Hepatology Research 2010; 40: 557-565 doi: 10.1111/.1872-034X.2010.00666.x

Original Article

Peginterferon-alpha-2b plus ribavirin therapy in patients
with chronic hepatitis C as assessed by a multi-institutional
guestionnaire in Japan
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Background and aim: There has so far been no question-
naire report on patients who were treated with peginterferon
plus ribavirin (PEG IFN+RBV) therapy. The purpose of this
study was to investigate the problems of this therapy by a
questionnaire survey.

Patients and methods: A survey of 681 patients with
chronic hepatitis C who received treatment with PEG IFN+RBV
was conducted in the Kyushu region of Japan. Using an origi-
nal questionnaire, the survey was conducted prior to the
treatment, during the third month of treatment, at the
completion of treatment or the discontinuation of treatment,
and at 6 months after the completion of treatment.

Results: It was indicated that the patients had a high level of
comprehension and understanding of chronic hepatitis C and

PEG IFN+RBV treatment. However, the results also indicated
that patients had a high level of anxiety. Side effects were
adequately dealt with by physicians. However, dermatologi-
cal symptoms were not adequately explained to the patients,
although they were the second most severe side-effect. It was
also revealed that side-effects were most distressing during
the first and second months after the start of treatment.

Conclusion: The questionnaire survey provided new infor-
mation that has never been reported. it is believed that under-
standing this information is important for future treatment.
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INTRODUCTION

NTERFERON THERAPY FOR chronic hepatitis C has
greatly advanced in recent years, and combination
therapy using peginterferon and ribavirin (PEG-
IFN+RBV) has become a standard treatment method.'-
In Japan, PEG-IFN+RBV was approved in December
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2004. However, there are many problems, such as side-
effects, costs of treatment, and duration of the treat-
ment. It is not known whether these problems are
adequately being explained and managed by health care
providers.

In order to clarify this issue, it is believed that infor-
mation from patients is important, and understanding
these problems will be beneficial for future treatment.
Although there have been reports on patients with hepa-
titis C and their quality of life (QOL) while undergoing
IEN treatment,”** there have been no reports in which
information regarding the side-effects and state of mind
of patients that have been collected from the patients.
Therefore, we conducted a questionnaire survey of
patients who have been treated with PEG-JFN+RBV.
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PATIENTS AND METHODS

HIS STUDY WAS carried out from January 2005 to

June 2008. Six-hundred eighty-one patients with a
compensated chronic HCV genotype 1 infection who
started PEG-IFN+RBV treatment at 63 hospitals in the
Kyushu region were included. The eligible patients
tested positive for HCV-RNA by a quantitative reverse-
transcription polymerase chain reaction (PCR; Amplicor
Monitor HCV vs. 2.0 using the 10-fold dilution method;
Roche Diagnostics, Tokyo, Japan; lower limit of detec-
tion 5 KIU/mL) with a concentration >100 KIU/mL.
Patients with an HCV genotype other than 1 infection,
hepatitis B surface antigen, autoimmune hepatitis,
primary biliary cirrhosis, sclerosing cholangitis, or dec-
ompensated cirrhosis were excluded. Patients with
platelet counts of 8 x 10*/mm? or less, leukocyte counts
of 2500/mm’ or less, or hemoglobin levels of 12 g/dL or
less were also excluded from the study. An HCV subtype
was classified by either the method of Okamoto et al.™
or that of Tanaka et al.’® Genotypes 1a and 1b corre-
sponded to serological group 1 according to the classi-
fication of Simmonds et al.’® Chronic hepatitis was
diagnosed based on the histological scoring system of
Desmet et al.’”

All patients received both 1.5 pg/kg/week s.c
peginterferon a-2b  (Pegintron; Schering-Plough,
Kenilworth, NJ, USA) and oral ribavirin (Rebetol;
Schering-Plough) at 600 mg/day (body weight <60 kg),
800 mg/day (body weight between 60 kg and 80 kg),
or 1000 mg/day (body weight >80 kg) according to
the manufacturer’s drug information for ribavirin. All
patients were monitored every 4 weeks. Serum HCV
RNA was determined using the standardized auto-
mated qualitative PCR (Cobas Amplicor Hepatitis C
Virus Test, version 2.0; Roche Diagnostics, Tokyo,
Japan; detection limit: 50 IU/mL). Dose modification
followed standard procedures in principle. Therefore,
according to the intensity of the an adverse event
or when laboratory results showed hemoglobin of
<10 g/dL in subjects with no cardiac disease, the dose
of ribavirin was decreased by 200 mg/day. When the
neutrophil count was <750/mm® or the platelet count
was <80 000/mm?®, the dose of peginterferon was
reduced by 50%. When the hemoglobin was <8.5 g/dL,
the neutrophil count was <500/mm’® or the platelet
count was <50 000/mm?, then both drugs were discon-
tinued. After the end of the treatment, the patients were
followed-up for a further additional 24 weeks. The sus-
tained viral response (SVR) was defined as undetectable
serum HCV-RNA levels by qualitative PCR at the end
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of the 24-week post-treatment follow-up period. The
others were classified as non-SVR.

All patients provided written informed consent and
the study protocol was approved by the ethics commit-
tee of all participating hospitals.

Questionnaire

The questionnaires were distributed by the physicians
in charge after informed consent was obtained, and
were completed anonymously. As for the method of
collection, the questionnaires were mailed to the office
(Department of Digestive and Life-style Related
Disease, Kagoshima University) by the patients due to
the concern that it might be difficult for them to
respond truthfully if their physicians were to collected
the questionnaires directly from the patients. The
survey was conducted four times in total: prior to the
treatment, during the course of treatment (in the third
month), at the end of treatment or at the discontinua-
tion of treatment, and at 6 months after the comple-
tion of treatment. The details of the questionnaire are
shown in Table 1. There were a total of 89 questions in
24 categories.

RESULTS

HE FOLLOWING NUMBER of questionnaires was

collected: prior to the treatment: 681 cases; during
the course of treatment: 458 cases; at the discontinua-
tion of treatment: 59 cases; at the completion of treat-
ment: 245 cases; and at 6 months after the completion
of treatment: 188 cases. The characteristics of 437
patients were collected at baseline (Table 2). Excerpts
from the questionnaire will be shown herein as it is not
possible to refer to the results of all of the questions.

Questionnaire before therapy (681 patients)

In response to the question of whether they knew that
chronic hepatitis C is a disease that can potentially
progress to cirrhosis, 672 cases (98.7%) responded Yes
and seven cases (1.3%) responded No (two were left
blank). In response to the question of whether they
knew that chronic hepatitis C is a disease that progresses
to hepatocellular carcinoma, 672 cases (98.7%)
responded Yes and 9 cases (1.3%) responded No. The
reasons why they consulted the hepatologists were:
Referral from a family doctor (437 cases, 64.2%); Refer-
ral from a friend (84, 12.3%); By coincidence (32,
4.7%); Newspapers and Internet (13, 1.9%); and None
of the above/blank (115, 16.9%). The levels of satisfac-
tion or anxiety regarding the treatment method and
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Table 1 Details of questionnaire (Number of sections: 24)

PEG IEN RBV assessed by questionnaire 559

Table 2 Characteristics of patients at baseline

Prior to the treatment (6 sections, 33 questions)
[Section 1] Treatment history (1 question)
[Section 2] Knowledge/understanding of chronic hepatitis
(5 questions)
[Section 3] Explanations regarding treatment from
physician (14 questions)
[Section 4] Level of expectation for treatment (4
questions)
[Section 5] Implementation of tests prior to the start of
treatment (3 questions)
[Section 6] Survey of patient’s attitudes (6 questions)
During the course of treatment (7 sections, 23 questions)
[Section 1] Practice regarding patient follow-up during the
treatment (9 questions)
[Section 2] Implementation of tests during administration
(2 questions)
[Section 3] Patient’s perceptions of treatment (2 questions)
[Section 4] Care during treatment (2 questions)
[Section 5] Impact of lifestyle habits on treatment (4
questions)
[Section 6] Level of understanding of explanations from
physician (2 questions)
[Section 7] Patient factors (2 questions)
At Discontinuation/Completion (7 sections, 23 questions)
[Section 1] Course of treatment (1 questions)
[Section 2] Practice regarding patient follow-up during the
treatment (6 questions)
[Section 2] Implementation of tests during administration
(4 questions)
[Section 4] Care during treatment (2 questions)
[Section 5] Impact of lifestyle habits on treatment (4
questions)
[Section 6] Level of understanding of explanations from
physician (2 questions)
[Section 7] Patient factors (4 questions)
At 6 months after the end of treatment (4 sections, 10
questions)
[Section 1] Level of satisfaction with treatment (2
questions)
[Section 2] Explanations from physician regarding
treatment effects (3 questions)
[Section 3] Impressions of the treatment (3 questions)
[Section 4] Patient’s plans to visit medical institution (2
questions)

side-effects are shown in Figure 1. The patients were
satisfied with the explanations regarding the treatment
but were also feeling anxious. The causes of anxiety
(multiple answers were allowed) were: Worried about
side-effects (258 cases); Presence/absence of treatment
efficacy (173); The duration of treatment is long (150);
and Cost of treatment is high (109).

Age (years) 56.3+10.2 (n=473)
Sex (M : F) 232:241
Body mass index (kg/m?) 23.1+£2.9 (n=451)
ALT (IU/L) 74.7 £ 60.1 (n=471)
Platelet count (x10*/mm?) 15.6+5.0 (n=472)
Hemoglobin (g/dL) 14014 (n=473)
Grade of activity

0-1 126

2-3 218
Fibrosis stage

0-2 273

3-4 71
HCV RNA level (KIU/mL) 1932 + 1400 (n=469)

Continuous variables are presented as mean * SDs.

Questionnaire at three months into therapy

In response to the question asking to what extent they
were satisfied with the course of treatment, Extremely
satisfied and Very satisfied comprised 203 cases (44.3%)
and 103 cases (22.5%), respectively, followed by Satis-
fied (136 cases, 29.7%) and Completely dissatisfied/Not
satisfied (14, 3.1%) (two were left blank). In response to
the question of whether the grade of side-effects was
stronger in the explanations provided by their physi-
cians or in their actual experience, the responses were:
Same as explained (216 cases, 47.2%), Much stronger or
Slightly stronger than what was explained (116, 25.3%),
and Much lighter or Slightly lighter than what was
explained (100, 21.8%) (26 were left blank). In addi-
tion, we investigated the grade of side-effect based on
the interferon therapy history. Of 42 patients who
had experienced interferon therapy, 10 cases (23.8%)
responded Lighter than what was explained, 18 cases
(42.9%) responded Same as explained, and 14 (33.3%)
responded Stronger than what was explained. On the
other hand, of 101 patients who had no experience of
interferon therapy, 24 cases (23.8%) responded Lighter
than what was explained, 50 (49.5%) responded Same
as explained, and 27 (26.7%) responded Stronger than
what was explained. There was no significant difference
in grade of side-effects between those who had experi-
enced and who had not experienced interferon treat-
ment. Furthermore, we investigated the grade of
side-effect based on sex and age. Of 56 female patients
60 years or more, 13 cases (23.2%) responded Lighter
than what was explained, 31 cases (55.4%) responded
Same as explained, and 12 (21.4%) responded Stronger
than what was explained. Other results are given below
as follows: sex, age, total number, number (%)
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Omission 4 Omission
e) Completely dissatisfied [M e) Not worried at all
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Figure 1 (a) To what extent are you satisfied with the explanations regarding the treatment method? (b) To what extent are you
satisfied with the explanations regarding the side-effects? a. Extremely satisfied, b. Very satisfied, c. Satisfied, d. Somewhat satisfied,
e. Completely dissatisfied C. To what extent are you worried about the therapy? a. Not worried at all, b. Somewhat worried, c.

Worried, d. Very worried, e. Extremely worried.

responded Lighter than what was explained, number
(%) responded Same as explained, number (%)
responded Stronger than what was explained. Female,
less than 60 years, 63, 15 (23.8%), 27 (42.9%), 21
(33.3%). Male, 60 years or more, 45, 8 (17.8%), 25
(55.6%), 12 (26.7%). Male, less than 60 years, 72,18
(25.0%), 36 (50.0%), 18 (25.0%). There were no
significant differences between high age and low age,
female and male.

In response to the question asking to what extent they
were satisfied with the way their physicians dealt with
the side-effects, Extremely satisfied and Very satisfied
comprised 66 cases (14.4%) and 179 cases (39.1%),
respectively, followed by satisfied (173 cases, 37.8%),
and Slightly or Completely dissatisfied (31, 6.8%) (9
were left blank). In response to the question asking what
they were most concemed about during the course

© 2010 The Japan Society of Hepatology

of treatment (multiple answers were allowed), the
responses were: Treatment efficacy (337 cases, 73.6%),
Side effects (295, 64.4%), Costs of treatment (177,
38.6%), and Duration of treatment (144, 31.4%).

The most severe side-effects are shown in Figure 2.
The most common side-effect was general malaise, and
dermatological symptoms ranked second. In addition,
wishes to discontinue the treatment and the reasons
thereof are shown in Figure 3.

Questionnaire at either the end of therapy
or at the discontinuation of therapy

Among the 59 cases of discontinuation, 34 cases were
discontinued due to side-effects, 23 cases were discon-
tinued because no disappearance of the hepatitis C virus
in the sera was observed, and 2 cases were for other
reasons. Among the 34 cases of discontinuation due to
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General malaise 8

Dermatological
symptoms
Anemia

Hair loss

Fever

Loss of appetite
Insomnia

Nausea/vomiting

Abdominal pain [

0 20 40 60 80 100 120
No. of patients (unknown omissions: 125)

Figure 2 What was the most severe side-effect you
experienced?

side-effects, five cases (14.7%) responded that they were
not satisfied with the way their physicians dealt with the
side-effects. In response to the question of whether the
grade of side-effects was stronger in the explanations
provided by their physicians or in their actual experi-
ence, in the completed treatment group, 55 cases
(22.4%) responded Lighter than what was explained,
110 cases (44.9%) responded Same as explained, and
74 cases (30.2%) responded Stronger than what was
explained (six were left blank). On the other hand,
among the cases of discontinuation due to side-effects,
there were 0 cases of Lighter than what was explained,
11 cases (32.4%) of Same as what was explained, and 22
cases (64.7%) of Stronger than what was explained (one
case was left blank).

(a)

YES

338

O (73.0%)

0 50 100 150 200 250 300 350
No. of patients (omissions: 2)

Severe side effects

123 Long duration of period
(27.0%) e

Financial reasons
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The number of cases that developed side-effects is
shown in Figure 4. Among the side-effects for which no
explanation was provided by the physicians, dermato-
logical symptoms were the most common.

Questionnaire after 6 months of therapy

Regarding satisfaction with the treatment efficacy, the
responses were: Extremely dissatisfied and Slightly dis-
satisfied (47 cases, 25.0%), followed by Satisfied (31,
16.5%) and Very satisfied or Extremely satisfied (110,
58.5%), indicating a high level of satisfaction. In
response to the question asking whether they would
recommend this treatment to other patients, the
responses were: Definitely not or Probably not together
accounted for 23 cases (12.2%), followed by Not sure
(54 cases, 28.7%), and Probably and Definitely (111,
59.0%). As reasons for the recommendations, 99/111
cases (89.1%) responded that they achieved SVR. The
reasons for not recommending the treatment were:
Expected efficacy was not achieved (10/23 cases, 43.5%)
and Side effects were severe (6/23, 26.1%).

The periods during which the patients experienced the
most distressing side-effects are shown in Figure 5. The
largest numbers were observed during the first and
second months.

As the most distressing side-effect was general malaise
and the period of that was during the first and second
months, the association between general malaise and
hemoglobin levels was investigated. The hemoglobin
levels decreased by approximately 3 g/dL during the
second month and then became flat. However, the
decrease in hemoglobin levels was almost the same
between patients whose most distressing side-effects

Poor treatment efficacy ! n

0 20 40 60 80 100
No. of patients (multiple answers)

Figure 3 (a) Have you ever thought about discontinuing the treatment? (b) What was the reason why you intended to discontinue

the treatment?

© 2010 The Japan Society of Hepatology
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8 Dematological symptoms
[l Digestive symptoms
2] Fever

[J Respiratory symptoms
Psychiatric symptoms
Muscle ache

B3 Stomatitis

E= Changes in nails
Malaise

12(16.4%

23(31.5%)

0y

3(4.1%)

o

3(4.1%)’

4(5.5%)

Weight loss
[ Hair loss
Others

9(12.3%)

56.9%) (6 5%)

Figure 4 (a) Have you experienced side-effects that were not included in the explanations of your physician? (b) What kind of

side-effects did you experience with no explanation?
were general malaise and patients for whom that was

not the case (Fig. 6).

Efficacy of PEG°RBV therapy

Treatment efficacy was assessed among 439 patients
who received follow-up for 24 weeks after completion

Month

0 10 20 30 40 50 60 70
No. of patients (unknown omissions: 33)

Figure 5 When did you experience the most distressing side-
effects?
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of the therapy. Undetectable HCV RNA were observed
in 235/411 cases (57.2%) by the 12th week after the
start of treatment. At the end of treatment, of the
439 cases, 314 cases (71.5%) had undetectable HCV
RNA. In the final results, SVR was observed in 206
cases (46.9%), and non-SVR was observed in 233
(53.1%).

-o- General malaise (n=60)
—m~ Others (n=172)

Hcmoglobin level (g/dl)

L 1 L ' 3

Months

Figure 6 Changes of hemoglobin levels in patients whose
most distressing side-effects were general malaise and patients
for whom that was not the case.
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DISCUSSION

S NO REPORTS on questionnaire surveys similar to
the one we conducted at this time were found, it is
believed that this study is valuable.

Important information was obtained from the ques-
tionnaire survey. First, prior to the treatment, most of
the patients understood the pathology and natural
history of chronic hepatitis C, as well as the treatment
method and its side-effects. However, it was revealed
that they had a high level of anxiety.

Both the explanations regarding the course of treat-
ment and the way in which health care providers
managed the side-effects were adequate. It is believed
that this is because patients were being seen by
hepatologists mostly at hospitals where the survey was
conducted.

This survey also revealed that dermatological symp-
toms were the second most severe side-effect. According
to the data from a Phase 3 clinical trial in Japan, flu-like
symptoms (96.7%) have been the most commonly
observed side-effects, followed by loss of appetite
(83.9%), hair loss (68.5%), and insomnia (66.9%). In
addition, dermatological symptoms were injection site
erythema (41.7%) and pruritus (61.0%). In this survey,
however, nearly twice as many patients found dermato-
logical symptoms to be severe, compared to anemia,
hair loss, fever, loss of appetite, and insomnia. In addi-
tion, dermatological symptoms were the most com-
monly observed side-effects among the side-effects that
were not explained by the physician. Based on these
results, it is inferred that no adequate explanations
are being provided prior to treatment and, moreover,
management of the dermatological symptoms is not
adequate.

Regarding the cases of discontinuation due to side-
effects, only 14.7% of the patients were not satisfied
with the way the side-effects were dealt with by their
physicians, and it is believed that the physicians dealt
with the side-effects relatively properly. While patients
who discontinued the treatment due to side-effects
felt that the side-effects were stronger than what was
explained to them by the physicians, this perception was
less common in the cases of completed treatment, and it
is therefore suggested that it is not a lack of explanation
by the physicians Of the patients, 27.0% wished to dis-
continue treatment, and side-effects were the most
common reason; it is therefore important to manage
side-effects. Regarding treatment efficacy, the SVR rate
was 46.9%, which was equivalent to the 47.6% (121/
254) from the Phase 3 trial that was carried out in Japan.

PEG IFN RBYV assessed by questionnaire 563

The level of satisfaction with treatment efficacy was
58.5%, and the level of satisfaction was higher in the
cases in which SVR was achieved. The most distressing
period was during the first and second months of treat-
ment. It appears that this is because during this period,
fever and malaise occur due to interferon, and anemia
develops due to ribavirin, but after 3 months the
patients subsequently were accustomed to these side-
effects. It is believed that by letting the patients know in
advance that the side-effects of the first and second
months will not last until the end of the therapy, they
can endure these side-effects.

In this survey, it was not possible to obtain responses
from all of the cases. The reasons for this are: patients
responded to the questionnaire on a voluntary basis;
mere lack of explanation by the physicians; and the
patients forgot to submit the questionnaire. In
summary, explanations regarding dermatological symp-
toms were not adequately provided to the patients and,
moreover, these symptoms were the second most severe
side-effect. Also, it was revealed that the period when
the side-effects were most distressing was during the
first and second months after the start of treatment.
Based on these results, it is necessary to provide
explanations to the patients in order to alleviate their
anxiety, etc.
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Altered interferon-a-signaling in natural killer cells from
patients with chronic hepatitis C virus infection™
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Background & Aims: Natural killer (NK) cells play an important
role in the immune response against virus infection. Interferon
(IFN)-c, an essential component in therapy against hepatitis C
virus (HCV) infection, regulates NK cell function. However, it
remains obscure how chronic HCV infection (CHC) modifies intra-
cellular IFN-o signaling in NK cells. We investigated IFN-o signal-
ing in NK cells in patients with CHC.

Methods: Peripheral blood mononuclear cells were obtained
from patients with CHC and healthy subjects (HS) as controls.
Results: The expression level of signal transducer and activator of
transcription (STAT) 1, a key molecule of IFN-u signaling, was
clearly higher in NK cells from the CHC patients than in those
from HS. The phosphorylation level of STAT1 with IFN-o stimula-
tion was significantly greater in NK cells from the CHC patients
than in those from the HS, while that of STAT4 was significantly
less. These phosphorylation levels of STAT1 and STAT4 pesitively
and negatively correlated with the STAT1 level in NK cells,
respectively. The IFN-o induced messenger RNA level of the sup-
pressor of cytokine signaling 1, which is a downstream gene of
phosphorylated-STAT1, was clearly greater in NK cells from the
CHC patients than in those from the HS, while that of IFN-v,
which is a downstreamn gene of phosphorylated-STAT4, was
clearly lower.

Conclusions: These results indicate altered IFN- signaling in NK
cells in CHC patients, suggesting that this alteration is associated
with the persistence of HCV infection and resistance to IFN-o
therapy.

Keywords: Natural killer cells; Interferon; Hepatitis C virus; Signal transducer and
activator of transcription.
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Introduction

Natural killer (NK) cells play an important role in innate immune
responses against a variety of viral infections by directly killing
infected cells with cytotoxic molecules such as perforin and gran-
zyme [1]. The cells also have a great ability to secrete a key cyto-
kine, interferon (IFN)-y, which activates subsequent adaptive
immune responses as well as inhibits viral replication [1,2].
Another major component in innate immune responses during
viral infections is IFN-~», which is the most abundant cytokine
released during viral infections [3]. In addition to its anti-viral
effects, IFN-a. activates NK cells to induce IFN-y production via
activation of the signal transducer and activator of transcription
(STAT) 4, as well as its cytoroxic ability via activation of STAT1
[4-7].

Hepatitis C virus (HCV) causes persistent infection in more
than 70% of infected patients. Whereas some of the patients show
a carrier-like state, most develop chronic liver diseases, including
chronic hepatitis, liver cirrhosis, and hepatoceilular carcinoma,
which is why HCV infection is a worldwide health problem [8].
The administration of IFN-¢ is a well-established anti-viral ther-
apy for HCV infection. More than 90% of patients with acute HCV
infection respond to IFN-o based therapy, while only around 50%
of patients with chronic HCV infection (CHC) do [9-12], suggest-
ing a mechanism by which persistent HCV infection leads to
resistance to IFN-o. based therapy. NK cell number has been dem-
onstrated to decrease in patients with CHC, while it is controver-
sial whether NK cell functions are impaired in patients with CHC
[13-15]. It thus remains unclear whether perturbation of NK cells
is involved in the persistence of CHC as well as resistance to the
therapy [13-15].

In the present study, we investigated how chronic HCV infec-
tion modifies intracellular IFN-o signaling in NK cells. The
expression level of total STAT1, a key molecule of IFN-o signaling,
was clearly higher in NK cells from patients with CHC than in
those from healthy subjects (HS). Phosphorylation of STATI,
resulting in induction of the suppressor of cytokine signaling
(SOCS) 1 messenger RNA (mRNA) expression in response to
IFN-¢ was clearly greater in NK cells from the CHC patients than
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in those from the HS. On the other hand, the phosphorylation of
STAT4, resulting in induction of IFN-y mRNA expression in
response to IFN-o, was clearly less in NK cells from the CHC
patients than in those from the HS. NK cell degranulation was sig-
nificantly enhanced in response to [FN-o in the HS, but not in the
CHC patients. These findings suggest altered IFN-¢ signaling in
NK cells in patients with CHC. The alteration of IFN-u« signaling
might be associated with the persistence of chronic HCV infection
and resistance to IFN-o therapy.

Materials and methods
Subjects

Twenty-six patients with CHC (HCV RNA genotype 1) and 26 healthy volunteers
were enrolled in this study. The profile of these subjects is shown in the Supple-
mentary data and Supplementary Table 1. The study was approved by the ethical
committee of Osaka University Hospital.

Isolation of peripheral blood mononuclear ceil (PBMC) populations

PBMCs were isolated from fresh heparinized peripheral blood by Ficoll-Hypaque
density gradient centrifugation as described [16].

In vitro stimulation of cells

Prepared cells were unstimulated or stimulated with either natural human IFN-ct,
recombinant human IFN-y or recombinant human interleukin (IL)-12. The details
are provided in the Supplementary data.

Cell lysates and Western blot analysis

Prepared cells were lysed as described [17]. A 25 ug sample of protein was sep-
arated on 10% SDS polyacrylamide gels and transferred onto PVDF membrane.
Monodotial anti-STAT1 antibody (1/8tatl) was purchased from BD Blosclences
(San jose, CA, USA). Polyclonal anti-B-actin antibody from Abcam (Cambridge,
MA, USA) was used as the loading control. Detection of immunolabeled proteins
was performed as described [17].

Flow cytometric analysis

The staining of prepared cells was performed as described [16,18]. Briefly, cells
were stained with fluorescein isothiocyanate-conjugated anti-CD3 (UCHT1) and
biotin-conjugated anti-CD56 antibody (B15%), fixed and permeabilized with Cyto-
fix/Cytoperm (BD Biosciences) and cold pure methanol, and then stained with
phycoerythrin-conjugated anti-phosphorylated-STAT (pSTAT) 4 (pY693) (38/p-
Stat4) and Alexa Fluor® 647-conjugated anti-pSTAT1 (pY701) antibody (4a), or
phycoerythrin-conjugated anti-STAT1 (1/Stat1) antibody alone, or the corre-
sponding isotype control, followed by staining with peridinin chlorophyll pro-
tein-conjugated streptavidin (BD Biosciences). All antibodies were purchased
from BD Biosciences. The stained cells were analyzed with a FACScan (Becton
Dickinson, Mountain View, CA, USA), and the data were processed using the Flow-
Jo program (Tree Star Inc,, Ashland, OR, USA).

NK cell enrichment from PBMCs

To obtain pure populations of CD56" CD3~ NK ceils from PBMCs, NK cells were
negatively isolated by magnetic cell sorting with a human NK cell isolation kit
(Miltenyi Biotec, Gladbach, Germany). The purity of the isolated population was
confirmed using FACS analysis and was more than 90%.

RNA isolation and analysis

Total RNA isolation and the real-time reverse transcription polymerase chain
reaction (RT-PCR) analysis are presented in detail in the Supplementary data,
Supplementary Fig. 1, and Supplementary Table 2.
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NK cell degranulation assay

NK cell degranulation was assessed as described [19], with minor modifications.
Details and representative data are provided in the Supplementary data and Sup-
plementary Fig. 2.

Statistical analysis

The statistical significance of differences between the patient and control groups
or that of changes due to IFN-o stimulation in the NK ceil degranulation assay
was determined by applying unpaired or paired Student’s t-test, respectively.
Correlations were assessed using the Pearson product-moment correlation coef-
ficient. The statistical significance was defined as p < 0.05.

Results

NK cells from CHC patients showed a higher level of STAT1 expression
than those from HS

Murine NK cells have been reported to exhibit a lower level of
STAT1 expression than non-NK cells [17,18]. Also, the increase
of STAT1 expression level in murine NK cells has been observed
in viral infection [18]. We examined whether similar findings
could be observed for human NK cells. Western blot analyses
revealed that human NK celis from representative HS have a
clearly lower level of STAT1 expression than non-NK cells
(Fig. 1A). We then examined whether chronic HCV infection
affected the STAT1 expression level in NK cells. It was clearly
higher in NK cells from the CHC patients than in those from the
HS (Fig. 1B).

We next examined STAT1 expression level within individual
cells by flow cytometry. Consistent with the results of Western
biot analyses, flow cytometric analyses demonstrated that NK
cells from a representative healthy subject had a lower level of
STAT1 expression than non-NK cells such as T cells or natural
killer T (NKT) cells (Fig. 2A). NK cells from a representative CHC
patient displayed a clearly higher level of STAT1 expression than

A HS 1 HS 2
NK Non-NK NK Non-NK

STATT | . ey e

B-actin M

STAT1

Fig. 1. STAT1 expression in NK cells from patients with chronic HCV infection.
STAT1 protein levels were evaluated by Western blot analyses with f-actin
measurement as a loading control. PBMCs were obtained from patients with
chronic HCV infection (CHC) and healthy subjects (HS). NK cells and non-NK cells
were purified from those cells. (A) STAT1 protein levels in NK cells and non-NK
celis from two representative HS are shown, (B) STAT1 protein levels in NK cells
from three other representative HS and three representative patients are shown.
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Fig. 2. STAT1 expression level in NK, T or NKT cells from patients with chronic
HCV infection. STAT1 protein level was evaluated by flow cytometry, electron-
ically gating on CDS6" CD3~ NK cells, CD56~ CD3" T cells, and CD56" CD3* NKT
cells. PBMCs were derived from patients with chronic HCV infection (CHC) and
healthy subjects (HS). (A) Representative histograms from a patient and an HS are
shown. Dotted lines show staining with the isotype control. Solid lines with
shaded areas show staining with the antibedy. Numbers are percentages of
positive cells (positive cell rate) determined based on the isotype control staining.
(B) Comparison of STAT1 expression level between the patients with CHC (n=1 1)
and HS (n=11) are shown as positive cell rates. Each circle represents data for an
individual. Horizontal bars represent means. *p <0.005 vs. HS.

those from the healthy subject. Fig. 2B summarizes the profile of
the intracellular STAT1 expression level of NK, T, and NKT cells.
The intracellular STAT1 expression level of NK cells from the
CHC patients was significantly higher than that from the HS,
while that of T cells or NKT celis did not show any significant
difference.

Altered activation of STAT1/4 occurred in response to IFN-o. in NK
cells from CHC patients

Activation of STAT1/4 in response to IFN-¢ in murine NK celis has
been reported to shift from pSTAT4 deminant to pSTAT1 domi-
nant as the intracellular STAT1 expression level increases [18].
This led us to examine the activation of STAT1/4 in response to
IFN-o. in human NK cells using samples from CHC patients and
HS. Although IFN-o can phosphorylate both STAT1 and STAT4,
IFN-y can phosphorylate STAT1 and IL-12 can phosphorylate
STAT4 in NK celis [1,7]. We examined the phosphorylation level
of STAT1/4 in response to IFN-0, compared with IFN-y or IL-12,
in NK cells from the subjects by flow cytometry. It was found that
IFN- phosphorylated STAT1 more strongly in NK cells from the
representative CHC patient than in those from the representative

HS, while IFN-y did not (Fig. 3A). On the other hand, IFN-o phos-
phorylated STAT4 more weakly in NK cells from the CHC patient
than in those from the HS, while IL-12 did not. Fig. 3B summa-
rizes the profile of STAT1/4 phosphorylation level in NK cells in
response to IFN-c, IFN-y or IL-12. IFN-g,, but not IFN-y, phosphor-
ylated STAT1 significantly more strongly in NK cells from the CHC
patients than in those from the HS. IFN-¢, but not IL-12, phos-
phorylated STAT4 significantly more weakly in NK cells from
the CHC patients than in those from the HS. These results sug-
gested altered signaling of IFN-o, but not of IFN-y or of 1L-12,
in NK cells of patients with CHC.

We then examined the relationship between STAT1 expres-
sion level and STAT1/4 phosphorylation level in response to
IFN-¢ in NK cells from the CHC patients. The phosphorylation
level of STAT1 in response to IFN-u correlated significantly and
positively with the STAT1 expression level in NK cells
(R? = 0.67, p < 0.003), while that of STAT4 correlated significantly
and negatively (R®=0.49, p <0.02) (Fig. 4). These results sug-
gested that, as in murine NK cells, the activation of STAT1/4 in
response to IFN-¢ in human NK cells shifts from a preference
for pSTAT4 to one for pSTAT1 as intracelluiar STAT1 expression
level increases.

Altered induction of interferon stimulated gene (ISG) expression
occurred in response to IFN-o in NK cells

We examined how the altered activation of STAT1/4 in response
to IFN-o in NK cells affected the induction of downstream gene
expression. Real-time RT-PCR analyses revealed that the induc-
tion level of SOCS1T mRNA expression with IFN-o stimulation,
which is a downstream gene of pSTAT1, was clearly greater in
NK celis isolated from the CHC patients than in those from the
HS, and that the induction level of IFN-y mRNA expression with
IFN-o. stimulation, which is a downstream gene of pSTAT4, was
clearly lower (Fig. 5). On the other hand, the mRNA induction
level of perforin or granzyme B, which is a cytotoxic molecule
induced by IFN-o via pSTAT1, was not greater but modestly
lower, suggesting negative regulation by the large induction of
SOCS1, which is a negative regulator of the pSTAT1 pathway [20].

Altered activation of NK cells occurred in response to [FN-¢

To examine how the aitered IFN- signaling in NK cells affected
the activation of NK cells in response to IFN-c, we evaluated
the NK cell degranulation ability in response to IFN-o. NK cell
degranulation assay showed that CD107a expression, as a marker
of degranulation, in the presence of K562 cells was significantly
up-regulated in response to IFN- in NK cells from HS, but not
in those from CHC patients (Fig. 6), suggesting altered NK cell
activation in response to IFN-o in CHC patients.

Discussion

Both IFN-o and IFN-y have been observed in sera from patients
with CHC [21,22]. Their production may be induced by a host
response to HCV within the liver, which would make these IFNs
detectable in the systemic circulation of patients with CHC. The
present study has shown that NK cells from patients with CHC
display higher levels of STAT1 expression compared to those from
HS (Fig. 1B and Fig. 2). STAT1 itself is one of the 1SGs, whose
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Fig. 3. Altered activation of STAT1/4 in response te IFN-o, but not to IFN-y or {i-12 in NK ceils from patients with chronic HCV infection. pSTAT1 and pSTAT4 protein

levels were evaluated by flow cytometry with isotype control staining, PBMCs were derived from patients with chronic HCV infection (CHC) and healthy subjects (HS). (A)
Prepared PBMCs were unstimulated or stimulated with natural IFN-, IFN-y or IL-12 for 90 min in vitro, and then coliected. pSTAT1 and pSTAT4 protein levels were
evaluated by flow cytometry, electronically gating on CD56” CD3~ NK cells. Representative histograms of a patient and an HS are shown. Dotted lines show staining of
stimulated cells with isotype control. Thick lines show staining of unstimulated cells with the antibody. Thin lines with shaded areas show staining of stimulated cells with
the antibody. Positive cell rates were determined based on the staining with isotype controls. Numbers are increased positive cell rates which were determined by
subtracting the positive cell rate of unstimulated cells from those of stimulated cells. (B) Comparison of pSTAT1/4 level in response to IFN-o, IFN-y or 1L-12 between the
patients with CHC (7= 11) and the HS (= 11) are shown as increased pSTAT1 J4 positive cell rate. Each circle represents individual data. Horizontal bars represent means.

*p <0.001 vs. HS.

expression is up-regulated by IFN-o or IFN-y [23,24]. It is thus
possible that the higher level of STAT1 in NK ceils from the
CHC patients was up-regulated by IFN-« and/for IFN-y induced
by a chrenic host response to HCV.

Our real-time RT-PCR analyses showed that the induction
level of SOCS1 mRNA in response to IFN-¢¢ was significantly
greater in NK cells from the CHC patients than in those from
the HS (Fig. 5). This finding is consistent with the observation
that the phosphorylation level of STAT1 in response to IFN-o

was significantly stronger in NK cells from the CHC patients
than in those from the HS (Fig. 3), because SOCS1 is a down-
stream gene of pSTAT1 [20]. On the other hand, SOCS1 is an
inducible negative regulator which inhibits further activation
of the pSTAT1 pathway [20]. It is therefore possible that this
greater up-regulation of SOCS1 owing to the greater level of
STAT1 phosphorylation in response to IFN-¢ finally results in a
weaker response to IFN-o, that is, a weaker induction of ISGs
via the pSTAT1 pathway. Indeed, an increase of the STAT1 level,
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which is itself a downstream gene of pSTAT1, by IFN-o based
therapy, correlated negatively in vivo with the basal STAT1
expression level before therapy (Miyagi et al. unpublished
data). The higher basal STAT1 expression causes a greater level
of STAT1 phosphorylation in response to IFN-¢, which is fol-
lowed by a greater level of SOCS1 induction and then might
result in a lower increase of STAT1 level. Since perforin and
granzyme B are also ISGs from the pSTAT1 pathway [6,25], it
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Fig. 5. Induction of ISGs in NK ceils in response to IFN-o. in vitro. NK cells were
purified from PBMCs derived from patients with chronic HCV infection (CHC) and
healthy subjects (HS). Isolated NK cells were untreared or treated with natural
[FN-o in vitro for 3 h, and then collected. The coilected cell RNA level of the
indicated genes and p-actin as a control were analyzed by real-time RT-PCR. Data
are shown as the fold increase of treated cells compared with untreated cells,
with means + standard error of the mean from five subjects in each group.
*p <0.05 vs. HS.

is reasonable that the mRNA induction of perforin and gran-
zyme B in response to IFN-¢ in NK cells from the CHC patients
was not significantly greater but modestly lower than those
from the HS (Fig. 5). Indeed, the enhancement of degranulation
by IFN-g, that is, the increase of CD107a expression, in the
presence of K562 cells in response to IFN-o, was significant in
NK cells from the HS, but not in those from the CHC patients

(Fig. 6).
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Fig. 6. Increase of NK cell degranulation by IFN-x stimulation. PBMCs derived
from patients with chronic HCV infection (CHC) and healthy subjects (HS) were
treated with or without IFN-o. in the presence of K562 cells. The CD107a
expression of NK cells were evaluated by flow cytometry, electronically gating on
CD56* CD3~ NK celis. Data are shown as the frequency of CD107a-positive NK
cells treated with or without IFN-o. Each circle represents individual data.
*p <0.05.
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Patients who were clear of HCV due to IFN-o based therapy
exhibited a significant increase in NK cell numbers and activity
in the peripheral blood as well as in the liver compared to those
who were not able to become clear of the virus [26-28]. IFN-y
produced from NK cells have been reported to suppress HCV rep-
lication in vitro [29]. IFN-y from NK cells is also considered to
activate the subsequent adaptive immune response during virus
infection as well as inhibit viral replication [1,2,7]. These findings
suggest the involvement of NK cells with IFN-vy in the response to
IFN-o based therapy. The present study showed that the level of
STAT4 phosphorylation in response to IFN-c in NK cells corre-
lated negatively with the intraceilular STAT1 level in NK cells
(Fig. 4), and that [FN-y induction, which is one of the downstream
genes of pSTAT4, was clearly weaker in NK cells from the patients
with CHC than in those from the HS (Fig. 5). The lower activation
in CHC patients of the pSTAT4-to-IFN-y pathway in response to
IFN-o in NK cells compared to those from the HS might be one
of the mechanisms which make CHC patients resistant to IFN-o.
based therapy.

Ahlenstiel et al. have recently reported that chronic expo-
sure {o HCV-induced IFN-g caused NK cells to become function-
ally polarized towards a cytotoxic phenotype, but that lacked an
increase in IFN-y production [30]. Moreover, Oliviero et al,
showed that NK ceils from CHC patients were of a predomi-
nantly activating phenotype, and that these phenotypic changes
were associated with enhanced cytotoxic activity and defective
IFN-y production [31]. These reports would be associated with
our finding that NK cells from the CHC patients displayed a
high level of STAT1 expression. Cytotoxic molecules such as
perforin and granzvme, as well as STAT1, belong to the I1SGs
[6,25]. A high level of STAT1 in NK cells in the CHC patients
might correspond to a high level of cytotoxic molecules in NK
cells resulting in enhanced cytotoxic activity at the basal level.
Indeed, the CD107a expression at basal level in NK cells from
the CHC patients seemed to be medestly higher than that in
NK cells from the HS (Fig. 6), although NK cells from the CHC
patients did not significantly increase the CD107a expression
in response to IFN-o. On the other hand, our present study
showed that STAT1 expression level in NK cells correlated neg-
atively with the activation of STAT4 to produce IFN-y in
respense to IFN-o in NK cells. A high level of STATT in NK cells
would also cause defective IFN-v production in the NX cells of
patients with CHC.

Recent studies have revealed that the higher level of ISGs in
hepatocytes as well as in PBMCs before IFN-o based therapy is
associated with resistance to this therapy [32-33]. The present
study demonstrated that NK celis from CHC patients displayed
higher levels of STAT1, which is one of the ISGs, compared with
those frem HS (Fig. 2). Those who had a higher STAT? level in
NK cells showed less STAT4 phosphorylation and more STATI
phosphorylation in response to IFN-¢, resuiting in less IFN-y
induction and more SOCS1 induction. Thus, it is possible that
those who have a higher STAT1 level in NK cells would display
less response to IFN- based therapy. Gur preliminary data with
a small number of patients treated with IFN-u based therapy
revealed a tendency for those who had a higher STAT1 level in
NK cells to not respond well to the therapy in the context of
HCV clearance by week 8 after initiation of therapy (Supplemen-
tary Fig. 3).

In the present study, we found that the expression level of
total STAT1, a key molecuie of iIFN-u signaling, was clearly higher
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in NK cells from the patients with CHC than in those from the HS.
The phesphorylation levels of STAT1 and STAT4 with IFN-o stim-
ulation were aitered in NK cells from the CHC patients, compared
with those from the HS. The induction of IFN-y mRNA expression
with IFN-o stimulation, which is one of the downstream genes of
pSTAT4, was clearly weaker in isolated NK cells from the CHC
patients than in those from the HS. The induction of SOCST mRNA
expression, which is one of the downstream genes of pSTAT1, was
clearly stronger. The enhancement of NK cell degranulation, the
increase of CD107a expression, in response to IFN-o. was signifi-
cant in the HS, but not in the CHC patients. These results indicate
that IFN-« signaling in NK cells is altered in CHC patients, sug-
gesting that this alteration of IFN-o signaling is associated with
the persistence of chronic HCV infection and resistance to IFN-o
therapy. The basal total STAT1 level in NK cells might enable
the prediction of the outcome of IFN-x therapy against HCV
infection, and thus could serve as a molecular target for more
effective IFN-o based therapy.
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Abstract

Background The natural history of hepatitis C virus
(HCV) carriers and the effect of ursodeoxycholic acid
(UDCA) have not been fully elucidated among hemodial-
ysis (HD) patients.

Methods Eighty-four anti-HCV antibody- and HCV
RNA-positive and 154 anti-HCV antibody-negative HD
patients who were retrospectively observed for at least
3 years were analyzed. We investigated the factors
associated with thrombocytopenia (< 1.3 x 10°/uL) and
decreased platelet count (PLT) (more than 20% decrease
during the follow-up period), which were considered to be
indicators of hepatic fibrosis. In addition, another 16 HD
patients with HCV who received 300 mg/day UDCA orally
for at least 6 months were investigated. Changes in alanine
aminotransferase (ALT), aspartate aminotransferase (AST),
gamma-glutamyl transpeptidase (GGT) and PLT were
assessed.

Results After the 60.3-months mean follow-up period,
HCV infection was independently associated with both
thrombocytopenia [odds ratio (OR) 2.589] and decreased
PLT (OR 2.339) in 238 HD patients. In 84 HD patients
with HCV, the average ALT levels (> 15 IU/L) during the
follow-up period was associated with thrombocytopenia
(OR 3.882) and decreased PLT (OR 4.470). In addition,
ALT, AST and GGT significantly decreased at 6 months
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after starting UDCA, but PLT did not change in 16 HD
patients with HCV.

Conclusions These results indicate that HCV infection is
a risk for thrombocytopenia which should be associated
with hepatic fibrosis in HD patients. In addition, the clin-
ical course of ALT levels predicts the progression of
thrombocytopenia, and UDCA may effectively lower ALT
levels in HD patients with HCV.

Keywords Hemodialysis - HCV - Thrombocytopenia -
ALT - Ursodeoxycholic acid

Introduction

Chronic kidney disease (CKD) patients who are on
hemodialysis (HD) continue to have a higher prevalence of
hepatitis C virus (HCV) infection than the general popu-
lation [1-4]. The prevalence of anti-HCV seropositivity
among patients undergoing regular dialysis in developed
countries ranges between 7 and 40% [5-8].

HCV infection in HD patients is usually recognized as
asymptomatic and cirrhosis is infrequent in this population
[9]. One of the reasons for these findings is that the clinical
course of chronic hepatitis C extends over decades and
dialysis patients generally have higher morbidity and mor-
tality rates than the general population, making the long-
term consequences of HCV infection with HD difficult to
establish [6]. However, more recently, the prognosis of HD
patients has been improving, so addressing HCV infection
in these patients is becoming more important [10].

The strong association between serum alanine amino-
transferase (ALT) levels and the fibrosis progression rate or
occurrence of hepatocellular carcinoma has been well
documented in HCV carriers without HD [11-13]. HD
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patients with persistent HCV infection also have higher
ALT levels than those patients without HCV, and ALT
values may predict the outcome of HCV infection in
patients with HD [14]. In contrast, ALT values are still
typically within the normal range in HCV carriers with HD
and ALT values are lower in HCV carriers with HD than
those without HD. Recently, the risk of liver disease-rela-
ted deaths is higher in chronic hepatitis C patients with
ALT levels closer to the upper limit of the normal range
(ULN) (20-29 IU/L) compared to patients with lower ALT
levels (< 20 IU/L) [15, 16]. In addition, it has been pro-
posed that the cut-off for serum ALT levels should be
reduced by half to screen for hepatic damage in HCV
carriers with HD [17]. However, the association between
serum ALT levels in those patients with HCV and fibrosis
progression has not been fully elucidated.

Platelet count (PLT) is a simple biomarker of hepatic
fibrosis in HCV carriers [18]. PLT is also lower in HCV
RNA-positive HD patients than in HD patients with HCV
RNA-negative serum [16]. In addition, severe hepatic
fibrosis is independently associated with thrombocytopenia
(<13 x IOS/uL) in HCV carriers with end-stage renal
disease [19]. This study evaluated the association of ALT
status over a long period and changes in PLT, which was
considered an indicator of hepatic fibrosis, in HD patients.

Several trials have examined the efficacy of interferon
monotherapy or interferon plus ribavirin combination ther-
apy in HD patients with HCV, and some of these patients
obtained a sustained virological response [20]. However, the
virological response was limited and side effects may occur
more frequently in patients with HD than in those without
HD [21, 22]. Therefore, other therapies should be consid-
ered for these patients. For chronic hepatitis C patients with
or without HD, ursodeoxycholic acid (UDCA) has already
been used up to 150 mg/day as routine care in Japan. In
addition, the effect of UDCA up to 900 mg/day in HCV
carriers who are not undergoing HD was investigated [23],
and the use of UDCA up to 900 mg/day was approved for
use by chronic hepatitis C patients after April 2007 in Japan.
However, the effect of UDCA was not fully elucidated in
HCYV carriers with HD. Therefore, in this retrospective study
we investigated the clinical significance of biochemical
markers in the natural course of disease with particular
emphasis on PLT and assessed the effect of oral UDCA on
serum biomarkers in those patients with HCV.

Materials and methods
Study population

The patients in this study were retrospectively recruited.
This study was approved by the Kagoshima University

Graduate School of Medical and Dental Sciences. The study
population consisted of patients who were on HD in August
2008 and whose data were obtained at least 3 years before
August 2008 at 17 HD facilities in Kagoshima, Japan. Their
alanine aminotransferase (ALT), aspartate aminotransferase
(AST), gamma-glutamyl transpeptidase (GGT), total cho-
lesterol (TC) and PLT were monitored once or twice each
month. In 2539 patients, 243 patients were positive for anti-
HCYV, 143 patients were excluded because they were posi-
tive for hepatitis B virus surface (HBs) antigen, they were
positive for anti-HCV antibody (anti-HCV) but were not
examined for HCV RNA, they had received antiviral treat-
ment or they had hepatocellular carcinoma (HCC). The final
population enrolled in this study consisted of 100 patients.
Among this cohort of 100 HD patients who were both anti-
HCV- and HCV RNA-positive, 84 subjects had not received
UDCA and were enrolled in study 1 (HD + HCV Group)
and 16 subjects had already received 300 mg/day UDCA for
at least 3 months after April 2007 when UDCA up to
900 mg/day was approved for use by chronic hepatitis C
patients in Japan and were enrolled in study 2 (UDCA
Group). The control subjects in study 1 were 154 HD patients
who were anti-HCV-negative (HD Group), and the controls
in study 2 were the 84 HD patients among the study 1 pop-
ulation who were both anti-HCV- and HCV RNA-positive
but had not received previous treatments including UDCA
and were observed until August 2008 (non-UDCA Group).
Of the 84 HD patients who were controls in study 2,
2 patients died before November 2008. Blood samples were
obtained before routine HD procedures and then were used
to assay for ALT, AST, GGT, TC and PLT. The relationship
of these markers to PLT and the percent change in PLT were
examined, and the percent change in PLT was calculated
according to the formula: A%PLT = [PLT (at the end of
study) — PLT (at enrollment)]/PLT (at enrollment) x 100.

Serum HCV markers

Serum anti-HCV and HBsAg were determined using a
commercially available third-generation enzyme-linked
immunosorbent assay and anti-HBs assay, respectively. For
anti-HCV antibody-positive patients, HCV RNA was
quantified using the COBAS TagMan HCV kit (COBAS
AmpliPrep/COBAS TagMan HCV assay, Roche Diagnos-
tics, Tokyo, Japan) during the follow-up period. The
serologically defined HCV genotype (HCV serotype) was
also determined with a serological genotyping assay kit
(Immunocheck F-HCV Grouping, International Reagents
Co., Tokyo, Japan). In some patients, the HCV genotype
was examined (HCV Core Genotype, SRL, Tokyo, Japan).
HCV genotype 1b was included with serotype I, and
genotypes 2a and 2b with serotype II. No other HCV
genotype was detected in this study population.
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Study 1

The HD 4 HCV Group, which contained 84 HD patients
with HCV, was compared to the HD Group, which contained
154 HD anti-HCV-negative patients. We compared the basal
characteristics at enrollment and the changes in PLT during
the follow-up period between the two groups. In addition, we
divided the HD + HCV patients into the following four
groups according to the average ALT level of all available
ALT levels during the follow-up period: Group A, ALT < 15;
Group B, 15 < ALT < 20; Group C, 20 < ALT < 30; and
Group D, 30 < ALT. Clinical characteristics at baseline or
average ALT levels and change in PLT during the follow-up
period were compared between these four groups.

Study 2

Sixteen patients with HD and HCV had been treated with
300 mg/day UDCA orally for at least 3 months after April
2007, when UDCA up to 900 mg/day was approved for
chronic hepatitis C patients, until August 2008 (UDCA
Group). These patients were observed every month for at
least 6 months before the administration of UDCA and
then monitored for the efficacy of UDCA for more than
3 months until August 2008. Then, these patients were
observed for a total of at least 6 months until November
2008. We compared the basal characteristics between the
UDCA Group just before UDCA treatment and the non-
UDCA Group in May 2008. In addition, the changes in
ALT, AST, GGT and PLT during the follow-up period
were compared between the two groups. For example, the
percent of ALT was calculated according to the formula:
%ALT = [ALT (-6,0, 1,2, 3 or 6 M[/ALT[0 M] x 100).

Statistical analysis

When appropriate, x* test, Fisher’s exact test, Student’s ¢
test and Mann—Whitney U test were used to compare the
frequencies or means. Logistic regression models were
used for calculating the odds ratios (ORs), 95% confiden-
tial intervals (Cls) and P values. Statistical analyses were
performed using STATVIEW (version 5.0; Abacus Con-
cepts, Berkeley, CA), or SPSS (SPSS Inc., Chicago, IL})
software programs. A P value less than 0.05 was consid-
ered statistically significant.

Results
Demographic characteristics of study 1 subjects

As shown in Table 1, 84 HD patients among the anti-HCV-
positive patients were HCV carriers (positive for HCV

@ Springer

Table 1 Baseline characteristics of hemodialysis patients

HCV (+)*  HCV (-)° P value
Number 84 154
Age (year) 644 103 6224125 0.165
Sex (male/female) 54/30 7T 0.034
Duration of HD (years) 135+96 11.8+74 0.669
Follow-up period (months)  56.8 £ 158 622+79 0.039
HCV RNA (Log TU/mL)* 49+ 1.4 -
Serotype (I/Tl/undetermined)® 59/21/4 -
AST (IU/L) 197 +85 149+67 <0001
ALT (IU/L) 185+93 132471 <0.001
GGT (IU/L) 41.5 £43.0 30.1 £42.1 0.002
TC (mg/dl) 153.7 £ 41.0 167.1 & 35.0 0.003
PLT (x 10%/ul) 159 £ 053 1934073 <0.001

Unless otherwise indicated, data are given as the mean + SD or
number of patients

HD hemodialysis, ALT alanine aminotransferase, AST aspartate
aminotransferase, GGT gamma-glutamyl transpeptidase, TC total
cholesterol, PLT platelet count

# HCV (4), both anti-HCV antibody and HCV RNA positive
® HCV (-); anti-HCV antibody negative
¢ HCV RNA and serotype were examined during follow-up period

RNA). One hundred fifty-four HD patients were anti-HCV-
negative. On average, the frequency of males, levels of
AST, ALT and GGT were higher and TC and PLT were
lower at baseline in patients with HCV than those in
patients without HCV. The follow-up period was also
shorter in patients with HCV than those in patients without
HCV. In contrast, there were no significant differences
between the two groups with respect to age and duration of
dialysis.

Predictors of thrombocytopenia in HD patients

Table 2 summarizes the results of a univariate analysis of
factors associated with thrombocytopenia (PLT < 1.3 x
10%/ul) at the end of study 1 (August 2008) using 9 baseline
characteristics in all HD patients with or without HCV.
Older age, HCV viremia, elevated AST, ALT, and GGT
levels were significantly associated with thrombocytope-
nia. In addition, a multivariate analysis revealed that
HCV viremia was independently associated with throm-
bocytopenia (Table 2). Furthermore, after the 60.3-month
mean follow-up period (mean of HD 4 HCV Group,
56.7 months; HD Group, 62.2 months), PLT in the
HD + HCV Group had decreased (from 1.59 x 10°/pL to
1.22 x 10°/uL) significantly compared to that in the HD
Group (from 1.93 x 10°/uL to 1.77 x 10°%/uL) (average
A%PLT in each patient: —22.4 vs. —5.3%, P < 0.001).
Variables that were statistically significant by a univariate
analysis were further analyzed to identify variables that
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Table 2 Univariate and multivariate analyses of variables associated
with thrombocytopenia (< 1.3 x 10°/ul) in HD patients

Variables Odds ratio 95% CI P value
Univariate analysis
Age (years)
<60 1.0
>60 1.994 1.141-3.484 0.015
Sex
Female 1.0
Male 1.494 0.868-2.571 0.147
Duration of dialysis (years)
<10 1.0
>10 1.065 0.624-1.818 0.816
Follow-up period (months)
<55 1.0
>55 0.727 0.4-1.321 0.296
HCV
(- 1.0
+) 4.533 2.555-8.043 <0.0001
AST (IU/L)
<30 1.0
>30 7.741 2.095-28.603 0.002
ALT (TU/L)
<20 1.0
>20 3,793 2.017-7.133 <0.0001
GGT (IU/L)
<50 1.0
>50 2.836 1.396-5.758 0.004
TC (mg/dl)
<150 1.0
>150 0.58 0.296-1.135 0.112
Multivariate analysis
Age (years)
<60 1.0
>60 1.783 0.937-3.3%4 0.078
HCV
=) 1.0
-+ 2.589 1.317-5.091 0.006
AST (TU/L)
<30 1.0
>30 5.123 0.996-26.339 0.050
ALT (TU/L)
<20 1.0
=20 175 0.786-3.896 0.171
GGT (IU/L)
<50 1.0
>50 1.743 0.783-3.88 0.174

Abbreviations as in Table 1

were independently associated with a more than 20%
decrease in PLT. As a result, male sex (OR 2.375; 95% CI,
1.3194.278; P = 0.004) and HCV viremia (OR 2.339;
95% CI, 1.295-4.224; P = 0.005) were factors that were
independently associated with more than a 20% decrease in
PLT.

Predictors of thrombocytopenia in HD patients
with HCV

Table 3 summarizes the results of a univariate analysis of
factors associated with thrombocytopenia (PLT < 1.3 x
10°/uL) at the end of study 1 (August 2008) using 10
baseline characteristics in HD patients with HCV. The
patients with HCV and thrombocytopenia had significantly
higher frequencies of elevated ALT and GGT levels at
baseline. However, age, sex, duration of HD, follow-up
period, history of diabetes mellitus (DM), and elevated
AST and TC levels were not significantly different between
patients with and without thrombocytopenia. In addition,
elevated ALT and GGT levels at baseline were not sig-
nificantly associated with thrombocytopenia in patients
with HCV by a multivariate analysis.

On the other hand, a univariate analysis that compared a
decrease in PLT of more than 20% with a decrease less
than 20% revealed that male sex and elevated ALT levels
at baseline were associated with decreased PLT in patients
with HCV. A multivariate analysis of two variables that
were statistically significant by a univariate analysis also
revealed that high ALT levels (ALT > 20 IU/L) at base-
line were independently associated with decreased PLT in
patients with HCV (OR 3.318; 95% CI, 1.256-8.764,
P = 0.016).

Furthermore, we divided patients with HCV into four
groups according to average ALT levels during the follow-
up period. As Table 4 shows, 30, 19, 18 and 17 patients
were in Groups A, B, C and D, respectively. Age, duration
of dialysis, follow-up period, HCV RNA levels, distribu-
tion of HCV serotype, frequency of diabetes mellitus, TC
levels and PLT were not significantly different between the
four groups. However, serum AST levels and ALT levels at
baseline were significantly different, and these levels
gradually increased from Group A to D. The distribution of
sex was also significantly different and the frequency of
males was higher in Groups B, C and D than in Group A.
The decreasing rate of change in PLT was significantly
higher in Groups B, C, and D compared to Group A -
(Fig. 1). In addition, the average ALT levels (> 15 IU/L)
during the follow-up period were independently associated
with thrombocytopenia (OR 3.882; 95% CI, 1.257-11.987;
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