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Abstract

Objective: To assess the characteristics of Kirsten rat sarcoma viral oncogene homolog (KRAS) mutations and investigated
whether all KRAS mutations predict poor prognosis in patients with unresectable colorectal liver metastasis (CRLM).
Methods: Correlations between KRAS-mutation status and clinicopathological characteristics of 93 patients with unresectable
CRLM at our institution between 2010 and 2018 were retrospectively analyzed. Kaplan—Meier and Cox proportional hazard
models were used to evaluate the prognostic significance of KRAS mutations. Results: KRAS were primarily single-point muta-
tions, identified in 41.9% of patients. There were no significant differences in clinicopathological characteristics between wild-type
KRAS and mutant KRAS. Patients with mutant KRAS had significantly worse overall survival (OS) and progression-free survival
(PFS) than those with wild-type KRAS. Moreover, patients with codon |2 mutations had worse OS and PFS than those with
wild-type KRAS, whereas mutations in codon |3 were not associated with a worse prognosis. Among the 5 most common muta-
tions in codons 12, GI2V, and G12D were associated with worse OS, furthermore, GI12C mutation seemed to associated with
worse PFS than patients with wild-type KRAS. Conclusion: KRAS codon |2 mutations were predictive for a poor prognosis in
patients with unresectable CRLM. G12D and G12V mutations were associated with worse OS, whereas G|2C mutation seemed
to be associated with decreased PFS.
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The liver is the most common target organ for hematogenous
metastasis of colorectal cancer (CRC), and hepatic metastases
are found among 15%-25% of patients suffering from CRC at

the time of primary diagnosis.! Several reports have shown
that the long-term survival of patients with colorectal liver
metastasis (CRLM) is significantly shorter than that in patients
without liver metastasis,”> additionally, some investigators
have reported on the prognostic value of Kirsten rat sarcoma
viral oncogene homolog (KRAS) in patients with resectable
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CRLM.*® However, a considerable proportion of patients with
CRLM cannot undergo resection of liver metastasis at the time
of diagnosis. Thus, it is necessary to evaluate the prognostic
value of KRAS mutations in patients who cannot undergo cura-
tive intent liver resection for CRLM.

The mutation status of KRAS in primary tumors in patients
with CRLM, which is closely related to the biological character-
istics of the tumor, has a significant impact on prognosis.”'°
Moreover, a recent study suggested that the mutation status of
KRAS plays a more important role in the prognosis of patients
than the surgical technique, which emphasized the importance
of KRAS in evaluating the prognosis of patients with resectable
colorectal liver metastases.'' However, the prognostic role of
KRAS in patients with unresectable liver metastasis remains
unclear.

Few studies have examined the relationship between prog-
nosis and KRAS status in patients with unresectable liver metas-
tases. The KRAS gene, which has been shown to harbor several
mutations in various types of cancer, is a key component of
several signaling pathways. Specific KRAS mutations have
been found to lead to different activation states of KRAS
protein, thereby affecting different signaling pathway mole-
cules. Moreover, specific KRAS mutations result in different
postoperative prognosis in patients following curative intent
liver resection of CRLM thereby providing insights in predict-
ing prognosis in patients and establishing a basis for optimal
treatment.*'? Several studies have shown that patients who
are unable to undergo resection of liver metastases exhibit pro-
longed survival after resection of the primary tumor.'*"!”
However, even patients with the same KRAS mutations who
receive the same surgical treatment may experience different
postoperative survival times. This indicates that the different
codons of KRAS and even different site mutations, may have
diverse effects on tumor biological behavior.

Accordingly, we investigated the characteristics of 7
common mutations in codons 12 and 13 of KRAS exon 2 in
the primary tumors of patients with unresectable CRLM and
identified the prognostic value of distinct codon-specific
KRAS mutations and their association with clinicopathological
characteristics for evidence of potential clinical application in
unresectable CRLM in our study.

Materials and Methods
Study Population

Based on the database of Fujian Provincial Hospital, a total of
93 patients with CRLM who underwent resection of primary
tumors between June 2010 and January 2018 were identified
(Figure 1). According to the American Joint Committee on
Cancer (AJCC) (eighth edition) CRC staging, all 93 cases
were of stage IV cancer. The inclusion criteria were as
follows: (1) primary lesions were surgically resected and
proved to be CRC by histopathology; (2) hepatic metastases
of people meet the following conditions: (a) the accumulation
or location of metastases near major vessels, including all

main branches of retrohepatic inferior vena cava, bifurcation of
the portal vein, and 3 hepatic veins; (b) the involvement of 1
branch of portal vein and its opposite branches of hepatic vein;
(c) multiple metastases and distribution of 2 lobes of the liver;
(d) multiple metastases or large hepatic metastases, which result-
ing in residual liver volume was <30% to 50%, and liver failure
even occurred after surgical resection. The exclusion criteria were
as follows: (1) patients reported to have tumors with BRAF muta-
tions; (2) a history of other tumors in addition to CRLM,; (3)
severe heart or cerebrovascular disease; (4) prior administration
of radiotherapy or chemotherapy for other diseases; (5) patients
received neoadjuvant therapy or antiepidermal growth factor
receptor agents in the perioperative period. Standard demo-
graphic and clinicopathologic data were collected on each
patient, including gender, age, disease status, tumor characteris-
tics, perioperative status, date of last follow-up, date of disease
progression, and date of death. All patients underwent surgical
resection of the primary lesion and received postoperative che-
motherapy: the regimens included oral Xeloda and intravenous
systemic chemotherapy (XELOX). The Fujian Provincial
Hospital institutional review board approved the study. Patient
informed consent specific to this study was not required given
its retrospective nature.

KRAS Gene Detection

DNA was extracted from fresh CRC tissues using a Qiagen
DNeasy Blood and Tissue Kit (Qiagen). The DNA concentra-
tion and purity were measured by using a UV-Vis spectropho-
tometer and an appropriate amount of TE buffer (pH 8.0) was
added to adjust the DNA concentration to 0.4 to 1 ng/pL. As
previously described,'® specific primers required for amplifica-
tion of codons 12 and 13 were selected, and polymerase chain
reaction (PCR) was performed. PCR products were subjected to
electrophoresis and the results were observed and analysed
using a gel imaging analysis system. The PCR-positive DNA
gel strip was selected as the target fragment and the PCR
product was recovered using a QIA quick PCR Purification
Kit (Qiagen). A human KRAS gene 7 mutation fluorescent
PCR detection kit (Xiamen Aide Biomedical Technology Co.,
Ltd) was used to detect KRAS mutations.

Postoperative Follow-up

Follow-up was conducted by telephone and outpatient review
through June 15, 2018. OS was defined as from the date of
resection of the primary to the date of death or the end of the
study period. PFS was defined as the time from the date of
resection of the primary tumor to the date of progression of
the primary tumor or liver metastasis.

Statistical Analysis

Data were analyzed using Chi-squared (x°) tests or Fisher’s
exact tests to compare proportions. The Kaplan—Meier
method was performed for survival analysis, and log rank
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Figure 1. Flow chart.

tests were used to compare the survival distributions. Cox’s pro-
portional hazards regression model was used to identify the
impact of factors on OS and PFS. Hazard ratios (HRs) were cal-
culated with 95% confidence intervals (Cls). Differences with P
values of less than .05 were considered statistically significant.
All statistical analyses were performed using SPSS statistical
software (version 22.0; IBM Corp.).

Results

Patient Clinicopathological Data

The clinicopathological data of the patients are summarized in
Table 1. Complete clinical and pathological data for patients
were obtained and all patients had simple simultaneous liver
metastases. There were 61 men and 32 women. The 31 patients
were over 60 years old and 62 patients were <60 years old.
Overall, 29 patients had primary tumor lesions >5 cm,
whereas 64 patients had primary tumors <5 cm. As for the
primary tumor site, 11 patients were in the right colon and 40
patients were in left colon, whereas 41 patients were in
rectum. There were 58 cases of multiple liver metastases,
which were all multiple metastases and distribution of 2 lobes
of the liver. Besides, although 35 cases were of single liver
metastases, there were 8 cases of liver metastases involving 1
branch of the portal vein and the involvement of 1 branch of
portal vein and its opposite branches of hepatic vein, 10 cases
of liver metastasis locating near the main blood vessels, includ-
ing all main branches of retrohepatic inferior vena cava,

bifurcation of the portal vein among them and 3 hepatic veins
and residual liver volume of another 17 cases was less than
30%. There were 73 cases of lymph node metastasis and 20
cases without lymph node metastasis (Table 1). According to
the AJCC (eighth edition) CRC staging, all 93 cases were of
stage IV cancer.

KRAS Mutation Status and Clinicopathological Data

Mutated KRAS was identified in 39 patients (41.9%) and were
mainly found in codons 12 and 13 (31 in codon 12 only, 8 in
codon 13 only). KRAS mutations were mainly single-point
mutation (37 cases, 94.8%), and multiple-point mutations
were found only in 2 cases only (5.2%) as G12C + GI12D
and G12A + G12C mutations. Among patients with KRAS
codon 12 mutations, we identified 9 cases with G12D, 8
cases with G12V, 5 cases with G12S, 5 cases with G12C,
and2 cases with G12A. The G13D mutation was only detected
in patients with KRAS codon 13 mutations (8 cases). All codon
12 and 13 mutations were missense mutations, although the
base changes for each mutation were different. Among the
observed mutations, G12S, G12D, and G13D were transitions
(G>A), accounting for 59.5% (22/37), and G12C, G122V,
and G12A were transversions (G>T for 13 cases, G>C for 2
cases), accounting for 40.5% (15/37; Table 2). There were no
significant differences in any of the features examined
between patients with mutant and wild-type KRAS or between
patients with mutations in codons 12 and 13 (Table 1).
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Table 1. Characteristics of Patients With CRLM According to KR4S Mutation Status.

KRAS status KRAS mutant status
Total Wild Mutant P Codon 12 Codon 13 P
Gender 254 1
Male 61 38 23 16 5
Female 32 16 16 13 3
Age .656 391
>60 62 35 27 19
<60 31 19 12 10 1
Tumor size (cm) 404 .683
>5 29 15 14 12 2
<5 64 39 25 17 6
Position .823 471
Right colon 11 7 4 4 0
Left colon 40 24 16 10 4
Rectum 42 23 19 15 4
Tumor type 231 .655
Raised 23 10 13 11 2
Ulcerative 66 41 25 17 6
Infiltrative 4 3 1 1 0
Number of liver metastases 11 .091
Solitary 35 24 11 7 3
Multiple 58 30 28 22 5
Maximum diameter of liver metastasis (cm) .052 .530
<5 77 41 36 27
>5 16 13 3 2 1
T stage 306 .530
T1 or T2 4 1 3 2 1
T3 orT4 89 53 36 27
N stage .843 332
NO 20 12 5 3
N1 or N2 73 42 31 24 5
CEA (ng/mL) 233 1
<5 25 12 13 10 2
>5 68 42 26 19 6
CA199 (U/mL) 496 423
<27 42 26 16 14 2
>27 51 28 23 15 6

Abbreviations: CEA, carcinoembryonic antigen; CA 199, carbohydrate antigen 199; KRAS, Kirsten rat sarcoma viral oncogene homolog; CRLM, colorectal liver

metastasis.

Table 2. Characteristics of Specific Mutations in KRAS.

KRAS N/total Mutant rate (%)
Single site mutation
KRAS codon 12 mutation
G12A(GGT>GCT) 2/39 5.1
G12D(GGT>GAT) 9/39 23.1
G12C(GGT>TGT) 5/39 12.8
G12S(GGT>AGT) 5/39 12.8
G12V(GGT>GTT) 8/39 20.5
KRAS codon 13 mutation
G13D (GGC>GACQ) 8/39 20.5
Multiple site mutations
GI12C+G12D 1/39 2.6
GI2A +Gl12C 1/39 2.6

Abbreviations: KRAS, Kirsten rat sarcoma viral oncogene homolog.

Overall Survival

The median OS for patients with mutant KRAS was 30.0
months, and the 3- and 5-year OS rates for 39 patients with
mutant KRAS were 47.1% and 26.1%, respectively. In contrast,
in patients with wild-type KRAS, the median OS was 52.0
months, with 3- and 5-year OS rates of 68.8% and 49.0%,
respectively. The OS of patients with mutant KRAS was
worse than that in patients with wild-type KRAS (HR =
1.947; 95% CI, 1.079-3.513; P = .027; Figure 2, Table 3).
Further analysis showed that the median OS and PFS for
patients with KRAS 12 codon mutations were 29 and §
months, whereas those in patients with wild-type KRAS were
52 and 15 months, respectively; the differences were statisti-
cally significant. In both Kaplan—Meier analysis (log-rank P
= .003) and Cox regression analysis (univariate HR = 2.455;
95% CI, 1.339-4.501; P = .004; and multivariate HR =
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Figure 2. Kaplan—Meier curves from patients with colorectal cancer with unresectable liver metastases according to KRAS mutation status.
(A) OS according to wild-type or mutant KRAS. (B) PFS according to wild-type or mutant KRAS. (C) OS according to KRAS codon 12 or
wild-type. (D) PFS according to KRAS codon 12 or wild-type. (E) OS according to KRAS ¢.35G>A (p.G12D) mutation status. (F) OS according
to KRAS ¢.35G>T (p.G12V) mutation status. (G) PFS according to KRAS ¢.34G>T (p.G12C) mutation status.

Abbreviation: KRAS, Kirsten rat sarcoma viral oncogene homolog; OS, overall survival; PFS, progression-free survival.

2.527; 95% CI, 1.349-4.734; P = .004), OS was worse in
patients with KRAS codon 12 mutations than in patients with
wild-type KRAS. In contrast, KRAS codon 13 mutations were
not associated with a worse OS than wild-type KRAS (univari-
ate analysis: HR = .873; 95% CI, 0.262-2.911; P = .825; mul-
tivariate analysis: HR = .822; 95% CI, 0.243-2.776; P = .752;
Figure 2, Table 4). In univariate analysis, multiple liver metas-
tases (HR = 3.033; 95% CI, 1.495-6.155; P = .002), palliative
surgery (HR = 2.715; 95% CI, 1.149-6.415; P = .023), and
KRAS codon 12 mutations were risk factors for worse prognosis
in patients with unresectable CRLM (Tables 3 and 4).
Multivariate analysis using the Cox proportional hazard
model revealed that codon 12 mutations were an independent
negative prognostic factor in patients with unresectable
CRLM. Futhermore, we analysed the 5 most common KRAS
codon 12 mutations. GI12D (HR =2.568; 95% CI,
1.087-6.070; P =.032) and G12V (HR = 3.400; 95% ClI,
0.1.432-8.073; P = .006; Figure 2, Table 5) mutations were
associated with a significantly higher risk of long-term death
compared with wild-type KRAS. There were no significant dif-
ferences in OS between patients with the remaining 4 KRAS
mutations and wild-type KRAS (P> .05).

Progression Free Survival

The median PFS for 39 patients with KRAS mutations was sig-
nificantly shorter (10 months) than that in patients with wild-

type KRAS (15 months; HR = 1.947; 95% CI, 1.079-3.513; P
= .027; Table 3). Moreover, the PFS of patients with KRAS
codon 12 mutations (8 months) was significantly shorter than
that of patients with wild-type KRAS (log-rank = 0.029; multi-
variate analysis: HR = 1.830; 95% CI, 1.041-3.216; P = .036).
In contrast, there were no significant differences in PFS
between patients with KRAS codon 13 mutations and wild-type
KRAS (HR = 2.238; 95% CI, 0.907-5.522; P = .080; Figure 2,
Table 4). In multivariate analysis, regional lymph node metas-
tasis (HR =2.302; 95% CI, 1.087-4.878; P = .029) was also
associated with a worse prognosis in patients with unresectable
CRLM (Table 3). Further analysis revealed that G12C was
associated with a statistically significant decrease in PFS com-
pared with all other KRAS mutants or with wild-type KRAS
(HR = 8.676; 95% CI, 3.274-22.99; P<.001; Figure 2,
Table 5).

Discussion

The importance of KRAS in assessing the prognosis of patients
with hepatic metastasis has been confirmed in previous studies.
However, there are many mutation sites in KRAS and the bio-
logical effects caused by mutations at the different sites are
still controversial. Moreover, few studies have examined the
prognostic roles of specific point mutations in KRAS codons
in patients with unresectable CRLM. Therefore, we evaluated
specific mutations in KRAS and analyzed the relationships
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Table 3. Univariate and Multivariate Cox Proportional Hazard Analysis for Overall Survival and Progression Free Survival.

Overall survival

Progression free survival

Univariate Multivariate Univariate Multivariate
Prognostic factor HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P
KRAS status .022 .027 .026 .016
Wild type 1(Referent) 1(Referent) 1(Referent) 1(Referent)
Mutant type 1.974(1.105-3.529) 1.947(1.079-3.513) 1.810(1.073-3.053) 1.906(1.127-3.223)
Gender 738 .895
Male 1(Referent) 1(Referent)
Female 0.903(0.495-1.646) 0.964(0.606-1.773)
Age(years) 949 .657
<60 1(Referent) 1(Referent)
>60 1.021(0.544-1.914) 0.884(0.514-1.522)
Tumor size(cm) 295 415
<5 1(Referent) 1(Referent)
>5 1.384(0.753-2.542) 0.790(0.448-1.392)
Location of tumor .199 .029 764
Right colon 1(Referent) 1(Referent) 1(Referent)
Left colon 0.779(0.345-1.761) 0.817(0.358-1.867) 1.347(0.552-3.285)
Rectum 0.497(0.214-1.153) 0.382(0.162-0.904) 1.163(0.480-2.819)
Tumor type 472 744
Raised 1(Referent) 1(Referent)
Ulcerative 1.337(0.675-2.650) 1.246(0.677-2.295)
Infiltrative 0.500(0.065-3.877) 0.949(0.214-4.205)
Number of liver metastases .002 .002 423
Solitary 1(Referent) 1(Referent) 1(Referent)
Multiple 3.033(1.495-6.155) 2.797(1.174-6.662) 1.247(0.727-2.138)
Maximum diameter of 999 .677
metastasis(cm)
<5 1(Referent) 1(Referent)
>5 1.001(0.466-2.148) 0.859(0.420-1.756)
AJCC eighth edition T stage 353 817
T1/T2 1(Referent)
T3/T4 0.872(0.271-2.800)
Regional lymph node 292 .042 .029
metastasis
Negative 1(Referent) 1(Referent) 1(Referent)
Positive 0.693(0.351-1.370) 2.170(1.027-4.586) 2.302(1.087-4.878)
CEA (ng/mL) 271 155
<5 1(Referent) 1(Referent)
>5 0.702(0.374-1.318) 0.912(0.512-1.624)
CA199 (U/mL) 956 .947
<27 1(Referent) 1(Referent)
>27 1.017(0.570-1.814) 0.947(0.566-1.587)
Surgery .023 .020 444

Radical resection
Palliative resection

1(Referent)
2.715(1.149-6.415)

1(Referent)
3.154(1.524-6.528)

1(Referent)
0.798(0.448-1.422)

Abbreviations: CEA, carcinoembryonic antigen; CA 19 to 9, carbohydrate antigen 19 to 9; HR, hazard ratio; 95% CI, 95% confidence interval; KRAS, Kirsten rat

sarcoma viral oncogene homolog.

between the mutations and the clinicopathological characteris-
tics and the prognosis of unresectable CRLM, with the goal
of providing information for improvement of prognoses and
treatments.

Similar to previous studies demonstrating that the incidence
of KRAS mutations ranged from 30% to 50%,'"" we found
that 41.9% of tumor specimens from our cohort with unresect-
able CRLM harboring KRAS mutations. Moreover, the

mutations in KRAS were point mutations and were mostly
observed in exon 2, including codon 12 and codon 13,22'26
which is consistent with our findings. Among patients with
mutations in codons 12 and 13, G12D, G12V, and G13D
were detected in more than 20% of specimens, whereas
G128, G12A, and G12C were less common. These findings
were similar to the results of a previous study by Thierry and
colleagues.?’
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Table 4. Univariate and Multivariate Cox Proportional Hazard Analysis for Overall Survival and Progression Free Survival According to

Specific KRAS Codon Mutation.

Overall survival

Progression free survival

Univariate
HR (95% CI)

Multivariate
HR (95% CI)

Multivariate
HR (95% CI)

Univariate
HR (95% CI)

Wild type 1(Referent) 1(Referent) 1(Referent) 1(Referent)

All codon 12 mutations 2.455(1.339-4.501) 2.527(1.349-4.734) 1.840(1.047-3.232) 1.830(1.041-3.216)
P=.004 P=.004 P=.034 P=.036

All codon 13 mutations 0.873(0.262-2.911) 0.822(0.243-2.776) 1.717(0.715-4.126) 2.238(0.907-5.522)
P=.825 P=.752 P=.227 P=.080

Abbreviations: HR, hazard ratio; 95% CI, 95% confidence interval; KRAS, Kirsten rat sarcoma viral oncogene homolog.

Table 5. Univariate and Multivariate Cox Proportional Hazard Analysis for Overall Survival and Progression Free Survival According to

Specific KRAS Mutation in the Whole Group.

Overall survival

Progression free survival

Univariate Multivariate Univariate Multivariate
KRAS HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)
Wild type 1(Referent) 1(Referent) 1(Referent) 1(Referent)
G12D 2.702(1.152-6.337) 2.568(1.087-6.070) 1.104(0.429-2.844) 1.207(0.467-3.115)
P=.022 P=.032 P=.838 P=.698
GI2A 2.346(0.313-17.606) 1.440(0.191-10.885) 1.190(0.161-8.804) 1.039(0.140-7.703)
P=.407 P=.724 P=.865 P=.970
Gl12C 1.663(0.497-5.565) 1.326(0.391-4.491) 9.318(3.522-24.653) 8.676(3.274-22.99)
P=.409 P=.651 P <.001 P <.001
GI12vV 3.292(1.401-7.738) 3.400(0.1.432-8.073) 1.913(0.795-4.607) 1.655(0.684-4.005)
P=.006 P=.006 P=.148 P=.264
G128 1.698(0.400-7.209) 3.872(0.806-18.589) 2.258(0.678-7.524) 2.679(0.790-9.084)
P=2473 P=.091 P=.185 P=.114
G13D 0.873(0.262-2.910) 0.701(0.209-2.354) 1.801(0.747-4.344) 2.362(0.949-5.881)

P= 825

P=.566

P=.190

P=.065

Abbreviations: HR, hazard ratio; 95% CI, 95% confidence interval; KRAS, Kirsten rat sarcoma viral oncogene homolog.

In present study, we found that CRLM patients with KRAS
mutations had a significant increased risk of postoperative tumor
recurrence and death compared with that of patients with a wild-
type KRAS. However, the impact of KRAS-specific codons and
even specific sites within the gene on the prognosis of CRLM
patients is still not clear. Specifically, our current study indicated
that OS and PFS in patients with codon 12 mutations, but not
codon 13 mutation, were worse than those in patients with wild-
type KRAS, resulting in ~150% increased risk of death and 83%
increased risk of tumor progression. According to the results
from cell experiments by Guerrero et al*® KR4S codon 12 muta-
tions are associated with a more aggressive tumor phenotype
than codon 13 mutations owing to alterations in the threshold
for apoptosis induction. Additionally, Renaud et al** confirmed
that codon 12 mutations are associated with increased upregula-
tion of vascular endothelial growth factor (VEGF) and more
stable bonds between RatSarcoma (RAS) and guanosine triphos-
phate (GTP). These findings indicate that the codon 12 and 13
mutations represent different tumor clones, although they are
both KRAS mutations. Compared with the codon 13 mutation,
the KRAS codon 12 mutation conferred a more aggressive tumor

phenotype. Therefore, we may be able to determine the prognosis
of CRLM patients by evaluating specific mutation subtypes in
KRAS and formulate different treatment strategies according to
particular genetic conditions.

Notably, we also confirmed that not all codon 12 mutations
led to worse survival outcomes than wild-type KRAS. Among
the 5 most common codon 12 mutations, only G12V and
G12D mutations increased the risk of postoperative death,
with a worse OS than in patients with other KRAS mutations
or with wild-type KRAS. Moreover, the G12C mutation
increased the risk of tumor progression with a decreased PFS.
The aggressive behaviors of tumors harboring the G12V and
G12D mutations has been explained by Al-Mulla et al*® who
showed that both G12V and G12D mutations produce proteins
with lower basal GTPase activity that are refractory to stimula-
tion by GAP binding. Moreover, more stable complexes formed
from combining with GTP and the lower affinity of the G12V
mutant for GAP provided Ras a more constant positive
signal. Consistent with the results of Margonis and
Imamural,'>?® we confirmed that the G12 V and G12D muta-
tion conferred cancer cells with more aggressive biologic
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behaviors after primary resection in CRLM. Additionally, we
also found that G12C was associated with poor prognosis.
These findings indicate that even if they are all located in
codon 12, the mechanism that affect tumor biological behavior
is different in distinct mutation sites. To the best of our knowl-
edge, various type of KRAS point mutations may activate differ-
ent downstream signaling events. As previously described by
Thle and colleagues,! both G12C and G12V mutations activate
Ral signalling and decrease growth factor-dependent Akt acti-
vation, whereas the G12D mutation activates phosphatidylino-
sitol 3-kinase and mitogen-activated protein kinase/
extracellular signal-regulated kinase signaling. Additionally,
Floyd and Dance-Barnes reported the G12C mutation preferen-
tially induces anchorage-independent growth by activating Raf
and Ral.*** These also prove that even different mutations in a
single gene may affect unique biological behavior, which
further emphasizes the importance of tumor heterogeneity in
the diagnosis and treatment of cancer.

Furthermore, according to our study, not all patients with
unresectable CRLM had a short survival period, which may
encourage patients not to give up treatment, cooperate with
the examination and treatment to prolong survival, and
improve quality of life. Besides, the value of specific KRAS
point mutations in accessing prognosis of CRLM patients will
improve the accuracy of prognosis, which may be superior to
tumor size and tumor infiltration depth in clinical practice.
Moreover, the use of KRAS status as a prognostic indicator at
the molecular biology level may be more objective and accurate
than previous prognostic indicators.

Despite these positive findings, there were some limitations
to the current study. Firstly, the follow-up period was relatively
short, and the median OS was not reached in the partial sub-
group. Secondly, due to being a retrospective study, the
sample population was limited, which may have introduced
some selection bias. Finally, the patient number with specific
mutation was low (such as G12C mutation) and its prognostic
value needs further study. Thus, we need additional studies
using larger sample sizes with longer follow-up times to
provide more reliable results in the future.

Conclusion

In conclusion, specific mutations in codon 12 of KRAS, specif-
ically G12 V and G12D, were independent prognostic factors of
worse OS after resection, whereas G12C seemed to be associ-
ated with worse PFS. The determination of specific mutations
in KRAS could help clinicians develop therapeutic strategies
and even provide important information for developing molec-
ular targeted drugs to improve prognosis in patients with unre-
sectable CRLM.
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