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With this background in mind, the present study was
initiated to investigate the cumulative incidence and
risk factors of malignancies, including HCC after pro-
longed follow-up in HCV patients treated with inter-
feron (IFN) monotherapy or combination therapy of
IFN and ribavirin. The strengths of the current study
are the large numbers of patients included and the
long-term follow-up of patients.

Patients and Methods

Patients. The number of patients who were diag-
nosed with chronic HCV infection and treated for the
first time with IFN monotherapy or combination ther-
apy between September 1990 and March 2009 in the
Department of Hepatology, Toranomon Hospital, To-
kyo, Japan, was 7,205. Of these, 4,302 patients met the
following enrollment criteria: (1) no evidence of malig-
nancies by physical examination, biochemical tests, ab-
dominal ultrasonography, gastrofiberscope (or gastrog-
raphy), or chest X-ray (or computed tomography); (2)
features of chronic hepatitis or cirrhosis diagnosed via
laparoscopy and/or liver biopsy within 1 year before the
initiation of IFN therapy; (3) positivity for serum
HCV-RNA before the initiation of IFN therapy; (4) pe-
riod of >1 month to <1 year of IFN therapy; (5) nega-
tivity for hepatitis B surface antigens, antibody to hepa-
titis B core, or antimitochondrial antibodies in serum,
as determined by radioimmunoassay, enzyme-linked
immunosorbent assay, or indirect immunofluorescence
assay; (6) age of >30 years to <80 years; (7) no under-
lying systemic disease, such as systemic lupus erythma-
tosus or rheumatic arthritis; and (8) repeated annual
examinations during follow-up. Annual examinations
included biochemical tests, tumor marker (carcinoem-
bryonic antigen, alpha-fetoprotein, and prostate-specific
antigen [only in men]), and abdominal ultrasonogra-
phy. Patients with were excluded from the study if they
had illnesses that could seriously reduce their life ex-
pectancy or if they had a history of carcinogenesis.

The primary outcome was the first development of
malignancy. The development of malignancies was
diagnosed by clinical symptoms, marker,
imaging (ultrasonography, computed tomography, or

tumor
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magnetic resonance imaging), and/or histological
examination.””” All of the studies were performed ret-
rospectively by collecting and analyzing data from the
patient records. The physicians in charge explained the
purpose, method, and side effects of IFN therapy to
cach patient and/or the patient’s family. In addition, the
physicians in charge received permission for the use of
serum stores and future use of stored serum. Informed
consent for IFN therapy and future use of stored serum
was obtained from all patients. The study was approved
by the Institutional Review Board of our hospital.

Medical Evaluation. Body weight was measured in
light clothing and without shoes to the nearest 0.1 kg.
Height was measured to the nearest 0.1 cm. Height
and weight were recorded at baseline, and body mass
index was calculated as kg/m”. All patients were inter-
viewed by physicians or nurse staff in the Toranomon
Hospital using a questionnaire that gathered informa-
tion on demographic characteristics, medical history,
and heath-related habits, including questions on alco-
hol intake and smoking history.

The value for hemoglobin A;¢ (HbA;¢) was esti-
mated as a National Glycohemoglobin Standardization
Program equivalent value (%). Patients were defined as
having T2DM when they had a fasting plasma glucose
level of >126 mg/dL and/or HbA, ¢ level of >6.5%."°

Patients were regarded as hypertensive when systolic
blood pressure was >140 mm Hg and/or diastolic
blood pressure was >90 mm Hg for at least three vis-
its. Smoking index (packs per day x year) and total
alcohol intake (TAI) were evaluated by the sum of
before, during, and after the IFN therapy.

Laboratory Investigation. Diagnosis of HCV infec-
tion was based on detection of serum HCV antibody
and positive RNA. Anti-HCV was detected using an
enzyme-linked immunosorbent assay (ELISA II;
Abbott Laboratories, North Chicago, IL). HCV geno-
type was examined via polymerase chain reaction assay,
using a mixture of primers for the six subtypes known
to exist in Japan, as reported.17 HCV-RNA was deter-
mined using the COBAS TagMan HCV test (Roche
Diagnostics, Basel, Switzerland). The serum samples
stored at —80°C before IFN therapy were used. The
linear dynamic range of the assay was 1.2-7.8 log IU/
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Table 1. Clinical Backgrounds at Initiation of Follow-up in Enrolled Patients

Variable Total HCC Group Non-HCC Malignancy Group Without Events Group P
No. of patients 4,302 393 213 3,696
Age, years 52,0 = 11.8 55.8 = 7.9 57.9 = 9.1 51.3 = 12.1 <0.001
Sex, male/female 2528/1774 272/121 129/84 2127/1569 <0.001
Height, cm 163.0 = 9.2 162.8 = 8.3 163.3 = 9.1 163.0 + 9.3 0.772
Weight, kg 61.4 + 13.0 62.3 = 10.6 60.8 = 10.1 61.3 = 13.4 0.142
BMI 23.0 = 4.0 23.4 = 3.0 228 =28 23.0 = 4.1 0.012
Blood pressure, mm Hg

Systolic 128 = 18 132 = 19 133 = 20 127 = 17 <0.001

Diastolic 77 =13 80 = 12 80 = 13 77 + 13 <0.001
TAI, kg* 95 = 92 151 = 101 135 = 81 85 = 89 <0.001
Smoking index* 6.4 + 9.4 10.8 = 11.1 125 + 11.8 55 * 8.7 <0.001
AST, IU/L 42 + 44 64 = 55 42 = 31 40 * 42 <0.001
ALT, IU/L 44 + 53 72 = 63 43 = 43 42 + 52 <0.001
GGT, IU/L 54 + 61 63 *+ 65 56 = 45 53 *+ 38 0.007
Albumin, g/dL 41 =03 41 =03 41 = 0.2 4.1+ 0.2 0.310
Triglyceride, mg/dL 101 += 53 104 = 54 105 = 50 100 = 52 0.329
Cholesterol, mg/dL 170 += 32 165 + 31 169 + 33 171 = 32 0.025
FPG, mg/dL 100 += 22 110 = 26 104 = 22 98 + 21 <0.001
HbAlc, %, NSPG 56 + 1.2 59 + 14 57+ 14 55+ 1.1 <0.001
T2DM, +/— 267/4,035 63/330 34/179 170/3,526 <0.001
Platelet count, x10%/mm® 17.1 £ 5.1 13.7 £ 49 16.5 + 54 175 = 54 <0.001
Staging, LC/non-LC 433/3,869 113/285 27/189 293/3,395 <0.001
HCV genotype, 1b/2a/2b/other 2,721/995/458 /128 283/52/20/38 121/62/18/12 2,317/881/420/78 <0.001
HCV RNA, log IU/mL 6.06 + 1.05 6.22 = 0.52 6.05 = 0.86 6.04 = 1.05 0.003
IFN monotherapyt/combination therapyf 2,861/1,441 358/35 175/38 2,328/1,368 <0.001
Efficacy, SVR/non-SVR 1,900/2,402 447349 88/125 1,768/1,928 <0.001

Data are presented as no. of patients or mean = SD.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase;

BMI, body mass index; F, female; FPG, fasting plasma glucose; GGT, gamma-glu-

tamy! transferase; HDL, high-density lipoprotein; M, male; NGSP, National Glycohemoglobin Standardization Program.

*Smoking index is defined as packs per day x year. TAl and smoking index indicate the sum before and after first consultation.

+O0utbreak of IFN monotherapy: recombinant IFN-o2a, n = 220, recombinant [FN-a2b, n = 183, natural IFN-o, n = 1,678, natural IFN-o, n = 691, total dose
of IFN = 560 = 164 megaunit. Qutbreak of pegylated IFN monotherapy: pegylated IFN-z2a, n = 89, total dose of pegylated IFN = 7.52 * 2.24 mg.

+Outbreak of combination therapy: recombinant IFN-¢2b + ribavirin, n = 335, total dose of IFN = 508 = 184 megaunit, total dose of ribavirin = 160 *= 68
g natural IFN-§ + ribavirin, n = 101, total dose of IFN = 502 * 176 megaunit, total dose of ribavitin = 156 = 67 g; pegylated IFN-«2b-+ribavirin, n = 1,005
cases, total dose of pegylated IFN = 4.14 = 1.10 mg, total dose of ribavirin = 206 = 58 ¢.

mL, and the undetectable samples were defined as neg-
ative. A sustained virological response (SVR) was
defined as clearance of HCV-RNA using the COBAS
TagMan HCV test 6 months after the cessation of
IFN therapy.

Evaluation of Liver Cirrhosis. Status of liver was
mainly determined on the basis of peritoneoscopy and/
or liver biopsy. Liver biopsy specimens were obtained
using a modified Vim Silverman needle with an inter-
nal diameter of 2 mm (Tohoku University style; Kaki-
numa Factory, Tokyo, Japan), fixed in 10% formalin,
and stained with hematoxylin and eosin, Masson’s
trichrome, silver impregnation, and periodic acid-
Schiff after diastase digestion. The size of specimens
for examination was more than six portal areas.'®

Follow-up. The observation starting point was 6
months after the termination of IFN therapy. After that,
patients were followed up at least twice a year in our hos-
pital. Physical examination and biochemical tests were
conducted at each examination together with a regular
checkup. In addition, annual examinations during

follow-up were undertaken. When a patient had com-
plaints during follow-up, the physician in charge per-
formed additional examinations based on symptoms.
Four hundred eighteen patients were lost to follow-up.
The final date of follow-up in 418 patients with loss of
follow-up was regarded as the last consulting day. In
addition, 881 patients were retreated with IFN. The final
date of follow-up in 881 patients re-treated with IFN
were regarded as the time of the initiation of IFN retreat-
ment. Thus, 418 patients with loss of follow-up and 881
patients retreated with IFN were counted censored data
in statistical analysis.'"” The mean follow-up period was
6.8 (SD 4.3) years in 418 patients with loss of follow-up
and 7.5 (SD 4.8) years in 881 patients retreated with
IFN. Censored patients were counted in the analysis.
Statistical Analysis. Clinical differences among
three groups of patients with HCC with malignancies
other than HCC without events were evaluated using
the Kruskal-Wallis test. The cumulative development
rates of malignancies were calculated using the Kaplan-
Meier technique, and differences in the curves were
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Fig. 1. Cumulative development rate of HCC (A) in total HCV patients treated with IFN therapy and based on the difference of (B) efficacy,

(C) age, and (D) hepatic fibrosis.

tested using the log-rank test.’”*" Independent risk

factors associated with malignancies were studied using
the stepwise Cox regression analysis.”® The following
variables were analyzed for potential covariates for inci-
dence of primary outcome: (1) age, sex, T2DM, and
hypertension at the initiation time of follow-up; (2)
HCV genotype, HCV load, and hepatic fibrosis before
IFN therapy; (3) average value of body mass index,
aspartate aminotransferase, alanine aminotransferase,
triglyceride, total cholesterol, and platelet count during
follow-up; (4) sum value of smoking and alcohol
before, during, and after the IFN therapy; and (5)
efficacy of IFN therapy, combination of ribavirin,
type of IFN, and total dose of IFN. A P < 0.05 was
considered statistically significant. Data analysis was
performed using SPSS 11.5 for Windows (SPSS,
Chicago, IL).

Results

Patient Characteristics. Table 1shows the baseline
characteristics of the 4,302 enrolled patients at initia-
tion of follow-up. The patients were divided into three
groups: with HCC, with malignancies other than

HCC, and without events. There were significant dif-
ferences in several baseline characteristics among the
three groups. The SVR rate was 34.4% (985/2,861) in
IFN monotherapy and 63.5% (915/1,441) in combi-
nation therapy of IFN and ribavirin. Thus, the
number of patients with SVR was 1,900. The mean
follow-up was 8.1 (SD 5.0) years.

Development and Breakdown of Malignancies. As
shown in Table 1, 606 of 4,302 patients developed
malignancies: 393 developed HCC and 213 developed
malignancies other than HCC. HCC accounted for
33.3% (44/132) of malignancies in patients with SVR
and 73.6% (349/474) in patients without SVR. The
breakdown of malignancies other than HCC was as
follows: stomach cancer, 36; colon cancer,
35; lung cancer, n = 20; malignant lymphoma,
19; pancreatic cancer, n = 12; prostatic cancer,
n = 16; breast cancer, n = 15; other cancers, n = 60.

Predictive Factors for the Development of
HCC. The cumulative development rate of HCC was
43% at 5 years, 10.5% at 10 years, 19.7% at 15
years, and 28.0% at 20 years (Fig. 1A). The factors
associated with the development of HCC are shown in
Table 2. Multivariate Cox proportional hazards analysis

n -
n =
n =
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Table 2. Predictive Factors for Development of HCC in Enrolled Patients
Univariate Analysis Cox Regression Analysis

Variable HR (95% C1) P HR (95% CI) P
Age, years (per 10) 1.84 (1.64-2.06) <0.001 1.97 (1.71-2.28) <0.001
Sex, male/female 1.47 (1.18-1.83) <0.001 1.67 (1.24-2.23) 0.001
BMI, >22/<22 1.37 (1.12-1.66) 0.002

T2DM, +/— 2.77 (2.13-3.60) <0.001 1.73 (1.30-2.30) <0.001
Hypertension, +/— 1.32 (1.02-1.71) 0.036

Smoking index, >20/<20* 1.43 (1.14-1.79) 0.002

TAl, kg, >200/<200* 2.13 (1.74-2.61) <0.001 1.45 (1.11-1.88) 0.007
AST, U/, >34/<34 3.00 (2.40-3.89) <0.001

ALT, 1U/L, >36/<36 2.74 (2.16-3.42) <0.001

GGT, IU/L, >109/<109 1.79 (1.19-2.46) 0.039

Albumin, g/dL, <3.9/>3.9 1.92 (1.37-2.55) 0.015

Triglyceride, mg/dL, >100/<100 1.14 (0.94-1.37) 0.179

Cholesterol, mg/dL, <150/>150\ 1.38 (1.10-1.72) 0.004

Platelet count, x10%/mm°, <15/>15) 3.27 (2.56-4.17) <0.001

Histological diagnosis, LC/non-LC 7.09 (5.59-9.01) <0.001 5.01 (3.92-6.40) <0.001
Combination of ribavirin, +/— 0.66 (0.45-0.97) 0.033

Type of IFN, o/f 1.10 (0.85-1.41) 0.474

Total dose of IFN, MU, >500/<500 1.12 (0.91-1.38) 0.291

HCV genotype, %2 1.67 (1.30-2.14) <0.001

HCV-RNA, log IU/mL, >5/<5 1.02 (0.98-1.05) 0.315

Efficacy, non-SVR/SVR 4.78 (3.47-6.59) <0.001 4.93 (3.53-6.89) <0.001

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; GGT, gamma-glutamyl transferase; HDL, high-density

lipoprotein.

*Smoking index is defined as packs per day x year. TAl and smoking index indicate the sum before and after first consultation.

showed that HCC occurred when patients had liver
cirrhosis (hazard ratio [HR], 5.01; 95% confidence
interval [CI], 3.92-6.40; P < 0.001), non-SVR (HR,
4.93; 95% CI, 3.53-6.89; P < 0.001), age increments
of 10 years (HR, 1.97; 95% CI, 1.71-2.28; P <
0.001), T2DM (HR, 1.73; 95% CI, 1.30-2.30; P <
0.001), male sex (HR, 1.67; 95% CI, 1.24-2.23; P =
0.001), and TAI of > 200 kg (HR, 1.45; 95% CI,
1.11-1.88; P = 0.007). Fig. 1B-D and Fig. 2A-C
show the cumulative development rates of HCC based
on difference of IFN efficacy, age, hepatic fibrosis,
TAI, sex, and T2DM. The 10-year cumulative rates of
HCC after IFN therapy was determined to be 7.1% in
3,869 patients with chronic hepatitis and 37.7% in
433 patients with cirrhosis by using the Kaplan-Meier
Method (Fig. 1D). Fig. 2D shows the development
rates of HCC in T2DM patients according to differ-
ence of mean hemoglobin Alc (HbAlc) level during
follow-up. HCC decreased when T2DM patients had
a mean HbAlc level of <7.0% during follow-up (HR,
0.56; 95% CI, 0.33-0.89; P = 0.015). The develop-
ment of HCC was reduced by 44% in T2DM patients
with a mean HbAlc level of <7.0% compared with
those with a mean HbAlc level of >7.0%.

Table 3 shows the development rate of HCC and
risk factors in four groups classified by the difference
of hepatic fibrosis and efficacy of IFN therapy. The de-
velopment rate of HCC per 1,000 person years was

1.55 in patients with chronic hepatitis (CH) at base-
line and SVR (CH+SVR), 18.23 in patients with liver
cirrhosis (LC) at baseline and SVR (LC+SVR), 13.53
in patients with chronic hepatitis at baseline and non-
SVR (CH+non-SVR), and 50.43 in patients with LC
at baseline and non-SVR (LC+non-SVR). The risk of
HCC development in the CH+SVR group was
advanced age, male sex, TAI of >200 kg, and T2DM.
T2DM enhanced the development of HCC with sta-
tistical significance in three groups of CH+SVR,
CH-+non-SVR, and LC+non-SVR.

Predictive Factors for Development of Malignan-
cies Other than HCC. The cumulative development
rate of malignancies other than HCC was 2.4% at 5
years, 5.1% at 10 years, 9.8% at 15 years, and 18.0%
at 20 years (Fig. 3A). The factors associated with the
development of malignancies other than HCC are
shown in Table 4. Malignancies other than HCC
occurred when patients had age increments of 10 years
(HR, 2.19; 95% CI, 1.84-2.62; P < 0.001), smoking
index of >20 (HR, 1.89; 95% CI, 1.41-2.53; P <
0.001), and T2DM (HR, 1.70; 95% CI, 1.14-2.53;
P = 0.008). Fig. 3B-D shows the cumulative develop-
ment rates of malignancies other than HCC based on
difference of age, smoking index, and T2DM. Fig. 3E
shows the risk of malignancies other than HCC in
T2DM patients according to mean HbAlc level dur-
ing follow-up. The HR of HCC development in
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Fig. 2. Cumulative development rate of HCC based on the difference of (A) TAl, (B) sex, (C) diabetic state, and (D) mean HbAlc level during

follow-up in T2DM patients.

patients with mean HbAlc level of <7.0% versus
those with mean HbAlc level of >7.0% was 0.62
(95% CI, 0.31-1.23; P = 0.170). There was no signif-

icant difference in development of malignancies other
than HCC based on the difference of mean HbAlc
level during follow-up. Table 5 shows the impact based

Table 3. Development Rate of HCC Based on Hepatic Fibrosis and Efficacy of IFN Therapy

Variable CH + SVR LC + SVR CH -+ Non-SVR LC + Non-SVR

No. of patients 1,751 149 2,118 284

Age, years 51.7 = 121 56.9 = 9.8 51.5 = 11.7 572 + 9.9

Sex, male/female 1,082/669 91/58 1,190/928 165/119

HbAlc (%, NSPG) 55+ 0.7 58 = 0.8 57 = 0.7 6.1 = 0.8

TAl, kg 86 = 91 104 + 99 97 += 90 129 *+ 102

Patients with T2DM 74 13 133 47

Patients with HCC 22 22 233 116

1,000 person years of HCC 1.55 18.23 13.53 50.43

Age, years (per 10)* 2.60 (1.48-4.58) 1.83 (0.95-3.55) 2.07 (1.75-2.46) 1.09 (0.87-1.37)
P value 0.001 0.070 <0.001 0477

Sex, male/female* 3.42 (1.01-11.63) 3.41 (1.00-11.63) 1.34 (0.99-1.81) 1.93 (1.25-3.00)
P value 0.049 0.050 0.058 0.003

TAl, kg, >200/<200* 2.68 (1.14-6.34) 3.84 (1.83-9.85) 2.21 (1.65-2.95) 1.54 (1.03-2.31)
P value 0.024 0.004 <0.001 0.038

T2DM, +/—* 4.76 (1.60-14.10) 2.48 (0.57-10.86) 2.53 (1.76-3.65) 1.87 (1.16-3.01)
P value 0.005 0.228 <0.001 0.010

Abbreviations: CH -+ Non-SVR, patients with CH at baseline and non-SVR 6 months after IFN therapy; CH + SVR, patients with CH at baseline and SVR 6
months after IFN therapy; LC + Non-SVR, patients with LC at baseline and non-SVR 6 months after IFN therapy; LC + SVR, patients with LC at baseline and SVR

6 months after IFN therapy.

*Hazard ratio (95% confidence interval) and P value by Cox proportional hazards analysis.
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Fig. 3. Cumulative development rate of malignancies other than HCC (A) in total HCV patients treated with IFN therapy and based on the dif-
ference of (B) age, (C) smoking index, (D) diabetic state, and (E) mean HbAlc level during follow-up in T2DM patients.

on three factors of age, smoking index, and T2DM
for the development of each malignancy other than
HCC by using Cox regression analysis. Aging Smoking enhanced lung cancer and colorectal cancer

enhanced carcinogenesis of stomach, colon, lung, pros-
tate, breast, and pancreas with statistical significance.

Table 4. Predictive Factors for Development of Malignancies Other than HCC

Univariate Analysis

Cox-Regression Analysis

Variables HR (95% CI) P HR (95% CI) P
Age, years (per 10) 2.23 (1.88-2.65) < 0.001 2.19 (1.84-2.62) <0.001
Sex, male/female 1.06 (0.79-1.40) 0.759

BMI, >22/<22 0.97 (0.75-1.24) 0.767

T2DM, +/— 2.56 (1.76-3.72) <0.001 1.70 (1.14-2.53) 0.008
Hypertension, -+/— 2.33 (1.70-3.18) <0.001

Smoking index, >20/<20* 2.74 (2.06-3.65) <0.001 1.89 (1.41-2.53) <0.001
TAl, kg, >200/<200* 1.77 (1.33-2.37) <0.001

AST, IU/L, >34/<34 0.89 (0.65-1.20) 0.412

ALT, 1U/L, >36/<36 0.98 (0.72-1.34) 0.891

GGT, 1U/L, >109/<109 1.26 (0.79-2.01) 0.350

Albumin, g/dL, <3.9/>3.9 1.41 (0.90-2.04) 0.145

Triglyceride, mg/dL, >100/<100 1.28 (1.03-1.60) 0.030

Total cholesterol, mg/dL, <150/>150 1.10 (0.82-1.46) 0.548

Platelet count, x 10%/mm®, <15/>15 1.39 (1.02-1.91) 0.038

Histological diagnosis, LC/non-LC 1.77 (1.13-2.75) 0.012

Combination of ribavirin, +/— 0.66 (0.44-0.97) 0.034

Type of IFN, o/B 1.05 (0.75-1.47) 0.789

Total dose of IFN, MU, >500/<500 1.31 (0.96-1.77) 0.084

HCV genotype, % 1.30 (0.80-2.93) 0.432

HCV RNA, log IU/mL, >5/<5 0.89 (0.50-1.23) 0.612

Efficacy, non-SVR/SVR 0.85 (0.64-1.12) 0.232

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; GGT, gamma-glutamy! transferase.
*Smoking index is defined as packs per day x year. TAl and smoking index indicate the sum before and after first consultation.
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Table 5. Impact Based on Age, Smoking Index, and Diabetes for Development of Malignancies Other than HCC
Age, Years {per 10) Smoking Index, »20/-20 Diabetes, +/—

Malignancy HR (95% C1) P HR (95% CI) P HR (95% CI) P

Gastric cancer (n = 36) 2.48 (1.62-3.78) <0.001 1.69 (0.83-3.43) 0.146 2.29 (0.95-5.52) 0.065
Colorectal cancer (n = 35) 1.91 (1.28-2.86) 0.002 2.27 (1.13-4.58) 0.022 1.78 (0.68-4.66) 0.240
Lung cancer (n = 20) 2.33 (1.35-4.01) 0.002 2.90 (1.25-6.74) 0.013 1.53 (0.45-5.24) 0.496
Prostatic cancer (n = 16) 2.84 (1.32-6.13) 0.008 1.89 (0.88-3.15) 0.266 0.71 (0.09-5.47) 0.735
Breast cancer (n = 15) 2.86 (1.30-6.29) 0.009 1.29 (0.17-10.19) 0.808 1.20 (0.16-9.39) 0.859
Malignant lymphoma (n = 19) 2.21 (1.26-3.88) 0.006 1.25 (0.44-3.56) 0.671 1.39 (0.32-6.12) 0.663
Pancreatic cancer (n = 12) 3.32 (1.44-7.65) 0.005 1.41 (0.45-4.82) 0.578 3.75 (1.02-13.88) 0.046

with statistical ~significance. In addition, T2DM
enhanced the pancreatic cancer with statistical signifi-
cance and tended to enhance the gastric cancer.

Discussion

This study describes the development incidence of
HCC or malignancies other than HCC after the ter-
mination of IFN therapy in HCV patients. Patients at
Toranomon Hospital comprised mainly government
employees, office workers, and business persons. Most
patients were regularly recommended to undergo an-
nual multiphasic health screening examinations. In the
present study, patients who had undergone annual
muldiphasic  health  screening  examinations were
enrolled. The strengths of the present study are a pro-
longed follow-up in the large numbers of patients
included.

The present study shows several findings with regard
to the development incidence and predictive factors
for total malignancies after IFN therapy for HCV
patients. First, the 10-year cumulative rates of HCC
after IFN therapy was determined to be 7.1% in
3,869 patients with chronic hepatitis and 37.7% in
433 patients with cirrhosis using the Kaplan-Meier
method. Our previous studies showed via retrospective
analysis that the 10-year cumulative rates of HCC
were 12.4% for 456 patients with chronic hepatitis
and 53.2% for 349 patients with cirrhosis.”*?
Although patient selection bias for IFN treatment ver-
sus no treatment had been noted in the previous stud-
ies, the results suggest the possibility that IFN therapy
reduces the development of HCC in HCV patients.
Several historical data in Japan suggest that IFN ther-
apy reduces the development of HCC in HCV
patie:nts.M‘26

Second, HCC occurred with statistical significance
when the following characteristics were present: non-
SVR, advanced age, cirrhosis, TAI of >200 kg, male
sex, and T2DM. T2DM caused a 1.73-fold enhance-
ment in HCC development. Several authors have

reported an increased risk of HCC among patients
with the following characteristics: non-SVR, cirrhosis,
male sex, advanced age, and T2DM.?*?8 Our results
show that physicians in charge of aged male patients
with non-SVR, advanced fibrosis, TAI of >200 kg,
and T2DM should pay attention to the development
of HCC after IFN therapy. In addition, maintaining a
mean HbAlc level of <7.0% during follow-up
reduced the development of HCC. This result indi-.
cates that stringent control of T2DM is important for
protecting the development of HCC.

Third, the development rate of HCC per 1,000 per-
son years was about 1.55 in 1,751 patients with
chronic hepatitis at baseline and SVR. In these
patients, the risk factors associated with HCC were
advanced age, male sex, TAI, and T2DM. We com-
pared the HCC development rate in patients with
chronic hepatitis at baseline and SVR to the general
population. A total of 5,253 individuals without HCV
antibody and hepatitis B surface antigen, who under-
went annual multiphasic health screening examinations
in our hospital were evaluated as controls. Individuals
with either of the following criteria were excluded: (1)
illness that could seriously reduce their life expectancy
or (2) history of carcinogenesis. They were selected by
matching 3:1 with patients who had chronic hepatitis
at baseline and SVR for age, sex, T2DM, and follow-
up periods. In control individuals, the mean age was
51.7 years; the prevalence (number) of male patients
was 61.8% (3,246); the prevalence (number) of
T2DM patients was 4.2% (222); the mean follow-up
period was 8.0 years. The number of development of
HCC in control individuals was only five. This result
suggests that the development rate of HCC in patients
with chronic hepatitis at baseline and SVR is higher
than that in the general population.

Fourth, HCC accounted for 33.3% in SVR patients
and 73.6% in non-SVR patients. According to
Matsuda et al.,”’ the outbreak of malignancies in the
Japanese male population was observed in the follow-
ing order in 2005: gastric cancer 20.4% > colon
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cancer 16.0% > lung cancer 15.4% > prostate cancer
10.9% > HCC 7.4%. On the other hand, the out-
break of malignancies in the Japanese female popula-
tion was observed in the following order in 2005:
breast cancer 18.0% > colon cancer 16.2% > gastric
cancer 13.6% > lung cancer 9.3% > uterine cancer
6.8%. Our results show that HCC is the most com-
mon cause of malignancy, not only in the non-SVR
group but also in the SVR group.

Finally, malignancies other than HCC occurred
with statistical significance when patients were of
advanced age, were smokers, and had T2DM. Our
result indicates that smoking enhances lung cancer and
colorectal cancer. Many authors have reported that
smoking is a direct cause of cancers of the oral cavity,
esophagus, stomach, pancreas, larynx, lung, bladder,
kidney, and colon.®®3! In addition, the present study
indicates that T2DM enhances pancreatic cancer with
statistical significance and tends to enhance gastric can-
cer. T2DM showed up to about 1.7-fold increase in
development of malignancies other than HCC. A
recent meta-analysis of cohort studies have revealed
that diabetic patients increase risk of pancreatic cancer,
HCC, bladder cancer, non-Hodgkin’s lymphoma, colo-
rectal cancer, and breast cancer.>*>’

Although the role of T2DM in carcinogenesis
remains speculative, the following possible mechanisms
have been reported: (1) hyperglycemia increases
malignancy risk via increasing oxidative stress and/or
activating the rennin-angiotensin systern40; (2) insulin
resistance malignancy risk via down-
regulation of serine/threonine kinase II to adenosine
monophosphate—activated protein kinase pathway*';
(3) reduced insulin secretion increases malignancy risk
via down-regulation of sterol regulatory element-
binding protein-1c with consequent up-regulation of
insulin-like growth factor.*?

T2DM is increasing dramatically worldwide over
the past decades.® It is estimated that about 7 million
people are affected by diabetes mellitus in Japan.
Approximately 8%-10% of adults in Japan have
T2DM. The risk factors associated with T2DM
include family history, age, sex, obesity, smoking, phys-
ical activity, and HCV.*® In the near future, T2DM
will be increasing in HCV-positive patients.

This study is limited in that it was a retrospective
cohort trial. Another limitation is that patients were
treated with different types of antivirus therapy for dif-
ferent durations. In addition, T2DM patients were
treated with different types of drugs during follow-up.
Finally, our cohort contains Japanese subjects only. On
the other hand, the strengths of the present study are a

increases

HEPATOLOGY, March 2013

long-term follow-up in the large numbers of patients
included.

In conclusion, T2DM causes an approximately 1.7-
fold enhancement in the development of HCC and
malignancies other than HCC after IFN therapy.
Additionally, in T2DM patients, maintaining a mean
HbAlc level of <7.0% during follow-up reduced the
development of HCC.

Acknowledgment:  We thanks Thomas Hughes for

editorial assistance.
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Complicated Relationships of Amino Acid Substitution
in Hepatitis C Virus Core Region and IL28B Genotype
Influencing Hepatocarcinogenesis

Norio Akuta,' Fumitaka Suzuki," Yuya Seko,' Yusuke Kawamura,' Hitomi Sezaki," Yoshiyuki Suzuki,'
Tetsuya Hosaka,' Masahiro Kobayashi," Tasuku Hara," Mariko Kobayashi,” Satoshi Saitoh," Yasuji Arase,"

Kenji Tkeda," and Hiromitsu Kumada'

The impact of amino acid (aa) 70 substitution in the core region on hepatocarcinogenesis
and survival for liver-related death in patients of hepatitis C virus (HCV) genotype 1b
(HCV-1b), who had not received antiviral therapy, is unknown. The relationships among
aa 70 substitution, IL28B genotype, and hepatocarcinogenesis are also not clear. A total of
1,181 consecutive HCV-infected patients, who had not received antiviral therapy, were
included in a follow-up study to determine predictive factors of hepatocarcinogenesis and
survival for liver-related death. The cumulative hepatocarcinogenesis rates in HCV-1b of
GlIn70(His70) (glutamine (histidine) at aa 70) were significantly higher than those in
HCV-1b of Arg70 (arginine at aa 70) and HCV-2a/2b. The cumulative survival rates for
liver-related death in HCV-1b of GIn70(His70) were significantly lower than those in
HCV-1b of Arg70 and HCV-2a/2b. Multivariate analysis identified gender (male), age
(>60 years), albumin (<3.9 g/dL), platelet count (<15.0 X 10*/mm?), aspartate amino-
transferase (>67 IU/L), and HCV subgroup (HCV-1b of GIn70(His70)) as determinants
of both hepatocarcinogenesis and survival rates for liver-related death. In HCV-1b
patients, the cumulative change rates from Arg70 to GIn70(His70) by direct sequencing
were significantly higher than those from Gln70(His70) to Arg70. In patients of Arg70 at
the initial visit, the cumulative change rates from Arg70 to GIn70(His70) in /L28B
rs8099917 non-TT genotype were significantly higher than those in the TT genotype.
Conclusion: Substitution of aa 70 in the core region of HCV-1b is an important predictor
of hepatocarcinogenesis and survival for liver-related death in HCV patients who had not
received antiviral therapy. The IL28B genotype might partly affect changes over time of

dominant amino acid in core aa 70 of HCV-1b. (HeratoLoGY 2012556:2134-2141)

epatitis C virus (HCV) usually causes chronic
Hinfection that can result in chronic hepatitis,
liver cirrhosis, and hepatocellular carcinoma
(HCC).'? At present, treatments based on interferon
(IFN), in combination with ribavirin, are the mainstay
for combating HCV infection. In Japan, HCV geno-
type 1b (HCV-1b) and high viral loads account for
more than 70% of HCV infections, making it difficult
to treat patients with chronic hepatitis C.>
Despite numerous lines of epidemiologic evidence
connecting HCV infection and the development of

HCC, it remains controversial whether HCV itself
plays a direct role or an indirect role in the pathogene-
sis of HCC.* It has become evident that HCV core
region has oncogenic potential through the use of
transgenic mice, but the clinical impact of the core
region on hepatocarcinogenesis is still unclear.” Previ-
ous reports indicated that amino acid (aa) substitutions
at position 70 in the HCV core region of patients
infected with HCV-1b are pretreatment predictors of
poor virological response to pegylated IFN (PEG-
IFN)/ribavirin combination therapy and triple therapy

Abbreviations: aa, amino acid; ALT, alanine aminotransferase; AST, aspartate aminotransferase; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; PEG/

IFN, pegylated interferon.
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of telaprevit/PEG-IFN/ribavirin,®” and also affects
hepatocarcinogenesis.'”'? These reports support the
findings of oncogenic potential by core region from
the clinical aspect. However, its impact on hepatocarci-
nogenesis and survival for liver-related death in
patients of HCV-1b who had not received antiviral
therapy is still unknown.

The IL28B genotype is a poor predictor of virologi-
cal response to PEG-IFN/ribavirin combination ther-
apy and wiple therapy of telaprevir/PEG-IFN/riba-
virin?'"7 and is reported to be associated with HCC,
although its impact on HCC is controversial.'®*" Fur-
thermore, treatment-resistant substitution of core aa
70 (glutamine/histidine at aa 70 (Gln70/His70)),
which might affect hepatocarcinogenesis, was signifi-
cantly more frequent in patients with treatment-resist-
ant genotype (non-TT) than -sensitive genotype (TT)
at IL28B rs8099917.%"*% Thus, the significant linkage
between substitution of aa 70 and /L28B genotype
had been shown, but it is not clarified whether the ex-
istence of a complex interaction between the virus and
host might affect hepatocarcinogenesis.

The present study included 1,181
HCV-infected patients who had not received antiviral
therapy. The aims of the study were: (1) To evaluate
the impact of aa substitutions in the core region of
HCV-1b on hepatocarcinogenesis and survival for
liver-related death; and (2) To investigate the associa-
tion of [L28B genotype and time-dependent aa
changes in the core region of HCV-1b.

consecutive

Patients and Methods

Patients. Among 2,799 consecutive HCV-infected
patients in whom antiviral therapy (IFN monotherapy
or IEN plus ribavirin combination therapy) was not
induced between December 1962 and November 2010
at Toranomon Hospital, 1,181 were selected in the
present study based on the following criteria. (1) Posi-
tive for anti-HCV (third-generation enzyme immunoas-
say, Chiron, Emerville, CA) and positive for HCV
RNA (nested polymerase chain reaction [PCR]), at the
initial visit. (2) Patients without HCC at the initial
visit. (3) Patients infected with single genotype of

AKUTA ET AL. 2135

Table 1. Profiles and laboratory data at the initial visit of
1,181 patients infected with HCV, who had net received
antiviral therapy

Demographic data

Number of patients 1,181
Sex (male/female) 608/573
Age (years)* 60 (20-93)

526 (49.2%)
201 (20.3%)
110 (10.8%)

History of blood transfusion

Family history of liver disease

Lifetime cumulative alcohol intake (>500 kg)
Laboratory data*

Total bilirubin (mg/dl) 0.7(0.1-20.0)
Aspartate aminotransferase (1U/1) 71 (13-1,052)
Alanine aminotransferase (1U/1) 88 (4-1,210)
Albumin (g/dl) 4.1 (1.0-5.5)

Hemoglobin (g/dl)
Platelet count (% 10%/mm?)
HCV genotype (Ib / 2a or 2b)
Levels of viremia (high viral load)

Amino acid substitutions in the HCV genotype Ib
Core aa 70 (argjnine / glutamine (histidine))
Core aa 91 (leucine / methionine)

14.0 (7.8-18.0)
153 (2.6-52.9)
7507431
757 (74.4%)

431/319
482/268

Data are number and percentages of patients, except those denoted by *,
which represent the median (range) values.

HCV-1b, 2a, or 2b. (4) In HCV-1b, patients analyzed
aa substitutions of the core region by direct sequencing,
one or more times from the initial visit. (5) Patients
negative for hepatitis B surface antigen (radioimmunoas-
say, Dainabot, Tokyo, Japan). (6) Patients free of coin-
fection with human immunodeficiency virus. (7)
Patients free of other types of chronic liver disease,
including hemochromatosis, Wilson’s disease, primary
biliary cirrhosis, alcoholic liver disease, autoimmune
liver disease, inherited liver disease including alpha-1
antitrypsin  deficiency, and hepatic venous outflow
block. (8) Patients who consented to the study.

Table 1 summarizes the profiles and laboratory data
at the inidal visit of 1,181 patients infected with HCV
who had not received antiviral therapy. They did not
receive antiviral therapy based on concerns about adverse
effects, lack of time for treatment, physician recommen-
dation based on the appearance of depression and car-
diopulmonary disease, lower levels of aspartate amino-
transferase (AST) / alanine aminotransferase (ALT), or
elderly patients. They included 608 males and 573
females, aged 20 to 93 years (median, 60 years). The
median follow-up time from the initial visit until death
or until the last visit was 9.0 years (range, 0.0-37.7
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years). The study protocol was approved by the Human
Ethics Review Committee of the institution.

Laboratory Investigations. Blood samples were fro-
zen at —80°C within 4 hours of collection and were
not thawed until used for testing. Ant-HCV, HCV
RNA, HCV genotype, and aa substitutions of the
HCV-1b core region were assayed using stored frozen
sera. HCV genotype was determined by PCR using a
mixed primer set derived from nucleotide sequences of
the NS5 region.?* HCV RNA quantitative analysis
was measured by branched DNA assay v. 2.0 (Chiron),
AMPLICOR GT HCV Monitor v. 2.0 using the 10-
fold dilution method (Roche Molecular Systems, Pleas-
anton, CA), or COBAS TagMan HCV test (Roche
Diagnostics, Tokyo, Japan). High viral load of viremia
levels was defined as branched DNA assay >1.0 Meq/
mL, AMPLICOR GT HCV Monitor >100 x 10’
IU/mL, or COBAS TagMan HCV test >5.0 log IU/mL.
Low viral load was defined as branched DNA assay
<1.0 Meqg/mL, AMPLICOR GT HCV Monitor
<100 x 10° IU/mL, or COBAS TagMan HCV test
<5.0 log IU/mL.

Detection of Amino Acid Substitutions in Core
Regions of HCV-1b. In the present study, aa substitu-
tions of the core region of HCV-1b were analyzed by
direct sequencing. HCV RNA was extracted from se-
rum samples and reverse transcribed with random
primer and MMLYV reverse transcriptase (Takara Syuzo,
Tokyo, Japan). Nucleic acids of the core region were
amplified by nested PCR using the following primers.
The first-round PCR was performed with CE1 (sense,
5.GTC TGC GGA ACC GGT GAG TA-3, nucleo-
tides: 134-153) and CE2 (antisense, 5'-GAC GTG
GCG TCG TAT TGT CG-3', nucleotides: 1096-
1115) primers, and the second-round PCR with CC9
(sense, 5-ACT GCT AGC CGA GTA GTG TT-3/,
nucleotides: 234-253) and CEG6 (antisense, 5-GGA
GCA GTC GTT CGT GAC AT-3’, nucleotides: 934-
953) primers. All samples were initally denatured at
95°C for 2 minutes. The 35 cycles of amplification
were set as follows: denaturation for 30 seconds at
95°C, annealing of primers for 30 seconds at 55°C,
and extension for 1 minute at 72°C with an additional
7 minutes for extension. Then 1 uL of the first PCR
product was transferred to the second PCR reaction.
Other conditions for the second PCR were the same
as the first PCR, except that the second PCR primers
were used instead of the first PCR primers. The ampli-
fied PCR products were purified by the QIA quick
PCR purification kit (Qiagen, Tokyo, Japan) after aga-
rose gel electrophoresis and then used for direct
sequencing. Dideoxynucleotide termination sequencing
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was performed with the Big Dye Deoxy Terminator
Cycle Sequencing kit (Perkin-Elmer, Tokyo, Japan).

With the use of HCV-] (accession no. D90208) as
a reference,” the dominant sequence of 1-191 aa in
the core protein of HCV-1b was determined by direct
sequencing and then compared with the consensus
sequence constructed on 50 clinical samples to detect
substitutions at aa 70 of arginine (Arg70) or gluta-
mine/histidine (Gln70/His70) and aa 91 of leucine
(Leu91) or methionine (Met91).° Especially, patients
were classified into three HCV subgroups according to
HCV genotype in combination with aa substitutions
in HCV-1b core region (HCV-1b of Arg70, HCV-1b
of GIn70(His70), and HCV-2a/2b).

Determination of IL28B Genotype. IL28B rs8099917
was genotyped by the Invader assay, TagMan assay,
or direct sequencing, as described.?*

Follow-Up and Diagnosis of HCC. Follow-up of
patients was made on a monthly to trimonthly basis
after the initial visit. Imaging diagnosis was made one
or more times per year with ultrasonography, com-
puted tomography, or magnetic resonance imaging.
During this time, liver-related death, which included
HCC, cholangiocellular carcinoma, liver failure, or
esophageal variceal bleeding, was also evaluated.

Statistical Analysis. The cumulative rates of hepa-
tocarcinogenesis, survival for liver-related death, and
amino acid changes in the core region were calculated
using the Kaplan-Meier technique; differences between
the curves were tested using the log-rank test. Statisti-
cal analyses of hepatocarcinogenesis, survival, and
amino acid changes, according to groups, were calcu-
lated using the period from the initial visit. Stepwise
Cox regression analysis was used to determine inde-
pendent predictive factors that were associated with
hepatocarcinogenesis and survival for liver-related
death. The hazard ratio (HR) and 95% confidence
interval (95% CI) was also calculated. Potential predic-
tive factors associated with hepatocarcinogenesis and
survival for liver-related death included the variables:
sex, age, history of blood transfusion, family history of
liver disease, lifetime cumulative alcohol intake, total
bilirubin, AST, ALT, albumin, hemoglobin, platelet
count, levels of viremia, and HCV subgroup according
to HCV genotype in combination with aa substitution
in core region. Variables that achieved statistical signifi-
cance (P < 0.05) on univariate analysis were tested by
multivariate Cox proportional hazard model to identify
significant independent factors. Statistical comparisons
were performed using the SPSS software (Chicago,
IL). P < 0.05 by the two-tailed test were considered
significant.
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Fig. 1. Cumulative hepatocarcinogenesis rates according to HCV ge-
notype in combination with amino acid substitutions in core region of
HCV-1b. The rates were significantly different among the three HCV
subgroups (P < 0.001; log-rank test). Especially, the rates in HCV-1b
of GIn70(His70) were significantly higher than those in HCV-1b of
Arg70 (P = 0.028; log-rank test) and HCV-2a/2b (P < 0.001; log-
rank test), and the rates in HCV-1b of Arg70 were also significantly
higher than those in HCV-2a/2b (P < 0.001; log-rank test).

Results

Hepatocarcinogenesis Rates and Survival Rates for
Liver-Related Death in Patients Infected With HCV
Who Had Not Received Antiviral Therapy. During
the follow-up, 413 patients (35.0%) developed HCC.
The cumulative hepatocarcinogenesis rates were 16.3,
34.3, 48.3, 58.7, and 69.1% at the end of 5, 10, 15,
20, and 25 years, respectively. The median interval
between the initial visit and detection of HCC was 6.2
years (range, 0.1-31.7 years).

During the follow-up period, 243 patients (20.6%)
died due to liver-related causes, and 97 of 243
(90.5%) developed HCC. The cumulative survival
rates for liver-related death were 96.2, 84.8, 68.9,
55.0, and 46.1% at the end of 5, 10, 15, 20, and 25
years, respectively. The median interval between the
initial visit and liver-related death was 10.1 years
(range, 0.4-35.8 years).

Hepatocarcinogenesis Rates and Survival Rates
Jor Liver-Related Death According to HCV Genotype
in Combination with Amino Acid Substitutions in
Core Region of HCV-1b. During the follow-up, 163
patients (51.3%), 175 (41.2%), and 75 (17.6%) devel-
oped HCC in HCV-1b of GIn70(His70), HCV-1b of
Arg70, and HCV-2a/2b, respectively. In HCV-1b of
GIn70(His70), HCV-1b of Arg70, and HCV-2a/2b,
the cumulative hepatocarcinogenesis rates were 21.7,
19.3, 8.0% at the end of 5 years; 44.4, 39.4, 18.2% at
the end of 10 years; 60.4, 52.7, 29.1% at the end of
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15 years; 71.6, 60.3, 43.1% at the end of 20 years;
and 87.1, 69.8, 46.9% at the end of 25 years, respec-
tively. The rates were significantly different among the
three HCV subgroups (P < 0.001) (Fig. 1). Especially,
the rates in HCV-1b of GIn70(His70) were signifi-
cantly higher than those in HCV-1b of Arg70 (P =
0.028) and HCV-2a/2b (P < 0.001), and the rates in
HCV-1b of Arg70 were also significantly higher than
those in FHCV-2a/2b (P < 0.001).

During the follow-up, 104 patients (34.4%), 97
(23.4%), and 42 (10.0%) died due to liver-related
causes in HCV-1b of GIn70(His70), HCV-1b of
Arg70, and HCV-2a/2b, respectively. In HCV-1b of
GlIn70(His70), HCV-1b of Arg70, and HCV-2a/2b,
the cumulative survival rates for liver-related death
were 95.2, 954, 97.9% at the end of 5 years; 77.7,
83.3, 93.9% at the end of 10 years; 58.4, 68.4, 81.2%
at the end of 15 years; 39.3, 58.4, 69.0% at the end
of 20 years; and 33.8, 47.5, 59.5% at the end of 25
years, respectively. The rates were significantly different
among the three HCV subgroups (P < 0.001) (Fig.
2). Especially, the rates in HCV-1b of Gln70(His70)
were significantly lower than those in HCV-1b of
Arg70 (P = 0.016) and HCV-2a/2b (P < 0.001), and
the rates in HCV-1b of Arg70 were also significantly
lower than those in HCV-2a/2b (P < 0.001).

Predictive Factors Associated with Hepatocarcino-
genesis and Survival for Liver-Related Death in
Patients Infected with HCV Who Had Not Received
Antiviral Therapy. The data for the whole population
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Fig. 2. Cumulative survival rates for liver-related death according to
HCV genotype in combination with amino acid substitutions in the
core region of HCV-1b. The rates were significantly different among the
three HCV subgroups (P < 0.001; log-rank test). Especially, the rates
in HCV-1b of GIn70(His70) were significantly lower than those in HCV-
1b of Arg70 (P = 0.016; log-rank test) and HCV-2a/2b (P < 0.001;
log-rank test), and the rates in HCV-1b of Arg70 were also significantly
lower than those in HCV-2a/2b (P < 0.001; log-rank test).
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Table 2. Factors associated with hepatocarcinogenesis in
patients infected with HCV, who had not received antiviral
therapy, identified bymultivariate analysis

Hazard ratio
(95% confidence

[Factors] [Category] interval) P
Gender 1: female 1
2: male 1.78 (1.44-2.21) <0.001
Age (years) 1:<60 1
2:>60 1.68 (1.35-2.09) <0.001
Albumin (g/dl) 1: >3.9 1
2: <39 1.94 (1.55-2.42) <0.001
Platelet count 1: >15.0 1
(x 10%/mm?)
2:<15.0 2.89 (2.25-3.72) <0.001
Aspartate 1:<67 1
aminotransferase
()]
2:>67 1.92 (1.47-2.52)

<0.001
HCV subgroup 1: HCV-2a/2b 1 :
2: HCV-1b with Arg70 1.91 (1.42-2.55)

3: HCV-1b with GIn70(His70) 1.94 (1.45-2.61)

<0.001
<0.001

Cox proportional hazard model

sample were analyzed to determine those factors that
could predict hepatocarcinogenesis and survival for
liver-related death.

Univariate analysis identified eight parameters that
significantly  correlated with hepatocarcinogenesis.
These included gender (male; P < 0.001), age (>60
years; P < 0.001), total bilirubin (>1.2 mg/dL; P <
0.001), AST (>67 IU/L; P < 0.001), ALT (>85 IU/
L; P < 0.001), platelet count (<15.0 X 104/mm?>; P
< 0.001), albumin (<3.9 g/dL; P < 0.001), and life-
time cumulative alcohol intake (>500 kg; P = 0.025).
Furthermore, the rates in HCV-1b of Gla70(His70)
were significantly higher than those in HCV-1b of
Arg70 (P = 0.028) and HCV-2a/2b (P < 0.001).
These factors were entered into multivariate analysis,
which then identified six parameters that significantly
influenced hepatocarcinogenesis independently: gender
(male; HR 1.78, P < 0.001), age (>60 years; HR
1.68, P < 0.001), albumin (<3.9 g/dL; HR 1.94, P
< 0.001), platelet count (<15.0 x 104/mm3;, HR
2.89, P < 0.001), AST (>67 IU/L; HR 1.92, P <
0.001), and HCV  subgroup (HCV-1b of
Gln70(His70); HR 1.94, P = 0.001) (Table 2).

Univariate analysis identified seven parameters that
significantly correlated with survival for liver-related
death. These included gender (male; P < 0.001), age
(>60 years; P < 0.001), total bilirubin (>1.2 mg/dL;
P < 0.001), AST (>67 TU/L; P < 0.001), ALT (>85
IU/L; P < 0.001), platelet count (<15.0 X 10%/mm?>;
P < 0.001), and albumin (<3.9 g/dL; P < 0.001).
Furthermore, the rates in HCV-1b of GIn70(His70)
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were significantly lower than those in HCV-1b of
Arg70 (P = 0.016) and HCV-2a/2b (P < 0.001).
These factors were entered into multivariate analysis,
which then identified six parameters that significantly
influenced survival for liver-related death independ-
ently: gender (male; HR 1.91, P < 0.001), age (=60
years; HR 1.61, P = 0.001), albumin (<3.9 g/dL;
HR 2.49, P < 0.001), platelet count (<15.0 x 10%
mm?’ HR 3.69, P < 0.001), AST (>67 IU/L; HR
4.16, P < 0.001), and HCV subgroup (HCV-1b of
Gln70(His70); HR 2.16, P < 0.001) (Table 3).

IL28B Genotype and Time-Dependent Amino
Acid Changes in Core Region of HCV-1b. Among
1,181 patients, 359 could be evaluated for changes
over time of dominant amino acid by direct sequenc-
ing in core aa 70 of HCV-1b. Furthermore, among
359 patients, 142 could also be analyzed for the rela-
tionship between [L28B 158099917 genotype and
time-dependent changes of core aa 70.

In 199 patients of Arg70 at the inidal visit, 34
patients  (17.1%)  changed from Arg70 to
GIn70(His70) during the follow-up. Inversely, in 160
patients of GIn70(His70) at the initial visit, eight
patients (5.0%) changed from Gln70(His70) to Arg70
during the follow-up. In change from Arg70 to
GIn70(His70), and change from GIn70(His70) to
Arg70, the cumulative change rates were 3.0, 0% at
the end of 5 years; 16.8, 5.8% at the end of 10 years;
27.4, 11.5% at the end of 15 years; and 38.9, 16.7%
at the end of 20 years, respectively. The cumulative
change rates from Arg70 to Gln70(His70) were signifi-
cantly higher than those from GIn70(His70) to Arg70
(P = 0.002).

In 78 patients of Arg70 and TT genotype at the ini-
tial visit, nine (11.5%) changed from Arg70 to
GIn70(His70) during the follow-up. In 11 patients of
Arg70 and non-TT genotype at the initial visit, seven
(63.6%) changed from Arg70 to Gln70(His70) during
the follow-up. In TT and non-TT genotype, the cu-
mulative change rates were 0, 9.1% at the end of 5
years; 3.2, 65.4% at the end of 10 years; 14.8, 65.4%
at the end of 15 years; and 29.0, 65.4% at the end of
20 years, respectively. The cumulative change rates in
non-TT genotype were significantly higher than those
in TT genotype (P < 0.001) (Fig. 3A).

In 30 patients of GIn70(His70) and TT genotype at
the initial visit, three patients (10.0%) changed from
GlIn70(His70) to Arg70 during the follow-up. In 23
patients of GIn70(His70) and non-TT genotype at the
initial visit, no patients changed from GIn70(His70)
to Arg70 during the follow-up. In TT and non-TT

genotype, the cumulative change rates were 0, 0% at
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Table 3. Factors associated with survival for liver-related
death in patients infected with HCV, who had not received
antiviral therapy, identified by multivariate analysis

Hazard ratio
(95% confidence
[Factors] [Category] interval) P
Gender 1: female 1
2: male 1.91 (1.45-252) <0.001
Age (years) 1:<260 1
2:260 1.61 (1.21-2,12) 0,001
Albumin (g/d!) 1:2»3,9 1
2:<3.9 2.49 (1.87-3.31) <0.001
Platelet count 1:>15.0 1
(x 10%/mm?)
2:<15.0 3.69 (2.65-5.13) <0.001
Aspartate 1:<67 1
aminotransferase
(17
2:>67 4.16 (2.43-7.11) <0.001
HCV subgroup 1: HCV-2a/2b 1
2: HCY-1b with Arg70 1.83 (1.25-2.68)  0.002
3: HCV-1b with GIn70(His70) 2.16 (1.48-3.16) <0.001

Cox proportional hazard model

the end of 5 years; 9.1, 0% at the end of 10 years;
20.5, 0% at the end of 15 years; and 20.5, 0% at the
end of 20 years, respectively. The cumulative change
rates in T'T genotype were not significantly higher than
those in non-TT genotype (P = 0.114) (Fig. 3B).

Discussion

This is the first report to indicate that aa substitu-
tion in the core region might affect hepatocarcinogene-
sis and survival for liver-related death in HCV patients
who had not received antiviral therapy. The treatment-
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resistant mechanism and oncogenic potential of HCV
core region are still unclear. Moriishi et al.*®* showed
that a knockout of the PA28y gene induces the accu-
mulation of HCV core protein in the nucleus of hepa-
tocytes of HCV core gene transgenic mice and disrupts
development of both hepatic steatosis and HCC. Hu
et al."” indicated that the point-mutations of the core
gene, including core aa 70 and aa 91, might change
the secondary structure of not only RNA but also pro-
tein. As a result, the functions of both RNA and pro-
tein of the core region, such as an interaction with
other DNA/RNA or proteins, might change and lead
to hepatocarcinogenesis. Funaoka et al.>® recentdy
reported that treatment-resistant substitutions of core
aa 70 and aa 91 (GIn70/His70 and Met91) were re-
sistant to interferon 7z vitro, and the resistance might
be induced by interleukin 6-induced upregulation of
SOCS3. Further studies should be performed to inves-
tigate the treatment-resistant mechanism and onco-
genic potential of aa substitution in the core region.
The association between HCV genotype and the
risk of HCC is not clear. A previous report indicated
that hepatocarcinogenesis rates in patients infected
with HCV-1b were significantly higher than those in
patients infected with HCV-2a/2¢, based on an ltalian
cohort,” and this finding might be partly explained
by distribution of HCV-1b of Arg70 or Gln70(His70).
In fact, the hepatocarcinogenesis rates in HCV-1b of
GIn70(His70) were significantly higher than those in
HCV-1b of Arg70 and HCV-2a/2b in the present
study based on a Japanese cohort. The present study is
the first report to indicate that substitution of aa 70 in

W

=100

& Log rank test; P=0.114

e

s 80

2

<

'0

S 60

o

3

£

i=]

& 40

£ TT

° (n=30)

Z 20

=

£ nonTT

5 0 (n=23)
5 10 15 20 25

Years

Fig. 3. Changes over time of dominant amino acid by direct sequencing in core aa 70 of HCV-1b, according to /L28B rs8099917 genotype.
(A) In HCV-1b patients of Arg70 at the initial visit, cumulative change rates from Arg70 to GIn70(His70) during follow-up. The rates in non-TT ge-
notype were significantly higher than those in TT genotype (P < 0.001; log-rank test). (B) In HCV-1b patients of GIn70(His70) at the initial visit,
cumulative change rates from GIn70(His70) to Arg70 during follow-up. The rates in TT genotype were not significantly higher than those in non-TT

genotype (P = 0.114; log-rank test).
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the core region of HCV-1b is not only an important
predictor of hepatocarcinogenesis, but also of survival
for liver-related death in HCV patients who had not
received antiviral therapy. The reason for the higher
rates of liver-related death in  HCV-1b  of
Gln70(His70) might be due to the higher rates of
HCC. In conclusion, reducing the risk of hepatocarci-
nogenesis by HCV RNA eradication and/or ALT nor-
malization by antiviral therapy should be recom-
mended, especially in HCV-1b of GIn70(His70) as a
high-risk group for hepatocarcinogenesis.””

The significant linkage between substitution of aa
70 and IL28B genotype had been shown,”'? bur the
mechanism of complex interaction between the virus
and host is not clear. In the present study, the cumula-
tive change rates from Arg70 to Gln70(His70) were
significantly higher than those from Gln70(His70) to
Arg70. Especiall, the rates from Arg70 to
Gln70(His70) in IL28B rs8099917 non-TT genotype
were significantly higher than those in TT genotype.
Although the molecular mechanisms of their relation-
ship remain unknown, it could be speculated that
IL28B genotype has an influence on the time-depend-
ent changes of core aa 70, and refractory factors for
treatment might accumulate in HCV-1b patients with
non-TT. Hence, elucidating the relationship between
substitution of aa 70 and /L28B genotype is an impor-
tant step in understanding the mechanism of HCV
treatment-resistance and disease progression.

The impact of IL28B genotype on hepatocarcino-
genesis is controversial."®2! In this study, the effect of
IL28B 18099917 genotype on HCC was assessed in
515 of 2,799 consecutive HCV-infected patients who
had not received antiviral therapy. Interestingly, the
cumulative hepatocarcinogenesis rates in TT of the
treatment-sensitive genotype was not significantly
lower than those in non-TT of the treatment-resistant
genotype (P = 0.930; log-rank test) in a preliminary
study based on a small numbers of patients (Fig. 4).
This result suggests that core aa 70 as a predictor of
hepatocarcinogenesis might not only be influenced by
IL28B genotype, but also by other factors strongly
related to hepatocarcinogenesis independent of /L28B
genotype. As a whole, it is regrettable that its impact
on hepatocarcinogenesis in HCV patients who had not
received antiviral therapy could not be investigated in
this study. Further comprehensive studies should be
performed to disclose the molecular mechanisms for
the complicated relationships among core aa 70,
IL28B genotype, and hepatocarcinogenesis.

The limitations of the present study are that
patients who had received treatment besides IFN-
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Fig. 4. Cumulative hepatocarcinogenesis rates according to IL28B
1s8099917 genotype. The rates in TT genotype were not significantly
lower than those in non-TT genotype (P = 0.930; log-rank test) in a
preliminary study based on a small number of 515 patients.

related therapy (such as ursodeoxycholic acid, branched
chain amino acid, and phlebotomy) could not be
excluded. Furthermore, the clinical impact of meta-
bolic factors (such as diabetes, insulin resistance, hepa-
tocyte steatosis, and obesity) on hepatocarcinogenesis
could also not be investigated. Further studies should
be performed to investigate the clinical impact of treat-
ment besides [FN-related therapy and metabolic fac-
tors on hepatocarcinogenesis.”>’

In conclusion, substitution of aa 70 in the core
region of HCV-1b is the important predictor of hepa-
tocarcinogenesis and survival for liver-related death in
HCV patients who had not received antiviral therapy.
This study emphasizes the importance of antiviral ther-
apy to reduce the risk of hepatocarcinogenesis, espe-
cially in HCV-1b of Gln70(His70) as a high-risk group
for hepatocarcinogenesis. Furthermore, /L28B genotype
might partly affect changes over time of dominant
amino acid in core aa 70. This result should be inter-
preted with caution because races other than Japanese
populations and patients infected with HCV-1a were
not included. Any generalization of the results should
await confirmation by studies of patients of other races
and HCV-1la. Further prospective studies of a larger
number of patients matched for race and HCV geno-
type are required to explore the relationship between
core aa 70, IL28B genotype, and hepatocarcinogenesis.
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Exendin-4, a glucagon-like peptide-1 receptor agonist,
modulates hepatic fatty acid composition and A-5-desaturase
index in a murine model of non-alcoholic steatohepatitis
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Abstract. Glucagon-like peptide-1 (GLP-1) is involved in
the development of non-alcoholic steatohepatitis (NASH),
which is characterized by fatty acid imbalance. The aim
of this study was to investigate the effects of the GLP-1
receptor (GLP-1R) agonist, exendin-4 (Ex-4), on hepatic fatty
acid metabolism and its key enzyme, A-5-desaturase, in a
murine model of NASH. NASH was induced in db/db mice
fed a methionine-choline deficient (MCD) diet. Ex-4 (n=4) or
saline [control (CON); n=4] was administered intraperitone-
ally for 8 weeks. Steatohepatitis activity was evaluated by
non-alcoholic fatty liver disease (NAFLD) activity score.
Hepatic fatty acid composition and A-5-desaturase index were
analyzed by gas chromatography. Ex-4 treatment significantly
reduced body weight and the NAFLD activity score. Hepatic
concentrations of long-chain saturated fatty acids (SFAs)
were significantly higher in the Ex-4 group compared to the
CON group (23240+955 vs. 317108436 ug/geliver, P<0.05).
Ex-4 significantly reduced hepatic n-3 polyunsaturated fatty
acid (PUFA)/n-6 PUFA ratio compared to the CON group
(13.83+3.15 vs. 8.73x£1.95, P<0.05). In addition, the hepatic
A-5-desaturase index was significantly reduced in the Ex-4
group compared to the CON group (31.1+12.4 vs. 10.5+3.1,
P<0.05). In conclusion, the results showed that Ex-4 improved
steatohepatitis in a murine model of NASH. Furthermore,

Correspondence to: Dr Takumi Kawaguchi, Division of
Gastroenterology, Department of Medicine, Kurume University
School of Medicine, 67 Asahi-machi, Kurume 830-0011, Japan
E-mail: takumi@med kurume-u.ac.jp

Abbreviations:  GLP-1, glucagon-like peptide-1; NASH,
non-alcoholic steatohepatitis; Ex-4, exendin-4; GLP-1R, GLP-1
receptor; NAFLD, non-alcoholic fatty liver disease; PUFA,
polyunsaturated fatty acid; MCD, methionine-choline deficient;
SFA, saturated fatty acid; MUFA, monounsaturated fatty acid

Key words: incretin, exenatide, steatosis, fatty acid composition,
fatty acid desaturase

Ex-4 altered hepatic long-chain saturated and PUFA composi-
tion and reduced the A-5-desaturase index. Thus, Ex-4 may
improve NASH by regulating hepatic fatty acid metabolism.

Introduction

The incidence of non-alcoholic steatohepatitis (NASH) is
rapidly increasing worldwide (1-4). NASH can be caused
by various pathogenic mechanisms, including overeating,
physical inactivity, diabetes mellitus, and medications (5,6).
The gut directly links to the liver through the portal vein
and is involved in the development of NASH (7,8). The gut
secretes various hormones in the portal vein and regulates
hepatic metabolism (9-11). Glucagon-like peptide-1 (GLP-1)
is a gut hormone and is known to affect lipid metabolism in
hepatocytes (9,11).

Exendin-4 (Ex-4) is a long-acting GLP-1 receptor (GLP-1R)
agonist. GLP-1R occurs in the pancreatic islets, kidney, lung,
heart, stomach, intestine, thyroid gland, and numerous regions
of the peripheral and central nervous system (12-14). GLP-1R
also occurs in hepatocytes, and treatment with Ex-4 substan-
tially reduces triglyceride stores in hepatoma cells (15).
Similarly, GLP-1R agonist reduces steatosis severity in

-certain animal models of NASH (16-19). Findings of previous

studies have also shown that reduced hepatic accumulation
of triglycerides is mediated by GLP-1R agonist upregulation
of hepatic 3-phosphoinositide-dependent kinase-1 activity,
protein kinase C G activity, peroxisome proliferator-activated
receptor o activity, and fatty acid f-oxidation (15-19).

Fatty acids are an important triglyceride component. Fatty
acids are a substrate of [3-oxidation and yield large quantities
of adenosine 5'-triphosphate (20). In addition, some polyunsat-
urated fatty acids (PUFASs) are a source of eicosanoids, which
are biologically active substances. n-3 PUFAs are precursors
of anti-inflammatory eicosanoids, including leukotriene BS,
prostaglandin E3, and thromboxane B3 (21). On the other hand,
n-6 PUFA are precursors of pro-inflammatory eicosanoids,
including leukotriene B4, prostaglandin E2, and throm-
boxane B2 (21). A reduced n-3/n-6 PUFA ratio is a risk factor
for chronic inflammatory diseases such as cardiovascular
disease, inflammatory bowel disease, rheumatoid arthritis, and
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NASH (22-24). Thus, besides quantitative abnormality in fatty
acids, qualitative abnormality in fatty acids is an important
pathogenesis of NASH.

The production of pro- and anti-inflammatory eicosanoids
is regulated by desaturases, which are rate-limiting enzymes
of n-3 and n-6 PUFA cascades (25). A-5-desaturase, also
known as fatty acid desaturase 1, removes two hydrogen atoms
from dihomo vy-linolenic acid and synthesizes arachidonic
acid. Upregulation of A-5-desaturase activity promotes the
production of pro-inflammatory eicosanoids (26). Notably,
single-nucleotide polymorphisms in the A-5-desaturase gene
are associated with circulating high sensitivity C-reactive
protein levels in healthy young adults (27). Moreover,
A-5-desaturase activity is associated with aging (28), develop-
ment of type 2 diabetes mellitus (29), and NASH (30).
However, the effects of Ex-4 on hepatic fatty acid composition
and A-5-desaturase activity remain unclear.

The aim of this study was to investigate the effects of Ex-4
on severity of steatohepatitis, hepatic fatty acid composition,
and A-5-desaturase index in a murine model of NASH.

Materials and methods

Materials. Reagents were purchased from Wako Pure Chemical
Industries, Ltd. (Osaka, Japan) unless otherwise indicated.

Animals. NASH was induced in db/db mice fed a methio-
nine-choline deficient (MCD) diet (31). Briefly, 5-week-old
male db/db mice (BKS.Cg- + Leprdb/+Leprdb/Jcl) weighing
15-20 g were purchased from CLEA Japan, Inc. (Tokyo, Japan).
The mice were housed individually in an air-conditioned room
at 22+3°C and 55+10% humidity with a 12-h light/dark cycle.
The mice were fed a normal diet during a 1-week quarantine
and acclimatization period, followed by the MCD diet (CLEA
Japan, Inc.) and water ad libitum throughout the experimental
period. All the rat experiments were conducted in accordance
with the National Institutes of Health Guidelines for the Care
and Use of Laboratory Animals and were approved by the
University of Kurume Institutional Animal Care and Use
Committee.

Treatment. Ex-4 (20 pug/kg; no. 24463, AnaSpec, Inc., Fremont,
CA, USA) (Ex-4 group; n=4) or saline [control (CON) group;
n=4] was administered intraperitoneally under anesthesia every
morning for 8 weeks. At week 14, the mice were sacrificed
by using ether anesthesia and the livers were obtained under
anesthesia.

Measurement of body weight. Body weight was measured
weekly, in the morning, through week 14.

Liver histology. Random histological sampling was performed
throughout this study as previously described (32,33). Liver
samples were fixed overnight in 10% buffered formalin and
embedded in paraffin. All sections were cut at a thickness of
5 pm and stained with hematoxylin and eosin (H&E) (34,35).

Hepatic triglyceride content. Liver samples were fixed over-
night in 10% buffered formalin. Sections were transferred
to 70% ethanol and stained with Sudan IV (0.1% Sudan IV

783

dissolved in equal parts acetone and 70% ethanol) to evaluate
triglyceride content (36).

Non-alcoholic fatty liver disease (NAFLD) activity. NAFLD
activity was evaluated by the NAFLD activity score, in which
the following findings were evaluated semi-quantitatively:
steatosis (0-3 points), lobular inflammation (0-2 points), hepa-
tocellular ballooning (0-2 points), and fibrosis (0-4 points) (37).

Fatty acid composition. Total liver fatty acids were extracted
according to Folch et al (38). Fatty acid methyl esters were
isolated and quantified by gas chromatography furnished
with a flame-ionization detector. The fatty acids measured
(and expressed as pg/geliver) were: lauric, myristic, myristo-
leic, palmitic, palmitoleic, stearic, oleic, linoleic, y-linolenic,
linolenic, arachidic, eicosenoic, eicosadienoic, 5,8,11-eicosa-
trienoic, dihomo y-linolenic, arachidonic, eicosapentaenoic,
behenic, erucic, docosatetraenoic, docosapentaenoic, ligno-
ceric, docosahexaenoic, and nervonic acid.

Classification of fatty acids. Fatty acids were classified as
follows: saturated fatty acids (SFAs), the sum of all identi-
fied SAFs; atherogenic SFAs, the sum of lauric, myristic,
and palmitic acids; thrombogenic SFAs, the sum of myristic,
palmitic, and stearic acids; medium SFAs, the sum of SFAs
containing 11-16 carbon atoms; long SFAs, the sum of
SFAs containing =16 carbon atoms; monounsaturated fatty
acids (MUFAS), the sum of all identified MUFAs; PUFAs,
the sum of all identified PUFAs; n-3 PUFAs, the sum of n-3
series PUFAs; n-6 PUFAs, the sum of n-6 series PUFA;
A-5-desatulase index, arachidonic acid/y-linolenic acid.

Statistical analysis. Data were expressed as mean = SD.
Differences between two groups were analyzed by the
Wilcoxon test (JMP version 10.0.2, SAS Institute, Inc., Cary,
NC). P<0.05 was considered statistically significant.

Results

Effects of Ex-4 on body weight, appearance, and macroscopic
appearance of the liver. In the CON group, body weight
gradually increased to ~50 g at week 14 (Fig. 1A). In the Ex-4
group, body weight gain stopped 1 week after the Ex-4 treat-
ment and reached a plateau at ~40 g at week 7 (Fig. 1A). Ex-4
significantly suppressed weight gain in MCD-fed db/db mice.

Representative mice from the CON and Ex-4 groups are
shown in Fig. 1B. The mouse from the Ex-4 group was smaller
and had a good coat of fur in comparison to the mouse from
the CON group (Fig. 1B).

A representative macroscopic image of the liver of CON
and Ex-4 mice is shown in Fig. 1C. CON livers exhibited
xanthochromia with swelling, while the Ex-4 livers were
brown, with no swelling (Fig. 1C).

Effects of Ex-4 on hepatic histology, hepatic triglyceride
content, and the NAFLD activity score. Representative
images of hepatic histology and Sudan IV staining are shown
in Fig. 2A. Steatosis, lobular inflammation, and hepatocyte
ballooning were milder in the Ex-4 group compared to the
CON group (Fig. 2A). Obvious hepatic fibrosis was not evident
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Figure 1. Effects of exendin-4 (Ex-4) on body weight, appearance, and mac-
roscopic appearance of liver. (A) Changes in body weight. (B) Representative
mice in the control (CON) and Ex-4 groups. (C) Representative livers from
the CON and Ex-4 groups. P<0.05 was considered statistically significant.
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Figure 2. Effects of exendin-4 (Ex-4) on hepatic histology, hepatic triglyc-
eride content, and non-alcoholic fatty liver disease (NAFLD) activity score.
(A) Representative images of hepatic histology and Sudan IV staining. (B) The
difference in the NAFLD activity score between the Ex-4 and control (CON)
groups. P<0.05 was considered statistically significant. Hematoxylin and
eosin staining (H&E).

Table I. Effects of Ex-4 on hepatic SFA.

SFA type Unit CON Ex-4 P

SFA pglgliver 1783843248 2754149273  N.S.
Atherogenic pg/gliver 1341442981 2245748670  N.S.
Thrombogenic pg/geliver 17605+3244  27210+9260  N.S.
Medium-chain pg/geliver 15233+£3554 25186x9799  N.S.
Long-chain pglgliver 232404955  31710+8436 <0.05

Ex-4,exendin-4; SFA, saturated fatty acid; CON, control; N.S., not significant.

Table II. Effects of Ex-4 on hepatic MUFAs and PUFAs.

Acid type Unit CON Ex-4 P
MUFA pglgliver  20355£6701  34965+14485  N.S.
PUFA puglgliver  18410+£791 25986+8050 <0.05
n-3PUFA  pg/gliver 2218.5x415.8 1992.4+288.7 N.S.
n-6 PUFA  pg/gliver  16166+943 23937+7845 <0.05
n-3 PUFA/ Ratio 13.83£3.15 8.73+£1.95 <0.05
n-6 PUFA

Ex-4, exendin-4; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated
fatty acid; CON, control; N.S., not significant.

in either group. Hepatic triglyceride content was depleted in
the Ex-4 group in comparison to the CON group (Fig. 2A).

The NAFLD activity score was significantly lower in the
Ex-4 group than in the CON group (Fig. 2B).

Effects of Ex-4 on hepatic SFA. There was no significant
difference in the hepatic SFA content of the CON and Ex-4
groups (Table I). No significant difference between the groups
was observed in the hepatic content of atherogenic, throm-
bogenic, and medium-chain SFA. However, long-chain SFA
content was significantly higher in the Ex-4 group compared
to the CON group (Table I).

We also examined the hepatic content of each long-chain
SFA component and found no significant differences in the
palmitic, stearic, behenic, and lignoceric acid. However,
hepatic arachidic acid was significantly higher in the Ex-4
group compared to the CON group (Fig. 3A-E).

Effects of Ex-4 on hepatic MUFAs and PUFAs. Hepatic MUFA
content did not significantly differ between groups (Table II).
However, hepatic PUFA content was significantly higher in the
Ex-4 group compared to the CON group. Similarly, hepatic
n-6 PUFA content and the n-3 PUFA/n-6 PUFA ratio were
significantly higher in the Ex-4 group compared to the CON
group (Table II).

We also assessed the hepatic content of each n-6 PUFA
component and found no significant difference in arachidonic
acid. However, the hepatic content of linoleic acid, y-linolenic
acid, and dihomo y-linolenic acid was significantly higher
in the Ex-4 group compared to the CON group (Fig. 4A-D).
By contrast, hepatic A-5-desaturase index in the Ex-4 group
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