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Abstract

Background Although type 2 diabetes mellitus (T2DM) is
a known risk factor for hepatocellular carcinoma (HCC)
development, the annual incidence in diabetes patients is
far below the threshold of efficient surveillance. This study
aimed to elucidate the risk factors for HCC in diabetic
patients and to determine the best criteria to identify
surveillance candidates.
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Methods The study included 239 patients with T2DM who
were diagnosed with non-viral HCC between 2010 and
2015, with > 5 years of follow-up at diabetes clinics of 81
teaching hospitals in Japan before HCC diagnosis, and
3277 non-HCC T2DM patients from a prospective cohort
study, as controls. Clinical data at the time of and 5 years
before HCC diagnosis were collected.

Results The mean patient age at HCC diagnosis was
approximately 73 years, and 80% of the patients were
male. The proportion of patients with insulin use increased,
whereas the body mass index (BMI), proportion of patients
with fatty liver, fasting glucose levels, and hemoglobin
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Alc (HbAlc) levels decreased significantly in 5 years. In
the cohort study, 18 patients developed HCC during the
mean follow-up period of 4.7 years with an annual inci-
dence of 0.11%. Multivariate logistic regression analyses
showed that the FIB-4 index was an outstanding predictor
of HCC development along with male sex, presence of
hypertension, lower HbAlc and albumin levels, and higher
BMI and gamma-glutamyl transpeptidase levels. Receiver-
operating characteristic analyses showed that a FIB-4 cut-
off value of 3.61 could help identify high-risk patients,
with a corresponding annual HCC incidence rate of 1.1%.
Conclusion A simple calculation of the FIB-4 index in
diabetes clinics can be the first step toward surveillance of
HCC with a non-viral etiology.

Keywords Hepatocellular carcinoma - Type 2 diabetes
mellitus - FIB-4 index

Introduction

Globally, liver cancer is the seventh most common cancer
and the fourth most common cause of death [1]. In hepa-
tocellular carcinoma (HCC), which accounts for 70% to
85% of all liver cancers [2], chronic viral hepatitis plays a
major role; approximately 77% of liver cancer cases were
estimated to be attributable to either hepatitis B virus
(HBV) or hepatitis C virus (HCV) infection in 2008 [3].

While HCC is a typical example of virus-related cancer,
it is also strongly related to lifestyle. Chronic alcoholism is
a classical risk factor [4]. Growing evidence suggests that
obesity and diabetes increase various cancer risks [5-9],
and the liver is one of the organs upon which obesity and
obesity-associated conditions have the largest impact
[5, 8, 10, 11]. Obesity and diabetes represent the largest
risk factors for liver cancer development in the United
States [12], and the increase in the incidence of HCC was
the highest among all types of cancers between 2003 and
2012 [13].

Due to changes in dietary habits in the last four decades,
the proportion of overweight males has continued to
increase for all ages and in elderly females in Japan. The
increase in the overweight and obese population has
resulted in an increased number of patients with diabetes
mellitus and fatty liver [14, 15]. The Japan Diabetes
Society (JDS) conducted a nationwide survey investigating
causes of death in 45,708 diseased Japanese patients with
diabetes from 2001-2010 [16]. According to the report, the
most frequent cause of death was malignant neoplasia
(38.3%), followed by infections (17.0%), and then vascular
diseases (14.9%). The liver was the second commonest site
of cancer-related death after the lung in Japanese diabetic
patients, whereas it ranked fifth in the general Japanese
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population [17]. We also reported that the incidence of
HCC with a non-viral etiology increased rapidly between
1991 and 2015 in Japan from a nationwide survey
including more than 7000 patients with non-viral etiology
[18]. In that report, we concluded that the increase in the
rate of obesity among Japanese males over the last three
decades has contributed to the increase based on the larger
proportion of obese and diabetic patients in the cohort.

International guidelines for HCC recommend surveil-
lance for HCC in cirrhotic patients [19-21]. However, the
precise definition of at-risk population is still controversial.
Generally, the definition should be based on the incidence
of HCC and potential therapeutic options to be applied.
Some reports suggested that an annual incidence of
1.5-2.0% would warrant the cost-effectiveness of HCC
surveillance. According to a large-scale case—control study
using the Surveillance Epidemiology and End-Results
Program (SEER) database, diabetes carries a threefold
increase in the risk of HCC, which is much lower than the
24-fold increased risk of HBV and HCV [20, 22]. The
estimated annual incidence of HCC development in dia-
betic patients is less than 0.1% [23], far below the threshold
of efficient surveillance. To elucidate the risk factors for
HCC in Japanese diabetic patients and provide the best
criteria for surveillance candidates, we conducted a nation-
wide survey.

Patients and methods
Study protocol

This study was conducted as a collaborative project of
Japan Society of Hepatology (JSH) and JDS to elucidate
the actual profile of hepatocellular carcinoma in diabetes
clinics (LUCID). An invitation letter for study participation
was sent to 333 hospitals that were certified as education
hospitals by both JSH and JDS. The study protocol was
approved by the University of Tokyo Medical Research
Center Ethics Committee (approval number 11336) and the
Institutional Review Board or Ethics Committee of each
participating institution. The requirement for informed
consent was waived because of the retrospective design.
This study was registered with the University Hospital
Medical Information Network (UMIN) Clinical Trial
Registry (UMIN000026246).

Patients with HCC in diabetes clinics

Patients with type 2 diabetes mellitus (T2DM) were eligi-
ble if they were initially diagnosed with HCC at partici-
pating hospitals between 2010 and 2015, were negative for
both hepatitis B surface antigen (HBsAg) and anti-HCV
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antibody, and had been followed up at a diabetes clinic at
the same hospital for at least 5 years before the diagnosis
of HCC. HCC was diagnosed pathologically or using
imaging criteria on the basis of the Japanese Clinical
Practice Guidelines. Hyperattenuation during the arterial
phase with washout during the late phase on dynamic CT
or dynamic MRI images was regarded as a specific finding
[24].

Data collection

The patients were registered via an electronic data capture
system designed by the investigators. We collected data at
two points: at the initial diagnosis of HCC and 5 years
before the diagnosis of HCC (Fig. 1). The following patient
characteristics were collected: age, sex, body height, body
weight, daily alcohol consumption, calendar year of the
initial diagnosis of diabetes, type of diabetes, family his-
tory of diabetes, medical comorbidities including hyper-
tension, dyslipidemia, and fatty liver, diabetic
complications, laboratory data, tumor characteristics, and
treatment modalities. The body mass index (BMI), Child-
Turcotte—Pugh (CTP) score [25], aspartate aminotrans-
ferase (AST) to platelet ratio index (APRI) [26], and
fibrosis-4 (FIB-4) index [27] were calculated automatically
using the obtained data. The formulae for APRI and FIB-4
were as follows.

ApR[ . AST(/ULN)
Platelet count(10°/L)

Age(y) x AST(U/L)

ALT(U/L)

100

FIB — 4 =
Platelet count(10%/L) x

Cohort study

We utilized a pre-existing Japanese nationwide cohort of
diabetic patients that enrolled patients with T2DM who
visited diabetes clinics at nine participating hospitals from
2008 to 2009. A follow-up survey was conducted in 2015
to collect data at 5 years, including information regarding

Fig. 1 Data collection. Patients
are enrolled if they were
followed-up at the same
diabetes clinic for at least

5 years. Data at the time of
diagnosis and 5 years before the
initial diagnosis of HCC are
collected. HCC, hepatocellular
carcinoma

5 years before HCC

HCC development. The detailed protocol of the study was
described elsewhere [28, 29].

We retrieved data from the database by excluding the
following patients: those who did not have follow-up data
including vital status, missing values in age, or with
chronic hepatitis B or C. From April 1, 2012, JDS officially
started to use the National Glycohemoglobin Standardiza-
tion Program (NGSP) value of glycated hemoglobin
(HbAlc) instead of the original JDS value. As the HbAlc
value in the cohort study was obtained using the JDS value,
the value was converted according to the following
formula.

HbA1c%(NGSP) = 1.02 x HBA1c%(IDS) + 0.25%

Statistical analysis

Data were expressed as mean =+ standard deviation when
they were approximately normally distributed or otherwise
as median with 25th—75th percentiles for continuous vari-
ables and numbers with percentages for categorical
variables.

The Student ¢ test or the Wilcoxon rank-sum test was
used for comparisons between two continuous variables.
For paired continuous variables, the paired Student’s ¢ test
or the Wilcoxon signed-rank test was used. Differences in
the distribution at two time points were assessed using
McNemar’s test. A logistic regression was used to assess
the risk factors for HCC development. We used a receiver
operating characteristic (ROC) curve for the assessment of
sensitivity, specificity, and likelihood ratio for the positive
results of the FIB-4 index. Estimated 5-year HCC rates
according to FIB-4 index values were calculated on the
basis of Bayes’ theorem using annual HCC incidence from
the cohort study.

All statistical analyses were performed using SAS
software (version 9.4, SAS Institute, Cary, NC) or R soft-
ware (ver. 3.2.3; R Development Core Team, Vienna,
Austria). All tests were two-sided, and P values < 0.05
were considered to indicate statistical significance.

Data at two time points were collected

I I
‘ Initial HCC diagnosis at
diagnosis participating hospitals

! !

2005

v

2010 2015

Patients were followed up at diabetes clinics
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Results
HCC patient profile

From 272 diabetic patients who were diagnosed at 81
participating hospitals during the study period, we enrolled
239 by excluding those with type 1 diabetes (N = 3),
missing values for the exact date of the initial and last visits
and HCC diagnosis (N = 7), unknown duration of diabetes
(N = 6), hepatitis C status (N = 4), fasting glucose (N = 3),
tumor size or number (N = 7), and presence of vascular
invasion and extrahepatic metastasis (N = 3) (Appendix
Fig. 5).

Baseline characteristics of the HCC patients with T2DM
5 years before and at the time of HCC diagnosis are shown
in Table 1. The mean patient age at HCC diagnosis was
approximately 73 years, and 80% of the patients were
male. The median interval between the initial diagnosis of
diabetes and HCC was 12 years. During the follow-up
period of 5 years, the proportion of patients with insulin
use increased while BMI and the proportion of patients
with fatty liver, fasting glucose, and HbAlc decreased
significantly.

Regarding the tumor characteristics, the median size of
the main tumor was 3.5 cm, and approximately 60% of
patients had a single tumor. A total of 123 patients (51.0%)
were diagnosed within the Milan criteria (single tumor not
larger than 5 cm or three or fewer tumors, none of which
exceeded 3 cm without vascular invasion or extrahepatic
metastasis) [30]. In 224 patients in whom the Child-Pugh
class could be calculated, 176 (78.6%), 39 (17.4%), and
nine (4.0%) were categorized as class A, B, and C,
respectively. As a consequence, 130 patients (54.4%)
underwent surgical resection or ablation.

Cohort study

From 5,642 diabetic patients registered in the database, we
enrolled 3295 after excluding type 1 diabetes mellitus
(N = 36), those without follow-up data (N = 1598), with
chronic hepatitis B or C (N = 217), with previous HCC
history at enrollment (N = 39), and with missing values for
age, exact date of initial and the last visits, and HCC status
at the last visit (N = 457) (Appendix Fig. 6).

During the mean follow-up period of 4.7 years, 18
patients developed HCC (Fig. 2). The annual HCC inci-
dence calculated by the person-year method was 0.11%
[95% confidence interval (CI), 0.068-0.181%]. The base-
line characteristics of patients who developed HCC were
similar to that of HCC patients in the current study
(Table 2).

@ Springer

Risk factors for HCC development

The HCC patients from the current study and those from
the cohort study were combined after excluding overlap-
ping cases (N = 4) (Appendix Fig. 7). Logistic regression
analysis was performed to elucidate the risk factors for
HCC development.

In univariate analyses, the following factors were asso-
ciated with an increased risk of development of HCC: male
sex, old age, higher BMI, AST, ALT, GGT, FIB-4 and
APRI, lower platelet count, HbAlc, and albumin, and the
presence of hypertension. To avoid multicollinearity, we
evaluated several multivariate models. The results from the
final model are shown in Fig. 3. Other tested models are
shown in Appendix Table 4. Male sex, presence of
hypertension, lower HbAlc and albumin, and higher GGT
and FIB-4 were significant predictors of HCC development
in diabetic patients. The presence of dyslipidemia was a
negative risk factor with marginal significance.

ROC analysis

Since the FIB-4 index at entry showed a remarkable impact
on HCC development, we performed an ad-hoc analysis to
evaluate various cut-off values for FIB-4 and sensitivity,
specificity, and positive likelihood ratio for the HCC
incidence using ROC analysis (Fig. 4). When a cut-off
value of 2.67 was applied, which was recommended as the
best indicator for advanced fibrosis [31], the sensitivity was
approximately 50%. We found that the cut-off value of
3.61 maximized the positive likelihood ratio, and the cor-
responding annual HCC incidence rate was estimated at
1.1% (Table 3). The result was robust after excluding those
with a history of heavy alcohol drinking (> 60 g/day)
(Appendix Fig. 8).

Discussion

Diabetes is recognized as a well-established risk factor for
HCC, however, other risk factors in diabetes patients
without viral hepatitis have rarely been investigated so far
because of the low incidence rate in the population [32]. In
this study, we elucidated various potential risk factors for
HCC, including male sex, old age, higher BMI, and higher
FIB-4. The FIB-4 index, in particular, showed outstanding
ability for extracting a high-risk group for surveillance.
Among various mechanisms that have been suggested as
involved in the link between diabetes and hepatocarcino-
genesis, insulin resistance and subsequent hyperinsuline-
mia, a key driver in metabolic syndrome, play a major role
[33]. Nonalcoholic fatty liver disease (NAFLD), known as
a hepatic manifestation of metabolic syndrome, and its
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Table 1 Patient characteristics 5 years before and at the time of HCC diagnosis (N = 239)
Five years before HCC diagnosis At the time of HCC diagnosis P

Follow-up period, years 5.00 £ 0.33 -
Age, years 67.8 + 8.8 72.8 £ 8.8
Male, n (%) 191 (79.9) -
Diabetes duration, years 7 (3-14) 12 (8-19)
Diabetic complications, n (%) 117 (49.0) -
Alcohol consumption, g/day

< 20, n (%) 159 (66.5) -

> 20 and < 60, n (%) 41 (17.2) -

> 60, n (%) 39 (16.3) -
BMI, kg/m? 26.0 & 4.5 255+ 4.8 0.01
Diabetes treatment 0.001

Diet only, n (%) 23 (9.6) 18 (7.5)

Oral antidiabetic, n (%) 145 (60.7) 133 (55.6)

Insulin, n (%) 71 (29.7) 88 (36.8)
Diabetes complications, n (%) 117 (49.0) -
Hypertension, n (%) 168 (70.3) 174 (72.3) 0.32
Dyslipidemia, n (%) 109 (45.6) 111 (46.4) 0.87
Fatty liver, n (%)* 108 (60.3) 110 (51.2) 0.03
Fasting glucose, mg/dL 143 (121-181) 132 (110-173) 0.02
HbAlc, % 7.1 (6.5-8.1) 6.9 (6.3-7.6) < 0.0001
Total cholesterol, mg/dL. 181.1 & 34.8 -
Albumin, g/dL 4.07 £ 041 3.83 £ 0.57 < 0.0001
AST, U/L® 36 (25-46) 37 (26-52) 0.10
ALT, U/L® 34 (22-47) 26 (19-41) 0.001
GGT, U/L® 60 (34-142) 83 (45-160) 0.08
Creatinine, mg/dL® 0.80 (0.68-0.98) 0.87 (0.71-1.13) < 0.0001
Hemoglobin, mg/dLf 139 £ 1.8 127 £ 22 < 0.0001
Platelet count, 104/uL 15.5 (11.7-19.6) 14.6 (10.1-20.0) 0.17
APRI® 0.62 (0.38-1.10) 0.73 (0.41-1.28) 0.008
FIB-4 " 2.73 (1.90-4.30) 3.74 (2.43-5.76) < 0.0001

HCC characteristics
Maximal tumor size, cm
Maximal tumor < 3 cm, n (%)
Single tumor, n (%)
Vascular invasion, n (%)
Extrahepatic metastasis, n (%)
Within Milan criteria
AFP > 20 ng/mL, n (%)
DCP > 100 mAU/mL, n (%)"
HCC treatment
Resection, n (%)
Ablation, n (%)
TACE, n (%)
Systemic therapy, n (%)
Radiation therapy, n (%)
Supportive care, n (%)

3.5 (2.0-6.5)
110 (46.0)
141 (59.0)
36 (15.1)

20 (8.4)

123 (51.0)
84 (36.1)
120 (53.3)

62 (25.9)
68 (28.5)
117 (49.0)
8 (3.3)
3(1.3)

24 (10.0)

Data are expressed as mean =+ standard deviation when approximately normally distributed or otherwise median (25th—-75th percentiles) for continuous
variables and number (percentage) for categorical variables

Data are missing for “60, ®7, 7, 919, °8, 19, €12, and "3 patients 5 years before HCC diagnosis and 24, %5, and "4 patients at HCC diagnosis

AST aspartate aminotransferase; ALT alanine aminotransferase; AFP alpha-fetoprotein; BMI body mass index; DCP des-gamma-carboxy prothrombin;
FIB-4 fibrosis-4; GGT gamma-glutamyl transpeptidase; APRI AST to platelet ratio index; HbA Ic hemoglobin Alc; TACE transarterial chemoembolization
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Cumulative incidence
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Fig. 2 Kaplan—-Meier estimate of cumulative incidence of hepato-
cellular carcinoma in the cohort study

progressive form, nonalcoholic steatohepatitis (NASH), are
evident background conditions of HCC development [32].
However, the HCC incidence rate in NAFLD or NASH
patients is as low as less than 0.1 per year unless the
patients progress to cirrhosis [34-36]. Therefore, to iden-
tify patients with advanced fibrosis is mandatory for the
surveillance of non-viral HCC. Besides, hepatic steatosis
decreases according to disease progression, and in the final
stage of the disease, known as burned-out NASH, fatty
liver cannot be detected by regular ultrasonography [37].
The proportion of patients with fatty liver decreased during
the follow-up period of this study. Therefore, the presence
of fatty liver is not necessary for the enrollment of

surveillance.

The FIB-4 index was originally developed for the pre-
diction of significant fibrosis in patients with HIV/HCV
coinfection [27]. Now, it is widely used for prediction of
various liver diseases, including NAFLD [31]. Since the

Table 2 Characteristics of

HCC non-HCC P
patients in the cohort study N=18 N = 3277

Age at entry, years 69.72 £ 10.3 63.3 + 12.2 0.02
Male, n (%) 13 (72.2) 1887 (57.6) 0.21
Alcohol consumption, g/day® < 0.0001

<20, n (%) 9 (50.0) 2307 (80.5)

> 20 and < 60, n (%) 4(22.2) 433 (15.1)

> 60, n (%) 5(27.8) 126 (4.4)
BMI, kg/m? 25.9 (22.5-27.0) 24.0 (21.6-26.9) 0.25
Diabetes treatment” 0.80

Diet only, n (%) 4(22.2) 520 (16.5)

Oral antidiabetic, n (%) 9 (50.0) 1626 (51.7)

Insulin, n (%) 5(27.8) 999 (31.8)
Hypertension, n (%) 11 (61.1) 1680 (51.3) 0.40
Dyslipidemia, n (%) 6 (33.3) 1594 (48.6) 0.29
Fasting glucose, mg/dL 121 (112-138) 144 (119-184) 0.03
HbAlc, % 6.5 (5.75-17.35) 7.4 (6.70-8.40) 0.007
Total cholesterol, mg/dL® 163.4 + 35.1 194.5 £ 39.7 0.003
Albumin, g/dL? 3.77 £ 0.40 421 £ 041 0.0003
AST, U/L® 36.5 (25-46) 21 (18-28) < 0.0001
ALT, U/Lf 33.5 (22-53) 21 (15-31) 0.009
GGT, U/L® 89.5 (36-173) 27 (18-47) 0.001
Platelet count, 10*/uL" 18.3 (10.1-19.9) 21.3 (17.7-25.0) < 0.0001
APRT 0.534 (0.450-0.474) 0.275 (0.204-0.383) < 0.0001
FIB-4/ 2.33 (1.02-4.74) 1.47 (1.04-2.03) < 0.0001

Data are expressed as mean =+ standard deviation when approximately normally distributed or otherwise
median (25th-75th percentiles) for continuous variables and number (percentage) for categorical variables

Data are missing for 2, 91, £2, and ™12 patients with HCC, and *412, 132, ©268, 9324, °31, 130, €101, "153,

1158, and 1160 patients without HCC

HCC hepatocellular carcinoma; AST aspartate aminotransferase; ALT alanine aminotransferase; BMI body
mass index; GGT gamma-glutamyl transpeptidase; APRI AST to platelet ratio index; HbAIc hemoglobin

Alc
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Risk Factor Odds Ratio (95% CI) P value

Male sex P —e— 2132 1428-3.183  <0.0001
!

BMI per 5kg/m? | .- 1420 1.198-1.683  <0.0001
1

HbA1c per 1% 3 0.847 0752-0.955  0.006
!

Albumin per 1g/dL —— | 0564 0.388-0.820  0.003
!

GGT, >19 U/L & <30 U/L ——— 2041 1.096-3.799  0.02
1

GGT, >30 U/L & <52 U/L | — 3142 1.761-5604  0.0001
!

GGT, >52 U/L ; —— 6311 3.567-11.47  <0.0001
1

FIB-4, >1.075 & <1.508 | ——— 3.821 1.900-7.683  0.0002
!

FIB-4, >1.508 & <2.145 ; —— 5508 2.791-10.87  <0.0001
1

Fib-4, >2.145 ! ——— 2106 11.11-39.92  <0.0001
!

Hypertension | —e— 1.807 1.267-2.579  0.001
!

Dyslipidemia —— 0769 0543-1089 0.4
:
i

[ |||J|||i I T TTTTTI T T 1
0.1 05 10 50  10.0 500 100.0

Hazard ratio (95% Cl)

Fig. 3 Multivariate logistic regression for HCC development (final model). The closed circles indicate point estimates of hazard ratios. The
horizontal bars indicate 95% confidence interval. HCC, hepatocellular carcinoma
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Fig. 4 Receiver-operating characteristics (ROC) curve of FIB-4 for
HCC development in diabetic patients. FIB-4, fibrosis-4; HCC,
hepatocellular carcinoma

FIB-4 index includes age, there can be an argument that it
overestimates liver fibrosis in elderly patients [38]. How-
ever, this disadvantage of the FIB-4 index in fibrosis esti-
mation is rather an advantage in the risk estimation for
HCC because old age is a strong risk factor in

hepatocarcinogenesis. The APRI, another commonly used
index for liver fibrosis, showed similar but slightly smaller
predictive power than the FIB-4 index since the former
does not include age as a component.

Although the specific protocol of surveillance for HCC
in diabetes patients is open to debate, it would be a good
idea to use the FIB-4 index as an entry test. Once-a-year
examination of AST, ALT, and platelet count is inexpen-
sive and acceptable. The cut-off value of 3.61 may identify
patients at a 1% annual risk of HCC development. How-
ever, since the cut-off value misses approximately two-
thirds of HCC patients, a two-step screening strategy
combining FIB-4 and other non-invasive tests would be
better. For that purpose, the cut-off value of 2.67 is a
promising candidate. If the cut-off value of 2.67 was
applied, approximately 10% of patients in the T2DM
cohort would have undergone further examination.

In this study, higher BMI indicated an increased risk of
HCC even after adjustment for other risk factors. Obesity, a
key component of metabolic syndrome, causes adipose
tissue remodeling and induces increased secretion of pro-
inflammatory adipokines, including TNF-o and IL-6, and
decreased anti-inflammatory adipokines like adiponectin,
which  potentially accelerates hepatocarcinogenesis
[39, 40]. Obesity is reported to be a risk factor for HCC in
both hepatitis B and C [41, 42].

Among key components of metabolic syndrome, whilst
hypertension was an independent risk factor for HCC in
this study, dyslipidemia was inversely related to HCC

@ Springer
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Table 3 Sensitivity, specificity,

Positive likelihood ratio Estimated annual HCC incidence (%)

FIB-4 Sensitivity Specificity

and positive likelihood ratio of

annual HCC development 1.00 0.983 0.229

;‘(I:EO_I;].dliEietf cut-off values of 1.50 0.863 0521
2.00 0.708 0.737
2.50 0.546 0.874
2.67 0.517 0.898
3.00 0.421 0.937
3.50 0.342 0.963
3.61 0.333 0.968
3.70 0.304 0.970
4.00 0.283 0.979
5.00 0.186 0.987

1.27 0.14
1.80 0.20
2.69 0.30
4.34 0.50
5.07 0.60
6.67 0.80
9.21 1.0
10.3 1.1
9.98 1.1
13.2 1.4
15.0 1.6

FIB-4, fibrosis-4; HCC, hepatocellular carcinoma

development, probably because of reduced cholesterol
synthesis in advanced liver diseases. It should be noted that
the absence of dyslipidemia along with decreased hepatic
steatosis may not indicate a lower risk of HCC. Similarly,
HbAlc superficially improved during the observation per-
iod of 5 years. This was mainly because the hemoglobin
level also decreased due to the shortened half-life of ery-
throcytes according to cirrhosis progression. Thus,
improved HbAlc values may also not indicate a decreased
risk of HCC.

Excessive alcohol intake is an established risk for HCC
[43]. In the present study, 16.3% of HCC patients and
27.8% of patients in the T2DM cohort who develop HCC
were categorized as heavy drinkers (> 60 g/day), whereas
the proportion was 4.4% in non-HCC patients. It is con-
troversial whether heavy alcohol drinkers with T2DM
should be treated within the same surveillance strategy for
non-drinkers and moderate drinkers or outside the frame-
work as a definite category of alcoholic liver disease. There
is a concern that the FIB-4 index may not be useful for
alcoholic liver disease in which AST elevation is more
prominent than NAFLD. However, our previous reports of
a nation-wide survey of non-viral HCC showed that the
FIB-4 index was stable compared to AST and GGT during
moderation in drinking [18].

The present study has several limitations. First, since the
number of HCC cases in the cohort study was only 18, the
annual incidence of HCC may not be statistically accurate.
The cut-off points of the FIB-4 index, which was based on
the incidence, should be validated in a prospective study.
Second, this study could not elucidate the effect of anti-
diabetic treatment on hepatocarcinogenesis. Metformin
reportedly reduces the risk of HCC in diabetic patients
[44]. We collected data regarding anti-diabetic treatment in
this study. However, as metformin was regarded as con-
traindicated for cirrhosis and treatment choice for anti-
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diabetic drugs varies according to years, the statistical
power was not enough to obtain a robust result. Third, as
the HCC patients can be regarded as cancer-free for 5 years
ahead of HCC diagnosis according to the enrollment cri-
teria, the magnitude of risk factors for HCC development
may be underestimated. Nevertheless, the risk factors that
remained after multivariate analysis would be invariant.
Forth, the prospective cohort consisted only of patients
who were followed at the tertiary care hospitals. Since
those who were referred to other affiliated hospitals and
thus excluded from the prospective study might have a
better condition, the cumulative HCC incidence could be
overestimated.

In conclusion, we found various common risk factors for
HCC development in diabetic patients. A simple calcula-
tion of the FIB-4 index in diabetes clinics can be the first
step for the surveillance of HCC with non-viral etiology.
We would start a prospective study to validate the efficacy
of FIB-4-based surveillance strategy in the near future.
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Fig. 5 Patient enrollment flow:
hepatocellular carcinoma Patients who were diagnosed as HCC initially at participating
patients at diabetes clinics hospitals between 2010 and 2015 and followed up at
diabetes clinic at the same hospital at least 5 year prior to
HCC diagnosis
N =272
Type 1 diabetes excluded N=3
Missing values in
Exact visit date at diabetes clinic
N=7
»|  Duration of diabetes N=6
HCV status N=4
Fasting glucose N=3
Tumor size or number N=7
Vascular invasion status N=3
\ 4
N =239
Fig. 6 Patient enrollment flow:
cohort study of diabetic patients Diabetic patients who visited diabetes clinic
at 9 tertiary care centers since 2008 or 2009
N = 5,642
_| Type 1 diabetes excluded N = 36
| Followed up at other hospitals N = 1,598
HCC history at enroliment N =39
HBsAg positive N = 145
HCVAD positive N=72
Missing values N = 457

A 4

Mean follow-up period 4.7 years
N=3,295

A 4 Y

HCC developed HCC not developed
N=18 N = 3,277
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Fig. 7 Patient enrollment: HCC
cases and non-HCC cases were
compared. * Overlapping cases
(N = 4) were excluded

Type 2 diabetes patient cohort
N = 3,295

Follow-up of
4.7 years

HCC not developed
N =3,277

Compared

HCC developed
N=18

_I_

HCC patients at diabetes clinics
with 5-year follow-up period
N = 239

1.0

0.8

Sensitivity

0.4

0.2

0.0

AUROC = 0.800

T T T
1.0 0.8 0.6

T
0.4

Specificity

0.2 0.0

Fig. 8 Receiver-operating characteristics (ROC) curve of fibrosis-4
for hepatocellular carcinoma: The subgroup analysis excludes those
with a history of alcohol intake > 60 g/day

HCC patients at diabetes clinics
N = 253*
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Table 4 Univariate and multivariate logistic regression analyses

Univariate analysis Multivariate analysis: model 1 Multivariate analysis: model 2
Variables Odds 95% confidence Odds 95% confidence Odds 95% confidence
ratio interval ratio interval ratio interval

Male vs. female  2.50 (1.75, 3.56) < 0.0001 2.07 (1.36, 3.14) 0.0006 240  (1.59, 3.62) < 0.0001
Age, per 10 years 1.38 (1.20, 1.60) < 0.0001 1.48 (1.22, 1.79) <0.0001 1.57  (1.31, 1.88) < 0.0001
BMLI, per 5 kg/m* 1.31 (1.14, 1.50) 0.0001 1.40 (1.16, 1.68) 0.0004 134  (1.13, 1.59) 0.0009
AST, TU/mL 1.03 (1.03, 1.04) < 0.0001 1.02 (1.00, 1.03) 0.007
ALT, TU/mL 1.01 (1.01, 1.02) < 0.0001 1.00 (0.99, 1.01) 0.524
Platelet count, 0.82 (0.79, 0.84) < 0.0001 0.85 (0.82, 0.88) < 0.0001

10*/uL
HbAlc, % 0.86 (0.78, 0.96) 0.009  0.85 (0.75, 0.96) 0.008 0.83  (0.74, 0.94) 0.003
Albumin, g/dL 0.43 (0.32, 0.59) < 0.0001 0.58 (0.39, 0.86) 0.007 0.45 (0.31, 0.66) < 0.0001
GGT, U/L* < 0.0001 < 0.0001 < 0.0001

<19 1

> 19and <30 2.16 (1.20, 3.92) 0.011 193 (1.04, 3.60) 0.038 1.77  (0.95, 3.33) 0.074
>30& <52 4.00 (2.32, 6.90) < 0.0001 291 (1.61, 5.24) 0.0004 220  (1.22,3.98) 0.009

> 52 10.86  (6.43, 18.34) < 0.0001 6.41 (3.50, 11.71) <0.0001 4.14  (2.28,7.51) < 0.0001
FIB-4* < 0.0001

< 1.075 1

> 1.075 3.55 (1.79, 7.04) 0.0003

and < 1.508
> 1.508 542 (2.80, 10.49) < 0.0001

& < 2.145

> 2.145 24.89  (13.54, 45.77) < 0.0001
APRI* < 0.0001 < 0.0001

< 0.208 1

> 0.208 2.28 (1.02, 5.10) 0.045 192  (0.84, 4.37) 0.120

and < 0.287

> (.287 7.79 (3.80, 15.98) < 0.0001 527 (251, 11.05) < 0.0001

and < 0.412
> 0412 29.63 (14.84, 59.16) < 0.0001 17.3 (8.36, 35.80) < 0.0001
Hypertension 2.08 (1.51, 2.86) < 0.0001 2.08 (1.43, 3.02) 0.0001 1.78  (1.25,2.55) 0.002
Dyslipidemia 0.74 (0.55, 1.00) 0.053 0.84 (0.59, 1.20) 0.336 0.76  (0.54, 1.08) 0.130

BMI body mass index; GGT gamma-glutamyl transpeptidase; FIB-4 fibrosis-4; APRI aminotransferase to platelet ratio index
4GGT, APRI and FIB-4 were categorized according to the quartile points
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