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Abstract: In recent years, the comorbidity of colorectal cancer (CRC) and diabetes mellitus has become more and more common,
and has become one of the public health problems that seriously endanger human health. The pathological mechanisms of
diabetes mellitus such as hyperglycemia, insulin resistance and chronic inflammation can promote the progression of CRC. In
addition, the effects of hypoglycemic drugs such as insulin, metformin, glucagon-like peptide-1 (GLP-1) receptor agonist and
sodium-glucose cotransporter-2 (SGLT2) inhibitor on the prognosis of patients with type 2 diabetes mellitus (T2DM) complicated
with CRC are also controversial. This article will comprehensively analyze the molecular mechanism of T2DM affecting the prognosis
of CRC and the effects of different hypoglycemic drugs on the prognosis of CRC patients with T2DM.
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Currently, colorectal cancer (CRC) is the third most
common malignant tumor globally and the second leading
cause of cancer-related death. Although the overall cancer
mortality rate in China has shown a downward trend since
2000, the CRC mortality rate remains in an upward stage
due to the difficulty of diagnosis and treatment and
insufficient early screening. In diabetic patients, long-term
poor blood glucose control can lead to chronic damage to
different tissues and organs such as the kidneys, ocular
microvasculature, heart, and nerves [1]. Approximately 95%
of diabetic patients have type 2 diabetes mellitus (T2DM).
Because T2DM and CRC share similar pathogenic
backgrounds, such as a high-calorie, high-fat, low-protein,
low-fiber dietary structure, obesity, sedentary lifestyle, and
other unhealthy lifestyles, T2DM and CRC often coexist
clinically, affecting patients' survival rate and quality of life
[2-3].

T2DM significantly increases the risk of developing
CRC. According to the latest global data for 2025, the risk
of developing CRC in diabetic patients is 20%-40%
higher than in non-diabetic patients. Particularly, the
incidence of CRC in East Asia accounts for 52.3% of the
global total, which may be related to the rapid rise in the
diabetes prevalence rate [4]. Furthermore, CRC patients
with comorbid T2DM show a trend toward younger onset;
their median age of onset is at least 5 years earlier than
that of the non-diabetic group. Factors such as obesity and
insulin resistance within metabolic syndrome are
considered key factors. A pooled analysis of data from 31
prospective cohort studies showed that the combined
hazard ratio (HR) for gastrointestinal malignancies in

patients with metabolic syndrome (including obesity and
hyperglycemia) was 1.28 (95%CI: 1.15-1.42), indicating
that metabolic syndrome increases the risk of
gastrointestinal malignancies by approximately 28%
[1,4-5]. Among these, the risk elevation for pancreatic
cancer (HR=1.35) and CRC (HR=1.30) was especially
significant.

In terms of survival outcomes, CRC patients with
diabetes have significantly poorer prognosis, and those
with a diabetes duration = 10 years or glycated
hemoglobin (HbAic) = 7.5% have an even higher risk of
mortality [5-6]. This difference may be related to the
chronic inflammatory state of diabetic patients and
changes in the tumor microenvironment (TME).
Moreover, hyperglycemia 1is also associated with
chemotherapy resistance and metastasis in CRC cells, as
elevated glucose levels can reduce the efficacy of
S-fluorouracil. For instance, in CRC patients treated with
the FOLFOX regimen, the disease control rate (DCR) in
the diabetic group was significantly lower than in the
non-diabetic group, which may be related to
hyperinsulinemia  inhibiting  chemotherapy-induced
apoptosis of tumor cells [7-8]. Therefore, T2DM impacts
the prognosis of CRC patients in multiple ways.

1 Molecular Mechanisms by which T2DM Affects
CRC Prognosis

1.1 Insulin Resistance and Hyperinsulinemia



o B L aft

Chin J Clin Res, July 2025, Vol.38, No.7

T2DM is a metabolic disorder characterized by
dysfunction of pancreatic B-cells, presenting as insulin
resistance, hyperinsulinemia, and hyperglycemia, all of
which are critical in cancer progression, especially in
CRC [8-9]. In T2DM patients, insulin resistance leads to
compensatory hyperinsulinemia. Insulin and its analogs
activate the phosphatidylinositol 3-kinase (PI3K) / protein
kinase B (AKT) pathway to inhibit apoptosis in CRC cells
[9]. Studies have shown that elevated insulin levels can
directly stimulate the phosphorylation of the insulin-like
growth factor-1 receptor (IGF-1R), further activating the
downstream RAS/ mitogen-activated protein Kkinase
(MAPK) pathway, leading to enhanced tumor -cell
invasiveness [10-11].

1.2 Chronic Inflammation and Immune
Micro-environment Imbalance

Patients with T2DM are in a state of chronic
low-grade inflammation, with significantly elevated
serum levels of inflammatory cytokines such as tumor
necrosis factor-a (TNF-a) and interleukin-6 (IL-6). These
cytokines activate the nuclear factor (NF)-«xB pathway,
inducing tumor cells to produce pro-metastatic factors
such as matrix metalloproteinase-9 (MMP-9), which
degrade extracellular matrix and basement membrane
fibers, facilitating tumor cell infiltration and metastasis
[12-14]. Additionally, diabetes-associated inflammation
can lead to the accumulation of regulatory T cells (Tregs)
and myeloid-derived suppressor cells (MDSCs) in the
TME. These cells interact to promote immune evasion,
ultimately enhancing the inhibitory response to
programmed death-1 (PD-1) and its ligand PD-LI
immune checkpoints [14-15]. Studies have shown that
CRC patients with diabetes have 1.5 times higher Treg
cell levels in tumor tissues compared to non-diabetic

patients, leading to poorer prognosis in these patients [15].

More importantly, in CRC tissues, a new B cell
subpopulation expressing high levels of transforming
growth factor-f1 (TGF-B1) and leucyl tRNA synthetase 2
secretes cytokines such as IL-10 and TGF-f to inhibit T
cell activity. This subpopulation forms a positive feedback
loop with Tregs, further promoting tumor immune
evasion.

1.3 Epigenetic Regulation

Hyperglycemia and insulin resistance can induce
hypermethylation in the promoter regions of tumor
suppressor genes such as APC and pl6, leading to their
silencing. Studies have shown that in CRC patients,
methylation of APC in the Wnt/B-catenin pathway
increases, promoting f-catenin nuclear translocation,
which drives tumor cell proliferation and invasion.
Moreover, the low expression of diabetes-related gene
CD36 in CRC is likely associated with hypermethylation
in its promoter region, and the low expression of CD36 is

significantly linked to poor prognosis [16]. Additionally,
hyperinsulinemia can inhibit histone deacetylase activity,
increasing histone acetylation levels of oncogenes like
c-Myc, enhancing their transcriptional activity and
promoting tumorigenesis [17]. Long non-coding RNAs
participate in CRC proliferation, invasion, migration,
apoptosis, and drug resistance through competitive
endogenous RNA  mechanisms. Among these,
metastasis-associated lung adenocarcinoma transcript 1
(MALATI1) can enhance the activity of the B-catenin
signaling  pathway through histone methylation
modification, promoting CRC proliferation, invasion, and
metastasis. Studies have shown that Jumonji C
domain-containing 2C (JMJD2C), a protein overexpressed
in CRC tumor tissues, can bind directly to the MALAT]I
promoter region, reducing histone methylation levels and
promoting CRC proliferation, invasion, and metastasis.
Therefore, MALAT1 could be a potential target for
preventing and treating CRC metastasis [18].

1.4 Dysbiosis of Gut Microbiota

The gut microbiota is vast and diverse, playing an
essential role in metabolic and immune regulation to
maintain health and ecological balance within the body.
Fusobacterium nucleatum can activate the extracellular
signal-regulated kinase (ERK) signaling pathway by
binding to DEAH-box helicase 15 (DHXI15) protein,
promoting tumorigenesis in KRAS-mutated CRC. The
abundance of this bacteria significantly increases in the
gut microbiota of T2DM patients. In contrast, Bacteroides
distasonis can compete with Fusobacterium nucleatum to
suppress its carcinogenic effects, regulate the gut barrier,
and contribute to immune responses and metabolic
regulation. However, the abundance of this bacterium is
decreased in T2DM patients, resulting in a weakened
protective effect [19]. Moreover, when the balance of the
gut microbiota is disrupted, it leads to reduced production
of short-chain fatty acids (e.g., butyrate) and increased
production of secondary bile acids (e.g., deoxycholic
acid), weakening the gut's anti-inflammatory capacity and
promoting tumor cell proliferation [19-20]. Furthermore,
due to impaired intestinal barriers and increased
permeability in T2DM patients, endotoxins such as
lipopolysaccharide (LPS) quickly enter the bloodstream,
triggering a systemic chronic inflammatory response. LPS
can also activate the Toll-like receptor 4 (TLR4) signaling
pathway, promoting the release of inflammatory cytokines
and further inducing angiogenesis and immune
suppression in the TME [20].

2 Impact of T2DM Treatment on Colorectal

Cancer Patients

2.1 Insulin and Insulin Analogs
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Insulin, besides being a metabolic hormone
regulating blood glucose, also acts as a growth factor by
binding to the insulin receptor and activating
downstream MAPK and PI3K/AKT signaling pathways.
This interferes with the cell cycle and inhibits apoptosis,
thereby promoting cancer cell proliferation and tumor
progression [21]. Clinical studies indicate that advanced
CRC patients with concomitant diabetes, who use
insulin, have a significantly lower median overall
survival compared to those in the non-insulin treatment
group (9.6 months vs 11.8 months), with insulin dose
being positively correlated with tumor recurrence rate
[22]. However, some studies suggest that this result may
be related to the longer duration of diabetes and poorer
blood glucose control in the insulin-treated population
[23]. Additionally, due to the structural homology
between insulin and IGF-1R, there is cross-activation
between the two. Thus, insulin-like growth factor 1
(IGF-1) and insulin-induced downstream cellular
signaling pathways are identical. Studies have shown
that overexpression of IGF-1R significantly impacts the
depth of CRC tumor invasion and lymph node metastasis
[24-25].

Insulin provides energy and a favorable growth
microenvironment for cancer cells by regulating glucose
metabolism. Research indicates that insulin activates the
PI3K/AKT signaling pathway, promoting the expression of
glucose transporters (GLUT1/3) and providing energy for
cancer cell proliferation. At the same time, insulin enhances
the activity of key enzymes in glycolysis, such as
6-phosphofructo-2-kinase (PFKFB3) and
phosphofructo-kinase-1 (PFK-1), through the activation of
hypoxia-inducible factor-1a (HIF-1a), accelerating glucose
breakdown and lactate accumulation. As lactate
accumulates, the acidic microenvironment promotes
angiogenesis [25]. Furthermore, the large amount of lactate
can drive immune escape by promoting tumor-associated
macrophage polarization and weakening T-cell immunity
[26].

Endogenous hyperinsulinemia is common in
insulin-resistant T2DM patients. Sustained high insulin
levels activate insulin receptor subtype A and IGF-1R,
promoting CRC cell proliferation and invasion.
Exogenous insulins like insulin glargine and insulin
degludec, due to the lack of liver first-pass effect, result in
prolonged exposure of peripheral tissues to high insulin
concentrations, thereby accelerating tumor progression
[27]. A retrospective study involving 145 T2DM patients
with CRC found that the lymph node metastasis rate (53%
vs 32%), advanced pathological staging (III+IV stage,
57% vs 32%), and Ki-67 positive rate (76% vs 53%) were
significantly higher in the insulin treatment group
compared to the non-insulin group (P<0.05), suggesting
that exogenous insulin may exacerbate CRC invasion and
metastasis, leading to poor prognosis [23, 28-29].

Therefore, clinical evaluation should
compre-hensively assess the patient's current metabolic
status and tumor-related risks, prioritizing non-insulin
drugs. Moreover, future research should focus on
exploring novel therapeutic approaches that can precisely
target the insulin signaling pathway, developing
treatments that address both glucose control and cancer
therapy.

2.2 Metformin

Metformin not only lowers blood glucose but also
exhibits anti-cancer properties. Studies have found that
metformin downregulates inhibin BA, weakening the
activity of the TGF-B/PI3K/AKT signaling pathway,
leading to a decrease in G1/S-specific cyclin D1 and cell
cycle arrest, thereby inhibiting cancer cell proliferation
[30]. A cohort study involving 108 patients showed that
the disease control rate (DCR) in the metformin group
increased to 62%, significantly higher than the insulin
group (48%) [31]. Additionally, metformin regulates the
expression of small RNAs, including microRNAs, to
further inhibit tumor-associated genes and delay cancer
cell growth. Moreover, metformin combined with
cisplatin can inhibit cancer cell activity, enhance the
sensitivity of SW480 and SW620 cell lines to cisplatin,
and suppress tumor growth and invasion [32].

Metformin  demonstrates significant anti-cancer
effects in specific populations. For example, in CRC
patients with KRAS mutations, metformin accumulates
intracellularly due to decreased expression of the
membrane channel protein METE1. When reaching high
concentrations, it significantly inhibits cancer cell
proliferation, extending overall survival to 37.8 months in
KRAS-mutant patients, with no significant benefit in
wild-type patients. Therefore, based on this mechanism,
metformin may be particularly effective in KRAS-mutant
patients. Selecting suitable individuals for metformin
treatment can further achieve personalized, precise
treatment [33]. Different doses of metformin may exert
varying effects. High concentrations of metformin (e.g.,
2.5 mmol/L) exert anti-cancer effects by inhibiting the
activity of mitochondrial respiratory chain complex I,
while low concentrations of metformin may promote fatty
acid oxidation by activating the AMP-activated protein
kinase (AMPK)/acetyl-CoA carboxylase (ACC) /fatty
acid p-oxidation (FAO) pathway, accelerating the
proliferation of some cancer cells. The differences in
efficacy produced by these different doses may be a key
reason for the inconsistency in clinical research results
[34]. However, current CRC-related studies have not
accurately demonstrated that low-dose metformin has a
carcinogenic effect. Further experiments are needed to
investigate the dose threshold at which metformin inhibits
CRC cells, effectively avoiding potential risks associated
with low-dose metformin.
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Metformin has shown various potentials in CRC
treatment, but current research mainly consists of in vitro
experiments or retrospective analyses, lacking evidence
from large-scale randomized controlled trials. Moreover,
trial groupings often overlook molecular heterogeneity
and drug dosage differences, which may affect the
accuracy of the conclusions. Future research should
therefore rigorously design trial protocols, conduct
stratified studies, and promote precision medicine to
advance individualized diagnosis and treatment.

2.3 Glucagon-Like Peptide-1 Receptor Agonists
(GLP-1RAs)

Obesity is a major factor contributing to the
occurrence and development of CRC. Research has
shown that for every 5 kg/m? increase in body mass
index (BMI), the risk of CRC increases by 10% to 20%.
Furthermore, visceral fat can secrete pro-inflammatory
cytokines such as IL-6 and TNF-a, as well as adipokines
like leptin and adiponectin, which can directly promote
intestinal inflammation and TME formation. Therefore,
with every 10 cm? increase in visceral fat area, the risk
of CRC increases by 15% [35-36]. However, the
emergence of GLP-1RAs has significantly reduced the
risk of CRC. A retrospective study based on the U.S.
TriNetX platform found that compared to insulin, the HR
for developing CRC in the GLP-1RA group was 0.56
(95%CI: 0.44-0.72), and compared to metformin, the
HR was 0.75 (95%CI: 0.58-0.97). Therefore, the use of
GLP-1RAs in overweight or obese patients can
significantly reduce the risk of CRC [37].

GLP-1RAs can regulate metabolic pathways related
to glucose and lipid metabolism, such as AMPK and
mammalian target of rapamycin (mTOR), thereby cutting
off the energy supply to the TME. Additionally, by
modulating the NF-«xB signaling pathway, they reduce the
levels of pro-inflammatory cytokines like IL-6 and TNF-q,
decreasing intestinal mucosal inflammation and inhibiting
tumor cell proliferation. GLP-1RAs not only coordinate
metabolic and immune processes but also activate satiety
signals in the central nervous system, significantly
reducing visceral fat, thus improving CRC prognosis [38].
Weight loss can also improve insulin sensitivity and lipid
metabolism disorders, indirectly inhibiting the TME.
Similarly, GLP-1RAs have direct anti-tumor effects. By
activating the AMPK pathway, GLP-1RAs inhibit CRC
cell proliferation, induce cell cycle arrest, and
downregulate vascular endothelial growth factor (VEGF)
and MMP-9 expression, thereby inhibiting tumor
angiogenesis and invasion [39]. Studies show that
tirzepatide can significantly delay the tumor progression
in CRC patient-derived xenograft models by promoting
the ubiquitination and degradation of HIF-la and
inhibiting the glycolysis mediated by PFKFB3-PFK-1
[40].

However, due to the individual differences in GLP-1
receptor expression in CRC tissues and the interference of
various confounding factors, the potential role of
GLP-1RA drugs in obesity-related cancers still requires
long-term exploration. Future research should focus on
newer, more potent GLP-1RAs, and combine them with
different molecular subtyping for targeted studies to
determine the optimal treatment drugs and strategies.

2.4 Sodium-Glucose Cotransporter 2 Inhibitors
(SGLT2i)

Although there is currently a lack of direct trial
evidence on the impact of SGLT2i on the prognosis of
CRC patients with T2DM, based on SGLT2i's metabolic
pathways, anti-inflammatory mechanisms, and regulation
of gut microbiota, it can be speculated that it has potential
positive effects on CRC patients. Chronic inflammation
can lead to the occurrence and development of CRC.
Research shows that dapagliflozin can reduce the release
of pro-inflammatory cytokines like IL-1B by inhibiting
nucleotide-binding, oligomerization domain-like receptor
family pyrin domain containing 3  (NLRP3)
inflammasome activity in the kidneys, thereby
suppressing the inflammatory response. Therefore, based
on renal disease models, SGLT2i may suppress intestinal
inflammation and delay the progression of colorectal
cancer precursors, thereby reducing the risk of CRC [41].

SGLT2i can inhibit renal glucose reabsorption and
promote urinary glucose excretion, improving the
metabolic disorder status in T2DM patients. Since tumor
cells rely on glycolysis for energy, SGLT2i may indirectly
cut off the energy supply to tumor cells by lowering
circulating glucose levels and inhibiting tumor proliferation.
Additionally, SGLT2i promotes increased urinary glucose
excretion, and a high-glucose environment may promote
the proliferation of specific intestinal microbiota. The
short-chain fatty acids they produce have anti-tumor
activity, potentially inhibiting CRC cell proliferation and
further affecting CRC patient prognosis [42].

Future research should continue to explore the
potential value of SGLT2i in CRC patients with T2DM.
For example, studies could investigate whether SGLT2i
inhibits cancer cell growth through suppression of the
HIF-la pathway or the AMPK/mTOR signaling axis.
Furthermore, since insulin treatment can lead to CRC
progression and is associated with increased lymph node
metastasis and shorter survival, SGLT2i, as a
non-insulin-dependent glucose-lowering therapy, may
avoid insulin-related risks and become a better option for
lowering blood sugar in cancer patients in the future.
Therefore, head-to-head studies are needed to compare
the differences in prognosis for CRC patients with T2DM
between SGLT2i and insulin, providing ample evidence
support for clinical medication decisions. Metabolic
syndrome is an independent risk factor for CRC, but
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SGLT2i can not only control blood sugar but also improve
metabolic disorders such as obesity and hypertension.
Hence, in combination with the
cardiovascular-renal-metabolic syndrome management
concept, further evaluation is needed on whether
SGLT2i's regulation of weight, blood lipids, and other
metabolic parameters can synergistically improve CRC
patient prognosis.

3 Summary and Outlook

T2DM and CRC share common metabolic
disturbances, such as abnormal glycolysis and insulin
signaling  dysfunction. Therefore, the long-term
management of CRC patients with T2DM should
establish a "Cancer Treatment - Metabolic Control -
Complication Prevention" tri-dimensional system. The
metabolic disorders associated with T2DM not only
accelerate tumor progression but also increase the
difficulty of cancer treatment, making blood glucose
control a central step in metabolic management. Insulin
resistance and hyperinsulinemia can promote CRC cell
proliferation, so metformin and other drugs that improve
insulin sensitivity should be prioritized when controlling
blood glucose, and long-term use of insulin analogs
should be avoided. Regulating gut microbiota and
improving gut barrier function are also emerging
metabolic intervention strategies. Additionally, short-term
lifestyle interventions such as low glycemic index diets
and regular exercise can significantly regulate the
microbiome-metabolite axis and improve blood glucose
fluctuations. While controlling blood glucose, it is also
crucial to monitor for early prevention and control of
tumor recurrence, metastasis, and cardiovascular and
renal complications, continuously improving cancer
patients' survival rate and quality of life.

The association between T2DM and CRC results
from a multi-factorial, multi-layered interaction. To
further improve the survival rate and quality of life for
CRC patients with T2DM, future research should explore
the anti-tumor potential of metabolic pathway-targeted
drugs. For the key nodes in the shared pathogenesis of
T2DM and CRC, dual-function drugs that regulate both
inflammatory factors and metabolic enzymes should be
developed, such as combining TNF-o antagonists with
AMPK agonists. This approach could alleviate the
chronic inflammatory response in T2DM patients while
inhibiting the Warburg effect in CRC cells. GNE-149,
developed by Genentech, both fully antagonizes estrogen
receptors and induces their degradation, providing a new
endocrine therapy option for breast cancer patients.
Similar strategies could also be applied to the design of
dual-function drugs targeting T2DM and CRC
comorbidities. Moreover, future research needs to break
through the single-mechanism perspective by adopting a
multidisciplinary joint diagnosis and treatment model,

constructing an interdisciplinary collaborative treatment
approach, and transitioning from "Disease Comorbidity
Management" to "Mechanism-Driven Therapy".
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Research progress on the effect of type 2 diabetes and hypoglycemic drugs on the

prognosis of patients with colorectal cancer
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Corresponding author: LEI Xuefen, E-mail : 13529029986@163.com

Abstract: In recent years, the comorbidity of CRC and DM has become more and more common, and has become one of the public

health problems that seriously endanger human health. The pathological mechanisms of DM such as hyperglycemia, insulin resistance

and chronic inflammation can promote the progression of CRC. In addition, the effects of hypoglycemic drugs such as insulin,

metformin, glucagon-like peptide-1 receptor agonist and SGLT2i on the prognosis of patients with T2DM complicated with CRC are also

controversial. This article will comprehensively analyze the molecular mechanism of T2DM affecting the prognosis of CRC and the effects

of different hypoglycemic drugs on the prognosis of CRC patients with T2DM.

Keywords: Colorectal cancer; Type 2 diabetes; Insulin resistance; Glucagon - like peptide - 1 receptor agonist; SGLT2 inhibitor;

Prognosis

H B 45 B W95 (colorectal cancer, CRC) 24 FR & 9 250
BRI N R o BRAR P R E ST R A
2000 4 R BB, (5 CRCAET R A2y 7 e K 5
BAE AT E TG B B IRIE A O R [
AT FECEE MR A O b2 SR R 2 B i A
it BEDRIG BB T A 95% R 2 T IR 9 (type 2 diabetes
mellitus, T2DM) . H1F T2DM 5 CRC HA MBI &4 5,
[ N | T A S I (2 e e AN G I ¥ N =
A )7, BRI PR B T2DM 5 CRC & HAETE L S 5 1
HAF R AR R

T2DM R I T CRC BB . M4 2025 45 43K iwc
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Bt s, MR H T ER CRC 8 XU B PR 3 1
20%~40% , JEHZ W HLIX B CRC K3 423K 52.3% , 1% A
RES MR SRR P |- A k4, A 3F T2DM 1 CRC
HE A AR A S v R A I R A A i &
SR MBI R ZACHT S A 2 A R R R A R OC R
Fo LRG3 IUATHETEBN A A B B , HAT N | i A
RIS A A B & A T 3 S Bl 9 51 XU L (hazard
ratio, HR) 1 1.28(95%CI: 1.15~1.42) , 32 R AR L5 A0 fiff g2 35
S B T R e e 1 RS B 2 289 o AR
FICRC XU T It A S (HR 43594 1.35 71 1.30) .
FEAEAFES R 5 16T, A5 R CRC A T 5 2%,
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LR PRSI FE=10 45 WE AL M LT HE 11=7.5% 01 3 FE T KR B
PR X2 S T RE T M PR AR A AR A AR RS B i
AT BUEARSG . IF H s A 5 CRC A0 Ay e 25 L A0
FEREAT K, MR KT o 23 KA S-SR E AT 28 9,
32 FOLFOX J5 283877 (1) CRC H 35 b, B B 41 (¥ e s il
#(disease control rate, DCR)BARM R ZH I R RFHAR, X rT g
o0 R 5 AR LAE A ALY 7 25 W07 S B R L e T A O B
PLT2DM ZEAN G J T2 & CRC B H TR

1 T2DM &0 CRC F/gHI 4> FHL !

1.1 MHERAA SRS L i T2DM & —FP LIS R4
THRERERS AR A PRSI I & KT R
IRE A0 25 A , S A J e o Je vp 22 SC 2, i HOR CRC™
T2DM H 3 T N R 3 2R AR S B QA P v e 5 3R ML
i 1 2 R AL W 3ok B PISK/AKT 38 5%, 41071 CRC 41 i
T BT R I, BB R N IR 5 R KT T vy P B4R
5 ZREA K F-1 324K (insulin-like growth factor 1 recepter,
IGF-1R) MR Ak, , HE— 25 3006 T Ui RAS/MAPK 38 % , 5 35
YA IR 7 M

1.2 12 KES LR MIRSE R T2DM B K IIbF AT
FE AR, LA A R IR AL R T (tumor necrosis factor-at,
TNF-a) | 120 A 2 Cinterleukin, T1L) -6 25 48 5 20 i A 7K
WA S Ty 38 I NF-« B B %, 5 S i At iy A S 42 IR
#E F11-9 (matrix metalloproteinase-9, MMP-9) ZE {2 #£ F2 X 1,
o8 FFL 200 L D T A R MBS PP 0 0 A X 0, g W 400 e 11
TR AN AL PLAE R > I ELWE BRI AH OGS RE by T F-5L
A A3 FR R T P T 41AE (regulatory T cells, Treg) FIHE M
A0 P 4R T A R A S k3R , S I X A
JPPEFET A2 AR 1R P FE T 32 AR -BiE 44 1 (programmed death-1/
programmed cell death-ligand 1, PD-1/PD-L1)Hu i K6 #% ssi, Al 410
R R B SR, A I PR 1 CRC B8 iR ZH 21
Treg HAVETABEIRNG B 5 15 A%, B L% B 5 e 300 5 4
N 2ets, WEEML, CRCAL T EHE— R mE L FE LA
41 (transforming growth factor, TGF)-B1 [{)5% 2 B2 tRNA 4
DT 2 F4) B 2R A L 38 3408 IL-10 . TGEF-BAF 2 i X -4l
il T ARG , 3T 5 Treg AHMLIE B S5, DA T A5 AR B b i
HENIE Gl kit

1.3 RAEARRIE R BRI B R AP 55 APC pl16
S IE R ST IO P b, SEOLERRTUER . B R
L CRC A Wnt/B-catenin il i 1) APC F S /K F-TH i, 2 ik
B-catenin BFE N7, BN IRE A0 IG A A28 . LA, BRI AR
KEETR CD36 1 CRC HH IRER ik , AT g5 R 2 71X i H AL AR
X%, 1M CD36 MR FRIE 5 R RS &5 I H ks
R MAE 7T 30 A A0 2 2K 12 2 BEAR S T 20 e-Mye 2
P BE DR 4128 1 S BEAG KT, $ i LA Sl o Al Bd 7 &
R RN, KBRS RNA 13 55 4+ N RNA 2 5 CRC
MIREEE (228 T8 AT AR 2 o o rp i B AR O il i 98

53 1(metastasis associated lung adenocarcinoma transcript 1,

MALAT1) v 38 2 41 8 11 HH S B A , 3498 B-catenin {5 S5 5
ARG AL CRC YA R . IR LM, T5IE
£EHIIF AR 11 2C (JMJD2C) 7E CRC Mg 4l 4 Pt 263k , IMJD2C
AL 5 MALATL A 8 F XS E 425 A, BRARA & Ak
KO AR 3E CRCHYE (R . Rk, MALATT AJ A J2 il
B FIATT CRCFE AL MM A

L4 M @A KA BEETEHERAMEEZ, S50
PR AN SR I, X 2 4 LA S R ORASF A P 2B 2P
Ty Horp HUBM AT I W] G AT 45 5 DEAH & i e 15
(DHX15) 25 1305 ERK A5 53 4 , 2k KRAS 28488 CRC 1Y
JWRE %A o K TRHEAE T2DM B 1 T8 R v 2 3 B
Tk EC ROV B PTl A 5 LA 1 e S Al L S0 VR
TR M T 5 R P e g A R Y B S BE . {H T2DM
R T Pz B T AR SR RN BT S . I
TH AR L) & A A, S B RERR VTR (40 1R ) A
> RAR TR COBE A IR AR ) A s, S80St BE
FIH0E S R A G A 2, IFHL R T T2DM B3 I E b
BRI 3 375 P 1 o, N 22 W 4 P s A IV, TR
S PR RIE SN o g ZMHA Pl L0 Toll FEZ IR 4 (55
TR ST A DR TR, i — 251 R R SO il 4
A AN SR

2 T2DM&F A& HmEEENZN

21 MBEFLMEFEMY  BEHRACCZI T MR
WHMER L IE TR AE K H 7 5 R R Z WA G B0E T ifF
MAPK I PI3K/AKT {5538 i, 38 3 -0 40 0 J00 nn oi 4 A
PAT, A EE A  R AL iR kS 2 I RIS B, 5 O P
PRSI CRC B R 3R , LS A A I B T
B 2B (9.6 N ws 1184 ), ELIFES 25508 5
SRR IEMR . HER A OFTEIN N X — 5 ] e S
E GO PN e T oy S A SN 1R X P B (S )
HI T8 28 5 IGF- 1R F AT S5 44 [R5 , 25 A 5 SUITG B
% BRE R KA 1 (insulin-like growth factor 1,IGF-1)
IR 5 BT WA A 5 4 il B AR R A o JF ELWFSE
R IGF-1R 3 3% 1 25 52 M 45 0 P e A5 22 R Ak 12
SRR

it 2 2% 30 2o R OB A I A A AN B A R R A R R
PRBE . BFTERRM, e 300 1 B PI3K/AKT {55 1 At i
HPMEE I 8 1/3 PP IR , s A MG A 4R AL Re 4k ; [m) B Jpe
15 28 O R A S I - 1o (hypoxia inducible factor- 1o,
HIF-100) WEREME AR OCHERE , AN 6- W R HWE-2- 1 (6-phospho-
fructo-2-kinase/fructose-2, 6-biphosphatase 3, PFKFB3 RS
WL 1 (phosphofructokinase-1, PFK-1) #4764 , Tl 33 4 25 b
IrfEFLER AR R . BEAT FLRRANBTHER , B GO BE T R 1M
A I B FLRRIA AT R A T AR DG s 4 e A
AL S T AL S e B ), e 2R Bl e kit

DAL o R By 2R IMILAE AL T IR B AR T2DM R
AR o R 5 2R KOV G T R 8 3R 2 AR R A FITIGF-1R
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PEHE CRC ANNEINAE 51228 HORS IR B 3R AR Ry REESME
i 2 2R R 2 T 1 2k 3000, R OO R A UK 2 3 T vk
JEE T B2 A PRI o, AT S e 9 g e, — ST X 145 ]
T2DM &3 CRC 2 1 B E AT 78 & B, 9 i 3 IR Y7 4Ltk i
L5 R 2 (53% vs 32%) IR IR 43 391 CTT+ IV 9T L6 481 57% ws
32%) % Ki-67 BAYE SR (76% vs 53% ) ¥ 0 2 7 TAR I & 2K 4H
(P<0.05) , Z5 /R AR IR 5 28 AT REIR CRC AR 2 FIE% RS
FEWUG AR

JIT LA R 2765 DA A8 2 AR A 5 e AH OC XL
B RS IE IR 5 225259, I EASKIE T N ER & TR 1
0 1) e 2 A T B R T R T 48 WIS HE B ) e S
R RV
22 9 I SUNCR AT BEAR IR W] & T 1
Ao WFE A, OBUIGE 2L F 8 061 K BA, W5 TGF-/
PI3K-AKT 5515 38 B 106 M, 330 GU/S-Re SME R A -
D1 (/020 RISt AT 400 ) 98 240 A 3 7 . — i)
A 108 41} 5 1 BABIIF 5 S 7, — BRI DCR #2155 % 62%,
T TR R A (48%) 0, BLAh, Fal T RNA 4§
/N BERNA R38R AR DG SR, A i A
Ko I B FOBUIRER S G AT S8 20 s M (150 SW480
SW620 il Z XA R Sl A 228

ORI R AR R R R S BB . )
i, 76 KRAS 2848 11 CRC SR v, —HUBUNK Hy T € 1 45 1
METE & 35F B 5 3500 M P 35 A5, 240 30458 oo VA J32 A T 48
0T 5 A G T (o KRAS S A 5848 1) ST 38 OS ZEK %8 37.8 4>
A A BB TC B AR AR o I AL TR 7 KRAS &
PR 25 1 FR A PRI SE Y, T O A A R SRS 7Y
FRERHA, 2k B K2R IR AR
T HOSUNCR] R R AN RN o e v HOBUIR (40 2.5 mmol/L)
A L S LR AP IR EE S G 1 B TE M R BT L T
R M BE — VXU AT B3 4 405 AMPK-ACC-FAO i % , {2 BEfl
IR SRR, RTINS T Fn AU 385 , T 3N
A BF RS S T BE R I R R 45 A — S SRR Y (1
2 H AT CRCAHSEAIFFE I A i 2 WA 1 P SUICEL A i
BN, 0 AT 10— 25 T a6 5T — HSUNE i CRC 40
V147 751 L, B 1T A 5 G 071 e UG SR (VAR S

ZHOWUIAE CRCIAYT vh R B Z2 FhiEhE , (0 B 5 04T B
GEZ2 NI S5 s U 23 BT, 158K e 2 R MU B 3t
B AR S . AN IR 2 4 A A s 2N T R S R A
YL 25 5, AT RE S A IS I vERA T . T LR SRR T
PRSI I 5 R IT 0 T AR bR AL s T st A
UNIA7 g
23 ME B E A1 RS A (GLP-1RA) AR 5L
CRC R4 RBMEZEF R . W98 & B 5 A5 #1520 (body
mass index, BMD)ZE I 5 kg/m*, CRC XU T 109%~20%. If:
LU T 43 M8 TL-6  TNF -0 25402 48 200 i 5] 7 g 25 g e
FAENR N T, T AR T 3 A S5 I N IR T A 3 TR
Ao Bt YRR U T RGN 10 cm?, CRC % A2 KUK Bili 22 412 755

15% "%, {HJ& GLP-1RA FIH B CRC Y & A RUES B . [
fio —THET 3 [ TriNetX - & 1 B A 52 2 B, 5 605 26
M, GLP- 1RA fifi F 4H & CRC 1) HR 4 0.56 (95% CI: 0.44~
0.72) , 5 ZHBUICHI L HR 9 0.75(95%CI:0.58~0.97) , T ATE
R R A (6 B GLP-1RA 7T 5 % CRC R AU ™
GLP-1RA AT 15 AMP 4Kt 1) 2 [13% 1% (adenosine 5’-mo-
nophosphate-activated protein kinase , AMPK) Wi L2l %) & 1A%
Z A0 1 (mammalian target of rapamycin, mTOR) 258 | 810
AR R G TR DA T U0 % g R 35 ) il o AL 17 ]
SR NF-kB {75530 B4 A 1L-6  TNF-o 25412 48 4 s R (1 7K
-, Y T TR S SR R MRE AT . GLP-IRA A
ASCRT LA ] 98 478 AR G i A i, T8 W LS S 30 ol pf
RGBS, D& FAICNIERE DT, I CRC BUS ™
Vol EE S ) A M 5 2R AR AT A I ZE L L T o P £k
. AR, GLP-1RA W EAT H AP NIRI R . GLP-1RA 38
o TR AMPK S8 3% 1) CRC 20 B3 At e 2o 17553 40 it 0 440 4
TS VR I A P B 2 K PR MMIP-9 s, 403 sk af 45 4=
I AZ TR, W RR, %;T\?Elﬁi((tirzepatide)@ﬂﬁﬁ
HIF-1oyZ ZALREAR , 101 PEKFB3-PFK-1 A3 (1 BEIE AR, 0 2
HELRLE B s N IR Ihed SR R ARSI ol ik Jj2 T
{BJ& 1 F GLP-1R 7E CRC 4141 A 557K - HoAs Mk 22
SR AARRZR N Z T, Brik GLP-1RA 28 254 %6 BB JHEAH G g
JiE T AEAE P 5 IR AR R . AR IR T SR s 1
FRAL A GLP-1RA 25254, IF Hid vl 45 G AR i 4053 T T
B RIS, BT SRR IR 7 259 S A
24 4h-F BAEEAIEE G 244 F (SGLT2)  UE AATx
T SGLT2i % CRC A T2DM i3 1y il J5 s e 2 5 821000 iE
P o AHFET SGLT2i AR &A% B 4 R Y fig 18 T BE S ML
il AT CRC HBE A VAR MBI R 12 1k A E 1T
HCRC KR, WHITFRET, 1545 511 3 2 410 il 0 v A%
TR Zh A B RS WA 2 AT 1 3 (nucleotide-binding oligo-
merization domain-like receptor protein 3,NLRP3) R GE/IMATE
P, Bl TL- 1R 5542 8 A0 M R - REAC, AU0 i RAE UL o BT AR
B TR ARLHEIN SGLT2i I REIE 1 2 (RIS Tl i 18 9 S
N, SELRAE B A AT | AT AAEG % A CRC AU
SGLT2i AT 411l o T o R S e P 2 0 PRI AL, sty
T2DM BB FACIIEETLAIRAS o ol TR A AR RSB I A 2 Hi
RE L, T LA SGLT2i AT 38 i P VAT B4 881 28 Ml K ~F- , 1) 4 010 i fe
SR AN BE RLAER , I IR B 4 . I HL SGLT2i fie ik IR M HE
WA 2 |3 PRAEIR BT ] BE 20 06 o 1 AR A e R 4, AR
) e R 1 P EL A DI 3, vl R CRC 40 g g, 10t —
B CRC BF TR
A TFELRESARE SGLT2i 7E CRCA I T2DM & (1)
TEIEMTEL . BN, 4R 5T SCGLT2i F 9 40 M A 1 2 753 a4 il
HIF- 1o %5 AMPK/mTOR S35 S AR E A . FFELIE R
B FIBIT T 3 CRC R, H 5k B 45538 1Tt = RIZEAE1)
ARFEAHDC, BT LA SGLT2i 15 2 I e 3 ZAR A A Bl Jy 48, WT i
e e 2 2R O XU, ok oA A A B AL A0 2 I 1 B A
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o FTAT BT RS 5T , HuAE SGLT2i 5 5 X CRC
A I T2DM B WU (025 55, R R T 254 4L 78 2 i iE 4 52
Fo FURZEEAESE CRC ML fER R 2R L SR T SGLT2i A iig
Fasthil IBE , o8 T e HEL R R R R AL . BT LAZS A
A A S A AR A BB, ARl iE— 2B A SGLT2i X
TR A S SRR i A UM Rl CRC A TS

3 INEFIRE

T2DM 5 CRC A=A ZEALARAE CLbRse i S5 3 e 3%
{55298, BT LA CRC 4 91 T2DM £5 3% 19 10178 B g 2 < b
A YT AR - R AE TR " = 4R R, T2DM AY/RI
FERLAL I g 10, A I RE T 7 X, T A A o
SEACHHE RO TR . RS FRAIRBUR I 5 2% e P i
CRC 4N A , DR a7 4 Sl AR s 10 12 10 i 43— Y U482
o2 R 0 B AR A 2 0, O LR S A of I 1 32U
Yo R IE B G I 1 R R AR H AT % AR
THO 1, B ARTHRERREUR & S s R A T
ST U] 5 T TR — PR, O AR 8h ) AR
AR 4 [0 3 50 o A T e 52 K e R AL L B I R Y
Wi  ASWHR THEE B 1A Ar RV T

T2DM 5 CRC By S IJE 2 B % | 2 2k It [l 4 F i 25
H HARWHETF CRC AT T2DM H 35 (0 AL fE 3 B AR A T &
RN T — 2 2 A L ) 2 (B PR . AT
T2DM 5 CRC Mg ML o 1A% 00 19 a5, FF % 0T [ e 3 98 R
PR T AR T BE 2459 , 1911 AN & A TNF-od 7] 5 AMPK
SR U REZS Y, BERESE A7 T2DM S (e e 4 S,
SRR CRC 4NARAY FUIAR 500 o JEDRI R TERF & 1) GNE-149
WERE A 45 UM R 32 (R BB T LR A, S LRI R AR A
TR AR YT SR T AR S TR S T CRC
T2DM g #E 5 U RE2G BT I H AR IE 6 75 5 ik
B—HLRHR S, R 2RISR W s 2RI A
SR, SN PR S T 2 LRI SR S IE YT B
FlEmHPR I
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