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Background/Aims: Hepatocellular carcinoma (HCC) remains the leading cause of cancer-related death among pa-
tients with type 2 diabetes mellitus (T2DM). We aimed to assess the independent role of T2DM on HCC risk
among patients with different liver disease etiologies. Methods: We analyzed the United Network for Organ
Sharing database of all adults registered for liver transplantation (LT) between February 27, 2002 and December
31,2017. For initial analyses, patients were divided into four groups: nonalcoholic steatohepatitis (NASH) and all
other etiologies with or without T2DM. For additional analyses, we divided them based on underlying etiology.
Logistic regression was used to evaluate the impact of T2DM with NASH and other etiologies on HCC risk. Re-
sults: Overall, 24,149 (21.6%) of the listed patients had HCC. Of those, 23.9% had T2DM. When compared with
nondiabetics, patient with NASH and T2DM had the highest risk of HCC (odds ratio [OR] 1.68; 95% confidence
interval [CI] 1.52-1.86), followed by patients with other etiologies and diabetes. After adjusting for other risk fac-
tors, these associations remained unchanged. Registrants with T2DM and NASH, cryptogenic cirrhosis, hepatitis
C, and alcoholic liver disease were at higher risk of HCC than those without diabetes, but in patients with chronic
hepatitis B or primary biliary cholangitis, diabetes did not increase the HCC risk. Between 2004 and 2016, the
annual percentage change of HCC incidence increased for all patients with NASH and hepatitis C regardless
of their diabetes status. For those with hepatitis B, this trend was significant only for diabetics. Conclusions:
The additive risk of T2DM for HCC development was highest in patients with NASH. HCC risk may vary depend-
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ing on the underlying etiology. (J Cu~n Exp HepaToL 2020;10:296-303)

litus (T2DM) was 8.6% (21 million) of the U.S. popula-

tion," which is projected to increase to 55 millions by
2030.” Hepatocellular carcinoma (HCC) is a leading cause
of cancer-related death among diabetics.” Mortality rate
from HCC in the USA has increased by 35% between
2002 and 2012."

Over the last two decades, nonalcoholic fatty liver dis-
ease (NAFLD) and its aggressive form nonalcoholic stea-
tohepatitis (NASH) has emerged as a major cause of
HCC accounting for 18% of patients with HCC listed
for liver transplantation (LT) in 2017 in the USA,” 10%
in Europe, and up to 6% in Asia.” In those who are trans-

In 2016, the estimated prevalence of type 2 diabetes mel-
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planted for HCC, NAFLD currently ranks second after
hepatitis C virus (HCV) infection and is the most rapidly
growing indication for LT among waitlisted candidates
with HCC in the U.S.A. with an 8-fold increase since
2002.°

Patients with T2DM are at a higher risk for NAFLD and
NASH with an estimated global NAFLD prevalence of
approximately 60% in this population.7 T2DM accelerates
NAFLD course resulting in higher rates of advanced
fibrosis, cirrhosis, and HCC.® The presence of T2DM
may also increase the risk of HCC in patients with hepatitis
B virus (HBV) infection”'” and HCV,"" but the indepen-
dent role and oncogenic impact of T2DM in patients
with different liver etiologies has not been previously eluci-
dated. The aim of our study was to assess the risk of HCC
in patients with NASH and other etiologies stratified by
the presence or absence of T2DM using a national registry
of patients listed for LT in the USA. We also estimated the
annual trend of HCC in these groups, stratified by their
diabetes status, between 2004 and 2016.

METHODS

We used the United Network for Organ Sharing (UNOS)/
Organ Procurement and Transplantation Network registry
data to identify all subjects aged 18 years or older who were
registered for LT with HCC diagnosis between February 27,
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Table 1 Demographic and Clinical Characteristics of Liver Transplant Registrants with and without Type 2 Diabetes.

NASH with T2DM NASH without  P-value Other etiologies with Other etiologies without  P-value
(N=1193) T2DM (N = 732) T2DM (N = 4577) T2DM (N = 17,639)

Male, n (%) 768 (64%) 476 (65%)  0.7715 3692 (81%) 13,668 (77%) <0.0001

BMI at listing, mean + 328+ 55 32.6 £5.6 0.5225 29.1+5.1 28.3+5.1 <0.0001
SD

MELD at listing, 13.5+5.9 145+ 6.4 0.0005 12.5+ 6.2 13.0 + 6.3 <0.0001
mean + SD

Creatinine at listing 1.1+0.8 1.0+ 0.6 0.0536 1.1+0.8 1.0+ 0.6 <0.0001
(mg/dL), mean + SD

INR at listing, 1.4+0.4 1.4+0.4 0.0032 1.3+04 1.4+0.5 <0.0001
mean + SD

Albumin at listing 3.2+ 0.6 3.2+0.6 0.0939 3.24+0.7 3.2+0.7 <0.0001
(g/dL), mean + SD

Encephalopathy at listing, n (%)

None 581 (49%) 340 (46%) 0.4150 2483 (54%) 9655 (55%) 0.2921
Grade 1 or 2 574 (48%) 373 (51%) 1967 (43%) 7571 (43%)
Grade 3 or 4 38 (3%) 19 (3%) 122 (3%) 402 (2%)

Dialysis at listing, n (%) 16 (1%) 14 (2%) 0.3220 87 (2%) 161 (1%) <0.0001

Median tumor size 22+1.3 25+1.5 0.1863 24 +1.5 23+1.4 0.0533
(cm), mean + SD

BMI, Body mass index; MELD, Model for End-stage Liver Disease; NASH, Nonalcoholic steatohepatitis; SD, Standard deviation; T2DM, Type 2 dia-
betes mellitus.
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2002 (the implementation of Model for End-Stage Liver
Disease [MELD]) and December 31, 2017. The HCC diag-
nosis and indication for LT were based on the primary or
secondary diagnosis (diagnostic codes: 4400, 4401). Pa-
tients with prior history of transplantation or multiorgan
transplantation were excluded. Patients were classified into
the following etiologies of liver disease: HCV, HBV, alco-
holic liver disease (ALD), NASH, cryptogenic cirrhosis, pri-
mary biliary cholangitis (PBC), and all other etiologies.
Patients with both HCV and ALD diagnostic codes were
included in the HCV group.

Statistical Analyses

For initial analyses, patients listed for LT were divided into
four groups: (1) NASH with T2DM; (2) NASH without
T2DM,; (3) Other etiologies with T2DM; (4) Other etiol-
ogies without T2DM. For additional analyses, patients
were divided into the following groups: HCV, HBV, ALD,
NASH, cryptogenic cirrhosis, PBC, and all other etiologies.

Descriptive statistics for characteristics of patients were
presented as means and standard deviations for contin-
uous variables and frequencies for categorical variables. Pa-
tient characteristics were compared among four groups
using a chi-Squared test for categorical variables and anal-
ysis of variance for continuous variables.

Logistic regression was performed to evaluate the
impact of T2DM with NAFLD and other etiologies on
the risk of HCC. We started with univariate analysis, fol-
lowed by multivariate analysis. Any significant variable
on univariate effect was considered a candidate for initial
multivariate modeling. The final model retained variables
with a P-value 0.05 or less. Estimations of adjusted odds ra-
tios and 95% confidence intervals (CI) were reported. Re-
gion was used as an adjustment in all univariate and
multivariate analyses.

Poisson regression modeling approach was used to esti-
mate the proportion of HCC change over time. Annual per-
centage change (APC) was used to assess the changes in
HCC proportion. Rate ratio was used to describe differ-
ences between T2DM and non-T2DM groups. We also
evaluated whether APC differed from no change
(APC = 0). The study was exempt from institutional review
board because of deidentification of the analyzed data. SAS
9.4 (SAS Institute, Cary, NC) was used for all statistical an-
alyses.

RESULTS
Baseline Characteristics of the Cohort

A total of 111,992 patients were listed for LT over the study
period. Of them, 24,149 (21.6%) had HCC. Among all pa-
tients with HCC, 5773 (23.9%) had type 2 diabetes. Pa-
tients' characteristics are shown in Table 1. Patients with
diabetes were older at the time of listing. When compared

DOYCHEVA ET AL

with nondiabetics, HCC patients with NASH and T2DM
had a lower MELD at listing and a larger proportion of
them were classified as Child-Turcotte-Pugh class A.
Among those with other etiologies, MELD scores at listing
and at the time of transplantation were higher in nondia-
betics. There was no difference in body mass index (BMI) or
obesity rates in the NASH groups; whereas in the group
with other etiologies, mean BMI was higher among dia-
betics, but obesity was more common in nondiabetics. Di-
abetics with other etiologies had a larger median tumor
size than those without T2DM, but there were no differ-
ences in the number and diameter of the tumors.

HCC Risk Among Patients with NASH and
Other Etiologies with and without T2DM

Patients with NASH had a lower risk of HCC when
compared with those with other etiologies regardless of
the presence of diabetes. Patients with diabetes with
NASH carried a higher risk of HCC (odds ratio [OR]:
1.68; 95% CI: 1.52-1.86) than those without diabetes. Simi-
larly, those with other etiologies and T2DM had a 53%
higher risk for HCC than those without diabetes (OR:
1.53; 95% CI: 1.47-1.59). After adjusting for age, gender,
ethnicity, obesity, and region of listing, the associations
were attenuated, but the conclusions remained similar
(Table 2).

HCC Risk Among Patients with Different
Etiologies with and without T2DM

To better estimate the disease-specific risk of HCC in pa-
tients with and without T2DM, we further assessed the
risk in patients with different liver disease etiologies. Pa-
tients with ALD had a higher HCC risk than those with
cryptogenic cirrhosis but lower than those with HCV,

Table 2 Unadjusted and Adjusted Risk of HCC in Patients
with Nonalcoholic Steatohepatitis vs All Other Etiologies.

OR (95% ClI) Adjusted OR
(95% ClI)

1.68 (1.52-1.86) 1.50 (1.35-1.66)

NASH with T2DM vs NASH
without T2DM

NASH with T2DM vs other
etiologies with T2DM

NASH with T2DM vs other
etiologies without T2DM

NASH without T2DM vs other 0.33 (0.30-0.35) 0.40(0.37-0.44)
etiologies with T2DM

NASH without T2DM vs other 0.50 (0.46-0.54) 0.49 (0.45-0.53)
etiologies without T2DM

Other etiologies with T2DM vs 1.53 (1.47-1.59) 1.21(1.16-1.26)
other etiologies without T2DM

0.55 (0.51-059) 0.60 (0.56-0.65)

0.84 (0.79-0.89) 0.73(0.68-0.78)

Cl, Confidence interval; OR, Odds ratio; HCC, Hepatocellular carcinoma;
T2DM, Type 2 diabetes mellitus; NASH, Nonalcoholic steatohepatitis.
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HBV, and NASH, regardless of T2DM status. The risk for
HCC was lower in cryptogenic cirrhosis as compared
with patients with NASH (OR: 0.77; 95% CI: 0.67-0.89 in
those with T2DM and OR: 0.79; 95% CI: 0.70-0.89 in those
without T2DM). The presence of T2DM was associated
with a higher risk of HCC in those with NASH, cryptogenic
cirrhosis, ALD, and HCV, but for those with HBV or PBC,
diabetes did not increase the risk of HCC (Figure 1).

Trends of HCC Prevalence Among LT
Registrants Between 2004 and 2016

The proportion of LT registrants with HCC who had
T2DM showed a continuous increase between 2004 and
2016 (Figure 2). The APC of HCC incidence and the inter-
action between yearly change and T2DM was also tested
among patients with different etiologies. This analysis
was restricted to the period between 2004 and 2016
because there were a very small number of patients in
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some groups before 2004. Over the study period, there
was a significant difference in APC between patients with
and without diabetes in the NASH group (P = 0.017), cryp-
togenic cirrhosis (P = 0.022), and HCV (P = 0.013) groups
(Figure 3). Whereas APC of HCC incidence showed a signif-
icant increase in patients with NASH and HCV irrespective
of the presence or absence of T2DM, in the group with
HBV, the APC was significant only for those with T2DM.
Non-diabetics patients with NASH and cryptogenic
cirrhosis demonstrated a larger growth than diabetics.

DISCUSSION

The findings of our study confirmed that patients with
T2DM carry a higher risk of developing HCC, but the
risk may depend on the underlying liver disease etiology.
When compared with nondiabetics, the strongest correla-
tion was seen among patients with NASH, and the
increased risk was confirmed after adjusting for other

Odds Ratio OR LCL UCL
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Figure 1 HCC risk based on liver disease etiology. LCL, lower control limit; NASH, nonalcoholic steatohepatitis; PBC, primary biliary cholangitis;
T2DM, type 2 diabetes mellitus; UCL, upper control limit; HCC, hepatocellular carcinoma.
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HCC proportion over year of listing
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Figure 2 HCC proportion change in patients with type 2 diabetes mellitus (T2DM) and non-T2DM by listing year. The estimated annual percentage
changes (APCs) are shown with their associated P-values (testing whether the APC differs from zero). P-value for rate ratio is shown to test whether
APC had significant difference between T2DM and non-T2DM groups. HCC, hepatocellular carcinoma.

known risk factors for HCC. Diabetics with NASH, crypto-
genic cirrhosis, HCV, and ALD showed a higher risk of
HCC than nondiabetics, whereas T2DM did not increase
the risk of HCC among patients with HBV or PBC. Those
with cryptogenic cirrhosis had a lower risk of HCC than
those with NASH regardless of diabetes status. Impor-
tantly, patients with NASH and those with HCV demon-
strated significant increase in APC of HCC incidence in
both diabetic and nondiabetic population. The increase
was faster in nondiabetics with NASH and cryptogenic
cirrhosis.

Our study corroborates few other studies that had
demonstrated an increase in the prevalence of HCC in
those with T2DM. A meta-analysis based predominantly
on an Asian population had shown that T2DM augmented
the risk of HCC by 2-fold (summary relative risk 2.01; 95%
CL: 1.61-2.51)."” Another systematic review that included
26 epidemiological and case-control studies with both
Caucasian and Asian patients with diabetes also demon-
strated a 2.5-fold increase in HCC risk."” In 2017, NASH
was noted to be the second most common etiology among
patients with HCC listed for LT in the USA with a steady
increase over the last 15 yeetrs.S A recent retrospective anal-
ysis based on a large ethnically diverse cohort of patients
with NAFLD reported that HCC risk was more than 7-
fold higher in patients with NAFLD compared with
matched controls (adjusted HR [aHR]: 7.62; 95% CL
5.76-10.09), whereas diabetics had 3 times higher risk

compared with nondiabetics (aHR: 3.03; 95% CI: 2.52-
3.64)."" The aforementioned study also noted half of the
HCC cases in the control group developed in those with
diabetes although their risk was lower than those with
NAFLD with or without T2DM. Our results are also in
agreement with these findings as the risk of HCC was
1.5-fold higher among patients with NASH and diabetes
compared with those without diabetes.

A population-based study that examined the
population-attributable fraction of risk factors among
patients with HCC diagnosed between 2000 and 2011
suggested that metabolic disorders, in particular diabetes
and obesity, had the largest contribution to HCC burden
(32%) and these metabolic risk factors had increased
significantly over the study period."” In contrast, risk fac-
tors such as alcohol, HBV, and genetic disorders have re-
mained stable. The synergistic role of T2DM as a risk
factor among patients with other etiologies was also
seen in our analyses. We found that diabetes increased
the risk of HCC in those with NASH, cryptogenic
cirrhosis, ALD, and HCV. The only exception was pa-
tients with HBV and those with PBC, where presence of
diabetes was not an additional risk factor, and this is
an intriguing observation.

The role of T2DM in patients with chronic hepatitis B
remains controversial. Two recent population-based
cohort studies have demonstrated that T2DM increased
HCC risk among men with HBV, independent of obesityg
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Figure 3 Proportion of HCC registrants with different etiologies with and without type 2 diabetes mellitus (T2DM) change over time. The estimates
annual percentage changes (APCs) are shown with their associated P-values (testing whether the APC differs from zero). P values for rate ratio
are shown to test whether APC had significant difference between T2DM and non-T2DM groups. HCC, hepatocellular carcinoma.

and that newly diagnosed T2DM augmented HCC risk and
HCC-related mortality in subjects with HBV over a long
follow-up of 11 years.'® Conversely, and similar to our find-
ings, there was no difference in association between T2DM
and HCC risk among patients with HBV in a large prospec-
tive study that included over half million subjects.'” A
recent meta-analysis comprising five cohort- and two
case-control studies with over 20,000 patients with
HBYV has concluded that T2DM increased HCC incidence
with a pooled HR of 1.77 (95% CI: 1.28-2.47).'” However,
five of the included studies were conducted in Taiwan
and overlapping of cohorts could not be excluded
completely. In addition, all the aforementioned studies
were based on an Asian population, used different
methods to identify patients with HCC and T2DM,
adjusted HCC risk for various confounders, and had
different follow-up and study periods. Future large pro-
spective studies involving geographically and ethnically
diverse population are greatly needed to elucidate this con-
troversy as well as the role of diabetes control and treat-
ment on HCC risk.

A systematic review that included nine studies with pa-
tients with HCV reported that concomitant T2DM
increased 2-3 times the risk of HCC in this population.''
Other attributable risk factors for HCC in that cohort
were obesity and hepatic steatosis. Possible underlying
mechanisms to explain the higher risk of HCC in HCV
and T2DM are concomitant NAFLD, with reported mean
prevalence of 55% among patients with HCV, as well as
HCV-associated steatosis.'® Currently, with the decrease
of HCV as an indication for LT, ALD has emerged as a lead-
ing indication for transplantation.19 A recent large pro-
spective study reported an increased risk of HCC among
diabetics with ALD (aHR: 2.56; 95% CI: 1.61-4.06) when
compared with those with ALD without diabetes, whereas
for patients with NAFLD this risk was relatively lower
(aHR: 1.33; 95% CI: 1.10-1.62)."” On direct comparison be-
tween these two groups, we did not observe any difference
in HCC risk among patients with ALD and NASH regard-
less of diabetes status. The increased risk of HCC in dia-
betics with ALD might be due to the independent
contribution of T2DM per se or due to molecular
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mechanisms enhancing inflammation and fibrosis in pa-
tients with alcohol-induced steatosis.”’

A recent analysis of UNOS data has shown HCC had
grown as an indication for LT from 6.4% in 2002 to
23.0% in 2016.° Although HCV has remained the main eti-
ology for HCC over this period, NASH with HCC was the
only other growing indication. We found that the APC of
HCC incidence has risen from 2004 to 2016 for patients
with HCC because of HCV or NASH in both diabetics
and nondiabetics. Interestingly, in patients with NASH,
those without T2DM have been rising faster than diabetics
with NASH. One possible explanation is the increasing ev-
idence of HCC arising in the absence of cirrhosis in those
with metabolic syndrome. An HCC database study from
the United Kingdom suggested that patients without un-
derlying chronic liver disease presented with larger tumors,
at more advanced stage, and were less likely to be referred
for liver tmns]plamta,tior1.21 Moreover, in their study, only
23% of patients with NAFLD-related HCC were detected
by surveillance. This again highlights the need for better
stratification of patients at highest risk of developing
HCC and for implementation of effective preventive and
surveillance programs.

We acknowledge several limitations of our study related
to the inherent restrictions of large databases. One limita-
tion is that the primary etiology of cirrhosis is based on the
primary diagnosis listed in the UNOS datasets. In addi-
tion, few patients with NASH or HBV and HCC may not
have underlying cirrhosis, and this could not be verified
by the datasets. Similarly, the duration of T2DM and the
effect of diabetic medications on HCC could not be esti-
mated because of lack of granularity of data. However,
there are several strengths including a large national data-
set over a long period of time with essential demographic
variables. In comparison with other studies, we also sepa-
rated patients with NASH and cryptogenic cirrhosis to
avoid overestimation of NASH. We have recently shown
that cryptogenic cirrhosis in patients currently listed for
LT could not be attributed to NASH.**

In summary, our analyses of UNOS dataset confirmed
the additional risk associated with T2DM in the etiopatho-
genesis of HCC. Moreover, we showed the additive risk of
T2DM was highest in those with NASH after adjusting for
other known risk factors. We also demonstrated that
contribution of T2DM in HCC development might vary
depending on the underlying cause of liver disease. Future
prospective studies should evaluate the benefit of better
diabetic control and the role of specific diabetic medica-
tions on HCC incidence and progression.
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