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patients with a sustained virologic response showed a cumulative
rale of hepatocellular carcinoma of 0.7%, 1.0%, and 1.7% in
nondiabetic patients, and 0.0%, 0.0%. and 0.0% in diabetic pa-
tients, respectively (Figure 5). There was no significant difference
between diabetic and nondiabetic groups in patients with a sus-
tained virologic response (P = .249).

Factors Associated with Rate of
Hepatocarcinogenesis

Multivariate Cox proportional hazard analysis revealed the
following independent factors for hepatocellular carcinoma
development after the initiation of the first interferon therapy in
patients who showed a nonsustained virologic response (haz-
ard vatio 7.28; 95% confidence interval [CI], 3.28-16.15;
P <001y male (hazard ratio 4.90; 95% Cl, 247-9.71;
P <.001), aged = 60 years (hazard ratio 3.28; 95% CI, 1.88-
5.74; P <.001); aspartate aminotransferase = 50 TU/L (hazard
ratio 3.91; 95% CI, 1.81-843; P = .001); alpha-fetopro-
tein =20 mg/l (hazard ratio 2.89; 95% Cl, 143-5.84;
P = 003); diabetes (hazard ratio 2.00; 95% CI, 1.05-3.84;
P = 036); and platelet count <17 x 10*/mL (hazard ratio 1.96;
95% CI, 1.11-348; P=021) (Table 2, available online).

Rate and Prognosis of Diabetic Patients with
Marked Fatty Deposition at First Interferon
Initiation

Fourteen of 104 diabetic patients (13.5%) had faity deposi-
tion in hepatic cells of = 30% before the initiation of inter-
feron therapy. Of these 14 patients, 2 were diagnosed with
hepatocellular carcinoma during the observation period.
One patient underwent liver resection to treat hepatocellular
carcinoma, and background liver tissue was liver cirrhosis.
One patient did not receive a liver resection; however, this
patient’s platelet counl was approximately 20 X 10%/pL at
the time of diagnosis of hepatocellular carcinoma. Thus,
severe fibrosis was not suspected in view of this platelet
count level.

Rate of Liver Cirrhosis at Hepatocellular
Carcinoma Diagnosis

In 23 of 73 patients with hepatocellular carcinoma (31.5%),
hepatic resection was performed for treatment. Five of 23
resected patients (21.7%) had liver cirrhosis in background
hepatic tissue. The remaining 50 of 73 patients (68.5%) did
not receive hepatic resection, and these patients received
other nonresection therapy. Because the platelet count levet
was less than 10X 10%uL in 17 of 50 patients without
resection (34.0%), liver cirrhosis was suspected. In these
patienis with histologic or clinical diagnosis of liver cirrho-
sis at the time of onset of hepatocellular carcinoma, none
had a sustained virologic response by interferon therapy.

DISCUSSION

The present study described the incidence of hepatocellular
carcinoma after the initiation of interferon therapy in pa-

tients with chronic hepatitis C infection. The results indicate
that the annual incidence of hepatocellular carcinoma over a
prolonged follow-up from first interferon therapy among
noncirrhotic patients with hepatitis C virus is 0.3% 10 0.5%.
The present study was limited by its retrospective design.
Moreover, the number of diabetic and nondiabetic patients
was markedly different, which might be a potential source
of bias. Another limitation of the study was that patients
received different types of antiviral therapies for different
duration. Thus, we did not evaluate the effect of different
interferon regimens but assessed the impact of having or not
having a susiained virologic response. This heterogeneity
makes it somewhat difficult to interpret the results. On the
other hand, the strengths of the present study are the long-
term follow-up in a large number of patients treated at the
same institution. The present study highlights several new
findings with regard 10 the development of hepatocellular
carcinoma after interferon therapy in noncirrhotic patients
with hepatitis C virus. First, in patients with a susiained
virclogic response. diabeies had no significant effect on the
rate of hepatocarcinogenesis. Second, in patients with a
nonsustained virologic response, the rate of hepatocarcino-
genesis was significantly higher in diabetics; diabetes was
associated with 2-fold increase in the incidence of hepato-
cellular carcinoma.

In the present study, no significant difterence was noted in (he
rate of hepatocarcinogenesis in patients with a sustained virologic
response with and without diabetes. However, at least 2 sludies
have described a relationship between diabetes and hepatocellular
carcinoma in patients without viral hepatitis.'™"” In our study,
7.3% of the patients with a nonsustained virologic response were
diabetics, compared with approximately 3.0% in the group with a
sustained virologic response. These rates were lower than those in
the general Japanese population (~15% for men, 9% for women),
especially in those with a sustained virologic response. With
regard to interferon treatment, previous studies reported that insu-
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Figure 5 Cumulative rate of development of hepatoceliular
carcinoma from first interferon therapy in noncirrhotic patients
with chronic hepatitis C infection who showed sustained viro-
logic response to interferon therapy according to the presence
or absence of diabetes.
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lin resistance and diabetes lower the sustained virologic response
rate in patients treated with peginterferon plus ribavirin.*
Therefore, interferon therapy itself may explain the different rates
of diabetes in the 2 groups.

Diabetes is an independent predictor of several types of
cancers, including hepatocellular carcinoma in patients with
or without viral infection.'%2> However, the rate of hepa-
tocarcinogenesis in our patients with a sustained virologic
response was not significantly influenced by the presence or
absence of diabetes. Our retrospective study included a low
rate of diabetes compared with that of the general Japanese
population. This lower rale of diabetes in patients with a
sustained virologic response may explain the lack of effect
of diabetes on the rate of hepatocarcinogenesis.

Several studies reported the relevance of hepatitis C
virus core gene 1o insulin resistance in patients with chronic
hepatitis C.?*2° interferon therapy is considered to worsen
blood glucose control, but if the cause of insulin resistance
is based on the involvement of hepatitis C virus core gene,
one could consider probable improvement of insulin resis-
tance after a sustained virologic response. Further studies
are necessary 1o examine in these points.

CONCLUSIONS

Qur retrospective cohort study is the first to examine the
effects of diabetes mellitus and sustained virologic response
on hepalocarcinogenesis in noncirrhotic, interferon-treated
patients with hepatitis C infection. Qur results indicate that
a sustained virologic response induced by interferon therapy
climinates the influence of diabetes mellitus und markedly
reduces the rate of hepatocarcinogenesis in noncirrhotic,
interferon-treated, hepatitis C virus-positive patients.
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Kawamura et al  Diabetes Enhances Hepatocarcinogenesis in Hepatitis C Patients 956.e1
Tabie 2  Predictors of Hepatocarcinogenesis in Noncirrhotic, Interferon-Treated Patients with Chronic Hepatitis C Infection
Univariate Analysis Multivariate Analysis

Variables Category HR (95% CI) A HR (95% (I} P
Gender 1: Female 1 1

2: Male 2.38 {0.23-0.77) .005 4.90 (2.47-9.71) <.001
Age 1: <60 1 1

2: 260 3.34 (2.01-5.52) <.001 3.28 (1.88-5.74) <.001
Histopathologic grade 1: F1-2 1

2: F3 2.98 (1.48-6.02) .002
Total ethano!l intake (kg) 1: <500 1

2: =500 3.486 {2.02-6.01) <<.001
Atbumin (g/dt} 1t 24.0 1

2: <40 1.73 (0.10-3.00) 053
Total bilirubin (mg/dL) 1: <0.5 1

2: =0.5 1.50 (0.75-3.02) .256
AST (IU/L) 1: <50 1 1

2: 250 5.75 (2.86-11.59) <.001 3.91 (1.81-8.43) .001
ALT (1U/L) 1: <100 1

2: =100 2.22 (1.37-3.60) .001
-6TP (TU/L) 1: <50 1

2: =50 2.59 (1.58-4.25) <.001
Platelet count (x10%/mL) 1: =17 1 1

2: <17 3.00(1.85-4,88) <.001 1.96 (1.11-3.48) 021
AFP (ug/l) 1: <20 1 1

2: =20 4.71 (2.51-8.85) <.001 2.89 (1.43-5.84) .003
Diabetes metlitus 1: No 1 1

2: Yas 4.50 (2.54-7.95) <.,001 2.00 (1.05-3.84) .036
Total cholesterol level (mg/dL) 1: =220 1

2: <220 1.28 (0.30-5.41) 735
Triglyceride level (mg/dL) 1: <150 1

2: =150 2,221 (0.78-6.20) 134
LDL cholesterol level (mg/dL) 1: =140 1

2: <140 1.19 {0.27-5.21) 817
HDL cholesterol level (mg/dL) 1: =40 1

2: <40 1.98 (0.80-4.93) 142
HCV serologic group 1: sero group 2 1

2: sero group 1 2.23 (1.22-4.07) .009
Viral load 1: Low 1

2: High 2.18 (1.29-3.67) .003
Effect of IFN therapy acquired viral 1: Yes 1 1

elimination* 2: No 2.30 (1.03-7.09) <.001 7.28 (3.28-16.15) <.001

HR = hazard ration; I = confidence interval; AST = aspartate aminotransferase; ALT = alanine aminotransferase; y-GTP = gamma-glutamyl transpep-
tidase; AFP = alpha-fetoprotein; LDL = low-density lipoprotein; HOL = high-density lipoprotein; HCV = hepatitis € virus; IFN = interferon.
*Viral elimination means sustained virologic response.
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Clinical and Virological Effects of Long-Term
(Over 5 Years) Lamivudine Therapy
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Ideally, long-term lamivudine therapy should not
induce tyrosine~methionine—aspartate-aspartate
(YMDD} mutants {reverse transcription [rtl; rt
M204IA) in patients with chronic hepatitis B, There
is little or no information on the clinical features of
patients who do not develop such mutants. We
analyzed 368 patients who received lamivudine
therapy for more than 6 months between 1995 and
2003. Among them, 98 patients were negative for
YMDD mutants during 5-year lamivudine therapy.
Multivariate analysis identified hepatitis B e anti-
gen (HBeAg) negativity, lack of cirrhosis, and high
gamma glutamyltranspeptidase (GGTP) level as
independent factors associated with lack of emer-
gence of YMDD mutants during 5-year treatment.
In these 98 patients, 21 patients developed YMDD
mutants in the 5-year posttreatment follow-up. Old
age was identified as the only factor associated
with the emergence of YMDD mutants during that
period. For all patients, 53 showed no elevation of
atanine aminotransferase (ALT) or viral load after
emergence of YMDD mutants during 5 years. Short
latency to emergence of YMDD mutants, mixed
{tyrosine-isoleucine—aspartate—aspartate (YIDD)
[rtM20411+tyrosine—valine—aspartate-aspartate
(YVDD) [nt\204V]) type, and low ALT level were
identified as independent factors associated with
elevation ALT or viral load. HBeAg negativity, fack
of cirrhosis, and high GGTP level were associated
with lack of emergence of YMDD mutants during
5-year period. Young age protected against
emergence of YMDD mutants over the 5-year
period. Moreover, after the emergence of YMDD
mutants, short latency to the emergence of YMDD
mutant, mixed type mutants, and low baseline ALT
level were associated with elevation of ALT or viral
load. J. Med. Virol. 82:684~-691, 2010.

® 2010 Wiley-Liss, Inc.

KEY WORDS: YMDD mutant; HBV; lamivu-
dine; GGTP; ALT; long-term
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INTRODUCTION

Approximately 400 million people worldwide have
chronic hepatitis B (CHB) infection, and 25-40% of
these will develop hepatocellular carcinoma (HCC) and/
or cirrhosis [Lee, 1997]. Prevention of disease progres-
sion is the primary target of treatment. To date, the
nucleoside analogs, lamivudine, adefovir, dipivoxil, and
entecavir, have been approved for the treatment of CHB
[Zoulim and Perrillo, 2008]. Lamivudine markedly
reduces viral load and hepatic necroinflammatory
activity (Lai et al, 1998; Dienstag ot al., 1999}, and
improves liver fibrosis [Dienstag et al, 2003a), and
function. Unfortunately, failure of antiviral therapy is
associated with the appearance of new viral variants,
allowing hepatitis B virus (HBV) to become resistant.
Lamivodine has the highest rate of drug resistance
emergence. The number of patients with tyrosine—
methionine—aspartate—aspartate (YMDD) mutation is
higher with prolonged use of lamivudine. The cumu-
lative rate of YMDD mutant reaches 60—70% after 4—
5 years of treatment [Nafa et al.,, 2003, Suzuki et al.,
2008]. On the other hand, 20—30% of patients continue
long-term lamivudine therapy without YMDD muta-
tions. There is little information at this stage about the

Abbreviations used: AFP, a-fetoprotein; ALT, alanine amino-
transferase; AST, aspartate aminotransferase; CHB, chronie
hepatitis B; DNA, deoxyribonueleic acid; GGTP, gamma gluta-
myltranspeptidase; HBeAg, hepatitis B e antigen; LC, liver
cirrhosis; HBsAg, hepatitis B virus surface antigen; HBV,
hepatitis B virus; HCC, hepatocellular carcinoma; PCR, polymer-
ase chain reaction; YIDD, tyrosine—~isoleucine—aspartate—aspar-
tate; YMDD, tyrosine—methionine—aspartate—aspartate; YVDD,
tyrosine—valine—aspartate—aspartate.
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Five-Year Lamivudine Therapy for Chronic HBV Infection

clinical differences between patients with and without
YMDD mutants on long-term lamivudine therapy.

After the emergence of YMDD mutant, breakthrough
hepatitis occurs at a high frequency. This is important
because breakthrough hepatitis can occasionally cause
liver decompensation [Liaw et al., 2000]. However,
alanine aminotransferase (ALT) and viral load are not
elevated at least in some patients with YMDD mutant.
The difference between these groups remains poorly
defined. The aims of the present investigation were
the following: (1) characterize the clinical and virolog-
ical features of patients who do not show emergence
of YMDD mutants during 5 years of lamivudine
therapy. (2) Identify the factor(s) associated with the
emergence of YMDD mutants in patients on >5 years of
lamivudine therapy. (3) Determine the factors associ-
ated with elevation of ALT (>501U/L) and viral load
(>5.0logcopies/ml) after the emergence of YMDD
mutant.

PATIENTS AND METHODS
Patients

The study subjects were 368 patients (66 females and
302 males, median age 43 years [range 19-76]) who
commenced treatment with lamivudine at the Depart-
ment of Hepatology, Toranomon Hospital, Tokyo,
between September 1995 and June 2003 and adhered
to treatment for more than 6 months (Table I). All
patients were followed from commencement of therapy
at our hospital. Some of these patients have been
reported previously [Chayama et al., 1998; Suzuki
et al., 2003]. All patients were negative for hepatitis C
serologic markers, but all had detectable hepatitis B
virus surface antigen (HBsAg) for at least 6 months prior
to commencement of lamivudine therapy. Lamivudine
was administered orally at 100 mg/day. Chreonic hep-
atitis or cirrhosis was confirmed by needle biopsy,
peritoneoscopy, or clinically before treatment. The
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clinical criteria for chronic hepatitis included elevated
ALT levels over 6 months and absence of clinical
evidence of portal hypertension, such as esophageal
varices, ascites, hepatic encephalopathy, and imaging
features suggestive of cirrhosis on ultrasonography.
Chronic hepatitis and eirrhosis were diagnosed in 309
and 57, respectively. Informed consent was obtained
from each patient enrolled in the study; and the study
protocol conformed to the ethical guidelines of Declara-
tion of Helsinki and was approved by the human
research committee of our institution.

Blood Tests, Serum Viral Markers, and
Assessment of Response to Therapy

Routine biochemical tests were performed before and
during therapy at least once every 2 months, using
standard procedures. Serizl blood samples were taken
before and during therapy and stored at —80°C until
used for HBV molecular analysis. Viral load was
measured by polymerase chain reaction (PCR)-based
method (Amplicor HBV monitor; Roche Diagnostics,
Tokyo, Japan). Mutation of the HBV deoxyribonucleic
acid (DNA) polymerase gene (rtM2041/V) was deter-
mined using PCR and restriction fragment length
polymorphism, as described previously [Chayama
et al., 1998] or PCR-ELMA method [Kobayashi et al.,
2000]. The presence of YMDD mutation was determined
at baseline and at yearly intervals. Resistance to
lamivudine was determined annually before the devel-
opment of mutations, and, if a mutation appeared,
the time of appearance of resistance was confirmed
by monthly measurement.

Statistical Analysis

Differences between groups were examined for stat-
istical significance using the x® test for categorical
varigbles and Mann—Whitney U-test for continuous
variables. The association of mutations with specific

TABLE L. Characteristics of Patients at Commencement of Lamivudine Therapy

Demography
Total patients
Sex: female/male
Age (years)
Family history of HBV
Cirrhosis

Median duration of treatment, years (range)

Laboratory data
Aspartate aminotransferase (IU/L)
Alanine aminotransferase (IU/L)
Bilirubin (mg/dl)
Gamma glutamyltranspeptidase (IU/L)
Albumin (g/dl)
Viral load {log copies/ml)
HBeAg positive
HBV genotypes: A/B/C/D/F/unknown

368
302/66
43 (19-76)
245 (66.6%)
57 (15.5%)
5(0.6-12.8}

80 (19-2,533)
120.5 (12-2,274)
0.7 (0.2-16.5)
64 (13-475)
3.9 (2.1-4.8)
7.1 (<2.7 to >7.6)
187 (650.8%)
12/25/317/1/2/11

HBV, hepatitis B virus; HBeAg, hepatitis B envelope antigen.

The family history of six patients was not clear. Viralload was measured by PCR. All viral load values below
the lower limit of detection (<2.7 log copies) were set to 2 while those over the upper limit of detection (>7.6)
ware set to 8 far calculation purposes.

Data are median and range values except for the last two parameters.

J. Med, Virol, DOI 10.1002/jmv
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predictive varia blpk was assessed by Cox proportional
hazard model. To determine the factors that fiect
YMDD mutation, mulliple logistic regression analys:
was carried out. Spearman correlation coefficient itwo-
ailed) was used to evaluate the correlation hetween
gamma-glntamyitranspeptidase (GGTP) and other [zc-
tors. Two-tailed P-value <0.05 was considered statisti-

celly significant. All data were analyzed using the
sLdL!SEK(ﬂ package SPSS (version 11.0, SP3S, Inc.,
Chieago, IL).

RESULTS

Clinical and Virologieal Features of Patients
Free of YMDD Mutatious

Lamivudine therapy was provided for a median
duration of 5 wears |range 0.5-12.8 years| Forty
patients discontinued lamivudine therapy due to preg:
nancy, expectation of a change to another therapy, or
loss to follow-up. Among the remaining 328 patients.
YMDT) mutants were identified in 230 patients during
the 5-year treatment. Table IT summarizes the charae-
teristics of patients without and with YMDD mutant
during the 5-vear treatment. There were more patients
with genotype B, and fewer patients with genotype A in
the former than in the latter group (P 0.001). Fur-
thermore, a high proportion of hepatitis 3 e antigen
(HBeAg)-negative patients were noted in the former
group than in the latter group (2 = 0.001). In the latter
group, the emergence of YMDD mutant was assoc dated
with clevated ALT and/or viral load in 177 patients
while it was not in 53 patients. On the other hand, 98
patients showed no emergence of YMDD mutants
during the H-year treatment (Fig. 1).

Figure 2 shows the cumulative rate of patients
who showed emergence of YMDD mutations duringla-
mivadine therapy {129, 74, and 48 patients developed
tyrosine~isoleucine—aspartate--aspartate (YIDD3,
tyrosine- valine—aspartate aspartate  (YVDD), and
mixed (YIDD = YVDD) mutants, respectively]. YMDD
mutants were registered in 11 (9291 of 12 patients with
genotype A, 13 (52%) of 25 patients with genotype B,

AL LE 1. Comparison of Y‘

e With and Without YMDD Mutants Dur

Hashimoto et al

2 169%2) of 317 patients with genotype C. 0 (100% ) of
1 L‘CnCw with genotype D, 2 (100%) of 2 Deuemt with
Fenut} pe F.and 6 (55%) of 11 patients with unidentified
genolype.

We then explored the factors

associated without
free of YMDD
ve ideal response to

emergence of YMDD mutants. Patien

3

mutants were considered lo ha

Jamivudine therapy. The following significani inde-
pendent factors for the lack of YMDD during

year treatment were identified in univariate
analysis: HBV genotype B, lack of cirrhosis, HDcAg
negativity, free family history of liver disease, high
uspartate un‘ill)OtT”]‘qf(‘}ﬁQG (AST) level (2751IU/L),
ALT S 18010L), high GGTP  level
h d!mm.n level (3.7 z/dl). and low viral
load (5.9 log copicsiml). \lu'murmtf“ analysis identi-
fied HBeAg negativity, high GGTP level (:1101UL,
and lack of liver cirrhosis (L) as significant determi-
nants for the lack of YM DD mutations during the 5-vear
treatment (Table TID.

GGIP s regarded as a marker of fatly liver and
aleoholic liver discase |Patton ot al., 2008]. Fatty liver
disease correlates with liver fbrogis and carcinogenesis
[Yuan ot al. 2004: Yu et al, 20081 However, the
influence of treatment with nucleostUide analog is not
clear. Next. we investigated the correlation hetween
GGTP and other factors (Tahle TV, GGTP correlated
sipnificantly with ALT (r—0.562, n =355, 7« 0.001),

the &-

AST (r -~ 0.562. n =~ 355, P < 0.001), z-fetoprotein (AFP)
r af) 430, n - 319, P < 2 0. 001, total bilirubin r - 0.264,
£0.001), and platelet counl (r—=-0.129,

0, 17 = 0.019). GGTP did not correlate wnh Hver
fibrosis (r =  0.28, n =276, 7 0.641), total cholesterol
(r— - 0.77, n=182. P-0.379), or hlood ghicose

(r 0118, n =115, P=0.855) was. Based on the above
results, GGLP corr (Jldiod\mLhALl‘ AST, andother liver
function-related purameters and does nol seem (o be
related to ather metabolic factors.

Among 163 patients who were positive for HBeAg at
‘he commeneement of lamivudine therapy, 35 {21%) did
not show emergence of YMDD mutants during the
S-year treatment. Of these, 31 (837%) uchieved HBeAg
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CHB patients treated with

lamivudine (n=368)

Patients who discontinued

lamivudine therapy (n=40)

Emergence of YMDD mutant during

S-year therapy

)

Elevation of ALT (>50 1L/1) or viral load

{>5.0 Log copics/) (n=177)

No elevation of ALT (=50 1L1) or viral load (>5.0

Log copies/l) (n=53)

L 4

No YMPD mutant during

S-year therapy (n=98)

.

Y MDD mutant after 5-year

4 posttreatment follow-up (=21}

No YMDD mutants after

S-year follow-up (n=77)

Fig. 1. Outcome of patients with lamivudine therapy. CHB, chronic hepatitis B; YMDD, tyrosine-
methionine—aspartate—aspartate; ALT, alanine aminotransferase.

loss during 5-yeer treatment. On the other hand, in
128 patients who showed emergence of YMDD mutants,
42 (33%) achieved HBeAg loss. Analysis of various
parameters showed that only the platelet count was
different between the two HBeAg-positive groups; that

g

-]
(=]

2

o B

Patienis showing resistance(%)
&
=

g 2 4 6 8 10 12 4
Duration of therapy(year)

Fig. 2. Cumulative rate of patients wheshowed emergence of YMDD
mutants during lamivudine therapy (Kaplan—Meier method). YMDD,
tyrosine—-methionine—aspartate—-aspartate.

is, in HBeAg-positive patients, those with high platelet
counts were less likely to develop YMDD mutations
(P=0.061).

Emergence of YMDD Mutant After 5 Years of
Lamivudine Therapy

As described above, 98 patients showed no emergence
of YMDD mutants during the 5-year treatment. We
investigated in this group the emergence of YMDD
mutants after the 5-year treatment period. Twenty-one
(21%) patients showed emergence of YMDD mutants
following the corapletion of the 5-year treatment period
(Tabie V). Univariate analysis showed only age
{>50 years) influenced the emergence of the YMDD
mutants after the 5-year treatment (P =0.012). At time
5 years, 94 (96%) patients were negative for HBeAg.
Therefore, the status of HBeAg at 5 years did not
influence the emergence of YMDD mutant. After the
emergence of YMDD mutant, 4 of the 21 patients had
elevated ALT and viral load; they were further treated

J. Med. Virol. DOI 10.1002/mv
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TABLE ITL. Results of Multivariate Analysis of Factors Associated With Lack of Appearance
of YMDD Mutants During 5-Year Lamivudine Therapy

Factors

Risk ratio (95% confidence interval)

P-value

Pretreatment HBeAg
0: Positive
1: Negative
Pretreatment GGTP 11U/L)
0: <110
1 >110
Pretreatment histology
0. LC
1: Not cirrhosis

1
2.492 (1.440-4.311}

1
2.226 (1.296-4.900)

0.001

0.004

1
2.254 (1.037-4.900} 0.04

YMDD, tyrosine--methionine-aspartate—aspartate; HBeAg, hepatitis B envelope antigen; GGTY, gamma

glutamyltranspeptidase; 1.C, tiver cierhosis.

with a combination of adefovir and lamivudine. The
remaining 17 patients showed no elevation of ALT or
viral load, 8 of the 17 patienis were treated with a
combination of adefovir and lamivuadine, treatment was
switched in 6 of the 17 patients from lamivudine to
entecavir, while 8 of the 17 patients continued lamivu-
dine treatment. No emergence of YMDD mutant after
the 5-year treatment period was noted in 77 patients,
but 4 of 77 patients discontinued lamivudine therapy
due to pregnancy, or loss to follow-up. Furthermore,
treatment in 14 of the 77 patients was changed from
lamivudine to entecavir while the remaining 59 patients
continued lamivudine therapy.

Characteristies of Patients With Elevated ALT or
Viral Load After Emergence of YMDD Mutant

As mentioned above, 230 (62.5%) of the 368 patients
developed YMDD mutations during the 5-year treat-
ment period, and 177 had elevated ALT or viral load
level after the emergence of YMDD mutants, while 53
patients had neither ALT elevaticn (>50 IU/L) nor HBV
DNA elevation (>5.0logcopies/ml) during the treat-
ment period. We then explored the risk factors for the
elevation of viral load and ALT level in these patients. In
univariate analysis, the following seven lactors corre-
lated significantly with elevation of viral load or ALT
level: HBeAg (P < 0.001), latency to emergence of YMDD
mutant (P <0.001), mixed type YMDD mutant
(YIDD + YVDD) (P < 0.001), ALT level (P = 0.003), viral
load (P=0.007), and AFP level (P=0.021). These

TABLE IV. Correlation Between GGTP and Laboratory

Tests
Factors r n P-value
ALT 0.562 355 <0.001
AST 0.562 355 ~0.001
AFP 0.43 319 <0.001
Total bilirubin 0.264 354 <0.001
Platelet count -0.219 330 0.019
Liver fibrosis -0.28 276 0.641
Total cholesterol -0.77 132 0.379
Blood glucose 0.118 115 0.355

ALT, alanine aminotransferase; AST, aspartate aminotransferase;
AFP, xfetoprotein,

J. Med. Virol. DO1 10,10024mv

variables were entered inlo multivariate analysis. In
the last step of the analysis, the following three
variables were identified as significant determinants of
elevation of viral load or ALT level: latency lo emergence
of YMDD mutant (P < 0.001), mixed type YMDD mutant
{P < 0.001), and ALT level (P =0.016) (Table VI).

Characteristics of Patients With YMDD Mutant
During and After 5-Year Treatment

Throughout the present study, YMDD mutant devel-
oped in 251 patients. As described above, 230 of these
251 patients developed YMDD mutant during the 5-year
period. The remaining 21 patients developed YMDD
mutant after the 5-year period. Table VII summarizes
the characteristics of patients with YMDD mutant
during and after the 5-year treatment. HBV genotype
and HBeAg negativity were found to correlate with the
development of YMDD mutants after 5-year treatment.

DISCUSSION

The aim of the present study was to identify the
factors associated with the lack of emergence of YMDD
mutant during long-term lamivudine therapy. Qur
analysis showed that negativity for HBeAg, high GGTP
level (>110IU/L), and lack of LC protected against the
appearance of YMDD mutants during the b-year
lamivudine therapy. Since positivity for HBeAg is a
well-known factor associated with emergence of YMDD
mutant [Yuen et al,, 2001; Suzuki et al., 2003], we
focused on the correlation hetween GGTP and other
factors (Tahle V). The results showed that GGTP
correlated with ALT, AST, and other liver function-
related parameters. Previous studies identified high
pretreatment ALT level as an independent factor
associated with no appearance of YMDD mutant
[Tsubota et al., 2004; Chang et al., 2005]. In this regard,
GGTP isregarded as a marker of fatly liver and alcoholic
liver disease [Patton et al., 2008]. Fatty liver disease
correlates with liver fibrosis and carcinogenesis [Yuan
et al., 2004; Yu et al., 2008). However, the influence of
{reatment with nucleos(l)ide analog is not clear. Based
on the above resuits, GGTP does not seem toherelated Lo
other metabolic factors (e.g., total cholesterol and
blood glucose). However, further investigation of other
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TABLE V. Comparison of Clinicopathological Features of Patients With and Without Emergence of YMDD Mutants After
E-Year Posttreatment Follow-Up

Without YMDD mutation With YMDD mutation

Category n=77) (n=21) P-value
Age (years)” 42 (24-76) 50 (83—-69) 0.032
Sex: male/female 63/14 14/7 0.134
Genotyype: A/B/Clothers 1/8/65/3 0/4/16/1 0.275
Histology: no cirrhosis/cirrhosis® 69/8 19/2 0.636
Bilirubin (mg/dh)* 0.7(0.2-12.2} 0.7(0.4-4.4) 0.644
ALT (AU/L)* 135 (16-1,975) 142 (25-2,077) 0.997
GGTP qU/ML® 69 (13-442) 82 (24-264) 0.878
Viral load {log copies/ml}* 7(<2.7 to >7.6) 7.4 (<2.7 to >7.6) 0.394
HBeAg: positive/negative 28/49 714 0.797
Status of HBeAg at 5 years: positive/negative 3/74 1/20 0.860
Latency to emergence of YMDD mutation 5.6 (5-10)

YMDD, tyrosine-methionine—aspartate—aspartate; ALT, alanine aminotransferase; GGTP, gamma glutamyltranspeptidase; HBV, hepatitis B

virus; CHB, chronic hepatitis B; HBeAg, hepatitis B envelope antigen.
*Data are median (range) values.

"Chronic hepatitis and cirrhosis were confirmed by needle biopsy, peritoneoscopy, or clinically before treatment. Diagnosisof chronichepatitis was
based on elevated ALT levels over 6 months and absence of clinical evidence of portal hypertenaion, such as esophageal verices, ascites, hepatic
encephalopathy, and imaging features suggestive of cirrhosis on ultrasonography. Viral load was measured by PCR. Allviral loads below thelower
limit of detection {<2.7 log copies) were set to 2 and those over upper limit of detection (>7.6) were set to 8 for calculation purposes.

metabolic factors is needed, such as body mass index,
HOMA-IR, and alcohol intake, The third factor, lack of
liver fibrosis and cirrhosis based on histopathological
examination, was associated with lack of YMDD
mutants. Previous study reported that the presence of
cirrhosis correlated with emergence of YMDD mutant
[Ooga et al., 2004]. Moreover, among patients with LC,
those who develop YMDD mutants are more likely to
have high Child-Pugh scores than those without such
mutants [Liaw et al., 2004]. On the other hand, viral load
has been reported to promote the emergence of YMDD
mutants [Yuen et al., 2001]. In the present study,
although viral load was identified as a factor in
univariate analysis, it was not identified as such in
multivariate analysis.

We performed additional investigation on elevation of
ALT or viral load after the emergence of YMDD
mutants. In this analysis, 77% of these patients
(n=177) had elevated ALT or viral load, while 23%
(n=53) had not. We found several common character-
istics among patients of the high ALT/viral load group.
The latency to emergence of YMDD mutants and mixed
type mutants (YIDD +YVDD) were significant factors

in this group. Early emergence of YMDD mutant could
reflect a rapid increase of HBV DNA. The mixed type
was reported as a risk factor of HBV DNA breakthrough
and breakthrough hepatitis [Akuta et al., 2003; Suzuki
et al, 2008]. Previous studies reported that a low
pretreatment ALT was an independent factor associated
with appearance of YMDD mutants [Tsubota et al.,
2004; Chang et al., 2005]. Based on the above findings,
patients with low baseline ALT level and during treat-
ment emergence of YMDD mutants seem to be at high
risk of breakthrough hepatitis.

Younger patients had less opportunity to develop
YMDD mutations after the 5-year treatment. We
reported previously that age was not associated with
emergence of YMDD mutant {Kawaocka et al., 2007].
However, the duration of treatment in our previous
study was <5 years. Patients free of YMDD mutants
during the B-year treatment might have adequate
immune response to suppress the development of
YMDD mutants. The immune response is lower in
elderly patients [Adler and Nagel, 1994; Marcus
and Tur-Kaspa, 1997]. Considered together, younger
patients seem to be more immune against the emergence

TABLE VI. Factors Associated With Elevation of ALT or Viral Load After Emergence of
YMDD Mutant

Factors

Hazard ratio (95% confidence interval) P-value

Latency to emergence of YMDD mutant
0: >1 year
1: <1 year
YMDD mutant type
0: YIDD or YVDD
1: Mixed (YIDD +YVDD) type
Pretreatment ALT level (IU/L)
0: >160
1: <159

1
7.429 (4.769~11L.572)

<0.001
1

2.939 (1.834—4.677) <0.001
1

1.583 (1.089~2.301) 0.016

YMDD, tyrosine~methionine—aspartate—aspartate; ALT, alanine aminotransferase; HBV, hepatitis B
virus; YIDD, tyrosine—isoleucine—aspartate—aspartate; YVDD, tyrosine—valine-aspartate-aspartate.

J. Med. Virol. DO 10.1002/jmv
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TABLE VIL. Comparison of Clinicopathological Features of Patients With YMDD Mutants During and After 5-Year Treatment
Period

With YMDD mutation during

With YMDD mutation after

Category 5-year (n=230} 5-year (n=21) P-value
Age (years)” 44 (23-7D 50 (33-69) 0.109
Sex: male/female 194/36 14/7 0.063
Genotype: A/BfClothers 11/9/208/7 0/4/16/1 0.0184
Histology: no eirrhosis/cirrhosis® 185/43 19/2 0.384
Bilirubin (mg/dD)* 0.7 (0.2-16.5) 0.7 {0.4-4.4) 0.570
ALT QU/L)® 118.5 (14-2,274) 142 (25-2,077) 0.527
GGTP (IUM)* 58 (16-402) B2 (24-264) 0.382
Viral load (log copies/mi)* 7.2 (<2.7 to >7.6) 7.4 (<27 to »7.6) 0.936
HBeAg: positive/negative 128/102 7/14 0.0496

YMDD, tyrosine—~methionine-aspartate—aspartate; ALT, alanine aminotransferase; GGTP. gamma glutamyltranspeptidase; HBV, hepatitis B

virus; CHB, chronic hepatitis B; HBeAg, hepatitis B envelope antigen.
*Data are median (range} values.

Chronichepatitis and cirrhosis were confirmed hy needlebiopsy, peritoneoscopy, or clinically before treatment. Diagnosis of chronic hepatitis was
based on elevated ALT levels over 6 months and absence of clinical evidence of portal hypertension, such as esophageal varices, ascites, hepatic
encephalopathy, and imaging features suggestive of cirrhosis on ultrasonography. Viral load was measured by PCR. All viralloads below the lower
limit of detection (<2.7 log copies) were set to 2 and those over upper limit of detection (-7.6) were set to 8 for calculation porposes.

of YMDD mutant in long-term lamivudine treatment
than elderly patients.

Several new nucleos(t)ide analogs, for example,
adefovir and enlecavir, are available at present [Gish
et al.,, 2007; Marcellin et al., 2008]. These new drugs
have greater inhibitory cffects on HBV replication and
their use is associated with a lower incidence of drug
resistance. However, resistant to the new drugs has
already been reported | Suzuki et al., 2007; Baldicket al.,
2008]. Lamivudine was the first nucleoside analog and
has been used over a long time worldwide. Based on the
result of our study, younger patients (<80 years) who
continued lamivudine monotherapy without emergence
of YMDD mutant during 5-year period showed less
opportunity to develop mutants after a 5-year follow-up
and were able to continue lamivudine monotherapy.
After the cessation of lamivudine therapy, flare up of
ALT accompanied with elevation of HBV DNA was
observed at a high frequency [ Songet al., 2000; Dienstag
et al., 2003a; Akuta et al., 2005]. Moreover, we reported
previously HBsAg clearance from the serum in some
patients who received long-term lamivudine therapy
[Kobayashi et al., 2007]. Taken together, it seems that
before any treatment, one can predict a less likelihood of
development of YMDD mutants during long-term
lamivudine therapy in young patients with genotype C
who are HBeAg negative, have no cirrhosis, and no
elevated GGTP level. Tables IT and VII suggest that
patients with genotype B are also less likely to develop
YMDD mutant, but their numbers are too small to make
a firm conclusion. Further studies of larger number of
patients with genotype B, A, and others are needed to
clarify this issue.

In conclusion, factors associated with lack of appear-
ance of YMDD mutants during 5-year lamivudine
therapy in patients with HBV infection are HBeAg
negativity, lack of cirrhosis, and high GGTP level.
Patients who do not show the emergence of YMDD
mutants during H-year lamivudine therapy, vounger
age protected against the emergence of such mutants
during the following 5 years of follow-up. On the other

J. Med. Virol. DOT 10.1002/jmv

hand, in those who show emergence of YMDD mutant,
clevation of ALT or viral load correlate with a short
Jatency to emergence of YMDD mutants, presence of
mixed (YIDD + YVDD) type, and low baseline ALT level.
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Abstract

Background Influence of human lymphocyte antigen
(HLA) on the therapeutic response in autoimmune hepatitis
(AIH) is not known.

Aims To evalvate if HLA-DR types influence biological
and histological responses (o corticosteroids in patients
with ATH.

Methods During 28 years from 1979 through 2007, 48
patients with definite diagnosis of AlH received long-term
corticosteroid therapy (median 9 years [range: 5-28 years})
in a single Jupanese center. They were followed for
transaminase levels and received liver biopsy before and
after the treatment.

Results DR4 was detected in 32 and DR14 in 11 patients;
seven possessed both DR4 and DRI4. DR4 was more
frequent in AIH patients than in the general population
(67% vs. 22%), while DRI4 was comparably frequent
hetween them (23% vs. 17%). Overall. biochemical
respanse was achieved in 43 (90%) of the 48 patients. The
«ustained biochemical response to a maintenance prednis-
olone dose < 10 mg was gained more frequently in the
patients with than without DR14 (1011 [91%] vs. 10437
[27%]. P < (.001). Marked histological improvement with
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a decrease in histology activity index (HAI) score by > 2
points was achieved jn 31 of the 32 (97%) biochemical
responders. Histological aggravation with an increase in
HAI score occurred in 4 of the 16 (25%) patients without
hiochemical response (non-responders and rclapsers com-
bhined), but in none of the 32 responders.

Conclusion Long-term Immunosuppressive treatment can
improve the oucome of Japancse patients with AIH, and
DR14 is associated with excellent biochemical response.

Keywords Hepatilis -
Autoimmune-HLA-DR-corticosteroids-biopsy - Needle

Introduction

Autoimmune hepatitis (ATH) ix the inflammation of hepa-
tocytes of unknown etiology and characterized by histo-
logical hallmark of interface hepatitis with intiltration of
lymphocytes in the portal area {121 Female preponder-
ance, various auto-antibodies and hyper-y-globulinemia, as
well as excellent response to immunosuppressive therapies.
are prominent clinical features. ATH is sub-grouped into
types 1-3 by the age of onset, severity of disease, and
autoantibody protiles [3], Loss of immunotolerance to self-
antigens expressed on hepatocyles is implicated in the
pathogenesis of AlH. in the background of major histo-
compatibility complex (MHC) genes represented by HLA-
DR alleles [4]).

The disease entity of AIH is not uniform and influenced
by geography and ethnicity. in which HLA-DR types play 2
major role. For the purpose of dealing with a broad clinical
spectrum of AIH, diagnostic criteria werc proposed by the
International Autoimmune Hepatitis Group (JATHG) in
1993 [, and they were modified in 1999 [#}. In Japan, an
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indigenous scoring system for defining AIH was
established in 1996 [7]. It has allowed to distinguish AIH
from other autoimmune liver disease, such as primary
biliary cirrhosis and primary sclerosing cholangitis [8].
Although the treatment response differs in ATH patients
with distinct DR profiles, aggressive immunosuppressive
treatments with precaution to avoid side-effects can pre-
vent histological deterioration toward favorable long-term
outcomes [2, 1C].

Since by far the most patients with AIH can merit from
immunosuppressive treatment, an effective therapy for an
appropriate duration is the primary goal of physicians. ATH
can run a rapid course accompanied by cirrhosis in some
cases, particularly in young male patients [11], when they
fail to receive a therapeutic intervention [12]. Some
patients relapse after treatment, often accompanied by
rapid deterioration in the liver histology [13]; they need
utmost care for timely and effective treatment.

In order to examine a long-term prognosis of AIH, 48
patients with the definite diagnosis of ATH were treated
with long-term corticosteroid for up to 28 years, and fol-
lowed for biochemical and histological responses (o
treatment, with a special reference to their HLA-DR
profiles.

Methods
Patients

During 28 years from 1979 to 2007, 118 patients with
AIH type-1 visited the Department of Hepatology at the
Toranomon Hospital in Metropolitan Tokyo. Of these
patients, 78 (66%) fulfilled the definite diagnostic criteria
defined by IAIHG [6], while the remaining 40 (34%) did
those of probable ATH. All of the patients were negative
for antibodies to liver kidney micosome-1 (anti-LKM-1),
and they were classified into AIH type-1. They had a
median age of 52 years (range: 19-64 years), and inclu-
ded 45 (67%) women. There were four patients who
underwent transient and moderate increases in the serum
level of alanine aminotransferase (ALT), and they were
followed without treatment. The remaining 60 patients
received corticosteroid therapy and were followed for
biochemical response during the median of 9 years (range:
5-28 years). Of these patients, 48 (70%) were included in
this study, and received serial liver biopsies under lapa-
roscopy for the evaluation of histological improvement.
None of them had ongoing infection with hepatitis B or C
virus, or possessed antibody to human immunodeficiency
virus type-1. The study protocol conformed to the 1975
Declaration of Helsinki, and was approved by the Ethics

Committee of the Toranomon Hospital. Every patient or
his/her next of kin gave an informed consent on the pur-
pose of this study.

Serological Tests

Autoantibodies as well as immunoglobulins of IgG and
1gM classes were determined by enzyme immunoassay
(EIA). Antinuclear antibodies (ANA) were determined by
indirect immuno-fluorescence with Hep-G2 cells, and anti-
smooth muscle antibodies as well as anti-LKM-1 by indi-
rect fluorescence on cryostat sections of rat organs by the
standard procedure. Hepatitis B surface antigen (HBsAg)
was determined by radioimmunoassay, antibody to hepa-
titis C virus (anti-HCV) by EIA of the third generation, and
HCV RNA by reversed-transcription polymerase chain
reaction (RT-PCR).

HLA Typing

HLA typing was performed by serological methods, and
confirmed by PCR-MPH (microplate hybridization) for
patients with inconclusive results [14].

Prednisolone Treatment and Biochemical Response

As soon as the diagnosis of AIH was established,
patients received 30-60 mg prednisolone daily and were
followed for transaminase levels during a mean follow-
up period of 5 years (range: 5-28 years). Aminotrans-
ferase levels were monitored monthly, and the dose of
prednisolone was reduced by 10-15% for the patients in
whom ALT levels were normalized to below 40 U/l for
3 months or longer. The response was judged 6 months
after the normalization of ALT. Complete response was
defined by the normalization of transaminase levels with
a maintenance dose of <10 mg prednisolone daily: par-
tial response by that with >10 mg prednisolone (up to
20 mg); and no response by the failure in normalizing
transaminase levels with a maintenance dose of pred-
nisolone (10-20 mg). Relapse was an exacerbation with
increase in ALT levels exceeding 80 U/LI (2 x upper
limit of normal) after they had been normalized by a
maintenance dose.

Laparoscopic and Histological Examinations

Patients received liver biopsy under laparoscopy before
and after the treatment with an interval of 5 years with a
minor patient-to-patient variation. Biopsied liver speci-
mens were stained for silver for evaluating fibrosis and
with D-periodic acid Schiff (PAS) for examining inflam-
matory changes.
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Statistical Analysis

Categorial variables were compared between groups by the
2 . 5 . .

#* test and Fisher’s exact test, and non-categorial variables

by the Mann—-Whitney's U test.

Results
Baseline Characteristics of AIH Patients

Table | lists the baseline characteristics of the 48 patients
with ATH for whom HLA typing was performed and who
had received a long-term immunosuppressive therapy
(median O years [range: 5-28 years]) while they were
monitored for biochemical and histological responses.
Frequencies of HLA-DR are shown in Fig. i. DR4 pre-
disposing Japanese patients to AIH [15, 16] was detected in
32 of the 48 (67%) patients, DR8 in nine (19%), DR14 in
11 (23%) and DR15 in 16 (33%) of the 48 AIH patients.

Biochemical Responses of AIH Patients with Reference
to HLA Types

Biochemical response with the normalization of aspartate
aminotransferase (AST) and ALT levels was achieved in 43
of the 48 (90%) patients after the initial aggressive rreatment
with corticosteroids (30-60 mg/day of prednisolone) fal-
lowed by a small maintenance dose (10 mgfday or less).
However, 16 of the 43 (37%) responders required occasional
increased doses (20 mg/day or more) for the treatment of

Tahle 1 Baseline characteristics of the 48 patients with AIH

35
- | Others
30 | I -
| DR15
| B [ omisa |

Frequency

DR4 DR8 DR14 DR15
HLA Types

Fig. 1 HLA-DR allcles in the 48 patients with AIH. The allele in the
other chromosome is shown in patients with DR4. DRS, DR14, and
DRI15

Table 2 Biochemical response in AIH patients with or without the
DR14 allele

HLA-DR  Number  Biochemical response Relapse
(n = 48) Complete  Partial None

DR 14 11 (23%) 10 (91%)* 1 (9%) 0 0

Non-DR14 37 (77%) 10 (27%) 11 (29%) S(14%) 11 (28%)
DR4 32 (67%) 11 (34%) 7 (22%) 3 (9%) 11 (34%)
DRS 9 (19%) 3 (33%) 2(22%) 1 (11%) 3 (33%)
DRIS 15 (31%) 6 (40%) 7 47%) 1 (T%) 1 (79%)
Others 3 (6%) 1 (33%) 2 (67%)

Features Normal range

Age (years) Not applicable 52 (22-71)
Men Not applicable 10 (219%)

AST (TU71) 11-38 93 (16-1.550)
ALT (IU/D) 6-50 110 (16-2,640)
ALP (1UM) 117-350 282 (128-949)
»-GTP (1U/) 9-109 84 (15-651)

y-Globulin (g/dl) 0.76-1.76 2,27 (1.36-4.59)
1gG (mg/di) 870-1,700 2,632 (1,340-2.632)
ANA (x) <80 640 (0-10,240)
Fibrosis stage Not applicable

Fo 0

Fy 19 (40%)

F, 17 (35%:)

F; 10 (21%)

Fy 2 (4%)

Data are expresscd by the median with the range in parentheses or the
number with percentage in parentheses

@ Springer

Transaminase levels were normalized with a maintenance dose
of <10 mg prednisolone in complele responders and with that of
>10 mg in partial responders. Relapse was an exacerbation of
transaminase levels after they had been normalized by a mainienance
dose

# P < (0.001 vs. non-DR14

hepatitis flares. Response differed in patients with distinct
HLA-DR types (Table 2). Complete biochemical response
was more frequent in the patients with than without DR14
(F0/11 [91%] vs. 10/37 [27%). P < 0.007).

Relationship Between Biochemical and Histological
Responses to Prednisolone Therapy in the 48 Patients
with ATH

Histological follaw-ups were performed in the 48 patients,
and the HAI score markedly improved in 42 (88%), mod-
erately improved in two patients (4%) and worsened in the
remaining four (8%) (Table *). Marked histological
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Table 3 Relationshup between biochemical and histological respon-
ses 1o prednisolone therapy in the 48 patients with ATH

Biochemical Nuomber Histological response
Response (n = 48) Marked Moderate  Worsened
Response 32 31 (97%) 1 (3%} 0
Complete 20 19 (95%) 1 (5%} 0
Partisl 12 12 (100%) 0 g
No Response 5 2 (40%) 1 (20%) 2 (40%)
Relapse L1 9 (82%) 0 2 (18%}

Histology activity index (HAI) score decreased by =2 poinis in
marked response and by 1 point in moderate response

improverent was accomplished in 31 of the 32 (97%)
responders, while it was achieved in two of the four (50%)
non-responders and nine of the 11 (82%) relapsers. His-
wlogy worsened in four of the 16 (25%) patients without
biochemical tesponse (non-responders and relapsers com-
bined), but in none of the 32 responders. Changes in the
tota] HAl score as well as respective scores for specific
histological parameters (periportal with/without bridging
necrosis; intralobular degeneration with focal necrosis:
portal inflammation; and fibrosis) are shown in Table 4.
The gain in total HAI score was due to an increase in
inflammation and not attributed to aggravation of fibrosis
in each of them.

Histological Responses of AIH Patients with Reference
o HLA

Table 5 compares histological responses between the
patients with and without DR4. Although the pretreatnent
HALI score was somewhat higher in the patients with than
withour DR14 (9.8 £ 3.5 vs. 79 £33, P =0092), it
improved to comparable extents in both of them after
treaiment (4.5 & 0.9 vs. 4.7 £ 2.5). Thus, the marked
histological response with a decrease in HAI score 22 was
no different between the patients with and without DR14

Table 4 Changes in the total HAI score and those in respective
parameters in Lhe four patients in whom histology worsened after
prednisolone treatment

Total HAI score (scores for each pasameter™)

Before trcatment After reatment

Patient 1 6(1. 0L 1, %) 81,3, 1,3)
Patient 2 300,11, 1) 6¢(1,3, LD
Patient 3 6(1, 1, 1.3 8{1,3, L3
Patient 4 13¢3,3, 3. 4) 15(4,4,3. 4)

* Four histologicul parameters were graded, including peripoital
with/without bridging necrosis; intralobular degeneration with focal
necrosis; portal inflammation; and fibrosis

Table 5 Histological response in ATH patients with or without DR14

HLA-DR Number Histological improvement
Marked Moderate Worsened
DR14 11 (23%) 10 (91%) 1 (9%) 4]
Non-DR 14 37 (77%) 32 (86%) L (3%) 4 (11%)
DR4 32 (67%) 27 (84%) 1 (3%) 4 {13%)
DRS 9 (19%) 8§ (89%) 1 (11%) 0
DRIS 15 (31%) 3(93%) 0 1 (7%}
Others 3 (6%) 2 (67%) 0 1 (33%)

(10/11 [91%1 vs. 32/37 [86%], P = 0.697). Improvement
in the histology was mostly due to changes in the necro-
inflammatory grade: there were few changes in the fibrosis
grade from the baseline values.

Figure 2 illustrates clinical and histological courses of
representative patient (female, 50 years old. HLA-DR4/
DR14) who received eight laparoscopes and seven liver
biopsies during the follow-up for 20 years. Before she
received corticosteroid therapy, liver histology had already
progressed to cirthosis, and she had o undertake sclero-
therapies for the treatment of esophageal varices. She had
to receive 10-30 mg prednisolone during initial few years
for the treatment of several hepatitis flares. Thereafter, her
liver function improved remarkably and had remained
within normal limits by a mainienance dose of < 10 mg
prednisolone through 17 years until the last follow-up.
Remarkably, she gained improvement not only in the
inflammation grade but also in the fibrosis stage. Serial
laparoscopic and histological findings of her liver are
demonstrated in Fig. 3. In other AIH patients, also,
aggressive immnosuppressive therapy prevented histolog-
ical progression and gained improvement in their long-term
ontcomes, even though their responses to prednisolone
differed.

Discussion

In the present study, HLA typing was performed in 48 of the
78 (62%) patients with the definite diagnosis of ATH type-1.
They had heen followed-up during a long-term corticoste-
roid treatment, with liver biopsies performed as frequently
as possible, and histological and biochemical responses
were correlated with HLA types. DR14, which has not
gained attention in ATH, was detected in 11 of the 48 (23%)
patients. Remarkably, the sustained biochemical response
was achieved more frequently in the AfH patients with than
without DR14 (10711 [91%] vs. 10/37 [27%]. P < 0.001}.

The association of HLA types and AJH are under
regional influence. DR3 and DR4 are the main HLA
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Fig. Z Clinical course of a
patient with ATH (female.

45 years old with HLA-DR4/
DR14) who had been followed
for 20 years. Doses of
prednisolone are indicated at the

top. aud appearances of the liver

surface on laparoscopies. as
well as fibrosis stage and
inflamination grade on liver
biopsies, are shown in the
middle. During the initial few
years, she received up 1o 30 mg
prednisolone per day for
treatment of several hepatitis
ftares. Thereafter, her liver
function improved remarkably
and had stayed within normal
limits through 17 years with
a maintenaoce prednisolone
dose < 10 mg

Fig. 3 Laparoscopic findings
and histological changes in the
paticnts with AIH. The patient
presented in Fig. 2 was
examined at three time points
(a, b, and ¢ in Fig. 2).
Laparoscopic findings were
improved since she responded
to prednisolone since June,
1982. Histologically, typical
submassive necrosis and
interface-hepatitis were found in
the first biopsy (a). Since she
responded. necroinflammatory
changes improved, however

(b and ¢). Laparoscopic findings
are shown in right row, low-
power fields (»20) by silver
staining in the middle row; and
high-power fields (x200) by
D-PAS staining
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susceptibility alleles among Cancasoid Northern Europeans
and North Americans, and 84% of adult patients have
either or both of these alleles {17. 18], In contrast, the
principal susceptibility allele for AIH in Japan is DR4
[15, 16]; DR3 is detected in none of them, however. DR4 is
also frequent in adult patients in Argentina and Mexico
[19, 20], while DRB13 prevails in Argentine and Brazilian
children with ATH (21, 22]. DR4 is associated with better
response and fewer relapse than DR3 in AIH patients from
Western countries [1}. However, there have been no reports
on the association of HLA types with treatment response in
patients with AIH in Japan. In the present study, DR4 was
detected in 32 of the 48 (67%) Japanese patients with AIH,
with a frequency comparable (o those in previous reparts
(i3, 16}, DR4 was more common in AIH patients than in
the general Japanese population (67 vs. 22%) {23]. In
contrast, DR14 was comparably frequent in AIH patients
and the general population of Japan (23 vs. 17%) [23].
Thus, DR4 would predispose the Japanese population to
the development of AIH, while DR14 would not, albeit
DRI14 would increase the response to corticosteroids in
ATH patients.

On the basis of DR4 that is more frequent in the
individuals with than without DR3. these alleles have
been regarded to behave independently and reciprocally
toward the susceptibility for AIH. Such a possibility has
been evaluated in peripheral blood mononuclear cells and
Iymphocytes infiltrating in the lver [24]. Liver lympho-
cytes are sensitized with hepatocyles or hepatic autoan-
tigens, Even among inflammatory cells infiltrating the
portal area, CD44 lymphocytes predominate in the
patients with than without AIH. These lines of evidence
implicate the class-l1 MHC in the pathogenesis of ATH, of
which DR4 and DR15 would play major roles in Japan. In
the patients with ATH who are positive for LKM-1 anti-
bodies, Thi cells dominate in the cytokine production
assay with a T-cell line specific for LKM-1 [25]. Com-
bined, CD4++ lymphocytes would be crucially required in
the manifestation of ATH by interacting with class-TI
MHC antigens.

In conclusion. the association of MHC class-II antigens
with biochemical and histological responses 1o immuno-
suppressive treatment was evaluated in Japanese patients
with AIH, for predicting their long-term outcomes. On the
basis of the results obtained, DR14 would be associaied
with favorable treatment response in Japanese patients with
AlH, which needs to be confirmed in an extended series of
patients. The validity of such an assumption will be eval-
uated by in vitro studies, which are underway.
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Fig. 1 Clinical course and dynamies of HOV RNA dur ing and after 24 weeks of ihe
triple treatment with telaprevir, pegylared interferon and ribavirin, TVR, telapre-
viry AL 2250 mg/day: B. 1500 mg. day: W wild type; M. murant type: 1SDR, inter-
feron sensitivity determining vesion; ™ Numbers of amino acids subslitutions in
ISDR is shown. Arrowheads show the time of HCV RNA loss [rom the serun.
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