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Combined KRAS and TP53 mutation

Check for
updates

in patients with colorectal cancer enhance
chemoresistance to promote postoperative

recurrence and metastasis
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Abstract

harboring combined KRAS and TP53 mutations.

The response of patients with colorectal cancer to chemotherapy is tightly correlated with their genomic variation.
Among these, APC, TP53, KRAS, PIK3CA are the most frequently mutated genes in advanced colorectal cancer
patients. However, the precise correlation between these mutations and the therapeutic effects of chemotherapy
remains elusive. Here, we conducted genome sequencing to identify commonly mutated genes in colorectal
cancer patients and comprehensively assessed their sensitivity to chemotherapy drugs by monitoring computer
tomography (CT) scans and carcinoembryonic antigen (CEA) levels. Surprisingly, we discovered that the objective
response rate to the standard first-line chemotherapy among patients harboring combined KRAS and TP53
mutations is dismal, and these patients are predisposed to recurrence and metastasis. Furthermore, advanced-stage
patients with concurrent KRAS and TP53 mutations are susceptible to developing cancer-associated cachexia due
to chemotherapy resistance or forced cessation of treatment. Our findings underscore the urgent need for the
development of innovative and novel chemotherapeutic strategies to effectively manage colorectal cancer patients
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Introduction

Colorectal cancer (CRC) has emerged as the third most
prevalent form of cancer and the fourth leading cause of
cancer-related fatalities, claiming approximately 700,000
lives globally each year, trailing only lung, liver, and gas-
tric cancers [1]. The treatment of colorectal cancer is
primarily determined by the stage (severity) of the dis-
ease, encompassing surgical intervention, neoadjuvant

*Correspondence:

Yao Fan

fanyaocqykdx@163.com

'Department of General Surgery, The Third Hospital of MianYang, Sichuan
Mental Health Center, MianYang 621000, China

N BMC

radiotherapy (primarily for rectal cancer patients), and
adjuvant chemotherapy (primarily for patients with Stage
III/IV colon cancer and those with high-risk Stage II dis-
ease). The five-year relative survival rate ranges from over
90% for those with Stage I disease to slightly above 10%
for those with Stage IV disease [2]. Despite the effective-
ness of anticancer drugs, nearly all metastatic patients
ultimately succumb to chemoresistance [3]. Tumor
evolution and the emergence of drug resistance are the
primary culprits behind treatment failures and mortal-
ity in CRC patients [4]. The postoperative recurrence
and chemoresistance of CRC pose significant challenges
in improving patient survival rates. However, the lack
of reliable clinical molecular markers to predict these
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recurrences remains a significant hurdle in the manage-
ment of CRC patients.

The genetic predisposition of CRC in diverse popula-
tions has been the focus of numerous investigations.
Among the most frequently observed genetic varia-
tions associated with this malignancy are mutations in
the APC, TP53, RAS, PIK3CA, HER2, SMAD4, FBXW7
genes [5-9]. However, it is noteworthy that these genes
exhibit comparable mutation frequencies in different
populations, indicating a shared genetic basis for CRC
across different ethnic and geographic groups. Genetic
alterations are intricately linked to drug chemoresistance
in cancer treatment [10]. Nevertheless, the scant litera-
ture available over the past decade has failed to provide
a comprehensive overview of chemoresistance and its
underlying mechanisms in CRC. the KRAS glycine-to-
cysteine mutation at codon 12 (KRAS G12C) in colorec-
tal cancer is associated with poorer overall survival in the
first and second line when treated with chemotherapy
[11, 12]. Although KRAS, BRAF, PIK3CA, APC, and
TP53 mutations are frequently observed in colorectal
cancer tissues [13—15], our comprehension of their intri-
cate relationship with chemotherapy remains incomplete.

The implementation of CRC screening has significantly
contributed to the decreasing trend in CRC incidence and
mortality over the past two decades [16]. The emergence
of evidence that cancer is a genetic disorder has revolu-
tionized diagnosis and treatment strategies. Molecular
profiling of colorectal tumors has enhanced our ability to
pinpoint patients who are likely to benefit from targeted
therapy [17]. This article delves into the intricate relation-
ship between chemoresistance and prevalent gene muta-
tions in colorectal cancer, specifically highlighting APC,
TP53, KRAS, and PIK3CA. Our meticulous research
revealed that the combined mutation of TP53 and KRAS
significantly diminishes the responsiveness of colorec-
tal cancer cells to the standard first-line chemotherapy.
Notably, KRAS and TP53 mutations are indicative of a
bleak prognosis in colorectal cancer (CRC) [4]. In addi-
tion, we embarked on a comprehensive literature review
and rigorous analysis to unwrap the underlying mecha-
nisms of chemoresistance in colorectal cancer patients
harboring TP53 and KRAS mutations. This endeavor
aims to pave the way for enhancing the prognosis and
survival rates of these patients, offering them a ray of
hope in their fight against this debilitating disease.

Material and method

Participants

The study received approval from the Ethics Committee
of the affiliated traditional Chinese medicine hospital of
southwest medical university. Written informed con-
sent was obtain from inpatients between January 2018
and December 2022. The inclusion criteria for the study
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population were: (1) colorectal cancer was confirmed
by hematoxylin and eosin (HE) staining and histological
analysis; (2) inclusion of stage III patients according to
American Joint Committee on Cancer (AJCC) guidelines;
(3) patients were administrated the standard therapeu-
tic regimens as first line according to NCCN guidelines
for colorectal cancer. (4) genome sequencing were per-
formed to identify gene status. (5) medical records and
imaging information were complete preserved. The
exclusions from the study were as follows: (1) patients
with other tumors disease other than colorectal cancer;
(2) other cases inconsistent with the above inclusion
criteria.

Genotyping for APC, TP53, KRAS, PIK3CA genes

Neoplastic tissue of patients were harvested by endo-
scopic biopsy, and were frozen in liquid nitrogen and then
crushed using a mortar and pestle. DNA was extracted
using the DNAzol™ reagent (invitrogen, America) accord-
ing to the manufacturers’ instructions. NanoDrop 2000
(Thermo Scientifc, America) was used to determine
DNA concentration. When making measurements, the
DNA samples should be diluted to 20 ng/uL, and the
0OD260/0D280 should be 1.8-2.0. Genetic testing using
a high-throughput sequencing platform (Illumina HiSeq
4000, America). DNA library were constructed by using
TruSeq DNA PCR-Free library Prep Kit (illumina, Amer-
ica) according to the manufacturers’ instructions.

Chemotherapy regimen and valuation of tumor

All patients were diagnosed by endoscopic biopsy, and
then underwent chest and full abdominal CT examina-
tion, and serum CEA determination to valuate the basic
information of tumor. Following patients were admin-
istrated the based first-line chemotherapy according to
mFOLFOX6 regime of NCCN guideline. After three
months, CT examination and CEA test were performed
to assess therapy-related differences.

Data collection and statistical analysis

Collection of clinical records including gender, age,
tumor site, histologic type, maximum tumor diameter.
SPSS statistical software version 20.0 (IBM Corporation,
America) was used for data analysis. Descriptive statistics
were used to summarize the clinicopathological charac-
teristics of the patients. Categorical variables were com-
pared using the x2 test and Fisher’s exact test. The test of
significance was two-sided, with a P value<0.05, and the
difference was considered statistically significant.

Result

Characteristics of subjects

One hundred and sixty-three patients were enrolled in
this study, including 54 (33.1%) female patients and 109
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(66.9%) male patients. The age range of the patients was
from 18 to 82 years old. Among them, 79 (48.5%) patients
were younger than 60 years old, while 84 (51.5%) patients
were 60 years old or older. In terms of tumor location,
colon tumors were present in 55 (33.7%) patients, rec-
tum tumors in 100 (61.3%) patients, and cecum tumors
in 2 (1.2%) patients. Regarding tumor size, 65 patients
(39.9%) had a tumor maximum diameter less than 5 cm,
and 79 patients (48.5%) had a tumor maximum diameter
of 5 cm or greater. In terms of tumor differentiation, well-
differentiated tumors were detected in 8 (4.9%) cases,
moderately differentiated tumors in 108 (66.3%) cases,
and poorly differentiated tumors in 27 (16.7%) cases. All
patients exhibited lymphatic vascular space invasion, but
no distant metastases were observed. All cases were clas-
sified as stage III (Table 1).

Frequency and composition ratio of APC, TP53, KRAS,
PIK3CA mutations

The genotyping analysis for KRAS (codons 12, 13, 59,
61, 117, and 146), APC (codons 8, 9, 14, and 16), TP53
(codons 5, 6, 7, and 8), and PIK3CA (codons 2, 5, 8, and
10) mutations was conducted in a cohort of patients
(Fig. 1). The results indicate that mutations in at least
one of these genes were detected in 58.9% of the patients,
while 41.1% had no mutations tested. Specifically, KRAS,

Table 1 Baseline characteristics of CRC patients

Gender

Male, n (%) 109(66.9%)

Female, n (%) 54(33.1%)
Age

<60, n (%) 79(48.5%)

>60, n (%) 84(51.5%)
Tumor site

Colon 55(33.7%)

Rectum 98(60.1%)

Cecum 2(1.2%)

Rectal and sigmoid colon junction 8(5%)
Maximum diameter of tumor

<5cm, n (%) 65(39.9%)

>5cm, n (%) 79(48.5%)

Unknown, n (%) 19(11.6%)
Tumor differentiation

Well, n (%) 8(4.9%)

Moderate, n (%) 108(66.2%)

Poor, n (%) 27(16.6%)

Unknown, n (%) 20(12.3%)
Lymphovascular invasion

Present, n (%) 163(100%)
Disease stage at diagnosis

I, n (%) 163(100.0%)
Distant metastasis

No 0
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TP53, APC, and PIK3CA mutations were tested in 41.1%,
26.4%, 8%, and 7.4% of the samples, respectively. Simul-
taneous testing for mutations in KRAS and TP53, KRAS
and APC, and KRAS and PIK3CA occurred in 11%, 3%,
and 3% of the samples, respectively. Regarding the gender
distribution of mutations, KRAS mutations were more
prevalent in males (64.2%) compared to females (35.8%).
Similarly, TP53 mutations were also more common in
males (63%) than in females (37%).

In terms of the ranking of mutations based on com-
position, KRAS exon 2 mutations emerged as the most
frequent, accounting for 35.6% of all mutations. Other
notable mutations included KRAS exon 3 (4.9%), KRAS
exon 34 (0.6%), various exons of TP53 ranging from 1.2
to 6.6%, APC exon 16 (8%), and various exons of PIK3CA
ranging from 1.2 to 3.1%. It is worth noting that PIK3CA
exon 22 mutations were detected in only 0.6% of the sam-
ples (Table 2).

KRAS Combined with TP53 mutation in colorectal
cancer promotes chemoresistance

To explore the correlation between chemoresistance in
colorectal cancer (CRC) and the genomic profiles of APC,
TP53, KRAS, and PIK3CA, we conducted a longitudinal
study focusing on patients undergoing chemotherapy.
Over a three-year period, we regularly monitored the
patients’ progress through computed tomography (CT)
scans and carcinoembryonic antigen (CEA) measure-
ments, taken at three-month intervals (Table 3). Concur-
rently, we conducted a comprehensive analysis of gene
mutations and their impact on the effectiveness of che-
motherapy. Remarkably, our findings revealed that KRAS
and TP53 are the most frequently mutated genes across
CRC cases. Furthermore, the presence of a double muta-
tion in both KRAS and TP53 was significantly associ-
ated with a higher likelihood of liver metastasis and/or
an upregulation of CEA levels. These observations sug-
gest that the mutational status of these genes may play a
crucial role in determining the response to chemotherapy
and the overall prognosis of CRC patients (Fig. 2).

Discussion

Postoperative adjuvant chemotherapy remains the stan-
dard treatment strategy for locally advanced colorectal
cancer, yet the response to therapy varies significantly
among patients [18]. Despite receiving adjuvant chemo-
therapy after surgery, some individuals still face chal-
lenges such as distant metastasis, enlarged lymph nodes,
or elevated CEA levels. Consequently, the emergence of
drug resistance poses a significant obstacle to improving
the prognosis of CRC [19]. Currently, we lack a precise
screening method to identify the subset of colorectal
cancer patients who are likely to benefit from postopera-
tive adjuvant chemotherapy. This study reveals that the
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Fig. 1 The gene mutation sites and frequency for KRAS, APC, TP53, PIK3CA were analyzed in patient with colorectal cancer. (A) Exon 2, 3 and 4 were tested
for KRAS gene. (B) Exon 4, 5, 6, 7, 8 and 14 were tested for TP53 gene. (C) Exon 2, 5, 8,10 and 22 were tested for PIK3CA gene. (D) Exon 16 was tested for

APC gene

combined presence of KRAS and TP53 mutations dimin-
ishes the sensitivity to first-line chemotherapy drugs in
colorectal cancer. Furthermore, patients in the late stages
of the disease who harbor both KRAS and TP53 muta-
tions are predisposed to developing cancer-associated
cachexia, often due to chemotherapy resistance or the
forced cessation of treatment.

The RAS pathway stands out as a crucial target for
the metastatic treatment of colorectal cancer, as numer-
ous specific mutations within the RAS family have been
linked to the progression of this malignancy [20]. The

mutational status of KRAS is recognized as a pivotal bio-
marker indicating resistance to EGFR-targeted therapy
[21]. Cancer cells harboring oncogenic alleles of RAS
typically rely on the persistent expression of the mutant
allele for their survival [22]. Notably, approximately 30%
of human malignancies are resistant to effective treat-
ment due to the presence of mutant RAS oncogenes [23].
KRAS mutations are frequently observed in around 40%
of CRC patients, emphasizing its central role in colorectal
cancer [24]. Cancer cells frequently become dependent
on oncogenic signals, underscoring the need for RAS/
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Table 2 Frequency and composition ratio of KRAS/TP53/APC/
PIK3CA mutation in CRC patients

Gene Name Exon Number and Fren- Composi-
quency of mutation, tion Ratio
n(%) of
Mutations
KRAS Exon2 58 (35.6%) 86.6%
Exon3 8(4.9%) 11.9%
Exon4 1(0.6%) 1.5%
TP53 Exon4 2(1.2%) 4.7%
Exon5 9(5.5%) 20.9%
Exon6 9(5.5%) 20.9%
Exon7 9(5.5%) 20.9%
Exon8 9(5.5%) 20.9%
Exon14 1(0.6%) 2.3%
APC Exon16 13(8%) 100%
PIK3CA Exon2 2(1.2%) 16.7%
Exon5 3(1.8%) 25%
Exon8 1(1.2%) 8.3%
Exon10 5(3.1%) 41.7%
Exon22 1(0.6%) 8.3%
Total 135(82.8%)

Table 3 Incidence of disease progression are associated with
mutations in various types of genes

Gene Name Numberof  Number of Incidence (p
mutation progression value)

No mutation 28 1 3.57%

KRAS 67 1M 16.42% (0.10)

TP53 39 7 17.95% (0.13)

APC 13 3 23.08% (0.08)

PIK3CA 12 2 16.67% (0.21)

KRAS and TP53 18 12 66.67% (<0.001)

BRAF status testing as a prognostic stratification crite-
rion [23]. A significant proportion of patients harboring
these mutations fail to respond to major drug combina-
tion regimens, including those involving monoclonal
antibodies [25]. KRAS functions downstream of EGFR
in the RAS/MAPK signaling pathway, and its mutation,
independent of EGER status, activates the pathway, lead-
ing to resistance [26]. Additionally, epigenetic regulatory
genes are frequently deregulated in cancer, increasing the
likelihood of their contribution to resistance mechanisms
[27].

The tumor suppressor p53 functions as a transcription
factor that gets activated in response to DNA damage,
triggering the expression of genes involved in halting can-
cer cell growth or inducing apoptosis [28]. The inactiva-
tion of p53 is a common trait observed in human cancer
cells, often resulting from mutations or deletions of the
p53 gene [29]. CRC, a heterogeneous disease with intri-
cate genetic and biochemical components, frequently
exhibits dysregulation in crucial intracellular signaling
pathways, including Wnt/p-cyclin signaling, Ras signal-
ing, and p53 signaling [30]. Recent evidence suggests that
mutant p53 plays a pivotal role in oncogenic properties,
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such as sustained cellular proliferation, resistance to cell
death, invasion and metastasis, as well as tumor-induced
inflammation [31]. The activation of wild-type p53 in
response to genotoxic stress occurs through diverse
mechanisms, including alterations in protein conforma-
tion, posttranslational modifications, and nuclear local-
ization, ultimately leading to DNA binding to specific
promoters [28].

RAS and TP53 mutations frequently occur in vari-
ous types of human cancers, including colorectal can-
cer (CRC), pancreatic ductal adenocarcinoma (PDAC),
and non-small cell lung cancer (NSCLC) [32-34]. Stud-
ies have shown that patients with co-alteration in RAS
and TP53 have poorer overall survival and progression-
free survival rates following colorectal liver metastasis
resection compared to patients with only one alteration
or no alteration in these genes [35]. Additionally, com-
bined KRAS/TP53 mutations in locally advanced rectal
cancer are independently associated with a decreased
response to neoadjuvant therapy and higher rates of
lymph node metastasis [36]. KRAS/TP53 double muta-
tions may weaken antitumor immunity by reducing the
energy metabolism of T- and myeloid cells and remodel-
ing cellular interactions to promote immunosuppression
[37]. Tumors harboring KRAS codon 13 mutations tend
to have a higher incidence of concurrent TP53 muta-
tions compared to tumors with other KRAS mutations,
and the specific KRAS codon mutation may differentially
affect resistance to neoadjuvant chemoradiation therapy
(nCRT) in rectal cancer. This variable resistance could
be linked to the varying frequencies of TP53 mutations
among KRAS-mutant tumors [38]. Furthermore, tumors
that simultaneously carry mutations in TP53 and either
KRAS or NRAS have a poorer prognosis than those with
a wild-type TP53/KRAS/NRAS genotype [39]. Concomi-
tant RAS and TP53 mutations are also associated with
decreased survival rates following resection of colorectal
liver metastases [40].

Addressing chemoresistance and prolonging the effi-
cacy of EGFR-targeted therapies.

are greatly important to improve the disease-free sur-
vival (DFS) and overall survival (OS) for CRC [41, 42].
Tumors harboring RAS/TP53 mutations often exhibit
a heightened sensitivity to adavosertib due to their G1
checkpoint dysfunction, replication stress, and increased
reliance on intra-S phase and G2/M checkpoints for
cell cycle progression [43]. Combining irinotecan with
CHEK1 inhibitors has demonstrated synergistic effects in
KRAS-TP53 double-mutant colon cancer cells, triggering
apoptosis and suppressing tumor xenograft growth [44].
While p53 mutations are associated with resistance to
traditional chemotherapy, they also confer an abundance
of neoantigens, potentially making these tumors more
responsive to immunotherapy [45]. The coexistence of
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Fig. 2 Frequency of disease progression were analyzed by monitoring CT and CEA levels. In comparison to the non-mutation group, the progression of
the disease did not exhibit any significant disparities in the case of KRAS, APC, TP53, or PIK3CA mutations alone, but the patients with combined KRAS and

TP53 mutations are predisposed to recurrence and metastasis (P<0.01)

KRAS and TP53 mutations creates a “hot” tumor micro-
environment, which is conducive to a stronger response
to immunotherapy [32]. Additionally, novel agents like
pradimicin-IRD, a polycyclic antibiotic, have exhibited
antitumor effects in colon cancer cells after extended
exposure, offering another potential therapeutic option
[46]. Collectively, these promising findings suggest that
colorectal cancer patients with KRAS and TP53 co-
mutations who have failed conventional treatments may
benefit from combination therapies or immunotherapy
approaches.

Recently, accumulating evidence suggests that the
concurrent presence of KRAS and TP53 mutations sig-
nificantly contributes to oncogenic processes, including
metastasis and drug resistance. As such, it is imperative to
take into accounts this molecular signature when admin-
istering traditional chemotherapy regimens to patients
with colorectal cancer (CRC). Notably, numerous prom-
ising therapeutic approaches emerging from fundamental
and preclinical research, including drug combinations,
immunotherapies, and innovative drug strategies, pres-
ent viable options. Our study has indeed revealed a nota-
ble trend where patients harboring combined mutations
in TP53 and KRAS genes exhibit a higher likelihood of
relapse following surgical intervention. Nevertheless, the
limited sample size of our investigation necessitates fur-
ther validation through a multi-center study to solidify
this observation. Additionally, the precise mechanism

underlying how the combined mutation of TP53 and
KRAS promotes drug resistance remains elusive, and
further fundamental investigations are necessary to elu-
cidate this intricate roles and regulatory mechanisms,
ultimately aiming to enhance the efficacy of therapeutic
interventions. In summary, our investigation indicates
the existence of possible genetic predispositions that may
contribute to the recurrence of colorectal cancer follow-
ing surgical intervention.
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