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Table 2. Outcomes of Patients With Tuberculosis Sequelae

With or Without Anti-HCV

Anti-HCV(+) Anti-HCV(—)
(n = 147) (n = 155}
Duration of follow-up (years)
Mean ® SD 5533 5934
(range) (0.2-13.3) {0.1-13.3)
Alive 51 (36%) 63 (43%)
Dead 92 (64%) 82 (57%)
Due to tuberculosis sequetae 61 (42%) 66 (46%)
Due to liver disease 8 (6%) 0
Other causes 23 (16%) 16 (11%)
Unknown 4(3%) 10 (6%)

NOTE: Anti-HCV(+): One hundred nineteen HCV RNA-positive patients and 28
anti-HCV by recombinant immunoblot assay (RIBA)-positive patients. Anti-
HCV(—). Patients who were negative for anti-HCV by ELISA or RIBA in serum.

erage annual mortality from liver disease from study entry
in anti-HCV—positive patients was 9.8 per 1,000 person-
years.

There was no significant difference berween the 2-, 5-,
and 10-year overall survival probabilities from study entry
of the patients with ant-HCV (84%, 60% and 35%,
respectively), compared with those of the patients without
anti-HCV (85%, 66% and 44%, respectively) (P =.12)
(Fig. 1). The patients with anti-HCV, however, had sig-
nificantly lower cause-specific survival probabilities for
liver disease from study entry than did those without it:
99%, 96%, and 92%, at 2, 5, and 10 years, respectively
(P <.005) (Fig. 2).

Of the liver-related deaths in the eight patients with
anti-HCV (six men, two women), seven were caused by
HCC and one by massive bleeding from esophageal vari-
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Fig. 1. The cumulative overall survival curves from study entry in
anti-HCV-positive patients (solid line) and the anti-HCV-negative con-
trols (dotted line). The 2-, 5-, and 10-year overall survival probabilities
for the subjects were 84%, 60%, and 35%, respectively, and those for
the controls were 85%, 66%, and 44%, respectively. The differences
between groups was not significant (P =.12). Abbreviation: anti-HCV,
antibody to HCV; NOTE: Anti-HCV(+): HCV RNA positive or anti-HCV by
recombinant immunoblot assay (RIBA) positive patients. Anti-HCV(—):
Patients who were negative for anti-HCV by EIA or RIBA in serum.
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Fig. 2. The cause-specific survival curves for liver disease from study
entry in the anti-HCV-positive patients (solid line) and the anti-HCV-
negative controls {dotted line). The anti-HCV-positive patients showed
significantly lower cause-specific survival probabilities for liver disease
(P < .005), 99%, 96%, and 92% at 2, 5, and 10 years, respectively,
than the controls. Abbreviation: anti-HCV, antibody to HCV; NOTE: Anti-
HCV(+): HCV RNA positive or anti-HCV by recombinant immunoblot
assay (RIBA) positive patients. Anti-HCV(—): Patients who were negative
for anti-HCV by EIA or RIBA in serum.

ces (Table 3). All of the patients were positive for HCV
RNA and showed abnormal ALT values at entry. None
had a history of heavy alcohol use. They had received their
transfusions at the ages of 25 to 41 years, had been diag-
nosed with HCC at 65 to 75 years, and died at 66 to 76
years. The period between transfusion and diagnosis of
HCC was 33 to 45 years. Of the seven patients with
HCC, two died within 1 year of diagnosis, two within 2
years, and two within 3 years. The remaining patient with
HCC, who had been treated successfully with percurane-
ous ethanol injection therapy, died of recurrent HCC
after 7 years. Seven of the eight patients who died of liver
disease had been diagnosed with cirrhosis by histological
and/or clinical examinations.

Details of the causes of death of patients from “other
diseases” are shown in Table 4.

Discussion

In Japan, the surgical treatment of pulmonary tuber-
culosis, such as thoracoplasty or lobectomy, was common
in the 1950s until the early 1960s; more than 20,000
patients per year underwent such surgeries during this
time.'? These operations required a large volume of blood
by transfusion.'s Between 1951 and 1967, such blood was
obtained commercially. It has been documented that hep-
atitis was acquired posttransfusion in up to 50% to 80%
of patients who had undergone a major operation that
involved the use of commercial blood, including those
undergoing surgery for pulmonary tuberculosis.!>1¢ We
could not examine other risk factors for HCV infection
than transfusion, so we are unable to complerely discount
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Table 3. Patients With Anti-HCV Who Died of Liver Disease
Age at
Case Diagnosls of HCV ALT Esophageal Causes of
No. Sex Transfusion HCC Death RNA {1U/L) Varices Liver Histology Death
1 F 25 65 66 (+) 72 (+) Unknown HCC
2 F 26 71 73 (+) 59 (+) Cirrhosis HCC
3 M 27 66 66 (+) 37 (+) Unknown HCC
4 M 31 64 71 (+) 71 (+) Unknown HCC
5 M 33 68 70 (+) 68 (-) Cirrhosis HCC
6 M 35 75 76 (+) 139 (—) Cirrhosis HCC
7 M 36 - 70 (+) 95 (+) Cirthosis Varices rupture
8 M 41 75 75 (+) 41 Unknown Unknown HCC

NOTE: ALT at the entry is shown.

Abbreviations: F, Female; M, Male; HCV RNA, hepatitis C virus ribonucleic acid; HCC, hepatocellular carcinoma.

potential routes such as sexual exposure, medical proce-
dures, reused needles, or intravenous drug use. However,
judging from the results that 78% of the patients received
transfusion between 1951 and 1967, and the prevalence
of anti-HCV was significantly higher in patients who re-
ceived transfusion at that time than in those receiving it
after 1967, it is reasonable to assume that, most of the
patients were infected with HCV via a blood transfusion.
Furthermore, it is not surprising that 49% of our patients
with tuberculosis sequelae were positive for anti-HCV
antibody and 39% for HCV RNA; the prevalence of the
HCV-RNA-positive patients might be underestimated,
because their samples were stored only at —20°C.

Table 4. Details of the Reasons for Death in Patients Who
Died of “Other Causes”

Anti-HCV(+)

Cause of Death Anti-HCV(—}

[*%)

Cerebral vascular diseases
Myocardial infarction
Rupture of aortic aneurysm
Renal failure
Myelodysplastic syndrome
Multiple organ failure
Sudden death of unknown etiology
Senile decay
Accident
Brain tumor
Malignancy
Thyroid cancer
Lung cancer
Esophageal cancer
Gastric cancer
Colon cancer
Gallbladder cancer
Pancreatic cancer
Multiple myeloma
Malignant lymphoma
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NOTE: Anti-HCV(+): HCV RNA positive or anti-HCV by recombinant immunoblot
assay (RIBA} positive patients. Anti-HCV(—): Patients who were negative for
anti-HCV by ELISA, or RIBA in serum.

Abbreviation: anti-HCV, antibody to HCV.
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In the United States, patients with chronic HCV in-
fection die more frequently of decompensated cirrhosis
than of HCC.20 By contrast, in Japan, HCC has been the
major cause of death in this patient group for a long time.
This trend is growing increasingly stronger, and the pro-
portion of death by HCC among all causes of death in
patients with cirrhosis and chronic HCV infection has
reached 81%.2! Hamada et al.22 reported that the age of
the patient and duration of infection were independent
risk factors affecting the development of HCC, and of
them, age was the more significant. On average, approx-
imately 30 years pass between the time of transfusion and
the time of diagnosis of HCC.} 322 According to a nation-
wide survey in Japan,2? the mean age at such diagnosis was
63.0 years for males and 66.5 years for females (75% of all
patients were anti-HCV—positive). Ninety-two percent of
HCC patients were 60 years or older at the time they were
diagnosed with HCC.22 In the west of Scotland, age-
specific incidence of HCC in men aged over 55 years
increased dramatically between 1975 and 1985, particu-
larly among those aged 75 to 84 years, but not in those
younger than 55 years; the major etiology was considered
to be HCV infection.?4 The patients in our study survived
an average of 34 years after having received blood trans-
fusion in early adulthood (at a mean age of 31 years); at
the time of entry into the study they had become relatively
elderly (average age, 65 years). Accordingly, they were
considered to be at high risk for carcinogenesis in view of
age and duration of infection.

When investigating the prognosis of liver disease in
HCV-infected persons, it would be preferable to start
studying patients at the time of infection and continue
until they reach old age several decades later, when the risk
becomes high for developing HCC. However, it is diffi-
cult to carry out such a prospective study. A retrospective
cohort study on older HCV-infected persons, for whom a
considerable period has elapsed berween the presumed
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time of their infection and their enrollment into the
study, and who were selected with as litte bias as possible,
could serve as a good alternative to clarify, relatively accu-
rately, the eventual outcome of their liver disease, al-
though the study would miss liver-related events that
occurred before entry. Previous retrospective studies iden-
tified patients referred for liver disease.!> The patients in
our study were recognized at a chest clinic while receiving
wreatment of sequelae to pulmonary tuberculosis, which
had placed them at risk for HCV infection through trans-
fusion. Thus, the advantage of this study was that selec-
tion bias would be less likely. Moreover, only two patients
received antiviral treatment.

In our study, eight of the anti-HCV—-positive patients
and none of the anti-HCV-negative patients died of liver
disease. The average annual mortality from liver disease
from study entry of HCV-infected patients was 9.8 per
1000 person-years, and the cause-specific survival proba-
bilities for liver disease from study entry were 99%, 96%
and 92% at 2, 5 and 10 years, respectively. The mortality
from liver disease might be underestimated, because
chronic illnesses, including tuberculosis sequelae, might
confound recognition of liver disease complication, and
in some patients the cause of death was obrained from
death certificates.

We showed by univariate analysis that the cause-spe-
cific survival probability for liver disease was significantly
lower in patients with anti-HCV than in those without
anti-HCV antibody. Subsequently, we should examine
survival by using a Cox proportional hazards regression
analysis. Nevertheless, in our study, this analysis was in-
appropriate, because none of the patients without anti-
HCYV died of liver disease. However, the patients in both
groups were selected on the same conditions, and the
background was not different between the two groups, as
shown in Table 1. We could therefore conclude that
HCV infection was probably an independent risk facror
for the death of liver disease. Then, we showed that the
overall mortality from study entry was not significantly
different between the two patient groups. Because the
overall mortality was extremely high owing to a large
number of deaths from tuberculosis sequelae in both
groups, the impact on mortality of liver-related deaths
resulting from HCV infection would have been underes-
timated. In fact, of the deaths unrelated to tuberculosis
sequelae, death from liver disease accounted for 26%.

Many of the patients in our study who died of liver
disease died due to"HCC, as the previous report from
Japan had shown.2! All the patients were positive for
HCV RNA. None of the patients positive for anti-HCV
and negative for HCV RNA died of liver disease, and

there was no excess liver-related- mortality in those pa-
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tients. Although ALT values at entry were within normal
limits in 49% of the HCV RNA—positive patients, no
patient who died of liver disease showed normal ALT
values.

Several studies reporting on the prognosis of liver dis-
ease in cases of chronic HCV infection have looked at
patients infected in childhood (average age, 0-8 years)8?
or early adulthood (average age, 19-28 years).1%13 At a
median or average of 14 to 35 years after infection, clinical
or histological cirrhosis was found in 0% to 8% of pa-
tients,® 12 and no or mild histological fibrosis in 81% to
87%.8211.12 End-stage liver disease developed with an
incidence of 3.1 per 1,000 person-years,’3 and liver-re-
lated mortality was 0 to 0.4%,%1° with a much better
prognosis than was seen in our study. The difference is
likely to be attributable to the difference in age of the
patients at the time of the investigations. The patients in
these studies were young, with an average age of 20 to 45
years. Our study showed that the eight patients who died
of liver disease had apparently been infected in early adult-
hood (25-41 years) and died after they had reached old
age (66-76 years). These results suggest that for patients
who were infected in early adulthood, the long-term prog-
nosis of liver disease, once they reach old age, is not good.
It has been reported that fibrosis begins to accelerate at 50
years of age?5 and that the evolution from chronic hepa-
titis to cirrhosis occurs more frequently and rapidly in
patients aged 50 years or older than in those younger than
50 years.26 Accordingly, young individuals infected with
HCV, and having a favorable course, may undergo rapid
progression of the fibrosis once they reach middle age and
then develop severe liver disease, including HCC, when
they reach old age.

Seeff et al.}4 reported the long-term mortality over ap-
proximately 25 years in 222 patients with posttransfusion
hepatitis C, with an average age of 49 years, of whom
approximately 77% were considered to have been positive
for HCV RNA in serum. Their report is the only study
that includes a control group and also deals with individ-
uals who had reached old age at the end point of observa-
tion. Liver-related mortality was significantly higher
among the cases than among the control group of
matched, transfused, and nonhepatitis patients (4.1% vs.
1.3%, respectively). However, the all-cause mortality was
not different between the two groups (67.1% vs. 65.0%,
respectively). Furthermore, the mortality attributed to
chronic hepatitis C infection was only about 3%, and liver
disease was considered to be a relatively minor cause of
patient death. Our study showed distinctly high mortality
from liver disease compared with that observed in their
study, although both studies dealt with older patients.
The reason for the differences in the prognosis between
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their study and ours is unclear. It might be related to the
difference in duration of infection, which was apparently
longer in our patients than in theirs. In our patients, past
tuberculosis infection, past treatment for tuberculosis, or
tuberculosis sequelae might contribute to more rapid pro-
gression of liver disease. Another influencing factor might
be differences in race, and this aspect warrants further
study.

In conclusion, for the 147 HCV-infected patients (av-
erage age, 05 years), of whom 81% were positive for HCV
RNA, with tuberculosis sequelae who had received blood
transfusion at a younger age, liver-related mortality from
study entry was high at 9.8 per 1,000 person-years.
Among the deaths unrelated to tuberculosis sequelae,
death of liver disease was the most frequently reporred
cause.
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Risk factors for the development of hepatocellular carcinoma among

patients with chronic hepatitis C who achieved a sustained
virological response to interferon therapy
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Abstract

Background and Aim: Hepatitis C virus (HCV)-infected patients who responded to interferon (IFN)
treatment with clearance of serum HCV RNA may rarely develop hepatocellular carcinoma (HCC). The
aim of the present study was to elucidate the risk factors for liver carcinogenesis among such patients.
Methods: In total, 126 patients with chronic hepatitis C (CHC) who achieved a sustained virological
response (SVR) to IFN monotherapy, which was defined as the absence of detectable HCV RNA in the
serum at 6 months after completion of treatment, were enrolled and possible risk factors for HCC were
analyzed.

Results: During the observation period of 66 + 36 months after cessation of IFN treatment, five (4.0%)
of the 126 patients developed HCC. The cumulative incidence of HCC at 3, 5 and 10 years was esti-
mated to be 0.9, 4.7 and 7.5%, respectively. The cumulative incidence of HCC was significantly higher
among patients with severe fibrosis (F3 or F4) than among patients with no or mild fibrosis (FO to F2)
in the liver before treatment (P = 0.007); among patients with alcohol intake of > 27 g/day than among
patients with that of < 27 g/day (P= 0.015); and among patients who were 2 65 years old than among
patients who were < 65 years old at the start of treatment (P=0.026).

Conclusions: Patients with CHC who had severe fibrosis, who had regularly taken moderate amounts
of alcohol, or who were > 65 years at the start of IEN treatment should be carefully followed to detect

DOI: 10.1111/].1400-1746.2005.03800.x

small and controllable HCC, even after eradication of HCV.

© 2005 Blackwell Publishing Asia Pty Ltd

Key words: hepatocellular carcinoma, interferon, retrospective cohort study, risk factor, sustained

virological response.

INTRODUCTION

In Japan, hepatocellular carcinoma (HCQC) is the third
leading cause of cancer deaths. Approximately 30 000
patients died of HCC in 2002, and 70-80% of these
cases were associated with hepatitis C virus (HCV)
infection. It has been demonstrated that HCC fre-
quently develops during the advanced stages of chronic
hepatitis C (CHC). Thus, it is considered that prevent-
ing the progression of CHC would reduce the risk for
developing HCC. Interferon (IFN), administered with
or without ribavirin, has been widely used for the treat-

ment of CHC patients. Many investigators have
reported that IFN treatment is effective for reducing the
serum alanine aminotransferase (ALT) level, reducing
and eliminating HCV RNA from the circulation, and
improving liver histology in CHC patients.'”* There is
accumulating evidence that a sustained virological
response (SVR) to IFN therapy, defined as the absence
of serum HCV RNA at follow-up 6 months after the
end of treatment, is highly predictive of long-term
remission of the disease.’”® Furthermore, the long-term
outcome of HCV-infected patients who achieved a SVR
to IFN treatment has been shown to be excellent with
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improvement of liver fibrosis."” Therefore, it would
seemn unlikely that patients who have responded to IFN
therapy with loss of HCV RNA subsequently develop
liver cirrhosis or HCC. However, the development of
HCC among CHC patients with a SVR to IFN therapy
has been reported.**® Although risk factors for the
development of HCC among CHC patients who under-
went IFN therapy have been described in previous stud-
ies,®>!!"1% it remains unclear as to whether particular
subsets of patients with a SVR to IFN therapy should be
carefully followed for the early diagnosis of HCC. In the
present study, we investigated the risk factors for the
development of HCC among CHC patients who had
undergone IFN monotherapy and had a SVR.

METHODS
Patients

In total, 126 histologically proven CHC patients who
received IFN treatment at the Department of Gastro-
enterology, National Tokyo Hospital, between January
1992 and December 2001 and achieved a SVR, were
enrolled in this retrospective study. In the present study,
a SVR was defined as negativity for detectable HCV
RNA in the circulation at 6 months after the end of IFN
treatment, using a polymerase chain reaction (PCR)
assay with a sensitivity of at least 100 copies (50 IU) per
ml.'>'® The exclusion criteria were as follows: patients
with heparitis B surface antigen, indicating ongoing
infection of hepatitis B virus (HBV); patients who were
complicated with autoimmune hepatitis; patients who
had been diagnosed as having HCC and were cured;
and patients with late relapse of HCV infection. No
patient had concurrent infection of human immunode-
ficiency virus type 1. The diagnosis of chronic HCV
infection was based on continuous positivity for second-
generation antibodies to HCV (Abbott Japan, Tokyo,
Japan) and positivity for serum HCV RNA'7 for more
than 6 months before IFN treatment was started. All
patients underwent liver biopsy just before IFN treat-
ment was started. Histological staging of chronic hep-
atitis was based on the scoring system proposed by
Desmet e al.'® in which staging is defined as follows: FO
(no fibrosis), F1 (fibrous portal expansion), F2 (bridg-
ing fibrosis), F3 (bridging fibrosis with architectural
distortion), and F4 (cirrhosis). The 126 patients under-
went IFN-o monotherapy for 24 + 3 weeks (range: 9-
30 weeks). The total dose of IFN was 722 + 188 million
units (range: 430-980 million units). They received 6—
10 million units of IFN-a. daily for 2—-4 weeks, followed
by 6-10 million units of IFN-qa three times a week.
The following parameters were assayed in each
patient just before IFN therapy was started: serum
levels of aspartate aminotransferase (AST) (normal
range: 9-31IU/L) dand ALT (normal range: 4-34 IU/
L), platelet count (normal range: 15-30 x 10%uL),
antibody against hepatitis B core antigen (anti-HBc,
enzyme immunoassay, Abbott Japan), and HCV geno-
type. When a serum sample was positive for anti-HBc
(inhibition percentage > 70%), the serum diluted at
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1:200 was also assayed for anti-HBc. The HCV geno-
type was determined by the method described previ-
ously.'® This study conforms to the ethical guidelines of
the 1975 Declaration of Helsinki and was approved by
the Ethics Committee of National Tokyo Hospital.
Informed written consent was obtained from each
patient.

Follow-up and diagnosis of hepatocellular
carcinoma

Follow-up of patients was performed by blood exami-
nations including ALT, AST, qualitative detection of
HCV RNA, o-fetoprotein (AFP: normal < 10 ng/ml),
lectin-reactive AFP (AFP-L3: normal < 15%) and vita-
min K absence or antagonist II (PIVKA II: normal
range: 0-39 mAU/mL) at regular intervals of within
6 months. Imaging diagnosis was performed at least
twice a year by ultrasonography (US) or computed
tomography (CT). In all patients studied, serum sam-
ples were continuously negative for HCV RNA after the
end of IFN treatment using Amplicor HCV v2.0 (Nip-
pon Roche, Tokyo, Japan). The diagnosis of HCC was
made using liver imaging (US, CT or magnetic reso-
nance imaging) and/or angiography. In patients whose
angiogram did not demonstrate a typical hypervascular
image of HCC, microscopic examination of liver spec-
imens obtained by echo-guided fine needle biopsy was
performed. Consequently, in all patients with a SVR
who developed HCC, a histological diagnosis of HCC
was made using surgically resected specimens and/or
biopsied specimens.

Detection of hepatitis B virus DNA

The presence of HBV DNA was determined by the
method described previously.?® Briefly, nucleic acids
were extracted from 100 pLL of serum using a commer-
cially available kit (SMITEST EX-R&D; Genome
Science, Tokyo, Japan), and were tested for HBV DNA
by nested PCR using primers derived from the well-
conserved areas in the S gene region of the HBV
genomes of all eight genotypes (A to H) and Perkin-
Elmer AmpliTag DNA polymerase (Roche Molecular
Systems, Branchburg, NJ, USA). The first-round PCR
(94°C for 2 min before the start of cycling; 94°C for
30 s; 55°C for 30 s; 72°C for 90 s, with an additional
7 min in the last cycle) was performed for 35 cycles with
primers HBO095 (sense: 5-GAGTCT AGA CTC GTG
GTG GAC-3") and HB184 (antisense: mixture of two
sequences, 5'-CGA ACC ACT GAA CAA ATG GCA
CCG C-3" and 5-CGC ACC ACT GAA CAA ATT
GCA C-3").The second-round PCR for 25 cycles was
carried out under the same conditions as the first-round
PCR except for extension for 60 s with primers HB097
(sense: 5'-GAC TCG TGG TGG ACTTCT CTC-3)
and S2-2 (antisense: 5-GGC ACT AGT AAA CTG
AGC CA-3"). The amplification product of the first-
round PCR was 461 base pairs, and that of the second-
round PCR was 437 base pairs.
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Statistical analyses

The Kaplan-Meier method was used to calculate the
cumulative incidence of HCC and the log-rank test was
used to compare the cumulative incidence of HCC
between two groups. Differences were considered to be
statistically significant at P< 0.05. Data are presented
as mean * standard deviation (SD).

RESULTS

The baseline characteristics of the 126 patients at the
start of IFN treatment (baseline) who subsequently
achieved a SVR to IFN treatment are summarized in
Table 1. All patients showed virological clearance and
biochemical normalization 6 months after the end of
treatment. During the observation period of 66 +
36 months (range: 7-139 months) after the end of IFN
treatment, the sera continued to be negative for HCV
RNA in all 126 patients. However, five patients (4.0%)
developed HCC. The cumulative incidence of HCC at
3, 5 and 10 years was estimated to be 0.9, 4.7 and
7.5%, respectively. The baseline characteristics of the
five patients who developed HCC are presented in
Table 2. All five patients who developed HCC were
males, whose age ranged from 51 to 70 years at the start
of IFN treatment. Four patients were assumed to have
contracted HCV infection from a blood transfusion,
and one patient was assumed to have contracted HCV
infection from home medical therapy. The age at which
the five patients were assumed to have contracted HCV
infection ranged from 21 to 49 years, and the duration
of persistent HCV infection was estimated to be 13-
48 years. None of the five patients were heavy drinkers,
which was defined as alcohol intake of 80 g or more per
day, but four patients (80%) were moderate drinkers
who took 27-54 g alcohol per day. The HCV genotype
was 1b in one patient, 2a in three patients, and 2b in the
remaining patient. Four patients (80%) were positive
for anti-HBc but negative for the antibody in the serum
diluted at 1:200, indicating that the titer of anti-HBc
was too low to support ongoing HBV infection.
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Table 1 Characteristics of the 126 patients who achieved
a sustained virological response to interferon (IFN)
monotherapy

Age at the start of IFN treatment
(years)
Sex (male/femnale)
Alcohol intake
Drinkers (= 27 g/day)
Heavy drinkers (> 80 g/day)
Observation period after [IFN
treatment (months)
Development of HCC
Laboratory data before IFN treatment
AST (JU/L)

ALT (IU/L)
Platelet count (x 10*/uL)

HCYV genotype (genotype 1/
genotype 2)

Positive for anti-HBc

Positive for anti-HBc (diluted at
1:200)

Liver histology before IFN treatment

FO

F1

F2

F3

F4

53114
(range: 19-75)
78/48

42 (33%)
15 (12%)
66 36
(range: 7-139)
5 (4%)

86+ 74
(range: 12-498)
119 £ 105
(range: 11-612)
17.3+£6.3
(range: 5.6~36.4)
44/82

49 (39%)
5 (4%)

2 (2%)
45 (36%)
47 (37%)
29 (23%)

3 (2%)

The normal range of platelet count is 15-30 x 10%ul. Stag-

ing of chronic hepatitis was based on the scoring system pro-
posed by Desmet eral'® ALT, alanine aminotransferase
(normal range: 4-34 IU/L); anti-HBc, antibody against hep-
atitis B core antigen (positive inhibition 2 70%); AST, aspar-
tate aminotransferase (normal range: 9-31 IU/L); HCC,
hepatocellular carcinoma.

Table 2 Baseline characteristics of five patients with a sustained virological response who developed hepatocellular carcinoma

(HCC) after interferon (IFN) treatment

Age at the Before IFN treatment
start of IFN Assumed cause of HCV
treatment infection (duration of Alcohol HCV AST ALT Liver

Case Sex (years) infection, years) intake genotype  Anti-HBc (IU/L) (JU/L) histology
1 Male 51 Blood transfusion (13) 27 g/day 2a Positive 58 76 F3
2 Male 63 Home medical therapy (14) 54 g/day 2a Positive 57 99 F3
3 Male 69 Blood transfusion (48) None 1b Positive 105 141 F3
4 Male 66 Blood transfusion (38) 27 gl/day 2a Positive 66 74 2
5 Male 70 Blood transfusion (36) 54 g/day 2b Negative 61 82 F3

Staging of chronic hepatitis was based on the scoring system proposed by Desmet et al.'® ALT, alanine aminotransferase (nor-
mal range: 4-34 TU/L); anti-HBc, antibody against hepatitis B core antigen (positive inhibition > 70%); AST, aspartate ami-
notransferase (normal range: 9-31 IU/L); HCV, hepatitis C virus.
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Furthermore, none had detectable HBYV DNA in the
circulation. The stage of liver fibrosis at baseline was F3
in four patients (80%) and F2 in the remaining one
patient.

The laboratory data at the time of diagnosis of HCC
and pathological characteristics of the HCCs in the five
patients are presented in Table 3. HCC was detected
54 + 27 months (range: 25-99 months) after the end of
IFN treatment. Four patients (80%) had a single HCC
tumor and one patient (case 3) had three definable
tumors. The size of a HCC tumor ranged from 8 to
30 mm in diameter, and the tumor was pathologically
diagnosed as ‘moderately differentiated’ in four patients
(80%) and ‘well differentiated’ in the patient with three
tumor nodules (case 3). At the time of diagnosis of
HCC, one patient (case 5) had a slightly elevated serum
AFP level; however, no other HCC-related markers
(AFP-L3 and PIVKA II) were elevated in any of the
patients, including case 5. The histological findings of
non-tumor liver tissues obtained at the time of diagnosis
of HCC had remarkably improved in each patient com-
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pared with the histological findings at baseline. The
stage of liver fibrosis had improved from F3 to F2 in
case 1; from F3 to Fl in cases 2, 3 and 5; and from F2
to F1 in case 4.

Univariate analyses with the Kaplan-Meier method
and the log-rank test were performed to compare the
cumulative incidence of HCC with regard to various
possible risk factors including age at baseline, sex, alco-
hol intake, laboratory data at baseline (AST, ALT,
platelet count, HCV genotype, and anti-HBc¢) and the
degree of liver fibrosis at baseline (Table 4). These fac-
tors were stratified into two groups, and the cumulative
incidences of HCC between the two groups were com-
pared. The cumulative incidence of HCC was signifi-
cantly higher among the 32 patients with severe fibrosis
(F3 or F4) than among the 94 patients with no fibrosis
(FO) or mild fibrosis (F1 or F2) in the liver tissues
before IFN treatment (P = 0.007, Fig. 1); among the 42
patients with alcohol intake of 227 g per day than
among the 84 patients with alcohol intake of < 27 g per
day (P=0.015); and among the 28 patients who were

Table 3 Characteristics of hepatocellular carcinoma (HCC) in five patients who achieved a sustained virological response to

interferon (IFN) therapy

Months between

Laboratory and histological data at the time of diagnosis

the end of IFN HCC of HCC

therapy and the Size (mm in AFP AFP-L3 PIVKAII Ant-HBc Liver
Case detection of HCC Number  diameter)  Differentiation (ng/mL) (%) (mAU/mL) antibody histology
1 25 One 15 Moderate 2.1 0 25 Positive F2
2 99 One 16 Maoderate 1.8 0 28 Positive F1
3 53 Three 8, 15, 30 Well 2.3 0 18 Positive F1
4 42 One 23 Moderate 2.6 0 19 Positive Fl1
5 52 One 20 Moderate 14.9 0 25 Negative F1

Staging of chronic hepatitis was based on the scoring system proposed by Desmet et al.'® AFP, a-fetoprotein (normal < 10 ng/
mL); AFP-L3, lectin-reactive AFP (normal < 15%); anti-HBc, antibody against hepatitis B core antigen (positive inhibition
>70%); PIVKA 11, vitamin K absence or antagonist II (normal range: 0-39 mAU/mL).

Table 4 Risk factors associated with the development of hepatocellular carcinoma (HCC) in patients who achieved a sustained
virological response to interferon (IFN) therapy

Factor Comparison P-value (log-rank test)
Age at the start of IFN treatment (years) 265 vs < 65 0.026
Sex Male vs female 0.059
Alcohol intake > 27 g/day vs < 27 g/day 0.015
> 80 g/day ws < 80 g/day 0.447
Laboratory data before IFN treatment
AST (TU/L) : > 80 wvs < 80 0.446
ALT (IU/L) 280 vs < 80 0.890
Platelet count ( x 10%uL) >15.0 vs< 15.0 0.326
HCYV genotype Genotype 1 vs genotype 2 0.428
Positive for anti-HBc Positive vs negative 0.097
Positive for anti-HBc(diluted at 1:200) Positive ws negative 0.646
Liver histology before IFN treatment F0, F1 and F2 vs F3 and F4 0.007

The normal range of platelet count is 15-30 x 10%/pL. Staging of chronic hepatitis was based on the scoring system proposed
by Desmet ez al.'® ALT, alanine aminotransferase (normal range: 4-34 IU/L); anti-HBc, antibody against hepatitis B core antigen
(positive inhibition 2 70%); ASTT, aspartate aminotransferase (normal range: 9-31 IU/L); HCV, hepatitis C virus.
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Figure 1 Cumulative incidence of hepatocellular carcinoma
(HCC) among 32 patients with severe fibrosis (F3 or F4) and
among 94 patients with no or mild fibrosis (FO to F2) of the
liver before interferon treatment who subsequently achieved a
sustained virological response using the Kaplan-Meier
method and the log-rank test. Staging of chronic hepatitis was
based on the scoring systemn proposed by Desmet ez al.'® in
which staging is defined as follows: FO (no fibrosis), Fl1
(fibrous portal expansion), F2 (bridging fibrosis), F3 (bridg-
ing fibrosis with architectural distortion), and F4 (cirrhosis).
P=0.007 (log-rank test).

2 65 years old than among the 98 patients who were
< 65 years old at the start of IFN treatment (P = 0.026).
In addition, the cumulative incidence of HCC tended to
be higher among the 78 males than among the 48
females (P=0.059), and among the 49 patients with
anti-HBc than among the 77 patients without anti-HBc
in their sera before IFN treatment (P = 0.097).

DISCUSSION

Patients with CHC who have achieved a SVR to IFN
treatment are likely to be considered cured. However,
the development of HCC in patients who had a SVR to
IFN therapy for a long period of time has recently been
reported. In these case reports, HCC developed in the
CHC patients with a SVR at 72 months,® 77 months,’
80 months,” and 90 months'® after the end of IEN ther-
apy. In the present study, five (4.0%) of the 126 patients
who had achieved a SVR to IFN therapy developed
HCC at 25 months, 42 months, 52 months, 53
months, and 99 months after the end of IFN therapy.
Although the growth pattern varies among tumors, the
tumor volume doubling time (growth rate) has been
estimated to range from 1 to 20 months (median:
6 months),?’ and it has been estimated that the length of
time between the occurrence of HCC and the time
point at which the HCC tumor has grown to a diameter
approximately 1 cm, when it is detectable by conven-
tional US or CT, is more than 72 months."? Thus, it
seems likely that four of five patients who developed
HCC in the presént study had had undetectable HCC
before IFN therapy. However, it is difficult to distin-
guish between de novo HCC and HCC that developed
before or during IFN therapy. It has been reported that
poorer differentiation of a HCC tumor is associated
with a shorter doubling time of HCC.? Considering the
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differentiation of the tumor in our five HCC patients,
four of the five were moderately differentiated and one
was well differentiated. One patient with a SVR in the
present study developed moderately differentiated
HCC 99 months after the end of IEN therapy. Thus, it
Is important to investigate the risk factors for the devel-
opment of HCC among patients with a SVR, separate
from those without a SVR.

Many previous studies have revealed various risk fac-
tors for the development of HCC among patients with
CHC. The risk factors thus far reported are: no history
of IFN therapy;*'"* no response to IFN therapy;»>'-4
older age;»»!!"'2% male gex; 127142224 Kagt history of
blood transfusion;?® heavy alcohol intake;2"252¢ gevere
fibrosis of the liver;»>'"'>M25 high histological activity
score;'' portal inflammation;'? HCV genotype 1b;*
high HCV RNA level;'? lower platelet count;*'*?* high
serum AFP level;”” high serum y-glutamyl transpepti-
dase level;® low serum albumin level;”® and high serum
ALT level.”® However, it seems unlikely that all of these
risk factors are applicable to patients who have achieved
a SVR, for early diagnosis and treatment of HCC,
because the incidence of HCC among patients with a
SVR is very low compared with that among patients
who did not achieve a SVR.%*

In the present study, the risk factors for HCC were
analyzed among patients with CHC, focusing on those
who achieved a SVR to IFN monotherapy, and the fol-
lowing three factors were found to be statistically sig-
nificant: severe fibrosis (IF3 or F4) of the liver before
IFN treatment; alcohol intake of 27 g or more per day;
and age of 65 years or above at the start of IFN treat-
ment. Of note, a moderate amount of alcohol intake
(227 g/day) was significantly associated with the devel-
opment of HCC in patients with a SVR in this study.
Although it is well documented that excessive alcohol
intake is one of the important risk factors for the devel-
opment of HCC in patients with CHC,'®?% the effect
of lower levels of alcohol consumption is still unclear.'®
Some investigators have pointed out the effect of light
drinking on HCV-associated liver disease.?®?® In the
present study, 15 patients with excessive alcohol intake
of 280 g/day had not developed HCC within the obser-
vation period of 26-127 months. This might indicate
the existence of a synergistic effect between excessive
alcohol intake and other risk factors for HCC. Multi-
variate analysis (e.g. Cox proportional hazards model)
was not performed in this study, because the number of
patients who developed HCC were too few (n =5) to
draw a plausible conclusion. Therefore, extended stud-
ies are required to determine whether or not these three
risk factors are independent risk factors for HCC
among CHC patients with sustained loss of serum HCV
RNA after completion of IFN treatment.

In the current study, we did not examine HCV RNA
in the liver tissues at 6 months after completion of IFN
treatment when HCV RNA was not detectable in the
circulation. Therefore, we cannot rule out the possibility
of HCV persistence in the liver tissues of the five
patients who developed HCC. However, the histologi-
cal findings of non-tumor liver tissues obtained at the
time of diagnosis of HCC had improved markedly in
each patient as compared with those at baseline.
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A weak relationship between positivity of anti-HBc
and the development of HCC was observed in the
present study, although it was not statistically significant
(P=0.097). The role of resolved or occult HBV infec-
tion in promoting the development of HCC in patients
with CHC is highly controversial. Some investigators
have emphasized its role in hepatocarcinogenesis,’®*
and others have reported evidence that does not sup-
port this.*** Undoubtedly, the accumulation of CHC
patients with a SVR who subsequently developed HCC
is necessary to elucidate whether or not the presence of
isolated anti-HBc is a risk factor for the development of
HCC in CHC patients with a SVR.

In Japan, public health insurance has covered IFN a-
2b plus ribavirin therapy® since January 2002 and
peginterferon o-2a monotherapy® since January 2004.
Furthermore, combination therapy of peginterferon o~
2b and ribavirin®’ is now available. These alternative
therapies were demonstrated to be more effective than
IFN monotherapy in CHC patients with HCV geno-
type 1 infection, in those with high HCV viral load in
the circulation, and in those with severe fibrosis of the
liver.?>37 However, such patients are also at high risk for
developing HCC, and it is very likely that the number of
patients who develop HCC even after clearance of
serum HCV RNA following more effective IFN therapy
administered with or without ribavirin, may increase in
the future, indicating the necessity of careful follow-up
of such patients.

In conclusion, CHC patients who respond to IFN
monotherapy or combination therapy should be fol-
lowed as closely as possible, even after eradication of
HCYV, paying special attention to those who had severe
fibrosis (F3 or F4) in the liver, those who had taken
moderate amounts of alcchol (=27 g/day), and those
who were = 65 years at the start of IFN treatment, to
detect small and controllable HCC.
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Abstract

Thrombocytopenia is frequently found in patients with chronic liver disease, and associated with advanced fibrosis stage and with decreased
liver function. Serum thrombopoietin (TPO) levels also decrease as the disease progresses from mild fibrosis to cirrhosis. On the other hand,
platelet counts increase associated with improvement of fibrosis in chronic hepatitis C (CH-C) patients with sustained virological response
(SVR) to interferon (IFN) therapy. Then, we studied if the increase of platelet counts in SVR associate with elevated TPO production or a
reduction of spleen size. Liver fibrosis, spleen size, serum TPO levels, albumin, zinc turbidity test (ZTT), platelet counts were compared in
fifteen CH-C patients with SVR before and after IFN therapy.

Results: Albumin increased from 4.2 £0.3 to 4.3£0.3¢g/dl (p=0.067), ZTT decreased from 17.7+5.9 to 8.9£3.9K-U (p<0.001),
platelet counts increased from 15.546.8 x 10* to 19.9£5.8 x 10%/ul (p<0.01) and serum TPO levels increased from 1.6540.94 to
2.06 £ 1.22 fmol/ml (p=0.073). Spleen size was measured by ultrasonography, and the spleen index was calculated by multiplication of
the long and short axes from hilus, which decreased from 4.6 5.0 to 104 3.1 (p<0.001) after IFN therapy.

In conclusion, increase of platelet counts in SVR may be related to the reduction of spleen size and increased serum TPO levels associated

with improvement of fibrosis after IFN therapy.
© 2005 Elsevier Ireland Ltd. All rights reserved.

Keywords: Thrombopoietin; Platelet counts; Sustained virological responder; Chronic hepatitis C; Interferon

1. Introduction

Chronic hepatitis C (CH-C) progresses to cirrhosis insid-
iously after hepatitis C virus (HCV) infection accompanying
with the gradual decline in the platelet counts. A low platelet
count is an accurate marker of hepatic fibrosis and an excel-
lent predictive noninvasive marker of cirrhosis in the absence
of clinical, biological, endoscopic or ultrasonographic signs
of portal hypertension [1]. Saito et al. [2] reported that platelet
counts significantly correlated with the fibrotic stage, that is,
Fl, 19.2; F2, 17.2; F3, 13.2; F4, 7.8 (x 10*/wl). The main

* Corresponding author. Tel.: +81 424 91 2111; fax: +81 424 94 2168.
E-mail address: Kansyoukaki1949@aol.com (M. Yagura).

1386-6346/$ — see front matter © 2005 Elsevier Ireland Ltd. All rights reserved.

doi: 10.1016/j.hepres.2005.08.004

cause of thrombocytopenia has been attributed to an increased
sequestration and pooling of platelets by an enlarged spleen
secondary to portal hypertension, especially in severe case
such as liver cirrhosis [3,4]. This theory has long been contro-
versial and studies of platelet-turnover have yielded conflict-
ing results [5]. Other mechanisms, such as an autoimmune
[6] or viral megakaryocyte infection [7], have also recently
been postulated in patients with HCV infection.
Thrombopoietin (TPO) is the most potent and specific
cytokine for the growth and maturation of megakaryocyte and
platelet production [8-10]. TPO messenger RNA (mRNA)
transcripts have been found predominantly in the liver with
lesser amounts also detected in the kidneys, bone marrow
and spleen {11]. Most TPO is bound to receptors, c-Mpl, on
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platelet and the serum level is low. When thrombocytope-
nia develops, binding receptors decrease and serum TPO
level increases.; Elcvated TPO level stimulates megakary-
opoiesis and résultsin increasing platelet production [12-15].
Kawasaki et al. [16] and Adinolfi et al. [17] reported that
serum TPO levels were decreased, as the disease progressed
from mild fibrosis to cirrhosis, in patients with chronic hepati-
tis and liver cirrhiosis; Moréover; the former authors identified
a correlation between serum TPO levels and prothrombin
activity, thus suggesting that low TPO levels might be expres-
sion of decreased liver function even in patients with chronic
hepatitis.

We previously reported that platelet counts increased asso-
ciated with improvement of fibrosis in CH-C patients with
sustained virological response (SVR) to interferon (IFN)
[18]. The aim of this study was to look for possible factors
regarding the increase of platelet counts, such as serum TPO
levels, spleen size, liver histology and liver function test in
CH-C patients with SVR to IFN therapy.

2. Patients and methods
2.1. Patients

We studied 15 CH-C patients with SVR (undetectable
HCV RNA after IFN therapy) (14 male, | female; mean age
59.7 + 6.9 years old) who were biopsied before and after IFN
therapy. Time interval between two times of liver biopsy was
mean 7.6 £2.0 years (range 3.4-10.7 years). Histological
degree of liver fibrosis was graded according to the sever-
ity as follows; F1 stage is expansion of portal area, F2 stage
is bridging fibrosis without lobular distortion, F3 stage is lob-
ular distortion, F4 stage is cirrhosis. Fibrosis score of each
patients before IFN therapy was as follows; | patient had F1,
4 patients had F2 and 10 patients had F3. Platelet counts, albu-
min, zinc turbidity test (ZTT), serum TPO levels and spleen
size were compared before and after IFN therapy, respec-
tively. A peripheral blood sample was obtained on the day of
liver biopsy.

2.2. TPO assay

Samples were stored at —80 °C until analyzed. The serum
TPO were measured by a commercially available sand-
wich enzyme-linked immunosorbant assay (ELISA) using
a monoclonal antibody and a polyclonal antibody to recom-
binant human TPO as previously described. Normal range:
male, 0.79 £0.35 fmol/ml; female, 0.70 4+ 0.26 fmol/ml
[8].

2.3. Spleen size
Spleen size was measured by ultrasonography, and the

spleen index (SI) was calculated by multiplication of the long
and short axes from hilus.

2.4. Statistical analysis

The data are expressed as mean £ S.D. Wilcoxon signed
rank test were used for statistical analysis according to the
data analyzed. For all tests, p <0.05 were considered to be
statistically significant.

3. Results

3.1. Changes of albumin, ZTT and platelet counts before
and after IFN therapy

Mean albumin increased from 4.2 4+0.3 to 4.3 £ 0.3 g/d]
(p=0.067), ZTTsignificantly decreased from 17.7 £ 5.9 K-U
t0 8.9 £ 3.9 K-U (» <0.001) and platelet counts significantly
increased from 1554+6.8x (0% to 19.945.8 x 10%/ul
(p <0.01), respectively (Fig. 1).

3.2. Changes of serum TPQO levels before and after IFN
therapy

Mean serum TPO levels increased from 1.65=40.94 to
2.06 % 1.22 fmol/ml (p =0.073) after IFN therapy (Fig. 2).
Serum TPO levels increased after IFN therapy in 12 out of
15 patients.

3.3. Changes of fibrosis score before and after IFN
therapy

Fibrosis score improved after IFN therapy as follows; from
F1 to Fl in one patient, from F2 to F1 in four patients, from
F3 to Fl in five patients, from F3 to F2 in three patients and
from F3 to F3 in two patients in which the width of fibrous
septum became narrower, respectively (Fig. 3).

Alb(g/dh) ZTT(K-U) p<0.001 PLT(x10% ul)
5 25 T 30
0=0.067 T p<0.01
20 2
L
4.5 3 T
15 20
o
10 15 T
4 f
5 10 C
3.5 o 5
before  after IFN before  after IFN before after IFN

Fig. 1. Changes of albumin, ZTT and platelet counts before and after [FN
therapy. Mean albumin increased from4.2 0.3 t0 4.3 £ 0.3 g/dl (p=0.067),
ZTT significantly decreased from 17.7£59K-U to 89+39K-U
(2<0.001) and platelet counts significantly increased from 15.5 £ 6.8 x 10*
1019.9+£5.8 x 10%/ul (p <0.01) after 7.6 = 2.0 years of IFN therapy, respec-
tively.
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[ p=0.073 l

2.06+1.22
1.65+0.94 r

T

TPO(Fmol/mi)

before IFN after IFN

Fig. 2. Changes of serum TPO levels betore and after [FN therapy. Serum
TPO levels increased from 1.6540.94 to 2.06 3 1.22 fmol/ml (p=0.073)
after 7.6 & 2.0 years of [FN therapy.

3.4. Changes of spleen size before and after [FN therapy

Mean spleen index (SI) decreased from 146450 to
10£3.1 (p<0.001) after 7.6+ 2.0 years of IFN therapy,
which equaled to the rate of decrease of 0.7 £ 0.2 times (range
0.50-0.97 times) as compared to that before IFN therapy
(Fig. 4).

3.5. Correlation between platelet counts and serum TPO
levels or spleen index (S1) in the rate of change before
and after IFN therapy

There was no significant correlation between platelet
counts and serum TPO levels in the rate of increase nor
between the rate of increase of platelet counts and the rate
of decrease of SI; correlation coefficient=0.143 (p= 0.189)
and 0.214 (p=0.127), respectively.

Fa

F3

F2

F1 ©=
before [FN after IFN

Fig. 3. Changes of fibrosis score before and atter IFN therapy. Fibrosis
score improved after IFN therapy as follows; from Fl to Fl in one patient,
from F2 to Fl in four patients, from F3 to F1 in five patients, from F3 to
F2 in three patients and from F3 to F3 in two patients in which the width
of fibrous septum became narrower after 7.6£2.0 years of IEN therapy,
respectively.
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Fig. 4. Changes of spleen size before and after IEN therapy. Spleen index
(SI) was calculated by multiplication of the long and short axes from hilus
on ultrasonography, and decreased from 14.6 + 5.0t 10£3.1 (p<0.001),
which equaled to the rate of decrease of 0.7:£0.2 times (range 0.50-0.97
times) as compared to that before IFN therapy.

4, Discussion

Thrombocytopenia is frequently found in patients with
chronic liver disease, and associated with advanced fibrosis
stage and with decreased liver function. Moreover, thrombo-
cytopenia is included in one of risk factors for development of
hepatocellular carcinoma (HCC) concomitant with male gen-
der, age 55 years or older, prothrombin activity 75% or less
and anti-HCV positivity [19], and alcohol, tobacco and obe-
sity as synergistic risk factors {20]. Kubo et al. [21] reported
that the proportion of patients with multicentric HCC was
significantly higher among patients with low platelet counts
(below 105/mm?) than patients with a higher count. These
findings suggest that platelet counts are relevant to not only
development of HCC but also prognosis of HCC. From this
point of view, we studied on the significance of SVR in which
platelet counts increased and incidence of HCC decreased
as compared with those of NR [I8]. Further, serum TPO
levels decrease as the disease progresses from mild fibro-
sis to cirrhosis [16,17]. In the present study we studied if
the increase of platelet counts in CH-C patients with SVR
to IFN therapy associate with elevated TPO production or a
reduction of spleen size. There have been no reports regard-
ing the relationship between platelet counts and the change of
spleen size after IFN therapy. Bizollon etal. [22] reported that
biochemical and virological responder to combination ther-
apy of ribavirin and IFN associated with marked histological
improvement and Shiota et al. [23] reported that serum TPO
tevels increased following SVR to IFN therapy in patients
with chronic hepatitis C. Itoh et al. [24] showed a significant
decrease in fibrosis stage paralleled by an increase in platelet
count and serum TPO levels in patients with SVR to IFN
therapy after 4 years of follow-up. We also recently reported
that the increase of platelet counts and serum albumin and
decrease of ZTT associated with improvement of fibrosis in
CH-C patients with SVR to IFN therapy [18]. In the present
study, we demonstrated that a reduction of spleen size and the
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increase of serum TPO levels ‘were relevant factors regard-
ing the increase of platelet counts in SVR. We investigated
factors relating to the reduction rate of SI after IFN therapy,
such as fibrosis stage, albumin, ZTT, platelet counts, TPO,
age and SI before IEN therapy, and the ratio of the value
after [EN therapy in those items to the value before IFN ther-
apy; however, rto significant difference was seen between two
groups—one group with less than 10% (# =3) and the other
group over 30% (n'=10) of the reduction rate. Serum TPO
levels did not increase in 3 out of 15 patients after IFN therapy
regardless of the decrease of spleen size in all patients. These
may show that the decrease of spleen size have a stronger
influence on the increase of platelet counts than the increase
of serum TPO levels. The increase of albumin and decrease of
ZTT also seems to be the result from the regeneration and the
amelioration of necroinflammatory change of hepatic cells,
respectively.

Chen-Wei et al. {25] described that serum TPO levels
elevation response to consensus interferon (CIFN) therapy
is higher in SVR than in nonresponder, which means less
hepatic fibrosis and better hepatic function reserve in SVR.
Therefore, the serum TPO response to CIFN-induced throm-
bocytopenia may possibly serve as a marker for the severity of
hepatic fibrosis. Koruk et al. [26] reported a positive correla-
tion between serum TPO and albumin levels in patients with
LC, revealing that serum TPO concentration may decrease
with deterioration of protein producing ability of liver in LC.
Kato et al. [27] showed a 30-40% reduction of total liver
TPO mRNA content and thrombocytopenia in patients with
cirrhosis compared to patients without cirrhosis. Giannini et
al. [28] also demonstrated that serum TPO levels was corre-
lated to liver functional impairment evaluated by means of
[**Claminopyrine breath test and liver fibrosis.

From these findings, it is assumed that improvement
of liver fibrosis induced by IFN therapy resulted in the
increase of serum TPO levels and serum albumin, and fur-
ther the decrease of spleen size leading to the increase
of platelet counts. However, we did not evaluate other
factors regarding thrombocytopenia such as anti-platelet-
autoantibodies, platelet-turnover, measurement of portal
hyperpressure. Therefore, these mechanisms could not be
completely ruled out.

Inconclusion, it appears that the increase of platelet counts
in CH-C patients with SVR relates to both the reduction of
spleen size and the increased TPO levels associated with
improvement of liver histology after IFN therapy.
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SUMMARY. Efficacy of interferon-a2b (IFN) + ribavirin (IFN/
RBV) combination in patients with high plasma hepatitis C
virus (HCV) is very poor. Dysregulated CD4+ /CD8+ T cells is
involved in both impaired cell-mediated immunity and
resistance to IFN. Adsorptive granulocytes and monocytes
apheresis (GMA) can remove infected leucocytes which are
extrahepatic HCV reservoirs and also has been associated with
intriguing immunomodulation and increases in CD4+ T cells.
Our aim was to see if GMA enhances the efficacy of IFEN/RBV.
Twenty-four patients, 13 IFN resistant and 11 IFN naive were
enrolled. Seventeen were genotype 1b and 7 were 2a or 2b.
Mean plasma HCV-RNA was 612.9 (100-850) kIU/mL and
alanine aminotransferase, 108 (41-373) U/L. GMA was
performed with Adacolumn at one session/day for five con-
secutive days and IFN/RBV was started within 24 h after the
last GMA session, Daily 6 million units of [FN, six times/week

for 2 weeks and then three times/week for 22 weeks were
given with RBV (600-800 mg/day/patient). Patients were
followed for 6 months. GMA was associated with a significant
increase in lymphocyte counts, complement activation frag-
ment C3a and falls in tissue necrosis factor-alpha, and IL-8
produced by peripheral blood leucocytes. At week 24, 20 of 24
patients (83%) were HCV negative and by end of follow-up
(week 49), the remission was sustained in 14 of 24 patients
(58%) including 100% of patients with 2a or 2b. In con-
clusion, enhanced efficacy of IFN/RBV following GMA might
be attributed to a more efficient immune function and a
renewed IFN signaling towards HCV.

Keywords: chronic hepatitis C, complement activation frag-
ments, granulocyte and monocyte adsorptive apheresis,
interferon-0.2b, lymphocytes, ribavirin.

INTRODUCTION

Hepatitis C virus (HCV) has an estimated worldwide pre-
valence of 170 million cases, including 2 million in Japan
[1,2]. The clinicopathological features of the infected popu-
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Iation include persistently elevated alanine aminotransferase
(ALT) levels or normal liver function. The natural history of
HCV shows that infection with relatively mild disease may
progress to liver cirrhosis and hepatocellular carcinoma
(HCC) during 20-30 years [1-4]; the infection becomes
chronic in 50-85% of cases [5].

The treatment of HCV is currently [1,5,6] based on a
combination of interferon-alpha (IFN) with ribavirin (RBV).
With this regimen, a failure to eradicate HCV occurs in most
patients infected by genotype 1b who present with a high
viral load [5-7]. Factors assoctated with HCV resistance to
IFN/RBV combination are not fully understood yet, but
dysregulated functional T cells (CD4+/CD8+ T cells) is
thought to be involved in both impaired cell-mediated
immunity against HCV and resistance to anti-HCV drug
therapy [8-11]. Thus, IFN resistance is thought to play a
role at the early stages of infection, while a qualitative and
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