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Abstract

Background: The significance of Kirsten rat sarcoma viral oncogene (KRAS) mutation in
colorectal cancer (CRC] is well established; yet, its association with KRAS expression and
prognosis warrants further investigation. While high KRAS expression is commonly linked
with poorer prognosis in other cancers, its role in CRC remains relatively understudied.
Objective: To explore the correlation between KRAS expression, KRAS status, prognosis, and
tumor-infiltrating T lymphocyte density in CRC.

Design: Single-center retrospective study.

Methods: Conducted between 2010 and 2020, this study utilized tumor samples to assess
KRAS expression and quantify CD3+/CD8+ T lymphocytes. The Cox proportional hazards
model and linear regression analysis were employed to examine the relationship between
KRAS expression, prognosis, and tumor-infiltrating T lymphocytes.

Results: This study included 265 CRC patients who underwent radical surgery. No significant
association was observed between KRAS expression and KRAS status (p>0.05). High KRAS
expression was associated with poorer overall survival and disease-free survival (p <0.05).
Subgroup analysis revealed that high KRAS expression remained indicative of a worse
prognosis in the group with mismatch repair-deficient (dIMMR) and KRAS mutant type

(p <0.05). Multivariate analysis confirmed KRAS expression as an unfavorable prognostic
factor (p < 0.05). However, the significance of KRAS expression was lost in the dMMR and
KRAS mutant-type group regarding overall survival (p>0.05). Notably, KRAS expression
showed a negative correlation with the density of CD8+ T lymphocytes in tumor tissue
(p<0.05), a finding also observed in the dMMR group (p <0.05).

Conclusion: No association was found between KRAS expression and KRAS mutation status in
CRC. Higher KRAS expression was indicative of poorer prognosis for CRC patients, except for
those with proficient mismatch repair and KRAS wild type. In addition, in patients with dMMR,
KRAS expression was associated with a lower density of CD8+ T lymphocytes in tumor tissue.

Plain language summary

Exploring the link between KRAS gene expression and outcomes in colorectal cancer
patients: impact on survival, mutation status, and T lymphocyte levels

1. KRAS gene: A gene that, when mutated, can lead to the development and growth of
colorectal cancer. The KRAS gene is part of a family of genes that help control cell
growth and death.

2. T lymphocytes: A type of immune cell that plays a crucial role in the body's defense
against infections and cancer. They can identify and kill cancer cells.
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it had.

3. The study found that the level of activity of the KRAS gene in colorectal cancer patients
did not change based on whether the KRAS gene was mutated or what type of mutation

4. For patients with a specific type of colorectal cancer (AIMMR] and those with mutations
in the KRAS gene, high levels of KRAS gene activity were linked to a poorer outlook.
Essentially, these patients had a harder time fighting the disease, and KRAS gene
activity served as a warning sign for more challenging outcomes.

5. In patients with dMMR colorectal cancer, higher KRAS gene activity was associated with
fewer CD8+ T lymphocytes in the tumor. CD8+ T lymphocytes are crucial immune cells
that help fight cancer by attacking cancer cells. This means that in these patients, the
body’s natural defense against the tumor was weaker.
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Introduction

Colorectal cancer (CRC), the most prevalent
malignancy affecting the gastrointestinal tract,
remains a significant contributor to cancer-related
mortality.! It holds the fourth position in terms of
incidence and the second in terms of mortality
rate among all cancer types.? Although the TNM
staging system is widely utilized as the conven-
tional method for predicting prognosis in patients
with malignant tumors, the considerable hetero-
geneity inherent to CRC frequently leads to
divergent outcomes, even among individuals with
the same stage. Thus, identifying novel therapeu-
tic targets is crucial to enhancing the outcomes of
patients with CRC.3#

In recent years, significant research efforts have
focused on the oncogene Kirsten rat sarcoma
viral oncogene (KRAS), given its pivotal role in
CRC development.>7 Moreover, the well-estab-
lished adverse impact of KRAS mutations on
patient outcomes highlights that individuals with
CRC harboring such mutations often face a less
favorable prognosis.® High KRAS expression has
been consistently associated with poorer progno-
ses in non-small-cell lung cancer, breast cancer,
and oral squamous cancer.%!! Similarly, in CRC,
KRAS expression is frequently regarded as an
indicator of an unfavorable prognosis.!? However,
while in non-small-cell lung cancer, KRAS
expression correlates with KRAS mutation and
copy number, leading to higher expression levels
in KRAS mutant patients and an associated infe-
rior prognosis, the relationship between KRAS
expression and KRAS status in CRC remains
uncertain.!3:14

KRAS mutations have been observed to influence
the tumor immune microenvironment through
various mechanisms, including the stimulation of
inflammatory factor secretion (e.g. Interleukin-10
(IL-10) and Transforming growth factor-p (TGF-
B), the induction of the conversion of CD4+ T
cells into Tregs, and the promotion of tumor
growth.!5:16 Furthermore, KRAS mutations have
been implicated in affecting the infiltration of
CD3+ and CD8+ T lymphocytes, both crucial
for prognosis evaluation as part of the immu-
noscore.!” However, there remains limited under-
standing regarding the correlation between KRAS
expression and the presence of tumor-infiltrating
T lymphocytes in CRC. Studies in breast cancer
and non-small-cell lung cancer have suggested
that higher KRAS expression is associated with a
lower density of antitumor cells, such as CD8+ T
lymphocytes, and a higher density of pro-tumor
cells, such as Tregs and TH17 cells.?

Hence, the main aim of this investigation is to
elucidate the correlation between KRAS expres-
sion, KRAS status, prognosis, and the density of
tumor-infiltrating T lymphocytes in CRC, utiliz-
ing tumor specimens sourced from the Sixth
Affiliated Hospital, Sun Yat-sen University in
Guangzhou, China.

Methods

Patients and tissue samples

Patients diagnosed with CRC and who received
treatment at the Sixth Affiliated Hospital, Sun
Yat-sen University in Guangzhou, China,
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between 2010 and 2020 were enrolled in this
study. Only patients who underwent surgery for
CRC were included. Patient data were retrieved
from the database of the Sixth Affiliated Hospital,
Sun Yat-sen University. Exclusion criteria
included patients who underwent palliative sur-
gery for CRC at the aforementioned hospital,
those diagnosed with stage IV cancer, and indi-
viduals with unknown KRAS status and mis-
match-repair (MMR) status (Figure 1). All
procedures conducted in this study were in
accordance with the Declaration of Helsinki and
were approved by the Institutional Review Board
of the Sixth Affiliated Hospital, Sun Yat-sen
University.

The determination of KRAS mutants and MMR
status

KRAS status was assessed using Sanger sequenc-
ing. Pathologists determined patients’ MMR status
as either mismatch repair-deficient (dAMMR) or
mismatch repair-proficient (pMMR) through
immunohistochemistry (IHC) staining for four
DNA MMR proteins (MLH1, MSH2, MSHS6,
and PMS?2).

IHC staining

The tissue samples utilized in this study were
obtained from patients who underwent curative
surgery at the Sixth Affiliated Hospital, Sun Yat-
sen University. The pathology department of the
hospital prepared slides from formalin-fixed paraf-
fin-embedded tumor tissues. Experienced pathol-
ogists sliced the tumor tissues into 5mm sections
and mounted them on glass slides for IHC stain-
ing. We employed the Mouse/Rabbit Polymer Test
System Universal kit (ZS-bio), Beijing in China
following the manufacturer’s instructions, for the
IHC experiments. After baking the glass slides
with tumor samples at 60°C for 4 h, the slides were
dewaxed using xylene and then hydrated using
graded alcohol. Subsequently, antigen retrieval
was performed by immersing the slides in ethylen-
ediaminetetraacetic acid. The tumor samples were
incubated overnight at 4°C with primary antibod-
ies specific to KRAS, CD3, and CDS8. Following
this, the slides were treated with an enzyme-labeled
anti-goat IgG polymer for 20 min at room temper-
ature. IHC staining was conducted using diamin-
obenzidine to evaluate the expression of KRAS as
well as the number of CD3+/CD8+ T cells.

IHC scoring and CD3+/CD8+ T lymphocyte
density

To assess the expression level of KRAS, micros-
copy was utilized to observe and capture images
of the stained slides. The software Image Viewer
was employed to accurately determine the expres-
sion of KRAS in the tumor region. For a more
precise evaluation of KRAS expression, the stain-
ing score was determined based on the proportion
of positively staining cancer cells and the staining
intensity.

The proportion of positively staining cancer
cells was categorized into five groups: 0-5%
(grade 0), 5-25% (grade 1), 25-50% (grade
2), 50-75% (grade 3), and >75% (grade 4).
These groups represented the score corre-
sponding to the proportion of positively stain-
ing cancer cells. Meanwhile, the staining
intensity was divided into four groups: no pos-
itive staining (0), low positive staining (1),
medium positive staining (2), and high posi-
tive staining (3). The final score for KRAS was
calculated as the sum of the products of each
staining intensity and its corresponding pro-
portions (Figure 2). Regarding the density of
CD3+/CD8+ T cells, evaluation was con-
ducted in both the tumor invasive margin (IM)
and tumor parenchyma regions. The density in
these regions was determined by counting the
number of positively staining cells per tumor
sample!® (Figure 3).

Statistical analysis

Data analysis was carried out using IBM SPSS
Statistics version 25.0, IBM, America and
GraphPad Prism version 9, GraphPad Software,
America. Due to the positively skewed distribu-
tion of KRAS expression, the Mann—Whitney
U test was utilized to assess the correlation
between KRAS expression and KRAS status.
Chi-square analysis was employed to investi-
gate the relationship between KRAS expression
and clinical data. Survival analysis was con-
ducted using Kaplan—Meier estimation and
Cox regression modeling. Statistical signifi-
cance was set at a predetermined p value of less
than 0.05.

The reporting of this study adheres to the
Strengthening the Reporting of Observational
Studies in Epidemiology statement.!®
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1Stage IV All patients in the
2.Underwent palliative surgery L study(n=265)

3.KRAS status unknow
4.Mismatch-Repair status unknow

(" KRAS expression detected )
by immunohistochemistry

L staining )
( KRAS status assessed by MMR status determined by
Sanger sequencing immunohistochemistry staining

-

[ KRAS mutant- KRAS wild- J

type(n=112) | type(n=153) [ dMMR(n=166) PMMR(n=99) }

( The density of CD3+/CD8+T lymphocytes
in the tumor tissue and tumor invasive
margin determined by IHC

&

Figure 1. Flow chart of study design.
dMMR, mismatch repair-deficient; KRAS, Kirsten rat sarcoma viral oncogene; pMMR, mismatch repair-proficient.

; Result
KRAS expression esutts

Characteristics of patients and expression of
Low positive KRAS

L %% This study comprised 265 patients who under-
went radical resection at the Sixth Affiliated
Hospital, Sun Yat-sen University in Guangzhou,
China. All patients had clear KRAS status.
Collected information encompassed age, gender,
carcinoembryonic antigen (CEA) levels, patho-
logical T and N stage, number of harvested lymph
nodes, differentiation, venous invasion, perineu-
ral invasion, histological type, status of adjuvant
therapy, and KRAS status. It is noteworthy that
all patients underwent RO resection.

- Negative

100X

Correlation between KRAS expression and

KRAS status

THC was utilized to assess KRAS expression in the
Figure 2. The staining intensity of KRAS expression ?65 included patients., with KRAS éxpression raqg—
in the tumor area. ing from O to 14 (Figure 4). While prior studies
KRAS, Kirsten rat sarcoma viral oncogene. have suggested that higher KRAS expression in

Medium positive
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Tumor tissue

.

ive margin
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Figure 3. The immunostaining of CD3+4/CD8+ T lymphocytes in tumor tissue and invasive margin.

KRAS, Kirsten rat sarcoma viral oncogene.

other cancers is associated with KRAS mutations,
our findings indicate no significant correlation
between KRAS expression and KRAS status in
CRC (p=0.452). To delve deeper into the poten-
tial influence of different KRAS mutation subtypes
on expression, patients were categorized into four
groups based on their specific KRAS mutation
(G12D, G12V, G13D, and Others). However, our
data revealed no association between KRAS expres-
sion and different mutant subtypes (p=0.353).
These results suggest that KRAS expression does
not correlate with KRAS status in CRC.

Higher KRAS expression indicates an inferior
prognosis in CRC patients

To assess the prognostic implications of KRAS
expression, patients were stratified into low and

high KRAS expression groups based on the IHC
staining scores. This categorization was deter-
mined using X-tile software analysis, which con-
sidered 5-year disease-free survival (Figure 5).
The highest cutoff point identified was 6, result-
ing in 79 (29.8%) patients classified as the low
KRAS expression group and 186 (70.2%) patients
as the high KRAS expression group.

Subsequently, clinical information was compared
between these two groups (Table 1). The age of the
265 patients ranged from 17 to 88, with a median
age of 57.54+ 14.34. Among these patients, 160
were females, while 105 were males. The median
follow-up time was 55.46 [95% confidence interval
(CI): 54.40-56.52]months, during which 55
patients died. Our analysis revealed that high
KRAS expression is significantly correlated with
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Figure 4. The relationship between KRAS expression and KRAS status.
KRAS, Kirsten rat sarcoma viral oncogene; MT, mutant type; WT, wild type.
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Figure 5. The cutoff point of KRAS expression.

KRAS, Kirsten rat sarcoma viral oncogene.

higher rates of detected positive lymph nodes
(»p=0.003) and venous invasion (p=0.025), as well
as higher levels of CEA (»p=0.000).

Furthermore, our survival analysis demon-
strated that KRAS protein expression was sig-
nificantly associated with the prognosis of CRC
patients (Figure 6). High KRAS expression was
linked to an inferior prognosis in terms of both
5-year overall survival (p =0.0023; 74.2% wver-
sus 91.1%) and 5-year disease-free survival
(»p=0.0005; 84.8% wersus 62.9%). To further
validate the prognostic value of KRAS expres-
sion, Cox proportional hazards models were

140 ° 23 30
Survival Time (Years)

employed. Univariate analysis revealed that
KRAS expression was significantly associated
with prognosis for both 5-year overall survival
(»p<0.05, 95% CI: 1.454-7.104) and 5-year
disease-free survival (»p <0.05, 95% CI: 1.535—
5.236). In the multivariate analysis, high KRAS
expression was identified as a risk factor for
5-year overall survival (p<<0.05, 95% CI:
1.023-5.196), independent of lymph node
metastasis (Table 2). Similarly, high KRAS
expression was found to be an independent risk
factor for 5-year disease-free survival (p <0.05,
95% CI: 1.209-4.256), independent of positive
lymph node status (Table 3).
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Table 1. The clinical information of KRAS low expression group and KRAS high group.

Variables Cases, No. (%) KRAS expression p
Low (n=79) High (n=186)

Age
<50 79 (29.8) 28 (33.3) 51(28.2) 0.393
~50 186 (70.2) 56 (66.7) 130 (71.8)

Gender
Female 105 (39.6) 27 (34.2) 78 (41.9) 0.238
Male 160 (60.4) 52 (65.8) 108 (58.1)

Histological type

Adenocarcinoma 232 (87.5) 66 (83.5) 166 (89.3) 0.224
Others 33(12.5) 13(16.5) 20(10.8)

T stage
T1-2 49 (18.5) 19 (24.1) 30(16.1) 0.129
T3-4 216 (81.5) 60 (76.0) 156 (83.9)

N stage
NO 173 (65.3) 62 (78.5) 111 (59.7) 0.003
N1-2 92 (34.7) 17 (21.5) 75 (40.3)

Pathology grading

Well/moderate 199 (75.1) 55 (69.6) 144 (77.4) 0.179
Poor/anaplastic 32 (24.9) 24 (30.4) 42 (22.6)
Unknown 34

Tumor location

Right colon 83 (31.3) 28 (35.4) 55 (29.6) 0.637
Left colon 56 (21.1) 16 (20.3) 40 (21.5)
Rectum 126 (47.6) 35 (44.3) 91 (48.9)

Venous invasion
Negative 225 (84.9) 73 (92.4) 152 (81.7) 0.026
Positive 40 (15.1) 6(7.6) 34(18.3)

Peripheral nerves invasion
Negative 237 (89.4) 74 (93.7) 163 (87.6) 0.144

Positive 28 (10.6) 5(6.3) 23 (12.4)

(Continued)
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Table 1. (Continued)
Variables Cases, No. (%) KRAS expression p
Low (n=79) High (n=186)

KRAS mutation
WT 153 (57.7) 51 (64.6) 102 (54.8) 0.143
MT 112 (42.3) 28 (35.4) 84 (45.2)

No. of LNs dissected
<12 25(9.4) 8(10.1) 17 (9.1) 0.802
=12 240 (90.6) 71 (89.9] 169 (90.9)

CEA
<5 187 (71.9) 66 (83.5) 121 (66.9) 0.006
>5 73 (28.1) 13 (16.5) 60 (33.2)
Unknown 5

Adjuvant chemotherapy
Yes 113 (45.6) 33 (44.6) 80 (46.0) 0.842
No 135 (54.4) 41 (55.4) 94 (54.0)
Unknown 17

CEA, carcinoembryonic antigen; KRAS, Kirsten rat sarcoma viral oncogene; LNs, lymph nodes; MT, mutant type; WT, wild type.

Recent meta-analysis findings suggested that
KRAS mutant patients exhibited poorer survival
specifically in the context of Microsatellite Stable
(MSS) status.® Consequently, we divided patients
into dMMR and pMMR groups. In the dMMR
group, high KRAS expression was associated with
poor prognosis in both 5-year overall survival
(»=0.0062; 73.5% wversus 92.5%) and 5-year dis-
ease-free survival (p=0.0026; 60.2% versus
84.9%) (Figure 6). In univariate analysis, high
KRAS expression was identified as a risk factor
for 5-year overall survival (p=0.011, 95% CI:
1.326-10.984) and 5-year disease-free survival
(»=0.004, 95% CI: 1.416-6.378). However, in
multivariate analysis, KRAS expression lost its
significance for 5-year overall survival (p=0.096,
95% CI: 0.851-7.378) (Table 4), but it remained
a risk factor for 5-year disease-free survival
(»=0.034, 95% CI: 1.066-4.895) (Table 5). By
contrast, in the pMMR group, high KRAS expres-
sion was not associated with a worse outcome for
both 5-year overall survival (p>0.05) and 5-year

disease-free survival (p>0.05) (Supplemental
Figure S1).

To further explore whether the relationship
between KRAS expression and outcome varies
across different KRAS statuses, we categorized
the cases into wild-type and mutant-type groups.
Based on our analysis, in KRAS mutant cases,
KRAS expression was associated with a poorer
outcome for both 5-year overall survival
(»=0.0150; 73.8% wersus 96.4%) and 5-year
disease-free survival (p=0.0134; 59.5% oversus
85.7%) (Figure 6). In univariate analysis, KRAS
expression was identified as a risk factor for both
5-year overall survival (p=0.041, 95% CI:
1.087-59.823) and 5-year disease-free survival
(»=0.020, 95% CI: 1.213-9.636) (Table 6).
However, in multivariate analysis, KRAS expres-
sion was found to be an independent hazard fac-
tor only for 5-year disease-free survival
(»=0.025, 95% CI: 1.158-9.319) (Table 7).
Although in KRAS wild-type patients, high
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Figure 6. The influence of KRAS expression on overall survival and disease-free survival.
dMMR, mismatch repair-deficient; KRAS, Kirsten rat sarcoma viral oncogene; MT, mutant type; pMMR, mismatch repair-proficient.

KRAS expression was associated with a worse
outcome, in multivariate analysis, high KRAS
expression was not identified as an independent
high-risk factor for 5-year overall survival
(»p>0.05) (Supplemental Table S1) or 5-year

disease-free survival (p>0.05) (Supplemental
Table S2). These results suggest that high
expression may predict a worse outcome for
patients, especially for those with dAMMR and
KRAS mutant status.
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Table 2. The Cox proportional hazard model of OS for all cases.
Variables 0S
Univariate analysis, p Multivariate analysis, p
HR (95% Cl) HR (95% Cl)
Age
<50 1.000 0.018 1.000 0.101
=50 2.281(1.150-4.527) 1.865 (0.885-3.927)
Gender
Male 1.000 0.126
Female 0.661(0.390-1.122)
Histological type
Adenocarcinoma 1.000 0.964
Others 1.019 (0.461-2.251)
T stage
T1-2 1.000 0.027 1.000
T3-4 3.159 (1.141-8.741) 2.349 (0.828-6.661) 0.108
N stage
NO 1.000 <0.001 1.000 0.014
N1-2 2.698 (1.582-4.603) 2.141(1.163-3.941)
Venous invasion
Negative 1.000 0.002 1.000 0.162
Positive 2.581 (1.424-4.678) 1.570 (0.834-2.956)
Perineural invasion
Negative 1.000 0.005 1.000 0.332
Positive 2.605 (1.344-5.047) 1.448 (0.686-3.057)
KRAS mutation
WT 1.000 0.953
MT 1.016 (0.594-1.737)
No. of LNs dissected
<12 1.000 0.369
=12 0.857 (0.314-1.537)
CEA
<5 1.000 0.516
>5 1.182(0.713-1.961)
[Continued)
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Table 2. (Continued)

Variables 0S
Univariate analysis, p Multivariate analysis, p
HR (95% Cl) HR (95% Cl)
Differentiation
Poor/anaplastic 1.000 0.153
Well/moderate 1.810 (0.689-4.755) 0.229
Unknown 0.817 (0.406-2.037) 0.817
Adjuvant chemotherapy
No 1.000 0.011 1.000 0.023
Yes 0.337 (0.153-0.743) 0.007 0.659 (0.336-1.292) 0.225
Unknown 0.296 (0.130-0.672) 0.004 2.252 (0.964-5.260) 0.061
KRAS expression
Low 1.000 0.004 1.000 0.044
High 3.214 (1.454-7.104) 2.306 (1.023-5.196)

CEA, carcinoembryonic antigen; Cl, confidence interval; HR, hazard ratio; KRAS, Kirsten rat sarcoma viral oncogene; LNs,
lymph nodes; MT, mutant type; OS, overall survival; WT, wild type.

Table 3. The Cox proportional hazard model of DFS for all cases.

Variables DFS
Univariate analysis, p Multivariate analysis, p
HR (95% Cl) HR (95% Cl)
Age
<50 1.000 0.529
=50 1.168 (0.720-1.893)
Gender
Male 1.000 0.958
Female 0.988 (0.634-1.539)
Histological type
Adenocarcinoma 1.000 0.885
Others 0.952 (0.491-1.847)
T stage
T1-2 1.000 0.011 1.000 0.085
T3-4 2.751 (1.267-5.973) 2.024 (0.908-4.513)

(Continued]
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Table 3. (Continued)
Variables DFS
Univariate analysis, p Multivariate analysis, p
HR (95% Cl) HR (95% Cl)
N stage
NO 1.000 <0.001 1.000 0.017
N1-2 2.637 (1.701-4.090) 1.854 (1.115-3.083)
Venous invasion
Negative 1.000 <0.001 1.000 0.074
Positive 2.906 (1.790-4.718) 1.656 (0.952-2.880)
Perineural invasion
Negative 1.000 <0.001 1.000 0.067
Positive 2.825(1.651-4.833) 1.741 (0.962-3.150)
KRAS mutation
WT 1.000 0.227
MT 1.309 (0.846-2.025)
No. of LNs dissected
<12 1.000 0.220
=12 0.661(0.341-1.281)
CEA
<5 1.000 0.314
>5 1.232 (0.820-1.852)
Differentiation
Poor/anaplastic 1.000 0.115
Well/moderate 0.537 (0.299-0.965) 0.038
Unknown 0.497 (0.286-1.387) 0.251
Adjuvant chemotherapy
No 1.000 0.017 1.000 0.016
Yes 1.148 (0.720-1.828) 0.562 0.692 (0.413-1.160) 0.163
Unknown 2.750 (1.366-5.536) 0.005 1.982 (0.952-3.150) 0.067
KRAS expression
Low 1.000 0.001 1.000 0.011
High 2.836 (1.535-5.236) 2.268 (1.209-4.256)

CEA, carcinoembryonic antigen; Cl, confidence interval; DFS, disease-free survival; HR, hazard ratio; KRAS, Kirsten rat

sarcoma viral oncogene; LNs, lymph nodes; MT, mutant type; WT, wild type.
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Table 4. The Cox proportional hazard model of OS for dIMMR cases.

Variables 0s
Univariate analysis, p Multivariate analysis, p
HR (95% Cl) HR (95% ClI)
Age
<50 1.000 0.019 1.000 0.051
=50 2.885 (1.195-6.969) 2.539 (0.997-6.465)
Gender
Male 1.000 0.031 1.000 0.031
Female 0.414 (0.209-0.820) 0.462 (0.229-0.932)

Histological type
Adenocarcinoma
Others

T stage
T1-2
13-4

N stage
NO
N1-2

Venous invasion
Negative
Positive

Perineural invasion
Negative
Positive

KRAS
WT
MT

No. of LNs dissected

<12

1.000
0.975 (0.404-2.355)

1.000
1.821 (0.436-7.599)

1.000
2.450 (1.248-4.809)

1.000
2.634(1.281-5.415)

1.000
2.663(1.205-5.887)

1.000
1.534 (0.768-3.068)

1.000
0.894 (0.214-3.732)

1.000
1.660 (0.911-3.027)

0.291

0.411

0.009 1.000 0.112
1.843(0.867-3.918]

0.008 1.000 0.114
1.870 (0.861-4.065)

0.015 1.000 0.265
1.651 (0.684-3.988]

0.226

0878

0.098

(Continued]
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Table 4. (Continued)
Variables 0sS
Univariate analysis, p Multivariate analysis, p
HR (95% Cl) HR (95% Cl)
Differentiation
Poor/anaplastic/MAC 1.000 0.129
Well/moderate 0.473(0.220-1.018) 0.056
Unknown 0.447 (0.153-1.307) 0.141
Adjuvant chemotherapy
No 1.000 0.053 1.000 0.329
Yes 0.958 (0.451-2.039) 0.912 0.762(0.330-1.755) 0.522
Unknown 2.734 (1.090-6.857) 0.032 1.579 (0.592-4.210) 0.362
KRAS expression
Low 1.000 0.011 1.000 0.096
High 3.868(1.326-10.984) 2.506 (0.851-7.378)

CEA, carcinoembryonic antigen; CI, confidence interval; dMMR, mismatch repair-deficient; HR, hazard ratio; KRAS, Kirsten
rat sarcoma viral oncogene; LNs, lymph nodes; MAC,mucinous adenocarcinoma; MT, mutant type; OS, overall survival;

WT, wild type.

Table 5. The Cox proportional hazard model of DFS for dMMR cases.

Variables DFS
Univariate analysis, P Multivariate analysis, P
HR (95 % Cl) HR (95 % CI)
Age
<50 1.000 0.550
=50 1.192 (0.670-2.123)
Gender
Male 1.000 0.213
Female 0.710 (0.414-1.217)
Histological type
Adenocarcinoma 1.000 0.454
Others 0.750 (0.354-1.592)
T stage
T1-2 1.000 0.117
T3-4 3.099 (0.754-12.731)
(Continued]
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Table 5. (Continued)

Variables DFS
Univariate analysis, p Multivariate analysis, p
HR (95 % CI) HR (95 % Cl)
N stage
NO 1.000 0.002 1.000 0.093
N1-2 2.384(1.389-4.091) 1.721 (0.914-3.241)
Venous invasion
Negative 1.000 <0.001 1.000 0.077
Positive 3.012 (1.702-5.333) 1.777 (0.940-3.361)
Perineural invasion
Negative 1.000 0.004 1.000 0.089
Positive 2.578(1.351-4.917) 1.840(0.911-3.718)
KRAS
WT 1.000 0.004 1.000 0.004
MT 2.211 (1.286-3.802) 2.283 (1.301-4.005)
No. of LNs dissected
<12 1.000 0.255
=12 0.553 (0.199-1.533)
CEA
<5 1.000 0.069
>5 1.559 (0.965-2.518)
Differentiation
Poor/anaplastic/MAC 1.000 0.151
Well/moderate 0.564 (0.300-1.060) 0.075
Unknown 0.498 (0.209-1.189) 0.116
Adjuvant chemotherapy
No 1.000 0.083 1.000 0.055
Yes 1.219 (0.671-2.214) 0.515 0.804 (0.422-1.534) 0.508
Unknown 2.446(1.105-5.415) 0.027 2.126 (0.910-4.967) 0.082
KRAS expression
Low 1.000 0.004 1.000 0.034
High 3.005 (1.416-6.378) 2.284 (1.066-4.895)

CEA, carcinoembryonic antigen; Cl, confidence interval; DFS, disease-free survival; dMMR, mismatch repair-deficient; HR,
hazard ratio; KRAS, Kirsten rat sarcoma viral oncogene; LNs, lymph nodes; MT, mutant type; WT, wild type.
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Table 6. The Cox proportional hazard model of OS for KRAS mutant cases.

Variables 0S
Univariate analysis, p Multivariate analysis, p
HR (95% CI) HR (95% Cl)
Age
<50 1.000 0.147
=50 1.991 (0.785-5.050)
Gender
Male 1.000 0.255
Female 0.619 (0.271-1.412)
Histological type
Adenocarcinoma 1.000 0.624
Others 0.696 (0.163-2.967)
T stage
T1-2 1.000 0.053
T3-4 4.185 (0.981-17.861)
N stage
NO 1.000 0.090
N1-2 2.030 (0.895-4.604)
Venous invasion
Negative 1.000 0.049 1.000 0.526
Positive 2.557 (1.004-6.511) 1.424 (0.478-4.241)
Perineural invasion
Negative 1.000 0.007 1.000 0.075
Positive 3.906 (1.445-10.558) 2.861(0.898-9.115)
No. of LNs dissected
<12 1.000 0.649
=12 1.005 (0.131-7.686)
CEA
<5 1.000 0.499
>5 1.291(0.616-2.709)

(Continued]
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Table 6. (Continued)

Variables 0s
Univariate analysis, p Multivariate analysis, p
HR (95% CI) HR (95% Cl)

Differentiation

Poor/anaplastic 1.000 0.305
Well/moderate 0.335 (0.078-1.443) 0.142
Unknown 0.164 (0.037-1.868) 0.182

Adjuvant chemotherapy

No 1.000 0.242
Yes 1.625 (0.702-3.764) 0.257
Unknown 4.673(0.597-36.610) 0.142

KRAS expression

Low 1.000 0.041 1.000 0.054
High 8.063 (1.087-59.823) 7.240 (0.971-54.006)

CEA, carcinoembryonic antigen; Cl, confidence interval; HR, hazard ratio; KRAS, Kirsten rat sarcoma viral oncogene; LNs,
lymph nodes; 0S, overall survival.

Table 7. The Cox proportional hazard model of DFS for KRAS mutant cases.

Variables DFS
Univariate analysis, p Multivariate analysis, p
HR (95% Cl) HR (95% Cl)
Age
<50 1.000 0.434
=50 0.775 (0.409-1.469)
Gender
Male 1.000 0.564
Female 1.209 (0.635-2.302)

Histological type

Adenocarcinoma 1.000 0.769
Others 1.152 (0.449-2.950)
T stage
T1-2 1.000 0.027 1.000 0.052
13-4 2.895 (1.129-7.422) 2.598 (0.993-6.799)

(Continued)
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Table 7. (Continued)
Variables DFS
Univariate analysis, p Multivariate analysis, p
HR (95% Cl) HR (95% Cl)
N stage
NO 1.000 0.087
N1-2 1.746 (0.923-3.306)
Venous invasion
Negative 1.000 0.052
Positive 2.100 (0.992-4.444)
Perineural invasion
Negative 1.000 <0.001 1.000 0.008
Positive 4.293 (1.949-9.456) 2.983 (1.334-6.672)
No. of LNs dissected
<12 1.000 0.513
=12 1.483 (0.456-4.822)
CEA
<5 1.000 0.796
>5 1.081 (0.597-1.957)
Differentiation
Poor/anaplastic 1.000 0.182
Well/moderate 0.386 (0.117-1.269) 0.117
Unknown 0.652 (0.163-2.608) 0.545
Adjuvant chemotherapy
No 1.000 0.153
Yes 1.871(0.976-3.589) 0.059
Unknown 2.233(0.296-16.868) 0.413
KRAS expression
Low 1.000 0.020 1.000 0.025

High 3.418(1.213-9.636) 3.285(1.158-9.319)

CEA, carcinoembryonic antigen; Cl, confidence interval; DFS, disease-free survival; HR, hazard ratio; KRAS, Kirsten rat
sarcoma viral oncogene; LNs, lymph nodes.
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Figure 7. The correlation between KRAS expression and tumor-infiltrating CD3+/CD8+ T lymphocytes.

dMMR, mismatch repair-deficient.
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KRAS expression was negatively correlated with
the number of infiltrating CD8+ T lymphocytes

in the tumor area

The relationship between KRAS expression
and tumor-infiltrating T lymphocytes in CRC
remains ambiguous according to previous stud-
ies.20-22 To further investigate this correlation,
we assessed the protein expression of KRAS
and quantified the number of CD3+ and
CD8+ T cells within the tumor tissue and its
IM (Figure 3). Linear regression analysis was
conducted to evaluate the association between
KRAS expression and tumor-infiltrating T lym-
phocytes. Our findings revealed a negative cor-
relation between KRAS expression and the
density of CD8+ T lymphocytes in the tumor
tissue. Notably, a statistically significant
decrease in the amount of CD8+ T lympho-
cytes was observed in the tumor area as KRAS
expression increased (p=0.048). However, no
statistically significant difference was observed
for the density of CD3+ T lymphocytes in the
tumor tissue or CD3+/CD8+ T lymphocytes
in the tumor IM (Figure 7). We further explored
this correlation in two subgroups and found
similar conclusions in dMMR patients (refer to
Figure 7). In dMMR patients, KRAS expres-
sion was also negatively associated with the
density of CD8+ T lymphocytes in the tumor
tissue (p=0.017). However, we did not observe
this phenomenon in KRAS mutant-type
patients (Supplemental Figure S2).

These results suggest that in dMMR patients,
high KRAS expression is negatively correlated
with CD8+ T lymphocytes in the tumor area,
and this correlation is not associated with KRAS
status.

Discussion

The KRAS gene plays a pivotal role in the develop-
ment of CRC and is frequently associated with
poor prognosis and resistance to EGFR inhibi-
tors.823-25 Specifically, mutations in KRAS at
codons 12 and 13, such as G12D, G12V, and
G13D, have been linked to different prognostic
outcomes. As a small GTPase, the KRAS protein
can switch between an inactive state when bound
to GDP and an activated state when bound to
GTP.%26-30 Amino acid mutations, including those
found in KRAS, result in sustained activation of
downstream signaling pathways, thereby contrib-
uting to tumor progression.”>31-37 While KRAS

inhibitors have shown promise in treating KRAS
mutant patients, the role of KRAS expression in
CRC has not been extensively studied previously.

Indeed, the prognostic role of KRAS mutational
status in non-metastatic CRC has been contradic-
tory. Some studies have suggested that KRAS
mutation serves as a prognostic factor in non-met-
astatic CRC,383° while many others have shown
that KRAS mutation has no impact on survival
outcomes for CRC.442 However, the reasons
underlying this phenomenon have not been clear.
Previous studies did not consider KRAS expres-
sion as a factor for patients with KRAS mutation.
Our study may help to explain the conflicting
results observed in this research. In our study,
among KRAS mutational patients, high KRAS
expression was associated with a worse outcome,
whereas KRAS mutational patients with low
KRAS expression did not exhibit this association.

In fact, high KRAS expression is commonly con-
sidered a marker indicating poorer survival in
various cancers, including CRC.%!2 In our study,
we observed that high KRAS expression is associ-
ated with an inferior prognosis in CRC patients,
consistent with previous reports. Cox propor-
tional hazards regression analysis further sup-
ported KRAS expression as a marker indicating a
worse prognosis. Importantly, high KRAS expres-
sion correlated with decreased survival rates.
These findings underscore the significance of
KRAS expression as a potential prognostic marker
in CRC. Furthermore, our results suggest that
KRAS inhibitors could be beneficial in improving
disease control rates for KRAS mutant patients.
This highlights the potential clinical implications
of targeting KRAS expression in the management
of CRC.

In CRC, KRAS mutation is frequently linked
with a suppressed immune microenviron-
ment.!520:43 However, there is a notable lack of
research on the relationship between KRAS
expression and the immune microenvironment.
The density of T cells, which serves as a crucial
indicator for assessing immune status and pre-
dicting prognosis and immune therapy efficacy
in CRC, has not been extensively studied in
relation to KRAS expression.!74%45 Qur study
revealed a negative correlation between KRAS
expression and the density of CD8+ T cells in
the tumor area. This suggests that irrespective
of KRAS mutation status, decreased levels of

20
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CD8+ T lymphocytes, and inferior immune
therapy outcomes may be directly associated
with KRAS expression and contribute to a worse
prognosis.

However, our study has some limitations. First, it
was a retrospective study, which may be consid-
ered less reliable than prospective studies and
randomized controlled trials. Second, the num-
ber of dMMR patients in our cohort may not be
very enough. In dMMR patients, KRAS expres-
sion lost its value in predicting prognosis for over-
all survival. Third, some data on adjuvant
chemotherapy were missing, potentially affecting
the significance of the unknown group in univari-
ate and multivariate analyses. Therefore, further
experiments are warranted to validate this
finding.

The identification of this association underscores
the urgent need for exploration of KRAS inhibi-
tors and the potential combination of KRAS
inhibitors with immune checkpoint inhibitors,
which may offer promising therapeutic strategies
for CRC patients.
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