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Figure 3 A 52-year-old male patient with autoimmune fulminant hepatitis. Corticosteroid was administered in combination with
artificial liver support (hemodiafiltration and plasma exchange). His hepatic encephalopathy improved to grade 1, but signs of liver
regeneration were not found. (a) Computed tomography (CT) scan showed liver atrophy and left lobe-dominant heterogeneous
hypoattenuating areas. (b) Section of extracted liver postmortem showed massive hemorrhagic necrosis in left lobe corresponding
to heterogeneous hypoattenuating areas on CT. (c) Liver histology showed submassive necrosis in the right lobe (arrow), and (d)
massive hemorrhagic necrosis with plasma cell accumulation in the left lobe (arrow head).

was higher in group 1 than in group 2 (P < 0.001), and
the difference between groups 1 and 3 was not signifi-
cant. Mean PT activity was higher in group 1 than in
group 2 (P =0.028), and the difference between groups
1 and 3 was not significant.

The imaging features of each group are shown in
Table 2. The differences in presence of hypoattenuating
areas on CT were not statistically significant among the
three groups. Heterogeneous hypoattenuating areas on
CT were present in 15 (65%) of group 1, none of group
2 and one (5%) of group 3, and the differences between
groups 1 and 2 and groups 1 and 3 were significant
(P<0.001).

© 2011 The Japan Society of Hepatology

Comparison of characteristics between
autoimmune ALF patients with and without
heterogeneous hypoattenuating areas on CT

Patients with autoimmune hepatitis (group 1) were
analyzed according to the presence of heterogeneous
hypoattenuating areas on CT (Table 3). The differences
in sex, duration from onset to admission, mean ALT,
mean T-Bil, mean PT activity, mean IgG, ANA titer, ATH
score and outcome were not statistically significant
between patients with heterogeneous hypoattenuation
and those without. Patients with heterogeneous hypoat-
tenuation were younger than those without (P = 0.046).
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Figure 4 Computed tomography (CT) findings of a 49-year-old female patient with autoimmune fulminant hepatitis. Corticos-
teroid was administered and her liver function tests improved gradually. (a,b) CT scan showed heterogeneous hypoattenuating
areas at admission. {c) One week after the administration of corticosteroid, her liver function tests improved gradually in response
to the therapy. Nevertheless, liver atrophy of the right lobe progressed. (d) An enlargement of hyperattenuating areas and a decrease
in hypoattenuating areas were found 2 weeks after.

Changes in CT findings during clinical
courses of acute onset AlH

Changes in CT findings during dlinical courses of acute
onset AIH are shown in Figures 2 and 4. During follow-
up, three of eight recovered acute onset AIH patients with
heterogeneous hypoattenuating areas showed both
shrinkage of hypoattenuating areas and expansion of
hyperattenuating areas and this change led to “potato
liver”-like deformity. None of the acute onset ATH
patients without heterogeneous hypoattenuating areas
and viral hepatitis showed “potato liver”-like deformity.

DISCUSSION

OMPUTED TOMOGRAPHY IS one of the best
imaging modalities for evaluating ALF and predict-
ing the prognosis by serial observations.!? At an early

stage of ALF, CT depicts a reduced-sized but non-
deformed liver, associated with diffuse, localized, or het-
erogeneous hypoattenuation and localized or map-like
hyperattenuation as well as dilatation of the portal vein,
splenomegaly, and ascites.”® Hypoattenuation corre-
sponds to massive necrosis and hyperattenuation
reflects preserved parenchyma at an early phase and
regeneration at a late phase.’ In acute type fulminant
hepatitis, 80% of cases show diffuse type imaging
pattern, whereas 57% show heterogeneous type in sub-
acute type fulminant hepatitis.” During follow-up, tem-
poral changes in the individual hypoattenuating areas
are noted. A prominent deformity of the liver, known as
“potato liver”, occurs as a result of both shrinkage of the
necrotic area and expansion of the regenerative area.'®
Similar CT findings seen in ALF liver are sometimes
noted in patients with hepatitis of insidious onset.™®

© 2011 The Japan Society of Hepatology

- 1237 -



48 S. Yasui et al.

S
N
oW e e H e
g g T O OO
9 B O et O NN
P~ Ne oo
(CRG] oo 0 oo
o~
[=%
3
o
b
/]
4
o ™ Hown M H
=y ™ H et o GO
= 5 omnmoood
g0 oo Qe
5 cCoo Qoo
d, J ARVARY]
—
a
=
e bl
2
2 >
.8 2]
= s
s N
t? o
U
5] 2 — Qw0
= oo NN oo
mE o [N |
n < NH o HHHH
g—| Zmomnmgan<
2 Elo N Fo QA a
LOF|RETF AT~
=i
E=]
o
A,
w
e ~
,_a it
Hl g
5|0 g
32 | E
IR
Y] 32
=] 'g —
3 L .
E | = 8 v NN
E|lS T Qs
SITE| o7 oo
5|93 — H HoH HH
® | &< > Mol oYY
=i o W < n T Te}
o B <+ A o ~
%U'S RETe v
o
a
w
=
5] o
B! &
= -
o <
Bed w
9] =
» = < LN N
o & 7o) 0 0 — o
fos] |—|E — N OF e e
21 s + +H H HH .
Bl 2 < © 0 @~ |
; 0 T o a0
YICE|R FIxavian| 2
8 o
2 g
° g
>
o
2 o <
< = e
& T o= |3
= ;,4__’: =1
Q 92T =
© ciSw, |3
- Se6oEBE X H
Ev.—‘v? ool
(] — =
g - :& S
= %5@5’295 E
i e <0<~ +

© 2011 The Japan Society of Hepatology

$Student’s t-test.

§Fisher’s exact probability test.

ALF, acute liver failure; ALT, alanine aminotransferase; ex, exacerbation; HAV, hepatitis A virus; HBV, hepatitis B virus; PT, prothrombin time; T-Bil, total bilirubin.
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Autoimmune hepatitis has a wide variety of clinical
presentations including asymptomatic state, chronic
hepatitis, cirrhosis, acute hepatitis and fulminant
hepatic failure. As there are no pathognomonic clinical
and pathological features of ATH, a specific diagnostic
scoring system has been developed that evaluates clini-
cal, biochemical, immunological and histological fea-
tures to determine the probability of the disease.”
Although this scoring system has been used as a stan-
dard diagnostic tool in clinical practice, there have been
some patients who do not show typical features and do
not fulfill the criteria. ATH with clinical features of acute,
severe and fulminant hepatitis (acute onset AIH) is one
of these conditions. In our previous study, 23% of non-
severe acute onset AIH could not reach “probable” using
the scoring system in the early stage of illness.” Acute
onset ATH is at risk of losing the timing for the initiation
of immunosuppressive therapy, is sometimes resistant
to immunosuppressive therapy, presents impaired
hepatocellular regeneration, and has poor prognosis.®*°

Imaging features are not included in this diagnostic
system for ATH. Although CT imaging is well established
in the evaluation of liver diseases, little published data
exist on the imaging appearances of AIH, especially,
acute onset severe and fulminant ATH (autoimmune
ALF). The aim of this study was to investigate whether
CT imaging could contribute to the diagnosis and help
to monitor treatment response in autoimmune ALE.

In the present study, the duration from onset to
admission was longer, ALT level was lower, and T-Bil
level was higher in autoimmune ALF than in viral ALF.
The differences are more prominent between autoim-
mune ALF and early admission-viral ALF (P < 0.001).
These findings suggest that autoimmune ALF patients
have longer clinical courses and have more advanced
disease than viral ALF ones. The comparison of back-
grounds of autoimmune ALF and late admission-viral
ALF showed no significant differences in age, mean
ALT, mean T-Bil and mean PT activity. Thus, the back-
ground of both groups was almost the same except sex
(P=0.015) and the duration from onset to admission
(P=0.006). It is important to compare the two when
discussing the differences of CT findings between
autoimmune ALF and viral ALF, as distingui-
shing between atypical acute onset ATH and late
admission type-unknown viral hepatitis is clinically
difficult.

In CT imaging patterns of the hypoattenuating area,
autoimmune ALF showed a heterogeneous pattern and
viral ALF a diffuse pattern. In the comparison of autoim-
mune ALF and late admission-viral ALF, the former
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Table 2 Imaging findings of patients with autoimmune and viral hepatitis

Group 1 Group 2 Group 3 P-value Group 1 vs
(autoimmune ALF) (early-admission (late-admission Group 1 vs Group 3
viral ALF) viral ALF) Group 2
n 23 25 20
CT findings
Hypoattenuation 15 15 8 0.772t 0.1311
Diffuse 0 15 <0.001% 0.002t
Heterogeneous 15 0 1 <0.001t <0.001t

tFisher’s exact probability test.
ALF, acute liver failure; CT, computed tomography.

showed a heterogeneous pattern and the latter a diffuse
pattern (P < 0.001, P =0.002, respectively).

During follow-up, all eight recovered acute onset
AIH patients with heterogeneous hypoattenuating areas
showed both shrinkage of hypoattenuating areas and
expansion of hyperattenuating areas. This finding sug-
gests a sign of recovery from massive necrosis, so we can
get more information to assess treatment response by
follow-up of CT.

Regarding the imaging analysis of AIH, Bilaj efal.
reported that extensive reticular and/or confluent fibro-
sis is a common finding in AIH using magnetic reso-
nance imaging (MRI).” Recently, Sahni et al. reported
that there is a wide spectrum of CT and MRI imaging

features in patients with AIH with no specific features.?
They studied the correlation of imaging features and
histological grade and stage among diagnosed AIH
patients. We suppose that their patients perhaps
included wide varieties of ATH from acute onset to liver
cirrhosis, and therefore their study inevitably resulted in
a wide spectrum of imaging features.

In our experiences, one of the pathological character-
istics of acute onset AIH was its histological hete-
rogeneity, especially in severe and fulminant AIH
(autoimmune ALF). Histological heterogeneity leads to
the radiological heterogeneity described above. Ultra-
sound also shows similar heterogeneity. These findings
would be due to the mixture of severe centrilobular

Table 3 Comparison of characteristics between autoimmune hepatitis (AlH) patients with and without heterogenous hypoattenu-

ating areas on computed tomography (CT)

AIH with hypoattenuation ATH without hypoattenuation P-value

n 15 8
Aget 44.2+16.6 57.5%7.8 0.046%
Sex (M/F) 3/12 4/4 0.182§
Days (onset-adm)t 38.7+%32.2 42.0+223 0.797%
ALT (TU/LYt 517439 702 £579 0.399+4
T-Bil (mg/dL)t 192489 20.0£15.3 0.881%
PT (%)t 345+ 13.4 37.4+15.6 0.652%
IgG (mg/dL) 2182 + 831 2757 819 0.120%
ANA = x40 5 1 0.369§

=x80 10 7
AIH scoret 15.9+2.7 155224 0.754%

Outcome

Recovery 8 6 0.400§
Death 5 2 1.000§
LT 2 0 0.526§

tmean * standard deviation (SD).
+Student’s t-test.
§Fisher’s exact probability test.

ALT, alanine aminotransferase; ANA, antinuclear antibody; IgG, immunoglobulin G; LT, liver transplantation; PT, prothrombin time;

T-Bil, total bilirubin.

© 2011 The Japan Society of Hepatology
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necrosis and regenerative islands usually seen in acute
onset AIH. We supposed that characteristic morphologi-
cal patterns of liver regeneration would exist in acute
onset Al and that their better understanding would be
of help for the diagnosis.®*?*»

In summary, we found a characteristic CT imaging
feature of autoimmune ALF: heterogeneous hypoattenu-
ations on unenhanced CT. This finding could be one of
the tools for diagnosing autoimmune ALF in combina-
tion with the international AIH scoring system. It would
be useful especially in patients in whom histological
examinations cannot be performed because of coa-
gulopathy and ascites. Serial CT examinations depict
changes in hypoattenuations and hyperattenuations,
and we can evaluate the degree of liver regeneration
and treatment response. CT imaging features should be
included in the diagnostic tools for autoimmune ALF, of
which there is no gold standard for making the diagnosis.
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loss after peginterferon therapy cannot be convincingly explained
by these viral mutants. Further studies are required to examine
the underlying mechanisms involved in peginterferon-induced
HBsAg loss.
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Histological Discrimination Between Autoimmune Hepatitis and Drug-Induced Liver Injury

To the Editor:

We read with interest the article by Suzuki et al." We were sur-
prised that only 1 (4%) of the autoimmune hepatitis (AIH) cases
whose diagnoses were made by experienced hepatologists in Mayo
Clinic showed “typical” histology, and that complete agreement on
histological diagnosis among four experienced hepatopathologists
was less than 50%, if biopsy slides were evaluated blinded to the
clinical information. We realized that we should renew our aware-
ness of evaluating liver histology.

In daily clinical practice, it is often very difficult in distinguish-
ing drug-induced liver injury (DILI) from ATH with acute presen-
tation of the disease (i.e., acute AIH) as a cause of acute hepatitis.
As the investigators described, there is no pathognomonic feature
for AIH or DILI, so the evaluation of liver histology in determin-
ing ATH versus DILI is important.

The diagnosis of AIH is challenging and that of acute onset
ATH is even more challenging and difficult, because patdients show
acute presentation, such as acute hepatits, and may not have typi-
cal clinicopathological features of AIH, and because there is no
gold standard for it. Some acute ATH cases are ar risk of losing the
timing of starting immunosuppressive therapy, develop into severe
or fulminant form, and are sometimes resistant to immunosuppres-
sive therapy and have a poor prognosis. It is most important to
exclude other causes systematically and apply the International
ATH Group original revised scoring system,” rather than simplified
the scoring system.>* Especially, precise patholo%ical evaluation
plays an important role in the differential diagnosis.

As the investigators commented in the Discussion, the sample
size was too small and there was a possibility that some of the
observed histological features may have been influenced by clinical
presentation of AIH (i, acute versus chronic presentation).
Therefore, it is important to show how many patients of the exam-
ined 28 AIH cases were clinically and histologically “acute ATH”

who usually present atypical clinicopathological features and may
have influenced the histological findings of their study.

Kencur Fuirwara, M.D., Pu.D.

Osamu Yoxosuka, M.D., PH.D.

Department of Medicine and Clinical Oncology
Graduate School of Medicine
Chiba University
Chiba, Japan
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Abstract

Background/Aims: Spontaneous acute exacerbation of chronic hepatitis B virus (HBV)
infection occasionally occurs in its natural history, sometimes leading rapidly to fatal hepatic
failure. We compared the effects of lamivudine (LAM) with those of entecavir (ETV) treat-
ments in acute exacerbation of chronic hepatitis B with 500 [U/L or higher alanine ami-
notransferase (ALT) levels.

Methods: Thirty-four patients with acute exacerbation were consecutively treated with
LAM /ETV. Their clinical improvements were compared.

Results: Among LAM-treated and ETV-treated patients, none showed a reduction of <l log
IU/mL in HBV DNA after | or 3 months of treatment. Initial virological response, defined as a
reduction of 4 log IU/mL in HBV DNA at 6 months, with LAM and ETV, respectively, was
83.3% and 100%. One LAM patient developed hepatic encephalopathy, but all patients in both
groups survived. Twelve months after treatment, 41.6% of 24 LAM group patients switched to
another drug or added adefovir to their treatment due to the emergence of LAM-resistant
mutants. On the other hand, patients receiving ETV did not need to change drugs.

Conclusions: ETV appears to be as effective as LAM in the treatment of patients with acute
exacerbation of chronic hepatitis B. Clinicians should carefully start to treat these patients as

soon as possible.

Key words: acute exacerbation, ALT, entecavir, HBV, lamivudine

INTRODUCTION

Chronic hepatitis B infection is associated with
the development of hepatocellular carcinoma [1]. In-
fection with hepatitis B virus (HBV) also leads to wide
a spectrum of liver injury, including acute,
self-limited infection, fulminant hepatitis, and chronic
hepatitis with progression to cirrhosis and liver fail-

ure, as well as to an asymptomatic chronic carrier
state [2, 3].

Reactivation of hepatitis B is a well-characterized
syndrome marked by the abrupt reappearance or rise
of HBV DNA in the serum of a patient with previ-
ously inactivated or resolved HBV infection [4]. Reac-
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tivation is often spontaneous, but can also be trig-
gered by cancer chemotherapy and immune suppres-
sion. Spontaneous acute exacerbation of chronic hep-
atitis B infection is seen with a cumulative probability
of 15-37% after 4 years of follow-up [5]. Prognosis is
generally poor in HBV carriers with spontaneous
acute exacerbation together with high alanine ami-
notransferase (ALT) levels, jaundice, and liver failure
[4, 6, 7]. This condition has been defined as
acute-on-chronic liver failure according to a recent
Asia-Pacific consensus recommendation [8]. Acute
exacerbation occasionally leads to a critical scenario,
meaning that clinicians need to treat this condition
immediately.

Lamivudine (LAM) is a reverse-transcriptase in-
hibitor of viral DNA polymerase with an excellent
profile of safety and tolerability, causing inhibition of
viral replication, and it is approved for antiviral
treatment of hepatitis B patients [9, 10]. LAM sup-
presses serum HBV DNA values in up to 98% of pa-
tients within a median period of 4 weeks, leading to
aminotransferase normalization, increased hepatitis B
e antigen (HBeAg) seroconversion rate, and im-
provement of histological parameters [11, 12]. A study
from Taiwan showed that LAM had a survival benefit
and was effective for patients with baseline bilirubin
levels below 20 mg/dL [7].

Entecavir (ETV), a deoxyguanosine analogue, is
a potent and selective inhibitor of HBV replication; its
in vitro potency is 100- to 1,000-fold greater than that
of LAM, and it has a selectivity index (concentration
of drug reducing the viable cell number by 50%
[CCs0]/ concentration of drug reducing viral replica-
tion by 50% [ECso]) of ~8,000 [13, 14]. At present, the
Japanese national health insurance system approves
ETV as the first-line therapy for chronic hepatitis B,
although some patients are treated with standard in-
terferon-alfa. ETV is a nucleoside analogue (NUC)
belonging to a new subgroup, cyclopentane [15], and
it has been shown to be highly effective in suppress-
ing HBV replication to an undetectable level and
normalizing ALT, although NUCs do not eradicate
the virus. ETV develops less resistance than LAM.

We undertook a retrospective study to compare
the efficacy of LAM with that of ETV in the reduction
of HBV DNA levels and associated improvement in
disease severity and biochemical recovery in patients
with acute exacerbation together with higher ALT
levels due to HBV reactivation.

MATERIALS AND METHODS
Patients

A retrospective analysis of LAM/ETV-treated
chronic hepatitis B patients at Chiba University Hos-

pital and Numazu City Hospital, Japan, between May
2003 and December 2009 was performed. The inclu-
sion criteria were: acute exacerbation of chronic hep-
atitis B characterized by an elevation of ALT level =
500 1U/L along with HBV DNA 2 4.5 log IU/mL
presenting in a patient with diagnosed chronic liver
disease. The exclusion criteria were: acute hepatitis B,
superinfection with other viruses (hepatitis E, A, D, or
C), other causes of chronic liver failure [16, 17], coex-
istent hepatocellular carcinoma, portal thrombosis,
coexistent renal impairment, pregnancy, coinfection
with human immunodeficiency virus (HIV), or pa-
tients who had received a previous course of NUC
treatment. This retrospective study protocol conforms
to the ethical guidelines of the 1975 Declaration of
Helsinki as reflected in a priori approval by the Ethics
Committee of Chiba University, Graduate School of
Medicine [18].

Baseline assessment of patients

Retrospectively collected data included patient
demographics, clinical findings, all laboratory varia-
bles including virological tests and abdominal ultra-
sound. HBsAg, HBeAg, anti-HBe antibody and im-
munoglobulin M (IgM) anti-HBc antibody were de-
termined by ELISA (Abbott, Chicago, IL, USA) or
CLEIA (Fujirebio, Tokyo, Japan) [19]. HBV genotype
was determined from patients’ sera by ELISA (Insti-
tute of Immunology, Tokyo, Japan) as reported by
Usuda et al [20]. HBV DNA was measured by Roche
Amplicor™ PCR assay (detection limits: 2.6 log
IU/mL; Roche Diagnostics, Tokyo, Japan).

Definitions

Primary antiviral treatment failure was defined
as a reduction of <1 log IU/mL in HBV DNA after 3
months of therapy. Initial virological response (IVR)
was defined as a reduction of 2 4 log IU/mL in HBV
DNA after 6 months of therapy [21].

Follow-up

Clinical assessment and routine investigations
were done every 15 days or every month for at least 6
months. HBV DNA measurements were repeated
monthly.

Statistical analysis

Statistical analyses were performed using Mi-
crosoft Excel 2010 for Windows™ 7 and StatView 5
(SAS Institute Inc, Cary, NC). Continuous variables
were expressed as mean * standard deviation and
were compared by two-factor analysis of variance
(ANOVA) and two-way repeated measures ANOVA,
Categorical variables were compared by Chi-square
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test. Baseline was taken as the date when the first dose
of LAM/ETV was administered. Statistical signifi-
cance was considered at a P-value < 0.05.

RESULTS

Patients

Between May 2003 and December 2009, 34 pa-
tients with spontaneous acute exacerbation of chronic
hepatitis B, with ALT levels 2 500 IU/mL and treated
with LAM or ETV, were consecutively enrolled and
retrospectively analyzed. 24 (70.5%) were treated with
LAM at 100 mg daily and 10 (29.4%) were treated with
ETV at 0.5 mg daily. All patients were followed for at
least 6 months. Mean follow-up in the LAM and ETV
groups was 55.5 £ 25.4 and 16.5 + 9.9 months, respec-
tively.

Baseline characteristics

Baseline characteristics in the two patient groups
were similar (Table 1). Median age was 37 (21-73)
years and 79.4% were men. One patient of the LAM
group developed hepatic encephalopathy, but recov-
ered. All patients in both groups survived. At admis-
sion, the serological profile showed HBsAg positivity
in all 34 (100%); 22 (64.7%) were HBeAg positive. The
median HBV DNA level was 7.4 log IU/mL in the
LAM group and 7.9 log IU/mL in the ETV group
(Table 1).

Table I  Demographic, Clinical, and Laboratory Varia-

bles of Patients at Entry.

Parameters Total Pa- LAM (N=24) ETV (N=10) P-value
tients (N=34)

Age (years) 37 (21-73) 37 (21-73) 39 (24-67) NS

Male (%) 27 (79.4) 18 (75) 9 (90) NS

Cirthosis ~ 2/32 2/22 0/10 NS

(+/9) '

ALT (IU/L) 986 995 1,046 NS
(623-2,450)  (523-2,450)  (523-2,140)

T.Bil 2,0 (0.822.0) 2.4 (0.8-20.6) 1.6(1.9220) NS

(mg/dL)

PT (%) 83 (24-121)  815(24-119) 83.6 (35-121) NS

HBeAg 2/12 18/6 4/6 NS

(+/)

HBVDNA 7.6(4887) 74(5287) 79(4887) NS

(log TU/mL)

LAM, lamivudine; ETV, entecavir; ALT, alanine aminotransferase;
T. BIL, total bilirubin; PT, prothrombin time; NS, statistically not
significant.

Reduction in HBV DNA of total patients

LAM significantly reduced HBV DNA levels
from baseline 7.24 log IU/mL to 3.27 log IU/mL at 1

month (P < 0.001), to 2.21 log IU/mL at 3 months (P <

0.001), and to 1.53 log IU/mlL at 6 months (P < 0.001).
ETV also significantly reduced HBV DNA levels from
baseline 7.56 log IU/mL to 3.12 log IU/mL at 1 month
(P <0.001), to 2.14 log IU/mL at 3 months (P < 0.001),
and to 1.77 log IU/mL at 6 months (P < 0.001). There
were no differences in HBV DNA levels from baseline
to 6 months between the two groups. None with pri-
mary antiviral treatment failure was identified in ei-
ther group. There were no significant differences in
IVR between the two groups (Figure 1).

Reduction in ALT levels of total patients

LAM significantly reduced ALT levels from
baseline 1,130 IU/mL to 102 (P < 0.001) at 1 month, to
28.6 (P < 0.001) at 3 months, and to 23.1 (P < 0.001) at6
months. ETV also significantly reduced ALT levels
from baseline 1,210 IU/mL to 117 (P < 0.001) at 1
month, to 25 (P < 0.001) at 3 months, and to 24.4 (P <
0.001) at 6 months. There were no differences in ALT
levels from baseline to 6 months between the two

groups (Figure 2.

Entecavir

Lamivudine

0 200 40 60 B0 100 120 0%

Figure 1 Initial virological response (IVR). IVR was de-
fined as a reduction of 2 4 log [U/mL in HBV DNA after 6
months of therapy [21].
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Figure 2 Efficacy of lamivudine and entecavir for ALT
levels. Lamivudine (N=24) vs. entecavir (N=10); data are
shown as mean = SD.
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Reduction in HBV DNA of HBeAg-positive
patients

It has been demonstrated that the levels of HBV
DNA in the HBeAg-positive phase were generally
higher than those in the ant-HBe-positive phase [19,
22]. HBeAg positivity is also associated with HBV
viremia and increased ALT levels in HIV/HBV
co-infected patients [23]. Next, we compared the re-
sponse to LAM or ETV in 18 or 4 HBeAg-positive pa-
tients, respectively (Table 2). LAM significantly re-
duced HBV DNA levels from baseline 7.52 log IU/mL
to 3.35 log IU/mL (P < 0.001) at 1 month, to 2.38 log
IU/mL (P <0.001) at 3 months, and to 1.55 log IU/mL
(P < 0.001) at 6 months. ETV also significantly reduced
HBV DNA levels from baseline 8.42 log IU/mL to 3.87
log IU/mL (P < 0.001) at 1 month, to 2.90 log IU/mL
(P < 0.001) at 3 months, and to 2.22 log IU/mL (P <
0.001) at 6 months. There were no differences in HBV
DNA levels from baseline to 6 months between the
two groups. Primary antiviral treatment failure was
not observed in either group. Four patients in the
LAM group did not achieve IVR.

Table 2 Demographic, Clinical, and Laboratory Varia-
bles of HBeAg-positive Patients at Entry.

anti-HBe antibody phase were seen in 18 LAM-treated
and in 4 ETV-treated patients, respectively.

3000
2500
NS
22000
% 1500 - ~-Lamivadine
g P<0.0001 ~Entecavir

NS NS NS NS

.

foed

<@
L

0 1 3 6 9 12 (months)
Figure 3 Efficacy of lamivudine and entecavir for ALT
levels in HBeAg-positive patients. Lamivudine (N=18) vs.
entecavir (N=4); data are shown as mean + SD.

Parameters 'I(K)Itaéz l;aﬁen‘rs LAM (N=18) ETV (N=4)  P-value
Age (years)  34.5(21-51) 36.5 (21-51) 30 (24-33) NS
Male (%) 18 (81.8) 14 (77.7) 4 (100) NS
Cirrhosis (+/-) 1/21 1/17 0/4 NS
ALT (IU/L) 1,030 1,990 1,363 NS
(523-2,450) (523-2,450)  (980-1,620)
T. Bil (mg/dL) 1.75 (0.8-20.6) 2.0 (0.8-20.6) 1.5(1.0-18.7) NS
PT (%) 77 (24-119) 73.6 (24-119) 95.0 (44.1-113) NS

HBeAg (+) 22 18 4

HBVDNA  7.6(55-88) 7.6(55-8.7) 8.6(76-87) NS
(log IU/mL)

LAM, lamivudine; ETV, entecavir; ALT, alanine aminotransferase;
T. BIL, total bilirubin; PT, prothrombin time; NS, statistically not
significant.

Reduction in ALT levels of HBeAg-positive
patients

LAM significantly reduced ALT levels from
baseline 1,150 IU/mL to 84 (P < 0.001) at 1 month, to
27.5 (P < 0.001) at 3 months, and to 22.0 (P < 0.001) at6
months. ETV also significantly reduced ALT levels
from baseline 1,460 IU/mL to 230 (P = 0.0038) at 1
month, to 22.2 (P = 0.0016) at 3 months, and to 24.0 (P
= 0.0016) at 6 months. At 1 month after treatment, the
ALT levels of the LAM groups were lower than those
of the ETV group (P < 0.0001) (Figure 3). During fol-
low-up periods, 10 and 1 sero-converters of HBeAg to

Safety

No patient stopped taking medications. Twelve
months after treatment, 10 of 24 patients (41.6%) in the
LAM group switched from LAM to ETV (n=4) or
added adefovir (n=6) due to the emergence of
LAM-resistant mutants. On the other hand, patients
receiving ETV did not need to change their medica-
tion.

DISCUSSION

The present study compared the use of NUCs,
LAM and ETV, for the treatment of acute exacerbation
of chronic hepatitis B. The results clearly showed sig-
nificant benefits of a rapid reduction of HBV DNA
levels, compared with untreated patients in a previ-
ous report [4].

It was reported that ETV treatment is associated
with increased short-term mortality in patients with
severe acute exacerbation of chronic hepatitis B, but
that it achieves better virological response in the long
run [24]. We used LAM or ETV for patients with acute
exacerbation of chronic hepatitis B presenting with
ALT = 500 IU/L in the present study. The effects of
LAM on HBV DNA levels were the same as those of
ETV (Figure 1). But the effects of LAM on ALT levels
after 1 month were stronger than those of ETV in
HBeAg-positive patients (Figure 3). In spite of the
limited number of these patients, the effects were
possibly related to immunomodulating activities of
LAM [25]. The patients’ prognoses were more favor-
able than in the previous report [4]. This might have
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depended on the fact that, in the present study,
treatment was begun as soon as possible, and some
patients may have had a milder grade of acute exac-
erbation of chronic hepatitis B than those in the pre-
vious report [4]. We believe that patients with acute
exacerbation of chronic hepatitis B need to be sub-
jected to treatment as promptly as possible.

The major routes of HBV infection in our country
have been mother-to-child transmission and blood
transfusion. However, cases with HBV transmitted
through sexual contact are increasing, especially
among HIV-1-seropositive patients [26]. One should
bear in mind that knowledge about interactions be-
tween ETV and anti-HIV nucleoside analogues is
limited [27]. Because long-term use of LAM induces
LAM-resistant mutants [28], we can only use LAM for
short-term treatment of patients with acute exacerba-
tion of chronic hepatitis B. On the other hand, the
present study also revealed that patients receiving
ETV did not need to change drugs.

Recently, there have been several reports that
reactivation of HBV is a fatal complication following
systemic chemotherapy or other immunosuppressive
therapy including rituximab and steroid therapies
mainly in HBsAg-positive and -negative lymphoma
patients. It is important to enable early diagnosis of
HBV reactivation as well as initiation of antiviral
therapy [29, 30].

In conclusion, ETV appears to be as effective as
LAM in the treatment of patients with acute exacer-
bation of chronic hepatitis B. Clinicians should start to
treat these patients with NUCs as soon as possible.
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The liver plays a central role in hemostasis by synthesizing clotting factors, coagulation inhibitors, and fibrinolytic proteins. Liver
cirthosis (LC), therefore, impacts on both primary and secondary hemostatic mechanisms. ADAMTS13 is a metalloproteinase,
produced exclusively in hepatic stellate cells, and specifically cleaves unusually large von Willebrand factor multimers (UL-VWEM).
Deficiency of ADAMTS13 results in accumulation of UL-VWEM, which induces platelet clumping or thrombi under high shear
stress, followed by sinusoidal microcirculatory disturbances and subsequent progression of liver injuries, eventually leading to
multiorgan failure. The marked imbalance between decreased ADAMTS13 activity (ADAMTS13 : AC) and increased production of
UL-VWFM indicating a high-risk state of platelet microthrombi formation was closely related to functional liver capacity, hepatic
encephalopathy, hepatorenal syndrome, and intractable ascites in advanced LC. Some end-stage LC patients with extremely low
ADAMTS13:AC and its IgG inhibitor may reflect conditions similar to thrombotic thrombocytopenic purpura (TTP) or may
reflect “subclinical TTP” Hence, cirrhotic patients with severe to moderate deficiency of ADAMTS13 : AC may be candidates for
FFP infusion as a source of ADAMTS13 or for recombinant ADAMTS13 supplementation. Such treatments may improve the
survival of patients with decompensated LC.

1. Introduction

The liver is a major source of clotting and fibrinolytic pro-
teins and plays a central role in thromboregulation [1-4].
Liver diseases, hence, impact on both primary and secondary
hemostatic mechanisms. Because the hemostatic system
is normally in a delicate balance between pro-hemostatic
and antihemostatic processes, advanced liver cirrhosis (LC)
patients experience multiple changes in the hemostatic
system that may lead to either bleeding or thrombosis [1—
4]. Despite clinical evidence of increasing bleeding tendency
in LC patients, many facts indicate.local and systemic
hypercoagulability including portal or hepatic vein throm-
bosis, pulmonary embolism, and deep vein thrombosis,
which are closely related to microcirculatory disturbances

[4]. Deficiency of anticoagulant proteins and high levels of
several procoagulant factors may favor hypercoagulability
[4], but the mechanisms underlying this disorder have not
been fully elucidated.

ADAMTS13 (a disintegrin-like and metalloproteinase
with thrombospondin type-1 motifs 13) is a metallopro-
teinase that specifically cleaves multimeric von Willebrand
factor (VWF) between Tyr1605 and Met1606 residues in the
A2 domain [5, 6]. In the absence of ADAMTS13 activity
(ADAMTS13: AC), unusually large VWF multimers (UL-
VWEMs) are released from vascular endothelial cells (ECs)
and improperly cleaved, causing them to accumulate and to
induce the formation of platelet thrombi in the microvas- .
culature under conditions of high shear stress. Currently, a
severe deficiency in ADAMTS13: AC, which results either
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from genetic mutations in the ADAMTSI3 gene (Upshaw-

Schulman syndrome, (USS)) [5-8] or acquired autoantibod- .

ies against ADAMTS13 [9, 10], is thought to be a specific
feature of thrombotic thrombocytopenic purpura (TTP)
[5-12].

In 2000, we demonstrated that a decreased plasma
ADAMTS13: AC in patients with cirrhotic biliary atresia can
be fully restored after liver transplantation, indicating that
the liver is the main organ producing ADAMTS13 [13].
One year later, northern blot analysis showed that the 4.6-
kilobase ADAMTS13 mRNA was highly expressed in the liver
[7, 14, 15], and subsequently both in situ hybridization and
immunohistochemistry clearly indicated that ADAMTSI13 is
produced exclusively in hepatic stellate cells (HSCs) [16].
Platelets [17], vascular ECs [18], and kidney podocytes [19]
have also been implicated as ADAMTS13-producing cells,
but the amount produced by these cell types in the liver
appears to be far less than that produced by HSC.

Mannucci et al. [20] originally reported a reduction of
the ADAMTS13:AC in advanced LC. Since HSCs were
shown to be the major producing cells in the liver [16], much
attention has been paid to the potential role of ADAMTS13
in the pathophysiology of liver diseases associated with sinu-
soidal and/or systemic microcirculatory disturbance {21~
35]. ADAMTS13: AC significantly decreased in patients with
hepatic veno-occlusive disease (VOD) [22, 23], alcoholic
hepatitis [24-27], livér cirrhosis [29, 30], and those un-
dergoing living-donor-related liver transplantation [31-33]
and partial hepatectomy [34]. Furthermore, hepatitis C
virus- (HCV-) related LC patients with ADAMTS13 inhibitor
(ADAMTS13:INH) typically developed TTP [35]. Once

patiénts with LC develop a decompensated condition, the -

risk of early mortality sharply increases for specific life-
threatening complications such as ascites, hepatic enceph-
alopathy, sepsis, hepatorenal syndrome, or hepatopulmonary
syndrome [36].

In this paper, we will focus on the importance of
ADAMTS13 determination for a better understanding of
pathophysiology and/or for possible therapeutic approaches
of ADAMTS13 supplementation to improve survival in
patients with advanced LC.

2. Hepatic Microcirculation and
Hypercoagulable State in LC

Hepatic microcirculation compromises a unique system of
capillaries, called sinusoids, which are lined by three different
cell types: sinusoidal endothelial cells (SECs), HSC, and
Kupffer cells [37]. The SEC modulates microcirculation
between hepatocytes and the sinusoidal space through the
sinusoidal endothelial fenestration. The SEC has tremendous
endocytic capacity, including VWF and the extracellular
matrix, and secretes many vasoactive substances [37]. The
HSC is located in the space of Disse adjacent to the SEC and
regulates sinusoidal blood flow by contraction or relaxation
induced by vasoactive substances [38]. Kupffer cells are
intrasinusoidally located tissue macrophages and secrete
potent inflammatory mediators during the early phase of
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liver inflammation [37]. Intimate cell-to-cell interaction has
been found between these sinusoidal cells and hepatocytes -
[37, 38]. In LC, a sinusoidal microcirculatory disturbance
occurs when the normal hepatic structure is disrupted
by fibrin deposition [39] or by impaired balance between
the action of vasoconstrictors and vasodilators in hepatic
vascular circulation [37]. Studies have shown that cirrhotic
liver exhibits a hyperresponse to vasoconstrictors, including
catecholamine, endothelin, and leukotrienes D, [37].

Vascular endothelial cells play a pivotal role in hemostasis
and thrombosis [5, 6]. VWF is a marker of endothelial cell
activation (damage) and plays an essential role in hemostasis
[5, 6]. In the normal state, VWF immunostaining is usually
positive in large vessels but negative in the SEC [40]. On the
occurrence of liver injury accompanied by a necroinflamma-
tory process, the SEC becomes positive for VWE, presumably
in association with the capillarization of hepatic sinusoids
[39]. Subsequently, platelets adhere to subendothelial tissue
mediated by UL-VWEM 5, 6]. ADAMTS13 then cleaves UL-
VWEM into smaller VWF multimers [5, 6]. This interaction
of ADAMTS13 and UL-VWFM is, indeed, the initial step in
hemostasis [5, 6]. )

In patients with LC, circulating plasma VWF levels are
extremely high [41, 42]. In liver tissue from cirrhotics [43]
and even from the early stages of alcoholic liver diseases [44],
VWEF immunostaining shows positive cells predominantly
at the scar-parenchyma interface, within the septum, and
in the sinusoidal lining cells. Actually, portal or hepatic
vein thrombosis is often observed in advanced LC routinely
screened with Doppler ultrasound [45], and, in cirrhotic
liver removed at transplantation, intimal fibrosis suggesting
hepatic and portal vein thrombosis was frequently observed
[46]. An autopsy series revealed microthrombi in one or
multiple organs in one-half of cirrhotics [47]. Such a hy-
percoagulable state in liver diseases may be involved in
hepatic parenchymal destruction, the acceleration of liver
fibrosis and disease progression [4], leading to hepatorenal
syndrome, portopulmonary hypertension, and spontaneous
bacterial peritonitis [48].

Systemically, deficiency of anticoagulant proteins (anti-
thrombin, protein G, and protein S) and the high levels of
several procoagulant factors (factor VIII and VWF) may con-
tribute to hypercoagulability in patients with LC [4]. Locally,
the SEC dysfunction could lead to the development of a
hypercoagulable state at the hepatic sinusoids corresponding
to the site of liver injury, even in the face of a systemic
hypocoagulable state [4]. Considering that ADAMTS13
is synthesized in HSC and its substrate, UL-VWEM, is
produced in transformed SEC during liver injury, decreased
plasma ADAMTS13:AC may involve not only sinusoidal
microcirculatory disturbances, but also subsequent progres-
sion of liver diseases, finally leading to multiorgan failure.
Based on these findings, it is of particular interest to evaluate
the activity of plasma ADAMTS13: AC in LC patients.

3. Cleavage of UL-VWFM by ADAMTS13

Although the mechanism by which TTP develops in the
absence of ADAMTS13:AC has not been fully elucidated,
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accumulating evidence has provided a hypothesis as illus-
trated in Figure 1 [49]. UL-VWEMs are produced exclusively
in vascular ECs and stored in an intracellular organelle
termed Weidel-palade bodies (WPBs) and then released
into the circulation upon stimulation. Under physiological
conditions, epinephrine acts as an endogenous stimulus, but
under nonphysiclogical conditions, DDAVP (1-deamino-
8-D-arginine vasopressin), hypoxia, and several cytokines
such as interleukin IL-2, IL-6, IL-8, and tumor necrosis
factor- (INF-) « act as stimuli that upregulate VWEF
release. Once ECs are stimulated, UL-VWFMs and P-
selectin, both stored in WPBs, move to the membrane
surface of ECs, where P-selectin anchors UL-VWEMSs on
the ECs surface [50]. Under these circumstances, high shear
stress generated in the microvasculature induces a change
in the UL-VWEM from a globular to an extended form
[51]. The ADAMTS13 protease efficiently cleaves the active
extended form of UL-VWEFM between the Tyrl605 and
Met1606 residues in the A2 domain [52]. In this context,
it has been postulated that multiple exocites within the
disintegrin-like/TSP1/cysteine-rich/spacer (DTCS) domains
of ADAMTS13 play an important role in interacting with
the unfolded VWE-A2 domain [53]. ADAMTS13 may more
efficiently cleave newly released UL-VWEMs that exist as
solid-phase enzymes anchored to the vascular EC surface
by binding to CD36, because CD36 is a receptor for TSP,
which is a repeated domain within the ADAMTS13 molecule
[54]. When ADAMTSI13 activity is reduced, UL-VWEM
interacts more intensively with platelet GPIb and generates
signals that further accelerate platelet activation [5, 6]. A
series of these reactions leads to platelet microaggregates
and thrombocytopenia. However, little information has been
available on the cleavage of the UL-VWFMs by ADAMTS13
in the sinusoidal microcirculation in LC.

4. Assays for Plasma ADAMTS13: AC and
ADAMTS13:INH

ADAMTS13 : AC was determined with a classic VWFM assay
in the presence of 1.5mol/L urea using purified plasma-
derived VWF as a substrate according to the method
described by Furlan et al. [55], and the detection limit of this
assay was 3% of the normal control in our laboratory [56].
In 2005, we developed a novel chromogenic ADAMTS13-act-
ELISA using both an N- and C-terminal tagged recombinant
VWEF substrate (termed GST-VWF73-His). This assay was
highly sensitive, and the detection limit was 0.5% of the
normal control [57]. Plasma ADAMTS13: AC levels highly
correlated between VWEM assay and ADAMTS13-act-ELISA
(mean + SD, 102 + 23% versus 99.1 + 21.5%, r* = 0.72,
P <.01) [57]. No interference of the ADAMTS13-act-ELISA
occurred even in the presence of hemoglobin, bilirubin,
or chylomicrons in the samples, thus enabling distinction
from the FRETS-VWE73 assay [58]. Because of its high
sensitivity, easy handling, and lack of interference from
plasma components, the ADAMTS13-act-ELISA would be
recommended for routine laboratory use.

The ADAMTS13:INH has also been evaluated with the
chromogenic act-ELISA by means of the Bethesda method

[59]. Prior to the assay, the test samples were heat-treated
at 56°C for 60 min to eliminate endogenous enzyme activity,
mixed with an equal volume of intact normal pooled plasma,
and incubated for 2 hours at 37°C. The residual enzyme
activity is measured after incubation. One Bethesda unit is
defined as the amount of inhibitor that reduces activity by
50% of the control value, and values greater than 0.5 U/mL

are significant.

5. Thrombocytopenia, Determination of
ADAMTS13: AC, and Its
Clinical Significance in LC

5.1. Thrombocytopenia. It is well accepted that thrombo-
cytopenia gradually progresses as functional liver capac-
ity decreases [30, 60] (Figure 2(a)). The pathogenesis of -
thrombocytopenia in LC includes splenic sequestration in
portal hypertension [61], impaired platelet production due
to decreased synthesis of thrombopoietin in the liver [62]
or due to myelosupression resulting from HCV infection
[63], folic acid deficiency, or ethanol chronic consumption
[64], which has a negative effect on megacaryocytopoiesis.
However, our recent studies have provided evidence that in
patients with advanced LC, elevated plasma levels of UL-
VWEM enhance high-shear stress-induced platelet aggrega-
tion, resulting in thrombocytopenia [30].

5.2. ADAMTS13: AC. Our study showed that ADAMTS13:
AC decreased with increasing severity of cirrhosis [30]
(Figure 2(b)). The values determined by act-ELISA cor-
related well with those of the classical VWEFM assay and
also closely correlated with ADAMTS13 antigen de-termined
by the antigen-ELISA. These results confirmed that both
ADAMTS13 activity and antigen decreased with increasing
cirrhosis severity [30] (Figures 2(b) and 2(c})), which are
consistent with findings described by Feys et al. [29]. In
contrast, Lisman et al. showed that both ADAMTS13 activity
and antigen levels were highly variable; however, they did
not distinguish between patients with varying degrees of
cirrhosis [28]. It is unclear why they reached different
conclusions from ours. One possible explanation relates to
different etiologies: a majority of our patients developed
cirrhosis secondary to HCV infection, whereas in their
study one-half of the patients suffered from alcohol abuse-
related cirrhosis. Further, the techniques used to determine
ADAMTS13: AC differed between our study [55-57] and
theirs [65]. It is assumed that the collagen binding assay
they used can be highly influenced by the increased amount
of VWE:Ag in tested cirrhotic plasmas [29], because the
substrate in this assay is intact multimeric VWE In this
regard, our act-ELISA is performed using VWF73-based
fusion protein, termed GST-VWF73-His, which is readily
cleaved by ADAMTS13 without any protein denaturant, and
therefore the increased amount of VWEF : Ag in tested plasmas
does not interfere with the assays [57]. :

As shown in Figure 3, ADAMTS13:ACs were signif-
icantly lower in LC patients with hepatic encephalopathy
(Figure 3(a)), hepatorenal syndrome (Figure 3(b)), and
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Frcure 1: Proposed mechanism of platelet thrombi under high shear stress in the absence of ADAMTS13: AC. Unusually large von
Willebrand factor multimers (UL-VWFMs) are produced in vascular endothelial cells (ECs) and stored in Weidel-palade bodies (WPBs). .
UL-VWEFMs are released from WPBs into the circulation upon stimulation by cytokines, hypoxia, DDAVP, and epinephrine. P-selectin
that comigrates from WPBs anchors UL-VWEMs on the vascular EC surface. Under these circuinstances, high shear stress changed the
molecular conformation of UL-VWFMs from a globular to an extended form, allowing ADAMTS13 to access this molecule. In the absence
of ADAMTS13: AC, UL-VWFMs remain uncleaved, allowing them to excessively interact with platelet glycoprotein (GP)Iba and activate
platelets via intraplatelet signaling, which result in the formation of platelet thrombi. (Partially modified from Fujimura et al., [49]).

severe esophageal varices than those without [30]. Moreover,
patients with refractory ascites had lower ADAMTS13: AC
levels than patients without ascites or those with easily
mobilized ascites (Figure 3(c)). A multivariate analysis
using all significant baseline parameters determined by the
univariate analysis, excludmg the Child-Pugh score, showed
spleen volume, blood ammonia, and serum creatinine
independently correlated with ADAMTS13: AC. As a second
step, the three parameters that contribute to the Child-Pugh
classification (total bilirubin, albumin, and prothrombin
time) were replaced by the Child-Pugh score. As a result,
the Child-Pugh score and spleen volume were independently
selected, indicating that ADAMTS13:AC is closely related
to the severity of liver disease and splenomegaly in cirrhotic
patients [30].

5.3. VWF:Ag and VWF Multimer Patterns. Plasma levels
of VWEF: Ag substantially increase as liver diseases progress
(Figure 2(d)) [30], as previously reported [41, 42]. This
* is presumably attributed to sinusoidal and/or extrahepatic
endothelial damage induced by endotoxin and cytokines

[41, 42, 66, 67]. The VWE:RCo was higher (Figure 2(e))
[30], but the ratio of VWF:RCo/VWE: Ag was lower in
LC patients than that in healthy subjects. These findings
suggest that increased VWEF : Ag appears less functional in
LC patients [30], which are consistent with previous reports
[28]. Nevertheless, our study has clearly shown that the
ratio of VWEF: RCo/ADAMTS13 : AC progressively increases
with the worsening of chronic liver diseases (Figure 2(f)),
further intensifying an enhanced thrombogenesis with the
progression of liver dysfunction and thrombocytopenia [30].
With regard to VWF multimers, the higher molecular
weight multimer showed greater degradation than in healthy
controls, thus maintaining normal enzyme-to-substrate
(ADAMTS13/UL-VWFMs) ratio to maintain blood fluidity
[29]. We showed that there were three different VWEM
patterns in LC patients with lower ADAMTS13: AC (<50 %
of controls): normal-VWFM was detected in 53%, degraded-
VWEM in 31%, and UL-VWEM in 16% (Table 1) [30]. UL-
VWEM-positive patients showed the lowest ADAMTS13: AC
and the highest values of serum creatinine, blood urea
nitrogen, and blood ammonia. In addition, LC patients with
UL- and normal-VWEM had higher levels of VWF:RCo
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Frcurg 2: Platelet counts and plasma levels of ADAMTS13: AC and its related parameters in patients with chronic liver diseases. Platelet
counts decreased with the severity of chronic liver diseases, but no difference was found between Child B and C (a). Plasma ADAMTS13: AC
determined by ELISA progressively decreased with worsening cirrhosis (b). Arrows indicate patients whose plasma ADAMTS13:AC was
extremely low (<3% of normal control by VWFM assay). The ADAMTS13: AG levels determined by ELISA also decreased with increasing
cirrhosis severity (c), which highly correlated with ADAMTS13: AC measured by the act-ELISA (r = 0.715, P < .001). The VWF: Ag
increased with the progression of chronic liver diseases, but the difference between Child B and C did not reach statistical significance (d).
The VWEF:RCo is higher in liver cirrhosis patients than that in patients with chronic hepatitis and healthy subjects, but it did not differ
among subgroups within liver cirrhosis (e). The VWEF:RCo relative to ADAMTS13: AC progressively increased with worsening chronic
liver disease (f). Open circles: normal controls; open triangles: chronic hepatitis; open squares: cirrhosis with Child A; closed triangles:
cirrhosis with Child B; closed circles: cirrhosis with Child C. Shaded area shows normal range. ADAMTS13: AC: ADAMTS13 activity,
ADAMTS13: AG=ADAMTS13 antigen. VWEF: Ag =von Willebrand factor antigen, VWE : RCo = von Willebrand factor ristocetin cofactor
activity; *P < .05, **P < .01, and ***P < .001 significantly different I)ethen the two groups. (Partially modified from Uemura et al,, [30]).

and Child-Pugh score and lower values of cholinesterase  functional liver capacity and renal function deteriorates,
and hemoglobin than those with degraded-VWEM [30]  indicating that advanced LC may be a predisposing state
(Table 1). The pattern, therefore, appears to shift from  toward platelet microthrombi formation, even in the absence -
degraded- to normal-VWEM, and finally to UL-VWFM as  of clinically overt thrombotic events [30].
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Figure 3: Relationship of ADAMTSI3: AC to the presence or absence of hepatic encephalopathy, hepatorenal syndrome, and ascites in
patients with liver cirrhosis. The ADAMTS13: AC was significantly lower in LC patients with hepatic encephalopathy (a) and hepatorenal
syndrome (b) than that those without. Moreover, patients with refractory ascites had lower ADAMTS13: AC than those without ascites
or those with easily mobilized ascites (c). Closed circles indicate patients whose plasma ADAMTS13:AC was extremely low (< 3% of
normal control by VWEM assay). ADAMTS13: AC: ADAMTS13 activity; *P < .001 significantly different between the two groups. (Partially
modified from Uemunra et al., [30]).

Tazre 1: Comparison of clinical parameters among cirrhotic patients according to VWF multimer patterns.

Variables VWF multimer pattrens

Degraded® Normal® Unusually large® aversus b a versus c b versus ¢

(n=15) (n=26) (n=28)

ADAMTS13: AC (%)
(ELISA) 47 + 24 44 +13 26 = 1‘% n.s. P<.05 P<.01 '
VWE: RCo (%) 110 £92 196 = 134 216 £ 110 P<.05 P< .05 ..
Child-Pugh score 8.6 £2.5 109 +2.1 124+ 1.7 P<.01 P <.005 n.s.
Serum albumin (g/dL) 3.07 £0.54 2.85 +0.54 2.59 +=0.25 n.s. P<.05 ns.
Cholinesterase (TU/L) 126 £ 62 78 + 64 60 + 36 P<.05: P<.02 n.s.
Total cholesterol 142 + 51 93 =45 88 40 P<0l ~  P<.03 ns.
(mg/dL)
Hemoglobin (g/dL}) 11.0£1.7 9.3+20 8917 P<.02 P<.02 n.s.
Serum creatinine 1.06 +0.72 111 +0.79 243 £2.16 ns. P<.05 P<.03
(mg/dL)
Blood urea nitrogen 2+17 30 £ 21 74 + 62 ns. P<.01 P<.01
(mg/dL)
Blood ammonia (ug/dL) 87 =50 100 + 39 144 + 53 n.s. P<.05 P<.05

VWE: von Willebrand factor; ADAMTS13: AC: ADAMTS13 activity; ELISA : enzyme-linked immunosorbent assay; VWF: RCo: VWF ristocetin cofactor
activity; n.s.: not significant. (Partially modified from Uemura et al., [30]).

6. Mechanism of Decreased

ADAMTSI13: AC in LC Patients

inflammatory cytokines [68, 69], and/or ADAMTS13 plasma
inhibitor [9, 10]. Itis controversial whether ADAMTS13 defi-
ciency is caused by decreased production in the liver; Kume

The mechanism responsible for the decrease in ADAMTS13: et al. reported that HSC apoptosis plays an essential role
AC in advanced LC may include enhanced consumption due  in decreased ADAMTS13:AC using dimethylnitrosamine-
to the degradation of large quantities of VWF:AG [20],  treated rats, but not carbon tetrachloride- (CCly-) treated
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animals [70], whereas Niiya et al. found upregulation of
ADAMTSI13 antigen and proteolytic activity in liver tissue
using rats with CCly-induced liver fibrosis [71]. We observed
the inhibitor of ADAMTS13 in 83% of patients with severe to
moderate ADAMTS13 deficiency, but its inhibitory activity
was in a marginal zone between 0.5 and 1.0 BU/mL in most
cases except in cases of a TTP patient (2.0BU/mL) and a
patient with severe ADAMTS13 deficiency (3.0 BU/mL) [30].
Interestingly, IgG-type autoantibodies specific to purified
plasma derived-ADAMTS13 were detected by Western blot-
ting only in five end-stage cirrhotics with severe ADAMTS13
deficiency (<3%) corresponding to TTP [30]. One patient
showed an apparent TTP [35], while the other four cir-
rhotics did not show apparent clinical features of TTP but
had complications of hepatorenal syndrome, spontaneous
bacterial peritonitis (SBP), marked inflammation together
with cytokinemia, and advanced hepatocellular carcinoma
(HCC) [30]. Various clinical conditions, including infection,
malignancies, and certain drugs, can lead to acquired TTP
[72]. In advanced LC patients, endotoxemia is frequently
detected [42, 73], and SBP sometimes occurs [74]. HCC
is highly complicated as the cirrhotic stage progresses
[75], suggesting a high-risk state of platelet microthrombi
formation. Some end-stage LC patients with extremely low
ADAMTS13 : AC and its IgG inhibitor may reflect conditions
similar to TTP or may reflect “subclinical TTP” [21]. Further
studies will be necessary to clarify whether inhibitors other
than the IgG inhibitor might be involved in cirrhotics with
lower ADAMTS13: AC.

Alternatively, cytokinemia [25, 68, 69, 76] and endo-
~ toxemia [25, 77] are additional potential candidates for
decreasing plasma -ADAMTS13:AC. Recent investigations
demonstrated that IL-6 inhibited the action of ADAMTS13
under flow conditions and both IL-8 and TNE-« stimu-
lated the release of UL-VWFM in human umbilical vein
endothelial cells in vitro [68]. It remains to be clarified
whether IL-6 directly hampers the cleavage of UL-VWFM
or downregulates gene expression of ADAMTS13 with
modification of promoter activity. IFN-y, IL-4, and TNF-&
also inhibit ADAMTS13 synthesis and activity in rat primary
HSC [69]. In addition, ADAMTS13 deficiency associated
with inflammation promoted formation of UL-VWEM [78],
and intravenous infusion of endotoxin to healthy volunteers
caused a decrease in plasma ADAMTS13: AC together with
the appearance of UL-VWEM [77]. In patients with alcoholic
hepatitis, especially in severe cases complicated by LC,
ADAMTS13: AC concomitantly decreased, and VWE:Ag
progressively increased with increasing concentrations of
these cytokines from normal range to over 100pg/mL
[25]. Plasma endotoxin concentration inversely correlated
with ADAMTS13 activity and was higher in patients with
UL-VWFM than that those without [25]. From these
results as well as our own, marked cytokinemia and/or
enhanced endotoxemia may be closely related to decreased
ADAMTS13: AC and the appearance of UL-VWEM [25].
It will be necessary to clarify what types of inhibitor may
be involved in association with inflammatory cytokines and
endotoxin.

7. Typical TTP in Patients with
Liver Diseases

We previously encountered a patient with HCV-related LC
who was compromised by fatal TTP {35]. This case showed
advanced LC and rigid ascites. As reported in the literature,
since 1979, there have been 13 patients with liver diseases
who developed TTP [35, 79-90]. Five of them were treated
with IFN therapy, but the remaining 8 were not. Three
of them showed evidence of autoimmune hepatitis, one of
which was complicated by systemic lupus erythematosus
(SLE). The remaining 4 patients had HCV-related LC,
hepatitis B virus- (HBV-) related LC, alcoholic LC, or hae-
mochromatosis. IFN may be able to induce autoimmune
reactions, resulting in the generation of autoantibodies
against ADAMTS13, although this phenomenon has yet to
be confirmed. On the other hand, irrespective of IFN therapy,
HCV infection and/or advanced LC itself may contribute to
the development of TTP.

There is general consensus that the overall prevalence
of serum non-organ-specific autoantibodies is significantly
higher in patients with HCV (about one third of all cases)
than that in both healthy subjects and patients with HBV
[91-93], but not alcoholic liver injury. In addition, HCV
infection was confirmed in five of 10 patients (50%) who
developed thrombotic microangiopathy (TMA) after living-
donor liver transplantation [94]. In our study, the etiology of
our five end-stage LC patients with IgG-type autoantibodies
was HCV in 2, HBV in 1, PBC in 1, and cryptogenicin 1, but
none of the patients displayed alcohol-abuse-related cirrho-
sis [30]. Nevertheless, the diagnosis of TTP may be hampered
by clinical features accompanying hepatic failure similar to
the pentad of typical TTP (fever, thrombocytopenia, renal
failure, fluctuating neurological signs, and microangiopathic
hemolytic anemia) [11, 12].

8. Possible Therapeutic Approaches of
ADAMTS13 Supplementation for
Patients with Decompensated LC

Fresh frozen plasma (FFP) infusion is commonly used to
correct the prolonged prothrombin time in patients with
advanced chronic liver disease, but exact indication for its use
has not been clearly defined [95]. The aim of FEP infusions
is usually either to improve the coagulopathy before invasive
procedures or to control ongoing bleeding from various sites
in patients with vitamin K-unresponsiveness prolonged pro-
thrombin time. The mean prothrombin time was improved
by the infusion of 26 units of FFP, but only 12.5% of the
retrospective study group and 10% of the prospective study
groups showed reversal of their coagulopathy, and higher
volume (6 or more units) may be more effective but rarely
is employed [96]. However, attention should be directed
to complications including the risk of infection, allergic
reaction, and acute volume expansion leading to heart failure
or pulmonary edema [95, 96].

With regard to FFP infusion as a unique source of
ADAMTS13, we clearly showed that preexisting UL-VWFMs
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in the plasma of USS patients began to diminish within 1
hour and completely diminished 24 hours after ADAMTS13
was replenished with infusions of FFP [97]. Retrospectively,
these results indicated that exogenous ADAMTS13 could
efficiently cleave both UL-VWEFMs that preexisted in the
circulation and the newly produced molecules at the ECs
surface. Advanced LC is known to be a predisposing state
toward platelet microthrombi formation, even in the absence
of clinically overt thrombi [30]. In our study, UL-VWFM-
positive patients showed the lowest ADAMTS13: AC and the
highest values of serum creatinine, blood urea nitrogen, and
blood ammonia, and the VWFM patterns appeared to shift
from degraded to normal VWFM and finally to UL-VWEM
as functional liver capacity and renal function deteriorated
(Table 1). From these results, it may be reasonable to
assume that advanced LC patients with severe to moderate
deficiency of ADAMTS13:AC (<3% to ~25% of normal
control) could be candidates for FFP infusion as a source of
ADAMTS13. It is necessary to evaluate the effectiveness of
FFP administration to patients with ADAMTS13: AC levels
from 25% to 50%.

Alternatively, our recent study demonstrated that plasma
ADAMTS13: AC is reduced in VOD patients after stem cell
transplantation (SCT) (12-32% of normal) compared to
non-VOD patients (57-78% of normal), even before any
conditioning regimen and throughout SCT, and that the
activity might thus be a predictor for the development of
hepatic VOD [22]. A multicenter, prospective, randomized
controlled study revealed that prophylactic FFP infusion may
be instrumental in preventing the development of hepatic
VOD after SCT [23]. The imbalance caused by decreased
ADAMTS13: AC versus increased production of VWEF: Ag
before and during the early stage after SCT would contribute
to a microcirculatory disturbance that could ultimately
lead to VOD [23]. The supplementation of ADAMTSI13
by prophylactic FFP infusion may suppress the increase in
VWE :AG that is extensively released from damaged SEC.
Furthermore, we first reported in 2006 that a significant
reduction of ADAMTS13: AC with a concomitant appear-
ance of UL-VWFM was consistently observed in patient
plasma soon after liver transplantation [31]. These changes
were closely related to liver-graft dysfunction, ischemia-
reperfusion injury, and acute rejection. The ADAMTS13: AC
often decreased to less than 10% of normal controls, concur-
rent with severe thrombocytopenia. The organ dysfunction
appeared to be restricted to the liver graft, indicating that
a decrease of plasma ADAMTS13:AC coupled with the
" appearance of UL-VWEFM was attributed to a mechanism of
“local TTP” within the liver graft [21, 31]. It is, therefore,
extremely important to monitor plasma ADAMTS13:AC in
the treatment of thrombocytopenia associated with allograft
dysfunction after liver transplantation. This is because the
infusions of platelet concentrate under conditions of an
imbalance of decreased ADAMTS13:AC to enhanced UL-
VWEM production might further exacerbate the formation
of platelet aggregates mediated by uncleaved UL-VWEM,
leading to graft failure via the “local TTP” mechanism
[21, 31]. FFP infusion as ADAMTS13 replacement therapy
may improve both liver dysfunction and thrombocytopenia
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in liver transplant patients. From this point of view, we
are particularly interested in conducting clinical trials with
recombinant ADAMTS13 preparations not only in patients
with advanced LC but also in patients with VOD and liver
transplantations. ‘

9. Conclusion and Future Perspectives

The introduction of ADAMTS13 to the fleld of hepatology
not only enabled us to confirm the diagnosis of TTP early
but also provided novel insight into the pathophysiology of
liver diseases. Some diseases were shown to be TTP itself, but
others did not show any apparent clinical features of TTP,
even in the presence of extremely decreased ADAMTS13: AC
and increased UL-VWEM corresponding to TTP. Such TTP-
like states, but without disseminated intravascular coagula-
tion, might be “subclinical TTP” as seen in advanced liver
cirrhotics [30] and SAH patients [24-27] or “local TTP”
as shown in patients with hepatic VOD after SCT [22, 23]
and patients with adverse events after living-donor liver
transplantation {31, 32]. Essentially, one would be unable to
detect such TTP-like phenomena without the determination
of ADAMTSI13: AC, because the interaction of ADAMTS13
and UL-VWEM is the initial step in hemostasis, and their
abnormalities do occur in the absence of apparent imbalance
in other hemostatic factors and/or irrespective of the pres-
ence or absence of abnormal conventional hemostatic fac-
tors. The origin of VWE, the substrate of ADAMS13, indeed
may be transformed hepatic sinusoidal and/or extrahepatic
endothelial cells, but not hepatocytes. The procoagulant and
anticoagulant proteins synthesized in hepatocytes decrease
as liver disease progresses, whereas VWF markedly increases.
Under such circumstances, ADAMTS13 deficiency may lead
to a microcirculatory disturbance not only in the liver,
but also in the systemic circulation. The determination of
ADAMTS13 and its related parameters thus will be quite
useful for improved understanding of the pathophysiol-
ogy and for providing appropriate treatments especially
in severe liver disease patients. It will be necessary to
measure ADAMTS13: AC when patients with unexplained
thrombocytopenia are encountered in the course of liver
disease. When “subclinical or local TTP” status would be
confirmed, FFP infusion as ADAMTS13 replacement therapy
may improve both liver dysfunction and thrombocytopenia.
Further investigation will be necessary to define candidates
for ADAMTS13 supplementation therapy and to evaluate its
potential therapeutic efficacy in advanced LC patients.
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