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Clinical cases. The multifidus muscle of a 45-year-old
healthy man is shown in Figure la. This individual showed no
muscle steatosis IMAC =-0.44). Figure 1b shows the multifidus
muscle of a 45-year-old man with simple steatosis (Matteoni’s
classification = 2). The muscle in this individual shows increased
muscle fat storage (IMAC =-0.26). Figure 1c shows the multifi-
dus muscle of a 45-year-old man with NASH (Matteoni’s classi-
fication =3, Brunt’s staging=3), with extensive muscle fat
storage (IMAC =-0.08).

Statistical analysis. Descriptive statistics (means and stan-
dard deviations) were calculated for all continuous variables, and
frequencies were calculated for categorical variables. Differences
between two groups were compared by the Mann—Whitney U-test.
Pearson’s correlation coefficient analysis and Spearman’s correla-
tion by rank analysis were used to compare IMAC and FIB4 index
or NAFIC score. Differences and correlations among five groups
were performed by Kruskal-Wallis analysis of variance followed
by the Scheffe and Tukey—Kramer post-hoc test. Comparisons
between before and after NASH therapy were tested using the
Wilcoxon signed-rank test.

Effects of improvements in IMAC were evaluated by changes
in the variable (A = variable after intervention — variable before
intervention). Spearman’s rank correlation was used to compare
the A IMAC and each A parameters.

Multivariate logistic regression analysis was used to identify
independent factors associated with the severity of NAFLD and
NASH stage. Differences were considered significant at P < 0.05.
All analyses were carried out using IBM SPSS (Version 19.0;
SPSS, Inc., Tokyo, Japan).

45 years Male
NASH (Stage 3
IMAC =-0.08

Figure 1 Cross-sectional computed tomographic images of the sub-
fascial muscular tissue in the multifidus muscle taken at the umbilical
level in a normal individual (a), a patients with simple steatosis (b), and
a patient with non-alcoholic steatohepatitis (c).
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Results

Characteristics of the patients with NAFLD. The
clinical and biochemical characteristics of the patients enrolled in
this study are summarized in Table 1. There were 208 patients (95
women and 113 men) with a mean age of 51 years; the women
were significantly older than men. Bodyweight, VFA, ALT, y-GTP,
and serum albumin were significantly higher in men than in
women, whereas ALP, L/S ratio, and IMAC were significantly
higher in women than in men.

Characteristics of patients with NAFLD defined
according to Matteoni’s classification. BMI, AST,
ALT, FPG, insulin, HOMA-IR, and IMAC were significantly
higher in patients with types 3-4 NAFLD than in patients with
types 1-2 NAFLD. By contrast, y-GTP, QUICKI, and platelet
count were significantly higher in patients with types 1-2 NAFLD
than in those with types 3—4 NAFLD. There were no significant
differences in the other characteristics between the two groups of
patients (Table 2). As indicated in Table 3, multivariate logistic
regression analysis indicated that risk factors associated with the
severity of NAFLD were IMAC, aging, ALT, and HOMA-IR
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Figure 2 Intramuscular adipose tissue content (IMAC) was correlated
with FIB4 index (a: r=0.494, P<0.01) and NAFIC score (b: r=0.481,
P<0.01). (c) Comparison between IMAC and histopathological stage
determined using Matteoni's and Brunt's classification. Histopathologi-
cal stage determined by both classifications was significantly correlated
with IMAC (*P < 0.01).
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Table 1 Baseline characteristics of the patients with NAFLD subjects

Y Kitajima et al.

Variables All patients Males Females P value
(n=208) (n=113) (n=95)

Age (years) 51.0 = 15.2 447 +14.2 68.6 + 12.7 < 0.0001
Weight (kg) 741 £16.9 81.8 +16.7 64.9 £ 11.7 < 0.0001
BMI (kg/m?) 283 £ 4.6 28.9 = 4.9 277 £ 42 0.1432
VFA (cm?) 149.0 = 55.3 159.6 = 58.4 136.5 * 48.6 <0.01
AST (IUL) 49.4 + 345 48.3 = 36.3 50.7 + 32.3 0.2762
ALT (IU/L) 77.0 = 60.0 843 = 64.3 68.4 + 53.5 <0.05
ALP (IU/L) 263.0 = 137.1 256.0 = 169.8 271.3 828 <0.01
y-GTP (IU/L) 89.2 = 96.0 105.0 = 115.2 70.4 = 60.6 <0.01
TC (mg/dL} 209.4 = 43.3 207.5 = 45.8 2115 + 403 0.2093
TG (mg/dL) 180.8 = 135.9 191.3 = 156.4 168.1 = 105.4 0.0704
FPG (mg/dL) 113.8 = 35.1 109.5 £ 31.2 118.9 = 38.9 0.0913
Insulin {ug/mL) 16.6 = 10.3 17.0 + 125 13.8 £ 6.0 0.4907
Insulin resistance

HOMA-IR 44 x33 46 =37 41 %25 0.9278

QUICKI 0.32 = 0.04 0.32 = 0.04 0.32 £ 0.03 0.9187
Platelet count (x 10%uL) (n=196) 229+ 6.9 225*63 23475 0.5768
Serum albumin (g/dL) 46+ 0.4 47 £04 4.4 +04 <0.01
L/S ratio 0.83 = 0.31 0.76 = 0.28 0.92 + 0.31 < 0.0001
IMAC -0.23 £ 0.13 -0.31 £0.10 ~0.14 + 0.11 < 0.0001

Data are means * standard deviation.

Statistical analysis was performed using the Mann-Whitney U-test. Differences were considered significant at P< 0.05.

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; FPG, fasting plasma glucose;
HOMA-IR, homeostasis model assessment-insulin resistance; IMAC, intramuscular adipose tissue content; L/S ratio, liver-spleen attenuation ratio;
NAFLD, non-alcoholic fatty liver disease; QUICKI, quantitative insulin sensitivity check index; TC, total cholesterol; TG, triglyceride; VFA, visceral fat

area; y-GTP, y-glutamyl transpeptidase.

(IMAC: OR=3.671, P<0.05; Age: OR=2.895, P<0.05;
ALT =6.222, P <0.01; HOMA-IR =3.035, P < 0.05).

Characteristics of patients with NASH defined
according to Brunt’s classification. Age and AST were
significantly higher in patients with stages 3-4 NASH than in
those with stages 1-2 NASH. By contrast, IMAC was significantly
greater in patients with stages 3—4 than in those with stages 1-2
NASH. There were no significant differences in the other factors
between the two groups of patients (Table 2). As shown in Table 4,
multivariate logistic regression analysis indicated that risk factors
associated with the severity of NASH were IMAC and aging
(IMAC: OR =2.444, P <0.05; Age: OR =2.355, P <0.05).

Comparing the IMAC to severity model of NAFLD/
NASH and histopathological stage. IMAC and sever-
ity model of NAFLD/NASH in each groups of patients are
compared in Figure 2a,b. IMAC was correlated with FIB4 index
(r=0.494, P<0.01) and NAFIC score (r=0.481, P<0.01).
IMAC and histopathological stage in both groups of patients are
compared in Figure 2c. Histopathological activity determined by
simple steatosis and Brunt’s classification was significantly corre-
lated with IMAC (P < 0.01).

Effects of lifestyle interventions on IMAC in
patients with NASH. The effects of the prescribed treat-
ment on the clinical characteristics of 21 patients with NASH (13
women and 8 men) are shown in Table 5. The mean intervention
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period at 24.0 months, in some cases, was administering pharma-
cotherapy with a sulfonylurea, o-glucosidase inhibitor, or hypoc-
holesterolemic drug. Overall, 11 patients showed improvements in
IMAC during the treatment period. These patients also showed
significant decreases in bodyweight, BMI, SFA, ALT, y-GTP, total
cholesterol, triglyceride, FPG, 180-PG, Insulin, and HOMA-IR
following treatment, while the QUICKI and L/S ratio increased
significantly. The histopathological changes determined by Mat-
teoni’s and Brunt’s classifications and NAS have been improved in
comparison with pretreatment biopsy. By contrast, among patients
with no improvement in IMAC, improvement of total cholesterol
was observed, but platelet count decreased significantly, and no
significant changes were found in the other factors. The histo-
pathological changes and NAS were not improved in comparison
with pretreatment biopsy.

Effects improvements in IMAC on other param-
eters. As shown in Table 6, the AIMAC was significantly cor-
related with A weight (p =0.507, P <0.05), A BMI (p =0.512,
P <0.05), A SFA (p =0.653, P <0.01), A triglyceride (p = 0.458,
P<0.05), A FPG (p=0.678, P<0.01), A Insulin (p=0.466,
P<005), A HOMA-IR (p=0493, P<0.05), A QUICKI
(p=-0.571, P <0.01), A L/S ratio (p =-0.714, P <0.01), histo-
pathological assessments (A steatosis, p = 0.800; A lobular inflam-
mation, p =0.686; A ballooning, p =0.769; P <0.01 for each),
and A NAS (p =0.800, P < 0.01). The A IMAC evaluation did not
indicate a correlation between A VFA, A ALT, A total cholesterol,
A platelet count, and A serum albumin.
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Table 2 Comparison of biochemical parameters according to stage of NAFLD/NASH determined by Matteoni’s and Brunt's classifications

Variables Simple steatosis NASH P value* Stage 1-2 Stage 3-4 P value**
(n=38) (n=170) (n=104) (n=66)

Sex {maleffemale) 24/14 89/81 0.2278 58/46 31/35 0.2656
Age (years) 472 =156 51.9 * 15.0 0.0829 49.2 £ 145 56.2 + 14.8 <0.01
Weight (kg) 728 £ 15.6 743 +17.2 0.7317 754 = 17.4 72.7 £ 16.9 0.4204
BMI (kg/m?) 269 4.1 287 + 4.7 <0.05 28.8 = 4.9 284 =44 0.7993
VFA {cm?) 1342 * 40.4 149.4 + 54.0 0.6732 149.4 = 54.0 167.0 = 63.2 0.6732
AST (IU/L) 39.3 = 26.0 51.7 £ 39.8 <0.01 49.7 + 39.8 549 + 28.3 <0.01
ALT (IU/L) 61.6 = 50.8 80.4 + 69.8 <0.01 83.2 +69.8 76.1 £ 457 0.7363
ALP (1U/L) 236.6 + 62.2 268.8 = 148.0 0.1754 251.1 £ 771 296.4 = 214.6 0.0964
¥GTP (lU/L) 93.5 + 136.2 88.3 £ 85.2 <0.05 92.5 995 81.8 £ 56.2 0.9025
TC (mg/dL) 221.2 £ 40.1 206.7 + 43.6 0.0548 210.8 = 42.9 200.6 + 44.3 0.0892
TG (mg/dL) 156.8 £ 72.6 186.3 + 146.1 0.5567 189.7 = 166.8 180.8 = 107.0 0.8761
FPG (mg/dL) 103.0 = 35.1 116.2 + 34.8 < 0.01 114.3 = 34.4 1193 = 35.4 0.2988
Insulin (pg/mL) 108 =78 16.7 £ 10.5 < 0.0001 17.0+118 16277 0.6029
Insulin resistance

HOMA-IR 28*25 48 + 3.3 < 0.0001 4835 47 £29 0.7002

QUICKI 0.35 + 0.05 0.32 +0.03 < 0.0001 0.32 = 0.03 0.32 £ 0.03 0.7260
Platelet count (x 10%uL) (n=196) 249+ 65 224 £69 <0.05 23369 21.0+6.8 0.0894
Serum albumin (g/dL) 45*04 46 +04 0.2087 46+04 45=*05 0.1806
L/S ratio 0.89 * 0.34 0.82 = 0.30 0.2056 0.79 + 0.30 0.86 £ 0.29 0.1392
IMAC -0.31 = 0.1 -0.22 £ 0.13 <0.01 -0.24 £0.12 -0.18 £ 0.14 <0.05
Histopathological assessment

Fibrosis (0/1/2/3/4) (38/0/0/0/0) (0/36/68/58/8) (0/36/68/0/0) (0/0/0/58/8)

*P values are shown for comparisons between simple steatosis and NASH; ** P values are shown for comparisons between stages 1-2 and 3-4.

Data are means = standard deviation.

Statistical analysis was performed using the Mann-Whitney U-test. Differences were considered significant at P < 0.05.

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; FPG, fasting plasma glucose;
HOMA-IR, homeostasis model assessment-insulin resistance; IMAC, intramuscular adipose tissue content; L/S ratio, liver-spleen attenuation
ratio; NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis; QUICKI, quantitative insulin sensitivity check index; TC, total
cholesterol; TG, triglyceride; VFA, visceral fat area; y-GTP, y-glutamyl transpeptidase.

Table 3 Multivariate analyses of clinical factors associated with
the severity of NAFLD (SS vs NASH) in Matteoni’s and Brunt's
classifications

Table 4 Multivariate analyses of clinical factors associated with the
severity of NASH (stage1-2 vs 3-4) in Matteoni's and Brunt's
classifications

Variables OR 95% ClI P value Variables OR 95% Cl P value
IMAC (SS vs NASH) 3.671 1.084-11.722 <0.05 IMAC (stage 1-2 vs 3-4) 2.444 1.118-5.341 <0.05
Age (males > 45 years, 2.895 1.045-8.021 <0.05 Age (males > 45 years, 2.355 1.042-5.321 <0.05
females > 50 years) females > 55 years)

Sex (male vs female) 1.683 0.604-4.687 0.3192 Sex (male vs female) 1.577 0.719-3.457 0.2554
ALT (= 50) 6.224 2.009-19.277 <0.01 ALT (= 50) 1.864 0.766-4.536 0.1699
HOMA-IR (= 2.2) 3.035 1.084-8.493 <0.05 HOMA-IR (= 2.2) 0.847 0.314-2.287 0.7438
L/S ratio (< 0.9) 0.715 0.239-2.144 0.5498 L/S ratio (< 0.9) 1.187 0.501-2.810 0.6964
VFA (= 100 mm?) 0.671 0.201-2.234 0.5154 VFA (= 100 mm?) 1.160 0.575-4.457 0.3675

ALT, alanine aminotransferase;Cl, confidence interval; HOMA-IR,
homeostasis model assessment-insulin resistance; IMAC, intramuscu-
lar adipose tissue content; L/S ratio, liver-spleen attenuation ratio;
NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic steato-
hepatitis; OR, odds ratio; SS, simple steatosis; VFA, visceral fat area.

Discussion

In this study, we objectively evaluated skeletal muscle steatosis by
measuring IMAC and found that skeletal muscle steatosis increased
significantly with increasing stage of NASH. Multivariate analysis
also suggested that there was a relationship between the stage of

Journal of Gastroenterology and Hepatology 28 (2013) 1507-1514

ALT, alanine aminotransferase; Cl, confidence interval; HOMA-IR,
homeostasis model assessment-insulin resistance; IMAC, intramuscular
adipose tissue content; L/S ratio, liver-spleen attenuation ratio; NASH,
non-alcoholic steatohepatitis; OR, odds ratio; VFA, visceral fat area.

NASH and IMAC. These results suggest the presence of a physi-
ological link between the liver and skeletal muscle in patients with
NASH.

IMAC is significantly different between female and male. We
hypothesized that gender differences in the IMAC may be affected
by type of muscle fibers. Muscle fibers are classified into type I,
type Ila, and type IIb fibers. Previous studies have reported that the
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Table 5 Characteristics of all patients with NASH at baseline, and of patients with/without improvements in IMAC before and after the intervention

Variables All patients Patients with improvements in IMAC Patients with no improvement in IMAC
(n=21) (n=11) (n=10)
Baseline Before After P value Before After P value

Sex (male/female) 8/13 417 477 4/6 4/6
Age lyears) 52.4 = 16.9 489 *+ 135 50.2 £ 13.7 <0.01 56.2 = 19.9 59.3 = 20.6 <0.01
Weight (kg) 73.5+£16.8 77.5 = 14.8 72.3 +15.6 <0.05 69.0 = 18.6 68.0 = 17.7 0.4838
BMI (kg/m?) 28.7 = 4.1 30.1 = 4.1 28.1 = 4.7 <0.05 27.3 £3.7 26.9 + 3.4 0.4833
VFA (cm?) 144.6 = 47.7 136.3 = 33.2 113.8 = 564.2 0.0754  153.6 = 60.5 1448 =515 0.9594
SFA (cm?) 254.3 + 98.3 298.7 £ 100.0 261.7 1169 <0.05 205.4 + 728 205.7 = 84.3 0.9594
ALT (IU/L) 104.1 £ 97.0 90.5 + 63.5 31.4 £14.0 <0.01 119.0 = 1264 70.8 £ 50.0 0.1392
¥GTP (IU/L) 91.6 = 78.0 81.1 + 40.5 34.5 £ 185 <0.01 103.1 = 106.9 88.9 +112.2 0.2839
TC (mg/dL) 233.8 £ 439 249.7 £ 37.9 198.9 + 43.5 <0.01 216.2 + 45.1 176.7 = 28.2 <0.05
TG (mg/dL) 187.2 1233 2156 =159.0 102.9 =359 <0.01 155.9 = 60.1 155.9 = 90.5 0.8785
FPG (mg/dL) 117.6 = 371 129.0 + 44.3 113.6 £ 43.1 <0.05 105.0 *+ 23.4 1102178 0.0926
60-PG (mg/dL) 230.1 £65.5 234.9 * 68.6 163.6 = 61.0 0.0910  225.2 = 66.0 209.0 = 48.7 0.4618
180-PG (mg/dL) 156.7 = 55.4 160.5 = 47.3 106.0 = 31.0 <0.05 150.1 = 67.1 156.8 = 58.9 0.7150
Insufin (ug/mL) 16.8 £6.9 182 7.0 11.1 £6.1 <0.05 153+ 6.3 183 = 11.7 0.3329
Insulin resistance

HOMA-IR 5.1 =3.0 6.0 £33 33x23 <0.05 4124 49 +29 0.2411

QUICKI 0.31 £ 0.03 0.30 = 0.03 0.33 = 0.04 <0.05 0.32 + 0.04 0.31 = 0.03 0.0926
Platelet count {x 10%uL) 227 £5.7 24.8 =53 248 = 7.3 0.7211 20.4 £ 55 189 = 5.7 <0.05
Serum albumin (g/dL) 47 04 46 05 4.4 +0.2 0.5606 4.8 04 4.7 04 0.6771
L/S ratio 0.78 = 0.32 0.61 = 0.27 1.07 £0.12 <0.01 0.97 £0.25 0.93 + 0.25 0.1846
IMAC -0.21 £ 0.15 -0.20 = 0.16 -0.25 = 0.18 <0.01 -0.21 £ 0.14 -0.17 = 0.15 <0.01
Histopathological assessment

Fibrosis (0/1/2/3/4) (0/5/6/10/0) (0/2/4/5/0) (1/3/6/1/0) 0.0702  (0/3/2/5/0) (0/2/4/3/1) 0.6637

Steatosis (0/1/2/3) (0/9/5/7) (0/1/5/5) (1/7/2/1) <0.06 (0/8/0/2} (0/6/2/2) 0.1573

Lobular inflammation {0/1/2/3)  (0/10/8/3) (0/2/7/2) (2/8/0/1) <0.01 (0/8/1/1) (0/6/3/1) 0.3173

Ballooning (0/1/2) (0/9/12) (0/1/10) (1/8/2) <0.01 (0/8/2) (0/3/7) <0.05

NAS 5117 6.7 £ 0.5 3.0+1.0 <0.01 3.3*0.7 43 £0.9 <0.05

Data are means = standard deviation. P values are for comparisons between types 1-2 and 3-4. Statistical analysis was performed by Wilcoxon
signed-rank test, and differences were considered significant at P< 0.05. 60-PG, 60 min post-challenge plasma glucose; 180-PG, 180 min post-
challenge plasma glucose; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; FPG, fasting plasma glucose;
HOMA-IR, homeostasis model assessment-insulin resistance; IMAC, intramuscular adipose tissue content; L/S ratio, liver-spleen attenuation ratio;
NAFLD, non-alcoholic fatty liver disease; NAS, NAFLD activity score; NASH, non-alcoholic steatohepatitis; QUICKI, quantitative insulin sensitivity
check index; SFA, subcutaneous fat area; TC, total cholesterol; TG, triglyceride; VFA, visceral fat area; v-GTP, y-glutamy! transpeptidase.

a type IIb fibers in obese women had increased than in a type I
fiber, and exercise therapy transformed muscle fibers from type IIb
to type 11a.**32 However, the distribution of fiber types is unclear
in a gender; in addition, our study did not perform histopathologi-
cal evaluation. Further studies are needed to the distribution of
fiber types related to the IMAC.

A previous study demonstrated that the intramuscular lipid
content in the femoral biceps determined by 'H-magnetic resonance
spectroscopy (‘"H-MRS) was associated with aging and obesity.>

Previous other studies have demonstrated a relationship between
liver and skeletal muscle steatosis determined by 'H-MRS in
patients with NAFLD or type 2 diabetes and discusses the signifi-
cance of diet and exercise therapy.**® Our results using IMAC
determined by CT are agreement with these earlier reports phenom-
enologically, although there was no comparative study between
'H-MRS and CT for evaluation of skeletal muscle steatosis.

Several other reports have demonstrated a relationship between
NAFLD and the risk of cardiac diseases, as well as physiological
links between visceral fat accumulation, the liver, and muscle
steatosis in metabolic syndrome, suggesting that these factors are
associated with the risk of cardiac diseases.'>*” However, a rela-

1512

tionship between the severity of fibrosis in NASH and skeletal
muscle has not yet been demonstrated.

Previous studies have reported that the composition of muscle
tissue and the physiological activity of cells are influenced by
exercise and weight control in patients with type 2 diabetes mel-
litus and NAFLD. 33338 [t was also reported that muscle atrophy
is caused by an age-associated decrease in exercise, coupled with
a subsequent increase in interstitial adipose tissue and the deposi-
tion of lipids, primarily neutral fat, in skeletal muscle cells.'®®
Studies using mice have reported that skeletal muscle glucose
absorption is associated with glucose tolerance and insulin resis-
tance.***! Qur study showed that IMAC has improved in patients
with a significant amelioration in glucose metabolism in the post-
challenge 180-min plasma glucose with the amelioration of insulin
resistance and histopathological changes. In patients with liver
cirrhosis, abnormal glucose tolerance and insulin resistance were
reported to be related to abnormal glucose transporter type 4
(GLUT4) expression in skeletal muscle.* GLUT4 is an insulin-
regulated glucose transporter expressed in adipose tissue and skel-
etal muscle, and is primarily responsible for insulin-stimulated
glucose uptake into cells.
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Table 6 Relationships between A IMAC and A parameters in the inter-
vention patients

Variables All patients (n=21)
p P
A Weight (kg) 0.507 <0.05
A BMI (kg/m?) 0.512 <0.05
A VFA (cm?) 0.307 0.1739
A SFA (cm?) 0.653 <0.01
A ALT (lUL) 0.227 0.3194
A yGTP (IU/L) 0.420 0.0625
A TC (mg/dL) -0.013 0.9325
A TG (mg/dL) 0.458 <0.05
A FPG (mg/dL) 0.678 <0.01
A Insulin {ug/mL) 0.466 <0.05
Insulin resistance
A HOMA-IR 0.493 <0.05
A QUICKI -0.571 <0.01
A Platelet count (x 10%uL) -0.162 0.4514
A Serum albumin (g/dL) -0.070 0.7077
A L/S ratio -0.714 < 0.001
Histopathological assessment
A Fibrosis (0/1/2/3/4) 0.419 0.0870
A Steatosis (0/1/2/3) 0.800 <0.001
A Lobular inflammation (0/1/2/3) 0.686 <0.01
A Ballooning (0/1/2) 0.769 < 0.001
A NAS 0.800 <0.001

Data are means *+ standard deviation. A = variable after intervention —
variable before intervention. Spearman’s rank correlation was used to
correlate continuous or discrete variables P < 0.05.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI,
body mass index; FPG, fasting plasma glucose; HOMA-IR, homeostasis
model assessment-insulin resistance; IMAC, intramuscular adipose
tissue content; L/S ratio, liver-spleen attenuation ratio; NAFLD, non-
alcoholic fatty liver disease; NAS, NAFLD activity score; NASH, non-
alcoholic steatohepatitis; QUICKI, quantitative insulin sensitivity check
index; SFA, subcutaneous fat area; TC, total cholesterol; TG, triglyceride;
VFA, visceral fat area; +GTP, y-glutamyl transpeptidase.

Recently, it was proposed that physiologically active materials
derived from skeletal muscle, such as interleukin-6 (IL-6), should
be referred to as myokines. IL-6 released from skeletal muscle in
response to exercise was reported to enhance glucose absorption
via GLUT4 by increasing phosphatidylinositol 3-kinese expres-
sion in the muscle. Additionally, IL-6 was also reported to enhance
5’ adenosine monophosphate-activated protein kinase-regulated
lipid oxidation by increasing the expression of signal transducer
and activator of transcription 3 (STAT3), and increase hepatic
glucose absorption.*** Several studies demonstrated that exercise
therapy improved not only liver function and insulin resistance but
also IL-6 in NAFLD/NASH patients.***> However, IL-6 concen-
trations are chronically increased in obese and insulin-resistant
patients and may induce insulin resistance.* Recently, IL-6 was
reported to increase the expression of insulin receptor substrate 2
and enhance insulin sensitivity by activating STAT3.¥” According
to that study, if IL-6 is continuously increased, STAT3 is not
activated because of negative feedback exerted by suppressor of
cytokine signaling 3, for example, a signaling pathway that can
even induce insulin resistance.*’
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Our present results are generally in agreement with these earlier
reports. Dietary and exercise therapy increases fatty acid oxidation
and glucose absorption in skeletal muscle, and alleviates skeletal
muscle steatosis and insulin resistance. We previously reported
that visceral fat accumulation and skeletal muscle steatosis are
independent factors for the severity of fatty liver.'® We believe that
controlling visceral fat accumulation and muscle steatosis by diet
and exercise therapy enhances hepatic insulin sensitivity, attenu-
ates fatty liver, and reverses liver fibrosis.

However, our study has several limitations that should be dis-
cussed. First, the severity of NASH and skeletal muscle steatosis
must be evaluated serially. We must also determine the differences
in skeletal muscle steatosis between patients with or without the
severity of NASH must be clarified. The relationship between
myokines that affect skeletal muscle steatosis, such as IL-6, and
the severity of liver fibrosis must also be evaluated. In conclusion,
our study suggested that substitution of adipose tissue in skeletal
muscle was associated with the severity of NAFLD/NASH. From
these results, we think that interventions aimed at improved
hepatic status, as well as systemic metabolic disorders, should be
considered when developing new therapeutic strategies for NASH/
NAFLD.
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Evaluation narcotic analgesic use and survival
time in terminal stage liver diseases compared
with lung cancer: a retrospective chart review
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Hepatocellular carcinoma (HCC) and liver cirrhosis are fatal dis-
eases. This study aimed to investigate survival time and palliative
care in terminal HCC and/or liver cirrhosis compared with lung
cancer. Between January 2004 and December 2010, we enrolled
116 patients with terminal cirrhosis and/or HCC or lung cancer
admitted to a municipal hospital in Japan; 48 had liver cirrhosis,
35 HCC and 33 lung cancer. By retrospective chart review, we
evaluated: (i) rate of usage of narcotic analgesics and (ii) survival
time from onset of coma (Glasgow Coma Scale less than 8). Time
between coma and death was significantly shorter in the liver
disease patients (cirrhosis and/or HCC: 7.0 h) than in lung cancer
(44.0 h, p =0.045). Total bilirubin was higher in HCC compared
with cirrhosis (p<0.01). Rate of usage of narcotic analgesics was
higher in lung cancer (20/33: 60.6%) than in liver disease (17/83:
20.5%, p<0.01); analgesics were used more frequently in HCC
than in liver cirrhosis (p<0.01). These results suggest that liver
cirrhosis and HCC patients do not always require palliative care
and that survival time from onset of coma due to liver disease
was not prolonged compared with lung cancer.

Key Words: hepatocellular carcinoma, liver cirrhosis,
palliative care, coma, narcotic analgesics

epatocellular carcinoma (HCC) is the sixth most common

malignant disease and has the third highest mortality world-
wide. In Japan, more than 50% of cases of HCC are due to
hepatitis C virus, approximately 45,000 patients are diagnosed
with HCC each year and approximately 34,000 patients per year
die with HCC.® Supportive care of HCC and/or liver cirthosis,
including nutritional support, has been improved recently, but it
has not been clearly demonstrated whether the quality of life and
prognosis of these patients have improved. Terminal care of HCC
and/or liver cirrhosis is important; in Japan, terminal care is
mainly provided in municipal hospitals rather than the hospital to
which the patient was initially referred.

The questions most commonly asked by the patient and family
during terminal care are “how long do I have?” and “how long
does he/she have?”, indicating that estimated survival time is an
important issue in terminal care. The survival time between onset
of coma and death might be shorter in HCC than in other malig-
nant diseases and the usage rate of narcotic analgesics might be
less, but these factors have not been investigated in previous
studies.

This retrospective study in a municipal hospital evaluated: (i)
the rate of usage of narcotic analgesics and (ii} the survival time
from onset of coma due to HCC and/or liver cirthosis. These

doi: 10.3164/jcbn.13-8
©2013 JCBN

factors were compared with lung cancer, which has a high
mortality of approximately 70,000 per year in Japan.®

Materials and Methods -

We enrolled patients with terminal cirrhosis, terminal HCC or
terminal lung cancer with performance status (PS)® greater than 3
who were admitted to Eguchi Hospital between January, 2004 and
December, 2010 because the family could no longer care for them.
PS was determined as follows: 0 — fully active, able to perform
all pre-disease activities without restriction; 1 — restricted in phys-
ically strenuous activities but ambulatory and able to perform
light or sedentary tasks (e.g. light housework, office work); 2 -
ambulatory and capable of all self-care but unable to work, active
for more than 50% of waking hours; 3 — capable of only limited
self-care, confined to bed or chair for more than 50% of waking
hours; 4 — completely disabled and unable to perform self-care,
confined to bed or chair; or § — dead. All patients gave informed
consent that their treatment would be limited to terminal care
and that resuscitation would not be attempted in an emergency.
Narcotic analgesics were applied as required. We retrospectively
evaluated the patients” main symptoms on admission, their con-
sciousness level and the duration between onset of coma (Glasgow
Coma Scale less than 8) and death.®

The data in Tables land 2 were evaluated by the chi-square test
for independence, the Mann-Whitney U test or the Kruskal-Wallis
test. The data in Fig. | and 2 were evaluated by the chi-square
test. Statistical analysis was performed using IBM SPSS Statistics
ver. 19. Differences were considered significant if the probability
of the difference occurring by chance was less than 5 in 100

(p<0.05).
Results

The background characteristics of the patients are shown in
Table 1. There were 48 cases of terminal liver cirthosis, 35 cases
of terminal HCC and 33 cases of terminal lung cancer. Patients in
the lung cancer group were older (82.0 £ 11.0 years) than those in
the two liver disease groups (69.5+ 11.9 years and 72.0£10.2
years, respectively, both p<0.001). Men predominated in both the
fung cancer and the liver disease groups, but there was no signifi-
cant difference in sex ratio among the groups. Duration of
hospitalization did not differ among the three groups. Cause of

*To whom correspondence should be addressed.
E-mail: eguchiyu@cc.saga-u.ac.ip
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Table 1. Background characteristics of the liver disease and lung cancer patients

Cirrhosis

HCC Lung cancer

(n=48) (n=35) (n=33) pvalue
Age {years) 69.5+11.9 720%10.2 82.0+11.0 <0.001
Sex (Men/Women) 28720 26/9 21712 ns
Period of hospitalization (days) 42.5+89.6 28.0+£99.3 33.02629 ns
Cause of cirrhosis (HBV/HCV/alcohol/others) 6/2819/5 41271113 — ns
Child-Pugh (A/B/C) 112/31 477723 — ns
HBV, hepatitis B virus; HBC, hepatitis C virus; ns, not significant.
o Anorexia
Cirrhosis 8 General fatigue
= Abdominal swelling
a Dyspnea
HCC o Others
Lung ca. |
0% 50% 100%

Fig. 1.

Cirrhosis |

HCC

Major complaint motivating hospitalization in liver cirrhosis, hepatocellular carcinoma (HCC) and lung cancer (Lung ca.).

o Liver failure

# Hematemesis

a Encephalopathy

8 HCC rupture

@ Chronic respiratory failure
o Acute respiratory failure

s Sttt
e R

Lung ca.

u Cardiopulmonary arrest

l

a Others

0% 50%

100%

Fig. 2. Main cause of coma in liver cirrhosis, hepatocellular carcinoma (HCC) and lung cancer {Lung ca.).

liver cirrhosis and Child-Pugh class did not differ between the
liver cirrhosis and HCC groups.

Fig. 1 shows the main complaints that led directly to hospital-
ization. In liver cirthosis and HCC patients, these were general
fatigue (15% and 28%, respectively) and abdominal swelling,
mainly due to ascites (26% and 24%); the main complaints in the
lung cancer patients were anorexia (38%) and dyspnea (21%).

Fig. 2 shows the direct cause -of coma. In liver cirrhosis and
HCC patients, the most common cause was liver failure (cirrhosis:
32%, HCC: 64%). Hematemesis and encephalopathy induced
coma in the cirrhosis patients (24% and 12%, respectively) and
hematemesis and rupture of HCC were risk factors in the HCC
patients. Respiratory failure (chronic: 46%, acute: 38%) and
cardiopulmonary arrest were the main causes of coma in the lung
cancer patients.

Survival time from onset of coma and use of narcotic analgesics
are shown in Table 2. Time between coma and death was signifi-

242

cantly shorter in the liver disease patients (cirrhosis and/or HCC:
7.0 h) compared with the lung cancer patients (44.0 h, p = 0.045),
with no significant difference between cirrhosis and HCC. Total
bilirubin was higher in HCC compared with cirrhosis, but there
was no difference in the rate of ascites. Rate of usage of narcotic
analgesics was significantly higher in the lung cancer patients
(20/33: 60.6%) than in the liver disease patients (17/83: 20.5%,
p<0.01). Analgesics were used more frequently in HCC than in
liver cirrhosis (p<0.01).

Discussion

The results of the present study indicate that: (i) the rate of
usage of narcotic analgesics in the terminal stage was significantly
lower in patients with liver cirrhosis and/or HCC (17/83: 20.5%)
compared with lung cancer patients (20/33: 60.6%, p<0.01); and
(ii) the time between onset of coma and death was significantly

doi: 10.3164/jcbn.13-8
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Table 2, Time from onset of coma to death and rate of usage of narcotic analgesics in each group

A L
Duration from coma to death (hours} 10.5(0.5-192)  5.0(0.5-168)  44.0 (1.0-528) 0.045 0.06 0.09 0.31
Using rate of narcotic drugs (yes/no} 4/44 13122 20/13 <0.01 0.053 <0.01 <0.01
Serum total bilirubin just before death (mg/dl)  4.15(0.6-31.7} 11.1(0.4-32.1) — —_ — — <0.01
Ascites (yes/no}) 41/6 28/6 — — — — ns

Data are the median (range). *Lung cancer compared with liver cirrhosis and HCC, *'lung cancer compared with HCC, $lung cancer compared with
liver cirrhosis, Hiver cirrhosis compared with HCC. HCC, hepatocellufar carcinoma; ns, not significant.

shorter in liver disease patients (cirrhosis and/or HCC: 7.0 h)
compared with lung cancer patients (44.0 h).

Metastasis from HCC might not be common compared with
cancers originating in other organs.® Recently, survival with HCC
has been prolonged by advances in therapeutic approaches that
have delayed metastasis to the late phase of the disease.™® A
recent report from Japan observed metastasis from HCC to lung,
bone, lymph nodes, adrenal gland, brain and peritoneum; the most
common site was the lung.®” Lung metastases did not commonly
lead to serious clinical symptoms; by contrast, metastasis to bone
was not common (2-15%) but caused severe pain, walking
difficulties and paralysis of the lower half of the body."? The low
incidence of serious complications from metastasis of HCC might
be a major reason for the low frequency of use of narcotic analge-
sics compared with lung cancer, in which severe clinical symp-
toms in the early stage lead to early introduction of palliative
care.!?
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Highly impaired liver function might explain why the time
between onset of coma and death was significantly shorter in the
liver disease patients compared with the lung cancer patients.
Surgical resection of up to two-thirds of the liver is possible even
in cirthosis patients if their total bilirubin is within the normal
range,*» so coma does not occur in liver cirrhosis and/or HCC
until the terminal stage of the discase. In contrast, Jung cancer is
complicated by dysfunctions of ventilation, pulmonary function
and gas exchange('” which lead to coma in the early stage of the
disease.

Few studies have focused on the terminal stage of liver cirrhosis
and/or HCC. The present study suggests that these patients do not
always require palliative care and that the survival time from onset
of coma is not prolonged. The limitations of this study, such as the
small number of patients, the retrospective chart review and the
comparison with lung cancer only, warrant further investigations.
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INTRODUCTION

In Japan, hepatocellular carcinoma (HCC) has been
treated according to 2009 clinical practice guidelines
(1). According to these guidelines, resection or local
therapy is adopted for patients with Child-Pugh class A
or B, £3 tumors, and £30 mum tumor diameter. Currently,
percutaneous ethanol injection (PEI) or radiefrequency
ablation (RFA) is generally selected for local therapy (2-
5). Several randomized controlled trials (RCTs) or qua-
si-RCTs that have investigated the differences in safety
and efficacy between PEl and RFA have been reported
(6-11). Although RFA sometimes has severe complica-
tions such as obstructive jaundice caused by bile duct
injury or hepatic infarction due to vascular ablation,
most studies have indicated that there are no significant
differences in complications between the two therapeu-
ticapproaches (8,10,11). Ablation-site recurrence in pa-
tients treated with RFA is less frequent than in patients
treated with PEI (7-11), which might lead to superior
overall survival for RFA compared to PEI (8-10). How-
ever, same studies have indicated that there are no sig-
nificant differences in survival prognosis between the
two treatment methods (7,11).

One problem with these previous RCTs is that the
observation period was short-term (22.4-37.2 mo),
and there have been few studies that have evaluated the
long-term prognosis of RFA and PEL The aim of this his-
torical comparison was to compare PE[ with RFA from
the point of view of long-term survival rate.

fopy 2013; 50:00-60 doi 10.5754/hge121270
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ethanol injection;
Cause of death;
Survival prognosis.

Abbreviations:

Hepatoceltular

. Percutangous

METHODOLOGY

Patients

Two hundred and thirteen patients with HCC were
initially treated with PEI or RFA at Saga University Hos-
pital between 1990 and 2004. The present study en-
rolled 190 patients who were followed up for >3 years:
a8 patients treated with PEl from 1990 to 1999, and 92
patients treated with RFA from 2000 to 2004. Median
observation period in the PEI group was 54.4 (range:
2.5~157.4) mo, and 54,9 (range: 5.2-119.2) mo in the
RFA group. Local therapy for HCC was indicated for pa-
tients with £3 nodules, each with a maximum diameter
of 30 mm. .

Diagnosis and staging of HCC

HCC was diagnosed by using at least two imaging
tests including ultrasonography (US), dynamic comput-
ed tomography (CT), dynamic magnetic resonance im-
aging (MRI) and/or angiographic CT. Tumor stages were
classified according to the article published by the Liver
Cancer Study Group of Japan (12). This method includes
the following three conditions: i) tumor diameter <20
mm; if) single tumor; and iil) no vascular invasion. When
all the three conditions were met, the tumor was classi-
fied as stage 1. When two conditions were met, the tu-
mor was classified as stage {l. When one condition was
met, the tumor was classified as stage Iil. When none
of the conditions were met, the rumor was classified as
stage V.
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Factors
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Procedure of PEl and RFA

PEI was performed using real-time US under intra-
muscular administration of pentazocine and regional
anesthesia of the puncture site, A 21-gauge needle was
used for purpose of liver puncture and ethanol injection.
According to the distribution of ethanol, tumor size, and
the patient’s condition, ethanol was injected at a dose of
1-4 mL per session once or twice weekly. The number of
sessions was decided on the basis of the required dose
of ethanol calculated by tumor volume on CT or MRIL

RFA was performed using the following three RF sys-
tems under general, sometimes local, anesthesia. From
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January to December 2000, 12 patients underwent RFA
using an RF 2000 generator system (Radio Therapeu-
tics, Mountain View, CA, USA) with 10 expandable hook-
shaped electrode tines, and 17 patients underwent RFA
using a model 500PA generator system (Rita Medical
Systems, Mountain View, CA, USA) with four expandable
hook-shaped electrode tines (Model 30}. From January
2001 to December 2004, 63 patients underwent RFA
with a cool-tip RF system (Radionics, Burlington, M4,
USA) with a 17-gauge cooled-tip electrode with a 2- or
3-cm metallic tip, Ablation procedures were performed
according to a globally standardized regimen (13).
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Female / Male 14727

Child-Pugh class

Tumor diameter (mm)

Prothrombin activity (%) 75.3 £ 20.4(37-149) 7777 £ 124 (36.5-101) 0.548

Total bilirubin (mg/dL) 2405 (0.5-2.6) 1.0 % 0.4 (0.4-1.9) 0.033

ALT (1U/L) 70 + 43 (12-201) 63 % 40 (14-147) 0.527

AFP (ng/mL) 66+ 140 (2-730) 125 = 261.(4-1400) 0.244

Data are expressed as means + 50 or as the namber of patients. Figures in parentheses indicate range.
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Factors

Genger
Female / Male

Etiology
. BCV/HBV/B:C/NBNC
Child-Pugh class

Pmthmmbm activity (%}
Album’ ";(g/dL) Gl
T tal bilirubin (mg/dh)

33205 (27-42
1407 (02:3.0)

5838 (15-188)

AFP (ng/mL) 77 % 164 (2-792)

PEI (n=39) ]

66 % 20.6 (26-103)

REA (1 = 46)

12406 (0.4-3.1)

65+ 47 (17-241)

291 £ 1045 (3-5740) 0.241

Data are expressed as means 5D or as the number of patients. Figures in parentheses indicate range.

HCC occurrence age 66,4 £5.9 (58-82)
Eﬁcldgy g 5 S e
HCV / ‘“JBV!B+C i T‘\B\C

‘1'7/1/0/0

9.1 +3?(.>4-1/ 2)
Cea7an26 (38-111)

Tatal bil  10205(05-18)
AST (IU/L) 63 £21 (39- 101)
AT U/ 53 (15-237) | 58:26(33108)
GGT QU/L) 120 296 (29 307) 65 % 62 (25-206)

AFP (ng/ml) 427853302 (412458 16047263(4682)

9707070

82226 (5.4-13.33

3e+ue(z7~ :

Data are expressed as mezns * S or as the number of patients. Figures in parentheses indicate range.

Laboratory data

We collected laboratory data just before initial treat-
ment including hepatitis B surface antigen (HBsAg),
hepatitis C virus {HCV) antibody, platelet count, pro-
dhrombin activity, albumin, aspartate aminotransferase
{AST), alanine aminotransferase {(ALT), total bilirubin
and y-glutamyl transpeptidase (GGT) and a~fetoprotein
(AFP). Etiology of liver disease was decided as follows:
patients with positive HBsAg were HBV; patients with
positive HCV antibody were HCY; patients with both HB-
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sAg and HCV antibody were HBV+HCV (B+(C); and pa-
tients with negative for HBsAg and HCV antibody were
non-HBV non-HCV (NBNC),

Statistical analysis

Comparisons of clinical characteristics between the
two treatment groups were made using the unpaired
Student's t-test for continuous variables and the ¥° test
for categorical data, The survival periods were estimated
using the Kaplan-Meier method, and the survival curves
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were compared using the log-rank test. Factors related
to survival prognosis were analyzed by using multivari-
ate Cox proportional hazards model, Two-tailed p val-
ues <(.05 were considered significant. Statistical analy-
ses were performed with SPSS Statistics ver. 19 (SPSS
Japan, Tokyo, Japan).

RESULTS
Baseline characteristics

Clinical characteristics of the patients are shown in
Table 1. Although there were no significant differences
in gender, etiology of liver disease, platelet count, pro-
thrombin activity, albumin, AST, ALT, GGT and AFP be-
tween the PEl and RFA groups, the RFA group was older;
and Child-Pugh score and total bilirubin level of the RFA
group were lower than those of the PEI group. Although
tumor diameter in the PEI group was longer than that
in the RFA group, there was no difference in stage clas-
sification of HCC,

Cumulative survival rates overall and according to
tumor stage

Regarding overall cumulative survival rates, 5-year
survival rates were 40% and 51% in the PEl and RFA
group, respectively (Figure 1a), and there was no dif-
ference between the two groups. Tables 2-4 show the
clinical characteristics of the patients categorized by
tumor stage. There were no significant differences in
gender, age, etiology, Child-Pugh class, platelet count,
prothrombin activity, albumin, AST, ALT, GGT and AFP
between the RFA and PEI group for each tumor stage.
Total bilirubin level in tumor stage | was higher in the
PEI than RFA group. Regarding the cumulative survival
rate at each stage, the RFA group had significantly bet-
ter survival compared to the PEI group for tumor stage
Il (Figure 1c, P = 0.033). This better survival in the RFA
group was not detected for tumor stage 1 and stage Il
(Figure 1b and 1d). Five-year survival rates in the two
groups were as follows: PEL, 60% and RFA, 59% for
stage I; PEI, 28% and RFA, 48% for stage 1I; and PEL,
18% and RFA, 22% for stage 111.

Comparison of causes of death

During the observation period, 156 of 190 patients
died (PEI: 93, RFA: 63). Causes of death were identified
in 112 patients. Fifty-nine patients died from growth of
HCC (PEIL 38, RFA: 21); 29 from hepatic faiture (PEL 16,
RFA: 13); seven from extrahepatic rupture of HCC (PEL
S, RFA: 2); and six from rupture of esophageal or gas-
tric varices (PEL: 3, RFA: 3). Eleven patients died from
causes other than liver-related diseases: six from in-
fectious disease; two from other carcinomas; two from
perforation of the gastrointestinal tract; and one from
rupture of aortic aneéurysm, Distribution in causes of
death did not differ between the PEl and PFA groups,
and it was similar according to stage of tumor (data not
shown).

Cumulative survival rates according to tumor size
and number

Figure 2 is the Kaplan-Meier curve with regard to
the number of tumors and tumor size. There was no sig-
nificant difference in cumulative survival rate between
the two groups in patients with a single tumor or tumor
diameter <20 mm (Figure 2a and 2c). The RFA group
had better survival than the PEI group in patients with

AST: 270 1U/L 0.323

GGT: 2100 1U/L

1597

lanine aminutransfera

T aspartate aminotr
ranspeptidase; AFP: o-fetop

3 AL

Variables Odds ratio 95%CI

p value

0.774 - 2235

0887 - 16988 0072

Tumor diameter: 220 mm 0.98 0.947 - 1.013 0.231

multiple tumors or tumor diameter 21-30 mm {Figure
2b and 2d).

Analysis for factors associated with survival in tu-
mor stage Il patients

There was a significant difference in survival progno-
sis of tumor stage I patients between the two groups;
therefore, we analyzed factors associated with survival
in stage Il patients. As a result of the univariate analysis
for factors including gender, age, Child-Pugh class, tu-
mor diameter; etiology of liver disease, initial treatment
method {PEI or RFA), platelet count, AST, ALT, GGT and
AFP, the initial treatment method and Child-Pugh class
were significant factors associated with survival prog-
nosis (Table 5). Multivariate analysis adjusted by gen-
der, age, Child-Pugh class, tumor diameter, and etiology
of liver disease showed that RFA for initial treatment
was a significant factor for good survival prognosis in
patients with stage Il HCC (p = 0,042, Table 6).

DISCUSSION

Our comparative study demonstrated that long-term
survival in patients treated with RFA was superior to
that with PEl in patients with stage Il HCC, although
this advantage was not observed when the outcome was
evaluated in the overall or other stage patients.

An important feature of RFA is that a larger ablated
area is obtained from one treatment session compared
to PEI (6,8). It is speculated that the difference in sur-
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vival of stage Il HCC between the two treatment meth-
ods might have originated from the extent of the ablated
margin. Previous pathological studies have shown that
one fifth to one third of small HCCs, £3.0 cm in diameter,
had satellite lesions that were not detected during pre-
treatment evaluation (14,15). Although several studies
have indicated that ablation-site recurrence in patients
treated with RFA was less than that in those treated
with PEl (7-11), there are some reports that RFA was
not significantly better than PEI for tumors <20 mm
in diameter (8,9,16). Regarding survival prognosis, al-
though some studies have indicated no significant dif-
ference between these two treatment methods (7,11),
many more studies have indicated that RFA treatment
resuits in less local recurrence than does PEI, which re-
sults in a longer survival period (8-10). These studies
suggest that RFA might be more effective for HCC >20
mm in diameter compared with PEI with regard to lo-
cal regulation and subsequent improved survival, This
agrees with our result that RFA has a better prognosis
than PEI for HCC of 21-30 mm diameter.

HCC stage 1l contains multiple tumors <20 mm in
size, as well as single tumors >20 mm in size, Our result
indicated that RFA was more effective against multiple
(2 or 3 tumors} HCC than PEI was, We cannot explain
the reason for this result from our data, although it is
speculated that it resulted from the completeness of lo-
cal ablation of each tumor.

The superiority of RFA was not observed in tumor
stage [ and stage I1I. We speculate that stage | HCC could
be cured by PEI, similar to RFA, because the tumor size
was small (<20 mm), and stage III HCC could not be
regulated by not only PEI but also RFA, because these
tumors were multiple and >20 mm in diameter. From
the point of view of cost benefit, PEI might be a better
selection for local treatment of stage 1 HCC, because the
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the two treatment methods.

The limitation of the present study was that it was
not prospective and not an RCT. The data were selected
from a retrospective chart review for historical com-
parison, and the local regulatory rate could not be jn-
vestigated. Moreover, because the follow-up period was
different, the survival of the patients might have been
influenced by several other factors, including progress
in supportive care and innovation of another treatment
for HCC. The PEI group included some cases treated
with RFA for second and subsequent treatment after
initial treatment with PEL However, many previous
studies have indicated that the initial therapy strongly
affects the survival prognosis of HCC. Moreover; because
PE! has rarely been selected for initial therapy for HCC
in our country, it is almost impossible to compare long-
term survival between PEI and RFA at present.

In conclusion, this historical comparative study sug-
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SUMMARY. Single nucleotide polymorphisms (SNPs) in the
interleukin 28B gene (IL28B) are good pretreatment predic-
tors of anti-hepatitis C virus (HCV) therapy with interferon.
SNPs of the inosine triphosphatase (ITPA) gene are associ-
ated with reduced haemoglobin levels during treatment with
ribavirin. The i-densy (Arkray, Inc.), which is based on the
quenching probe (QP) method, automatically detects target
genes in blood samples by fluorescence quenching within
100 min. Using a QP and primer set, a gene amplification
response is generated that can quickly and easily detect a
specific gene's arrangement by fluorometry. The present
study was conducted to compare the utility of i-densy (QP
method) with that of conventional direct sequencing (DS) for
detecting SNPs in the IL28B and ITPA genes in chronic hep-
atitis C patients. Between June 2011 and January 2012, 73
consecutive patients underwent genotyping of IL28B, and

54 patients underwent genotyping of ITPA. All of the
patients were seropositive for HCV-RNA. The I1.28B and
ITPA genotypes were tested for bi-allelic polymorphisms in
rs8099917 (T/T, T/G and G/G; minor allele, G) and
rs1127354 (C/C, C/A and A/A; minor allele, A), respec-
tively. The results obtained with the QP method were identi-
cal to those obtained with the conventional DS method. The
frequency of the IL28B genotypes TT, GT and GG were 74%,
24.7% and 1.4%, respectively, and those of the ITPA geno-
types CC, AC and AA were 68.5%, 29.6% and 1.9%, respec-
tively. These results indicate that the i-densy using the QP
method can automatically, quickly and easily identify geno-
types of IL28B and ITPA.

1L28B, triphosphatase,

Keywords: fluorometry, inosine

quenching probe.

BACKGROUND AND AIM

Recent reports have shown that single nucleotide polymor-
phisms (SNPs) in the interleukin 28B (IL28B) gene, which
encodes IFN-lambda 3, are good pretreatment predictors
for peginterferon o (Peg-IFN¢) plus ribavirin (RBV) therapy
and triple therapy [1-3]. Additionally, a recent genome-
wide association study showed a strong association
between reductions in haemoglobin levels during RBV
treatment and the SNP rs6051702 in the inosine triphos-
phatase (ITPA) gene [4]. Therefore, easy and rapid detec-
tion of SNPs in IL28B or ITPA is important for routine

Abbreviations: DS, direct sequencing; HCV, hepatitis C virus; ITPA,
inosine triphosphatase; QP, quenching probe; RBV, ribavirin.

Correspondence: Toshihiko Mizuta, Saga Medical School, 5-1-1
Nabeshima, Saga, Japan. Zip code: 8498501.
E-mail: mizutat@cc.saga-u.ac.jp

clinical practice and to guide treatment decisions. As previ-
ously reported, the quenching probe (QP) method is extre-
mely effective in detecting the KRAS mutations in lung
adenocarcinoma [5]. Following the addition of a QP and a
primer set, a gene amplification response is generated, and
the gene’s arrangement is quickly and easily detected by
fluorometry. In the present study, we compared the utility
of the QP method with that of the conventional DS method
for detecting IL28B and ITPA SNPs in blood samples from
chronic hepatitis C patients.

MATERIALS AND METHODS

Patients and blood samples

Between June 2011 and January 2012, 73 consecutive
patients underwent IL28B genotyping, and 54 patients
underwent ITPA genotyping. All patients were seropositive

© 2012 Blackwell Publishing Ltd
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for HCV-RNA. Venous blood samples were collected and
stored at 4 °C.

Detection of IL28B and ITPA by direct sequencing

Human genomic DNA was extracted from peripheral blood
using a blood DNA extraction kit (QIAGEN, Tokyo, Japan).
Allelic typing was performed by real-time PCR with the
Applied Biosystems 104 prIsM dye terminator cycle
sequencing method on an ABI 105 PRISM 3100 Genetic
Analyzer (Applied Biosystems, Foster City, CA, USA) using a
fluorescein amidite-labelled SNP primer for the locus
rs8099917 (Applied Biosystems). The IL28B polymorphism
(rs8099917) and the ITPA polymorphism (rs1127354)
were detected by PCR amplification with specific primers
according to the manufacturer’s instructions. The possible
genotypes for each bi-allelic polymorphism in rs8099917
are T/T, T/G and G/G (minor allele, G). ITPA was genotyped
at the polymorphic site for rs1127354 on chromosome 20
using the ABI TagMan allelic discrimination kit and the
same system as for IL28B genotyping. The possible geno-
types in rs1127354 are C/C, C/A and A/A (minor allele, A).

Rapid detection system using the QP method el25

Detection of IL28B and ITPA by the quenching probe
method

The i-densy fully automated genotyping system (ARKRAY,
Inc., Kyoto, Japan) was used. In this system, genomic DNA
is purified from a blood sample using an FTA® matrix
(Whatman, Middlesex, UK) followed by PCR amplification
of the target SNPs. The SNP genotypes are determined by
monitoring the fluorescence intensity of a QP. Each QP
contains cytosine at its 5’ or 3’ end, which is labelled with
a guanine quench fluorophore. When the QP hybridizes to
its target DNA, its fluorescence is quenched by the guanine
residue in the target that is complementary to the modified
cytosine. The system performs these processes automati-
cally and can genotype up to three SNP sites using four
blood samples. For this study, the forward and reverse PCR
primers and guanine QP (J-Bio21, Tokyo, Japan) were
5'-caacatggagagttaaagtaagtcttgtatttcacc-3', 5'-cagctaccaaa-
ctgtatacagcatggttc-3’ and 5'-ctgtgagcaatgtcaccc-3’, respec-
tively, for IL28B, and 5'-aagtgttctcttttctcttggaacag-3’, 5'-ag
aalor g)acatacggtcaattttctgtg-3’' and 5’-gcatgtaaacttatctce-
3', respectively, for ITPA. For IL28B, PCR consisted of
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Fig. 1 Genotyping of the IL28B and ITPA SNPs by the quenching probe (QP) method. The temperature was gradually
increased from 40 to 95 °C, and the increased fluorescence of the probe was measured. The excitation and emission
wavelengths were 445-480 and 520~555 nm, respectively, for IL28B, and 587-700 and 520-555 nm, respectively, for
ITPA. The TT and GG genotype of IL28B were detected as a single fluorescent peak at 53 and 62 °C. The heterozygous
genotype TG was detected as a double peak at 53 and 62 °C. The CC and AA genotypes of ITPA were detected as single
peak at 48 and 56 °C, respectively. The CA genotype was detected as a double fluorescent peak at 48 and 56 °C.
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initial denaturation for 1 min at 95 °C, and 50 cycles of
denaturation at 95 °C for 1 s and annealing at 60 °C for
30 s. For ITPA, PCR consisted of initial denaturation at
95 °C for 1 min, and 50 cycles of denaturation at 95 °C
for 1 s and annealing at 64 °C for 30 s. After the PCR
was complete, melting temperature (T,,) analyses were per-
formed. The SNPs were identified based on differences in
temperature and fluorescence.

RESULTS AND CONCLUSION

By differentiating the fluorescence intensities by the temper-
ature, the T, was obtained within 100 min (Fig. 1). All 73
patients were successfully genotyped for IL28B. The results
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HFE

9) R & HUR BRI

10) de il > 7 —FE

11) ABDRAEESE BN I LR R

12) MRS A E RS R IR BI R 4

13) BRI LR R

14) REAKSEKERAE GRS LR

15) S ATEEE AB N R v & — BRI

VY —

16) MESEERLREES 3 AR

17) #MEILER B

18) HENERRFAF RN R LRgas - 4

B
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E &I

C BRI T 54 ¥ & —7 =1 (IFN) $#iiE
%, 2004 4 12 A2 PEGIFNe-2b & 1) /31 ¥ (RBV)
DEFRFEEE, 2007 4E 3 HIZ PEG-IFNw-2a & RBY 91
FRENET SN, KRBT R OEERES
79 S EBUHEE L ofzb?,

PEG-IFNa-2a & RBV OfF F#RE D E P4 T AR
REIIB VT, genotype 1b, 7 4 W A4 (100 KIU/
mL B k) @ CEBEFLICH LT, 48 ARSI T
WEEFAIE 594 %, BIEHHERD - HAPICHT 5 HE
TICBVTIE540% O 4 VAEMEL (sustained
virological response : SVR) 5 Nh T 5%,

WA, T A NVABRELEEN IS Mg T 5
response-guided therapy @F #4357 3 1, genotype
1 OFEFEFICH T 5 PEGIFNe-2a+RBV #i:lzBw
T, &5 BB 4 8K HCV-RNA BH:# (rapid virologi-
cal response : RVR) (& 24 A% 5 T 48 AL S L H
SOSVRETHY, 12:BEBE»D 24 HEFERER
(late virological response) Tt 48 B & b 72 B
BoRRE B SVRBF LN, EHESR TS,

L#L, ChEDEHDIEEAERBRPENTD
MRICL2HDT, £ HCV-RNA Ol Dgia7
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FATE C BRI 4185 % PEG-IFNo-2a+ RBY ##i (LM Z HERR IS

YN ATETHPNLLDTHE.20074E 12 Ak
Y EREE D HCV-RNA 2 #:T& % TagMan PCR
HARIB TR BNz, PEGIFNe-2a+RBV #EEIC
BiY BiEFERO TagMan PCREIC L 277 4 )V ATHER,

TFHRBEOVDLW 5 [real world] 128135 % 4 VAR
LA ORBAIE, BLUOEERSOEMEICHL
T, RIESHPITHRI L RmES DR

S 512, PEGIFN+RBV #HEICBWTIX, HEH,
WL EOFRETFOENZE 2H M ORT A HE
LhoTBY?, TRLICOWT L HHITORITTH
LT HLEND 5.

VLoBFITE Y, UMAOIFEBREMEFREMET
BB 3 N5 U T LRI IT B2 Tl a7 b —
71, By A N ATk C BB 4205 % PEGIFNo-
2a+RBV FREOA M - atoMEE B XU TagMan
PCR¥EWC L 294 AT E HITEDBFHREZ B LI
T B 7S ik RIS R T o 72,

C BIFF 2 @ R 12 B V> T & Direct Acting Antiviral
(DAA)BH 2 A L7228 BT BHy A VA BT
BRRICA N D05 5%, ZhE TRVWHEEIEREL
LT OB % 58T & 72 PEG-IFN + RBV #8E03AYH
KB AHEMEHZELOTBLLI LR, SHBOHMH
HEEZEADLTEETHI EEX, WETS.

W EHE

1) WREE

7 V—7 1(F721% genotype 1a/1b) 08 Y 4
WV A5 (I HCV-RNA =50 Log IU/mL) @ C Bk
FRBET, DTORREELZHBAL, »oBitikE
WAl L 2 VBB AR E L. BEO IFN R ER
Mbhirwz L.
2) BRREME

LERED S B, QD20 R Lo BE, Q%L
BALAET O FEBRAMALE T F 3R %L 3.000/uL. Yk, #FdEk
#1,500/uL LA L, If/MEEC90000/ul Bl E, ~NEF T
¥ oh 12 g/dL YL EoIEE %72 L BE, @HEo
BINCH D+ R EZT 5, 4R ERO I,
B A BEAAOHRBAIC L Z2FAENHR SN
B, ERLL
3) BRopEE

BPGLEZH AT EBEOS B, UTokALEDD
EOoTHYTIRTABEFREBA L O, SR
TORHREDODZBAXZELFORBA, @PEG
IFNo-2a F 7213 TFN BN LBHGE OBHERE O

351267

HHrBFE, @UAYY) YUMo 2 LAY F7F 0
FH L, BEEECBEROSEE, @Y bo—
VB GRS (O, L2 TEIRS 0d
HEE OREANEIFOEVE (FF713I7, gk
MERMRIME) DB, @BREFRLLEZLTF=
Y2 YT T VAN S0 mL/FEL T OFREREOD 5 R
%, QEED ) O, HESHUIAREREOEE
DFFFFRIREICH 2 BE LT OWMEREOD 5 B,
@FEEONBENEDD 2 B, OHOREET£D
B, ©U 7 F SAY SR BHEN N LB HoE 0B
BEod5BE, QNEPGE2RSPOBYE, QHE4E
FISAFEDOMNBE L L TREYNTH D LD BE,
4) PEG-IFNo-2a (Pegasys®) 5 & UF RBV (Copegus®)
DEREFHE

PEG-IFNo-2a i3 1 [ 180pg %38 1 | FH#%5 L, RBV
I3ARIE 60 kg SR Tdh L 600 mg/H, 60 kg Pl L 80 kg
FimTHhiE 800 mg/H, 80 kg Bl ETHIUF 1,000mg/
APIRZER E L7z, %38, PEGIFNo-2a, RBV & 3%
FHREOHBICL Y, Wit L CoRSHIAL L L.

HEMMEE 48l & L, BHREOHKIC L v i
HBA 12 8O HCV-RNA 21081, 72 8F T
DRSBTS Lz, DT, 4—55 8% 5 24
HePr 5, 56 M LR 2 IR S IR L LT 5.
5) R - hibEdE

IFepEREL, M/EL, ~NEZ OV ROBOIRE
L7225, G0 2 B IR NET 3
ZEEL ZOMEWERZE, BEORBICLYE
O CRIELTD I vwdbps Lz MTFIENST
LR, TORORBE PIE LN AREET) 2 &
& L7 OBMSelrod kB84 5 R
FEDVPBILEE, ORBOWHL P LREFIEDS
Nty QF FHR O 085 OB H #EL B4,
OWBHEPZS ORI EHZ LSS, OMS5r0H
BIZX DEBE LR Boeih, ©F oM, RERHT
(R EROEFEHFICE Y h o BEREZHD
6) BEEE

BIRART, AT 4 HMEE L ONERR TR, A
F&T 4 24 FKFIZ HCV-RNA (2 ¥ = COBAS TaqMan
HCV), FERE, SFaRE, Rk, ~eroey,
AT 7Yy b, VMR, BEE, TVT R Y, AST,
ALT, LDH, TVHY 7+ A7 7% —¥, \GTP 2l
EL7z.
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