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Abstract

Background: Rectal cancers with mutations in the KRAS gene have worse prognoses than wild-type malignancies.
Variants at codon 12 of KRAS have particularly detrimental effects on prognosis. We aimed to analyze whether KRAS
mutations act as adverse prognostic factors following neoadjuvant concurrent chemoradiotherapy (CRT) and surgery
for rectal cancer treatment. Methods: We analyzed the effects of KRAS mutations on disease-free survival (DFS) and
locoregional recurrence-free survival (LRFS) in 125 patients with cT2-4N0-2MO rectal cancer who underwent surgery
following CRT between June 2014 and March 2023 Inje University Busan Paik Hospital. Results: The median follow-
up period was 39.7 (range, 7.5-98.2) months. There were 25 patients (20.0%) who harbored KRAS mutations. Among
them, 22 patients (17.6%) had codon 12 variants. Overall, 43 patients (34.4%) showed recurrence, of which 10 (8.0%)
had locoregional recurrence and 35 (28.0%) had distant metastases (two occurred simultaneously). DFS was significantly
reduced in the patients with KRAS mutations (p = 0.005). LRFS was also reduced in patients with KRAS mutations (p =
0.039). DFS and LRFS were also relatively low in the subgroup with KRAS mutations at codon 12 (n =22) (p = 0.003
and p = 0.017, respectively). However, pathologic complete response rate following CRT was not affected by KRAS
mutations (p = 0.197). Overall survival was also not associated with KRAS mutations (p = 0.486).Conclusion: KRAS
mutation is related to decreased DFS and LRFS, when surgery is performed following neoadjuvant CRT to treat rectal

cancer. These effects are particularly pronounced for KRAS mutations at codon 12.
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Introduction

Mutations in the KRAS gene are common in colorectal
cancer (CRC). KRAS gene mutations occur in 17-25%
of all cancers [1]. In patients with CRC who have KRAS
gene mutations, the KRAS protein continuously stimulates
downstream signaling to induce cell proliferation and
survival, thereby resulting in a high risk of tumor
formation and subsequent deterioration. KRAS mutations
are associated with relatively fast relapse [2] and poor
prognosis [3, 4]. A meta-analysis reported that KRAS
mutations were not related to the efficacy of neoadjuvant
chemoradiotherapy (CRT) [5]. However, according
to another recent meta-analysis, KRAS mutations are
associated with poor disease-free survival (DFS) in CRC
[6].

Hotspots for KRAS mutations include codons 12, 13,
and 61 [7]. Among these, mutations at codon 12 account
for more than half of the known KRAS mutation subtypes
[7]. In particular, in a Japanese multicenter study, patients

with metastatic CRC who harbored KRAS mutations in
codon 12 were found to have poorer treatment outcomes
than those without the mutations [8]. Patients with KRAS
mutations at G12C had the worst progression-free and
overall survival (OS) rates [8].

Treatment methods for rectal cancer vary depending
on the location, size, and degree of tumor spread. Surgery,
radiation therapy, and chemotherapy can all be used,
depending on when the tumor is discovered. Early-stage
CRC can be treated using endoscopic resection alone.
Radiotherapy is administered for locally advanced CRC,
most often in combination with chemotherapy prior to
surgery. Combined CRT enhances treatment effectiveness
and reduces the recurrence rate. Radical resection with
pelvic lymph node dissection following neoadjuvant
CRT is effective for lowering the recurrence rate in the
pelvis and therefore, is currently the standard treatment
for locally advanced CRC.

This study aimed to analyze the impact of KRAS
mutations on DFS in patients with CRC who underwent
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neoadjuvant chemotherapy and radiation therapy followed
by curative surgery.

Materials and Methods

This single-center retrospective study included 125
patients with locally advanced CRC who were treated
with neoadjuvant CRT and surgical resection between
June 2014 and March 2023 at Inje University Busan
Paik Hospital. Radiotherapy was administered on a
45.0-50.4/1.8 Gy schedule. The chemotherapeutic
regimen consisted of 5-fluorouracil or Capecitabine. This
retrospective study was approved by the institutional
review board of Inje University Busan Paik Hospital (No.
2023-09-016).

The primary endpoint was DFS. Secondary outcomes
included locoregional recurrence-free survival (LRFS) and
pathological complete response rate (pCR). All patients
enrolled in this study had CRC, were > 18 years of age, and
had undergone neoadjuvant CRT and surgical resection at
our hospital. The exclusion criteria were: 1) patients with
prior medical histories of other cancers, and 2) patients
who were lost to follow-up loss within 3 months following
their surgeries.

Deoxyribo nucleic acid (DNA) was obtained from
paraffin embedded tumor tissues. KRAS codons were
amplified by polymerase chain reaction and analyzed.

DFS, LRFS, and OS were measured from the date
of diagnosis until death or final follow-up within the
study period. SPSS version 25.0 (SPSS Inc., Chicago,
IL, USA) and MedCalc (MedCalc Software, Mariakerke,
Belgium) were used for all statistical analyses. The
chi-squared test was used to examine differences in
variables between patients with KRAS mutations and those
with the wild-type gene. Survival rates were calculated
using the Kaplan—Meier method, and prognostic factors
were evaluated using univariate analysis with the log-rank
test. Independent prognostic factors affecting survival
were evaluated using multivariate analysis with the Cox
proportional hazards model.
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Results

The median follow-up period was 39.7 (range, 7.5-98.2)
months

Table 1 shows the basic patient characteristics. The
median patient age was 67 years. Men accounted for
67.2% (n = 84), and 24 of the patients (19.2%) had
diabetes. Adenocarcinoma was the predominant cancer
type (97.6% of the patients), with only three of the patients
having mucinous cancer (2.4%). According to clinical
stage, ¢T3 (n = 84, 64.0%) accounted for the largest
portion of the cancers in terms of clinical T stage. There
were 36 patients (28.8%) with T4 malignancies. Most of
the patients (n=104; cN1 and cN2) had pelvic lymph node
metastases when they were diagnosed, but 21 (16.8 %)
did not have lymph node metastases. Using a molecular
biological analysis, we detected KRAS mutations in 25
of the patients (20.0%). Among them, 22 (17.6%) had
KRAS mutations in codon 12. The most common degree
of tumor differentiation was moderate, observed in 85
patients (68.0%). There were 39 patients (31.2%) with
well-differentiated tumors, and only one (0.8%) with a
poorly differentiated tumor. The most common surgical
treatment method used was lower anterior resection, which
was performed in 106 patients (84.8%). The remaining
19 underwent abdominoperineal resection. Based on
pathology results, 11 of the patients had TO malignancies,
and 85 had NO. Of these, pCR was achieved in eight
(6.4%). Neuronal invasion was found in 14 patients
(11.2%) and lymphovascular invasion was found in 12
(9.6%). Three of the patients (2.4%) had positive resection
margins following their surgeries. Overall, 43 patients
(34.4%) showed recurrence during the follow-up period.
Among them, 10 (8.0%) had locoregional recurrence,
and 35 (28.0%) showed distant metastases. (two occurred
simultaneously).

Table 2 presents a comparison between patients
with KRAS mutations and those with the wild-type
gene. There were no significant differences in terms of
clinical disecase stages between the two groups. There
was no correlation between differentiation (for moderate
or poor differentiation) and the presence of KRAS
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Figure 1. a. Disease free survival (DFS) according to the KRAS mutation status; b. DFS according to the presence of

the KRAS mutation in codon 12
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Table 1. Patient Characteristics (n = 125)

No. (%)

Age

median (range) 65 (29-83)

<65 72 (57.6)

>65 53 (42.4)
Sex

Male 84 (67.2)

Female 41 (32.8)
Diabetes

Yes 24 (19.2)

No 101 (80.8)
Pathology

Adenoca 122 (97.6)

Mucinous 3 2.4)
cT stage

cT2 9 (7.2)

cT3 80 (64.0)

cT4 36 (28.8)
cN stage

cNO 21 (16.8)

cN1 50 (40.0)

cN2 54 (43.2)
KRAS mutation

codon 12 22 (17.6)

codon 13 2 (1.6)

codon 146 1 (0.8)

wild type 100 (80.0)
Differentiation

WD 39 (31.2)

MD 85 (68.0)

PD 1 (0.8)
Surgery

LAR (84.8)

APR (15.2)
pT stage

pTO (8.8)

pT1 (6.4)

pT2 (20.0)

pT3 (60.0)

pT4 (4.8)
pN stage

pNO (68.0)

pN1 (24.0)

pN2 (8.0)
Neuronal invasion

Positive (11.20)

Negative (88.80)
Lymphovascular invasion

Positive 9.6)

Negative (90.4)
Resection margin

Positive 24

Negative (97.6)

DOI:10.31557/APJCP.2024.25.7.2337
KRAS Mutation in Rectal Cancer

Table 2. Patient Distribution According to the KRAS
Mutation Status

KRAS mutation wild type
No. (%) No. (%)
Clinical T4 9 (36.0) 27 (27.0)
Clinical N1-2 10 (40.0) 30 (30.0)
Moderate-poor differentiation 21 (84.0) 65 (65.0)
3 (12.00 11 (11.0)
2 (8.0) 10 (10.0)
Pathologic complete response 3 (12.0) 5 (5.0)
4
9

Perineural invasion
Lymphovascular invasion
Locoregional failure (16.0) 6 (6.0)
Distant failure (36.0) 26 (26.0)
Total 25 (100.0) 100  (100.0)

mutations. Lymphovascular and perineural invasion
were not correlated with KRAS mutations. No statistical
difference between the two groups could be confirmed
in terms of the response rate following neoadjuvant
treatment and treatment failure after surgical resection.
The pCR rate was also unaffected by KRAS mutations (p
= 0.197). Additionally, KRAS mutation was not related
to progression during neoadjuvant treatment (n = 11,
p = 0.875). Downstaging after neoadjuvant treatment
(n=94, p=0.680) was also not related to KRAS mutation.

The 3-year DFS rate was 71.5%, and the 3-year OS
rate was 98.0%. The 3-year LRFS rate was estimated to

Table 3. Univariate and Multivariate Analyses for
Disease Free Survival.

3yr DFS  p-value HR (95% CI) p-value

Diabetes 0.123

Yes 59.6

No 74.5

Clinical T stage 0.08

T2-3 76

T4 57.9

Clinical N stage 0.036  1.486 (0.769-2.873)  0.239
NO 74.3

N1-2 65.7

Differentiation 0.557

WD 73.1

MD/PD 70.7

KRAS mutation 0.003  2.852  (1.389-5.853 0.004
Positive 50.1

Negative 75.5

Neuronal invasion 0.791
Positive 77.9
Negative 70.8

Lymphovascular 0.028 5339 (1.213-23.506)  0.027
invasion

Positive 583

Negative 73.2

Resection margin 0.018 232 (0.978-5.503)  0.056
Positive 72.7

Negative 0
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Figure 2. a. Locoregional recurrence-free survival (LRFS) according to the KR4S mutation status; b. LRFS according

to the presence of the KRAS mutation in codon 12

be 93.1%. Table 3 summarizes the prognostic factors for
DFS. Our univariate analysis of DFS showed that clinical
N stage (p = 0.036), the presence of mutated KRAS (p
= 0.003), lymphovascular invasion (p = 0.028), and
resection margin status (p = 0.018) all had statistically
significant effects on DFS. Clinical T stage also tended
to be associated with DFS (p = 0.080). A multivariate
analysis confirmed that mutated KRAS (p = 0.004) and
lymphovascular invasion (p = 0.027) were independent
prognostic factors for DFS.

Figure 1A shows that DFS was reduced in patients
with KRAS mutations (p = 0.005). Figure 1B shows
that DFS was also significantly reduced in the subgroup
of patients with the mutation at codon 12 (p = 0.003).
However, OS was not associated with mutated KRAS
(p=0.486). Figure 2A shows that LRFS was significantly
reduced in patients with KRAS mutations (p = 0.039). It
was also significantly reduced in patients with mutation
at codon 12 (p =0.017, Figure 2B).

Discussion

This study showed that KRAS mutations are associated
with poor DFS in patients with CRC. Additionally, the
presence of KRAS mutations was found to represent a poor
prognostic factor for LRFS. This study also confirmed that
the presence of KRAS mutations had a negative impact
on prognosis in CRC, even after neoadjuvant CRT and
surgery had been used to treat it.

We also found certain aspects that differed from the
characteristics of KRAS mutations that have been reported
in previous studies. We found no correlation between pCR
following neoadjuvant CRT and the presence of KRAS
mutations, which contradicts the findings of Chow et al.
[9]. This implies that KRAS mutation is not closely related
to the direct response of the disease to chemoradiation,
which is similar to what was reported by Zhou et al. [10].
In contrast to what was reported in a study by Shin et al.
[11], we did not find an association between tumor N stage
and mutated KRAS. In contrast to the findings of Siderlis’
study [12], distant recurrence rate did not differ based on
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KRAS mutation status.

In this study, KRAS mutations were located in codon
12 for most of the patients. According to a previous study
[8], KRAS mutations at codon 12 are associated with poor
prognoses. In this study, the KRAS mutation frequency
was lower (20.0%) than that reported previously in other
studies. However, most of the KRAS mutations in our
patient cohort were in codon 12. There seemed to be a
higher frequency of KRAS mutations at codon 12 in our
patients than that reported previously [13]. Therefore, it
is necessary to analyze whether the occurrence of KRAS
mutations differs depending on ethnicity and region.

Patients with CRC who have KRAS mutations require
comparatively precise and personalized treatment. In the
past, the KRAS mutation was considered ‘undruggable’
[14]. However, KRAS inhibitors have since been tested
both alone and as components of combination therapies
[14-16]. Agents targeting G12C have also been developed
and are currently undergoing clinical trials [17, 18,
7]. Sotorasib and Adagrasib have been used to treat
refractory CRC in clinical trial settings [19, 20]. The
effectiveness of KRAS G12C inhibitors is lower in CRC
than in lung cancer, owing to resistance [19]. However,
when Adagrasib, a KRAS G12C inhibitor, was used in
combination with Cetuximab in a recent trial, promising
antitumor effects were observed in patients with metastatic
CRC [21]. Moreover, in patients with KRAS mutations,
dose-escalated radiotherapy can improve poor treatment
outcomes. As a result of these new approaches, we believe
that the general prognosis of CRC is expected to improve
in the near future, even for patients with KR4S mutations.

The main strength of this study is that it confirmed
that KRAS mutations have a negative impact on DFS,
even in patients who have received neoadjuvant CRT
and surgery for treatment of locally advanced CRC. One
positive aspect of this study was that subtype analysis was
performed at the codon level, and its impact on prognosis
was confirmed.

This study has some limitations. First, it was a
retrospective study; hence, it may suffer from a selection
bias. Second, the follow-up period was relatively short.



Finally, we did not confirm whether poor OS was related to
KRAS mutations. We expect differences in OS to become
apparent in future studies with relatively long follow-
up periods. In summary, KRAS mutations reduce DFS
and LRFS, even when surgery is performed following
neoadjuvant concurrent CRT, in patients with CRC.
These detrimental effects are particularly pronounced for
KRAS mutations in codon 12. It is necessary to analyze
whether other types of cancer with KRAS mutations have
anegative prognostic effect on recurrence after treatment.
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