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Abstract

Background Kirsten-Ras (KRAS) mutations are widely
accepted negative predictive factors for anti-EGFR thera-
pies in metastatic colorectal cancer (mCRC), while their
prognostic significance is still under discussion.

Objective This mono-institutional retrospective study
aims to investigate the real-life impact of exon 2 codon 12
and 13 mutations in mCRC.

Methods All mCRC patients treated at our institution
between 2008 and 2014 carrying KRAS exon 2 mutations
were included. The primary endpoint was to determine any
significant difference in overall survival (OS) between
codon 12 and 13 mutations. Secondary endpoints included
progression-free survival (PES), OS in both populations
according to antiangiogenic treatment, and OS in liver-
limited disease (LLD).

Results  Of 620 mCRC patients, 218 carried KRAS exon 2
mutations (35.1 %): 162 (26.1 %) at codon 12 and 56
(9.0 %) at codon 13. Median OS results were similar:
32.0 months (codon 12) and 31.0 months (codon 13). PFS
was also comparable, reaching 10.8 months in both popu-
lations. The addition of bevacizumab to chemotherapy
conferred a trend toward survival advantage in codon 12 but
not codon 13 mutation (p = 0.058). A high proportion of
LLD patients underwent hepatic surgery with radical pur-
pose (62.3 %): in these patients, median OS has not yet been
reached, while OS in non-LLD patients was 30.2 months.
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Conclusions No difference in OS between KRAS codon
12/13 mutated disease was found. This analysis showed a
very prolonged OS for KRAS-mutated patients, even when
LLD patients were excluded; OS of our real-life series
favorably compares with OS of all-RAS wild-type patients
in recent randomized studies.

Key Points

Patients with KRAS codon 12 and 13 mutated
metastatic colorectal cancer (mCRC) had long and
comparable survival.

Surgery for metastases confers a comparable survival
gain in codon 12 and 13 mutations.

Bevacizumab seems to confer a survival advantage
in codon 12 but not 13 mutation.

1 Introduction

Kirsten-Ras (KRAS) is a proto-oncogene member of the RAS
proteins family (KRAS, NRAS, HRAS) encoding for a gua-
nosine diphosphate/triphosphate (GDP/GTP)-binding pro-
tein component of the EGFR signaling pathway. Its gene
mutations are involved in the origination and progression of
several solid tumors [1]. KRAS gene mutations lead to a
reduced GTPase activity of the protein, which causes a
persistent GTP-bound active status independent from the
upstream signal, resulting in a constitutive activation of the
RAS-RAF-MAPK pathway [2]. KRAS mutations occur
mostly in early phases of colorectal carcinogenesis [3] and
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can be detected in 30-50 % of colorectal cancer patients [4,
5]. KRAS exon 2 mutations in codons 12 and 13 account for
the large majority—approximately 90 %—of all-RAS
mutations, while other mutations in KRAS exon 3 (codons 59,
60, 61), exon 4 (codons 119, 146, 147), or NRAS mutations
represent a small proportion of these mutations [6, 7]. Thus,
it can be reasonably argued that the clinical relevance of RAS
gene mutations in colorectal cancer (CRC) is mainly due to
KRAS codon 12 and 13 mutational status.

In metastatic CRC (mCRC), KRAS mutation is an
established predictive factor of resistance to anti-epidermal
growth factor receptor (EGFR) therapies, either in
monotherapy or in association with chemotherapy [8, 9],
whereas the significance of KRAS mutational status as an
independent biomarker of prognosis is less clear, since no
definitive data have been produced that clearly demonstrate
a poorer prognosis in KRAS-mutated patients compared
with the wild-type population, especially when advanced-
stage disease is considered, as opposed to BRAF mutational
status, which is nowadays a recognized independent
prognostic factor in advanced CRC [10]. Large series show
a potentially negative prognostic role for KRAS mutations
in terms of cancer-specific mortality, but all stages (I-IV)
at diagnosis have been considered, and this leaves nebulous
the specific issue of prognostic impact on a stage IV pop-
ulation [4].

The landscape is even more confused by preclinical data
showing that specific KRAS mutations may confer major
transforming power, thus potentially influencing prognosis
of diseases characterized by different KRAS mutations. In
particular, some in vitro studies have demonstrated that
codon 12 mutations, especially p.GI2V and p.GI2D muta-
tions, are able to determine a more stable bond between Ras
protein and GTP molecule, conferring a higher resistance to
GTPase activity compared with p.G13D mutation of codon
13 [11, 12]. These results suggest that codon 12 mutations
confer more aggressive behavior to CRC than do codon 13
mutations. Several authors tried to confirm these preclinical
findings in clinical studies, investigating the potential prog-
nostic weight of specific KRAS codon 12 in comparison with
13 mutations, but results were quite discordant. A large
collaborative study conducted among 3439 patients with
CRC at any stage found a significant association between
codon 12 p.G12V mutation and risk of death only in Duke’s
stage C patients, while this association was not found in
Duke’s B or in advanced-stage disease [13]. This association
was confirmed by a more recent study conducted by Imamura
et al. [14], in which codon 12 mutations (hazard ratio [HR]
1.30), and specifically p.GI2V mutations (HR 2.00), were
associated with a significantly higher cancer-related mor-
tality than in KRAS/BRAF wild-type patients, whereas no
specific impact on cancer mortality was seen in patients

A\ Adis

bearing codon 13 mutations [14]. However, only 13 % of the
population considered had stage IV disease, thus reducing
the significance of these findings in patients with mCRC. In
contrast with these reports, a large study conducted over
1413 CRC patients showed no association between KRAS
mutations and survival when all mutations were analyzed
together, but a 40 % higher risk of cancer-related death was
seen only in patients bearing codon 13 mutations [15]; again,
in this study, only 16.7 % of patients had advanced disease,
while the vast majority of the cohort comprised patients with
local or locoregional disease (Duke’s stage B or C).

Indeed, these studies neither specifically addressed the
issue of metastatic disease nor evaluated the possible role
of treatment strategies used in these patients, thereby pre-
cluding any clinical impact of these mutations in ‘real-life’
practice. Therefore, we conducted a retrospective study on
a consecutive series of KRAS exon 2-mutated patients
affected by advanced (stage IV) CRC, with the aim of
evaluating any prognostic difference between codon 12 and
codon 13 mutations. Overall survival (OS) was also ana-
lyzed according to each mutation and treatment received,
given that several trials have reported very low survival for
KRAS-mutated populations [16-18], especially when
compared with OS of all-RAS wild-type patients in recent
trials [19-22].

2 Patients and Methods
2.1 Patients

This retrospective study was conducted at the Catholic
University of Sacred Heart in Rome, Italy. Clinical records
of all patients affected by advanced CRC (stage IV
according to TNM [tumor, node, metastases]) and treated
at the Medical Oncology Unit between 2008 and 2014 were
reviewed. Eligibility criteria included histologically con-
firmed CRC, metastatic disease, confirmed KRAS exon 2
mutation (codon 12 or codon 13), detected in specimens of
primary tumor and/or metastases. All procedures were
conducted in accordance with the rules of the local ethics
committee and the declaration of Helsinki; consent for
chemotherapy was obtained from all patients, as was
consent for retrospective analysis of all clinical data. A
separate consent for molecular analysis was obtained.
Patients were excluded in case of KRAS mutational status
discrepancies between primary tumor and metastases or in
case of RAS/RAF mutations other than KRAS exon 2.
Moreover, patients were also excluded in case of serious
concomitant illness that could have affected survival at the
time of diagnosis, or in case of other cancers (with the
exception of non-melanoma skin cancers and in situ
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cervical cancer) within the previous 5 years. All eligible
patients were consecutively included.

2.2 KRAS Assessment

Tumor was identified in hematoxylin and eosin-stained
sections of formalin-fixed, paraffin embedded archival
blocks. DNA was extracted by 5-um sections of paraffin-
embedded tissue, containing at least 70 % tumor, using
QIAamp DNA mini Kit (Qiagen, Milan, Italy). KRAS
codons 12 and 13 were amplified in one polymerase chain
reaction (PCR). Thermal cycling conditions were 95 °C for
12 min followed by 40 cycles of 95 °C for 10 s, 55 °C for
20 s, and 72 °C for 20 s. PCR conditions were primer
concentration 200 nmol/l, MgCl, concentration 2 mmol/l;
30 ng of genomic DNA and 12.5 pl of Eppendorf Prime
mastermix in a final reaction volume of 25 pl. PCR prod-
ucts were electrophoresed in a 2.5 % agarose gel, stained
with ethidium bromide and visualized under ultraviolet
light. Thereafter, 5 ul of PCR product was treated with
ExoSAP-IT (GE Healthcare, Milan, Italy) following the
manufacturer’s protocol, amplified with BigDye Termina-
tor version 3.1 cycle sequencing kit (Applied Biosystems,
Milan, Italy) using the same primers as in the amplification,
and sequenced with an ABI PRISM 3100-Avant Genetic
Analyzer (Applied Biosystems).

2.3 Systemic Treatments

All patients had histologically proven and radiologically
confirmed mCRC. The patient population was divided in
two groups according to the codon (12 vs. 13) where the
KRAS exon 2 mutation was detected. To avoid any con-
founding from systemic treatments administered, patients
treated with anti-EGFR antibodies or any investigational
drug not previously approved were not included. Backbone
chemotherapy regimens for both groups consisted of fluo-
ropyrimidines (endovenous 5-fluorouracil given by bolus
and continuous infusion, in association with folinic acid or
oral capecitabine), administered alone or in combination
with oxaliplatin (Folfox/XelOx regimens) and/or irinotecan
(Folfiri/Xeliri/Folfoxiri regimens). Bevacizumab was
added to chemotherapy according to clinical evaluation.

2.4 Study Endpoints

The primary endpoint of the study was to determine
whether OS differed in patients with codon 12 KRAS
mutations compared with patients with codon 13 KRAS
mutations. Secondary endpoints included difference in
objective response rate (ORR) according to RECIST
(Response Evaluation Criteria in Solid Tumours) 1.1

criteria [23], progression-free survival (PFS), OS
according to treatment received (chemotherapy only vs.
chemotherapy plus bevacizumab), OS in liver-limited
disease (LLD) according to codon mutation and surgery
of metastases. A subgroup analysis of the prognostic
impact of bevacizumab treatment given in a first- versus a
second-line setting was conducted, as was a subset
exploratory analysis of potential prognostic impact for the
specific subgroup of codon 12 mutations.

2.5 Statistical Analysis

We used y? test to compare clinical and biological char-
acteristics according to KRAS mutational status. For each
group, OS was calculated as the time interval between the
diagnosis of metastatic disease until death or last follow-up
contact. PFS was defined as the time interval between the
beginning of chemotherapy and documented disease pro-
gression. OS and PFS were estimated according to the
Kaplan—Meier method, and survival curves were compared
using the log-rank test. HRs were estimated at a confidence
interval (CI) of 95 %, with outcome differences considered
statistically significant at a p value <0.05 for a bilateral
test. The correlation of KRAS mutational status and clinical
and pathological characteristics with survival was assessed
in univariate analyses. All statistical analyses were per-
formed using IBM SPSS Statistics 22.0 software and
MedCalc software.

3 Results
3.1 Patient Characteristics

Of 620 total patients affected by mCRC treated at our
institution whose KRAS mutational status was known, 218
(35.1 %) had a KRAS exon 2 mutation and were eligible for
this study: 162 at codon 12 (26.1 %), 56 (9.0 %) at codon
13. Five patients were excluded from this series since they
had been treated with anti-EGFR drugs, and 13 patients
were excluded because they had been treated with experi-
mental agents in clinical trial settings. All patients in the
codon 13 mutation group carried a p.G13D mutation, while
seven different point mutations were identified in the codon
12 group: p.GI2D (65 patients), p.GI2V (53 patients),
p.GI2A (18 patients), p.GI12C (11 patients), p.GI2S (ten
patients), p.GI2R (four patients), p.GI2F (one patient).
Median age at diagnosis was similar in both groups:
66 years in the codon 12 group (range 37-83), 65 years in
the codon 13 group (range 41-84). A total of 92 (56.8 %)
patients were male in the codon 12 group, and 28 (50 %)
were male in the codon 13 group. No significant statistical
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differences in site distribution of primary CRC was found
between the two groups (codon 12 and codon 13 groups,
respectively): 32.7 and 39.3 % had a tumor arising from
the ascending colon, 4.9 and 1.7 % from the transverse,
39.5 and 28.6 % from the descending or the sigmoid colon,
and 22.9 and 30.4 % from the rectum. In both groups, quite
a high percentage of patients had synchronous metastatic
disease: 70.4 % in the codon 12 group, 75.0 % in the codon
13 group, without significant statistical difference. Per-
centage of LLD, defined as a macroscopic metastatic
spread confined to the liver at diagnosis, was similar
between the groups: 52 patients (32.1 %) in the codon 12
group, 17 patients (30.4 %) in the codon 13 group, with no
statistical difference. More than one metastatic site was
found in 84 (51.8 %) and 29 (51.8 %) patients in the codon
12- and codon 13-mutated groups, respectively. The
baseline characteristics of patients are summarized in
Table 1.

3.2 Treatment Allocation

Patients in both groups received chemotherapy regimens as
described above. A total of 59 (36.4 %) patients in the codon
12 group and 18 (32.1 %) patients in the codon 13 group
received only one line of systemic therapy, while 99
(61.1 %) and 36 (64.3 %) patients, respectively, received
two or more lines of chemotherapy. Only four patients
(2.5 %) in the codon 12 group and two patients (3.6 %) in the
codon 13 group did not receive any systemic treatment. In
both groups, more than 50 % of patients received both
oxaliplatin- and irinotecan-based regimens (53.1 and 58.9 %
among codon 12 and 13 mutated patients, respectively).
Moreover, a very high percentage of patients received
bevacizumab in association with chemotherapy: 106
(65.4 %) patients in the codon 12 group vs. 40 (71.4 %)
patients in the codon 13 group, mostly as first-line treatment.

3.3 Surgery for Metastases

A high percentage of patients from both groups underwent
surgery for metastases: 61 (37.6 %) and 20 (35.7 %)
patients in the codon 12 and 13 groups, respectively. A
total of 15 (9.3 %) patients in the codon 12 group and eight
(14.3 %) patients in the codon 13 group received more than
one surgical intervention during the disease course. The
most practiced surgery was hepatic metastectomy, per-
formed by dedicated liver surgeons, in a similar percentage
of patients: 46 (28.4 %) and 16 (28.6 %) patients in the
codon 12 and 13 mutation groups, respectively. Surgery of
metastases other than hepatic was less frequent: in 22
(13.6 %) and 10 (17.9 %) patients among the codon 12 and
13 groups, respectively. Among these, 22 patients received
lung metastectomy (15 in the codon 12 group, seven in the
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codon 13 group), while ten patients received lymph node,
cutaneous/subcutaneous, or peritoneal metastectomy.

3.4 Endpoint Data

OS did not differ between the two groups of patients, both
being longer than 30 months, with a median value of
32.0 months (95 % CI 26.3-37.7) in codon 12-mutated
patients and 31.0 months (95 % CI 24.3-37.8) in codon
13-mutated patients (Fig. 1). Similarly, no substantial dif-
ferences were seen between the two groups for PFS
(10.8 months for each group for first-line therapy; 95 % CI
9.5-12.1 for the codon 12 group, 95 % CI 8.3—-13.4 for the
codon 13 group) and ORR (50.6 % and 50.0 % for codon 12
and codon 13 groups, respectively; p = 0.907, odds ratio
[OR] 0.98; 95 % CI 0.5-1.89). No first-line chemotherapy
regimen showed superior activity. During the course of the
disease, patients who received oxaliplatin- and irinotecan-
based regimens experienced significantly longer survival
than those treated with only one agent (36.7 vs.
24.6 months, respectively; 95 % CI 14.8-34.4 and 95 % CI
31.0-42.5, respectively; p < 0.001). The difference in sur-
vival also remained significant when codon 12 and codon 13
mutations were considered separately. The addition of
bevacizumab to chemotherapy improved survival, with a
trend toward a statistically significant difference only in the
codon 12-mutated population (33.6 vs. 21.8 months; 95 %
CI 28.8-383 and 95 % CI 5.2-38.5, respectively;
p = 0.058, Fig. 2), whereas no difference was seen when
bevacizumab was added to chemotherapy in codon
13-mutated patients. No difference in survival benefit in
codon 12-mutated patients was seen between bevacizumab
given either in a first- or a second-line setting.

As expected, patients with LLD experienced signifi-
cantly longer survival than those with non-LLD, but even
this subgroup experienced a good outcome. In fact, OS in
non-LLD patients (149) from the whole study population
was 30.2 months (95 % CI 26.2-34.1), whereas median OS
has not yet been reached in the LLD group (69), after a
median follow-up time of 25.1 months (estimate
62.7 months after 28/69 events: 95 % CI 38.7-86.7; hazard
ratio 0.50; 95 % CI 0.35-0.72, p = 0.001). The signifi-
cance was maintained in both mutational subgroups,
despite the small population of codon 13-mutated patients
with LLD. Even excluding patients from the non-LLD
subgroup undergoing lung metastectomy, OS still reached
27.3 months (95 % CI 22.2-32.3). Strong differences were
also seen among patients who underwent surgery for
metastases compared with those treated with chemother-
apy =+ bevacizumab therapy only, regardless of the specific
mutation analyzed. No differences were seen when survival
of patients affected by synchronous versus metachronous
disease was compared (OS for synchronous metastatic
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Table 1 Baseline Baseline characteristics Codon 12 Codon 13 p value
characteristics
Total patients/620 tested 162 (26.1) 56 (9.0)
Age, median (range) 66 (37-83) 65 (41-84) 0.98
Sex 0.47
Male 92 (56.8) 28 (50.0)
Female 70 (43.2) 28 (50.0)
Primary site 0.28
Ascending colon 53 (32.7) 22 (39.3)
Transverse 8 (4.9) 1(1.7)
Descending colon/sigmoid 64 (39.5) 16 (28.6)
Rectum 37 (22.9) 17 (30.4)
M+ diagnosis 0.62
Synchronous 114 (70.4) 42 (75.0)
Metachronous 48 (29.6) 14 (25.0)
Liver-limited disease 52 (32.1) 17 (30.4) 0.98
M-+ sites (diagnosis) 0.15
1 78 (48.2) 27 (48.2)
2 60 (37.0) 15 (26.8)
>3 24 (14.8) 14 (25.0)
Systemic treatment
Number of systemic lines 0.79
0 4(2.5) 2 (3.6)
1 59 (36.4) 18 (32.1)
>2 99 (61.1) 36 (64.3)
Both OXA and CPT11 received 86 (53.1) 33 (58.9) 0.64
OXA, CPT11, and BEV received 72 (44.2) 26 (46.4) 0.91
BEV treatment 106 (65.4) 40 (71.4) 0.67
First-line bevacizumab 89 (54.9) 32 (57.1) 0.92
Surgery of metastases 61 (37.6) 20 (35.7) 0.90
Multiple M+ surgeries 15 (9.3) 8 (14.3) 0.40
Liver surgery 46 (28.4) 16 (28.6) 0.89
Other than liver surgery 22 (13.6) 10 (17.9) 0.60

Data are presented as n (%) unless otherwise indicated

BEV bevacizumab, M+ metastatic disease, OXA oxaliplatin, CPT!] irinotecan

disease: 31.0 months, 95 % CI 25.9-36.2; OS for meta-
chronous disease: 32.0 months, 95 % CI 27.0-37.0,
p = 0.41), also considering the codon 12 and codon 13
groups separately. All endpoint data reported are summa-
rized in Table 2.

3.5 Subset Analysis for Specific Mutations

More frequent specific point mutations in codon 12 and
codon 13 were analyzed separately [24]. No significant dif-
ferences in distribution of metastatic sites were observed
among different amino-acidic substitutions. OS was uni-
formly longer than 30 months in all patients except those
with p.GI12C (11 patients) or p.G12S mutation (ten patients),
who had lower OS, at 24.4 and 25.1 months, respectively.

Although the small sample size probably did not allow for
any statistical comparison, some specific mutations, such as
p-GI2A or p.GI2D, potentially seem able to confer a better
prognosis (OS 39.1 and 36.7 months, respectively). This was
confirmed when OS was adjusted for each mutation
according to the number of metastatic sites involved at
diagnosis. Median OS for all specific mutations were as
follows: p.GI2A 39.1 months (18 patients, 95 % CI
27.3-50.9); p.GI2C 24.4 months (11 patients, 95 % CI
10.6-38.2); p.GI2D 36.7 months (65 patients, 95 % CI
26.2-47.2); p.GI2F 5.7 months (one patient); p.GI2R not
estimable (four patients, one event occurred); p.GI2S
25.1 months (ten patients, 95 % CI 5.045.2); p.GI2V
30.2 months (53 patients, 95 % CI 25.7-34.7); p.GI3D
31.0 months (56 patients, 95 % CI 24.3-37.8).
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Fig. 1 Overall survival
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4 Discussion

Looking back on the last ten years of trials in mCRC,
studies designed for the KRAS-mutated patient population
are lacking even though it is, numerically, as important as
its wild-type counterpart. In addition, it might be plausible
that different mutations induce different disease behaviors,
suggesting some uncertainty on what could be—if there is
only one—the best therapeutic approach for this disease.
Unlike previous studies, our series of patients included
only stage IV disease, showing no prognostic differences
between patients with codon 12 and codon 13 mutations.
To our knowledge, this is the first report attaining a very
prolonged OS for this subset of patients (over 30 months in
both codon 12- and codon 13-mutated populations), quite
comparable to that reached not only in a KRAS exon 2
wild-type population, but also in all-RAS wild-type popu-
lations. Looking at these unexpected data, we wonder
whether KRAS mutation must always be considered a bad
prognostic factor in mCRC. Indeed, the prolonged survival
observed in our patients might be related to the high
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percentage of patients receiving second and further lines of
therapy or to the high number of patients receiving surgery
with radical intent.

In our analysis, duration of survival in both mutation
groups was not affected so much by the sequence of
treatments given as by the ability to receive all available
treatments. According to a well-known systematic review,
patients who received both oxaliplatin- and irinotecan-
based regimens survived significantly longer than those
receiving only one of these drugs [25]. These findings are
even more suggestive when the clinical setting of our study
is considered; in fact, unlike randomized clinical trials,
exclusion criteria such as performance status or life
expectancy were not taken into account, thereby describing
the disease behavior of codon 12 and codon 13 mutation
that is closer to the real world.

Concerning surgery, irrespective of mutation subgroup,
a high percentage of patients in this series underwent sur-
gical treatment of metastases, especially those with LLD.
This approach contributed to increased OS in resected
patients, confirming that an integrated loco-regional and
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Fig. 2 Overall survival, KRAS
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systemic treatment is also feasible and effective in KRAS-
mutated patients, delivering results comparable to those
obtained in wild-type populations [27]. Even in patients
affected by disease that has spread outside the liver, sur-
gery of metastases in addition to chemotherapy resulted in
a significant survival benefit [28]. In light of these con-
siderations, it is possible that, even if codon 12 and 13
mutations were responsible for a worse biological behav-
ior, our aggressive therapeutic approach, from both surgi-
cal and medical viewpoints, could also eventually have
been effective in improving survival.

Another interesting result of our analysis concerns the
role of bevacizumab in these mutated patients. The addi-
tion of bevacizumab to chemotherapy improved survival
only in the codon 12-mutated population, whereas anti-
vascular endothelial growth factor (VEGF) treatment did
not seem to provide an advantage to codon 13-mutated
patients. The role of bevacizumab in RAS-mutated patients
has recently been questioned, but no randomized study has
considered the outcomes in different codons, and this might
prevent the recognition of distinct effects. Although the
retrospective nature and the sample size of our study can-
not lead to definitive assumptions, an intriguing

explanation of the results obtained in the present study
might reside in a stronger upregulation of VEGFs in
patients with codon 12 mutations rather than in those with
codon 13 mutation, as has been shown in previous pre-
clinical studies [12, 26]. This hypothesis warrants confir-
mation in larger and possibly prospective studies.

The incidence of specific codon 12 mutations was similar
as found in previously published data [14, 15]; however,
subset survival analysis did not confirm previous results
showing a worse prognosis for patients with p.G12V muta-
tions. The small sample size of this subgroup in our study
probably did not allow us to reach a statistically significant
difference, but it should be highlighted that OS among the
most common codon 12 point mutations was longer than
30 months, except in two low-frequency mutations (p.G12C
and p.G12S), in which OS was about 25.0 months.

5 Study Limitations
We can identify three main biases in our study. First, its

retrospective nature could have concealed some con-
founding factors, such as comorbidities influencing the
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Table 2 Endpoint data

Endpoint data All patients (events) Codon 12 (events) Codon 13 (events) p value
OS (months) 31.9 (125/218) 32.0 (89/162) 31.0 (36/56) 0.926
PFS (months)
First line 10.8 (184/212) 10.8 (136/158) 10.8 (48/54) 0.918
Second line 6.2 (115/140) 5.9 (82/101) 6.8 (33/39) 0.525
Third line 5.6 (60/71) 4.6 (44/51) 5.8 (16/20) 0.508
Objective response rate (%) 50.5 (107/212) 50.6 (80/158) 50.0 (27/54) 0.907
OS according to LLD
LLD patients 62.7 est. (28/69) 53.9 est. (21/52) 80.5 est. (7/17) 0.527
non-LLD patients 30.2 (97/149) 30.2 (68/110) 29.6 (29/39) 0.295
p = 0.001 p = 0.04 p = 0.005
OS according to M+ onset
Synchronous M+ disease 31.0 (86/156) 30.2 (60/114) 31.1 (26/42) 0.704
Metachronous M+ disease 32.0 (39/62) 32.8 (29/48) 30.3 (10/14) 0.641
p =041 p =0.63 p = 0.28
OS according to M+ surgery
M-+ resected 62.7 est. (33/81) 59.7 est. (25/61) 67.7 est. (8/20) 0.571
M-+ unresected 23.6 (92/137) 23.6 (64/101) 24.6 (28/36) 0.885
p < 0.001 p <0.001 p < 0.001
OS according to BEV treatment
Chemo only 27.9 (43/72) 21.8 (32/56) 33.4 (11/16) 0.714
Chemo + BEV 32.0 (82/146) 33.6 (57/106) 31.0 (25/40) 0.557
Chemo + BEYV first line 32.0 (69/121) 32.0 (50/89) 31.1 (19/32) 0.791

BEYV bevacizumab, est. estimate, LLD liver-limited disease, M+ metastatic, OS overall survival, PFS progression-free survival

choice of chemotherapy, although codon 12 and 13 arms
were well balanced for burden of disease and allocation of
systemic treatments. Second, despite the large number of
patients in the overall population, some subgroups might
have been particularly small samples when subdividing
codon 12 mutations according to specific point mutations.
Finally, even in a retrospective survey, a control arm
including the KRAS wild-type population would have made
it possible to better evaluate the prognostic impact of codon
12-13 KRAS mutation. A prospective trial to address this
issue might be too complex to design, so larger retro-
spective studies would be helpful.

6 Conclusions

The present study shows that mCRC patients with codon
12—-13 mutations in real-life clinical practice may take
advantage of aggressive multidisciplinary treatments,
achieving OS comparable to that of all-RAS wild-type
patients in randomized studies, although study biases
cannot lead to definitive assumptions. In that regard, the
comparison of present data with data of all-RAS wild-type
patients treated at our institution in the same period could
be very helpful to better clarify the prognostic role of a
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KRAS mutation; we are working on this issue. No differ-
ence has been found in OS of patients with codon 12
mutations compared with those with codon 13 mutations.
However, it is possible that bevacizumab could affect the
outcome of patients with codon 12 mutations differently
from those with codon 13 mutations. This hypothesis
warrants further study, as it is possible that some point
mutation in the KRAS gene can have a detrimental impact
on prognosis. Irrespective of KRAS mutation, patients with
LLD experience very long survival.
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