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Development and prognosis of hepatocellular
carcinoma in patients with diabetes
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The incidence of diabetes mellitus and hepatocellular carcinoma (HCC) has been increasing worldwide during the
last few decades, in the context of an increasing prevalence of obesity and non-alcoholic fatty liver disease (NAFLD).
Epidemiologic studies have revealed that patients with diabetes have a 2- to 3-fold increased risk of developing HCC,
independent of the severity and cause of the underlying liver disease. A bidirectional relationship exists between
diabetes and liver disease: advanced liver disease promotes the onset of diabetes, and HCC is an important cause of death
in patients with diabetes; conversely, diabetes is a risk factor for liver fibrosis progression and HCC development, and may
worsen the long-term prognosis of patients with HCC. The existence of close interconnections among diabetes, obesity,
and NAFLD causes insulin resistance-related hyperinsulinemia, increased oxidative stress, and chronic inflammation,
which are assumed to be the underlying causes of hepatocarcinogenesis in patients with diabetes. No appropriate
surveillance methods for HCC development in patients with diabetes have been established, and liver diseases, including
HCC, are often overlooked as complications of diabetes. Although some antidiabetic drugs are expected to prevent HCC
development, further research on the optimal use of antidiabetic drugs aimed at hepatoprotection is warranted. Given
the increasing medical and socioeconomic impact of diabetes on HCC development, diabetologists and hepatologists
need to work together to develop strategies to address this emerging health issue. This article reviews the current
knowledge on the impact of diabetes on the development and progression of HCC. (Clin Mol Hepatol 2023;29:51-64)

Keywords: Hepatocellular carcinoma; Diabetes mellitus; Insulin resistance; Hyperinsulinemia; Non-alcoholic fatty liver
disease

INTRODUCTION

The incidence and mortality of liver cancer have been con-
tinuously increasing during the last decades.' Hepatocellular
carcinoma (HCC), the most common form of primary liver
cancer, develops in the context of chronic liver disease in 70—
90% of the cases. The main causes of the underlying liver dis-
eases are persistent infection with hepatitis B virus (HBV) or
hepatitis C virus (HCV) and alcohol abuse.”* However, in re-

cent years, non-alcoholic fatty liver disease (NAFLD) and its
more active form, non-alcoholic steatohepatitis (NASH), have
emerged as new risk factors for HCC and are replacing viral-
and alcohol-related liver diseases as major pathogenic pro-
moters, particularly in developed countries.* NAFLD is a he-
patic manifestation of metabolic syndrome, which is strongly
associated with overweight or obesity, hypertension, dyslip-
idemia, and diabetes mellitus.

Type 2 diabetes mellitus (T2DM) is a disease characterized
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by hyperglycemia, hyperinsulinemia, and insulin resistance,
with a tremendous impact on human health worldwide. Epi-
demiologic evidence suggests that patients with diabetes
have an increased risk of many kinds of cancer, including
breast, pancreatic, lung, colorectal, and kidney cancers.”® In
particular, an important relationship between the presence
of diabetes and a higher incidence of HCC has been con-
firmed.” This relationship occurs in association with obesity,
impaired insulin sensitivity, and NAFLD, which are well-es-
tablished risk factors for HCC development.? Independent of
the presence of cirrhosis or the cause of the underlying liver
disease, patients with diabetes have a 2- to 3-fold higher risk
of developing HCC than individuals without diabetes.”"” A
longer duration of diabetes may also be associated with an

%2 and diabetes is an

incremental increase in the risk of HCC,
independent risk factor associated with reduced overall sur-
vival and disease-free survival in patients with HCC.“*"** In
addition, the proportion of diabetes among patients with
HCC of nonviral etiology has continued to increase consider-
ably during the last two decades.” Given the rapid increase
in the global incidence of HCC and diabetes, hepatologists and
diabetologists must recognize the strong link between the
two diseases and appropriately manage diabetes to prevent
the development of liver diseases and reduce the risk of HCC.

This review article summarizes the current knowledge on
the impact of diabetes on the development and progression
of HCC from an epidemiologic and pathophysiologic per-
spective. In addition, the relationship between diabetes
medications and the risk of HCC development is also dis-
cussed.

IMPACT OF DIABETES ON LIVER DISEASE
PROGRESSION

There is a known close relationship between chronic liver
disease and diabetes. In a recent meta-analysis involving 58
studies with 9,705 patients with cirrhosis, the overall preva-
lence of diabetes was 31%, with the highest prevalence in

patients with NAFLD (56%), followed by patients with crypto-
genic liver disease (51%), HCV infection (32%), and alcoholic
liver disease (27%).%* Given that the liver plays a pivotal role in
energy homeostasis and glucose metabolism, the close link
between liver disease and diabetes is convincing.

The most common chronic liver disease observed in pa-
tients with diabetes is NAFLD.” As a metabolic syndrome
component, T2DM can promote NAFLD. According to a re-
cent meta-analysis involving 80 studies from 20 countries,
conducted by Younossi et al.,”® the global prevalence of
NAFLD and NASH among patients with T2DM was 55.5%
(95% confidence interval [Cl], 47.3-63.7%) and 37.3% (95% Cl,
24.7-50.0%), respectively. Given that the overall global preva-
lence of NAFLD was reported to be approximately 25%,” dia-
betes is clearly associated with the incidence and progression
of NAFLD. The presence of insulin resistance and diabetes is
considered a risk factor for more severe liver disease in
NAFLD, even in patients with normal serum levels of alanine
aminotransferase (ALT).”® Meanwhile, NAFLD itself is associat-
ed with a 2- to 5-fold increased risk of diabetes development
after correcting for various lifestyle and metabolic confound-
ers.”

Diabetes is a risk factor for the development and progres-
sion of liver fibrosis, and a strong relationship exists between
insulin resistance and liver fibrosis progression.*® Several
large cohort studies have shown that diabetes is associated
with a 2- to 2.5-fold increased risk of cirrhosis, mainly due to
NAFLD, independent of other metabolic syndrome compo-
nents.”*"* In contrast, glucose metabolism is altered in pa-
tients with advanced cirrhosis. Once cirrhosis is established,
hyperglycemia may develop in up to 20% of patients within
5 years.” Furthermore, up to 80% of patients with cirrhosis
may have insulin resistance, and between 20% and 60% will
develop diabetes.* In patients with cirrhosis, hepatic insulin
uptake and clearance are reduced owing to decreased liver
cell mass and portosystemic venous collaterals, leading to
impaired glucose tolerance and hyperinsulinemia.” In sum-
mary, diabetes and chronic liver disease, particularly NAFLD,
can affect each other synergistically, causing the other condi-

Abbreviations:

ALT, alanine aminotransferase; AST, aspartate aminotransferase; AUROC, area under the receiver operating characteristic curve; Cl, confidence interval; DDP-4, dipeptidyl
peptidase-4; FIB-4, fibrosis-4; GLP-1, glucagon-like peptide-1; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HR, hazard ratio; IGF, insulin-
like growth factor; IL-6, interleukin-6; NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis; OR, odds ratio; PI3K, phosphoinositide-3-kinase; RR,
relative risk; SGLT2, sodium-glucose cotransporter 2; T2DM, type 2 diabetes mellitus; TNF, tumor necrosis factor
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tion to worsen.

EPIDEMIOLOGIC STUDIES ON THE DEVELOP-
MENT OF HCCIN PATIENTS WITH DIABETES

Diabetes and cancer risk

The global prevalence of T2DM in 2019 was estimated to
be approximately 9.3%, and the incidence is expected to
continue to increase.” In parallel, the total number of deaths
attributable to cancer is estimated to increase over time.' As
there is strong evidence of a gradual increase in cancer risk
and mortality with increasing incidence of diabetes,* diabe-
tes is considered a risk factor for the development of various
cancers. In an umbrella review of the evidence across meta-
analyses of observational studies on the association of diabe-
tes with the risk of cancer development, the relative risk (RR)
of HCC was 2.31 (95% Cl, 1.87-2.84), the highest of the 20
cancer types.” Prediabetes, including impaired fasting glu-
cose and impaired glucose tolerance, is also associated with
an increased risk of cancer. A meta-analysis of 16 prospective
cohort studies with 891,426 participants revealed that predi-
abetes was associated with an increased overall cancer risk
(RR, 1.15; 95% Cl, 1.06-1.23), with a particularly high risk of
HCC (RR, 2.01; 95% Cl, 1.45-2.79).% These findings suggest
that diabetes, and even prediabetic hyperinsulinemia or hy-
perglycemia, may be strongly associated with the develop-
ment of HCC.

Diabetes and HCC risk

The link between diabetes and HCC was first reported ap-
proximately 40 years ago. Lawson et al.* observed a 4-fold
excess of patients with diabetes among patients with HCC, in
a case-control study involving 105 patients with HCC and
equal numbers of age- and sex-matched controls. Subse-
quently, to date, various case-control, prospective cohort,
and meta-analysis studies have shown a positive association
between diabetes and an increased risk of HCC.""*"1%20404
The principal observational and meta-analysis studies exam-
ining the association between diabetes and the risk of HCC
are listed in Table 1. For example, El-Serag et al.” demonstrat-
ed that diabetes was significantly associated with the risk of
incident HCC (hazard ratio [HR], 2.5; 95% Cl, 1.9-3.2) in a me-
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ta-analysis of 13 cohort studies. The results were relatively
consistent in different populations, different geographic lo-
cations, and a variety of control groups, and the association
between HCC and diabetes was independent of alcohol use
or viral hepatitis. In a meta-analysis of 25 cohort studies,
Wang et al.” showed that diabetes was associated with an in-
creased incidence of HCC (summary RR, 2.01; 95% Cl, 1.61-
2.51) compared with the absence of diabetes, and the associ-
ation was independent of geographic location, alcohol
consumption, history of cirrhosis, and HBV or HCV infection.
In another meta-analysis involving 17 case-control studies
and 32 cohort studies, Wang et al.”' confirmed that the com-
bined risk estimate of all studies showed a statistically signifi-
cant increased risk of HCC among individuals with diabetes
(RR, 2.31; 95% Cl, 1.87-2.84), independent of several con-
founding factors and metabolic variables. Furthermore, Chen
et al.”> conducted a meta-analysis of 21 cohort studies and
identified a total of 2,528 HCC cases in 35,202 participants.
The summary RR of HCC with diabetes was 1.86 (95% (I,
1.49-2.31) in patients with chronic liver disease and 1.93 (95%
Cl, 1.35-2.76) in patients with cirrhosis, and subgroup analy-
ses indicated that the positive associations were indepen-
dent of geographic location, follow-up duration, and con-
founding factors such as smoking, alcohol use, and body
mass index. In a recent large population-based cohort study
including 50,284 men and 120,826 women enrolled in 1986

1. documented

and followed up through 2012, Simon et a
that diabetes was associated with an increased risk of HCC
(HR, 4.59; 95% Cl, 2.98-7.07), as was an increasing diabetes
duration. Compared with individuals without diabetes, the
multivariable HR for HCC was 2.96 (95% Cl, 1.57-5.60) in
those with a diabetes duration of <2 years, 6.08 (95% Cl,
2.96-12.50) in those with a diabetes duration of <10 years,
and 7.52 (95% Cl, 3.88-14.58) in those with a diabetes dura-
tion of >10 years. These vast epidemiologic findings strongly
suggest that diabetes has a considerable impact on the risk
of HCC development, independent of various confounding
factors.

Diabetes has a significant impact on hepatocarcinogenesis,
particularly in patients with NAFLD. In a recent retrospective
cohort study in patients with NAFLD diagnosed at 130 facili-
ties of the Veterans Administration, Kanwal et al.” reported
that 253 of the 271,906 patients developed HCC during a
mean follow-up period of 9 years, and diabetes conferred the
highest risk of progression to HCC among the metabolic fac-
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Table 1. Principal observational studies and meta-analysis on the association between type 2 diabetes mellitus and risk of hepatocellular car-
cinoma

Study Country Description of the study Subjects Association
Davila etal."" (2005) USA Population-based case-control 2,061 HCC cases and AOR, 2.87 (95% Cl, 2.49-3.30)
study 6,183 controls

Adami et al."® (1996) Sweden  Hospital-based cohort study 153,852 with DM SIR, 4.1 (95% Cl, 3.8-4.5)

Wideroff et al.”’ (1997) Denmark  Population-based cohort study 109,581 with DM SIR, 4.0 (95% Cl, 3.5-4.6)

Coughlin etal.” (2004)  USA Population-based cohort study 467,922 men and RR, 2.19 (95% Cl, 1.76-2.72)
588,321 women without for male
history of cancer

Johnson et al.” (2011) Canada Population-based cohort study 185,100 with DM and HR, 2.53 (95% Cl, 1.93-3.31)
185,100 without DM

Lai et al.* (2012) Taiwan Population-based cohort study 19,349 with DM and HR, 1.73 (95% Cl, 1.47-2.03)
77,396 without DM

Schlesinger et al.”” (2013) European Population-based cohort study 363,426 participants without RR, 2.17 (95% Cl, 1.36-3.47)

countries cancer

Koh et al.*® (2013) Shingapole Population-based cohort study 63,257 middle-aged and HR, 2.14 (95% Cl, 1.69-2.71)
older individuals

Setiawan etal.” (2014)  USA Population-based cohort study 168,679 multiethnic individuals RR, 2.62 (95% Cl, 2.13-3.23)

Simon et al.” (2018) USA Population-based cohort study 50,284 men and HR, 4.59 (95% Cl, 2.98-7.07)
120,826 women

El-Seragetal.” (2004)  USA Prospective cohort study 173,643 with DM and HR, 2.16 (95% Cl, 1.86-2.52)
650,620 without DM

Inoue et al.*® (2006) Japan Prospective cohort study 97,771 individuals HR, 2.24 (95% Cl, 1.64-3.04)

for male; HR, 1.94 (95% Cl,
1.00-3.73) for female

Lai et al.” (2006) Taiwan Prospective cohort study 5,732 with DM and HR, 1.84 (95% Cl, 1.10-3.07)
49,184 without DM

Atchison et al.* (2011) USA Prospective cohort study 594,815 men with DM and RR, 1.95 (95% Cl, 1.82-2.09)
3,906,763 men without DM

El-Serag et al.” (2006) - Meta-analysis 13 case-control studies and HR, 2.5 (95% Cl. 1.9-3.2)
13 cohort studies

Yang et al.” (2011) - Meta-analysis 28 prospective studies RR, 1.87 (95% Cl, 1.15-2.27)

Wang et al.” (2012) - Meta-analysis 25 cohort studies SRRs, 2.01 (95% Cl, 1.61-2.51)

Wang et al.”' (2012) - Meta-analysis 49 studies (32 cohorts and RR, 2.31 (95% Cl, 1.87-2.84)
17 case-controls)

Chen et al.”” (2015) - Meta-analysis 21 cohort studies SRRs, 1.86 (95% Cl, 1.49-2.31)

Kanwal et al.” (2020) us Retrospective cohort study 271,906 with NAFLD HR, 2.77 (95% Cl, 2.03-3.77)

(NAFLD)

Tan et al.* (2019) - Meta-analysis (HBV) 7 studies (5 cohorts and HR, 1.77 (95% Cl, 1.28-2.47)
2 case-controls)

Dyal etal.” (2016) - Meta-analysis (HCV) 9 studies (7 cohorts and HR, 1.73 (95% Cl, 1.30-2.30)

2 case-controls)

HCC, hepatocellular carcinoma; AOR adjusted odds ratio; Cl, confidence interval; DM, diabetes mellitus; SIR, standardized incidence
ratios; RR, relative risk; HR, hazard ratio; SRRs, summary relative risks; NAFLD, non-alcoholic fatty liver disease; HBV, hepatitis B virus; HCV,
hepatitis C virus.
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tors (HR, 2.77; 95% Cl, 2.03-3.77). On the other hand, diabetes
also plays an important role in HCC associated with viral hep-
atitis. In a meta-analysis of five cohort studies and two case—
control studies in patients with HBV, Tan et al.>* demonstrat-
ed that the diabetes cohort had a higher incidence of HCC
(pooled HR, 1.77; 95% Cl, 1.28-2.47) than individuals without
diabetes. In a meta-analysis of nine studies (seven cohort
studies and two case-control studies) in patients with HCV,
Dyal et al.” found that diabetes was closely associated with
an increased risk of HCC (HR, 1.73; 95% Cl, 1.30-2.30), inde-
pendent of age, sex, obesity, hypertension, smoking, alcohol
intake, serum liver enzyme levels, albumin, lipids, platelet
count, and presence of cirrhosis or hepatic steatosis. Further-
more, Arase et al.”® documented that diabetes caused a 1.73-
fold increase in the HCC risk even after the termination of in-
terferon therapy, in a retrospective cohort study involving
4,302 patients with HCV treated with interferon. In addition,
in a recent meta-analysis involving 30 cohort studies, Vancsa
et al.” demonstrated that diabetes was a significant risk fac-
tor for HCC in patients with HCV treated with direct-acting
antivirals (adjusted HR, 1.31; 95% Cl, 1.06-1.62). These find-
ings indicate that diabetes is an independent risk factor for
viral hepatitis-related HCC, even after viral elimination.

PATHOPHYSIOLOGIC MECHANISMS LINKING
DIABETES WITH HCC RISK

Although the detailed mechanisms of carcinogenesis in
patients with diabetes remain unclear, insulin resistance-re-
lated hyperinsulinemia and DNA damage due to increased
oxidative stress are assumed to be the main causes.” Persis-
tent hyperinsulinemia increases the production of insulin-like
growth factor (IGF)-binding proteins, which, in turn, increase
the bioavailability of IGF-1 produced by the liver. Elevated
blood insulin and IGF-1 levels activate phosphoinositide-3-ki-
nase (PI3K)/AKT/mammalian target of rapamycin signaling, a
key pathway involved in fatty liver-related carcinogenesis,”**
which promotes hepatic cell proliferation and inhibits apop-
tosis.*® Furthermore, hyperglycemia increases oxidative stress
production through excess glucose oxidation in mitochon-
dria. Many patients with diabetes have metabolic factors
(e.g., obesity or dyslipidemia) and develop fatty liver, in
which fatty acid oxidation facilitates the generation of reac-
tive oxygen species and increases oxidative stress produc-
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tion. Oxidative stress is a known cause of vascular damage in
diabetes and also induces genetic mutations through oxida-
tive DNA damage, leading to carcinogenesis.”” Furthermore,
liver fat accumulation induces chronic inflammation and in-
creases the production of inflammatory cytokines such as tu-
mor necrosis factor (TNF)-q, interleukin-6 (IL-6), and nuclear
factor-kB, which may be involved in hepatocarcinogenesis.”
In addition, alterations in the gut microbiota in patients with
obesity and diabetes have also been implicated in NASH de-
velopment and hepatocarcinogenesis.”” Thus, a complex
combination of direct and indirect mechanisms is postulated
to promote hepatocarcinogenesis in patients with diabetes.
The putative pathophysiologic mechanisms that may link di-
abetes and HCC are schematically summarized in Figure 1.

Obesity, diabetes, and metabolic syndrome may accelerate
the progression of liver disease in patients with viral hepatitis
as well as NAFLD. Diabetes and hepatitis virus infection syn-
ergistically induce the development of HCC. HCV infection it-
self is known to be associated with insulin resistance, which
contributes to the progression of underlying liver fibrosis and
the development of HCC by accelerating necroinflammation
and oxidative stress in the liver.” Mechanistically, the core
protein of the virus promotes insulin resistance by inducing
the degradation of insulin receptor substrate-1.” In addition,
HCV proteins directly associate with mitochondria and endo-
plasmic reticulum, promoting oxidative stress.** On the other
hand, the link between HBV and metabolic syndrome or in-
sulin resistance remains inconclusive; HBV infection itself ap-
pears to protect against steatosis, metabolic syndrome, and
insulin resistance.”

INFLUENCE OF DIABETES ON HCC PROGNOSIS

Impact of HCC as a cause of death in patients
with diabetes

Diabetes is an important risk factor for HCC development,
whereas HCC is an important cause of death in patients with
diabetes. In an analysis of individual-participant data on
123,205 deaths among 820,900 people in 97 prospective
studies, the risk of HCC mortality was 2.16 times higher in pa-
tients with diabetes (95% Cl, 1.62-2.88) than in those without
diabetes, and the mortality risk from HCC of patients with di-
abetes was higher than that from all other cancers.” In addi-
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Figure 1. Putative key pathogenic factors that may link diabetes to HCC development. Metabolic syndrome, obesity, and NAFLD are strongly
associated with diabetes. These factors induce insulin resistance-related hyperinsulinemia, leading to increased IGF-1, which promotes hepato-
cyte proliferation and inhibits apoptosis via activation of PI3K/AKT/mTOR signaling, key pathway involved in diabetes and obesity-related he-
patocarcinogenesis. Activation of PI3K signaling promotes lipogenesis, which acts on hepatocarcinogenesis directly via lipotoxicity and indi-
rectly via the production of pro-inflammatory cytokines, such as TNF-a, IL-6, and NF-kB. Hyperglycemia and liver fat accumulation induce
mitochondria dysfunction and free fatty acid release, which promotes ROS generation and leads to oxidative stress production. NAFLD, non-
alcoholic fatty liver disease; IGF, insulin-like growth factor; PI3K, phosphoinositide-3-kinase; mTOR, mammalian target of rapamycin; IL-6, inter-

leukin-6; TNF, tumor necrosis factor; NF-kB, nuclear factor-kB; HCC, hepatocellular carcinoma; ROS, reactive oxygen species.

tion, Nakamura et al.” investigated the principal causes of
death among 45,708 patients with diabetes who died in 241
hospitals throughout Japan during 2001-2010 and found
that the most frequent cause of death was malignant neo-
plasms (38.3%), with liver cancer (6.0%) being the second
leading cause of cancer death after lung cancer (7.0%). There-
fore, HCC should be recognized as both an important cause
of death and an important comorbidity that cannot be over-
looked in patients with diabetes.

Impact of diabetes on the prognosis of patients
with HCC

Various studies have been published on the impact of dia-
betes on the prognosis of patients with HCC, most of which
state that diabetes itself worsens the prognosis of HCC. In a
nationwide prospective study including 512,869 adults from
10 regions in China, Bragg et al.”® documented that the pres-
ence of diabetes was associated with increased mortality
from liver cancer (RR, 1.54; 95% Cl, 1.28-1.86). In a meta-anal-
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ysis of six studies reporting the risk of HCC-specific mortality,
Yang et al.” indicated that preexisting diabetes was signifi-
cantly associated with HCC-specific mortality (RR, 1.88; 95%
Cl, 1.39-2.55) and even all-cause death (RR, 1.38; 95% Cl,
1.13-1.48), compared with the absence of diabetes. In anoth-
er meta-analysis, diabetes was positively associated with HCC
mortality (summary RR, 1.56; 95% Cl, 1.30-1.87).” In addition,
a meta-analysis of seven cohort studies found a statistically
significant increased risk of HCC mortality (RR, 2.43; 95% Cl,
1.66-3.55) in individuals with diabetes.”' In another meta-
analysis involving 20 studies with a total of 9,727 patients
with HCC, Wang et al.” demonstrated that diabetes was as-
sociated with poor overall survival (adjusted HR, 1.55; 95% Cl,
1.27-1.91). They also revealed that diabetes was associated
with poor overall survival even in patients with HCC who
have undergone curative therapy, including hepatic resec-
tion or nonsurgical treatment such as radiofrequency abla-
tion. In addition, Liu et al.® demonstrated that diabetes was
an independent risk factor for time to progression (HR, 1.29;
95% Cl, 1.04-1.60) and cancer-specific mortality (HR, 1.24;
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95% Cl, 1.02-1.52) in 1,052 patients with intermediate-stage
HCC who underwent transarterial chemoembolization.

However, some reports claim that the impact of diabetes
on the prognosis of HCC varies depending on the clinical set-
ting. In a meta-analysis involving 10 studies, Wang et al.” in-
vestigated the prognostic role of diabetes with HCC after cu-
rative treatments and demonstrated that the coexistence of
diabetes impaired overall survival in patients with HCC with a
tumor diameter of <5 cm (HR, 1.63; 95% Cl, 1.25-2.12), but
not in those with a tumor diameter of >5 cm (HR, 0.67; 95%
Cl, 0.39-1.15). Ho et al.” analyzed the prospective dataset of
3,573 patients with HCC and revealed that diabetes was not
an independent prognostic predictor in all patients but was
associated with decreased survival in patients within the Mi-
lan criteria (HR, 1.36; 95% Cl, 1.155-1.601) and in those with a
performance status of 0 (HR, 1.213; 95% Cl, 1.055-1.394).

These data suggest that diabetes worsens long-term prog-
nosis, at least in patients with early and treatable HCC, prob-
ably owing to decreased residual liver function due to diabe-
tes after curative treatment. Presumably, tumor factors may
be more prognostic in advanced liver cancer. As non-viral
HCC tends to be diagnosed at an advanced stage,”' the poor
prognosis of DM-related HCC may be partly due to the lower
chance of undergoing curative therapy. With recent advances
in pharmacotherapy for advanced liver cancer,”” future inves-
tigations are needed to determine how diabetes affects pa-
tients with HCC who are receiving systemic treatment.

HCC SURVEILLANCE IN PATIENTS WITH
DIABETES

The current regional guidelines recommend HCC surveil-
lance only in patients with cirrhosis.”””> However, up to 50%
of cases of NAFLD-driven HCC, which is closely associated
with metabolic syndrome including diabetes, occur in pa-
tients without cirrhosis, possibly owing to its unique nature
of arising from lipotoxicity-mediated chronic inflammation.*
Some reports suggest that an annual incidence of 1.5-2.0%
would guarantee the cost-effectiveness of HCC surveillance.
As mentioned above, diabetes may increase the risk of HCC
by approximately 2- to 3-fold; however, this is much lower
than the 24-fold increased risk caused by HBV or HCV.* In ad-
dition, the annual incidence of HCC in patients with diabetes
is estimated to be <0.1%,” which is far below the threshold
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for efficient surveillance. Therefore, establishing strategies
for efficient HCC surveillance in patients with diabetes has
been challenging. As nonviral HCC tends to be diagnosed at
an advanced stage” and diabetes is a factor associated with
HCC detection over the Milan criteria,” there is an urgent
need for a method for detecting HCC while the disease is in a
treatable state in patients with diabetes.

To date, several HCC risk prediction models have been re-
ported. Si et al.”® established the Korean DM-HCC risk score
using data from 3,544 patients with diabetes without viral
hepatitis or alcoholic liver disease. In their study, three pa-
rameters (age >65 years, low triglyceride levels, and high
gamma-glutamyl transferase levels) were independently as-
sociated with an increased risk of HCC, and the weighted sum
of the scores from these three parameters predicted the 10-
year incidence of HCC with an area under the receiver operat-
ing characteristic curve (AUROC) of 0.86. Li et al.” developed
an HCC risk scoring system considering age, sex, smoking,
hemoglobin Alc level, ALT level, presence of cirrhosis or viral
hepatitis, antidiabetic or antihyperlipidemic medications,
and total/high-density lipoprotein cholesterol ratio, using
the Taiwan National Diabetes Care Management Program
database including 31,723 Chinese patients with T2DM. The
AUROC for the 3-, 5-, and 10-year HCC risk was 0.81, 0.80, and
0.77, respectively. These two models were based on the Cox
proportional hazard model. Meanwhile, Rau et al.*’ devel-
oped an artificial neural network model for predicting HCC
occurrence within 6 years of diabetes diagnosis by consider-
ing age, sex, hyperlipidemia, and chronic liver diseases, with
an AUROC of 0.873. They analyzed 515 patients with diabetes
who developed HCC after the diabetes diagnosis and com-
pared them with matched 1,545 controls from the National
Health Insurance Research Database of Taiwan.

Because liver fibrosis is the most important predictor of
HCC development in patients with chronic liver disease, non-
invasive fibrosis markers are a potential tool for risk stratifica-
tion of HCC. Grecian et al.” tested the ability of individual fi-
brosis scores, including the enhanced liver fibrosis test,
aspartate aminotransferase (AST)-to-platelet ratio index,
AST-to-ALT ratio, NAFLD fibrosis score, and fibrosis-4 (FIB-4)
index, to predict 11-year incident cirrhosis/HCC in a commu-
nity cohort of 1,066 people with T2DM aged 60-75 years. All
scores were significantly associated with incident liver-relat-
ed events; however, they showed poor ability as a risk stratifi-
cation tool, with low positive predictive values (5-46%) and
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high false-negative and false-positive rates (up to 60% and
77%, respectively). Recently, we investigated the best criteria
for identifying candidates for HCC surveillance among pa-
tients with diabetes.” The study included 239 patients with
T2DM and nonviral HCC with >5 years of follow-up at diabe-
tes clinics in 81 hospitals in Japan before the HCC diagnosis
and 3,277 patients with T2DM without HCC from a prospec-
tive cohort study as controls. Multivariate logistic regression
analyses showed that the FIB-4 index was an outstanding
predictor of HCC development, with an AUROC of 0.811 for
predicting the 5-year HCC incidence. Furthermore, an FIB-4
cutoff value of 3.61 helped identify high-risk patients, with a
corresponding annual HCC incidence rate of 1.1%. These find-
ings suggest the importance of setting appropriate cutoff
values to identify high-risk cases and the utility of the simple
calculation of the FIB-4 index as the first step toward HCC
surveillance in patients with diabetes. A prospective study is
warranted to validate the efficacy of an FIB-4-based surveil-
lance strategy.

MEDICATIONS FOR DIABETES MELLITUS AND
HCCRISK

As previously described, diabetes has been epidemiologi-
cally proven to increase the risk of HCC development; howev-
er, whether appropriate glycemic control can prevent HCC
development is controversial. Recently, Luo et al.** found that
a higher dietary diabetes risk reduction score, reflecting bet-
ter adherence to a dietary therapy for T2DM prevention, was
independently associated with a significantly lower risk of
HCC among 137,608 USA participants after adjusting for ma-
jor known risk factors for HCC, indicating that diabetes pre-
vention may lead to a reduced risk of HCC development. Sim-
ilarly, increasing evidence has suggested the potential
hepatoprotective effects of some antidiabetic drugs.***

Metformin is a biguanide compound that improves insulin
resistance by targeting the enzyme adenosine monophos-
phate-activated protein kinase, which induces the muscle
uptake of glucose from the blood. In 2005, it was first report-
ed that the use of metformin in patients with T2DM may re-
duce their risk of cancer.* Since then, numerous studies have
been conducted on the preventive effect of metformin on
the development of various cancers, including HCC.¥** Singh

|90

et al.” conducted a meta-analysis involving 10 studies with
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22,650 cases of HCC in 334,307 patients with T2DM and
showed an overall 50% reduced risk of incident HCC among
metformin-treated patients (adjusted odds ratio [OR], 0.50;
95% Cl, 0.34-0.73). Importantly, the protective effect of met-
formin remained significant after adjusting for the effect of
other antidiabetic medications. Furthermore, a recent meta-
analysis by Li et al.”* showed that metformin use was signifi-
cantly associated with a decreased risk of HCC in patients
with T2DM (OR, 0.59; 95% Cl, 0.51-0.68) and even with a de-
creased all-cause mortality in patients with diabetes and HCC
(HR, 0.74; 95% Cl, 0.66—0.83). In another meta-analysis, Zhou
etal”
longed the survival of patients with HCC and T2DM even af-
ter the curative treatment of HCC. Considering these results,
metformin use may reduce the risk of HCC development by
approximately 50%. However, in these studies, metformin

was not administered for the prevention of HCC but for the
|'87

also documented that metformin significantly pro-

treatment of diabetes, leading to various biases. Home et a
and Ma et al.”' reported that two randomized controlled tri-
als in their meta-analysis did not show a protective effect of

12 also con-

metformin against HCC development. Singh et a
ducted a post hoc analysis of randomized controlled trials,
and their results did not reveal any significant association be-
tween antidiabetic medication use and the risk of HCC. Thus,
further validation based on evidence from randomized clini-
cal trials is warranted.

Insulin is a potent mitogen associated with the upregula-
tion of various growth factors that stimulate several signaling
pathways related to cell proliferation and apoptosis inhibi-
tion.** Epidemiologic evidence indicates that the insulin se-
cretion rate influences cancer risk or prognosis, and patients
with diabetes treated with insulin have a higher risk of HCC.*
Singh et al.” found in their meta-analysis that insulin use was
associated with an increased risk of HCC (OR, 2.61; 95% Cl,
1.46-4.65). Schlesinger et al.* conducted a prospective anal-
ysis involving 363,426 patients with diabetes and demon-
strated that treatment with insulin conferred the highest risk
of HCC (RR, 5.25, 95% Cl, 2.93-9.44), whereas no association
was observed in participants without insulin treatment. Like-
wise, in a large population-based study from Italy conducted
by Bosetti et al.,” an increased risk of HCC was found with in-
sulin use (OR, 3.73; 95% Cl, 2.52-5.51), with a higher risk asso-
ciated with a longer treatment duration. Although further
validation is needed to clarify the true relationship between
insulin use and hepatocarcinogenesis, epidemiologic and bi-
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ological evidence suggests that insulin may have some hepa-
tocarcinogenic effect.

The evidence for other classes of antidiabetic medications
is limited and often inconsistent. Thiazolidinediones induce
insulin sensitization and enhance glucose metabolism by ac-
tivating peroxisome proliferator-activated receptor gamma.
In a randomized controlled trial, pioglitazone, a thiazolidine-
dione, has been shown to improve the pathogenesis of
NASH, a common complication of diabetes.” However, ac-
cording to several recent meta-analyses, the potential impact
of thiazolidinediones on the development of HCC remains
controversial.”*** Similar to insulin, sulfonylureas (oral insulin
secretagogues) are associated with an increased risk of can-
cer, including HCC. Although sulfonylureas are known to po-
tentially increase the risk of HCC, different drug generations
have shown inconsistent results.”***'® In a large cohort study
including 108,920 Taiwanese patients with newly diagnosed
T2DM, Chang et al."”" observed a significantly increased risk
of HCC in users of first- and second-generation sulfonylureas
(adjusted OR, 1.40; 95% Cl, 1.19-1.66), but no increased risk of
HCC in users of the third-generation drug glimepiride. Dipep-
tidyl peptidase-4 (DPP-4) inhibitors work by increasing the
circulating levels of incretins, such as glucagon-like peptide-1
(GLP-1) and glucose-dependent insulinotropic polypeptide,
leading to the enhancement of insulin secretion and inhibi-
tion of glucagon secretion. Although experimental data indi-
cate that DPP-4 inhibitors may reduce the risk of HCC devel-
opment,'” clinical evidence on the relationship between
DPP-4 inhibitors and HCC development remains scarce. GLP-
1 receptor agonists such as liraglutide and semaglutide have
been reported to reduce body weight and improve hepatic
histology in NASH."”"** However, no clinical evidence exists
on whether GLP-1 receptor agonists can prevent the occur-
rence of HCC. A new class of oral hypoglycemic agents, sodi-
um-glucose cotransporter 2 (SGLT2) inhibitors, can attenuate
glucose reabsorption in the proximal tubule, leading to plas-
ma glucose reduction. SGLT2 inhibitors have been reported
to reduce hepatic fat content in patients with NAFLD;'®
ever, there are no clinical data on whether they have a pro-
tective effect against hepatocarcinogenesis in patients with
diabetes.

how-
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CONCLUSIONS

Diabetes mellitus, a disease characterized by hyperglyce-
mia, hyperinsulinemia, and insulin resistance, has attracted
large attention for its systemic complications. Although liver
diseases, including NAFLD, NASH, cirrhosis, and HCC, are im-
portant complications of diabetes, they are often overlooked.
To date, extensive epidemiologic and preclinical evidence
has supported a robust association between diabetes and
liver diseases, including HCC. In addition, a bidirectional rela-
tionship exists in that advanced liver disease may induce the
onset of diabetes and diabetes is a recognized risk factor for
the development and progression of liver disease and HCC.
The association between these two diseases is complex, and
further research is needed to clarify the causal relationship.
Mechanistically, diabetes and liver cancer share common pa-
thologies, including insulin resistance-related hyperinsu-
linemia, DNA damage due to increased oxidative stress, and
chronic inflammation or lipotoxicity induced by liver fat ac-
cumulation.

In recent decades, diabetes and HCC have both become so-
cioeconomic problems with high incidence rates worldwide,
in the context of a growing population of individuals with
obesity and an increasing prevalence of metabolic syndrome.
However, there is no established method for appropriate HCC
surveillance in patients with diabetes, and HCC is often de-
tected at an incurable stage. Although some antidiabetic
drugs are expected to prevent HCC development, further re-
search on the optimal use of antidiabetic drugs aimed at
hepatoprotection is essential. In summary, diabetologists
and hepatologists need to work together to study liver dis-
eases in patients with diabetes, and further evidence on the
prevention and early detection of HCC occurring in associa-
tion with diabetes is desired.

Authors’ contribution
TN and RT contributed to the literature review and manu-
script preparation.

Acknowledgements

This research was supported by Grants-in-Aid for Scientific
Research 21K15989 (TN) and 20K08352 (RT), Program on
Hepatitis from Japan Agency for Medical Research and De-
velopment (AMED) under Grant Number JP21fk0210090 (RT)
and JP21fk0210066 (RT), and the Health, Labour, and Welfare

https://doi.org/10.3350/cmh.2022.0095 59



Clinical and Molecular Hepatology
Volume_29 Number_1 January 2023

Policy Research Grants from the Ministry of Health, Laboure,
and Welfare of Japan H30-Kansei-Shitei-003 (RT).

Conflicts of Interest

The authors have no conflicts to disclose.

REFERENCES

10.

1.

12.

60

. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |,

Jemal A, et al. Global cancer statistics 2020: GLOBOCAN esti-
mates of incidence and mortality worldwide for 36 cancers in
185 countries. CA Cancer J Clin 2021;71:209-249.

. McGlynn KA, Petrick JL, El-Serag HB. Epidemiology of hepato-

cellular carcinoma. Hepatology 2021;73 Suppl 1:4-13.

. El-Serag HB. Epidemiology of viral hepatitis and hepatocellular

carcinoma. Gastroenterology 2012;142:1264-1273.e1.

. Foerster F, Gairing SJ, Miiller L, Galle PR. NAFLD-driven HCC:

safety and efficacy of current and emerging treatment options.
J Hepato 2022,76:446-457.

. Shikata K, Ninomiya T, Kiyohara Y. Diabetes mellitus and can-

cer risk: review of the epidemiological evidence. Cancer Sci
2013;104:9-14.

. Walker JJ, Johnson JA, Wild SH. Diabetes treatments and can-

cer risk: the importance of considering aspects of drug expo-
sure. Lancet Diabetes Endocrinol 2013;1:132-139.

Mantovani A, Targher G. Type 2 diabetes mellitus and risk of
hepatocellular carcinoma: spotlight on nonalcoholic fatty liver
disease. Ann Transl Med 2017;5:270.

. Marengo A, Rosso C, Bugianesi E. Liver cancer: connections

with obesity, fatty liver, and cirrhosis. Annu Rev Med 2016;67:
103-117.

. El-Serag HB, Richardson PA, Everhart JE. The role of diabetes in

hepatocellular carcinoma: a case-control study among United
States veterans. Am J Gastroenterol 2001;96:2462-2467.

Allaire M, Nault JC. Type 2 diabetes-associated hepatocel-
lular carcinoma: a molecular profile. Clin Liver Dis (Hoboken)
2016;8:53-58.

Davila JA, Morgan RO, Shaib Y, McGlynn KA, El-Serag HB.
Diabetes increases the risk of hepatocellular carcinoma in
the United States: a population based case control study. Gut
2005;54:533-539.

El-Serag HB, Hampel H, Javadi F. The association between
diabetes and hepatocellular carcinoma: a systematic re-
view of epidemiologic evidence. Clin Gastroenterol Hepatol

https://doi.org/10.3350/cmh.2022.0095

20.

21.

22.

23.

24.

2006;4:369-380.

. Wang C, Wang X, Gong G, Ben Q, Qiu W, Chen Y, et al. In-

creased risk of hepatocellular carcinoma in patients with
diabetes mellitus: a systematic review and meta-analysis of
cohort studies. Int J Cancer 2012;130:1639-1648.

. Yang WS, Va P, Bray F, Gao S, Gao J, Li HL, et al. The role of pre-

existing diabetes mellitus on hepatocellular carcinoma occur-
rence and prognosis: a meta-analysis of prospective cohort
studies. PLoS One 2011;6:€27326.

. Véncsa S, Németh D, Hegyi P, Szakacs Z, Farkas A, Kiss S, et al.

Diabetes mellitus increases the risk of hepatocellular carci-
noma after direct-acting antiviral therapy: systematic review
and meta-analysis. Front Med (Lausanne) 2021;8:744512.

. Yang C, Wan M, Lu Y, Yang X, Yang L, Wang S, et al. Associa-

tions between diabetes mellitus and the risk of hepatocellular
carcinoma in Asian individuals with hepatitis B and Cinfection:
systematic review and a meta-analysis of cohort studies. Eur J
Cancer Prev 2022;31:107-116.

. Dyal HK, Aguilar M, Bartos G, Holt EW, Bhuket T, Liu B, et al.

Diabetes mellitus increases risk of hepatocellular carcinoma in
chronic hepatitis C virus patients: a systematic review. Dig Dis
Sci 2016;61:636-645.

. Yoo JJ, Cho EJ, Han K, Heo SS, Kim BY, Shin DW, et al. Glucose

variability and risk of hepatocellular carcinoma in patients
with diabetes: a nationwide population-based study. Cancer
Epidemiol Biomarkers Prev 2021;30:974-981.

. El-Serag HB, Tran T, Everhart JE. Diabetes increases the risk of

chronic liver disease and hepatocellular carcinoma. Gastroen-
terology 2004;126:460-468.

Simon TG, King LY, Chong DQ, Nguyen LH, Ma Y, VoPham T, et
al. Diabetes, metabolic comorbidities, and risk of hepatocel-
lular carcinoma: results from two prospective cohort studies.
Hepatology 2018;67:1797-1806.

Wang YG, Wang P, Wang B, Fu ZJ, Zhao WJ, Yan SL. Diabetes
mellitus and poorer prognosis in hepatocellular carcinoma: a
systematic review and meta-analysis. PLoS One 2014;9:95485.
Wang WM, Xu Y, Yang XR, Wang YH, Sun HX, Fan J. Prognostic
role of diabetes mellitus in hepatocellular carcinoma patients
after curative treatments: a meta-analysis. Hepatobiliary Pan-
creat Dis Int 2011;10:346-355.

Tateishi R, Uchino K, Fujiwara N, Takehara T, Okanoue T, Seike
M, et al. A nationwide survey on non-B, non-C hepatocel-
lular carcinoma in Japan: 2011-2015 update. J Gastroenterol
2019;54:367-376.

Lee WG, Wells CI, McCall JL, Murphy R, Plank LD. Prevalence

http://www.e-cmh.org



25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38

htt

of diabetes in liver cirrhosis: a systematic review and meta-
analysis. Diabetes Metab Res Rev 2019;35:e3157.

Harrison SA. Liver disease in patients with diabetes mellitus. J
Clin Gastroenterol 2006;40:68-76.

Younossi ZM, Golabi P, de Avila L, Paik JM, Srishord M, Fukui N,
et al. The global epidemiology of NAFLD and NASH in patients
with type 2 diabetes: a systematic review and meta-analysis. J
Hepatol 2019;71:793-801.

Nakatsuka T, Tateishi R, Koike K. Changing clinical manage-
ment of NAFLD in Asia. Liver Int 2022;42:1955-1968.

Poonawala A, Nair SP, Thuluvath PJ. Prevalence of obesity and
diabetes in patients with cryptogenic cirrhosis: a case-control
study. Hepatology 2000;32(4 Pt 1):689-692.

Armstrong MJ, Adams LA, Canbay A, Syn WK. Extrahepatic
complications of nonalcoholic fatty liver disease. Hepatology
2014;59:1174-1197.

Angulo P, Keach JC, Batts KP, Lindor KD. Independent predic-
tors of liver fibrosis in patients with nonalcoholic steatohepati-
tis. Hepatology 1999;30:1356-1362.

Zoppini G, Fedeli U, Gennaro N, Saugo M, Targher G, Bonora E.
Mortality from chronic liver diseases in diabetes. Am J Gastro-
enterol 2014;109:1020-1025.

Adams LA, Sanderson S, Lindor KD, Angulo P. The histologi-
cal course of nonalcoholic fatty liver disease: a longitudinal
study of 103 patients with sequential liver biopsies. J Hepatol
2005;42:132-138.

Gentile S, Loguercio C, Marmo R, Carbone L, Del Vecchio Blan-
co C. Incidence of altered glucose tolerance in liver cirrhosis.
Diabetes Res Clin Pract 1993;22:37-44.

Holstein A, Hinze S, Thiessen E, Plaschke A, Egberts EH. Clinical
implications of hepatogenous diabetes in liver cirrhosis. J Gas-
troenterol Hepatol 2002;17:677-681.

Saeedi P, Petersohn |, Salpea P, Malanda B, Karuranga S, Unwin
N, et al. Global and regional diabetes prevalence estimates
for 2019 and projections for 2030 and 2045: results from the
international diabetes federation diabetes atlas, 9th edition.
Diabetes Res Clin Prac 2019;157:107843.

Arnold M, Pandeya N, Byrnes G, Renehan PAG, Stevens GA,
Ezzati PM, et al. Global burden of cancer attributable to high
body-mass index in 2012: a population-based study. Lancet
Oncol 2015;16:36-46.

Tsilidis KK, Kasimis JC, Lopez DS, Ntzani EE, loannidis JP. Type
2 diabetes and cancer: umbrella review of meta-analyses of
observational studies. BMJ 2015;350:97607.

. Huang Y, Cai X, Qiu M, Chen P, Tang H, Hu Y, et al. Predia-

p://www.e-cmh.org

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

https://doi.org/10.3350/cmh.2022.0095

Takuma Nakatsuka, et al.
HCCin patients with diabetes

betes and the risk of cancer: a meta-analysis. Diabetologia
2014;57:2261-2269.

Lawson DH, Gray JM, McKillop C, Clarke J, Lee FD, Patrick RS.
Diabetes mellitus and primary hepatocellular carcinoma. Q J
Med 1986;61:945-955.

Adami HO, Chow WH, Nyrén O, Berne C, Linet MS, Ekbom A, et
al. Excess risk of primary liver cancer in patients with diabetes
mellitus. J Natl Cancer Inst 1996;88:1472-1477.

Wideroff L, Gridley G, Mellemkjaer L, Chow WH, Linet M,
Keehn S, et al. Cancer incidence in a population-based cohort
of patients hospitalized with diabetes mellitus in Denmark. J
Natl Cancer Inst 1997;89:1360-1365.

Coughlin SS, Calle EE, Teras LR, Petrelli J, Thun MJ. Diabetes
mellitus as a predictor of cancer mortality in a large cohort of
US adults. Am J Epidemiol 2004;159:1160-1167.

Johnson JA, Bowker SL, Richardson K, Marra CA. Time-varying
incidence of cancer after the onset of type 2 diabetes: evi-
dence of potential detection bias. Diabetologia 2011;54:2263-
2271.

Lai SW, Chen PC, Liao KF, Muo CH, Lin CC, Sung FC. Risk of he-
patocellular carcinoma in diabetic patients and risk reduction
associated with anti-diabetic therapy: a population-based
cohort study. Am J Gastroenterol 2012;107:46-52.

Schlesinger S, Aleksandrova K, Pischon T, Jenab M, Fedirko V,
Trepo E, et al. Diabetes mellitus, insulin treatment, diabetes
duration, and risk of biliary tract cancer and hepatocellular car-
cinoma in a European cohort. Ann Oncol 2013;24:2449-2455.
Koh WP, Wang R, Jin A, Yu MC, Yuan JM. Diabetes mellitus and
risk of hepatocellular carcinoma: findings from the Singapore
Chinese health study. Br J Cancer 2013;108:1182-1188.
Setiawan VW, Hernandez BY, Lu SC, Stram DO, Wilkens LR, Le
Marchand L, et al. Diabetes and racial/ethnic differences in
hepatocellular carcinoma risk: the multiethnic cohort. J Natl
Cancer Inst 2014;106:dju326.

Inoue M, lwasaki M, Otani T, Sasazuki S, Noda M, Tsugane S.
Diabetes mellitus and the risk of cancer: results from a large-
scale population-based cohort study in Japan. Arch Intern
Med 2006;166:1871-1877.

Lai MS, Hsieh MS, Chiu YH, Chen TH. Type 2 diabetes and he-
patocellular carcinoma: a cohort study in high prevalence area
of hepatitis virus infection. Hepatology 2006;43:1295-1302.
Atchison EA, Gridley G, Carreon JD, Leitzmann MF, McGlynn
KA. Risk of cancer in a large cohort of U.S. veterans with diabe-
tes. IntJ Cancer 2011;128:635-643.

Wang P, Kang D, Cao W, Wang Y, Liu Z. Diabetes mellitus and

61



Clinical and Molecular Hepatology
Volume_29 Number_1 January 2023

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63

62

risk of hepatocellular carcinoma: a systematic review and
meta-analysis. Diabetes Metab Res Rev 2012;28:109-122.

Chen J, Han Y, Xu C, Xiao T, Wang B. Effect of type 2 diabetes
mellitus on the risk for hepatocellular carcinoma in chronic
liver diseases: a meta-analysis of cohort studies. Eur J Cancer
Prev 2015;24:89-99.

Kanwal F, Kramer JR, Li L, Dai J, Natarajan Y, Yu X, et al. Effect
of metabolic traits on the risk of cirrhosis and hepatocel-
lular cancer in nonalcoholic fatty liver disease. Hepatology
2020;71:808-819.

Tan Y, Wei S, Zhang W, Yang J, Yang J, Yan L. Type 2 diabetes
mellitus increases the risk of hepatocellular carcinoma in sub-
jects with chronic hepatitis B virus infection: a meta-analysis
and systematic review. Cancer Manag Res 2019;11:705-713.
Dyal HK, Aguilar M, Bhuket T, Liu B, Holt EW, Torres S, et al.
Concurrent obesity, diabetes, and steatosis increase risk of ad-
vanced fibrosis among HCV patients: a systematic review. Dig
Dis Sci 2015;60:2813-2824.

Arase Y, Kobayashi M, Suzuki F, Suzuki Y, Kawamura Y, Akuta N,
et al. Effect of type 2 diabetes on risk for malignancies includes
hepatocellular carcinoma in chronic hepatitis C. Hepatology
2013;57:964-973.

Kasuga M, Ueki K, Tajima N, Noda M, Ohashi K, Noto H, et al.
Report of the Japan Diabetes Society/Japanese Cancer As-
sociation Joint Committee on Diabetes and Cancer. Cancer Sci
2013;104:965-976.

Kudo Y, Tanaka Y, Tateishi K, Yamamoto K, Yamamoto S, Mohri
D, et al. Altered composition of fatty acids exacerbates hepa-
totumorigenesis during activation of the phosphatidylinositol
3-kinase pathway. J Hepatol 2011;55:1400-1408.

Nakatsuka T, Tateishi K, Kudo Y, Yamamoto K, Nakagawa H,
Fujiwara H, et al. Impact of histone demethylase KDM3A-de-
pendent AP-1 transactivity on hepatotumorigenesis induced
by PI3K activation. Oncogene 2017;36:6262-6271.

Pollak M. The insulin and insulin-like growth factor receptor
family in neoplasia: an update. Nat Rev Cancer 2012;12:159-169.
Park EJ, Lee JH, Yu GY, He G, Ali SR, Holzer RG, et al. Dietary and
genetic obesity promote liver inflammation and tumorigen-
esis by enhancing IL-6 and TNF expression. Cell 2010;140:197-
208.

Yoshimoto S, Loo TM, Atarashi K, Kanda H, Sato S, Oyadomari S,
et al. Obesity-induced gut microbial metabolite promotes liver
cancer through senescence secretome. Nature 2013;499:97-
101.

Shintani Y, Fujie H, Miyoshi H, Tsutsumi T, Tsukamoto K, Kimura

https://doi.org/10.3350/cmh.2022.0095

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

S, et al. Hepatitis C virus infection and diabetes: direct involve-
ment of the virus in the development of insulin resistance.
Gastroenterology 2004;126:840-848.

Sheikh MY, Choi J, Qadri |, Friedman JE, Sanyal AJ. Hepatitis C
virus infection: molecular pathways to metabolic syndrome.
Hepatology 2008;47:2127-2133.

Wang CC, Tseng TC, Kao JH. Hepatitis B virus infection and
metabolic syndrome: fact or fiction? J Gastroenterol Hepatol
2015;30:14-20.

Rao Kondapally Seshasai S, Kaptoge S, Thompson A, Di An-
gelantonio E, Gao P, Sarwar N, et al. Diabetes mellitus, fast-
ing glucose, and risk of cause-specific death. N Engl J Med
2011;364:829-841.

Nakamura J, Kamiya H, Haneda M, Inagaki N, Tanizawa Y, Araki
E, et al. Causes of death in Japanese patients with diabetes
based on the results of a survey of 45,708 cases during 2001-
2010: report of the committee on causes of death in diabetes
mellitus. J Diabetes Investig 2017;8:397-410.

Bragg F, Holmes MV, lona A, Guo Y, Du H, Chen Y, et al. Associa-
tion between diabetes and cause-specific mortality in rural
and urban areas of China. JAMA 2017;317:280-289.

Liu G, Xia F, Fan G, Yu J, Bao L, Zhang C, et al. Type 2 diabetes
mellitus worsens the prognosis of intermediate-stage hepa-
tocellular carcinoma after transarterial chemoembolization.
Diabetes Res Clin Pract 2020;169:108375.

Ho SY, Yuan MH, Chen CC, Liu PH, Hsu CY, Huang YH, et al.
Differential survival impact of diabetes mellitus on hepato-
cellular carcinoma: role of staging determinants. Dig Dis Sci
2020;65:3389-3402.

Nagaoki Y, Hyogo H, Ando Y, Kosaka Y, Uchikawa S, Nishida Y,
et al. Increasing incidence of non-HBV- and non-HCV-related
hepatocellular carcinoma: single-institution 20-year study.
BMC Gastroenterol 2021;21:306.

Finn RS, Zhu AX. Evolution of systemic therapy for hepatocel-
lular carcinoma. Hepatology 2021;73 Suppl 1:150-157.

Marrero JA, Kulik LM, Sirlin CB, Zhu AX, Finn RS, Abecassis MM,
et al. Diagnosis, staging, and management of hepatocellular
carcinoma: 2018 practice guidance by the American Associa-
tion for the Study of Liver Diseases. Hepatology 2018;68:723-
750.

European Association for the Study of the Liver. EASL clinical
practice guidelines: management of hepatocellular carcinoma.
J Hepatol 2018;69:182-236.

Omata M, Cheng AL, Kokudo N, Kudo M, Lee JM, Jia J, et al.

Asia-pacific clinical practice guidelines on the management

http://www.e-cmh.org



76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

http://www.e-cmh.org

of hepatocellular carcinoma: a 2017 update. Hepatol Int
2017;11:317-70.

Tateishi R, Okanoue T, Fujiwara N, Okita K, Kiyosawa K, Omata
M, et al. Clinical characteristics, treatment, and prognosis of
non-B, non-C hepatocellular carcinoma: a large retrospective
multicenter cohort study. J Gastroenterol 2015;50:350-360.
Wong LL, Reyes RJ, Kwee SA, Hernandez BY, Kalathil SC, Tsai
NC. Pitfalls in surveillance for hepatocellular carcinoma: how
successful is it in the real world? Clin Mol Hepatol 2017;23:239-
248.

Si WK, Chung JW, Cho J, Baeg JY, Jang ES, Yoon H, et al. Predic-
tors of increased risk of hepatocellular carcinoma in patients
with type 2 diabetes. PLoS One 2016;11:e0158066.

Li TC, Li Cl, Liu CS, Lin WY, Lin CH, Yang SY, et al. Risk score sys-
tem for the prediction of hepatocellular carcinoma in patients
with type 2 diabetes: Taiwan diabetes study. Semin Oncol
2018;45:264-274.

Rau HH, Hsu CY, Lin YA, Atique S, Fuad A, Wei LM, et al. De-
velopment of a web-based liver cancer prediction model for
type Il diabetes patients by using an artificial neural network.
Comput Methods Programs Biomed 2016;125:58-65.

Grecian SM, McLachlan S, Fallowfield JA, Kearns PKA, Hayes PC,
Guha NI, et al. Non-invasive risk scores do not reliably identify
future cirrhosis or hepatocellular carcinoma in type 2 diabetes:
the edinburgh type 2 diabetes study. Liver Int 2020;40:2252-
2262.

Tateishi R, Matsumura T, Okanoue T, Shima T, Uchino K, Fuji-
wara N, et al. Hepatocellular carcinoma development in dia-
betic patients: a nationwide survey in Japan. J Gastroenterol
2021;56:261-273.

Luo X, Sui J, Yang W, Sun Q, Ma Y, Simon TG, et al. Type 2 dia-
betes prevention diet and hepatocellular carcinoma risk in US
men and women. Am J Gastroenterol 2019;114:1870-1877.

Plaz Torres MC, Jaffe A, Perry R, Marabotto E, Strazzabosco M,
Giannini EG. Diabetes medications and risk of HCC. Hepatol-
ogy 2022;76:1880-1897.

Kim KS, Lee BW. Beneficial effect of anti-diabetic drugs for
nonalcoholic fatty liver disease. Clin Mol Hepatol 2020;26:430-
443.

Evans JM, Donnelly LA, Emslie-Smith AM, Alessi DR, Morris AD.
Metformin and reduced risk of cancer in diabetic patients. BMJ
2005;330:1304-1305.

Home PD, Kahn SE, Jones NP, Noronha D, Beck-Nielsen H, Vib-
erti G, et al. Experience of malignancies with oral glucose-low-
ering drugs in the randomised controlled ADOPT (a diabetes

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

https://doi.org/10.3350/cmh.2022.0095

Takuma Nakatsuka, et al.
HCCin patients with diabetes

outcome progression trial) and RECORD (rosiglitazone evalu-
ated for cardiovascular outcomes and regulation of glycaemia
in diabetes) clinical trials. Diabetologia 2010;53:1838-1845.
Zhang ZJ, Zheng ZJ, Shi R, Su Q, Jiang Q, Kip KE. Metformin
for liver cancer prevention in patients with type 2 diabetes: a
systematic review and meta-analysis. J Clin Endocrinol Metab
2012;97:2347-2353.

Zhang H, Gao C, Fang L, Zhao HC, Yao SK. Metformin and re-
duced risk of hepatocellular carcinoma in diabetic patients: a
meta-analysis. Scand J Gastroenterol 2013;48:78-87.

Singh S, Singh PP, Singh AG, Murad MH, Sanchez W. Anti-
diabetic medications and the risk of hepatocellular cancer:
a systematic review and meta-analysis. Am J Gastroenterol
2013;108:881-891; quiz 892.

Ma S, Zheng Y, Xiao Y, Zhou P, Tan H. Meta-analysis of studies
using metformin as a reducer for liver cancer risk in diabetic
patients. Medicine (Baltimore) 2017;96:e6888.

Li Q, Xu H, Sui C, Zhang H. Impact of metformin use on risk and
mortality of hepatocellular carcinoma in diabetes mellitus.
Clin Res Hepatol Gastroenterol 2022;46:101781.

Cunha V, Cotrim HP, Rocha R, Carvalho K, Lins-Kusterer L. Met-
formin in the prevention of hepatocellular carcinoma in dia-
betic patients: a systematic review. Ann Hepatol 2020;19:232-
237.

Zhou YY, Zhu GQ, Liu T, Zheng JN, Cheng Z, Zou TT, et al.
Systematic review with network meta-analysis: antidiabetic
medication and risk of hepatocellular carcinoma. Sci Rep
2016;6:33743.

Zhou J,Ke Y, Lei X, Wu T, Li Y, Bao T, et al. Meta-analysis: the
efficacy of metformin and other anti-hyperglycemic agents in
prolonging the survival of hepatocellular carcinoma patients
with type 2 diabetes. Ann Hepatol 2020;19:320-328.

Bosetti C, Franchi M, Nicotra F, Asciutto R, Merlino L, La Vecchia
C, etal. Insulin and other antidiabetic drugs and hepatocellular
carcinoma risk: a nested case-control study based on Italian
healthcare utilization databases. Pharmacoepidemiol Drug Saf
2015;24:771-778.

Aithal GP, Thomas JA, Kaye PV, Lawson A, Ryder SD, Spendlove
|, et al. Randomized, placebo-controlled trial of pioglitazone in
nondiabetic subjects with nonalcoholic steatohepatitis. Gas-
troenterology 2008;135:1176-1184.

Arvind A, Memel ZN, Philpotts LL, Zheng H, Corey KE, Simon
TG. Thiazolidinediones, alpha-glucosidase inhibitors, meg-
litinides, sulfonylureas, and hepatocellular carcinoma risk: a
meta-analysis. Metabolism 2021;120:154780.

63



Clinical and Molecular Hepatology
Volume_29 Number_1 January 2023

99.

100.

101.

102.

64

Lee JY, Jang SY, Nam CM, Kang ES. Incident hepatocellular car-
cinoma risk in patients treated with a sulfonylurea: a nation-
wide, nested, case-control study. Sci Rep 2019;9:8532.

Lee JY,Kim G, Lee YH, Lee BW, Cha BS, Nam CM, et al. Compari-
son of hepatocellular carcinoma risk between patients treated
with glimepiride and gliclazide. Diabetes Metab 2019;45:83-
85.

Chang CH, Lin JW, Wu LC, Lai MS, Chuang LM. Oral insulin
secretagogues, insulin, and cancer risk in type 2 diabetes mel-
litus. J Clin Endocrinol Metab 2012;97:E1170-E1175.

Nishina S, Yamauchi A, Kawaguchi T, Kaku K, Goto M, Sasaki K,
et al. Dipeptidyl peptidase 4 inhibitors reduce hepatocellular
carcinoma by activating lymphocyte chemotaxis in mice. Cell
Mol Gastroenterol Hepatol 2018;7:115-134.

https://doi.org/10.3350/cmh.2022.0095

103.

104.

105.

Armstrong MJ, Gaunt P, Aithal GP, Barton D, Hull D, Parker
R, et al. Liraglutide safety and efficacy in patients with non-
alcoholic steatohepatitis (LEAN): a multicentre, double-
blind, randomised, placebo-controlled phase 2 study. Lancet
2016;387:679-690.

Newsome PN, Buchholtz K, Cusi K, Linder M, Okanoue T, Ratziu
V, et al. A placebo-controlled trial of subcutaneous semaglu-
tide in nonalcoholic steatohepatitis. N Engl J Med 2021;384:
1113-1124.

Shibuya T, Fushimi N, Kawai M, Yoshida Y, Hachiya H, Ito S, et
al. Luseogliflozin improves liver fat deposition compared to
metformin in type 2 diabetes patients with non-alcoholic fatty
liver disease: a prospective randomized controlled pilot study.
Diabetes Obes Metab 2018;20:438-442.

http://www.e-cmh.org



