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ABSTRACT

Background and aims

Diabetes has been reported as a risk factor for hepatocellular carcinoma (HCC) in
population based studies but there are controversial data in patients with cirrhosis.
Otherwise, metformin could have a protective role in HCC development. The aim of
this study was to know the influence of diabetes on the risk of developing HCC in

patients with alcohol- and hepatitis C virus (HCV)-related cirrhosis.

Methods

We analyzed 982 Caucasian patients with alcoholic or HCV cirrhosis included from
1992 to 2014 in a HCC surveillance program and prospectively followed. The influence
of diabetes on the development of HCC was analyzed by Kaplan-Meyer and adjusted

with Cox regression for relevant co-factors.



ENFERMEDADES IDIGESTIVAS

Results

At a median follow-up of 49.5 (24.0-96.0) months, 156 patients (15.8 %) developed
HCC. There were no differences in the cumulative incidences of HCC after 20 years
between diabetic and non-diabetic patients in the global series (53.5 % vs. 45.4 %; P
=0.26), alcoholic (50.4 % vs. 45.4 %; P=0.21) or HCV (60 % vs. 43.1 %; P=0.57) cirrhosis.
After adjusting for other potential co-factors, diabetes did not constitute a risk factor
neither in the whole series (HR: 1.12, 95 % IC: 0.78-1.51; P=0.26) nor in alcoholic (HR:
1.160, 95 % Cl: 0.74-1.82; P=0.50) or HCV cirrhosis (HR: 1.17, 95 % CI: 0.63-2.19; P

=0.60). These figures did not change after excluding patients treated with metformin.

Conclusions
In Caucasian patients with alcoholic or HCV cirrhosis, diabetes is not a risk factor for
developing HCC. This lack of association does not seem to be consequence of the

protective effect of metformin.

Keywords
Primary liver cancer; Alcohol-related liver disease; Hepatitis C virus infection; End-

stage liver disease; Diabetes mellitus; Metformin.

Abbreviations

HCC: Hepatocellular Carcinoma; HCV: Hepatitis C virus; HBV: Hepatitis B Virus

aUS: Abdominal Ultrasound; AFP: Alpha-feto protein; SVR: Sustained Virological
Response; EASL: European Association for the Study of the Liver; AASLD: American
Association for the Study of Liver Diseases; IQR: Interquartile Range; BMI: Body Mass
Index; GGT: Gamma-Glutamyl Transferase; ULN: Upper Limit of Normal; ALT: Alanine
Aminotrasnferase; AST: Aspartate Aminotransferase; HR: Hazard Ratio; NAFLD: Non

Alcoholic Fatty Liver Disease; US: United States; IFN: Interferon.

INTRODUCTION
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Curative treatments for HCC are only applicable if the diagnosis is made at an early
stage, so efforts should be directed to identify its predisposing factors and to include
patients at greatest risk in surveillance programs. Liver cirrhosis, hepatitis C virus (HCV)
and hepatitis B virus (HBV) are well known predisposing factors(1), but other
conditions such as alcohol consumption, metabolic syndrome and diabetes have also
been implicated(2).

Diabetes, an increasing worldwide health problem, has been associated with the
development of different malignancies, including liver, breast, pancreatic or
gastrointestinal tract cancers(3). Several population studies reported an association
between diabetes and HCC(4,5), although there is controversy in areas with a high
prevalence of HCV and HBV infection(6). In addition, in patients with liver cirrhosis the
relationship between diabetes and HCC may be influenced by confounding factors(7).
On the other hand, the usefulness of metformin as a chemopreventive agent for HCC
development has been suggested in several studies(8,9).

The aim of this study was to determine if diabetes constitutes a risk factor for

developing HCC in Caucasian patients with alcohol- or HCV-related liver cirrhosis.

PATIENTS AND METHODS

Patients

A cohort of 982 Caucasian patients with Child-Pugh class A or B, alcoholic or HCV liver
cirrhosis, included between 1992 and 2014 in a surveillance program for early
detection of HCC and prospectively followed, was analyzed. The program was based on
the performance of abdominal ultrasound (aUS) and alpha-fetoprotein (AFP) every six
months.

Twelve patients who developed HCC during the first six months from the inclusion and
8 non-Caucasian patients were excluded.

Cirrhosis was diagnosed by liver biopsy in 263 patients (26.8 %), liver decompensation
in 397 patients (40.4 %), presence of esophageal varices in 121 patients (12.3 %), and
aUS showing a nodular liver and signs of portal hypertension in 201 patients (20.5 %).
Alcoholic liver cirrhosis was considered with daily ethanol consumption >60 g in men

and >40 g in women during a period 210 years and in the absence of other causes of
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liver disease. HCV cirrhosis was diagnosed when serum anti-HCV antibodies and HCV-
RNA were present at inclusion or there was a previous history of HCV-RNA positivity
followed by sustained virological response (SVR) with antiviral therapy.

The diagnosis of diabetes was established by two blood glucose determinations 2126
mg/dL or when the patient was receiving anti-diabetic treatment at inclusion.
Demographic data, clinical background and biochemical parameters were collected at
the time of inclusion and they were considered as baseline data (Table 1).

The study was approved by the hospital ethics committee as per guidelines set forth by

the Declaration of Helsinki.

Follow-up

All patients were followed up prospectively every 6 months with physical examination,
aUus, AFP level, blood count and routine biochemical tests. Patients were followed until
June, 30" 2015 or until the date of one of the following events: HCC (n=156),
progression to Child-Pugh class C (n=36), development of a severe co-morbidity (n=68),
liver transplantation (n=41), death (n=121) or loss to follow-up (n=87).

Diagnostic criteria for HCC evolved along the study period and were based on the
International guidelines. These criteria as well as the recall procedures have already
been reported elsewhere(10). The Barcelona Clinic Liver Cancer (BCLC) staging

system(11) was used for tumor classification.

Statistical Analysis

The Mann-Whitney and the x2-test tests were used to compare continuous and
categorical variables respectively. A two-tailed P value <.05 was considered to be
statistically significant. Incidence rates of HCC are presented per 100 person years.
Univariate and multivariate logistic regression analyses were carried out to identify
factors associated with diabetes. The Kaplan—Meier method was used to determine
the cumulative probability of HCC occurrence during follow-up. The comparison of the
survival curves obtained was made by the log-rank test. Patients who progressed to
Child—Pugh class C or were transplanted and those who were lost, developed severe

co-morbidity, or died, were censored at that time. Those variables associated with a P
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value <0.10 in the univariate analysis, together with diabetes, were included in the
multivariate analysis which was performed by the Cox proportional hazards model.

Data analysis was performed using the SPSS statistical package 17.0 (Chicago, IL).

RESULTS

Baseline characteristics of patients

A total of 982 patients with Child-Pugh class A or B cirrhosis were analyzed. Most were
male (78.7 %) and median age at inclusion was 54 years. Etiology of cirrhosis was
alcohol in 603 (61.4 %) and HCV in 379 (38.6 %) patients. At inclusion, only 18 patients
with HCV cirrhosis had been successfully treated with interferon-based therapies and
subsequently were HCV-RNA negative. Twenty-five percent of the patients had
diabetes, 81.2% were Child-Pugh class A and 51.5% had had a prior liver

decompensation. Baseline features are reported in Table 1.

Analysis of factors related with the presence of diabetes

Overall, 239 patients (24.3 %) had diabetes at inclusion; this proportion was similar
along the study period (27.1 % in 1992-1998; 23.6 % in 1999-2004; 28 % in 2005-2010)
except in the last years (2011-2016) in which it was slightly lower (19.5 %)

Prevalence of diabetes was 28.8 % among patients with alcoholic cirrhosis and 17.1 %
among those with HCV cirrhosis. The median follow-up of patients with and without
diabetes was 60 (IQR 24-96) and 48 months (IQR 18-96) respectively (P=.17). Table 1
shows the comparison between patients with and without diabetes as well as the
univariate analysis of factors associated with the presence of diabetes. Variables
associated with diabetes at the multivariate analysis were age (OR: 1.03; 95 % Cl: 1.02-
1.05, per year increase; P=0.003), Body Mass Index (BMI) (OR: 1.05; 95 % Cl: 1.01-1.08,
per Kg/m? P=0.002), GGT (OR: 1.01; 95 % CI: 1.00-1.02, per IU/ml; P=0.013) and history
of prior decompensation (OR: 1.49; 95 % Cl: 1.02-2.16; (P=0.035). There were no
differences in survival between diabetic and non-diabetic patients at 20 years (P=

0.094).

Treatment of diabetes
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At inclusion, 135 out of 239 (56.5 %) diabetic patients were receiving pharmacological
treatment for diabetes; 46 of them were on treatment with metformin (21 as the only
therapy, 10 with insulin, and 13 with other oral anti-diabetic drugs). The remaining 89

patients received diverse anti-diabetic treatments, without metformin.

Hepatocellular carcinoma incidence and characteristic of the tumors

During a median follow-up of 49.5 months, 156 patients (15.9 %) developed HCC, with
an average annual incidence of 2.70 % and a cumulative incidence at 10 and 20 years
of 25.8 % and 48.1 % respectively.

HCC was diagnosed after detection of a hepatic focal lesion together with an AFP 2400
ng/mL in six patients (3.8 %), by biopsy in 35 patients (22.4 %), and by non-invasive
criteria in 115 patients (73.7 %). According to the BCLC staging system, 23 tumors were
diagnosed at stage 0 (14.7 %), 96 at stage A (61.5 %), 16 at stage B (10.2 %), 15 at stage
C (9.6 %) and 6 at stage D (3.8 %).

Factors associated with HCC in the whole series

The cumulative incidence of HCC was similar among diabetic and non-diabetic patients
(FiglA). By univariate Cox regression, seven baseline variables were associated with
development of HCC, namely, age, gender, cause of cirrhosis, ALT, AST, Child-Pugh
class, platelets and esophageal varices. In the multivariate analysis, four variables were
independently associated with the risk of HCC, age (HR= 2.34; 95 % CI 1.68-3.25; P <
0.001), male sex (HR= 2.45; 95 % Cl 1.55-3.90; P < 0.001), high AST values (HR= 1.86;
95 % Cl 1.29-2.68; P = 0.001) and low platelet count (HR= 2.58; 95 % Cl 1.58-4.19; P <
0.001), After adjusting with other factors, diabetes was not associated with HCC
development (HR 1.12, 95 % IC: 0.78-1.61).

Factors associated with HCC in alcohol-related cirrhosis

Among the 603 patients with alcoholic cirrhosis, 88 (14.6 %) developed HCC (annual
incidence rate of 2.44 %). The cumulative incidence of HCC was similar among diabetic
and non-diabetic patients (FiglB). Factors associated with HCC are shown in Table 2. In

the multivariate analysis, age >55 years, male gender, high GGT values, platelet count
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<150x10*/mm?® and a history of previos liver decompensation were independently
associated with the risk of HCC. After adjusting with other factors, diabetes was not

associated with HCC (HR 1.16, 95 % IC: 0.74-1.82).

Factors associated with HCC in HCV-related cirrhosis

Among the 379 patients with HCV cirrhosis, 68 (17.9 %) developed HCC yielding an
annual incidence rate of 3.42 %. There were no differences in the annual incidence of
HCC between diabetic and non-diabetic patients, 3.92 % and 3.30 % respectively (P
=.57), neither in HCC cumulative incidence (Figl1C).

Factors associated with HCC are shown in Table 3. In the multivariate analysis, age >55
years, male gender, Child-Pugh class B and presence of esophageal varices were
independently associated with the risk of HCC. After adjusting with other factors,
diabetes was not associated with HCC (HR 1.17, 95 % Cl: 0.63-2.19)

Factors associated with HCC after excluding patients treated with metformin

The analysis was repeated after excluding the 46 patients who were on metformin at
inclusion (34 in the alcohol group and 12 in the HCV group), 6 of whom had developed
HCC. No changes in the factors associated with HCC were observed in the whole series
or in the subsets of alcohol- or HCV-related cirrhosis. Again, presence of diabetes was
not associated with HCC in the whole series (HR 1.03, 95 % Cl: 0.68-1.55), in alcohol-
related cirrhosis (HR 1.21, 95 % Cl: 0.73-2.01) neither in HCV-related cirrhosis (HR 1.59,
95 % Cl: 0.77-3.22).

DISCUSSION

Liver cirrhosis is the main risk factor for the development of HCC, and surveillance is
recommended in Child-Pugh class A and B patients with cirrhosis of any etiology and in
those Child-Pugh class C awaiting liver transplantation(12,13). However, risk of HCC is
not uniform among cirrhotic patients(14) and a better knowledge of factors implicated

in its development would be useful to refine the target population for implementing
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effective HCC screening.

We analyzed the influence of diabetes on the risk of developing HCC among patients
with alcohol- or HCV-related cirrhosis. The relationship between cirrhosis and diabetes
is complex. Diabetes contributes to cirrhosis promoting non-alcoholic fatty liver
disease (NAFLD)(15). On the other hand, progression of liver dysfunction is
accompanied by insulin resistance and higher prevalence of diabetes(16). In addition,
HCV infection has a direct role in promoting insulin resistance and diabetes(17). In our
series, the prevalence of diabetes was higher among patients with alcoholic cirrhosis
than in those with HCV cirrhosis. Nevertheless, etiology of cirrhosis was not
independently associated with the presence of diabetes. Factors associated with
diabetes were older age, higher BMI, higher GGT values and a history of previous
hepatic decompensation. While age and BMI are well-known risk factors for diabetes
in the general population, the association with previous decompensation is probably
reflecting a relationship between more advanced liver disease and diabetes. The
reasons to explain higher GGT levels among diabetic patients are less clear but it could
be speculated that high GGT levels are a surrogate marker of the coexistence of
NAFLD. At the present time, it is impossible to know the proportion of liver disease
attributable to NAFLD in patients with other causes for liver cirrhosis, but most likely
there is a degree of overlap, especially among patients with alcoholic cirrhosis.

Several population-based studies have reported diabetes as a risk factor for HCC
development(4,5). Insulin resistance has been postulated as the key pathophysiological
factor due to the release of multiple pro-inflammatory agents and to the increase in
circulating insulin-like growth factor-1(18). In our study, the presence of diabetes was
not associated with an increase in HCC risk, and this lack of link was observed in the
whole cohort as well as in the subsets of alcohol- and HCV-related cirrhosis. If the
relationship between diabetes and cirrhosis is complex, the situation is even more
bizarre when HCC is incorporated into the equation. In our series, older age and factors
linked to a more advanced disease were independently associated with HCC as well as
with diabetes, illustrating the existence of confounding factors when the association of

diabetes with HCC is explored in patients with cirrhosis.
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In a recent meta-analysis of 23 cohort studies, diabetes was associated with increased
HCC risk(19). However, just 5 of the 23 studies included only cirrhotic patients and,
although diabetic patients had a two-fold increase in HCC risk, there was significant
heterogeneity among the studies. A French study analyzed risk factors for HCC in 771
patients with well-compensated alcohol- or HCV-related cirrhosis and found a positive
association between diabetes and HCC(20), but an adjustment for variables related
with the degree of liver dysfunction was not performed. loannou et al(21) investigated
the predictors of HCC in a large cohort of patients with cirrhosis of several etiologies
and diabetes was not a predictor in the multivariate model. A more recent study, also
from US, did not find an association between diabetes and HCC in 739 patients with
cirrhosis of different etiologies(7).

In the subset of 603 patients with alcohol-related cirrhosis we observed an HCC
incidence rate of 2.44 per 100 patient-years, which is similar to that observed in a
recent multicenter study from Belgium and France(22) and to the one we have
previously reported(23). Factors associated with the development of HCC were older
age, male gender, high GGT values, lower platelet count and a history of previous liver
decompensation. HCC incidence was similar among diabetic and non-diabetic patients
and the lack of association remained after adjustment with other risk factors. Few
studies have addressed this issue in patients with alcoholic cirrhosis. The French report
previously outlined(18) found an association between diabetes and HCC in the
subgroup of 478 patients with alcoholic cirrhosis, but variables related with the extent
of liver dysfunction were not included in the analysis. Yang et al(7) also observed a
significant association between diabetes and HCC among patients with non-HCV
cirrhosis, but it was not maintained after adjustment with other variables; in addition,
in this group of non-HCV cirrhosis, alcohol, NAFLD and other etiologies were included.
Regarding HCV cirrhosis, we detected an HCC incidence rate of 3.42 per 100 patient-
years, almost identical to that previously observed among patients with advanced
fibrosis and treatment failure(24). Factors associated with HCC were older age, male
gender, Child-Pugh class B and presence of esophageal varices, while diabetes was not
associated. It should be remarked that most of our patients with HCV-cirrhosis had

active HCV infection at the time of their inclusion and only a small proportion of them
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achieved SVR during follow-up. Other studies that mainly consisted of patients with
active HCV infection have displayed discordant results regarding the association
between diabetes and HCC(7,18,21,25). Nevertheless, the situation may be different
after achieving SVR. In a study from US that included a large series of patients with
chronic hepatitis C who had achieved SVR with IFN-based therapies, diabetes was an
independent risk factor for HCC(26). It could be hypothesized that diabetes, and
consequently NAFLD, increase their role in the pathogenesis of liver disease after HCV
eradication. Although another study, that included 7495 patients with cirrhosis who
achieved SVR with Direct-acting Antiviral Agents, did not find an independent
association between diabetes and HCC(27), but the follow-up was shorter than 24
months in all patients, and probably a longer follow-up is required to see the effect
observed after IFN-based HCV eradication.

A body of evidence now suggests that diabetic medication may impact HCC risk. In a
recent meta-analysis involving 550.882 diabetic subjects, metformin was associated
with a 48 % reduction in HCC risk(28). Although the number of patients taking
metformin in our series was low, the analysis after their exclusion did not detect any
modification in the factors associated with the risk of HCC neither in the whole series
nor in the subsets of patients with alcohol- or HCV-related cirrhosis.

Probably, the greatest strength of our study is that it comprises a large cohort of
patients with cirrhosis included in a HCC screening program, with a long follow-up and
a low loss rate. Nevertheless, there are also some limitations that need consideration.
First, only Caucasian patients were included, so these results may be not reproducible
in different populations. Second, our cohort was constituted basically by patients with
advanced cirrhosis and the results could be different in patients with earlier stages of
the disease. Third, we did not consider the time from diabetes diagnosis to inclusion
and we did not either take into account the new-onset diabetes cases during the
follow-up. Finally, the dose and duration of treatment with metformin were not
explored.

In conclusion, we have not found that diabetes increases the risk of developing HCC
among patients with alcohol- or HCV-related cirrhosis. Moreover, this lack of

association cannot be attributable to the use of metformin. There are several
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confounding factors that interact between diabetes, cirrhosis and HCC that may
explain the discrepancy observed in the literature. Nevertheless, diabetes and other
metabolic factors can play a role in patients with HCV cirrhosis after SVR and it could
be worthy to analyze their function in patients with alcohol-related cirrhosis who

maintain alcohol abstinence.
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. 1.1 (0.8-1.9 1.2 (0.8-1.9 1.1(0.8-1.8 0.45
(me/dl) (0.8-1.9) (0.8-1.9) (0.8-1.8)

Albumin, (g/L) jg'g) (358 359(35.043.8)  40.0(35.6-44.0)  0.63
Prothrombin

activity ( %) 75 (65-88) 74 (65-87) 76 (65-88) 0.21
Platelet count (10 0.03
) 113 (78-152) 105 (74-146) 114 (80-156) 5
Child-Pugh class A 547 (51 5 199 (83.2) 598 (80.5) 0.33
Esophageal 0.07
varicesq 682 (72.2) 178 (76.7) 504 (70.8) S
Prior . 506 (51.5) 142 (59.4) 364 (49.0) s
decompensation 5
AFP (ng/ml)" 4.8 (3.0-9-7.7) 4.6(2.7-4.6) 4.8 (3.1-7.8) 0.63
Follow-up 49.5 (24.0-

(months)° 96.0) 60.0 (24.0-96.0) 48.0 (18.0-96.0) 0.17

‘Median (Q1; Q3)

"Number (percentage) of patients

*Assessed in 885 patients

SRecorded in 932 patients

1132 patients were on warfarin therapy

9lAssessed in 944 patients

HCV, hepatitis C virus; BMI, body mass index; ALT, alanine transaminase; AST aspartate

transaminase; GGT, gamma-glutamyl transferase; AFP, alpha-fetoprotein

Table 2. Results of univariate and multivariate analysis for risk of HCC occurrence
during follow-up in patients with alcohol-related cirrhosis (number of patients= 603;

number of HCC= 88).

Univariate HR Multivariate HR

Features (95 % Cl) P (95 % Cl) P

Age (>55 versus <55 years) 2.39(1.53-3.73) <0.0 2.72(1.73-4.28) <0.0
01 01

Gender (male versus female) 2.78 (1.34-5.78) 2.00 3.40 (1.61-7.17) 2.00

BMI (per Kg/m?) 0.97 (0.92-1.02) 0.25

Tobacco consumption 1.49(0.87-2.57) 0.14

(past/ongoing versus never)

Diabetes (yes versus no) 1.31(0.84-2.04) 0.22 1.16(0.74-1.82) 0.50

ALT (elevated versus normal) 0.08

1.46 (0.94-2.26)
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AST (elevated versus normal) 1.47 (0.96-2.25) C1).07

GGT (elevated versus normal) 1.57 (0.94-2.61) 8.08 1.98 (1.18-3.34) (9).00
Child-Pugh class (B versus A) 1.34 (0.84-2.13) 0.20

Platelet count (<150 versus 0.00 0.00
>150x10%) 2.79 (1.48-5.27) 1 2.78 (1.47-5.28) )
Esophageal varices (yes versus 1.33(0.75-2.36) 0.32

no)

Prior decompensation (yes versus 1.55(0.92-2.61) 0.09 2.01(1.19-3.41) 0.00
no) 3 9
AFP (210 versus <10 ng/ml) 1.07 (0.39-2.94)  0.88

HCC, hepatocellular carcinoma; Cl, confidence interval; HCV, hepatitis C virus; BMI,
body mass index; ALT, alanine transaminase; AST aspartate transaminase; GGT,
gamma-glutamyl transferase; AFP, alpha-fetoprotein; ULN, upper limit of normal; Ref,

reference.

Table 3. Results of univariate and multivariate analysis for risk of HCC occurrence
during follow-up in patients with HCV-related cirrhosis (number of patients= 379;

number of HCC= 68).

Features Univariate HR p Multivariate HR p
(95 % Cl) (95 % Cl)

Age (>55 versus <55 years) 2.14 (1.32- 0.00 2.48(1.49-4.14) <0.00
3.48) 2 1

Gender (male versus female) 1.74 (0.98- 0.05 2.32(1.25-4.29) 0.007
3.10) 7

BMI (per Kg/m?) 1.02 (0.97-
1.04) 0.41

Tobacco consumption 1.06 (0.64-

. 0.82

(past/ongoing versus never) 1.75)

Diabetes (yes versus no) 1.17 (0.66- 0.58 1.17(0.63-2.19) 0.60
2.05)

ALT (>2 x ULN versus < 2 x ULN) 1.58 (0.96- 0.06
2.60) 7

AST (elevated versus normal) 5.09 (1.24- 0.02
20.81) 3

GGT (elevated versus normal) 0.82(0.50-1.35 0.44

Child-Pugh class (B versus A) 2.15 (1.09- 0.02 2.13 (1.05-4.29) 0.034
4.24) 6

Platelet count (<150 versus 2.69 (1.33- 0.00

>150x10%/mm?) 5.44) 6

Esophageal varices (yes versus 2.02 (1.19- 0.00 1.78(1.02-3.08) 0.040
no) 3.44) 9
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Prior decompensation (yes versus 1.73 (0.98- 0.05
no) 3.05) 5
AFP (210 versus <10 ng/ml) 1.16 (0.70-

192) 0.55

HCC, hepatocellular carcinoma; Cl, confidence interval;, HCV, hepatitis C virus; BMI,
body mass index; ALT, alanine transaminase; AST aspartate transaminase, GGT,
gamma-glutamyl transferase; AFP, alpha-fetoprotein; ULN, upper limit of normal; Ref,

reference.
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Figure 1. Incidence of hepatocellular carcinoma (HCC) in diabetic and non-diabetic

patients. (A): whole cohort; (B): alcohol-related cirrhosis; (C): HCV-related cirrhosis.



