximab from panitumumab. There is an ur-
gent need to make efforts in molecular characterization that could
increase the hope for those patients that first, have a poorer prog-
nosis than WT or codon mutant 12 patients and second, can obtain
clear benefit from Cetuximab.

Here we add some insight to the controversies in anti-EGFR
therapy in mCRC [49] but still, further studies are necessary to
implement KRAS G13D as a robust biomarker that could be inte-
grated into clinical practice.

Because the mutations in KRAS codon 13 represent a substantial
proportion of the population suffering from CRC, the issue regard-
ing the possible response of this mutated form of the KRAS to anti-
EGFR therapies should be considered relevant from biological, eth-
ical and economical perspectives.
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