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Abstract: With changes in modern lifestyles, type 2 diabetes mellitus (T2DM) has become a global epidemic metabolic disease, and
hepatocellular carcinoma (HCC) is one of the leading causes of cancer-related deaths worldwide. T2DM is a complex metabolic
disorder and has been considered an independent risk factor for HCC. Growing evidence supports that T2DM-related risk factors
facilitate hepatocarcinogenesis via abundant mechanisms. With the wide implementation of microbiomics, transcriptomics, and
immunotherapy, the understanding of the complex mechanisms of intestinal flora and immune cell subsets have advanced tremen-
dously in T2DM-related HCC, uncovering new findings in T2DM-related HCC patients. In addition, reports have indicated the
different effects of anti-DM drugs on the progression of HCC. In this review, we summarize the effects of major T2DM-related risk
factors (including hyperglycemia, hyperinsulinemia, insulin, chronic inflammation, obesity, nonalcoholic fatty liver disease, gut
microbiota and immunomodulation), and anti-DM drugs on the carcinogensis and progression of HCC, as well as their potential
molecular mechanisms. In addition, other factors (miRNAs, genes, and lifestyle) related to T2DM-related HCC are discussed. We
propose a refined concept by which T2DM-related risk factors and anti-DM drugs contribute to HCC and discuss research
directions prompted by such evidence worth pursuing in the coming years. Finally, we put forward novel therapeutic approaches to
improve the prognosis of T2DM-related HCC, including exploiting novel diagnostic biomarkers, combination therapy with immu-
nocheckpoint inhibitors, and enhancement of the standardized management of T2DM patients.
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Introduction
China has a high incidence of liver cancer, and liver cancer mortality ranks third among all cancer-related deaths.'
Hepatocellular carcinoma (HCC) accounts for 75%—-85% of liver cancer cases, and approximately 45% of HCC deaths
occur in China.”> Chronic inflammations caused by viral hepatitis, especially hepatitis B virus (HBV) and hepatitis C virus
(HCV) infections, contribute majorly to HCC via changing the hepatic immune system, while the etiology cause by alcohol
abuse shows an increasing trend. Despite great efforts put into medical technologies, the survival likelihood of HCC patients is
still gloomy due to the lack of early diagnosis and drug resistance.’ Therefore, there is an urgent need to develop novel
treatment strategies to improve the prognosis of HCC patients. Type 2 diabetes mellitus (T2DM) is a chronic metabolic disease
characterized by insulin-secretion deficiency or insensitive insulation of target cells, resulting in insulin resistance (IR) and
liver damage. The increasing incidence of T2DM has become a global public health concern.* Increasing evidence suggests
that T2DM is an important risk factor for HCC;>~” however, studies on how DM contributes to the occurrence and progression
of HCC are scarce. It is necessary to explore the relationship between T2DM and HCC, particularly the role of T2DM in HCC.
This paper discusses the mechanisms that T2DM contribute to the progression of HCC that are currently known, mainly
including the effects of hyperglycemia, hyperinsulinemia, IR, chronic inflammation, nonalcoholic fatty liver disease
(NAFLD), obesity, and altered gut microbiota. Meanwhile, the effects of hypoglycemic drugs on HCC will be analyzed,
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with the aim of revealing the connection between T2DM and HCC and the potential mechanisms. This review broadens the
understanding of HCC risk factors and contributes toward the development of better treatment strategies for HCC by utilizing
T2DM related factors.

Epidemiology

HCC is the sixth-most common human malignancy worldwide and the third-leading cause of cancer-related deaths after
lung and colorectal cancers. The global incidence of HCC is 9.3 per 100,000 individuals, with a corresponding mortality
rate of 8.5%.% The International Diabetes Federation reported 463 million patients with 2019 worldwide, and this number
is estimated to reach 700 million by 2045.° In Chinese adults, DM and high blood glucose levels were positively
associated with liver cancer and major chronic liver diseases in a prospective study of 500,000 people. Studies of
different populations have also shown that DM is a driving force of HCC, which increases the occurrence of HCC by 1.5-
to 3-fold, especially in males.'®'* In addition, a population-based cohort study enrolled 674,178 DM subjects demon-
strated that glucose variability was an independent predictor of HCC and contributed to the increasing prevalence of
HCC.">'® Table 1 summarizes clinical trials on the relationship between DM and HCC.

Major Risk Factors of T2DM Contributing to HCC

Previous reports have implied a close association between T2DM and HCC; however, the mechanisms underlying the
involvement of T2DM in HCC have not been completely elucidated. The following section reviews risk factors
associated with T2DM and HCC (Figure 1).

Hyperglycemia, Hyperinsulinemia, and Insulin Resistance

Existing evidence shows that hyperglycemia is persistently an independent key factor for HCC.'® High glucose levels
provide abundant nutrients and induce abnormal energy metabolism, facilitating tumor cell growth and metastasis. Under
the stress of high glucose, HCC cells exhibit mesenchymal phenotype plasticity and metabolic reprogramming by
activation of c-Met, promoting the growth and aggressiveness of HCC.'” High glucose stimulation induces the produc-
tion of reactive oxygen species (ROS),?® which can cause mitochondrial dysfunction and liver inflammation, eventually
lead to liver injury and hepatocarcinogenesis.”' Overcoming excessive ROS production has been proved to facilitate
tumor progression in sorafenib-resistant HCC cells.** In addition, hyperglycemia stimulation leads to the accumulation of
advanced glycolytic end products, which can form a feedback loop with ROS and favor the occurrence of HCC by
transcriptionally activating angiogenesis and proliferation.”*-*

Chronic hyperglycemia progressively precipitates inadequate peripheral tissue response to circulatory insulin, result-
ing in IR and subsequent compensatory hyperinsulinemia in T2DM patients.>> A nationwide prospective study that
enrolled 119,316 participants of two large cohorts revealed that hyperinsulinemia and IR were associated with increased
risk of developing HCC after an average follow-up of 25.6 years.*®*” Mechanistically, hyperinsulinemia/IR played a key
role in the pathophysiology of HCC by activating IRS1 to regulate multiple cytokine pathways, such as JNK.?*
Moreover, the existence of hyperinsulinemia/IR, along with proinflammatory factors, such as IL6, TNFa, and leptin,
jointly constructed a liver microenvironment prone to HCC in patients with DM. In addition, hyperinsulinemia and IR
upregulated the expression of IGF1, which has been proved to be a key mechanism in DM-related hepatocarcinogenesis,

contributing to the invasion and sorafenib resistance by regulating the cell cycle, apoptosis, EMT, and autophagy.®’>'

Proinflammatory Cytokines

Many studies have supported the hypothesis that T2DM patients undergo a chronic low-grade systemic inflammatory
state. Significant differences in proinflammatory cytokines, such as IL6 and TNFa, have been observed in the healthy
population and pre-DM and T2DM patients, and contribute crucially to the development of HCC.*** IL6 was found to
be elevated in HCC patients and acted as an independent predictor of survival in HCC patients.** In a mouse HCC model
induced by diethyl nitrite, male mice who harbored higher IL6 levels developed more HCC through transcriptional
repression by eARa in Kupffer cells. Meanwhile, IL6 upregulates the androgen receptor in HCC cells, reduces the
expression of tumor suppressor p53, and increases ROS production, resulting in HCC development. By binding with the
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Table | Clinical trials on the relationship between diabetes mellitus and HCC

Reference Study characteristics Diabetes Covariate Main findings
diagnosis adjustments considered
[51 Meta-analysis: a total of 27 studies Self-report, medical Geographic location, Strong evidence that T2DM
(23 articles, 85.2% were from Asia), records alcohol intake, history of | unfavorably affects HCC progression,
inclusive of approximately 144,566 cirrhosis, or HBV and HCV | recurrence, and patient survival after
individuals infections treatment, irrespective of the
approach used.
[6] Prospective cohort study: 239 Medical records Vital status, age, HBV, HCV | T2DM was associated with increased
patients with T2DM who were risk of incident HCC. FIB4 index in
diagnosed with nonviral HCC, and diabetes clinics can be the first step
3277 non-HCC T2DM patients from toward surveillance of HCC with
a prospective cohort study as a nonviral etiology.
controls. Mean follow-up 4.7 years
[71 Hospital-based retrospective case— Fasting glucose Age, sex, HBV and HCV DM patients with HBV infection
control study: 1568 participants, of 2126 mg/dL or 2- infections, cirrhosis, represent a very high HCC risk
whom 716 were diagnosed with hour postload gallstone disease, population and should be considered
benign liver diseases and 852 glucose 2200 mg/dL, cholinesterase, alkaline for HCC close surveillance program.
diagnosed with HCC. HbA,. 26.5% phosphatase
[12] Meta-analysis: |7 case—control Self-report, medical BMI, prior hepatitis, DM is associated with moderately
studies (a total of nearly 6000 HCC records cirrhosis, alcohol intake, increased risk of HCC. Meta-analysis
cases and 74,000 controls) and 32 smoking, treatment, of 7 cohort studies found a significant
cohort studies (a total of nearly duration of diabetes increased risk of HCC mortality for
6,500,000 individuals) individuals with DM compared to
those without.
[13] Meta-analysis: a total of 25 cohort Self-report, medical BMI, prior hepatitis, 18 studies showed that DM was
studies, enrolling 1,283,112 persons. records cirrhosis, alcohol intake, associated with an increased
Mean follow-up 8.8 years smoking, treatment, incidence of HCC. In addition, meta-
duration of diabetes analysis of 7 cohort studies found
a significant increased risk of HCC
mortality for individuals with DM.
[14] Community-based cohort study: Self-report Age, sex, BMI, A history of diabetes at baseline is
63,257 middle-aged and older recruitment year, highly associated with nonviral HCC.
individuals. Prevalence of DM was education level, smoking, DM was associated with an increased
8.6%, 499 cohort participants alcohol intake, risk of incident nonviral HCC.
developed HCC. Mean follow-up 14 consumption of coffee and
years tea
[17] Hospital-based case—control study: Self-report Age, sex, smoking, alcohol | This study confirms a doubled HCC
224 HCC patients and 389 controls intake risk in diabetics, with a stronger
excess risk in diabetic subjects who
are also tobacco smokers. Metformin
may decrease the risk of HCC,
whereas insulin may increase the
risk.

Abbreviations: T2DM, type 2 diabetes mellitus; HCC, hepatocellular carcinoma; HBV, hepatitis B virus; HCV, hepatitis C virus.

IL6 receptor, IL6 triggers JAK—STAT3 and downstream signals to regulate multiple processes, such as apoptosis,

angiogenesis, metastasis, drug resistance, and immunoescape of HCC.?®> Besides IL6, TNFa has also been found to be

required for chronic liver diseases and hepatocarcinogenesis.® Anti-TNFo treatment decreases the expression of
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Figure | Risk factors for HCC in patients with T2DM.

proinflammatory cytokines, including IL1p, IL6, and IL17, to suppress the cell viability of HCC and prolong the survival
time of xenograft mice, providing a novel therapy for HCC.?” Inflammatory alterations in T2DM patients play a pivotal
role in HCC progression and might be a therapeutic option for HCC patients.*®

Obesity and Nonalcoholic Fatty Liver Disease (Figure 2)

Obesity is known to be a common promoter of T2DM, and has also been found to exert a significant protumor effect on
HCC.* A long-term prospective study that enrolled 15,280 T2DM patients lasting at least 10 years found that obesity
increased the hazard ratio of liver cancer compared to nonobese patients.40 Being obese, a high-BMI population was at
higher risk of HCC by 86%—119%.*'-** With an increasing of 5 cm of the waist, the risk of liver cancer increases 11%.*
Elevated FABP4 synthesized and secreted by hepatocytes was found to be a crucial connection between T2DM patients
with obesity and HCC. With IR and dyslipidemia in T2DM patients with obesity, FABP4 facilitated the proliferation and
migration of HCC cells.**** In addition, increases in gut microbial metabolite and STAT3 signaling have been reported in
obesity-related HCC, which might be a driving pathogenesis of HCC.*®*” T2DM has been reported to be an independent
risk factor for NAFLD, one of the most frequent liver metabolic diseases and exhibiting a histological spectrum from

The presence of T2DM
increases the incidence of
HCC by 1.5 to 3 times
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Figure 2 T2DM and obesity aggravate the progression of NAFL/NASHI to HCC. T2DM coexists with NAFLD, and it aggravates NAFLD to more severe forms of NASH,
cirrhosis, and HCC.
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bland steatosis to nonalcoholic steatohepatitis (NASH) and eventually liver cirrhosis.*® Emerging evidence reports that
NAFLD doubles the risk of HCC in T2DM patients.**>® The pathogenesis of NAFLD involvement in T2DM-related
HCC is complex, and the inflammatory response might be the main culprit.’’ Inflammation is involved in the entire
spectrum of NAFLD and is characterized by “metabolic inflammation” triggered by excessive lipid storage, IR, and
metabolic pathways. Elevated cytokines, such as CCLS5, have been observed in cirrhosis patients, and overexpression of
CCLS5 in NAFLD mouse models activates a wide range of immune cells that facilitate the development of steatosis and
HCC.>* Moreover, there is evidence that the application of CCL5-neutralizing antibody treatment protects against the
occurrence of new HCC nodules and inhibits the growth of HCC tumors.”® In addition, the accumulation of hepatic
cholesterol in liver promotes the development of NAFLD-related HCC via selectively killing natural killer T cells or
CD4" T-cell apoptosis.>*>?

Altered Gut Microbiota and Immunomodulation

The gut microbiota is a key regulator of the immune system and metabolism.>® Emerging evidence indicates that the gut
microbiome plays an essential role in the T2DM, NAFLD, and obesity.”” In vivo animal experiments and epidemiolo-
gical studies have shown that the intestinal microbiota of DM mice or patients with liver fibrosis changes, eg,
increased phyla firmicutes and brevibacteria.® Through gut microbiota dysbiosis, high cholesterol in an
NAFLD mouse model resulted in hepatic steatosis and inflammation during hepatocarcinogenesis progression.
Moreover, restoring the dysbiosis of gut microbiota prevented the development of NAFLD-related HCC completely.>’
The effects of gut microbiota contributing to HCC has been attributed to the modulation of peripheral immunoresponse
with the suppression of the T-cell immunophenotype, characterized by expansion of regulatory T cells and attenuation of
CD8" T cells.®” The serum level of lipopolysaccharide (LPS) has also been found to be elevated in T2DM patients with
dysbiosis of the gut microbiome.>® Also, elevated circulating LPS has been found in both HCC patients and animal
models, and this pathogenesis, contributed to by accumulation of LPS, increased intestinal permeability and bacterial
translocation.®' Mechanistically, LPS modifies MIR155HG IncRNA by m6A methylation to upregulate the expression of
PDLI and promote the immunoescape of HCC cells.®?

Alteration of immunostatus is a common pathological process in T2DM patients, usually occurs in cirrhosis-related
HCC, and functions crucially in HCC progression. Persistently high blood sugar stimulates the transient activation of
neutrophils, which drives the progression of HCC by mediating the immunosuppressive environment.®*** Targeting
neutrophils might be a novel therapeutic choice through strengthening the response to cancer immunotherapy. Different
subtypes of T cells have been shown to benefit NAFLD/NASH-related HCC progression. Loss of CD4" T and hepatic
lipid accumulation have been found in an NAFLD mouse model, promoting hepatocarcinogenesis.®> Furthermore, PD1*
CDS8" T cells are increased in NASH mouse liver, facilitating HCC progression.'” An imbalance in T},17 cells has also
been found to regulate adipogenesis, glucose homeostasis, and insulin sensitivity, which are involved in the development
of HCC by secreting IL17A.°° The frequency and absolute number of circulating NK cells have been found to be
significantly lower in T2DM patients and HCC patients with impaired IFNy and cytotoxic function of NK cells, while

Treg cells were elevated.®”*®

Antidiabetic Drugs

Studies have shown that anti-DM drugs play a crucial role in the development of HCC. In this section, we review the
effects of anti-DM drugs on HCC (Figure 3). Table 2 summarizes the effects of anti-DM drugs on the occurrence and
development of HCC.

Biguanides

Metformin is a first-line guanidine anti-DM drug to treat T2DM in most guidelines.”® Recent studies have shown that
T2DM patients treated with metformin have a low risk of cancer and mortality.*””>** A retrospective study enrolled
1061 T2DM patients and reported that metformin exposure decreased the incidence of HCC and prolonged their
survival.”® Moreover, another report of meta-analysis also revealed that treatment with metformin significantly extended
overall survival (OS) and progression-free survival compared with other antihyperglycemic agents in HCC patients with
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Figure 3 Effects of antidiabetic drugs on the occurrence and development of HCC.

T2DM after curative HCC treatment.”"®! Prediagnostic use of metformin <1500 mg/day has also been shown to be
associated with longer OS in elderly DM HCC patients.’””

The beneficial effects of metformin for anti-HCC can be exerted by plentiful molecular mechanisms. Long-term
exposure to metformin can lead to metabolic adaptation of HCC cells exhibiting a characteristic EMT phenotype and
compensatory elevation of oxidative phosphorylation.** Hu et al found that metformin exerted an antiproliferation effect
on HCC cells by targeting AMPK via sonic hedgehog.®® Furthermore, metformin decreased the production of glycolysis
and induced mitochondrial damage to alter the bioenergetics of HCC cells.** In addition, cyclin D1, greatly elevated in
human liver cancers with DM, was reported to be suppressed by metformin in hepatocytes, protecting against the
occurrence of DM HCC.®

Immunity regulation is a plausible crucial mechanism by which metformin is involved in HCC progression. It has
been found that diet aggravated tumorigenesis in a NAFLD/NASH animal model, while metformin benefited therapy
efficiency for HCC by modulating macrophage polarization and T-cell infiltration.*® Hepatic CD8" T cells have been
changed into a proinflammatory phenotype and impaired the efficacy of anti-PD1 therapy in a primary liver cancer
model. Metformin improves the response of immunocheckpoint inhibitors by regulating CD8" T-cell metabolism.*” Both
in vitro and in vivo studies have shown that metformin reduced hepatocarcinogenesis by reducing protumor CD8"
T cells.®® As aforementioned, metformin has great potential for anti-HCC therapy, and further studies may continue to

broaden its application prospects.

Thiazolidinediones

Thiazolidinediones (TZDs) are multitarget insulin sensitizers by virtue of activating PPARy and have been reported to
reduce incident HCC risk in T2DM patients significantly.”>’*%" A meta-analysis revealed that T2DM patients treated
with TZDs had an 8% lower risk of HCC incidence than those without TZD treatment and a 10% lower risk of HCC
incidence in Asian TZD users.’® Preclinical studies have unveiled that TZDs exert tumor-inhibitory effects in terms of
ROS production, proliferation, and inflammation via the mTOR and NF«B pathways.’' Rosiglitazone and pioglitazone
are common TZD drugs.”> A low-dose rosiglitazone metformin adduct (RZM) has been found to enhance the anti-
proliferative effect of HCC by upregulating p21 expression in an AMPK-dependent manner.” Pioglitazone was reported
to be an effective chemoprophylaxis drug retarding liver fibrosis and hepatocarcinogenesis in both T2DM patients and
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Table 2 Effects of antidiabetic drugs on the occurrence and development of HCC

Reference Study characteristics Diabetes Covariate Main findings

diagnosis adjustments considered

[69] Hospital-based case—control study: Self-report Age, sex, smoking, alcohol intake More than doubled HCC risk in
224 HCC patients and 389 controls diabetics, with stronger excess risk in

diabetic subjects who are also tobacco
smokers. Metformin may decrease the
risk of HCC, whereas insulin may
increase the risk.

[70] Hospital-based retrospective case— Self-report, Age, sex, cirrhosis, alcoholic liver In this large cohort of patients with

control study: 85,963 patients with medical records damage, viral hepatitis, hereditary NAFLD and DM, use of metformin
NAFLD and DM, and 852 patients hemochromatosis, primary biliary was associated with a reduced risk of
were diagnosed with HCC, mean cirrhosis, primary sclerosing HCC, whereas use of combination
follow-up 10.3 years cholangitis, o, antitrypsin disease, or | therapy was associated with increased
autoimmune hepatitis risk.

[71] Retrospective multicenter study: Medical records Geographic location, alcohol intake, Treatment with metformin was
among 5093 patients with HCC, 1917 history of cirrhosis, or HBV and HCV | associated with improved survival in
(37.6%) were diagnosed with T2DM, infections patients with T2DM and HCC.

of which 338 (17.6%) received
treatment with metformin

[72] Retrospective cohort study: 2499 Medical records | Age, sex, and pre- and postdiagnosis Prediagnosis use of metformin

elderly diabetic HCC patients medication use <1500 mg/day may improve overall
survival of elderly diabetic HCC
patients.

[73] Population-based case—control study: Self-report, Age, sex, comorbidities of diabetes, The use of TZDs may reduce the risk
76,349 newly diagnosed DM patients | medical records HBV, HCV, cirrhosis, alcoholic liver of developing HCC among DM
were identified from claims; among disease, NAFLD, end-stage renal patients.
diabetics, 3026 and 12,104 patients, disease, hypertension, and

respectively, received or did not hyperlipidemia
receive TZDs

[74] Population-based cohort study: Electronic Age, sex, cirrhosis, alcoholic liver The use of metformin or
19,349 newly diagnosed DM patients register damage, viral hepatitis thiazolidinediones may reduce the risk
and 77,396 control subjects without of developing HCC.

DM, nean follow-up 5 years
[75] Retrospective case—control study: Hospital Age, sex, area of residence, education, | Compared to patients never treated
47,738, participants of whom 241 discharge alcohol intake, BMI, smoking, history | with a sulfonylurea, those treated with
were diagnosed with HCC diagnosis of chronic hepatitis and cirrhosis, a sulfonylurea had a |.7-fold increased
family history of liver cancer risk of HCC development.

[76] Community-based cohort study: Self-report Age, sex, center, education, smoking, DM was independently associated
363,426 participants, after excluding alcohol intake, BMI, waist:height ratio | with higher risk of incident HCC and
those with cancer at baseline, mean biliary tract cancer. The risk of HCC
follow-up 8.5 years, 176 HCC cases was particularly higher in participants

identified treated with insulin.

[771 Population-based retrospective Self-report, Cirrhosis, HBV, HCV, and alcohol- HCC patients with preexisting T2DM

cohort study, 3185 HCC patients, medical records related diseases treated with SGLT2 inhibitors had
mean follow-up 3.5 years significantly lower risk of mortality,
especially among those treated >12

months.

Abbreviations: T2DM, type 2 diabetes mellitus; HCC, hepatocellular carcinoma; HBV, hepatitis B virus; HCV, hepatitis C virus.
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a DM mouse model. These effects of pioglitazone might be ascribed to inactivation of the MAPK pathway and the
upregulation of circulate adiponectin to trigger the AMPK pathway.”**> Moreover, pioglitazone suppresses the growth
and invasion of HCC cells by specifically blocking RAGE signaling to induce apoptosis and cell-cycle arrest accom-
panied by the downregulation of Ki67 and cyclin D1.

Sulfonylureas

The effects of sulfonylureas, insulin secretagogues, on liver cancer tumorigenesis are complex based on the current
evidence and depends on the type of sulfonylurea. A meta-analysis of 281,180 participants and 19,466 HCC cases from
eight studies reported that there was no significant relationship between sulfonylureas and HCC incidence overall;
however, a slight increase of HCC incident risk observed in patients with established liver disease was noted.”® A cohort
study demonstrated that sulfonylurea treatment increased by 1.7-fold the risk of HCC incidence compared to those never
treated with sulfonylureas. In that study, they further analyzed the effects of different sulfonylureas, showing a higher risk
of HCC in patients using glimepiride or glibenclamide alone, but no association for gliclazide alone.”” The oncogenic
effect of sulfonylurea was consistent with Bosetti’s study.”” The specific mechanism of sulfonylurea-promoted tumor-
igenesis might be related to increased IGF1 activity, leading to abnormal stimulation of multiple cell-signaling cascades
to enhance growth factor—dependent cell proliferation.”® Inconsistently, another retrospective study reported that glicla-
zide resulted in lower HCC incidence than glimepiride, especially in those patients with chronic liver disease.”” In
a word, the exact roles of sulfonylureas in the incidence of HCC remain controversial and need to be further elucidated.

Insulin

Insulin has irreplaceable value in the treatment of T2DM patients. Evidence in the last few decades has revealed the
hepatocarcinogenesis effect of insulin on HCC.'? Insulin treatment has been found to be an independent prognostic factor
for disease-free survival and OS in HCC patients with non-HBV and non-HCV infection.'® A prospective analysis
enrolled 363,426 participants and investigated risk factors for HCC during a follow-up of 8.5 years, and found that
treatment with insulin conferred the highest risk of HCC, while no relationship was found in participants who received no
insulin treatment.’® Moreover, a meta-analysis of 10 studies showed that insulin increased the risk of HCC incidence by
161% for insulin use in T2DM patients. This carcinogenic effect was more notable in Asian populations than Western
populations.'®’ Mechanistically, insulin exerts HCC tumorigenesis effects through modulating the ERK1/2 pathway,
which was examined in a DM HCC mouse model.'” In addition, insulin promotes the proliferation of HCC via
modulating the abundance of 5-carboxylcytosine of the SREBP1 promoter.'® In summary, the specific mechanisms
responsible for the oncogenic role of insulin need more exploration and validation.

SGLT2 Inhibitors and a-Glucosidase Inhibitors

SGLT?2 inhibitors are novel anti-DM drugs that reduce glucose reabsorption in the proximal tubule to control glucose
levels. Experiments from different animal models have shown that SGLT?2 inhibitors protected the liver from damage and
attenuated the progression of hepatic fibrosis and hepatocarcinogenesis through modulating glutathione metabolism and
oxidative stress.'**'% Experimental data in vitro have also validated that SGLT2 inhibitors suppressed cell growth of
HCC by inducing cell-cycle arrest, apoptosis, and metabolic reprogramming.’”'*® A SEER—Medicare linked data study
indicated that SGLT2-inhibitor initiation was associated with improvement in OS in HCC patients with preexisting
T2DM compared to no use of an SGLT2 inhibitor.'®” However, there is no current clinical evidence on the direct effects
of SGLT?2 inhibitors on HCC in T2DM patients. Evidence of the effects of a-glucosidase inhibitors on HCC patients with
T2DM remains sparse. One large meta-analysis suggested that a-glucosidase inhibitors were related to 8% higher
incidence in HCC with T2DM.'® Further research is needed to elucidate the role and adverse effects of a-glucosidase
inhibitors in HCC patients with T2DM.

Other Factors
A key player in HCC and T2DM is miRNAs, which may be hidden culprits in DM-associated HCC. Recent studies have
documented that miR34a and miR221 were significantly upregulated and miR16, miR23-3p, miR122-5p, miR198, and
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miR199a-3p were significantly downregulated in HCC-positive T2DM patients compared to liver cirrhosis—positive
T2DM patients.'®® Gene expression is also an important risk factor for DM patients with HCC. A recent bioinformatic
analysis of key genes associated with DM-associated HCC identified nine central genes that were the key drivers of HCC
progression.'®” Another bioinformatic analysis indicated that the DM-related genes ST3GAL2 and ZNF613 were highly
methylated and positively correlated with HCC stage.''® In addition, diet and exercise have been showed to be related to

metabolically related HCC, and positive modulation of the immunoresponse might contribute to this effect.!

Summary and Perspectives

In conclusion, there is growing evidence that T2DM contributes to HCC occurrence and progression. This review aimed
to elucidate the mechanisms linking HCC and T2DM. Overall, addresssing hyperglycemia, IR, and obesity in T2DM
patients and reduction of inflammation in NAFLD may reduce the incidence of T2DM-related HCC and postpone the
progression of HCC.

Unexpectedly, different hypoglycemic agents have different effects on the risk of HCC development. Metformin and
TZDs are generally associated with a lower incidence of HCC, whereas insulin increases the incidence of HCC. For
example, gliclazide may be more favorable than glimepiride when applying sulfonylurea. Moreover, the evidence from
clinical trials on how novel types of anti-DM drugs, such as SGLT2 inhibitors, affect HCC is barren. Therefore, the
validity and relevance of anti-DM drugs in HCC still need to be confirmed further by laboratory-based mechanistic
studies, as well as extensive human clinical trials. Studies elucidating the potential effects of different dosages of anti-
DM drugs on hepatocarcinogenesis are needed. The relationship between T2DM and the etiologies of HCC is worthy of
attention. NAFLD contributes crucially to the occurrence and development of HCC. However, there is no proper
approved pharmaceutical treatment for NAFLD currently. Numerous trials investigating the effects of anti-DM drugs
on NAFLD are under development, and new effective agents are promising. We hope that in the future, large clinical
trials can evaluate and approve new agents to treat NAFLD patients with T2DM to retard the development of HCC. In
conclusion, we believe that due to the rapid changes in the etiologies of HCC and the high prevalence of HCC in T2DM
patients, we will witness the potential modulation effects of anti-DM drugs on HCC, and how to use anti-DM drugs may
help us to focus on intervention and improve the prognosis of T2DM patients with HCC.

With the advancement of high-throughput sequencing technologies, altered gut microbiota is noted as an emerging
etiology of T2DM related HCC. Further investigations for selecting appropriate bacterial strains are necessary to gain the
possibility of using probiotics as an alternative therapeutic method for T2DM-related HCC. Immunodysfunction is
commonly found in T2DM patients, suggesting inferior immunotherapy effects for HCC patients with T2DM. Therefore,
developing a novel treatment strategy, such as a combination of anti-DM drugs and immunotherapy, to favor immunity
efficiency by activating immunity response and reducing immunity impairment in HCC patients with T2DM is worth
pursuing. It is expected that novel biomarkers for early diagnosis of HCC will be developed to help better surveillance in
T2DM patients. Meanwhile, subgroup and stratification analysis of differences in immunotherapy response and various
characteristics in T2DM patients with HCC should be emphasized to achieve the goal of personalized treatment. These
investigations will be essential to alleviate the disease and improve the prognosis of T2DM patients with HCC in the
future. Moreover, lifestyle changes, including diet and increased exercise, have indispensable roles in improving the
prognosis of T2DM patients with HCC. Adjuvant exercise after HCC surgery and healthy food intake should be
encouraged. Through publicity, education, and medical care, strengthening the standardized management of T2DM
patients will greatly alleviate the occurrence of HCC.
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