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Background: Kirsten rat sarcoma viral oncogene homolog (KRAS) is among the most frequently
mutated oncogenes across multiple cancers. Developing prognostic indicators based on KRAS mutations
and advancing targeted KRAS inhibitors remain critical challenges in oncology. Notably, different KRAS
mutations are associated with distinct biological behaviors, each carrying unique prognostic and therapeutic
implications. The study aims to investigate and explore the characteristics of KRAS mutations and their
impact on cancer patient prognosis.

Methods: We performed a comprehensive pan-cancer analysis using publicly available The Cancer
Genome Atlas (TCGA) Program data to investigate the prognostic significance of KRAS mutations in
pancreatic adenocarcinoma (PAAD), colorectal cancer (CRC), and lung adenocarcinoma (LUAD). Kaplan-
Meier survival analysis and univariate and multivariate Cox regression models were applied to assess the
impact of KRAS mutations on patient outcomes. Additionally, KRAS mutations were detected using Sanger
sequencing in genomic DNA extracted from paraffin-embedded tissues of patients enrolled from 2022 to
2024. Mutation rates and their associations with genetic background factors were analyzed.

Results: The pan-cancer analysis revealed high KRAS mutation frequencies in PAAD (77.4%),
COADREAD (41.1%), and LUAD (27.2%), with the most prevalent mutations being G12C, G12D, and
G12V. Sanger sequencing further confirmed the high mutation frequencies of KRAS®*“ 9P 'V in PAAD
(54/129), CRC (28/40), and LUAD (24/35). Patients harboring KRAS%"*® 9P ¢V mutations in PAAD
exhibited significantly reduced overall survival (OS), progression-free survival (PES), and disease-free
survival (DFS), while no significant survival differences were observed in CRC and LUAD. Multivariate
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Cox regression identified KRA as independent prognostic risk factors in PAAD. Moreover, we
predict that gefitinib, afatinib, erlotinib, and selumetinib could serve as potential co-targeting therapies for
KRAS mutations.

Conclusions: KRAS mutations serve as independent prognostic risk factors in PAAD, and targeting these

mutations may offer a promising therapeutic approach to improve patient outcomes.
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Introduction

The Rat sarcoma (RAS) gene family, which includes
Kirsten rat sarcoma viral oncogene homolog (KRAS),
Harvey rat sarcoma viral oncogene homolog (HRAS),
and neuroblastoma rat sarcoma viral oncogene homolog
(NRAS), is deeply implicated in the pathogenesis of various
malignancies. Among these, KRAS mutations are the most
prevalent and have been shown to drive tumorigenesis
across a wide range of cancers, including pancreatic
adenocarcinoma (PAAD), colorectal cancer (CRC), and lung
adenocarcinoma (LUAD) (1-5). KRAS, a small GTPase
encoded by the KRAS gene, functions as a molecular
switch, alternating between an inactive GDP-bound state
and an active GTP-bound state. Upon activation by growth
factors, chemokines, calcium ions, or receptor tyrosine
kinases (RTKs), KRAS triggers key oncogenic signaling
pathways, such as PI3K-AKT-mTOR and RAF-MEK-
ERK, which regulate cell proliferation, survival, and drug
resistance (6-8). KRAS mutations, particularly in codons
12 and 13, are highly recurrent across cancers, with G12D,
G12V, and G12C being the most frequent mutations. These
mutations alter the protein’s GTPase activity, locking KRAS
in a constitutively active state, which in turn promotes
unchecked cellular growth and survival. Numerous studies
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have established that KRAS mutations are associated with
poor clinical outcomes, underscoring the urgent need for
effective therapeutic strategies to target this oncogene (9,10).

KRAS mutations also contribute to chemotherapeutic
resistance, a major barrier to effective cancer treatment. For
instance, a strong negative correlation has been observed
between KRASG12 mutations and overall survival (OS)
in CRC patients treated with trifluridine/tipiracil (FTD/
TPI). Furthermore, preclinical studies have demonstrated
that eliminating KRASG12 mutations reduces the efficacy
of FTD, suggesting that these mutations play a pivotal
role in DNA damage resistance (11). The development
of KRAS-targeted therapies has been challenging due
to the lack of well-defined binding pockets in the KRAS
protein, rendering it a “non-druggable” target (12,13).
However, recent advances have led to the identification
of promising small molecule inhibitors. For example,
sotorasib (AMG510), which targets the G12C variant,
has shown significant efficacy in early clinical trials by
irreversibly binding to the mutant Cys12 residue (14).
Additionally, peptide inhibitors such as KS-58, derived
from the screening of KRpep-2d, have exhibited specificity
against KRASG12D, demonstrating anticancer activity
in vivo (15,16). Despite these advances, targeting KRAS
mutations remains a formidable challenge. Efforts to inhibit
downstream molecules in the KRAS signaling pathway, such
as RAF, ERK, and MEK, are yet to yield substantial clinical
success (17). Thus, the development of novel inhibitors
that can selectively and effectively target specific KRAS
mutations remains an urgent clinical need.

In this study, we conducted a comprehensive pan-
cancer analysis to evaluate the impact of specific KRAS
mutations (G12C, G12D, and G12V) on clinical outcomes
in patients with PAAD, CRC, and LUAD. Additionally,
we performed targeted sequencing on a cohort of patients
with these cancers to identify mutation profiles. Based
on these findings, we propose potential small molecule
compounds to guide the development of KRAS inhibitors
targeting specific mutations or multiple KRAS variants
simultaneously. We present this article in accordance with
the REMARK reporting checklist (available at https://tcr.
amegroups.com/article/view/10.21037/tcr-24-1832/rc).

Methods
Data collection and processing

Clinicopathologic data for patients with PAAD, CRC, and
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LUAD were retrieved from the cBioPortal database (https://
www.cbioportal.org/). Additionally, we downloaded the
Single Nucleotide Variation dataset for all The Cancer
Genome Atlas (TCGA) samples processed using MuTect2
software (DOI: 10.1038/nature08822) from the Genomic
Data Commons (GDC) portal (https://portal.gdc.cancer.
gov/). Mutational data were integrated, and protein
structural domain information was obtained via the R
package maftools (v2.2.10). Visualizations for partial data
analyses were performed using the Sangerbox 3.0 platform

(http://sangerbox.com/).

Kaplan-Meier and Cox regression analysis

Patients were classified into two groups—altered and
unaltered—based on the presence of KRAS mutations at
the G12C, G12D, and G12V sites. Survival curves were
visualized using the R package Survminer. Patients with a
survival time of less than one month were excluded from the
analysis. Clinicopathologic characteristics were integrated
into univariate and multivariate Cox regression models to
assess their association with OS. All data processing and
analyses were performed using R (v4.1.3) and Zstats (v1.0,
Www.zstats.net).

Identification of small molecule compounds

To identify potential small molecule compounds targeting
KRAS mutations, we utilized the BEST database (https://
rookieutopia.hiplot.com.cn/app_direct/BEST/). Briefly,
BEST employed a ridge regression model to ascertain the
correlations between various drugs and the KRAS gene
across multiple cohorts. This was achieved by conducting
a 10-fold cross-validation, utilizing drug response and
gene expression data sourced from cancer cell lines in the
GDSC_vl, GDSC_v2, CTRP, and PRISM databases. Drug
efficacy was evaluated through ridge regression models built
on drug response data and expression profiles of cancer
cell lines from the Genomics of Drug Sensitivity in Cancer
(GDSC) and the Cancer Therapeutics Response Portal
(CTRP). Sensitivity predictions for individual drugs were
made by integrating gene expression data from PAAD samples.

Patient sample collection

Between June 2022 and February 2024, we collected
samples from 129 patients with PAAD, 40 patients with
CRC, and 35 patients with LUAD at Qilu Hospital of
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Shandong University. Eligible patients had a postoperative
pathological diagnosis of PAAD, CRC, or LUAD and had
undergone enhanced chest or abdominal CT scans within
10 days prior to surgery. Collected clinicopathological
data included gender, age, tumor location, differentiation
grade, tumor invasion depth, tumor size, and lymph
node metastasis status. Exclusion criteria were as follows:
(I) patients who received preoperative radiotherapy,
chemotherapy, or both; (II) patients with multiple
concurrent malignancies. Tumor staging and grading
were performed according to the 8th edition of the
American Joint Committee on Cancer (AJCC)/Union for
International Cancer Control (UICC) guidelines. The
study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013) and was approved by the
Clinical Research Ethics Committee of Qilu Hospital (No.
KYLL-202203-029). Informed consent was obtained from
all participants or their legal representatives.

KRAS mutation detection

KRAS mutation analysis was conducted at the Medical
Laboratory Center of Qilu Hospital, using tissue samples
from patients with PAAD, CRC, and LUAD. Histological
evaluation was performed to select suitable regions for
DNA extraction. Formalin-fixed paraffin-embedded
(FFPE) samples are stored dry at room temperature.
Approximately 30 mg of tissue was dissected from
FFPE samples using a scalpel. DNA was extracted using
the TIANamp FFPE DNA Kit (TIANGEN, Beijing,
China) and amplified using the 2x Taq Master Mix kit
(Nearshore, Shanghai, China) with primers KRAS-275F
(TATCTGTATCAAAGAATGGTCCTG) and KRAS-
275R (TTGTATTAAAAGGTACTGGTGGAG). Real-
time fluorescence quantitative polymerase chain reaction
(qPCR) was performed using a Bioer system (Hangzhou,
China) following the manufacturer’s instructions. The
ABI3730XL platform was employed for sequencing using
the Sanger method and the BigDye v3.1 kit (Thermo Fisher
Scientific, WA, USA). Both wild-type (control) and mutant
KRAS variants (G12C, G12D, and G12V) were analyzed.

Statistical analysis

Continuous variables were compared between groups using
the Mann-Whitney U test, while categorical variables
were compared using the Chi-squared or Fisher’s exact
test. The association between KRAS mutations and patient
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prognosis was evaluated using the Kaplan-Meier method.
Cox regression analyses were conducted to identify factors
significantly associated with OS. A P value of less than 0.05
was considered statistically significant. All statistical analyses
were performed using Prism (v9.0, GraphPad Software, SD,
CA, USA) and SPSS (v26.0, SPSS Inc., Chicago, IL, USA).

Results
KRAS is widely mutated across several cancers

To investigate the mutation rate of KRAS across various
cancers, we analyzed simple nucleotide variations in 32
cancer types from the TCGA dataset. The results indicated
that KRAS mutations were prevalent in multiple cancers,
with the highest mutation frequencies observed in LUAD
(27.2%), rectum adenocarcinoma (READ) (36.7%), colon
adenocarcinoma (COAD) (42.6%), and PAAD (77.4%)
(Figure 1A). Focusing on these cancers, we further assessed
the mutational characteristics of KRAS and compared the
mutation frequency between high and low KRAS expression
groups using the Chi-squared test. The predominant
mutation type identified in KRAS was missense mutations
(Figure 1B). Figure 1C illustrates the most frequent mutation
hotspots were G12C, G12D, and G12V, consistent with
previous findings (5).

Subsequently, we performed Sanger sequencing to detect
KRAS mutations in a cohort of 129 PAAD, 40 CRC, and
35 LUAD patients. In PAAD cases, 65 KRAS mutations
were identified, accounting for 50.4% of the samples, with
G12C, G12D, and G12V mutations present in 83.1%
(54/65) of the cases. An additional 8.5% (11/129) of the
samples displayed other mutations, such as G13D and
G12R. Among CRC patients, 33 KRAS mutations were
detected, representing 82.5% (33/40) of the cases, with
G12C, G12D, and G12V mutations found in 84.8% (28/33)
of samples. Additionally, 15.2% (5/33) exhibited G12R
mutations (Table S1). In LUAD, 24 KRAS mutations were
identified in 68.6% (24/35) of patients, with G12C present in
33.3% (8/24) and G12D in 66.7% (16/24) of cases. No other
mutations were detected in LUAD samples (Table S1). These
findings suggest that G12C, G12D, and G12V mutations in
KRAS may contribute to cancer progression.

KRAS mutations as independent prognostic risk factors in

PAAD
Our previous analyses highlighted G12C, G12D, and
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G12V as the most prevalent KRAS mutations. We classified
patients with these mutations into an “altered” group, while
those without them were grouped as “unaltered”. Table S2
contains integrated clinical subgroup analysis for the three
cancers: PAAD, CRC, and LUAD. In PAAD patients, the
altered group exhibited significantly shorter OS (P<0.001),
progression-free survival (PFS, P=0.004), disease-free
survival (DFS, P=0.014), and disease-specific survival (DSS,
P=0.005) compared to the unaltered group (Figure 2A4-2D).
Nevertheless, no significant difference in survival outcomes
was observed between patients with CRC and LUAD
patients (Figure 2E-2L).

To further investigate the prognostic impact of KRAS
mutations in PAAD, we performed a Cox regression
analysis. Univariate Cox proportional hazards analysis
revealed that several clinical factors, including age [hazards
ratio (HR) =1.03, P=0.02], mutation type (HR =2.33,
P<0.001), pN stage (HR =2.23, P=0.007), Grade 2 (HR
=1.92, P=0.049), Grade 3 (HR =2.42, P=0.01), locoregional
recurrence (HR =2.34, P=0.008), and radiotherapy (HR
=0.36, P=0.01), were significantly associated with prognosis.
Multivariate Cox regression analysis confirmed that lymph
node metastasis, locoregional recurrence, tumor grade, and
KRAS mutations (G12C, G12D, G12V) were independent
prognostic risk factors for PAAD, while radiotherapy
emerged as a protective factor (Table 1). Sequencing revealed
the mutation sites in PAAD patients, and representative
sequence maps for both wild-type and mutated KRAS (G12C,
G12D, G12V) are shown in Figure 34-3D. Interestingly,
PAAD patients harboring these mutations were more likely
to develop distant metastasis and exhibited higher tumor
differentiation, although no significant differences were
found in age, gender, T stage, N stage, or overall stage
between the altered and unaltered groups (Figure 3E-3L and
Table S2).

Prediction of small molecule compounds targeting KRAS

Due to its complex spatial conformation, KRAS has long
been considered one of the most challenging mutant genes
to target therapeutically. Recently, several regulatory
inhibitors targeting KRAS mutations have shown promising
therapeutic effects. However, clinical application of these
inhibitors may be limited by the emergence of secondary
mutations in KRAS, leading to drug resistance (18). The
efficacy of these inhibitors can also be compromised due to
the activation of alternative metabolic pathways upon KRAS
mutation (19). To address the challenge of drug resistance, we
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aimed to predict potential small-molecule compounds targeting
KRAS. Using data from the GDSC and CTRP databases, we
identified several compounds with predicted efficacy against
high KRAS expression in PAAD (Figure 44,4B). Our analysis
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revealed that patients with elevated KRAS expression may
be sensitive to gefitinib, afatinib, erlotinib, and selumetinib
(Figure 4C). These compounds, in conjunction with KRAS-
specific inhibitors, may offer a viable therapeutic strategy
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for patients with KRAS mutations.

Discussion

This study leverages bioinformatics to explore the landscape
of KRAS mutations across various cancers. Our analysis
underscores the elevated frequency of KRAS mutations in

PAAD, CRC, and LUAD, with G12C, G12D, and G12V
being the predominant mutation types. We investigated

these mutations in a cohort comprising 129 PAAD, 40
CRC, and 35 LUAD patients. Our results revealed a

© AME Publishing Company.

substantial prevalence of KRAS mutations in PAAD (49.6%),
CRC (70%), and LUAD (68.6%), with G12D emerging as

the most frequent mutation. These observations align with

previous reports, reinforcing the role of KRAS mutations as

a critical factor in these cancers.

Our study confirms that KRAS mutations, particularly
G12C, G12D, and G12V, are significant prognostic
indicators for PAAD. Patients harboring these mutations
experience markedly reduced OS, PFS, DFS, and DSS.
These findings corroborate previous study that highlight
KRAS mutations as independent prognostic risk factors
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Table 1 Univariate and multivariate analysis of overall survival by clinicopathologic characteristics (patients with KRAS"*¢ 9™ SV mytation)
Univariate Multivariate
Variables
HR (95% CI) P value HR (95% CI) P value
Age 1.03 (1.01-1.05) 0.02 1.02 (0.99-1.05) 0.12
Sex
Female 1.00 (reference)
Male 0.77 (0.50-1.20) 0.25
Mutation type
Unaltered 1.00 (reference) 1.00 (reference)
Altered 2.33 (1.45-3.74) <0.001 2.09 (1.12-3.91) 0.02
Stage
| 1.00 (reference) 1.00 (reference)
I 2.81(1.12-7.04) 0.03 0.43 (0.09-2.00) 0.28
I 2.01 (0.38-10.51) 0.41
\Y 2.91 (0.68-12.45) 0.15
Race
Asian 1.00 (reference)
White 1.20 (0.44-3.30) 0.73
Black or African American 1.45 (0.39-5.44) 0.58
M
MO 1.00 (reference)
M1 1.18 (0.36-3.90) 0.79
N
NO 1.00 (reference) 1.00 (reference)
N1-N3 2.23 (1.24-4.00) 0.007 3.35 (1.26-8.89) 0.02
T
T1 1.00 (reference)
T2 0.93 (0.19-4.67) 0.93
T3 2.20 (0.53-9.11) 0.28
T4 1.65 (0.23-11.90) 0.62
Grade
G1 1.00 (reference) 1.00 (reference)
G2 1.92 (1.01-3.69) 0.049 2.38 (0.95-5.93) 0.06
G3 2.42 (1.20-4.90) 0.01 3.02 (1.17-7.77) 0.02
G4 1.60 (0.21-12.41) 0.65

Table 1 (continued)

© AME Publishing Company.
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Table 1 (continued)
Univariate Multivariate
Variables
HR (95% ClI) P value HR (95% Cl) P value
Tumor type
Primary 1.00 (reference) 1.00 (reference)

Distant metastasis
Locoregional recurrence
Alcohol history
No
Yes
Family history of cancer
No

Yes

1.30 (0.80-2.13)
2.34 (1.25-4.38)

1.00 (reference)

1.24 (0.77-2.02)

1.00 (reference)

1.03 (0.57-1.85)

History of chronic pancreatitis

No 1.00 (reference)

Yes 2.15(0.92-5.03)
History of diabetes

No 1.00 (reference)

Yes 1.10 (0.60-1.99)
Radiotherapy

No 1.00 (reference)

Yes 0.36 (0.16-0.79)
Chemotherapy

No 1.00 (reference)

Yes 0.68 (0.43-1.07)

0.29
0.008 2.49 (1.08-5.75) 0.03

0.38

0.93

0.08

0.76

1.00 (reference)

0.01 0.29 (0.12-0.71) 0.006

0.10

P<0.05 indicates a statistical difference. KRAS, Kirsten rat sarcoma viral oncogene homolog; HR, hazard ratio; Cl, confidence interval.

for PAAD (20). Notably, our results also revealed a strong
association between KRAS mutations and lymph node
metastasis and locoregional recurrence in PAAD patients.
This is consistent with Kong et 4/l.’s observation that
KRASGI12D mutations drive PAAD lymph node metastasis
through aberrant circRNA synthesis and signaling
modulation (21). Such insights suggest that the specific
type of KRAS mutation may confer distinct phenotypic
characteristics and impact disease progression. In contrast,
KRAS mutations did not show a significant impact on
prognosis in CRC and LUAD patients. This discrepancy
may be attributed to the diversity of KRAS mutation
subtypes and their interactions with other co-mutations in

© AME Publishing Company.

these cancers. Previous research has identified age, gender,
and primary lesion site as independent risk factors for KRAS
mutations in CRC (22), yet our study did not find a direct
prognostic effect of KRAS mutations in CRC and LUAD.
This highlights the need for further investigation into the
specific roles of KRAS mutations and their interactions with
other genetic factors.

KRAS is often deemed non-druggable due to its
unique structural attributes and mutational landscape.
The protein’s smooth exterior, absence of a deep binding
pocket, and its high affinity for GTP/GDP, which are
abundant within cells, pose significant challenges for the
development of competitive inhibitors. Additionally, the

Transl Cancer Res 2025;14(4):2331-2342 | https://dx.doi.org/10.21037/tcr-24-1832



Translational Cancer Research, Vol 14, No 4 April 2025

2339

A Unaltered B G12C
100 110 120 130 100 110 120 130
SR EAEEEEEEEEEAENEESR EEEEE EEEEEEEEEREDR EE R AN E NN NN cs . _ EEEE SN AR EEEEE NN EEER
TGGEGTAGTTGGAGC TGGTGGCGTAGGCAAGAGTGCC TGGEGTAGTTGGAGCTGG TGGCGTAGGCAAG AGTGCC
C G12D D Gi2v
190 200 210 190 200 210
SN BN NN NN NN N NN s N EEE NN EEEAEEEEEEERN EEEEE N EEEEEEEEN s B NN N EEEEEEE N EEEEER
TG GTAGTTGGAGC TGGTGGCGTAGGCAAGAGTGCC GG AGTTG GG GCTGG G CG GGC AGAGTGCC
| Mfmmmww
E F X P=0.43 G P=0.89 H P=0.001
%) 60 ,‘{,"100 mm <60 years X 100 mm Female 100 = MO
C
é’g S 80 =1 >60years @ 80 = Male X 80 = M1
X © c -
Z 4 8
g£ = 60 £ 60 £ 60
=0 © Q =
27 2 40 #*® 40 8 40
c5 20 » o] +
9 3 kel
= E 2 20 2 20 s 20
o 5 &
0 g 0 5 0 0 5
@@b & Q@b &
& & v
N Ny N> N
| J K L
P=0.19 P=0.12 N P<0.001
100 =T+ T2 == NO ° 100 |+ 7} 100 m Low
X £
X 80 =T34+ T4 R =3 NO-N3 s 80 =+ S 80 =1 Middle-well
& 7} < 8
£ 60 = 2 60 2 60
2 2 2 :
g 40 g % 40 S 40
H* H*+ (0] g
~ 20 z g 20 £ 20
n 5
0 0 N "DE 0 N
& & & & &
AN ¥ X N\ AN N\
s v ¥ ¥

Figure 3 Investigation of KRAS®® “*> ¢V myutation and clinical features of PAAD patients. (A) Representative sequencing profiles of
PAAD without KRAS unaltered. (B-D) Representative sequencing profiles of PAAD with KRAS®*® P 2V (F) Comparison of different
KRASC?S 2P G2V mytation subgroups. Comparison of clinicopathologic features between KRAS altered and unaltered groups. (F)
Diagnosis age. (G) Gender. (H) M. (I) T. (J) N. (K) Stage. (L) Differentiation. M, metastasis; T, tumor; N, node; KRAS, Kirsten rat sarcoma

viral oncogene homolog; PAAD, pancreatic adenocarcinoma.

GTP binding site of KRAS exhibits variability among
different mutants, such as G12C, G12D, G12V, G13D,
and Q61H, further complicating inhibitor design (23).
Consequently, the scientific community has shifted its
focus towards the development of inhibitors targeting
the downstream effects of KRAS signaling. Despite the
promising therapeutic efficacy of certain KRAS-targeted
inhibitors, resistance remains a significant challenge in
clinical settings. Resistance mechanisms include secondary
KRAS mutations, feedback regulation of upstream and

© AME Publishing Company.

downstream pathways, and immune-related factors (8).
Our study contributes to addressing this challenge by
predicting several potential small-molecule compounds—
gefitinib, afatinib, selumetinib, and erlotinib—based on
KRAS expression profiles. These compounds target upstream
signaling pathways, such as epidermal growth factor receptors
(EGFRs), which enhance cell proliferation and migration
via KRAS signaling (24). Gefitinib, a first-generation EGFR
tyrosine kinase inhibitor, blocks receptor phosphorylation
and downstream signaling (25), while afatinib, an irreversible
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ErbB family inhibitor, has shown efficacy in treating advanced
EGFR mutation-positive non-small cell lung carcinoma
(NSCLC) (26). Erlotinib, another EGFR inhibitor, induces
cell cycle arrest and apoptosis in tumors with high EGFR

expression (27). However, KRAS mutations can diminish
the effectiveness of EGFR-TKIs, leading to reduced PFS
and OS (28). Selumetinib, a targeted MEK1/2 inhibitor,

has demonstrated clinical benefits, especially when used
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in combination with EGFR inhibitors in KRAS-mutant
NSCLC (29-31). This combination therapy approach
offers a promising strategy for overcoming resistance and
improving treatment outcomes in patients with KRAS-
mutated cancers.

Nevertheless, there are several limitations in our study.
The analysis is predominantly retrospective and relies on
public data, necessitating validation in larger, multicenter
cohorts. Additionally, the lack of comprehensive follow-
up data limits our ability to assess the impact of KRAS
mutations on survival in PAAD patients fully. Further in
vivo and in vitro experiments are required to validate the
efficacy of the predicted small-molecule compounds in
targeting specific KRAS mutations.

Conclusions

In summary, KRAS mutations at G12C, G12D, and G12V
are prevalent and serve as independent prognostic risk
factors for patients with PAAD. Targeting these specific
KRAS mutations with a combination of small-molecule
inhibitors presents a promising strategy to enhance clinical
outcomes for affected patients. Integrating multiple
targeted therapies could offer a more effective approach to
managing KRAS-mutant PAAD and potentially improve
patient prognosis.
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