L)

Gut and Liver Check for
https://doi.org/10.5009/gnl220357

pISSN 1976-2283 elSSN 2005-1212

Review Article

Diabetes and Risk of Hepatocellular Carcinoma in Cirrhosis
Patients with Nonalcoholic Fatty Liver Disease

Pai-Chi Teng'??3, Daniel Q. Huang*5, Ting-Yi Lin®, Mazen Noureddin’, and Ju Dong Yang®7"#

'Division of Urology, Department of Surgery, Cardinal Tien Hospital, New Taipei, 2Department of Urology, National Taiwan University
Hospital, Taipei, Taiwan, *Samuel Oschin Comprehensive Cancer Institute, Cedars-Sinai Medical Center, Los Angeles, CA, USA,
“Department of Medicine, Yong Loo Lin School of Medicine, National University of Singapore, *Division of Gastroenterology and
Hepatology, Department of Medicine, National University Health System, Singapore, ®Doctoral Degree Program of Translational
Medicine, National Yang Ming Chiao Tung University and Academia Sinica, Taipei, Taiwan, ’Karsh Division of Gastroenterology and
Hepatology, and éComprehensive Transplant Center, Cedars-Sinai Medical Center, Los Angeles, CA, USA

Article Info

Received August 14, 2022

Revised September 9, 2022
Accepted September 19, 2022
Published online December 19, 2022

Nonalcoholic fatty liver disease (NAFLD) is the most common cause of chronic liver disease in
the world. NAFLD is a hepatic manifestation of insulin resistance, the core pathophysiology of di-
abetes. Multiple clinical studies show that diabetes increases the risk of liver disease progression
and cirrhosis development in patients with NAFLD. Diabetes has causal associations with many
different cancers, including hepatocellular carcinoma (HCC). More recent studies demonstrate
that diabetes increases the risk of HCC in patients with underlying NAFLD cirrhosis, confirming
the direct hepatocarcinogenic effect of diabetes among cirrhosis patients. Diabetes promotes
hepatocarcinogenesis via the activation of inflammatory cascades producing reactive oxygen
species and proinflammatory cytokines, leading to genomic instability, cellular proliferation, and
inhibition of apoptosis. Given the global increase in the burden of NAFLD and HCC, high-risk
patients such as older diabetic individuals should be carefully monitored for HCC development.
Future larger studies should explore whether the effect of diabetes on HCC risk in NAFLD cirrho-
sis is modifiable by the type of antidiabetic medication and the effectiveness of diabetes control.
(Gut Liver 2023;17:24-33)
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INTRODUCTION

Hepatocellular carcinoma (HCC) comprises approxi-
mately 80% of primary liver cancer cases' and leads to the
fourth most common cancer-related death worldwide.”
Although new advances in systemic therapy, such as tar-
geted therapies’ and immune checkpoint inhibitors," have
substantially improved the clinical outcomes of patients
with advanced HCC, early diagnosis is still essential since
patients with early-stage HCC can potentially undergo
curative-intent treatment.” As such, identifying risk factors
of HCC and implementing surveillance among at-risk pa-
tients play a crucial role in early-stage cancer detection and
improving the prognosis of patients with HCC. The main
risk factors for HCC include chronic hepatitis B virus,

hepatitis C virus infection, heavy alcohol consumption,
nonalcoholic fatty liver disease (NAFLD), aflatoxin,’ smok-
ing, and type 2 diabetes with variation in the proportion of
each risk factor by regions.”® These risk factors can result
in cirrhosis, the strongest risk factor for HCC develop-
ment.”"’

NAFLD includes a spectrum of diseases, such as
simple hepatic steatosis and nonalcoholic steatohepatitis
(NASH)." A meta-analysis by Le et al.”” including 245
studies of approximately 5.4 million individuals reported
that the global prevalence of NAFLD was 29.8%, with
South America and North America having the highest
prevalence (35.7% and 35.3%, respectively). Risk factors for
NAFLD-related HCC include diabetes, obesity, metabolic
syndrome, smoking, gut microbiome and bile acids, eth-
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B Of note, diabetes is associated with

15,16

nicity, and genetics.
higher rates of advanced fibrosis in patients with NASH
and is the most significant population-attributable fraction
of risk factors for HCC in the United States."”

In this review, we will discuss the role of diabetes on the
risk of HCC in patients with cirrhosis and NAFLD. We will
also summarize risk stratification, prediction models, and
potential preventive strategies for these patients.

NAFLD-ASSOCIATED HCC

NAFLD can account for up to 38% of the HCC burden
in some regions and is the most rapidly growing cause of
HCC worldwide.”"* Karim et al."” identified 5,098 HCC
patients in the United States from the Surveillance, Epide-
miology and End Results—Medicare database and reported
that NAFLD was the leading cause of HCC (35.6%). The
authors also found that NAFLD was associated with lower
surveillance receipt (adjusted odds ratio [aOR], 0.31) and
more unrecognized cirrhosis at HCC diagnosis (aOR, 4.42).
Dyson et al.”’ reported that the proportion of NAFLD-
associated HCC increased from <10% in 2000 to 35% in
2010, and the proportion might be substantially higher
because only patients with histologic or radiological evi-
dence were considered to define NAFLD, while half the
HCC patients with no known chronic liver disease had at
least one metabolic risk factor. Estes et al.*' projected that
the incidence of NAFLD-associated HCC in the United
Kingdom would increase by 88% from 2016 to 2030, and
the incidence would be the highest in Germany in 2030.
Similarly, the incidence of NAFLD-related HCC by 2030
is projected to rise by 82%, 117%, and 122% from 2016 in
China, France, and the United States, respectively.” Rising
rates of obesity may contribute to the increasing incidence
of diabetes and NAFLD as well as NAFLD-related HCC.
A United States-based study by Lee et al.”” demonstrated a
moderate, positive correlation between the temporal trend
of HCC incidence rates and obesity prevalence among dif-
ferent states. In addition, state-level physical activity was
inversely associated with the trend of HCC incidence rates,
which suggested that NAFLD may have a significant im-
pact on the ongoing rise in HCC incidences in some states.

A meta-analysis including 18 studies with 470,404
patients showed that the incidence of HCC in patients
with NAFLD was 0.03 per 100 person-years, compared
to 3.78 per 100 person-years in those with cirrhosis.”
In contrast to viral hepatitis-related and alcohol-related
HCC, which typically occurs in the setting of underlying
cirrhosis, NAFLD-associated HCC can develop without

cirrhosis.”* A recent U.S. population-based study showed
that only 57.9% of patients with NAFLD-related HCC had
confirmed cirrhosis,”” and a meta-analysis including 61
studies demonstrated that 38.5% of patients with NAFLD-
related HCC did not have cirrhosis.”” Rates of NAFLD-
related HCC were estimated at 0.01 to 0.08 per 100 person-
years in patients with non-cirrhotic liver."” The absence of
cirrhosis often leads to late detection of HCC in NAFLD
patients as cancers are often diagnosed when patients de-
velop cancer-related symptoms in the absence of a surveil-
lance program.

DIABETES AS A RISK FACTOR FOR HCC

Multiple studies confirmed diabetes as a risk factor
for HCC. El-Serag et al.”® published a prospective cohort
study, including 173,643 diabetic patients and 650,620
non-diabetic patients, and reported that diabetes was
significantly associated with NAFLD (hazard ratio [HR],
1.98) and HCC (HR, 2.16). They also found that diabetic
patients with more than 10 years of follow-up carried the
highest risk. Hassan et al.”’ conducted a hospital-based
case-control study comparing 420 HCC patients with 1,104
healthy controls and found that diabetes was more preva-
lent in HCC patients (aOR, 4.2). Compared to patients
with a diabetes duration of 2 to 5 years, patients with a dia-
betes duration of 6 to 10 years and more than 10 years had
an OR of 1.8 and 2.2 for HCC, respectively. This suggests
that the duration of diabetes is associated with the risk of
HCC development.

A systematic review by El-Serag et al.”* exhibited that
type 2 diabetes was associated with an approximately 2.5-
fold increase in the risk for HCC. In addition, the risk
estimate from 13 case-control studies indicated a 2.5-fold
increased odds of diabetes in patients with HCC compared
to controls without diabetes. Kanwal et al.*” conducted a
study of 271,906 NAFLD patients from 130 facilities in the
Veterans Administration with a mean follow-up of 9 years.
They observed a stepwise increase in the risk of developing
cirrhosis or HCC with each additional metabolic trait (i.e.,
obesity, diabetes, hypertension, and dyslipidemia), and
diabetes had an adjusted HR of 2.77 and 1.31 for develop-
ing HCC and cirrhosis, respectively.”” Moreover, NAFLD
is associated with an approximately 2-fold risk of diabetes,
independent of obesity and other metabolic traits. The risk
of diabetes is also correlated with the severity of NAFLD.”

Studies showed that the prevalence of diabetes increased
with liver disease progression and cirrhosis develop-
ment.”"” Diabetes also accelerates fibrosis progression in
NASH patients."” More recently, several studies investi-
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gated the association between diabetes and HCC in NASH
cirrhosis patients to determine if diabetes has a direct
carcinogenic effect independent of liver disease progres-
sion. In this study, diabetic patients had an increased risk
of developing HCC in a Mayo Clinic Rochester cohort
(n=354 patients with NASH cirrhosis; HR, 4.2) and a
United Network for Organ Sharing cohort (n=6,630 NASH
registrants; HR, 1.3) in multivariable analyses.” Similar
results were seen in a nationwide study involving 130 Vet-
erans Administration facilities by Kanwal et al.** suggesting
a 1.5-fold increased risk of HCC among NAFLD cirrhosis
patients with diabetes compared to those without diabetes.

DIABETES AND HEPATOCARCINOGENESIS

Diabetes mellitus, type 2, is characterized by hypergly-
cemia, hyperinsulinemia, and insulin resistance, which can
contribute to hepatocarcinogenesis (Fig. 1).” Hyperglyce-
mia initiates modification in cell vasculature and causes
endothelial cell debilitation, resulting in increased growth
factor production, upregulation of inflammatory genes,
excessive generation of reactive oxygen species (ROS),
increased oxidative stress, and enhanced cell permeability.
Vascular endothelial growth factor in response to endothe-

Diabetes

1FFA, IR, and hyperinsulinemia

IR, NF-kB, glycation,

ox-phosphorylation, and PKC activation

lial damage stimulates the proliferation of liver cells and
the development of HCC.” ROS can interact with lipids
and amino acids and damage DNA.” For example, ROS
may induce mutations in TP53, which is a tumor suppres-
sor gene.” Hyperinsulinemia leads to de novo lipogenesis
and consequently lipid accumulation within the liver.”
Adipocytes excrete adipokines and leptin that promote
insulin resistance.””*' Cytokines produced by the liver,
infiltrating immune cells, and adipocytes, such as tumor
necrosis factor q, interleukin 6, and nuclear factor kappa-
light-chain-enhancer of activated B cells (NF-kB), due to
chronic lipid accumulation and lipotoxicity can also lead
to insulin resistance, which further accelerates the defects
in insulin signaling in pancreatic { cells.*** In addition,
adipocytes produce adiponectin, a peptide hormone that
enhances insulin reaction, decreases triglyceride synthe-
sis, and stimulates 3 oxidation in favor of lipid clearance
in skeletal muscle and liver." Clinically, the leptin to adi-
ponectin ratio can be used to measure insulin resistance,
with lower values associated with higher insulin sensitivity
and lower cardiovascular risks.”” Hyperinsulinemia also
involves upregulation of the insulin growth factor (IGF)
pathway as the consequence of overexpressed IGF-1 and
aberrantly expressed fetal IGF-2." IGF-1 then activates
protein kinase B/mammalian target of rapamycin (AKT/
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mTOR) and mitogen-activated protein kinase (MAPK)
pathways, which inhibit apoptosis and enhance cell prolif-
eration.”” Activation of the IGF pathway has been observed
in a subset of human HCC.* Besides, the production of
free fatty acids also activates c-Jun N-terminal kinase 1
(JNK1) that inhibits cell apoptosis.*®

Fujii et al.” developed a murine model and proposed
that NASH-based fibrosis might be a pivotal link to dia-
betes and HCC. They exposed neonatal mice to low-dose
streptozotocin, and the mice developed liver steatosis with
diabetes after 1 week of a high-fat diet. Liver biopsy dis-
played increased lobular inflammation and foam cell-like
macrophages, consistent with NASH pathology. In parallel,
fibroblasts accumulated to form chicken-wired fibrosis,
and all of these mice developed HCC later. Interestingly,
mice with diabetes alone but without NASH-based fibrosis
never developed HCC.” More biological studies are still
necessary to comprehensively determine the pathophysio-
logical role of diabetes in cirrhosis and NAFLD-associated
HCC.

MODELS, AND GENETIC RISK SCORES

HCC risk stratification of non-cirrhotic NAFLD and
early recognition of cirrhosis among patients with NAFLD
will be critical to increase surveillance implementation
and earlier detection of HCC eventually leading to utiliza-
tion of curative-intent treatment and improved survival.”’
Cirrhotic patients of any etiology are recommended to
undergo semiannual HCC surveillance based on the
American Association for the Study of Liver Diseases or
the European Association for the Study of the Liver guide-
line. However, the risks are still heterogeneous across all
cirrhotic and non-cirrhotic patients. Thus, several predic-
tion models considering different etiologies were used for
better risk stratification, especially for cirrhotic NAFLD
patients (e.g., ADRESS-HCC,” THRI score,” and APAC
score™). The ADRESS-HCC represented the first model
derived from 34,932 cirrhotic patients, and the primary
etiology of cirrhosis (NASH, hepatitis C virus, alcohol,
hepatitis B virus, others) was associated with 1-year HCC
risk. The ADRESS-HCC model could differentiate whether
the cirrhotic patients would develop HCC with a C-index
of around 0.7. The primary etiology of cirrhosis in the
THRI score included steatohepatitis, viral hepatitis, prima-
ry biliary cirrhosis, and autoimmune hepatitis. The THRI
model could predict 10-year cumulative HCC incidence,
with 3%, 10%, and 32% for scores <120, 120 to 240, and
>240, respectively.”' The APAC score was based on serum

sPDGFRP (soluble platelet-derived growth factor recep-
tor B), age, serum alpha-fetoprotein (AFP), and creatinine
and categorized the etiology of cirrhosis into NAFLD, viral
hepatitis, and alcohol. The APAC score could predict HCC
with an area under the curve (AUC) of 0.95. The AUC was
also around 0.95 in a sub-analysis of NAFLD-associated
cirrhosis.” Most recently, a study reported prognostic liver
signature (PLS)-NAFLD, which predicted incident HCC
over up to 15 years of longitudinal observation.” Four-
protein secretome signature, PLSec-NAFLD, showed excel-
lent risk stratification among NAFLD and cirrhosis (HCC
incidence rates at 15 years were 37.6% and 0% in high- and
low-risk patients, respectively).”

In non-cirrhotic NAFLD patients, HCC screening by
ultrasonography and serum AFP levels could be consid-
ered in the presence of advanced fibrosis (F3).” Besides,
ethnicity and genetics may play an essential role on risk
stratification in this population. For example, Hispanics
have higher rates of NAFLD-associated HCC in the United
States, possibly due to their higher rates of metabolic syn-
dromes.**** The PNPLA3 single-nucleotide polymor-
phisms (SNPs) are strongly linked to HCC.” Genome-wide
association studies (GWAS) have also uncovered SNPs of
many other genes that contribute to NAFLD-associated
HCC, including TM6SF2, MBOAT7, GCKR, HSD17B13,
etc.” Therefore, researchers built polygenic risk score
(PRS) models, which consider effects of different SNPs at
different genes, combined with clinical features to predict
risks on developing HCC.*** For example, Bianco et al.**
developed two PRS models considering four (PNPLA3,
TM6SF2, MBOAT7, and GCKR) or five (adjusted for the
rs72613567 HSD17B13) genetic variants in Italian and
the UK. cohorts. These two models could predict HCC in
NAFLD patients with or without cirrhosis, with an AUC of
around 0.65. Gellert-Kristensen et al.” established a PRS
model based on PNPLA3, TM6SF2, and HSD17B13 in
United Kingdom and Danish cohorts. This model demon-
strated up to a 12-fold and a 29-fold higher risk of cirrhosis
and HCC, respectively. Pelusi et al.”* and Donati et al.*” also
demonstrated PRS models with outstanding AUC (>0.9),
but these require further careful validation. Despite these
potential PRS models, risk stratification without genetic
input is more likely feasible in the clinical setting since
GWAS is currently not applicable to each individual. For
instance, the GALAD score considers gender, age, AFP,
AFP isoform L3 (AFP-L3), and des-gamma-carboxy pro-
thrombin and has been used in many studies.” In a Ger-
man cohort with 356 NAFLD patients, the GALAD score
could identify HCC patients with an AUC of 0.96. Notably,
the AUC for detecting HCC based on the GALAD score
in NASH patients without cirrhosis was 0.98.” Liver en-
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zymes, platelets number, serum albumin levels, and pres-
ence of diabetes were also proposed as variables in some
risk stratification models.”

Researchers have extensively developed liquid biopsy,
including circulating tumor DNA,* circulating tumor
cells,” and extracellular vesicles,” for HCC biomarkers.
For example, Kalinich et al.* utilized digital polymerase
chain reaction (dPCR) to quantify RNA expression of 10
HCC-relevant genes in purified circulating tumor cells
and yield genetic scores that had values in screening high-
risk patients. Sun et al.” also detected the same 10-gene
expression by dPCR in purified HCC extracellular vesicles
that could aid with early diagnosis of HCC. The dPCR
can quantify tiny amounts of DNA or RNA, as sensitive
as one copy per cell, which is a huge advance in the early
diagnosis of malignancy at a low cost. The combination
of the cutting-edge dPCR system and liquid biopsy may
allow these blood-based, noninvasive biomarkers to hold
great potential for early diagnosis of HCC, particularly in
patients with non-cirrhotic NAFLD.

POTENTIAL PREVENTIVE STRATEGIES

Given the strong association of obesity with insulin
resistance, diabetes, and HCC,”® encouraging physical

activity to control weight and other major metabolic traits
is a rational and cost-effective way to prevent the develop-
ment of HCC. Smoking cessation should be encouraged
for HCC prevention with the evidence from a meta-anal-
ysis demonstrating a pooled OR of 1.55 and 1.39 for HCC
in current and former smokers, respectively.”

Although life modifications are cost-effective and the
first step for diabetes management, most patients still re-
quire antihyperglycemic agents. Metformin, a biguanide,
has long been the first-line medication for managing dia-
betes. In addition, metformin can inhibit mitochondrial
respiration with decreased adenosine triphosphate (ATP)
production. Reduced ATP production activates the ad-
enosine monophosphate-activated protein kinase signal-
ing pathway, resulting in mTOR pathway inactivation and
subsequent inhibition of cancer cell proliferation (Fig. 2).”"
Metformin also regulates the glucose metabolic intermedi-
ate to influence de novo lipid biosynthesis.”” Other anti-
tumor mechanisms of metformin include epigenetic modi-
fication, immunoregulation via the NF-xB pathway, and
regulation of autophagy.”” Clinically, metformin can help
lose weight and increase insulin sensitivity.”*

Chen et al.” conducted a nationwide case-control study,
recruiting 97,430 HCC patients and 194,860 match con-
trols, and found that each incremental year increase in
metformin use led to a 7% reduction in the risk of HCC
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(aOR, 0.93), for diabetic patients, indicating a strong
dose-dependent relation. A meta-analysis by Singh et al.”
including 10 studies of 22,650 HCC cases in 334,307 pa-
tients with type 2 diabetes showed that metformin use was
associated with decreased risk of HCC with an OR of 0.50.
Interestingly, sulfonylurea and insulin use was significantly
associated with an increased HCC risk (OR of 1.62 and
2.61, respectively). Kramer et al.” assembled a retrospec-
tive cohort of 85,936 patients with NAFLD and diabetes
from 130 Veterans Administration facilities. They reported
that, in landmark multivariate Cox proportional hazards
models, metformin use was associated with an HR of 0.80
for developing HCC. The use of insulin alone or sulfonyl-
ureas alone was not significantly associated with the risk
of HCC compared with no antihyperglycemic agent use.”
Still, insulin in combination with other oral antihypergly-
cemic agents was associated with a 1.6- to 1.7-fold higher
risk of developing HCC. More importantly, patients with
adequate glycemic control were associated with an HR of
0.69 for developing HCC.” In a subgroup analysis of pa-
tients who received at least one diabetes medication, the
use of insulin or sulfonylureas was associated with a 44%
and 31% higher risk of HCC compared to metformin,
respectively.”” Another systemic review by Cunha et al.”
showed an OR of 0.468 for the risk of HCC in metformin
users. Tseng performed a propensity score-matched study
pairing 21,900 ever-users and never-users of metformin.
This case-control study reported an overall HR of 0.49 for
developing HCC in metformin ever-users.”

In recent years, sodium-glucose linked transporter-2
(SGLT2) inhibitors have attracted attention not only for
their efficacy in treating hyperglycemia but also for their
outstanding effects on cardiovascular and renal protec-
tion.*”*' By inhibiting SGLT? in the kidney, the inhibitors
lead to glycosuria, resulting in decreased serum glucose,
caloric deficit, and thus weight loss.”” Researchers have also
observed the potential of SGLT2 inhibitors against HCC
and other malignancies due to the established correlation
between hyperglycemia and HCC. For example, Luo et
al.” reported that canagliflozin (an SGLT?2 inhibitor) could
decrease HIF-1a protein synthesis via the AKT/mTOR
pathway, leading to reduced hypoxia-induced metastasis
and angiogenesis in HCC. Many others also demonstrated
consistent results of the effects of canagliflozin and other
SGLT?2 inhibitors on HCC cells.” A meta-analysis of
multiple randomized controlled trials by Benedetti et al.*
exhibited an overall reduced risk of cancer (not limited to
HCC) in users of SGLT?2 inhibitors, with a risk ratio of 0.35.

Statins inhibit the conversion of 3-hydroxy-3-meth-
ylglutaryl coenzyme A to mevalonate. The inhibition of
this pathway by statins prevents the formation of both

mevalonate and its downstream product, which have sev-
eral pathophysiological functions potentially involved in
carcinogenesis.” Singh et al.* conducted a meta-analysis
including 10 studies with 4,298 HCC cases in 1,459,417
patients and showed that statin use was associated with a
significantly lower risk of developing HCC (aOR, 0.63). A
more recent meta-analysis by Zou et al.” including 272,431
patients with NAFLD reported that statin users had a
lower risk of developing HCC than nonusers (HR, 0.47).
Statin initiation was still associated with a lower risk of
HCC after adjusting for fibrosis-4 index score (HR, 0.49).
They also showed that statin had a protective effect against
HCC in patients with NAFLD in a dose-dependent man-
ner.”” Aspirin, a cyclooxygenase (COX) inhibitor, was also
proposed to have a protective effect against HCC because
chronic inflammation could trigger the COX-2 signaling
pathway, resulting in decreased apoptosis, increased cell
proliferation, and angiogenesis."** A pooled analysis of
two prospective cohort studies in the United States involv-
ing 133,371 healthcare professionals reported that regular
use of at least 650 mg of aspirin a week was associated with
a 50% reduction in HCC risk (adjusted HR, 0.51).” How-
ever, the chemopreventive effect of these medications has
not been rigorously evaluated in the context of NASH and
requires further evaluation in prospective studies.

CONCLUSIONS

Diabetes is an important risk factor for HCC develop-
ment in patients with NAFLD. Diabetes also increases the
risk of developing HCC in patients with NAFLD cirrhosis.
Hepatocarcinogenic effects of diabetes include increased
ROS production, endothelial damage, release of proinflam-
matory cytokines, and activation of the IGF pathway. Based
on a murine model, NAFLD fibrosis may serve as a pivotal
link between diabetes and HCC development. Several
HCQC risk stratification models were proposed, and it will
be useful to determine surveillance strategies for the early
detection of HCC in these patients. Since diabetes is a po-
tentially modifiable risk factor, researchers have established
preventive strategies focused on diabetes and relevant
metabolic traits including physical activity (or exercise)
and chemoprevention using metformin, SGLT?2 inhibitors,
statin, and aspirin. More biological studies are required to
delineate the pathophysiological role of diabetes in patients
with cirrhosis and refine risk stratification and prevention
of NAFLD-associated HCC with new therapeutics.
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