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Introduction

Abstract

Background and Aim: Acute liver failure (ALF) remains a devasiating disease carrying
considerable mortality, Since deceased donor liver transplantation is rarely performed in
Japan, the artificial liver support system (ALS) and living donor hiver transplantation
(LDLT) are the main modalities used for treatment of ALE. The aim of this study was to
analyze the outcome of ALF patients and to evaluate therapies for ALF according to
etivlogy.

Methods: Fifty consecutive patients with ALF were treated between January 1990 and
December 2006. Prior 10 1997, patients received ALS only. After 1997, ALS and/or LOLT
were applied, LDLT was performed in 10 patients,

Results: Four of 15 (27%) pre- 1997 ALF patienis survived, and 16 of 35 (46% ) posi- 1997
ALF patients survived, including eight who underwent LDLT. The causes of ALF were
acute hepattis B virus (HBV) infection in 18%, severe acute exacerbation (SAE) of chrome
HBV infection in 18%, autoimmune hepatitis (ATH) in 8%, and cryptogenic hepatitis in
44%. In total, 67% of the patients with ALF caused by acute HBV infection and ATH were
cured without LDLT: only 11% of patents with ALF caused by SAE of HBV and 24% of
crypiogenic hepatins were successfully treated without LDLT. Notably, 80% of pauenis
with cryptogenic hepatitis who underwent LDLT survived.

Conclusion: Since 1997, the survival rate of ALF patients has increased, mainly due 1o the
introduction of LDLT. Liver transplantation should be performed especially in patients with
ALF caused by SAE of HBV and cryptogenic hepatitis.

has been performed in Japan both for children™ and adulis ™"
However, some ALF patients who need LDLT do not undergo it
because of the lack of suitable donors, In such circumstances,

Acute liver failure (ALF) is a syndrome characterized by severe
liver dysfunction and hepatic encephalopathy. Various conditions
can precipitate ALF, such as viral infections, drug reactions, and
awtoimmune hepatitis (AIH), Although advances in intensive care,
medical management. and artificial liver suppon systems (ALS)
have improved the outcome, the prognosis of ALF remains poor,
with a reported survival rate of only 10-30%'"" in those patients
who do not undergo liver transplantation (LT), However, it has
been reported that the long-term survival rate of ALF patients who
undergo LT increases 1o 70-90%." Therefore, in many countries,
LT is accepted as the only effective therapy for ALE*

In Japan, deceased donor liver transplantation (DDLT) has not
been performed generally for emotional, social, religious, and
historical reasons. The first law for orthotropic transplantation
was approved in Japan in 1998, However, only 2-4 DDLT per
year have been performed. Therefore, living donor liver trans-
plantation (LDLT) is the primary type of hver transplantaton and
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intensive care primarily based on ALS has been developed and is
still the first choice and main treatment for ALF in Japan. Plasma
exchange (PE) and cc liafiltration (CHDF) therapy
is the mainstream of ALS, with the aim of removing toxins and
supplying blood components, such as clotting factors. CHDF is
used with PE 1o remove mid-molecular-weight substances and
correct hypernatremia, metabolic alkalosis, and reduced colloid
osmotic pressure.'' Based on the above circumstances, ALS is
highly developed in Japan compared to other countries.'*"
However, the effectiveness of ALS for ALF patienis is still
controversial.

The present study was designed to further evaluate the ALS and
LDLT for paticnts with ALF. For this purpose, we retrospectively
analyzed the prognosis of 50 consecutive patients with ALF who
were treated at a single center, according to the type of therapy and
etivlogy of ALF,

h
s he
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Methods

Patients

Between January 1990 and December 2006, 50 consecutive
patients with ALF were treated at our hospital. The diagnosis of
ALF was based on the presence of grade Il or worse hepatic
encephalopathy with plasma prothrombin activity of =40%.
Based on the bme elapsed from the onset of iliness 1o the devel-
opment of grade I or worse encephalopathy, ALF was classified
into hyperacute type (within 7 days). acute type (8-28 days). and
subacute type (4-12 weeks),

The following parameters were recorded: age, sex, type of ALF,
date from onset to admission, etiology, with or without LDLT,
survival or death. Serum samples from almost all ALF patients
were analyzed for markers of hepatitis A virus (HAV), hepatitis B
virus (HBV), hepatitis C virus (HCV), cytomegalovirus (CMV),
and Epstein-Barr virus (EBV). HEV was not routinely tested
unless there was a history of positive exposure.

The patients included 33 men and 17 women with a mean age
46,3 = 15.9 years (=SD, Table 1). The type of ALF was hyper-
acute in 14, acute in 21, and subacute in 15 patients, For patients
who subsequently died of ALF, the time from onset to death was
437 = 40.1 days. At admission, the mean serum total bilirubin
was 163 = 111 mgidL, direct bilirubin  11.6 = 7.8 mg/dL.
prothrombin  activity 22.1 = 14.1%, alanine aminotransferase
2176 = 2833 IU/L, cholinesterase 1692 = 75.0 IU/L, serum
albumin 3.1 = 0.53 mg/dL., leukocyte count 9572 = 4957/uL,
platelet  count 132 = 95x 10%ul, blood wurea nitrogen
162 = 128 mg/dL, and serum creatinine 1.45 = 1,71 mg/dL.
There were no significant differences between the pretreatment
features of patients who later received intensive care versus those
who underwent LDLT (data not shown).

Diagnosis of underlying disease

HAYV infection was diagnosed based on a positive result for the
serum immunoglobulin M (IgM) anti-HAV antibody (detected by

Table 1 Clinical features of ALF patients on admission

Aga 463 = 159
Sex Imaleflernale) an?

Type (hyperacute/acute/subacute) 142108
Time from onset 1o admission (days) 185 =160
Time from onset to death (days) 437 = 401
Sarum total bilirubin (mg/dL) 1863=111

Serum direct bilirubin (mg/dl) ne=78

D/T rato (= D-BILT-BIL) 0.62 = 0.10
Prothrombin time activity (%) 2212140
Serum alanine transaminase (ILU/L) 21757 = 28331
Cholinesterase (IU/L) 1692 = 76.0
Serum albumin img/dL) 3140853
Laukocyte count (fuL) 95724 49571
Platelet count (<10l 132x856
Blood urea nitrogen (mg/dL) 162=>128
Serum creatining (mg/dL) 146 +1.1

ALF, scute liver tailure; DT, serum direct bilitubin/serum total bilirubin;
C-BIL, direct bilirubin; T-BIL. total bibrubn. (Mean = SD)

Journal of and | gy 23 (20081 1216-1222 © 2008 The Authors
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radivimmunoassay [RIA] or enzyme immunoassay [EIA]), Acute
HBYV infection was diagnosed based on a positive result for hepa-
titis B surface antigen (HBsAg), IgM anti-hepatitis B core (HBc)
antibody, or HBV-DNA (1gM anti-HBe¢ detected by RIA or EIA).
Severe acute exacerbation (SAE) of chronic HBV infection was
diagnosed based on a history of HBsAg positivity for more than
6 months and a high titer of immunoglobulin G (1gG) anti-HBc
antibody. HEV infection was diagnosed based on a positive resull
for serum IgM anti-HEV antibody, 1gG anti-HEV antibody, and
HEV-RNA (by reverse transcription polymerase chain reaction).
AIH was diagnosed according to the criteria of the International
Autoimmune Hepatitis Scoring System."* Other hepatitis markers
were also measured, including anti-HCV antibody, HCV-RNA,
anti-CMV antibody, and anti-EBV antibody. For patients negative
for all the above markers and with no history of drinking or taking
medicine, the cause of ALF was considered cryplogenic.

Treatment

Intensive care support was provided immediately after sdmission.
which included ALS (PE and CHDF), immunosuppressive
therapy, and antiviral therapy. Immunosuppressive therapy com-
prised cyclosporine A (CyA) for patients with ALF, and corticos-
leroids for AIH patients. Antiviral therapy consisted of interferon
(IFN) for HBV-relawed cases, and nucleoside analogs, such as
lamivudine (LAM), for the HBV cases admitted afier 2000. In our
hospital, patients with ALF, in whom recovery was considered
highly improbable, received LDLT since 1997, imespective of
intensive care. Since 1997, it has been our practice 1o explain the
possibility of LDLT at admission to the families of ALF pati in
whom no contraindications for the procedure were considered.
If the fumily considered LDLT seriously and a suitable donor
existed. we prepared for LOLT in addition to intensive care.

Eligibility for LDLT

The decision to list patients for LDOLT was based on the criteria of
the Acute Liver Failure Study Group of Japan." In brief, when the
ALF patient satisfied more than two items out of the following five
items at the time of development of encephalopathy, she/he was
registered for liver transplantation: (i) age >45 years; (i) time from
onset to encephalopathy >11 days; (iii) prothrombin time (PT)
activity <10%; (iv) serum total bilirubin >18.0 mg/dL; and (v)
serum direct hilirubin/serum total bilirubin ratio <0.67. However,
satisfaction of the following two items at 5 days after development
of encephalopath Ited in cancellation of the registration: (1)
recovery of encephalopathy within one degree or more than two
degrees: and (i) PT activity >50%.

Statistical analysis

Data were analyzed using SPSS 11.0 (SPSS, Chicago, IL, USA).
The examined variables and age were expressed as mean = SD.
We compared the outcome of patients with ALF according to
ctiology and trestment (with or without LDLT). Survival rates
according 10 each condition were compared vsing Fisher's exact
test. Statistical significance was considered when the P-value was
less than 0.05.
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Clinical outcome

O the 50 panents, 29 were scheduled for LDLT based on the
criteria of the Acute Liver Failure Study Group of Japan (Fig. 1).
However. no suitable donor could be found for 12 patients, among
whom only three (25%) patients survived without LDLT. The other
17 pauients had suitable living donors. Ten patients underwent
LDLT. and ecight (RB0%) of them survived. One patient died of
inconformity of blood type and acwe rejection 20 days afier
LDLT. Another died of sepsis caused by bile duct infection 40 days
after LDLT. Of the 17 patients who had suitable donors, LDLT was
not performed in seven patients. Among them, four survived with
intensive care support. The other three patients passed into a criti-
cal condition during the waiting period and ultimately died.
Twenty-one patients were not scheduled for LDLT. Among them,
15 were hospitalized before 1997 when LDLT was not introduced
al our hospital. The ather six had contraindication to LDLT (two
were in a critical condition, two were too old to be recipients, and
the other two suffered from malignant lymphoma). Of the 21
non-scheduled patients, only five (24%) survived with intensive
care. Thus, 20 of the 50 (40%) paticnts were alive at the end of the
study.

Impact of LDLT on the survival rate

Since 1997, LDLT has been available in our hospital for patients
with ALF who had no expectation of recovery regardless of the
intensive care, including ALS. We compared the survival rate of
ALF patients treated before 1997 with that after 1997 (Fig. 2)
Before 1997, four of 15 (27%) ALF patients survived with inten-
sive care. After 1997, 10 of all 35 ALF patients underwent LDLT.
Eight of these 10 (80% ) patients survived, However, of the 35 ALF
patients admitted after 1997, only eight (32%) survived without
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Dead
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Figure 1 Outcome of 50 patients with
acute liver failure LALF). Of these patients, 29
ware histed for hwving donor hiver transplants-
ton (LDLT) 17 had sunable donors. and 10
undarwent LDLT Survival rate of patients
who underwent LOLT was B0%, whereas the
total survival rate of pabents with ALF was
40%

418
(26.7%)

Survived with
imiensive care
Tuppert
45

Survived with
imtemive care

Total survival rate ol
patients with ALF (%)

tuppent
(825

n=15 n=35
Before 1997 After 1997

Figure 2 Survival rate of acute lver talure (ALF) pavents. Companson
of suryival rates in patents admitted betore and after 1997 Survival rate
of patients with ALF improved after 1997, and the improvement in
outcome was due 1o living donor liver transplantation (LOLT)

LDLT. Since CHDF was developed in the late 1990s and LAM was
introduced in 2001 in Japan, it was expected that the survival rate
of ALF patents treated by intensive care would improve after
1997. However, it was almost the same as pre-1997. After 1997,
the survival rate of ALF patients increased through the introduc-
tion of LDLT.

The baseline characteristics of the ALF patients according o
etiology are listed in Table 2. The cause of ALF was acute HBV
infection in nine, SAE of chronic HBY infection in nine. AlH in
four, medication in three, HAV in one, HEV in one. alcohol in one,
and cryptogenic hepatitis in 22 patients. The age of the patiems
with ALF caused by acute HBV (36.4 = 14.8) and medication
(26.3 = 1.2) was less than the median age of all ALF patients
(46.3 = 159). The proportion of women was significantly higher

Joutnal of Gastrosnterclogy and Hepatology 23 (20081 1216-1222 © 2008 The Authors
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Table 2 Clhnical features ol ALF patents according to enology on admission

Etiology n Age tyears) Sex Type Serous cases
tmalefemale) (hyperacute/acute/subacute)
HAV 1 57 10 0no 1
Acute HBY 2 364 = 148 &4 630 1
SAE 8 528+=114 mn s B
HEV 1 65 10 ann 1
Drugs 3 263=12 12 0N 1
Alcohal 1 54 v} an/o 1
AlH 4 558 =193 (e o022 4
Cryptogenc hepatitis 22 A70 = 157 175 a0y 12
Total 50 463 = 159 an7 1421715 a7

'Estimated to dw by Muto’s formula, AlH, autormmuna hepatitis; ALF, acute kver flure; HAV, hepatims A viwus: HBV. hepatitis B virus: HEV. hepatins

E wwus; SAE. severe acute exacerbanon of chrome hapatits B nfecton

Table3 Therapy and survival rate of patients with ALF according to eticlogy

Enclogy n ALS Immunosuppeessve Antroral LDLT Survival rate
therapy tharapy

HAY 1 1 0 1 0 an o
Acute HBV b 8 6 5 3 /8 (78)
SAE 9 7 5 3 0 18111
HEY 1 1 1 0 0 o o
Drugs 3 3 1] 0 1 173 (33)
Alcohol 1 1] 1 0 ] an 1o
AlH 4 4 4 0 1 3/4 (75}
Cryptogenic hepatitis 22 20 16 2 5 B8/22 36)
Total 50 45 32 11 10 20/50 401

Antrvwal therapy: mtarferon o nucleoside analogs, such as lamwvuding. Immunosuppressive therapy. cyclosponne A- or predmmsolone-contaming
therapy AlH. autosmimune hepatits; AL acute lver failure. ALS. artificial liver support, HAV. hepatitis A vius: HBV, hepatitis B witus, HEV, hepatitis
E virtus; LDLT, living donot liver transplantation; SAE, severe acute exacerbation of chronic hepatitis B infection ALS is based on plasma exchange

and continuous hemaodiatiltration

in the patients with AIH (100% ) compared 1o the median propor-
tion of women among all ALF patients (34% ). The rate of
hyperacute-type ALF was higher among patients with ALF caused
by acute HBY infection (67%) and medication (67%) than the
median rate of hyperacute-type ALF (28%).

Therapeutic modality and survival rate
according to etiology

The therapeutic modality chosen for each patient and survival rate
according to etiology are shown in Table 3, As the initial therapy.
ALS was provided in most cases (90%, 45/50 cases). Immunosup-
pressants, such as bolus sicroids and/or cyclosporine. were admin-
istrated in 64% (32/50), Since steroids are most effective for ATH
cases, immuposuppressive therapy was selected in all cases of
AlH. Immunosuppressive therapy was provided for 60% of viral
hepatitis cases ( HAV, ucute HBY. SAE. and HEV: 12/20 cases) and
68% of cryptogenic hepatiis cases (15/22 cases). With regard 1o
antiviral therapy. IFN was administrated in four cases (HAV. | case
acute HBV, | case; and cryptogenic ALF. 2 cases) and LAM was
adminisiraled in eight cases (acute HBY. 5 cases: and SAE of
chromic HBV infection, 3 cases). IFN was administered in iwo
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patients with cryptogenic hepatitis because they were suspecied 1o
suffer from viral hepatitis on admission. LDLT was performed in
10 patients among whom three had acute HBV, one was drug
induced. one had ATH, and five were cryptogenic

We compared the prognosis of patients according 10 the etiology
of ALF. excluding patients with ALF caused by HAV, HEV, medi-
cation, and alcohol because they were only o few. The survival
rates of patients with ALF caused by acute HBYV infection or AIH
were relatively high (78% and 75%, respectively). The survival
rates of patients with ALF caused by SAE of chronic HBV infec-
tion and cryplogenic cause were significantly low (11% and 36%.
respectively). Moreover, we compared the prognosis with or
without LDLT in these four groups (acute HBV. SAE. AlH. cryp-
ingenic hepatitis) (Fig. 3). In the case of acute HBV and AlH, there
was no significant difference between the survival rates with and
without LDLT. However, in the case of cryptogenic couse. the
survival rate with LDLT was sigmficantly higher than that without
LDLT (P =0.03). In the case of acute exacerbation of chronic
HBV infection, the survival rate without LDLT was low (11%) and
no case underwent LDLT. This is becavse most of their near
relatives could not donate to the LDLT even if they wanted to as
they were also HBV positive.
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L]
]

Acute HEV SAE Al
in=%9 {n=9) im=d}

Total survival rate of
patients with ALF (%)

Cryptogenic hepatitiy
{m=22)

Figure 3 Survival rate of acute liver failure (ALF) patients according to
stiology. Living donor livar transplantation ILOLT] was not parformed in
patients with ALF caused by sevare acute axacerbaton of chronic
hepatitis B infection ISAE), In patients with ALF caused by acute hepa-
titis B virus (HBV) and autoimmune hepatitis (AIH), the prognosis was
relativaly good. rrespactive of LOLT. In patents with ALF caused by
cryplogenic cause, the survival rete without LDLT was significantly
lower than that with LDLT. NS, not significant. L1, Survival rate without
LOLT, B survival rate with LOLT

Survival rate according to etiology limited to
serious cases

The survival rate according to etiology is shown in Table 4. The
probability values for a prognostic index for patients with ALF
(“risk of death”) were determined by the above-mentioned
formula, and 27 patients were estimated to die. The survival rate
was 14% (3/22) for those without LDLT, but 80% (4/5) for those
with LDLT (P = 0.0089). We compared the prognosis of patients
according 10 the etiology. excluding patients with ALF caused by
HAV, acute HBV, HEV, medication, and alcohol because of their
small number. The survival rate of patients with ALF caused by
AlIH (75%) was significantly higher than those of ALF patients
caused by SAE of chronic HBV infection and cryptogenic cause
(17% and 25%, respectively). Moreover, we compared the prog-
nosis with or without LDLT in these three groups (SAE, ATH. and
cryptogenic hepatitis) (Fig. 4), In the case of SAE and AlH, there
was no significant difference between the survival rates with and
without LDLT. However, in the case of cryptogenic cause, the
survival rate with LDLT was significantly higher than that without
LDLT (P =0.004), These results indicate that the usefulness of
LDLT for patients with ALF caused by crypiogenic cause 1s more
remarkable in serious cases.

Since Starzl ef al. performed the first liver transplantation in 1963,
the techniques of liver transplantation have improved, and its effi-
cacy and safety have been well established. Nowadays. there is no
doubt that liver transplantation is the most effective therapy for
ALF." However, in Japan, liver transplantation is not always the
first choice treatment modality for ALF. This is because DDLT is
not generally performed in this country. Although the first law for
DDLT in Japan was approved in 1997, only a few DDLT are
performed annually. Instead, LDLT is the major transplantation
procedure in Japan; the first LDLT was performed in 1989." In the
late 1990s. many base hospitals. including university hospitals,
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started to perform LDLT and the procedure has been widely per-
formed across Japan since 2000. Until then, intensive care prima-
nily based on ALS was the only treatment and was developed
aggressively. PE and CHDF combination therapy is the main-
stream of ALS. PE was designed to remove toxins and to supply
important components, such as coagulation factors. while CHDF.
in combination with PE, was designed to remove mid-range
molecular-weight substances and reduce the chance of adverse
effects, such as hepatic coma."!

To verify the impact of LDLT and intensive care with ALS, we
compared the survival rate of ALF patients treated before and afier
1997, when the first LDLT for ALF was performed at our hospital.
While LDLT increased the overall survival rate of ALF after 1997,
the survival rate of ALF with intensive care was similar for pre-
and post-1997 (Fig. 2). These results mean that: (i) some patients
can be cured by intensive care alone; (i) there is a limitation to the
increase in the survival rate with intensive care alone despite
biotechnological advances; and (iii) some patients can be cured
only by LDLT. This outcome may depend on the etiology of ALF.

The cause of ALF seems to be different in different countries.
The most common cause of ALF s pamacetamol poisoning in
England, cryptogenic hepatitis in the USA, and HEV or HBV in
India."™ In Japan, HBV is the most common cause of ALF, which
is similar to our present data. The reason for the larger proportion
of patients with ALF caused by HBV infection in Japan relative to
Europe and the USA is the higher prevalence rate of HBV infec-
tion in Japan. The use of immunoglobulin vaccines ag HBV
and HBV in newborns of HBV-positive mothers has effectively
reduced the vertical transmission of HBV and decreased the
number of new HBV carriers.™ However, the number of HBV
carriers  with genotype A and horizontal transmission has
increased,™ suggesting that ALF due to HBV infection remains
high.

Patients with ALF caused by SAE of chronic HBV infection
showed fatal prognosis. While LAM has a potent antiviral activity
against HBV, its effect appears only 1-2 months after administra-
tion in some cases. Therefore, it is necessary to use another agent
with LAM for a more rapid treatment of hepatitis. Previously, we
used CyA in patients with ALF, including SAE of chronic HBV
infection. It seemed that the combination treatment of LAM and
CyA is effective in preventing the progression of SAE of chronic
HBYV infection to ALF (data not shown). However, once SAE of
chronic HBV infection progresses to ALF, the prognosis is
extremely poor. Due to the use of LDLT in Japan, the donor needs
1o be a close relative of the ALF patient. According o the recom-
mendation of the Japan Liver Transplantation Society. the donor
needs to be a close relative of the ALF patient in Japan. Hence
LDLT is often difficult because suitable candidates for donors
virually do not exist. In our cases, the prognosis of patients with
ALF caused by SAE of HBV was also very poor. Of nine cases, no
case underwent LDLT and only one (11%) survived with intensive
care alone. Therefore, at present, in patients with SAE of chronic
HBYV infection, progression to ALF should be prevented with the
use of nucleoside analogs, such as LAM or entecavir and immu-
nosuppressants, such as CyA or sieroids.

The outcome of patients with ALF caused by acute HBV infec-
tion seems to be satisfactory, with an overall survival rate of 78%,
and 67% with intensive care alone. In the case of acuie HBV
infection, HBV is promptly eliminated by the immune response,
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Table 4 Survival rate of serous' ALF ¢ sccording to etology

Enology Total LDLT Survival rata without LOLT Survival rate wath LDLT Total survival rate
HAV 1 ] o/ 1 - o1 i
Acute HBV 1 0 on o - oo
SAE & 0 15017 - wuon
HEV 1 ] on o - o1
Drugs 1 1 - on o110
Alcohol 1 ] on - o't o
AlH 4 1 23 &N /1100 34 {75)
Crypiogenic hepatitis 12 3 /9 05 373 (100)* an2 [26)
Tatal 27 ] arz2 (14) 4/5 (B0 27T 26)

*P=0004 versus without LDLT, **P=00089 versus without LDLT. ‘Estimated to die by Muto's formula (log iAl = 0.0848 x prothrombin
tme + 0.0357 x age - 2.81 = direct/indirect bilirubin + 0,703 x log total bilirubin + 1.04 x |0 - C] JO - CJ; acute form =0, subacute lorm =1 0. death rate
(1 =1/1 + &™), Whan imited 1o patiants with serious acute liver fadure (ALF), the prognosis of cryplogenic cases with LDLT was signiicantly better
than that of patents without LDLT AlH, sutownmune hepatitis; HAV, hepants A wrus; HBV, hepatitis B virus; HEV, hepatitis E virus; LDLT, living donor
Iver ransplantation; SAE, severe acute exacerbanon of chrome hapatitis B mfection

'i‘i
II: 33
100
s
e » 29
EZ w NS
[
TF o
22 (1/6)
3 0l
-2
SAE AlH Cryplugcdcbqntiﬁn
(n=7) (n=4) in=12)

Figure 4 Survival rate of acute liver failure (ALF) patients who were
estimated to die according to etiology. When Imited to patiants with
setous ALF, the prognosis of cryptogenic cases with living donor fver
transplantation (LDLT) was significantly better than that without LDLT,
AlH, autoimmune hapatitis; NS, not significant: SAE. severe acute exac-
erbation of chronic hepatitis B infection. [, Survival rate without LDLT,
B survival rate with LDLT

Therefore, such patients can be rescued if sufficient intensive care,
such as ALS, is provided until HBV is climinated. At our hospital,
patients with ALF caused by acute HBV infection have been
treated with CyA for hepatitis. Moreover, we use LAM simulta-
neously because some patients have persistent liver damage or it is
difficult 1o distinguish from SAE of chronic HBV infection, Two
patients who died in this study developed acute complications,
Although one of them was scheduled to undergo LDLT, he devel-
oped acute respiratory distress syndrome and brain edema before
LDLT. Some patients with ALF caused by acute HBV infection
deteriorate quickly and thus it is necessary (o treat them, keeping
the necessity of LDLT in mind from the first day of hospitalization.

In the USA, the prognosis of patients with ALF caused by AIH
18 reported 1o be poor without liver transplantation.” In Japan, it is
reported that the short-term prognosis of patients with fulminant-
type AIH may be good, although patients whose serum total biliru-
bin levels worsen during days 8-15 should be considered for liver
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transplantation. ™ However, at our hospital, the outcome of patients
with ALF caused by AIH was relanively good. with or without
LDLT. These findings suggest that steroid therapy plays a role in
improving the prognosis of AIH patients,

While the prognosis of patients with ALF caused by acute HBY
infection or AIH is relatively good, the outcome of patients with
ALF caused by cryptogenic cause seems (o be poor.™ Our data also
support this conclusion. It should be noted that cryptogenic hepa-
titis might encompass diverse ctiologies, such as acute HBV infec-
tion that had already been undetectable on admission. rare viral
infection but hepatitis virus, or unknown hepatitis virus that should
be identified in the future. Unless the exact cause of ALF is
identified. it is difficult 1o treat the hepatitis itself. This would be
the reason why the survival rate of fulminant cryptogenic hepatitis
without LT is still poor.

Taken together, for ALF to which effective therapy exists, such
as AlH and acute HBV, ALS without LDLT was effective, while
for ALF to which no effective therapy exists, such as cryplogenic
hepatitis and SAE. it is difficult to cure.

In this study, we adopted the criteria of the Acute Liver Failure
Study Group of Japan in order to assess whether ALF patients
would die or not. Since King's College criteria is one of the most
reliable formula for the prediction of ALF patients’ survival,
King's College criteria was tentatively adopted for the prognosis
estimation.

The positive predictive value and negative predictive value of
King's College criteria for the all ALF patients were 84.8% and
41.2%, respectively. The positive predictive value and negative
predictive value of the criteria of the Acute Liver Failure Swudy
Group of Japan for the all ALF patients were 80% and 60%,
respectively, Generally, King's College criteria have a high posi-
tive predictive value (around 80% in paracetamol-induced ALF,
and 70->90% in non-paracetamol cases) and a low predictive
value (70-90% in paracetamol-induced ALF, and 25-50% in non-
paracetamol cases).™ From these results. the criteria of the Acute
Liver Failure Study Group of Japan is not inferior (o the King's
College criteria in positive and negative predictive values for ALF
in our study,

In conclusion, our experience has shown that LDLT affects the
prognosis of ALF patients. Specifically, at our hospital, 10 of 35
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(28.6% ) patients with ALF underwent LDLT. Their survival rate
(80%) was significantly higher than that of ALF patients who
received inteénsive care only (30%), The difference in the survival
rate was clearer in the case of patients with ALF caused by cryp-
togemic hepatitis. For patients who could not be cured with ALS

alone, the decision reg

has 10 be made

fing liver transpl

as soon as possible.
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Abstract

Background: Epidemiologic studies have shown effects
of lifestyle-related factors on risk for hepatocellular
carcinoma. However, few cohort studies have incorpo-
rated, in a strict and in-depth manner, hepatitis B virus
(HBV) and hepatitis C virus (HCV) infections or
investigated synngum between such factors.
Methods: We conducted a nested case-control study
using sera stored before hepatocellular carcinoma
diagnosis in the longitudinal cohort of atomic bomb
survivors. The study included 224 hepatocellular
carcinoma cases and 644 controls that were matched
to the cases on gender, age, cily, time of serum storage,
and method of serum storage, and countermatched on
radiation dose.

Results: Univariate analysis showed that HBV and HCV
infections, alcohol consumption, smoking habit, body
mass index (BMI), and diabetes mellitus were associated
with increased hepatocellular carcinoma risk, whereas

coffee drinking was associated with decreased hepato-
cellular carcinoma risk. Multivariate relative risks of
hepatocellular carcinoma (95% confidence interval)
were 45.8 (15.2-138), 101 (38.7-263), 70.7 (8.3-601), 4.36
(1.48-13.0), and 4.57 (1.85-11.3), for HBV infection alone,
HCYV infection alone, both HBV and HCV infections,
alcohol consumption of =40 g of ethanol per day, and
BMI of >25.0 kg/m* 10 years before diagnosis, respec-
tively. HBV and HCV infection and BMI of >25.0 kg/m*

ined independent risk factors even after adjusting
for severity of liver fibrosis. Among HCV-infected
individuals, the relative risk of hepatocellular carci-
noma for a 1 kg/m? increase in BMI was 1.39 (P = 0.003).
Conclusions: To limit the risk for hepatocellular
carcinoma, control of excess weight may be crucial for
individuals with chronic liver disease, especially those
with chronic hepatitis C. (Cancer Epidemiol Bio-
markers Prev 2008;17(4):846-54)

Introduction

Hepatocellular carcinoma is one of the most common
cancers worldwide. Chronic infections with hepatitis B
virus (HBV) or with hepatitis C virus (HCV) are
recognized as critically important risk factors for hepato-
cellular carcinoma. In addition, a large number of
epidemiologic studies have shown that environmental
factors such as dietary aflatoxin, smoking, alcohol
consumption, and oral contraceptive intake are associated
with increased risk for hepatocellular carcinoma (1, 2).
It is generally considered that effects of these environ-
mental factors are modified by gender, age, and race of
patients (2-4).

Obesity and diabetes mellitus have recently received
increased attention as risk factors for hepatocellular
carcinoma (5-9). A large number of epidemiologic studies
have shown that obesity and diabetes mellitus increase
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risks of a variety of cancers, including colon, renal,
prostate, postmenopausal breast, and ovarian, in Asian
and Western countries (7, 10, 11). Several recent
epidemiologic studies indicated that obesity might be
associated with an increased risk for hepatocellular
carcinoma, but few cohort studies have incorporated
HBV and HCV infection status in a strict and in-depth
manner. A recent study of liver cirrhosis showed that,
although obesity [body mass index (BMI), >30 kg/m?] is
an independent risk factor for hepatocellular carcinoma
among patients with alcoholic cirrhosis or cryptogenic
cirrhosis, it is not a significant risk factor for hepato-
cellular carcinoma in patients with chronic HBV and/or
HCV infections (12).

Compared with viral etiologic factors, alcohol con-
sumption, smoking, obesity, and diabetes mellitus may
have less effect on hepatocellular carcinoma occurrence
(13, 14); however, most epidemiologic studies have
indicated that such factors promote development from
chronic hepatitis to hepatocellular carcinoma (6, 8).
Alcohol consumption, obesity, and diabetes mellitus
have been shown to be involved in the progression of
liver fibrosis; it is possible that liver fibrosis results from
advanced oxidative stress due to hepatic steatosis and
iron overload (15-17). Liver cirrhosis characterized by
severe liver fibrosis may underlie the occurrence of
hepatocellular carcinoma, specifically in the presence of
chronic hepatitis C, nonalcoholic steatohepatitis, and
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alcoholic liver diseases (3, B). On the other hand, several
recent large-scale studies have indicated that coffee
drinking suppressed the progression of liver fibrosis
and inhibited the development of hepatocellular carci-
noma (18, 19).

The fact that liver cirrhosis is not a necessary condition
for hepatocellular carcinoma occurrence was already
known, not only from clinical findings but also from
genetic findings. Among hepatocellular carcinoma cases
with HBV, a part of the HBV genome has been shown to
be integrated into the host's intracellular DNA, thereby
causing hepatocellular carcinoma (20). Among hepato-
cellular carcinoma cases with HCV, the HCV core protein
seems to directly contribute to the mechanism of
carcinogenesis by elevating oxidative stress (21). In light
of the aforementioned findings, for the p se of
determining independent risk factors for hepatocellular
carcinoma, careful analyses are needed controlling for
severity of liver fibrosis, as well as for viral etiologic
factors,

With the aim of determining whether HBV or HCV
infections, alcohol consumption, smoking, coffee drink-
ing, BMI, and diabetes mellitus are independent risk
factors for hepatocellular carcinoma, and how the effects
of these factors might change after adjusting for severity
of liver fibrosis, we conducted a nested case-control
study among the Adult Health Study longitudinal cohort
using stored sera. We also evaluated whether viral
etiology and increase of BMI exert synergistic effects on
the risk for hepatocellular carcinoma.

Materials and Methods

Cohorts. The Atomic Bomb Casualty Commission and
its successor, the Radiation Effects Research Foundation,
established the Adult Health Study longitudinal cohort
in 1958, in which 20,000 age-, gender-, and city-matched
proximal and distal atomic bomb survivors and persons
not present in the cities at the time of bombings have been
examined biennially in outpatient clinics in Hiroshima
and Nagasaki.

Study Population. Serum samples obtained from the
study participants on each occasion of visiting outpatient
clinics have been collected and stored systematically
since 1969 (22). Incident cancer cases were identified
through the Hiroshima Tumor and Tissue Registry and
Nagasaki Cancer Registry, supplemented by additional
cases detected via pathologic review of related diseases
(23). There were primary hepatocellular carcinoma
cases among Adult Health Study participants diagnosed
between 1970 and 2002, who visited our outpatient
clinics before their diagnosis. Of these, 130 cases were
excluded because of nonavailability of stored serum or
having only one stored sample. The other 229 cases had
serum samples obtained within 6 years before hepato-
cellular carcinoma diagnosis. After excluding five cases
with inadequate stored serum, 224 cases remained for
our study. For each case, three controls were selected
from the cohort in nested case-control fashion. Nested
control selection was random among those who matched
the case on gender, age (2 years), city, time of serum
storage (+2 years), and method of serum storage, and
countermatched on radiation exposure (24). Although
the total number of potential matched control serum

samples is 672, because of occasional lack of subjects with
stored sera who met the matching and countermatching
criteria, the total number of control serum samples
actually used was 644.

Laboratory Tests. HBV surface antigen and antibody
to hepatitis B core antigen were measured by enzyme
immunoassay, and anti-HCV antibody was measured by
second-generation enzyme immunoassay as previously
described (22, 25). Qualitative detection of HCV RNA
among anti-HCV-positive samples was done using a
thermocycler (Whatman Biometra) with two sets of PCR
primers corresponding to the 5-untranslated region, as
previously described (25). Qualitative detection of HCV
RNA was conducted at least twice. HBV infection
(HBV+) status was defined as positive for HBV surface
antigen or having a high titer of the antibody to hepatitis
B core antigen. HCV infection (HCV+) status was defined
as positive for HCV RNA (25). Hyaluronic acid and type
IV collagen as liver fibrosis markers were measured
using an autoanalyzer (Hitachi 7180, Hitachi, Ltd.) and
latex agglutination—turbidimetric immunocassay (Fujire-
bio, Inc., Daiichi Pure Chemicals Co. Ltd.). Ferritin was
measured using an autoanalyzer (Hitachi 7180, Hitachi)
and colloidal gold immunoassay (Alfresa Pharma Cor-
poration). Platelet count was measured using an auto-
matic blood cell counter at the time of serum storage.

Information on Covariates. Self-administered ques-
tionnaires on various lifestyle factors were given to
participants in 1965 during attendance at the Adult
Health Study examination and in 1978 by mail survey,
Information from the 1978 survey was obtained before
hepatocellular carcinoma diagnosis for all but 19 (15%) of
the cases. Information on alcohol consumption was
obtained from the 1965 questionnaire when available,
with missing data complemented using the 1978 survey.
Alcohol consumption per volume of each type of
alcoholic beverage was quantified as previously de-
scribed (26), and mean ethanol amounts were calculated
as grams per day. Information on smoking habits was
obtained from the 1965 questionnaire; subjects were
divided into the following categories: never, prior, and
current smoker. Information on coffee drinking was
obtained from the 1978 survey; subjects were divided
into the following categories of frequency of coffee
consumption: never, 1 day per week, 2 to 4 days per
week, and almost daily. Disease diagnoses were based on
the International Classification of Diseases (ICD) codes:
diabetes mellitus was defined by ICD-7 code 260,
ICD-8 code 250, ICD-9 code 250, and ICD-10 codes E10
through El4. BMI (kg/m®) was calculated from height
and weight measured at the Adult Health Study
examination.

Subjects were classified based on BMI quintiles with
cut points of 19.5, 21.2, 22.9, and 25.0. The number 0!
hepatocellular carcinoma cases with BMI of >30.0 kg/m~
was too small to be analyzed in detail. Following the
recommendations for Asian people by the WHO, the
International Association for the Study of Obesity,
and the International Obesity Task Force (27), 21.3" to
229 kg/m* was considered as normal, 23 to 25 kg/m" as
overweight, and >250 kg/m" as obese in the present
study. We used information on diabetes mellitus and
BMI obtained 10 years before the time of hepatocellular
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Table 1. Characteristics of hepatocellular carcinoma cases and controls

Study variables Hepatocellular carcinoma cases (n = 224) Controls (n = 644)
Complete data (%) n (%) Mean (5D) Completedata (%) n (%) Mean (5D)
Matched variables
Gender 100 100
Male 136 (60.7) 387 (60.1)
Female B8 (39.3) 257 (39.9)
Age at hepatocellular carcinoma diagnosis (y) lg 67.6 (10.1) — —
1 100
iroshima 155 (69.2) 444 (68.9)
Nagasaki 69 (30.8) 200 (31.1)
Age at serum storage (v) 100 664 (10.2) 100 637 (9.8)
Unmatched variables
Eno&;y (HBV/HCV status) 942 994
HBV-/HCV- 45 (213) 579 (90.5)
HBV+/HCV- 2 (137) 18 (2.8)
HBV-/HCV+ 132 (62.6) 41 (64)
HBV+/HCV+ 5(24) 2 (n3)
Fibrosis markers 942 99.4
Hyaluronic acid (ng/mL) 288.6 (184.6) 69.1 (108.3)
Type IV cd!in?nu‘(ngfml—) 2452 (136.9) 1488 (122.1)
Platelet count (= 10°/uL) 674 13.0 (6.0) 70.0 24 (6.2)
Ferritin (ng/mL) 920 2505 (278.6) 986 1367 (151.0)
Alcohol consumption (g of ethanol per day) 888 896
=0 and <20 (18.6) 130 (22.5)
220 and <40 (10.1) 64 (11.1)
=40 (22.6) 68 (11.8)
Current smoking (53.8) 262 (45.3)
Prior smoking 888 (6.0) 89.8 33 (57)
Daily coffee drinking 621 {273) 733 175 (37.1)
BMI (kg/m7) 10 y before diagnosis 938 983
5195 (!8,;; 122 (19.3)
19.6-21.2 (15. 136 (21.5)
213229 ?72) 142 (22.4)
23-25 23.3) 124 ;liﬁ)
>25 54 (25.7) 109 (17.2)
Diabetes 10 y before diagnosis 100 18 (8.0) 100 33 (5.1)
Radiation dose to the liver (Gy) 911 0.46 (0.69) 941 034 (0.56)

carcinoma diagnosis or control matching because these
conditions are subject to change because of disease
progression in the later stages before diagnosis of
hepatocellular carcinoma. Atomic bomb radiation dose
was estimated for each subject according to the Dosi-
metry System DS02 (28).

Ethical Consideration. This nested case-control study
was based on RERF Research Protocol 1-04 and approved
by the Human Investigation Committee of Radiation
Effects Research Foundation.

Statistical Analyses. The nested case-control design is
analyzed using a partial likelihood method analogous to
that used for cohort follow-up studies (29), which is, in
Eractice, the same as the conditional binary data
ikelihood for matched case-control studies (30) except
that the subjects (cases and controls) in the study are not
completely independent because of the possibility of
repeated selection. All factors other than radiation were
analyzed using relative risks estimated by a log-linear
model. The population attributable fraction was esti-
mated for individual factors that increased the risk for
hepatocellular carcinoma in the present study. Popula-
tion attributable fraction was calculated as pd x [(mRR —
1) / mRR], where mRR is the multivariate adjusted
relative risk for the covariates and pd is the proportion
of cases to the risk factor. Statistical interaction

between viral infection and BMI was tested by adding

the product of the two factors to the log-linear model,
which tests departure from a multiplicative relationship.

ed P values and confidence limits are based on
Wald statistics. Although radiation exposure could have
been adjusted by matching on radiation dose as an
additional matching factor in the control selection (31),
in addition to assessing effects of lifestyle factors and
viral hepatitis, another purpose of the present study was
to examine effects of radiation exposure after adjustment
for possible confounding and interaction by these
factors, so matching on radiation, which prevents
analysis of radiation risk, was not desirable; rather, we
countermatched on radiation (29, 32). Radiation risk was
analyzed by using an excess relative risk model as has
been done previously (33).

Results

Characteristics of Study Population. Characteristics
of the 224 hepatocellular carcinoma cases and 644
comparison subjects are shown in Table 1. The mean
age of the cases was 67.6 years, and 61% were men. Cases
and controls were comparable with respect to gender,
age, city, time of serum storage, and method of serum
storage by design. Virological and biochemical assays
were done on 211 case and 640 control sera because 13
case samples and 4 control samples had insufficient
stored sera for these assays. Hepatocellular carcinoma
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case sera evidenced a higher prevalence of HBV or HCV
infection status, higher values of fibrosis markers and
ferritin, and lower platelet counts compared with control
sera. Greater proportions of hepatocellular carcinoma
cases had a history of alcohol consumption of 240 g of
ethanol per day, were current smokers, were obese, had
diabetes mellitus, and received high radiation doses
compared with the controls. In addition, hepatocellular
carcinoma cases were less likely than controls to be daily
coffee drinkers. There were no important differences in
characteristics such as gender, age at hepatocellular
carcinoma diagnosis, city, or BMI between hepatocellular
carcinoma cases excluded because of nonavailability of
stored serum and those included in this study.

Risk Factors for Hepatocellular Carcinoma Develop-
ment. Table 2 shows the results of univariate and
multivariate analyses using HBV and HCV infection
status, alcohol consumption, smoking habit, coffee
drinking, BMI, diabetes mellitus, and radiation dose.
Strong association was found between hepatocellular
carcinoma and hepatitis virus infection, resulting in
unadjusted relative risks of 33.7 [95% confidence interval
(95% CI), 12.7-89.6] for HBV+/HCV— status and 64.5
(95% C1, 29.1-143) for HBV—/HCV+ status. As expected,
the risk for hepatocellular carcinoma for alcohol con-
sumption was significant, with an unadjusted relative
risk of 1.34 (95% CL 1.12-1.60) per 20 g of ethanol per day
using continuous alcohol consumption and 2.66 (95% Cl,
1.55-4.55) at 240 g of ethanol per day using grouped
alcohol consumption. Aithougﬂ the grouped results
suﬁmt that a simple log-linear model in continuous
alcohol consumption may not be adequate, a quadratic

term did not significantly improve the model (data not
shown), Current smoking was significantly associated
with hepatocellular carcinoma risk, with an unadjusted
relative risk of 1.87 (95% CI, 1.14-3.07). Daily coffee
drinking was associated with decreased risk for hepato-
cellular carcinoma, with an unadjusted relative risk of
051 (95% Cl, 0.29-0.90). The presence of obesity and
diabetes mellitus 10 years before diagnosis were statis-
tically associated with increased risk for hepatocellular
carcinoma, resulting in unadjusted relative risks of 1.88
(95% ClI, 1.13-3.13) and 1.88 (95% Cl, 1.01-3.50), respec-
tively. The relative risk for a 1-unit difference in BMI was
1.04 (95% CI, 0.99-1.09). Radiation exposure was mar-
ginally significantly associated with increased risk for
hepatocellular carcinoma (P = 0.055).

The risks for viral infection in multivariate analysis did
not meaningfully differ from those obtained in the
univariate analysis. Alcohol consumption of =40 g of
ethanol per day and obesity remained significant risk
factors for hepatocellular carcinoma even after adjusting
for viral infection status and the other factors, whereas
the effects of current smoking and diabetes mellitus
became nonsignificant after adjustment. Daily coffee
drinking was marginally significantly associated with
decreased risk for hepatocellular carcinoma after adjust-
ment for viral infection and the other factors. The
adjusted relative risk for a one unit difference in BML,
1.12 (95% CI, 1.03-1.22), was statistically significant, but a
quadratic term was not significant.

Table 3 shows the estimated population attributable
fraction based on the multivariate adjusted relative risks
in the present study. The proportion of hepatocellular

Table 2. Relative risks of hepatocellular carcinoma for individual factors

Variables Unadjusted Multivariate adjusted
RR (95% CI) P RR (95% CI)* P
Etiology (HBV/HCV status)
HBV-/HCV- 1 — 1 —_
HBV+/HCV- 337 (12.7-89.6) <0.001 458 (15.2-138) <0.001
HBV-/HCV+ 64.5 (29.1-143) <0.001 101 (38.7-263) <0.001
HEV+/HCV+ 424 (6.2-291) <0.001 70.7 (8.3-601) <0,001
Alcohol consumption (g of ethanol per day)
Never 1 —_ 1 —
>0 and <20 1.11 (0.69-1.78) >05 1.27 (0.56-2.87) >0.5
=20 and <40 1.07 (0.57-1.99) 05 1.02 {0.31-3,05) >05
=40 266 ?].554.55) <0.001 436 (1.48-13.0) 0.008
Conti {per 20-g ethanol per day) 1.34 (1.12-1.60) <0.001 1.73 (1.19-2.52) 0.004
Smoking habit
Never 1 - 1 —
Current smoking 1.87 (1.14-3.07) 0.014 2.03 (0.82-4.98) 0.13
Prior smoking 1.80 (0.81-3.99) 015 1.12 (0.25-5.07) »0.5
Coffee drinking
Never 1 i ——— —
DailEg s (.51 (0.29-0.90) 0.016 0.40 (0.16-1.02) 0.055
BMI (kg/m?) 10 y before diagnosis
=195 1.24 (0.73-2.11) 043 1.31 (0.51-3.34) »0.5
19.6-21.2 0.97 (0.55-1.70) >05 1.24 (0.43-3.54) =05
21.3-22.9 1 — 1 —
2325 1.61 gn,%-z'm) 0.074 2,51 (0.99-6.37) 0.053
>25 1.88 (1.13-3.13) 0.016 4.57 (1.85-11.3) <0.001
Continuous (+1 kg/m’ difference) 1.04 (0,99-1.09) 0.087 1.12 (1.03-1.22) 0.010
Diabetes 10 y before diagnosis 1.88 (1.01-3.50) 0.047 1.98 (0.63-6.27) 0.24
Abbreviation: RR, relative risk.
*Adfusted for hepatitis virus infection, ¢ aleohol ¢ ption, smoking habit, coffes drinking, BMIL, diabetes mellitus, and radiation dose to the

liver.
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Table 3. Estimated population attributable fraction of hepatocellular carcinoma for risk factors in this study

population
Variables® Proportion of cases exposed (%) Multivariate-adjusted RR Population attributable fraction (%)
Etio (HBV/HCV status)
HBV+/HCV- 137 458 134
HBV-/HCV+ 626 1M 620
HBV+/HCV+ 24 n7 24
Alcohol consumption
240-g ethanol per day 26 436 174
BMI 10 y before diagnosis
>25 kg/m" 25.7 457 201

*Population attributable fraction was estimated only lor the significant hepatoceliular caranoma nisk factors.

carcinoma cases that is attributable to HBV+/HCV—,
HBV-/HCV+, HBV+/HCV+, alcohol consumption of
=40 g of ethanol per day, and obesity were 13.4%, 62.0%,
2.4%, 17.4%, and 20.1%, respectively. These values are
not mutually exclusive because some cases were exposed
to more than one risk factor.

Analyses with Adjustment for Variables Associated
with Severity of Liver Fibrosis. Table 4 shows resulls for
univariate analyses incorporating biomarkers associated
with progression of liver fibrosis, such as hyaluronic acid
and type IV collagen of fibrosis markers, platelet count,
and ferritin. Large statistically significant differences in
the mean values of these variables were observed
between hepatocellular carcinoma cases and controls.
Figure 1 shows a comparison of multivariate analysis
results with or without adjustment for In(type IV
collagen) and platelet count using HBV and HCV
infection status, alcohol consumption, smoking habit,
coffee drinking, BMI, diabetes mellitus, and radiation
dose as adjustment variables. We evaluated type IV
collagen and platelet count as surrogate markers asso-
ciated with severity of liver fibrosis. Hepatocellular
carcinoma risk for titis virus infection status after
adjusting for liver fibrosis meaningfully decreased
compared with the results indicated in the previous
multivariate analysis, with relative risks of 20.8 (95% CI,
4.890.3) and 37.8 (95% CL, 12.4-115) for HBV+/HCV-

Table 4. Relative risks of hepatocellular carcinoma
unadjusted relative risk and 95% Cl

status and HBV~/HCV+ status, respectively (Fig. 1A).
Effects of >40 g of ethanol per day and daily coffee
drinking decreased and disappeared, respectively, so
that adjustment for liver fibrosis decreased the effect of
these factors on risk for hepatocellular carcinoma
Current smoking became i significantly asso-
clated with increased risk for t ular carcinoma
after adjusting for liver fibrosis. Obesity remained a
significant risk factor independent of adjustment for
severity of liver fibrosis, and the relative risk for diabetes
mellitus did not meaningfully differ from that without
such adjustment (Fig. 1B).

Interaction between Hepatitis Virus Infection Status
and Increase of BMI. Table 5 shows the joint effects of
hepatitis virus infection status and BML, with adjust-
ment for alcohol consumption, smoking habit, coffee
drinking, diabetes mellitus, and radiation dose. Although
being obese was clearly a risk factor for hepatocellular
carcinoma subjects with adjustment for viral factors, it
was not a significant risk factor in those with HBV -/
HCV- status. However, despite the appearance of a
trend with BMI, only 15 hepatocellular carcinoma cases
were identified among HBV—/HCV - individuals with
obesity. Among hepatocellular carcinoma subjects with
HBV - /HCV+ status, the relative risk increased drama-
tically with increasing BMIL Linear (P = 0.003) and
quadratic (P = 0.013) terms in continuous BMI were

for variables associated with severity of liver fibrosis:

Variables Hepatocellular carcinoma cases /controls Unadjusted
RR (95% CT) P
Liver fibrosis markers 211/640
Hyaluronic acid (+per 10 ng/mlL) 1.10 (1.08-1.12) <0.001
In{hyaluronic acid) (+per 1 unit) 543 (4.04-7.30) <0.001
Type IV collagen (+per 10 ng/mL) 1.14 (1.10-1.17) <0.001
In IV collagen) (+per 1 unit) 80.9 (35.8-183) <0.001
Platelet count 151/448
+Per 10°/uL 075 (0.71-0.80) <0.001
2250 (<10*/ul) 4/133 1
200-24.9 (x10°/uL) 19/163 45 (1.3-1.6) 0.02
15.0-19.9 (% 10" /uL) 26/105 118 (3.243) <0.001
10.0-14.9 (x10°/uL) 52/42 61 (16-232) <0.001
<10.0 (x10* /L) 50/5 8§22 (125-5400) <0.001
Ferritin 206/635
+ Per 10 ng/mL 1053 (1.02-1.04) <0.001
In{ferritin) (+per 1 unit) 1.51 (1.25-1.82) <0.001
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[ Without adjustment for liver fibrosis
| » With adjustment for liver fibrosls

(P = 0.001)
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(P < 0.001)

(P < 0.001)

Figure 1. Multivanate relative nisk for
hepatocellular carcinoma for individual
nsk factors, with and without adjust-
ment for variables associated with
severity of liver fibrosis. Each relative
nsk was analyzed with and without
adjustment for In(type IV collagen) and
platelet count, using HBV and HCV
infection status, continuous aleohol
consumption, smoking habit, coffee
dnnking, BMI, diabetes mellitus, and
radiation dose as adjustment variables,
A. HBV and HCV infection status. B.
Lifestyle-related factors, HCC, hepato-
cellular carcinoma

Lifestyle-relaled factors

= BMI of > 25kgim?
10 years prior to
diagnosis

Diabetes mellitus
10 years prior to
diagnosis

significant among HBV-/HCV+ individuals. Among
hepatocellular carcinoma subjects with HBV+/HCV-
status, the relative risk for hepatocellular carcinoma
did not show evidence of an increase with increased
BMI, although the examination of a joint effect of HBV
infection and BMI was based on only one hepatocel-
lular carcinoma case out of three subj who were
HBV+/HCV— and obese. The reason for the relatively
small unadjusted relative risk for obesity (Table 2)
might have been due to the small number of cases and
controls with HBV+/HCV— status, which apparently
offset the increase observed in HBV—-/HCV+ status
individuals.

i
Daily coffee drinking is

| T ] I
50 100 150 200
Relative risk of HCC (95% Cenfidence Interval)
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P>05)
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(P = 0.003)

(P=023)

I T T I |

5 7 8 1 13
Relative risk of HCC (95% Confidence Interval)

Discussion

This nested case-control study indicated that HBV and
HCV infection, alcohol consumption of 240 g of ethanol
per day, and obesity 10 years before hepatocellular
carcinoma diagnosis were independent risk factors for
hepatocellular carcinoma, and that obesity as well as
hepatitis virus infection remained independent risk
factors for hepatocellular carcinoma after taking into
account the severity of liver fibrosis. Furthermore,
significant multiplicative interaction in hepatocellular
carcinoma risk between viral etiology and increased
BMI was observed in HCV-infected individuals. The
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lation attributable fraction of 62.0% for hepato-
cellular carcinoma cases with HCV infection was highest,
and hepatocellular carcinoma cases with HBV infection,
alcohol consumption of =40 g of ethanol per day, or
obesity had population attributable fractions in the range
of 13.4% to 20.1%. These are only approximate estimates
of the potential for reducing hepatocellular carcinoma
occurrence, as we do not know what effect removal of
one risk factor would have on the distribution of the other
risk factors.

Multivariate analysis after adjusting for severity of
liver fibrosis indicated that hepatocellular carcinoma risk
for HBV and HCV infections significantly decreased,
which is consistent with the existing notion that hepato-
cellular carcinoma risk increases with progression from
chronic hepatitis B and C to liver cirrhosis. A large-scale
meta-analysis (34) and a case-control study (35) showed
a combined effect of HBV and HCV infections on to-
cellular carcinoma risk, whereas our study did not
similar effects among those with HBV+/HCV+ status.
This difference may be partly attributable to the extremely
limited number of coinfected subjects with HBV and
HCV among our study ulation. It may be also partly
because most past epidemiologic studies have defined
chronic HCV infection by either anti-HCV antibody
positivity or by HCV RNA itivity in serum (34, 35).

Several epidemiologic studies and clinical trials
revealed an association between obesity and hepato-
cellular carcinoma risk (9-12), but few population-based
cohort studies have been conducted with precise
adjustment for HBV and HCV infection status, the major
risk factors for hepatocellular carcinoma. Obesity was
recently found to be one of the etiologic factors for non-
alcoholic steatohepatitis, which is considered a non-B,
non-C liver disease, and it has been shown to be a risk
factor for hepatocellular carcinoma (12, 16). Although
many clinical studies showed that, among chronic
hepatitis C patients, obesity was associated with pro-
gression of inflammation, insulin resistance, hepatic
steatosis, and liver fibrosis (17, 36), a study by Nair et al.
(12) reported that obesity was not an independent risk
factor for hepatocellular carcinoma among liver cirrhosis
patients with HBV and HCV. On the other hand, a
recent Western cohort study showed that being over-
weight (BMI, 25 to <30 kg/m”) or obese (BMI, 230%5/111’)
was an independent risk factor for hepatocellular
carcinoma (37).

In the present study, we adjusted for potentially
confounding factors including hepatitis virus infection
and also found that being obese 10 years before

tocellular carcinoma diagnosis was associated with
a 457-fold increase in tocellular carcinoma risk.
Furthermore, we observed a statistically significant,
positive, multiplicative interaction between HCV infec-
tion and increased BMI on the risk for hepatocellular
carcinoma, which indicates decisively that the joint effect
of the two factors is greater than additive.

Obesity contributes to a high rate of visceral fat
storage, accelerating production of tumor necrosis
factor-a, interleukin 6, resistin, and leptin, and decreas-
ing production of adiponectin (16). These cytokines
presumably foster insulin resistance (16), cause hepatic
steatosis and oxidative stress, and ev promote
hepatocellular carcinoma occurrence. A large number of
studies pointed out association between progression of

Table 5. Interaction between hepatitis virus infection
status and increase of BMI on hepatocellular carci-
noma risk (joint hepatitis virus/BMI)

Viral etiology BMI (kg/m®) RR® (95% CI) " Likelihood ratio P

HBV-/HCV- +1 1.05 (0.85-1.17) 033
HBV+/HCV- +1 0.89 (0.64-1.23) 050
HBV-/HCV+ +1 139 (1.11-1.83) 0.003*
HBVs/HCV+ +1 =¥ —3

*Adi d for alcohol ption, smoking habit, coffes
drinking, diab 1L and rad dose to the liver.

! Likelihood bounds and P values for relative risks 4 separately

within each BMI/hepatitis virus category.

! A quadratic term was also significant for HBV~/HCV+ individuals
(F = 0013}, However, only the relative risk for the linear mode! in
continuous BMI is shown because it is not possible to express the risk as a

single value with a two-p 7 model.

WNeither could the joint effect of obesity and simultanecus HBV+/HCV+
status be esti i b of small bers of jointly affected cases and
controls.

liver fibrosis and insulin resistance or hepatic steatosis
(15-17), but authenticity of any connection is now being
questioned (8, 36). htzmt'i_.;ily, in this study, obesity
remained an independent risk factor for hepatocellular
carcinoma even after adjusting for all confounding
factors including severity of liver fibrosis. The following
are the ible reasons why obesity increases hepato-
cellular carcinoma risk irrespective of severity of liver
fibrosis: Several animal iments showed that liver
tumors were not always accompanied by advanced
fibrosis among a variety of genetically engineered mouse
models with steatohepatitis (38), and some reports
indicated several nonalcoholic steatohepatitis—derived
human cancer cases without significant liver fibrosis (39).
The findings suggest that icant liver fibrosis is not
essential for the carcinogenic process, but that steato-
hepatitis itself is a state conferring a risk for high
carcinogenicity. With regard to the proven relationship
between obesity and such malignant tumors as colon,
breast, and ovarian cancers (10), the cell proliferation
activity of insulin due to hyperinsulinemia is believed to
play a role in a common carcinogenic mechanism (5).

It is well documented that obesity induces insulin
resistance, with a tendency to cause diabetes mellitus. In
the case of tic cirrhosis accompanied by highly
advanced liver fibrosis, glucose intolerance tends to lead
to diabetes mellitus. A recent animal experiment showed
that HCV contributed to progression of insulin resis-
tance, resulting in diabetes mellitus (40). The t
study failed to show that diabetes mellitus 10 years
before hepatocellular carcinoma diagnosis was an inde-
pendent risk factor for hepatocellular carcinoma, but an
adjustment for all factors, except alcohol consumption
and BMI, brought about a 30% increase in the effect of
diabetes on hepatocellular carcinoma risk (data not
shown). Such findings su a relationship between

iabetes mellitus and alcohol consumption, as well as
BML Therefore, by taking into account the proven
association between alcoho% consumption, obesity, and
increased risk for hepatocellular carcinoma, our results
will not likely refute an association between diabetes
mellitus and tocellular carcinoma risk.

A large number of epidemiologic studies showed that
heavy alcohol consumption was an independent risk
factor for hepatocellular carcinoma and that there was
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correlation between increased risk for hepatocellular car-
cinoma and amount of alcohol consumed (3, 9, 13, 14). In
addition, in some case-control studies of hepatocellular
carcinoma riska}fdynergis&c interactions between alcohol
consumption hepatitis virus infection, or between
obesity and diabetes mellitus, have been observed
(9, 13, 14). In the present study, after adjusting for other
factors such as hepatitis virus infection and BMI, alcchol
consumption of 240 g of ethanol produced a 4.36-fold
increase in hepatocellular carcinoma risk. A few recent
case-control studies suggested that ethanol consumption
of <50 to 60 g/d (41, 42) or alcohol exposure <1,500
gram-years (9) had crrotec\‘.ive effects on the progression
of liver fibrosis and risk for developing hepatocellular
carcinoma. Reasons for such discrepancy between our
result and former reports are unclear, but factors such as
gender, age, race (43), hereditary pred sition, and
etiology of liver disease presumably affect the severity of
alcohol-related liver diseases. Our study also showed
that effects of alcohol consumption of =40 g of ethanol
per day on hepatocellular carcinoma risk were reduced
after adjusting for all confounding factors including
severity of liver fibrosis. The finding suggests that
alcohol consumption may contribute to hepatic carcino-
genesis by enhancing oxidative stress and aggravating
liver fibrosis.

As a result of recent assessments by the 1ARC,
hepatocellular carcinoma has been positioned as a
smoking-related malignant disease (44). However, it
has yet to be determined whether smoking itself has
direct hepatic carcinogenic effects or whether smoking
contributes to hepatic carcinogenesis by way of progres-
sion of liver fibrosis. A case-control study showed that
4-aminobiphenyl DNA adducts contained in tobacco
smoke are a liver carcin (45). In the present study,
we adjusted for potential confounding factors including
hepatitis virus infection and failed to detect significant
smoking effects on hepatocellular carcinoma risk; how-
ever, a multivariate analysis that excluded hepatitis virus
infection showed significant effects of smoking (data not
shown). With adjustment for all factors including
severity of liver fibrosis, effects of smoking on hepato-
cellular carcinoma risk were found to be marginally
significant. These findings suggest the possibility that
smoking, in conjunction with hepatitis virus infection,
further enhances the risk for hepatocellular carcinoma
and might directly contribute to the mechanism of liver
Carcinogenesis.

Several epidemiologic studies indicated the involve-
ment of coffee in decreased alanine aminotransferase
activity and y-glutamyltransferase level, suppression of

ion to liver cirrhosis, and inhibited development
of hepatocellular carcinoma (18, 19). Such oxidation
inhibitors as caffeine, coffee diterpenes, and chlorogenic
acid are among candidate substances in coffee that
potentially reduce the risk for hepatocellular carcinoma,
and several animal experiments have shown that such
substances have direct inhibitory effects on hepatic
carcinogenesis (46). Adjusting for all potential confound-
ing factors including hepatitis virus infection rendered
the effects of coffee drinking on hepatocellular carcino-
ma risk marginally significant, whereas adjusting for all
factors, except hepatitis virus infection, revealed signi-
ficant effects of coffee drinking (data not shown).
Furthermore, adjusting for all factors including severity

of liver fibrosis erased the effects of coffee drinking on
hepatocellular carcinoma risk. These findings suggest
that coffee drinking may somehow suppress liver
fibrosis and thereby indirectly reduce hepatocellular
carcinoma risk.

The main strengths of our study are its prospective
cohort-based, nested case-control design, which mini-
mized selection bias and provided for the use of stored
sera and 2 wealth of epidemiologic information obtained
before hepatocellular carcinoma diagnosis. Indeed, the
distributions of HBV and HCV infection status among
hepatocellular carcinoma cases and controls and mean
age at diagnosis among hepatocellular carcinoma cases
were similar to those in previous reports on Japanese
populations (2, 4). Another major strength of our study
is that it incorporated, in a strict and in-depth manner,
HBV and HCV infection status and showed the
interrelationship between these and numerous other
epidemiologic factors. It is difficult and expensive to
perform full cohort serum analyses, whereas the nested
case-control design used here can provide substantial
reductions in cost and effort with little loss of statistical
efficiency.

The main limitation of our study is that the severity of
liver fibrosis could not be classified into fibrosis stage of
FO to F4 based on liver specimens. We used platelet

counts and IV collagen concentrations as surrogate,
but ind ent, markers of liver fibrosis. Previous
reports showed a strong correlation between platelet

count and fibrosis stage in the presence of chronic
hepatitis C (47) and a close association between levels of
type IV collagen, a basic component of the hepatic basal
membrane, and severity of liver fibrosis. Another
limitation of our study is the usage of sera that had
been stored for long periods of time. Proteins and HCV
RNA trend to degrade during prolonged storage of either
frozen or freeze-dried sera. However, we minimized this
degradative effect by the selection of matched controls
relative to time and method of serum storage. Further-
more, we have previously shown that the ried
sera are interchangeable with frozen sera in serologic and
molecular biological detection of HBV and HCV (22, 25).
Finally, some hepatocellular carcinoma cases had to be
excluded because of nonavailability of stored sera. We
did not detect any differences between included and
excluded cases in terms of demographic variables or
BML

In conclusion, HBV and HCV infection and obesity
were independent risk factors for hepatocellular carci-
noma, even after taking into account the severity of liver
fibrosis. Moreover, the combination of HCV infection
and increased BMI exerted a synergistic effect on the risk
for hepatocellular carcinoma. Alcohol consumption of
240 g of ethanol per day was also an independent risk
factor for hepatocellular carcinoma, likely contributing to
the development of hepatocellular carcinoma through
liver fibrosis. The radiation effect on hepatocellular
carcinoma risk was shown to be marginally significant
in univariate analysis; whether the radiation effect is
confounded with other factors will be closely examined
in a separate report. A precise understanding of the
mechanism by which obesity contributes to development
of hepatoceilular carcinoma should lead to better
therapeutic strategies, public health policies, and cost-
effectiveness.
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Introduction

Abstract

Background and Aims: Long-term interferon (IFN) therapy is effective in eliminating
hepatitis C virus (HCV). However, it carries the risk of adverse effects and reduced quality
of life. To assess whether short-term IFN therapy effectively climinates HCV, we per-
formed a prospective pilot study of pegylated (peg)lFN-o-2a therapy for 8 or 24 weeks.
Methods: After excluding patients with high titers of genotype-1, 55 HCV patients
received peglFN-a-2a. Patients who became negative for HCV-RNA at week 2 were
allocated to either an 8-week (1 = 19) or 24-week (n = 15) course of IFN, We evaluated the
efficacy of and tolerance to [FN therapy.

Results: The sustained virological response rate was excellent in the two groups (8 weeks,
89.5% [17/19]; 24 weeks, 100% [15/15], respectively,). IFN dose reduction was required in
one patient of the 8-week group, but in six patients of the 24-week group (P = 0.028).
Treatment was completed by all patients of the 8-week group, but discontinued in five
patients of the 24-week group (P = 0.011).

Conclusions: The 8-week [FN therapy is more tolerable than the 24-week therapy and had
similar outcomes. Excluding the patients with high titers of genotype-1. we recommend
switching to an 8-week course of peglFN-o monotherapy once patients show an ultra rapid
virmlogical response at week 2 from the start of [FN therapy.

hugh viral load (>100 KIU/mL of HCV-RNA) or patients with any
viral load in whom previous TFN treatment did not eliminate

Hepatitis C virus (HCV) infection is a major cause of chronic liver
disease with an estimated 170 million chronic camiers worldwide.!
Chronic HCV infection is usually associated with liver cirrhosis
(LC) and hepatocellular carcinoma (HCC).* In Japan, 60-70% of
patients with HCC or LC are HCV carriers.” Antiviral therapy of
interferon (IFN) is widely used for the treatment of chronic HCV
infection and 1s assumed to prevent progression to LC and HCC,
especially in patients who show a sustained virological response
(SVR).

The reported total HCV-RNA elimination rate is approxi-
mately 30-40% in patients d with conventional [FN
monotherapy.®'” However, better results have been reported when
pegvlated (peg)IFN-c is used in both naive patients and in those
who fail to respond to or relapse after conventional [FN-a mono-
therapy. In Japan. two kinds of pegIFN are available: peglFN-at-2a
and pegl FN-0-2b. PegFN-0-2b can be used with ribavirin, a purine

HCV-RNA. PegIFN-0-2a has been used in Japan without nbavinn
only since December 2003 because of health insurance restrictions.
However, ribavirin combination therapy has been covered by public
health insurance since March 2007 in Japan. The HCV elimination
rate with peglFN--2b plus ribavirin combination therapy is up to
54% in patients with genotype 1. Severl investigators have
reported that peglFN and ribavirin combination therapy for a period
of 24 or 48 weeks cnsures a viral clearance in most patients with
HCV genotypes 2 or 3 infection.'*** However, ribavirin combina-
tion therapy frequently causes anemia and should be carefully used
in the elderly, anemic, or pregnant young patients, and in those who

quire long-term t ' Apart from patients with a high viral
load of genotype 1, IFN monotherapy is also effective in HCV
elimination even when used without ribavirin, Previous studies
suggest that the SVR achieved with pegIlFN-a-2a is similar to that
observed with peglFN-ot-2a combined with ribavirin in patents
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HCV-infected patients received pegylated interferon-o-2a therapy from January 2005 to March 2006.
Patients with high viral loads ( 2100 KIU/mL) of HCV genotype | were excluded.

(n=55)
|
X
Virological response at 2 weeks Noa-virological response at 2 weeks
(m=34) (n=21)
48-week course of treatment
Informed consent for 8- or 24-week treatment (n=21)
8-week course of reatment 24-week course of treatment i
1 H di of the clinical trial
(n=19) (n=15) BAgure:y. Fiow: ogran i
HCV, hepatitis C virus,

Although the tolerability of peglFN is similar to that of the
conventional IFN.* the 180 pg dose of peglFN-c-2a therapy for
48 weeks is sometimes not tolerated by some patients. With the
exception of those with high viral loads of genotype 1, the above
regimen is expected to produce & high viral clearance rate, espe-
cially in patients with an eardy virological response. Several
studies report the effectiveness of short-course IFN therapy
(<24 weeks) for patients with an early virological response.'™®
Therefore, a treatment duration of 48 weeks may be loo long or
more than sufficient for some patients, especially when one con-
siders the undesimble adverse effects or the cost of treatment.

In the present study. we conducted a prospective controlled trial
to compare Lhe efficacy of an 8-week versus a 24-week course of
peglFN-o-2a (180 pug/time/week) for patients negative for HCV-
RNA at 2 weeks after the initiation of therapy.

Methods

Patients

Between January 2005 and March 2006, a total of 55 HCV-
infected patients received peglFN-a.-2a therapy at Hiroshima Uni-
versity Hospital (Hiroshima, Japan) and its associated hospitals in
Japan. Patients with high viral loads (=100 KIU/mL) of HCV
genotype 1 were excluded from this study because of their low
SVR rate. Among the 55 patients, 34 consecutive patients who
howed a rapid virological response at 2 weeks were enrolled in
this study (Fig. 1). Eligible patients had antibodies to HCV, were
positive for HCV-RNA at study entry, and had not received previ-
ous [FN therapy. They included 21 men and 13 women, with a
mean age of 53 years (range, 21-71 years). Their HCV genotypes
were 1b, 2a, and 2b with vanant HCV-RNA, (5.1-400 KIU/mL by
a reverse transcriptase-polymerase chain reaction [RT-PCR]). All
patients underwent liver biopsies within 12 weeks before the start
of IFN therapy and were confirmed to have chronic hepatitis by

Journal complation © 2008 Journal of G

histopathological examination. Patients with any other cause of
liver diseass including coinfection with hepatitis-B virus or HIV,
alcoholic hepatitis, fatty liver, autoimmune hepatitis, or previous
organ transplantation were excluded from this study.

Study design

This multicenter prospective controlled study compared the effi-
cacy and safety of 8 weeks vemus 24 weeks of peglFN-a-2a
monotherapy in previously untreated patients with chronic hepa-
titis C who had a virological response at 2 weeks after the start of
IFN. Patients with a virological response at 2 weeks were invited
to sign a consent form accepting treatment with [FN for 8 weeks
only. Those patients who refused consent received a 2d-week
course of treatment. The primary measure of efficacy was SVR,
which was defined as undetectable HCV-RNA in the serum at
24 weeks after the cessation of treatment. All patients agreed to
participate in the research protocol, which was approved by the
hospital research ethics board, and gave written informed consent.
The eligible patients received peglFN--2a (Pegasys, F
Hoffmann-LaRoche, Basel, Switzerland) at 180 pg once per week
subcutaneously, either for § weeks or 24 weeks, without nbavirin.
Other patients who showed no rapid wvirclogical response at
2weeks after the start of peglFN-o-2a were treated for
24-48 weeks.

All patients were evaluated in an outpatient setting for safety,
tolerance, and efficacy every week during the IFN treatment.
Blood count was checked just before the IFN injection every week.
The qualitative detection of HCV-RNA was performed by a stan-
dardized qualitative RT-PCR assay (Amplicor HCV monitor v2.0;
Roche diagnostics Co., Tokyo. Japan) at the first 2 weeks and
every 4 weeks during and after IFN treatment. The primary effi-
cacy end point for this study was defined as a disappearance of
detectable serum HCV-RNA at week 24 after the completion of the
IFN treatment.
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Table 1 Patients’ charactenstics

S-week group 28-week group
{n=18) {n=18)
Age (years) 51" (21-71) 47" 126-58)
Sex (malefemale) 145 s
Height (em) 169" (147-178) 161" {138-178)
Weight (kg! B4 6' (40.6-85) B9 (47-92.4)
Body mass index (kg/m?) 23.4' (18.0-27.8) 21.5' (18.6-30.5)
Platelat count (x10%U 19.5' (9.6-30.7) 18.1" (8.9-31.7)
Alanine aminotransferase 656" (22-1562) 60" (21-184)
ui
v-Glutamy! transpeptidase 25" (8-158) AT" (14-137)
{1V]8]
Creatinine (mg/dL) 0.78' (0.6-09) 0.68' (0.38-0.86)
Total cholesterol (mg/dL 160" (1186-219) 164" (125-201)
Fasting blood glucose 0" (72-104) 56" (84-115)
tmg/dL)
Diabetes mellitus o 1
Hyaluronic acd (ng/ml) 24" 13-72) 78" 16-181)
HCV genotype (1b/2a/2b) 252 2n0B
HCV-ANA (KIU/mL) 45" (5.1-370) 43" (5.3-400)
Fibrosis (F1/F2/F3/F4) 6/8/50 5/6/40

"Madian. HCV, hepatitis C virus.

Statistical analysis

We compared the response to an 8-week course of peglFN-a-2a
with that to a 24-week course of peglFN-a-2a The y’-test and
Fisher's exact lest were used for comparisons of categorical vani-
ables between groups, while Student’s f-test and the Wilcoxon test
were used for continuous and ordinal variables as appropnate.
P-values less than 0.05 were considered to indicate statistical
significance. The JMP version 5.1 statistical software package
(SAS Institute, Cary, NC. USA) was used for the statistical analy-
sis of data.

Results

Baseline characteristics

Thirty-four patients who became HCV-RNA-negative at week 2
subsequently received either an 8-week course (n=19) or
24-week (1 =15) course of 180 pg peglFN-a-2a. The baseline
characteristics of the two groups at the start of the [FN therapy are
summarized in Table 1. None of the patients had LC, based on
clinical. laboratory, and histopathological findings. Table 2 also
shows the data of 21 patients with a non-rapid virological response
at 2 weeks after the start of peglFN-t-2a. The pretreatment viral
1oads of non-rapid virological responders were significantly higher
than those of rapid virological responders (P < 0.0001).

Tolerance of IFN therapy and adverse events

Among the 19 patients of the 8-week group. the dose was reduced
by 50% (to 90 pg of peglFN-0-2a) in one patient with SVR al
3 weeks due to a fall in platelet count. However, all other patients
were able to complete the full 8- week course without discontinu-
ation. In 15 patients of the 24-week course, the dose was reduced
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Table2 Ch stics of 21 p who did not show a rapid viro-
logical response

Age (years| 61! (22-76)
Sex (male/female) 11/8

Height (em) 164,5' (148-175.5)
Weight (kg) B85 (42.5-7%)
Body mass index (kg/m2} 225" (169-273)
Platelet count (x104/_U 205' (12-28.8)
Alanine aminotransterase (IU/L) 93" (17-167)
yGlutamy! transpeptidase (IU/L) 39' (10-148)
Creatinine (mg/dL) 0.58" (0.5-0.96)
Total cholesterol (ma/dL) 158" (111-214)
Fasting blood glucose (mg/dL) 87" (88-119)

Diabetes mellitus ]

Hyaluronic acid [ng/mL) 45.8' (10-100)
HCV genatype (16/2a/2b) 0N5/5
HOV-RNA (KIU/mL) 860" (40-830)
Fibrosis (F1/F2/F3/F4) 1287300

'"Median, HCV, hepatitis C virus

to half (90 pg of peglFN-g-2a) in six patients due to neutropenia
(n = 2; one patient at 8 weeks and one patient at 10 weeks), throm-
bocytopenia (n=3; two patients at 9 weeks and one patient at
10 weeks) and epigastralgia (n=1; at 14 wecks). Furthermore,
IFN therapy was withdrawn in another five patients, including two
patients at 8 weeks due to thrombocytopenia, two patients at
12 weeks due to generalized fatigue, and one patient at 18 weeks
due to various neurological symptoms, such as hand numbness.
Thus the proportion of patients who required a dose reduction was
lower in the 8-week group than in the 24-week group (P = 0.028).
Furthermore, the proportion of patients who completed the treat-
ment was significantly higher in the 8-week group than the
24-week group (P = 0.011). We concluded that our patients with
HCV could tolerate & weeks of IFN therapy better than 24 weeks.

Biochemical and virological responses to
therapy

With regard to the alanine aminotransferase (ALT) response to
IFN therapy, all patients of both groups showed biochemical nor-
malization at the end of treatment and at 6 months after the end of
treatment. There was no difference in the sustained ALT response
between the 8-week group and 24-week group. With regard to the
virological response to [FN therapy, all patients of both groups
exhibited a mpid decrease in HCV-RNA, reaching undetectable
levels (HCV-RNA = 100 copies/mL) by weck 2. All patients had
negative HCV-RNA levels at the end of treatment and none
showed a null response. There was no significant difference in the
rate of fall of the virological load between patients who had a
sustained response and those who had a relapse, as discussed later.
The proportions of patients who showed a SVR in the 8-week
group and 24-week group were not significantly different (89.5%
[17/19] and 100% [15/15], respectively [P = 0.195]). Two patients
of the 8-week group had viral relapse after the end of treatment;
one who had HCV genotype 2a with 50 KIU/mL pretreatment viral
load relapsed at 12 weeks after the end of the treatment while the
other had genotype 2b with 230 KILW/mL pretreatment viral load
and relapsed at 8 weeks after the end of the treatment. The non-
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