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Abstract

AIM: To determine the role of diabetes mellitus (DM)
and other associated factors in Chinese hepatocellular
carcinoma (HCC) patients with cirrhosis, compared
with those HCC patients without cirrhosis, in the single
setting of hepatitis B virus (HBV) infection, after other
known concomitant diseases were excluded.

METHODS: A total of 482 patients, treated at the Chi-
na-Japan Friendship Hospital, Ministry of Health (Bei-
jing, China), in the period January 2003 to June 2009,
and with a hospital discharge diagnosis of HCC, were
included. Demographic, clinical, laboratory, metabolic
and instrumental features were analyzed.
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RESULTS: Of the total, 310 patients were diagnosed
with HBV infection and, following the inclusion and
exclusion criteria, 224 were analyzed, including 122 pa-
tients (54.5%) with cirrhosis (the case group) and 102
patients without cirrhosis (the control group). Twenty-
seven patients (12.1%) were diabetic, including 19 in
the case group and 8 in the control group (19/122 =
15.6% vs 8/102 = 7.8%, P = 0.077). Thirty-one pos-
sible relevant parameters were compared by univariate
analysis, and 9 variables were selected for multivari-
able analysis, including DM (P = 0.077), past history of
HBV infection (P = 0.005), total bilirubin (# < 0.001),
albumin level (P < 0.001), international normalized
ratio (INR) (P < 0.001), alanine aminotransferase (P
= 0.050), platelet (P < 0.001), total cholesterol (P =
0.047), and LDL cholesterol (P = 0.002) levels. Dia-
betes showed a statistical difference by multivariable
analysis [odds ratio (OR) 4.88, 95% confidence interval
(CI): 1.08-21.99, P = 0.039], although no significant
difference was found in univariate analysis. In addi-
tion, three cirrhosis-related parameters remained sta-
tistically different, including INR (OR 117.14, 95% CI:
4.19-3272.28, P = 0.005), albumin (OR 0.89, 95% CI:
0.80-0.99, £ = 0.027), and platelet count (OR 0.992,
95% CI: 0.987-0.999, £ = 0.002).

CONCLUSION: Besides the three cirrhosis-related
parameters, DM was found to be the sole independent
factor associated with HCC in patients with HBV-relat-
ed cirrhosis, compared with those without cirrhosis.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is a worldwide malig-
nancy, and the incidence rate has increased significantly
over the past two decades in China, Japan, the USA and
other countries'™”. The reason for this increase in HCC
has not yet been explained clearly, although more than
50% of this increase has been attributed to hepatitis vi-
rus or alcoholic liver disease, especially to hepatitis C vi-
rus (HCV)™. Risk factors for HCC that have been iden-
tified include hepatitis B virus (HBV), HCV, cirrhosis,
heavy alcohol consumption, non-alcoholic steatohepati-
tis (NASH), aflatoxin exposure, increasing age, male sex,
and positive family history; however, in 15%-50% of
HCC patients no specific risk factor has been found*.

Diabetes mellitus (DM) has been put forward as a
potential risk factor for HCC by some studies; however,
no consensus has been reached about the “true” role of
DM in HCC, at least as a “true” independent risk factor
in patients with HBV infection, for example, whether
DM itself directly predisposes to HCC'". Earlier epide-
miologic studies showed no association between HCC
and DM, but some recent studies have identified DM
as a risk factor for HCC™>>'", especially two cohort
studies conducted in Sweden and the USA™'". In the
Swedish cohort study, 153852 patients diagnosed with
diabetes were identified by use of the Swedish In-patient
Register. The observations showed that patients with
DM were at increased risk of developing primary liver
cancers"". This conclusion was supported by another
subsequent study conducted in the USAP!,

However, some limitations in these studies, which
would influence the interpretation of the results and
conclusion, could not be omitted". The first was that
the studies were performed by use of specific medical
systems and large samples were extracted using 1CD-9
codes and computers. The special medical systems
functioned for specific people and the study population
could not be regarded as representative of the overall
population. The second was that the number of studies
was very limited and performed in the USA or European
countries, not in the areas with higher incidence of HCC,
such as China and other Asian countries. The third was
that the values of the odds ratio (OR) or relative risk (RR)
were very much lower, indicating no strong relation-
ship between DM and HCC, which could be modified
by other possible risk factors; for example, some fac-
tors related to hepatitis or cirrhosis. The fourth was that
healthy or non-liver cancer patients served as controls in
almost all of the studies, and thus the possible influenc-
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ing factors which were related to carcinoma could not be
adjusted easily. No information was available about the
role of DM in HCC patients with cirrhosis, when HCC
patients without cirrhosis served as controls.

Moteovet, one recent study which was conducted in
the Taiwan province of China showed that neither DM
nor being overweight were risk factors for HCC in this
area, which has a higher incidence of HCC on the ba-
sis of a seties of community-based cross-sectional and
case-controlled studies”. These aforementioned issues
indicate that it is not appropriate to draw a final con-
clusion about the relationship between DM and HCC
before related questions are resolved and further related
issues should be clarified by future research. Our study
was designed to determine: (1) the role of DM and
other associated factors in Chinese HCC patients with
liver cirrhosis, compared with HCC patients without cir-
rhosis, in the single setting of HBV infection, after other
known concomitant diseases were excluded; (2) the role
of some factors associated with the metabolic syndrome
in these patients, including body weight, height, serum
glucose, blood pressure and blood lipid levels; and (3)
any relationships of DM, past history of HBV infection
and cirrhosis in these Chinese HCC patients; for exam-
ple, the influence of courses of HBV infection and DM.

MATERIALS AND METHODS

Study population

All patients treated at out hospital (China-Japan Friend-
ship Hospital, Ministry of Health, Beijing, China) in the
petiod January 2003 to June 2009, and with a hospital dis-
charge diagnosis of HCC, were included. Those patients
fulfilling the diagnostic criteria, inclusion and exclusion
criteria were analyzed. HBV infection was defined as se-
rum hepatitis B surface antigen (HBsAg)-positive for at
least 6 mo or HBsAg-positive when diagnosed with HCC.
Patients fulfilling the following criteria were excluded: (1)
confirmed diagnosis of HCC for more than 15 d or had
been treated at entry; (2) duration of DM was less than 1
year before confirmed diagnosis of HCC; (3) confirmed
HCV, hepatitis D virus or human immunodeficiency virus
infection; (4) heavy alcohol consumption (> 80 g/d in
males and > 40 g/d in females for more than 10 years);
(5) confirmed exposure to Aspergillus flavus, confirmed
diagnosis of drug- or poison-induced liver damage; (6)
presence of other malignancies; and (7) presence of he-
machromatosis, Wilson’s disease, autoimmune hepatitis,
primary biliary cirrhosis, primary sclerosing cholangitis,
and beriberoid diseases or allergic disorder. The Human
Research Ethics Committee at the China-Japan Friendship
Hospital approved the study and out study was carried
out in accordance with the Helsinki Declaration.

Subject determinations

The diagnosis of HCC was histologically confirmed by
needle biopsy or based on the findings of typical radio-
logical features in at least two image examinations, includ-
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ing ultrasound scan (US), contrast-enhanced dynamic
computerized tomography (CT), magnetic resonance
imaging (MRI), and hepatic angiography (showing tumor
stain), or by a single positive imaging technique associated
with serum q-fetoprotein (AFP) level > 400 ng/mI.",
Liver cirrhosis was diagnosed based on the histological
findings of needle biopsy, or the findings of typical radio-
logical features in at least two image examinations (a non-
homogenous hepatic texture or surface, rarefied hepatic
central vein, an enlarged caudate lobe, splenomegaly, or
collateral veins), or by a single image technique associated
with typical manifestations of decompensated liver func-
tion and portal hypertension (jaundice, spider angiomata,
caput medusae, palmar erythema, anorexia, fatigue, weight
loss, anemia, leucopenia, thrombocytopenia, increased
liver enzymes, lowered albumin, elevated serum bilirubin
or prolonged prothrombin time)'’. The definition of
DM was a fasting plasma glucose level of 126 mg/dL
or greater on at least two occasions, plasma glucose of
200 mg/dL or greater at 2 h for a 75-g oral glucose tolet-
ance test (OGTT), or the need for insulin or an oral hypo-
glycemic drug to control glucose levels. These data were
re-evaluated carefully by at least two authors.

Clinical and laboratory parameters

The possibly relevant demographic, clinical, laboratory,
metabolic and instrumental features of patients were
recorded, including age, sex, past history of HBV in-
fection, history of cirrhosis and diabetes, body weight,
height, systolic blood pressure (SBP), diastolic blood
pressure (DBP), smoking, alcohol consumption, presence
of hepatitis B e antigen (HBeAg), hepatitis B virus load
(HBV-DNA), AFP, blood glucose, total bilirubin (TBil),
albumin, international normalized ratio (INR), alanine
aminotransferase (ALT), y-glutamyl transferase (GGT),
platelet count, triglycerides (T'G), total cholesterol, high-
density lipoprotein (HDL) cholesterol, low-density lipo-
protein (LDL) cholesterol, creatinine (Cr) and blood urea
nitrogen (BUN).

These data were obtained when patients were diag-
nosed with HCC, and data obtained 15 d before or after
diagnosis of HCC were excluded. If the same patient
was admitted to our hospital for more than one time, the
data from the first time of hospitalization were recorded;
if multiple values for one parameter could be obtained
from one hospitalization, the first measured or detected
value was regarded as the final value. Patients having
missing values which would play some role for statistical
results would be excluded from the study population.
Body-mass index (BMI) was calculated as weight (in
kilograms) divided by height (in meters) squared. Over-
weight was defined as BMI = 23 kg/mz, and obesity
BMI = 25 kg/ mz, according to the Asian and Chinese
criteria. Hypertension was defined as SBP = 140 mmHg
and/or DBP = 90 mmHg, and mean artery pressure
(MAP) was calculated as 1/3 SBP plus 2/3 DBP. Child-
Pugh score were calculated based on 5 associated pa-
rameters, including ascites, hepatic encephalopathy, TBil,
serum albumin and INR.
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Information regarding smoking and alcohol con-
sumption was obtained from the medical records; those
smoking less than one pack of cigarettes in a week were
regarded as non-smoking; those whose alcohol consump-
tion was < 140 g/wk in males and < 70 g/wk in females
were regarded as non-alcohol use; those having stopped
smoking or alcohol use for more than 5 years were also
considered as non-smoking or non-alcohol use. The find-
ings from physical examinations and image techniques,
including ultrasound scan, contrast-enhanced dynamic
CT, MRI, and hepatic angiography, were re-assessed care-
fully for clinical classification, clinical stage and tumor
nodus metastasis (TNM) stage. The criteria for classifica-
tion or stages were derived from the anticancer commit-
tee of China and the International Union against Cancer.
For the clinical classification, massive-type HCC was
defined as the diameter of catcinoma = 5 cm; nodular-
type HCC was defined as the diameter < 5 cm; small-type
HCC was defined as the diameter < 3 cm for one single
or two nodules.

Statistic analysis

In one case-control study conducted in the USA, 823 pa-
tients were included and the incidence rate of DM was
33%. However, among the HCC patients, 34% had HCV
infection and 47% had alcoholic cirrhosis!". Consider-
ing the effect of HCV and alcohol intake on diabetes
and cirrhosis, we assessed that the incidence rate of DM
in HCC patients with HBV-related cirrhosis should be
reduced to less than 30%. Our deduction was supported
by two studies performed in ]apan“s] and Taiwan (Chi-
na)'’. These studies showed that 40 (16%) of 245 HCC
patients and 92 (15.8%) of 581 patients were diabetic.
Taken together“’()], we assumed that the incidence rate of
DM in HCC patients with HBV-related cirrhosis would
be 15%, whereas the rate in patients without cirrhosis
would be 5%. With 80% power and at a 5% significance
level, we calculated a sample size of 187 patients would
be needed (94 in each group).

The analysis was performed using SPSS for Windows,
version 13.0 (SPSS, Chicago, 1L, USA). For continuous
vatriables with normal curve distribution, mean = SD
was described and Independent-Samples #test was used.
For continuous variables with skewed distribution, the
medians and inter-quartile ranges were described and
Mann-Whitney non-parametric U-test was used. For the
categorical variables, the numbers and proportions of pa-
tients in each group were described, and Pearson XZ test,
continuity correction X2 tests or Fisher’s exact test were
used. P < 0.05 was considered statistically significant and
selected for multivariable analysis, including DM and ALT
with marginal differences.

Based on the results from univariable analysis, nine
variables were included in the unconditional logistic re-
gression analysis, including DM, presence of past history
of HBV infection, TBil, albumin, INR, ALT, platelet
count, total cholesterol, and LLDL cholesterol. For better
understanding of the role of Child-Pugh score, TBil, al-
bumin and INR were included in the multivariable analy-
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482 HCC patients

172 excluded:

34: HCV infection’

6: heavy alcohol intake
—>|  6: non-Chinese (Foreigner)’
3: confirmed drugs
120: unknown reasons
3: other reasons’

310 patients with HBV infection

29 excluded:
4: co-infection with HCV
9: heavy alcohol intake <«
1: rheumatoid arthritis
15: lack of some data

281 with simple HBV infection

57 patients excluded:
Had been diagnosed more
than 15 d ago or treated at
entry

‘ 224 with simple HBV infection ‘

i l

122 patients with HBV infection 102 patients with HBV
and liver cirrhosis infection, but without cirrhosis

Control group

Figure 1 Patient selection in our study. 'Two had heavy alcohol intake among
the 34 patients with hepatitis C virus (HCV) infection; “Six foreigners included:
three had HCV infection, two had hepatitis B virus (HBV) infection, and no specific
reason for the remaining patient; Reasons included: Bechterew’s spondylitis,
autoimmune hepatitis and primary biliary cirrhosis for the three patients. HCC:
Hepatocellular carcinoma.

sis as 3 independent variables, and then Child-Pugh score
was excluded for dependence of variables. We expressed
results as odds ratios (ORs) and their 95% confidence in-
tervals (Cls). For all tests, P < 0.05 was considered statisti-
cally significant and all P values quoted are two-sided.

RESULTS

Baseline characteristics of patients

A total of 482 HCC patients were treated at our hos-
pital in the study period and 258 were excluded for the
following reasons (Figure 1): 38, HCV infection (4 co-
infection with HBV); 15, heavy alcohol consumption
(9 in the HBV infection group); 120, unknown reasons
(cryptogenic); 6, non-Chinese (foreigners); 3, confirmed
drug- or poison-induced liver damage; 57, confirmed di-
agnosis of HCC for more than 15 d or had been treated
at entry; 15, lack of some data which influenced the
statistical analysis; and 4, other reasons. Of the total, 310
patients were diagnosed with HBV infection and 224 pa-

144

&?s:ﬁmg"‘ WJG | www.wjgnet.com

Variable HCC patients (7 = 224)'
Mean age (yr) 54.6 +10.7
Male sex 190 (84.8)
Liver cirrhosis 122 (54.5)
Diabetes mellitus 27 (12.1)
Overweight or obesity® 95 (58.6)
Hypertension 59 (26.3)
Body weight (kg) 68.8£11.0
Body height* (cm) 1694 + 6.4
Mean body mass index® (kg/m?) 239434
Systolic blood pressure (mmHg) 128 +16

Diastolic blood pressure (mmHg) 799

Mean artery pressure (mmHg) 95+10
Past history of HBV infection 173 (77.2)
Smoking 99 (44.2)
Alcohol intake 69 (30.8)
Positive for HBeAg" 52 (26.1)
HBV-DNAS, Logo 5.32+1.40
AFP*, > 400 ng/mL 110 (50.9)
Child-Pugh Score’ 6 (5-8)
Blood Glucose (mmol/L) 588 +£222
Total Bilirubin® (mg/L) 13 (8-23)
Albumin level (g/L) 36.6+6.3
International normalized ratio 1.22+0.24
Alanine aminotransferase® (U/L) 53 (34-83)

y-glutamyl transferase’ (U/L)
Platelet count® (x 10°/L)

113 (58-254)
125 (81-183)

Triglycerides® (mmol/L) 1.02+0.52
Total cholesterol® (mmol/L) 427 +1.33
HDL cholesterol’ (mmol /L) 0.93 £ 0.44
LDL cholesterol’ (mmol/L) 2.44 +1.06
Creatinine’ (mg/dL) 0.9 (0.8-1.0)

Blood urea nitrogen” (mmol/L) 4.98 (3.92-6.28)

'Plus-minus value indicates mean *+ SD; “Median (inter-quartile range,
Q1-Q3). Data were available in *162, *199, °57, 216, °148 and ‘132 patients.
AFP: a-fetoprotein; HBV: Hepatitis B virus; HDL: High-density lipopro-
tein; LDL: Low-density lipoprotein.

tients were subsequently analyzed, including 122 patients
(54.5%) with cirrhosis (the case group) and 102 patients
without cirrhosis (the control group).

Table 1 shows the demographic, clinical, laboratory,
metabolic and instrumental features of the 224 HCC pa-
tients. Of them, 27 patients (12.1%) were diabetic [12 pa-
tients had been excluded because they were diagnosed at
the same time of diagnosis of HCC in 10 patients and di-
agnosed for less than 1 year before the diagnosis of HCC
in 2 patients, (27 + 12)/224 = 17.4%); 173 patents (77.2%)
had confirmed past history of HBV infection, and patho-
logical diagnosis from needle biopsy was obtained from
32 patients (18/122 = 14.8% »s 14/102 = 13.7%, P > 0.05).
The mean age of the 224 HCC patients was 54.6 (£ 10.7)
years old and 190 patients (84.8%) were male sex. Ninety-
five patients (95/162 = 58.6%) were overweight or obese,
and 59 patients (26.3%) had hypertension.

The clinical classification, clinical stage and TNM
stage are shown in Table 2. Regarding the clinical clas-
sification, massive-type HCC (134, 59.8%) and nodular-
type HCC (61, 27.2%) were the two major types, which
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Total Patients Patients P value'

patients with LC  without LC
(n=224) (n =122) (n = 102)

Clinical classification

Massive-type 134 (59.8) 52 (42.6) 82(804) <0.001
Nodular-type 61(27.2) 49 (40.2) 12 (11.8)  <0.001
Small-type 15 (6.7) 13 (10.7) 2(2.0) 0.010
Diffuse-type 14 (6.3) 8 (6.6) 6(5.9) 0.835
Clinical Stage
Stage | 15 (6.7) 9(74) 6(5.9) 0.656
Stage II 95 (42.4) 44 (36.1) 51 (50.0) 0.036
Stage IIl 114 (50.9) 69 (56.6) 45 (44.1) 0.064
TNM stage
Stage | 11 (4.9) 8 (6.6) 3(2.9) 0.212
Stage 1I 43 (19.2) 34 (27.9) 9(8.8) <0.001
Stage IIl 76 (33.9) 30 (24.6) 46 (45.1) 0.001
Stage IV 94 (42.0) 50 (41.0) 44 (43.1) 0.745
T Stage
Stage 1-2 81(36.2) 61 (50.0) 20 (19.6)  <0.001
Stage 3-4 143 (63.8) 61 (50.0) 82 (80.4) -
N Stage
Stage 0 194 (86.6) 110 (90.2) 84 (82.4) 0.087
Stage 1 30 (13.4) 12 (9.8) 18 (17.6) -
M stage
Stage 0 130 (58.0) 72 (59.0) 58 (56.9) 0.745
Stage 1 94 (42.0) 50 (41.0) 44 (43.1) -

!Comparison of the 122 hepatocellular caecinoma (HCC) patients with
hepatitis B virus-related cirrhosis and 102 HCC patients without cirrhosis,
using Pearson y” tests because the total number of cases was more than 40
and no cells had an expected count less than 5. TNM: Tumor nodus metas-
tasis; LC: Liver cirrhosis.

accounted for nearly 90% of the total patients. The
massive-type HCC was more likely to appear in HCC
patients without cirrhosis (52/122 = 42.6% »s 82/102 =
80.4%, P < 0.001), whereas the nodular-type HCC was
more likely to appear in the group with cirthosis (49/122
= 40.2% »s 12/102 = 11.8%, P < 0.001). Regarding the
clinical stage, a statistical difference between groups was
only found for stage 11 (44/122 = 36.1% »s 51/102 =
50.0%, P = 0.036). Regarding TNM stage, a difference
was observed for T stage, whereas no differences were
shown for N stage or M stage.

Diabetes and other associated factors for HCC with
HBV-related cirrhosis

Of the 27 diabetic patients, 19 patients were in the case
group and 8 patients in the control group (19/122 =
15.6% »s 8/102 = 7.8%, P = 0.077): not significant, but a
marginal difference was shown for DM by Pearson Chi-
Square test. In univariable analysis (Table 3), compared
with HCC patients without cirrhosis, HCC patients with
cirrhosis had a higher percentage of past history of HBV
infection (P = 0.005), higher Child-Pugh score (P < 0.001),
higher total biliribin (P < 0.001), lower albumin level (P
< 0.001), prolonged prothrombin time/INR (P < 0.001),
lower platelet count (P < 0.001), lower total cholesterol (P
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= 0.047), and lower LDL cholesterol (P = 0.002). In ad-
dition, a marginal statistical difference was found for the
compatison of serum ALT level (P = 0.050). No statistical
differences were shown for the other 21 variables.

Based on the results from univariable analysis, nine
variables were included in the unconditional logistic regtres-
sion analysis, including DM, presence of past history of
HBYV infection, TBil, albumin, INR, ALT, platelet count,
total cholesterol, and LLDL cholesterol levels. For better
understanding of the role of Child-Pugh score, TBil, al-
bumin and INR were included as three independent vari-
ables and Child-Pugh score was excluded for dependence
of wvariables. In multivariable analysis (Table 4), diabetes
mellitus (OR 4.88, 95% CI: 1.08-21.99, P = 0.039), INR
(OR 117.14, 95% CI: 4.19-3272.28, P = 0.005), albumin
level (OR 0.89, 95% CI: 0.80-0.99, P = 0.027), and plate-
let count (OR 0.992, 95% CI: 0.987-0.999, P = 0.002)
showed statistical differences, whereas the other five vari-
ables did not differ significantly.

Metabolic syndrome associated factors for HCC with
HBV-related cirrhosis

Factors associated with metabolic syndrome in our study
included DM, overweight or obesity, hypertension, triglyc-
erides, and HDL cholesterol. Because waist circumference
measurements could not be obtained, total cholesterol and
LDL cholesterol levels were included in the final analysis.
DM has been described and will be omitted in this sec-
tion. Univariable analysis (Table 3) showed that significant
differences were found for the total cholesterol and LDL
cholesterol levels (P = 0.047 and P = 0.002, respectively).
Multivariable analysis (Table 4) showed no variables re-
mained statistically different, indicating that the statistical
differences in the univariable analysis were probably modi-
fied by the presence of diabetes mellitus and/or the fac-
tors associated with HBV-related cirrhosis (INR, platelet
count and albumin).

Some relationships of DM, HBV Infection and cirrhosis
in HCC

Our study was designed to determine the role of DM and
other associated factors in Chinese HCC patients with
liver cirrhosis, compared with those HCC patients with-
out cirrhosis, in the setting of HBV infection. Next, we
further demonstrated some relationships between DM,
HBYV infection and cirrhosis in the HCC patients. Of the
224 HCC patients, 173 patients had a confirmed past his-
tory of HBV infection (103/122 = 84.4% »s 70/102 =
68.6%, P = 0.005), indicating the presence of past history
of HBV infection was more likely to occur in those HCC
patients with hepatic cirrhosis. Only a marginal statistical
difference (P = 0.06) was observed when the courses of
HBYV infection were compared between the two groups.
However, no significant difference (P = 0.798) was found
after the 51 patients without past history of HBV infec-
tion wete excluded. Of the 27 diabetics, 19 patients (70.4%b)
were in the case group, and 14 of the 19 patients (73.7%)
were diagnosed with DM before the diagnosis of cirrho-

sis, whereas the remaining 5 patients were diagnosed after
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Variable Patients with LC' (7 = 122) Patients without LC' (7 = 102) P value®
Mean age (yr) 54.7 £10.0 54.6+11.4 0.909
Male sex 106 (86.9) 84 (82.4) 0.346
Diabetes mellitus 19 (15.6) 8(7.8) 0.077
Overweight or obesity” 54 (60.7) 41 (56.2) 0.562
Hypertension 33 (27.0) 26 (25.5) 0.792
Body weight (kg) 69.7 +11.4 67.7 +10.4 0.168
Body height® (cm) 169.4 £ 6.2 169.5 + 6.6 0.912
Mean body mass index® (kg/m?) 24.1+3.6 23.7+3.1 0.441
Systolic blood pressure (mmHg) 128 £15 130+ 16 0.323
Diastolic blood pressure (mmHg) 78+9 79+9 0.255
Mean artery pressure (mmHg) 95+10 96 +10 0.243
Past history of HBV infection 103 (84.4) 70 (68.6) 0.005
Smoking 57 (46.7) 42 (41.2) 0.405
Alcohol intake 43 (35.2) 26 (25.5) 0.115
Positive for HBeAg" 32(29.4) 20 (22.2) 0.254
HBV-DNA", Log10 535+1.37 526+1.51 0.829
AFP’, > 400 ng/mL 59 (50.9) 51 (51.0) 0.984
Child-Pugh Score’ 7 (6-10) 5 (5-6) <0.001
Blood glucose (mmol/L) 599 +2.44 573+£1.93 0.362
Total bilirubin® (mg/L) 17 (9-31) 10 (8-17) <0.001
Albumin level (g/L) 348+6.3 38.8+5.6 <0.001
International normalized ratio 1.31+£0.27 1.12+£0.15 <0.001
Alanine aminotransferase’ (U/L) 58 (37-90) 45 (30-81) 0.050
y glutamyl transferase’ (U/L) 110 (52-257) 117 (61-257) 0.816
Platelet count® (x 10°/L) 94 (61-152) 162 (115-217) <0.001
Triglycerides® (mmol/L) 1.02 £0.54 1.02£0.49 0.995
Total cholesterol® (mmol/L) 4.08 +1.44 453 +1.13 0.047
HDL cholesterol’ (mmol/L) 0.89 +0.48 0.99 +0.38 0.152
LDL cholesterol' (mmol/L) 2.21+1.10 2.78+0.92 0.002
Creatinine’ (mg/dL) 0.9 (0.8-1.0) 0.9 (0.8-1.0) 0.839
Blood urea nitrogen’ (mmol/L) 4.95 (3.85-6.32) 5.02 (3.96-6.19) 0.927

'Plus-minus value indicates mean + SD; *Comparison of the two groups, using independent-samples t-test, Mann-Whit-

ney non-parametric U-test or Pearson y tests, respectively, depending on the categories of variables and different condi-
tions. P < 0.05 was considered statistically significant and selected for multivariable analysis, including diabetes mellitus

(DM) and alanine aminotransferase (ALT) with marginal differences; *Median (inter-quartile range, Q1-Q3). Data were
available in “162 (89 + 73), *199 (109 + 90), 57 (41 + 16), ‘216 (116 + 100), “148 (87 + 61) and 132 (79 + 53) patients. In the
brackets, the numbers before the plus sign indicate the available cases in the group of patients with cirrhosis, whereas the

latter indicate the cases in another group of patients without cirrhosis. AFP: a-fetoprotein; HBV: Hepatitis B virus; HDL:

High-density lipoprotein; LC: Liver cirrhosis; LDL: Low-density lipoprotein.

Variable' Adjusted OR 95% CI P value
Diabetes mellitus 4.88 1.08-21.99 0.039
INR 117.14 4.19-3272.28 0.005
Albumin level 0.89 0.80-0.99 0.027
Platelet count 0.992 0.987-0.997 0.002

'Nine variables were included in multivariable analysis, including diabe-
tes, presence of past history of hepatitis B virus infection, total bilirubin,
albumin, international normalized ratio, alanine aminotransferase, plate-
let count, total cholesterol, and low-density lipoprotein cholesterol. For
better understanding of the role of Child-Pugh score, TBil, albumin and
international normalized ratio (INR) were included as three independent
variables and Child-Pugh score was excluded for dependence of variables.
OR: Odds ratios; CI: Confidence interval.

cirrhosis. When the courses of DM between the 2 groups
wetre compared in these 27 patients, no significant differ-
ence (P = 0.389) was found.
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DISCUSSION

No consensus has been reached about the role of DM
in HCC, at least as a “true” independent risk factor in
patients with HBV infection, for example, whether DM
itself directly predisposes to HCC. Our study provided
some answers for this question and showed: (1) besides
the 3 cirrhosis-related parameters (INR, albumin and
platelet count), DM was found to be the sole factor as-
sociated with HCC in Chinese patients with cirrhosis,
compared with those HCC patients without cirrhosis, in
the single setting of HBV infection; (2) some available
factors associated with metabolic syndrome (MS), apart
from DM, produced no obvious effects in these patients,
indicating that the role of DM was independent of other
factors of MS; and (3) between the 2 groups, a marginal
statistical difference was observed for the courses of
past HBV infection whereas no significant difference
was found for the courses of DM.

Our positive conclusion that DM is an independent

September 21, 2010 | Volume 16 | Issue 35 |



associated factor for HCC has been put forward by

149,10 ;
[ | however, we answered this

some previous studies
question from another viewpoint; based on our avail-
able literature and current knowledge, this was the first
time that HCC patients, not healthy or non-liver cancer
patients, served as controls. Therefore, some possible
factors associated with carcinoma could be controlled
casily. To address this question, we included a new pa-
tient cohort: hospital-based Chinese HCC patients with
HBV-related cirrhosis were studied. Although the entire
study population came from one single tertiary referral
hospital and the overall numbers were not very large,
we provided enough numbers of patients based on our
sample estimation for statistical analysis. Moreover, one
of our big strengths was the strict inclusion and exclu-
sion criteria, allowing some potential influencing factors
to be controlled. Maybe it was because of the number of
patients and samples that a marginal statistical difference
was found for the comparison of DM in the univariable
analysis and a very wide 95% CI was observed in the
multivariable analysis. We hope our results and conclu-
sion will be validated in greater numbers of patients and
more referral hospitals.

Cirrhosis is one of the most important risk factors for
HCCG; to determine the role of DM in HCC, comparison
of the cirrhotic patients with HCC patients was necessary
and we have conducted this compatison (data not shown).
Twenty-seven patients (12.1%) were diabetic in our study
population which was lower than previous reports and
the sample estimation. The reasons were deduced to be as
follows: (1) when considering the influence of the course
of DM for HCC, 12 diabetic patients were excluded be-
cause the diagnosis of DM was less than 1 year before
the diagnosis of HCC. In fact, the total number was 39
cases and the overall percentage of diabetic patients was
17.4% which was consistent with other studies; (2) it has
been confirmed that HCV and heavy alcohol consump-
tion play important roles in the onset and development of
DM, however, these patients had been excluded to control
any possible influence; and (3) our diagnosis was mainly
based on the serum glucose; OGTT was only used when
necessary. Although the aforementioned issues perhaps
play some role in affecting the results and conclusion, we
provide relatively sufficient evidence to answer the study
question, especially as no statistical difference was found
for the role of DM in the univariate analysis.

Besides DM, three cirrhosis-related factors were shown
to be possible associated factors for HCC in these pa-
tients, including prolonged prothrombin time/INR, lower
platelet count and lower albumin level. As for other fac-
tors, it is well known that increasing age and male sex
are risk factors for HCC; however, no differences were
found in out study. The reason was deduced to be that
similar HCC patients, not non-cancer or non-liver cancer
patients, were used as controls and the role of other risk
factors was limited.

Non-alcoholic fatty liver disease (NAFLD), includ-
ing its most severe form, NASH, has been considered as
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a tisk factor for HCC!"™", Unfortunately, biopsies were
obtained from a minority of our patients (32, 14.3%)
because it was unnecessary for most of the confirmed
HCC patients, and re-evaluation cannot be performed.
Another limitation was that most of the cirrhotic pa-
tients were diagnosed clinically rather than on a biopsy
and the role of cirrhosis could be underestimated. How-
ever, we followed strictly the diagnostic criteria which
were recommended by the authorized institutes and used
widely in clinical practice. We believed that our results
are most likely applicable to clinical practice.

The pathogenesis mechanisms remain unclear and
some are suggested as follows. The first is regarding obe-
sity, diabetes and NAFLD in HCC. Obesity can lead to
insulin resistance (IR) and steatosis, which are associated
with the release of inflammatory mediators and produc-
tion of cytokines. NASH can result in some typical his-
tologic characteristics"”. Therefore, diabetes and obesity
can cause hepatic inflammation, leading to oxidative stress
and lipid peroxidation, resulting in hepatocyte injury and
necrosis, and subsequently HCC. The second suggested
mechanism is that IR leads to a state of hyperinsulinemia
which, via interaction with the insulin receptor, promotes
increased phosphorylation and activation of downstream
pathwayspo]. The latter have been shown to play some role
in tumorigenesis by decreasing apoptosis and increasing
mitogenesis. The third mechanism involves insulin-like
growth factor (IGF) which, while acting through separate
binding proteins and receptors, has the same downstream
intracellular mediators as the insulin receptor pathwaymzz].
Recent studies have reported altered IGF signaling in 90%
of HCCs, including the autocrine production of 1GFs,
IGF binding proteins, and IGF binding protein proteases
as well as IGF receptor expression[z‘%’zﬂ. The clarification
of these mechanisms would be helpful to address the
question of an association of DM with HCC.

In addition, considering that cirrhotic patients with
HCYV infection are twice as likely to have type-2 DM than
patients with HBV infection™" a very obvious difference
was presumed between HCV infection and HBV infection
regarding the role of DM in HCC and the reason remains
unclear. One study has shown that more severe insulin
resistance was present in non-cirrhotic patients with HCV
infection than in patients with HBV infection™. IR was
associated with the presence of serum HCV core antigen,
the severity of hepatic fibrosis and decreased expression
of hepatic insulin receptor substrate (IRS) 1 and IRS2 in
patients with HCV infection. HCV core down-regulated
the expression of IRS1 and IRS2 in human hepatoma cell
lines as well as in whole animals. These observations sug-
gested that HCV causes changes in specific hepatic mol-
ecules regulating glucose metabolism and results in severe
insulin resistance. A possible mechanism suggested was
that HCV core-induced suppressor of cytokine signaling
(SOCS) 3 promotes proteosomal degradation of IRS1 and
IRS2 through ubiquitination{%]. However, another study
reported an association of exogenous insulin or sulpho-
nylurea treatment with an increased incidence of HCC in
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patients with HCV infection, especially in those without
cirthosis™. These findings make the DM question more
difficult to answer and further studies are required.

In addition to the aforementioned issues, some limita-
tions should be acknowledged. The first limitation was
due to the nature of our hospital-based case-control study,
in that some data could not be obtained and some pos-
sible factors could not be adjusted. For example, NAFLD
and NASH have been regarded as risk factors for HCC,
but we could not assess these changes. Actually, biopsy
was unnecessary for these confirmed HCC patients and
was not recommended. Secondly, the diagnosis of cirrho-
sis and HCC was mostly based on imaging findings, which
could lead to some underestimation and diagnostic bias.
This concern has been addressed above. The third con-
straint was limited generalizability, because the entire study
population came from a single tertiary referral hospital
and extending these results to the overall population may
be a concern. In addition, some diagnostic parameters
were unavailable from the clinical records for those diseas-
es listed in the exclusion criteria. The setting was designed
as the HBV infection; however, we believe that, except for
HCV and heavy alcohol intake, co-existence with HBV as
the cause or risk factor for HCC was limited.

In conclusion, besides the 3 cirrhosis-related param-
eters (INR, albumin and platelet count), DM was found
to be the sole independent associated factor for HCC in
Chinese patients with hepatic cirrhosis, compared with
those HCC patients without cirrhosis, in the single setting
of HBV infection. These patients should be especially
closely monitored. Future research should clarify these
issues: (1) the basic oncogenic mechanisms by which dia-
betes “directly” predisposes to HCC, especially in animal
models and experiments; (2) the role of DM in the gen-
esis of HCC and the factors involved in its complications;
(3) the impact of DM on the natural history of patients
with HCC; (4) the impact of early diagnosis and treatment
of DM in HCC; and (5) the benefits of controlling DM in
the management of HCC and subsequent complications.

COMMENTS

Background

Diabetes mellitus has been put forward as a potential risk factor for hepatocellular
carcinoma (HCC) by some studies; however, no consensus has been reached
about the “true” role of diabetes mellitus (DM) in HCC, at least as a “true” inde-
pendent factor in patients with hepatitis B virus (HBV) infection.

Research frontiers

The authors found that, besides the three cirrhosis-related parameters [inter-
national normalized ratio (INR), albumin and platelet count], DM was the sole
independent factor for HCC in Chinese patients with cirrhosis, compared with
those HCC patients without cirrhosis, in the single setting of HBV infection.
Innovations and breakthroughs

This is the first time that HCC patients, not healthy or non-liver cancer patients,
served as controls, and some possible factors associated with carcinoma could
thus be controlled easily.

Applications

HCC patients with diabetes should be especially closely monitored and future
research should clarify the associated issues.

Peer review

In this paper, Gao et al examined the role of diabetes mellitus and other associ-
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ated factors in Chinese HCC patients with cirrhosis, compared with those HCC
patients without cirrhosis, in the single setting of HBV infection. They found
that besides the three cirrhosis-related parameters (INR, album in and platelet
count), DM was the sole independent factor associated with HCC in patients
with HBV-related cirrhosis. The presented data are excellent.
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