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It is not known whether there is a trend of
" increasing or decreasing incidence of new
hepatitis C virus (HCV) infections in Japan.
From the treatment point of view, it is impor-
tant to verify HCV genotypes and the preva-
‘lence of treatment-resistant clones of HCV.
At the Japanese Red Cross blood centers, all
blood samples obtained from blood donation
have been screened using serological methods
and the minipool nucleic acid amplification
testing. One hundred and fourteen donors
have been identified over the past 10 years to
be HCV RNA-only positive without detectable
anti-HCV and were considered to be in the
acute phase of HCV infection. There was a
trend of decreasing incidence of such new
infections among the blood donors. HCV RNA-
only-positive samples were examined further
for genotyping and HCV RNA quantitation.
Genotype 2 (2a plus 2b) was predominant
(78.2%) among them followed by genotype 1b
(21.2%). Direct sequencing was carried out
to detect the possible treatment-resistant
mutant clones 70Q and 91M, clones with amino
acid substitutions at positions 70 and 91 of
the HCV core protein, respectively. 70Q and
91M were found regularly in donors with
genotype 1b, but not in those with other geno-
. types. No particular endemic areas for the
mutant clones were identified. There was
no significant difference in the mean viral titer
between the 70Q mutant type and the non-70Q
wild-type. Even in newly infected people,
the mutant clone 70Q was detected frequently.
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_sistence.
‘pressures exerted by cytotoxic T cells against the

INTRODUCTION

The hepatitis C virus (HCV; Flaviviridae, Hepacivi-
rus, Hepatitis C virus) infects approximately 170 mil-
lion people worldwide and is a major causative agent
of chronic liver diseases including liver cirrhosis
and hepatocellular carcinoma [Liang et al.,, 2000].
Although strategies focusing on education and increas-
ing awareness to prevent HCV infection have been
developed, it is reported that 3—4 million people are
newly infected worldwide with HCV [Kim, 2002].

After entry into a human host, HCV is exposed to
pressures exerted by innatefdcquired immunity
including endogenous interferen (IFN), which could
lead to viral eradication. However, only about 30%
of infected persons can clear the virus and the
remainder progress to chronic infection. The inherent
sequence diversity of HCV in conjunction with host
immunological impairments contributes to viral per-
In the presence of immune selection

virus, a genomxc diversity could facilitate the
preferential expansion of mutant progeny {Bowen and
Walker, 2005]. Recently, amino acid substitution at
position 70 of the HCV core [arginine (R)-to-glutamine
(Q)] (70Q) has been reported to be associated signifi-
cantly with a poor response to current treatments in
patients with HCV-1b [Akuta et al., 2005]. These
clones may resist the current treatments, whereas,
IFN-sensitive clones are eradicated by either sponta-
neous responses or the treatment.
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HCV Core Mutation in Japanese Blood Doners

In view of the development of treatment regimens
for hepatitis C, it is important to determine both the
distribution pattern of HCV genotypes and the preva-
lence of treatment-resistant HCV clones among
recently infected patients who would require treat-
ments in the near future. In this study, Japanese

volunteer blood donors who were found to be positive -

for HCV RNA and negative for anti-HCV were exam-
ined. These donors were considered to have acquired
infection within a few months of their blood donation.
It is expected that the investigation of these people
will verify the current trend of new HCV infection in
the Japanese general population [Murokawa et al.,

2005] and that such HCV RNA-only-positive blood"

donors have only naive viral clones without the influ-
ence of immunological pressures or endogenous IFN.

MATERIALS AND METHODS
Screening Algorithm and Blood Samples

The Japanese Red Cross- (JRC) blood centers are
the sole facilities that deal with blood cellection, proc-
essing, testing, and delivery. In these centers, blood
donations are screened for the hepatitis B surface
antigen (HBsAg), anti-HCV, anti-human immuno-
deficiency virus types 1 and 2 (HIV-1, 2), anti-human T
lymphotropic virus type 1 (HTLV-1), anti-Treponema
pallidum, and human parvovirus B19 antigen. Blood
donations with an elevated serum alanine aminotrans-
ferase level (>60 IU/ml) are also rejected. Anti-HCV is
screened by passive hemagglutination (PHA; Abbott
Japan, Tokyo, Japan) or particle agglutmatlon (PA;
Fujirebio, Tokyo, Japan). A PHA titer > 25 and a PA
titer > 2‘i indicate positivity for anti-HCV. In the
current study, HCV Dynapack II (Abbott Japan) was
used to confirm the presence of anti-HCV.

Screening by the nucleic acid amplification testing

" (NAT) was implemented nationwide in 1999, in which
only seronegative blood samples were screened
further by the AmpliNAT multiplex test (Roche Diag-
nostics Japan, Tokyo, Japan), targeting HCV RNA,
hepatitis B virus DNA, and HIV-1 RNA [Mine et al.,
2003]. It started with a pool size of 500 that was soon
reduced to 50 in 2000 and to 20 in 2004. In this study,
HCV RNA-positive samples without detectable anti-
HCV were subjected to further analysis.

As a comparative baseline, a group of asymptomatic
HCV carrier donors was also included in this study.
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Blood samples positive for both anti-HCV and HCV
RNA were selected from the sample registry that had
been prepared for the establishment of a standard
HCV plasma archive. The archive consists of consecu-
tive samples obtained from 400 ml whole blood dona-
tions in 2006 and 2007. Samples for this study were
selected at random from those with sufficient plasma
volume. '

Genotyping of HCV and Determination of Core
Amino Acid Sequence

HCV RNA was extracted from 265 pl of a human
plasma sample using a QIAamp Virus BioRobot MDx
kit (Qiagen, Tokyo, Japan) and reverse-transcribed to
complementary DNA using SuperSeript II RNase
H-Reverse Transcriptase (Invitrogen, Carlsbad, CA).
The target sequence of the core region (nt. 500-695,
196 bp) was amplified by nested polymerase chain re-
action (PCR) using primers (Table I) on the basis of
the methods of Okamoto et al. [1993] and Lole et al.
[2003]. The polynucleotides obtained were sequenced
directly using a BigDye Terminator v1.1 Cycle Se-
quencing kit and an ABI PRISM 3100 Genetic Analyz-
er (PE Applied Biosystems, Foster City, CA). To
analyze sequences, SEQUENCHER WIN version 4.8
(Hitachi Software Engineering, Tokyo, Japan) was
used. Amino acid sequences were deduced and aligned
using GENETYX WIN version 9.0 (Software Develop-
ment, Tokyo, Japan). The HCV genotype was deter-
mined by comparing the deduced amino acid
sequences with those of strains available in the Gen-
Bank database (genotype la: D10749 and M62321;
genotype 1b: D13558 and Mb68335; genotype 2a:
AB047641 and D00944; genotype 2b: AB030907 and
D10988; genotype 2¢: D50409; genotype 3a: D17763
and D28917; genotype 3b: D49374). HCV RNA was
determined quantitatively by TagMan RT-PCR using
a QuantiTect Probe RT-PCR kit (Qiagen) and specific
primers and a probe (Table I).

RESULTS

Among 51,744,475 consecutive blood samples
obtained from blood donations between January 2000
and December 2009, 114 were found positive for HCV
RNA and negative for serological markers including
anti-HCV. Of the 114 samples, 85 (62 from male
and 33 from female) were available for further

TABLE I Primers Used for Nested PCR and Quantitative PCR and a Probe Used for Quanﬁtaﬁfe _PCR

Name - Polarity Sequence Position
Nested PCR 186 Antisense 5'-ATGTACCCCATGAGGTCGGC-3 . nt. 742-723
256 Sense 5'-CGCGCGACTAGGAAGACTTC-3' ‘nt. 471-490
104 Sense 5-AGGAAGACTTCCGAGCGGTC-3" nt. 480499
CC4 Antisense 5-CACGTTAGGGTATCGATGAC-3 nt. 715-696
Quantitative PCR TCF-2 Sense - 5-AGACTGCTAGCCGAGTAGTGTTG-3" nt. 235-257
TCR-2 Antisense 5" TGCACGGTCTACGAGACCTC-3 nt. 330-311
TP-03 (Probe) Sense =~ FAM-AAGGCCTTGTGGTACTGCCTGATAGGG-TAMRA  nt. 266-292

The positions refer to the sequence of prototype HCV (GenBank accession no. M58335).
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Fig. 1. Changes in number of donors in acute phase HCV infection
over past decade. Y-axis shows the number of donors in the acute
phase for each HCV genotype.

examination. It is considered that the donors of these
blood samples were in the acute phase of infection or
in the window period when they donated blood. Their
mean ages were 34 + 13 (18-69) years for male and
29 + 11 (16-56) years for female. The number of acute
phase donations peaked in 2001 and has been de-
creasing over the years (Fig. 1), despite the increased
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sensitivity of NAT during that time along with the de-
crease in NAT pool size as well as the increase in sam-
ple volume for nucleic acid extraction. Table II shows
the genotypes of HCV that infected the donors in the
acute phase over the past 10 years. Genotype 2 (2a
plus 2b) and genotype 1b accounted for 77.6% and
21.2% of HCV infections among blood donors, respec-
tively. Genotype 1b has historically been considered
to be the major genotype in Japan accounting for ap-
proximately 70% of all HCV infections among chronic
hepatitis C patients. It has been extremely rare to
identify genotype 1a in Japan.

Direct sequencing of HCV RNA extracted from the
acute phase samples revealed that the amino acid
substitution to glutamine at position 70 (70Q) of the
HCYV core protein was observed in 7 of the 18 samples
with genotype 1b (Table II). There was no significant
difference in the mean viral titer among the 70Q mu-
tant type (3.8 x 107 copies/ml, n = 7), the non-70Q
wild-type of genotype 1b (6.5 x 107 copies/ml, n = 11),
and the non-70Q wild-type of all genotypes
(4.9 x 107 copies/ml, n = 78, Table III). 70Q was first
detected among acute phase donors in 2003 and has
been identified frequently in the following 6 years
(Table III). The identification of these clones was
reported from various regions in Japan, suggesting
that there is no particular specific endemic area for

TABLE II. HCV Genotypes and Amino Acid Substitution 70Q and 91M Found in HCV RNA-Positive and Anti-HCV-

Negative Blood Donors
Genotype
la 1b 2a 2b Total
Number of donors 1(1.2%) 18 (21.2%) 42 (49.4%) 24 (28.2%) 85
Genotype
Amino acid
Position® substitution la 1b 2a 2b Total
70 R 1 11 42 24 78
QR 1 1
Q 6 6
91 LorC . 1 11 42 24 78
M 7 i

“Amino acid position of HCV core protein

TABLE III. Characteristics of Blood Donors With Amino Acid Substitution at Position 70 of HCV Core of Genotype 1b

Year

Gender Age ALT Viral titer 70° 91® reported
F 25 35 5.3 x 10° Q M 2003
F 22 40 1.1 x 108 Q M 2003
M 37 56 2.0 x 107 Q M 2004
F 43 40 9.3 x 107 Q L 2005
M 59 18 5.7 x 108 Q M 2006
F 25 21 1.5 x 107 QR L 2006
M 48 52 1.9 x 107 Q L 2008
Mean viral titer (n = 7) 3.8 x 107

®Amino acid at position 70.of HCV core protein.
®Amino acid at position 91 of HCV core protein.
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them, although the sample number was too small to
draw a conclusion. Amino acid substitution to methio-
nine at position 91 (91M) was also observed in 7 sam-
ples, which were all genotype 1b (Table II). Four
samples had both 70Q and 91M. Neither 70Q nor 91M
was detected in other genotypes.

Eighty-five blood samples positive for both HCV
RNA and anti-HCV were collected from the blood ar-
chive of HCV RNA-positive standard plasma
(Table IV). The donors of these samples were either
asymptomatic chronic hepatitis C patients or other-
wise healthy HCV carriers not knowing their infection
status. It is considered that the time between HCV
acquisition and blood donation was at least 3—4
months for these donors; they were in the post-acute
phase. Male donors predominate in this group with 68
of 85 being males (Table IV), which could be partly
explained by the fact that these samples were collect-
ed from 400 ml whole-blood donations, more than 70%
of which were obtained from male donors in Japan. As
these samples were selected from the blood archive
without using strict randomizing measure, it may be
inappropriate to conduct a statistical evaluation re-
garding the significance of the difference in the mean
age of the donors or HCV genotype distribution be-
_ tween the donor groups. There is still a trend that the
mean ages of the donors in the acute phase (34 + 13
years for male and 29 & 11 years for female) are
younger than those of donors in the post-acute phase
(42 + 12 years for male and 46 + 12 years for female;
Table IV). The proportion of genotype 1b among acute
phase donors is 21.2%, much lower than that among
donors (44.7%) after the acute phase. Accordingly, the
proportion of genotype 2 (2a plus 2b) is higher among
the donors in the acute phase than among donors af-
ter the acute phase (77.6% vs. 54.1%; Table IV).

In this category of asymptomatic carrier donors, the
70Q mutant clone was found in 6 of 38 donors with
genotype 1b (Table IV), three of which were over
50 years of age. It is possible that some of these

TABLE 1V. Profile of Donors of Anti-HCV-Negative and
-Positive Blood With HCV RNA and Genomic Profile of HCV

Found Among Them
Anti-HCV
Negative
(acute phase) Positive
N 85 85
Male: Female 52:33 68:17
" Mean ages

Male 34 +£13 42 +£ 12

Female 29 +£11 46 + 12
HCV-1a 1(1.2%) 1 (1.2%)
HCV-1b total 18 (21.2%) 38 (44.7%)

70Q* 7 6

91M® 7 9
HCV-2a 42 (49.4%) 28 (32.9%)
HCV-2b 24 (28.2%) 18 (21.2%)

2Glutamine at amino acid position 70 of HCV core protein.
®*Methionine at amino acid position 91 of HCV core protein.
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donors might have long-term infection. The 91M
mutant clone was also detected in the genotype 1b
group. Neither 70Q nor 91M substitutions were
detected in other genotypes.

DISCUSSION

In the present study, the number of donors who
were HCV RNA-only-positive was verified to have
decreased over the past 10 years. Because RNA-only-
positive donation implies that the donor acquired
infection within approximately 3 months, it is
considered that the mode of infection observed among
such donors reflects the current mode of infection in
the general population. It is thus speculated that
there is indeed a tendency toward decreasing number
of new HCV infections in the general population. It
should, however, be noted that there are limitations
in a blood donor-based study in terms of estimation of
disease prevalence in the general population. The
blood donor population could be a skewed one
because, for example, people donate blood with di-
verse motivations or because donors are prescreened
by questionnaire about at risk behavior, all of which
would bias donor population in terms of previous
opportunity of exposure to infectious risks. It may still
be possible to speculate reasons for the trend of
decreasing incidence of new HCV infections. One
of them would be the decrease in the number of noso-
comial infections owing to the strengthening of
measures for the prevention of such infections among
medical staff members. It is also possible that the
educational program for the prevention of HCV
infection for the general population has been effective,
although it cannot be ruled out that blood donors with
at risk behavior self-defer from donating. Indeed, JRC
has implemented rigorous measures to prevent
window period blood donations, for example, an
advertising campaign against blood donation after at
risk behavior.

The present study also showed that 77.6% of blood
donors, who acquired HCV infection during the past
few months, were infected by genotype 2. This con-
trasts with the genotype distribution among Japanese
patients with chronic hepatitis C, among which geno-
type 1b is predominant (approx. 70%) followed by
genotypes 2a (20%) and 2b (10%) [Tanaka et al., 1995;
Ohno et al., 1997]. The age and genotype distribution
in the blood donor population positive for anti-HCV as
well as HCV RNA were between those for newly
infected donors and those for chronic hepatitis C
patients. This would indicate the gradual transition of
HCV genotypes among infected people from those in
elderly patients with chronic hepatitis C to those in
asymptomatic carriers and those in newly infected
young people. It is thus speculated that the predomi-
nant viral genotype currently causing HCV infection
among the general Japanese population is genotype 2
(2a plus 2b). The shift of the prevailing genotype from
1b to 2 correlated with the decrease in the mean age

J. Med. Virol. DOI 10.1002/jmv
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of the groups studied. Although the reasons for the
shift are not clear, one possible explanation is that
there was a skewed distribution of genotypes in Japan
with regard to the transmission mode; genotype 1b
was maintained mainly through medical-related
transmission, whereas, genotype 2 was maintained
through nonmedical-related transmission. As a result
of the development of preventive measures for HCV
transmission through medical procedures, the inci-
dence of iatrogenic HCV infection decreased, hence
the decrease in the incidence of infection by genotype
1b HCV. It is speculated that there has been little
progress in the strategies to decrease the incidence of
HCV transmission by means of unhygienic practice,
for example, tattooing or drug injection, and this may
have led to the predominance of genotype 2.

HCV core mutant clones, particularly 70Q, were
observed in blood donors who recently acquired
infection. Interestingly, this amino acid substitution
was only observed in HCV-1b with a frequency of
38.9% (7/18). It has recently been reported that a
treatment regimen of pegylated IFN plus ribavirin
(Peg-IFN + Rib) could induce amino acid mutation in
the core region of HCV [Kurbanov et al., 2010]. A
study of chimeric mouse carrying human hepatocytes
indicated that HCV core mutations appeared after
Peg-IFN + Rib treatment [Kurbanov et al., 2010]. In
this regard, the frequent identification of 70Q among
RNA-only-positive blood donors who acquired infec-
tion very recently was somewhat unexpected. This
finding could indicate that treatment induced mutant
clones are entering rapidly the Japanese general
population. However, such a high incidence of trans-
mission involving blood or body fluid between the
healthy general population and hepatitis C patients
who received treatment is improbable. Moreover, JRC
blood centers do not accept any donations from donors
with a history of treatment for hepatitis C. On evalua-
tion, it is more likely that mutant clones found among
RNA-only-positive blood donors were present long
before the implementation of IFN treatment in the
Japanese population. These clones may have
developed as a result of immune pressures over a long
period of HCV carriage. Although several studies
have verified the association between HCV amino acid
substitution and IFN response, it should be noted
that in such studies the HCV sequences that had been
present before treatment were dealt with [Enomoto
et al., 1996; Akuta et al., 2005]. By estimating serial
alterations of selective pressure against HCV
throughout the phylogenetic tree, sequential reduc-
tion of both the extent of positive selection pressure
such as innate/acquired immunity or endogenous IFN
and the degree of liver injury during the long course
of chronic HCV infection was found [Hanada et al.,
2007]. These findings indicate that the viruses mutate
to an immune-resistant sequence to escape from in-
nate/acquired immune pressures during long-term
HCV infection. Furthermore, virus sequence changes
associated with transmission probably represent

J. Med. Virol. DOI 10.1002/jmv
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selective transmission or the outgrowth of particular
clones [Kuntzen et al, 2007] among a complex
mixture of different but closely related genomes
known as quasispecies [Martell et al., 1992]. It would
thus not be surprising to identify mutant clones such
as 70Q in newly infected bloed donors.

Recently, it has been reported that the number of
mutations in the pretreatment sequences of
IFN + Rib-resistance-determining region (IRRDR)
and IFN-sensitivity-determining region (ISDR) of
HCV has substantial effects on the outcome of the
Peg-IFN + Rib treatment of chronic HCV hepatitis
patients with genotype 1b [El-Shamy et al., 2011]. It
will be interesting to see the difference in the number
of those mutations between HCV derived from RNA-
only positive blood donors and that from chronic HCV
hepatitis patients, which would provide another clue
to the understanding of the relative role of innate/ac-
quired immune pressure and the treatment effect on
the development of mutation. It has also been verified
that human IL28B polymorphism significantly
influences. the response to Peg-IFN + Rib treatment.
If the treatment regimen is determined on the basis of
the patient’s IL28B allele, the distribution of HCV
mutants among HCV hepatitis patients will be altered
after treatment. '

In this study, HCV RNA-only positive blood donors
were examined. There is, however, another group of
donors that should be included in this category of peo-
ple; people newly infected with HCV do not show a
HCV RNA or specific antibody in their peripheral
blood for approximately 1 month after acquiring infec-
tion and were not included in this study. Another cat-
egory of people that underwent self-limited HCV
infection was also not considered in this study. If the
number of donors and the distribution of genotypes or
mutant clones in these categories show patterns quite
different from those in the acute phase discussed
above, the conclusion of this study on the current
trend of new infection would have to be revised.

In conclusion, it is considered that the incidence of
new HCV infection is decreasing among the Japanese
population. The predominant genotype causing the
new infection is genotype 2, which is more responsive
to current treatment regimens than other genotypes.
The treatment-resistant clone 70Q was identified at a
high frequency even among people who acquired new
HCYV infection and was found exclusively in genotype
1b.
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F1 BMMARCHT 3R

ERAIY—ZTEADEE

1952 (HBFI27)4F | 4 HEFE MVE R
1964 (BEF139)4F | 8 BRI OIEHE LT D v TS E
1970 (HBA1 45) 4E | 10 Fr#sgeked (GPT, GOT)
1 HBs B #72 (DRID #)
1972 (KR 47) 4 - ; C
4 HBs JUERAEZEE (ES &) i)
1975 (W1 50) 4 | 10 BRI L E (GOT) i
1978 (BEF1 53) 4 | 4 HBs HUEMRAZE (RPHA i)
1981 (FBFI1 56)4F | 1 R AL (GPT)
1986 (FRF1 61) 4E | 11 HIV AR (EIA )
HTLV-1 Htf#2 (PA 1)
1987 (K31 62) 4 | 10 HIV fiif A E (PAER)
1989 (FRk 1)4F | 12 | HCV $ifk#zs (EIA &) HBc Hiff iz (HI %)
1992CFR 4) 4 | 2| HCV Hiff A2 E (PHA i S #ARZE)
1993 (R 5)4E | 9| HCVHMALEE (PHA K ¥ /213 PAY: « T HARE)
1994 CFRL 6)4E | 3 HIV-2 Hiffig s (PA 1)
9 WRRE R
1996 (FAL 8) 4 0 HIV1/2WZ!&1&§%EE(PA?£: a
¥ R— g VRE)
1997 CERE 9)4E | 9 ;&gﬁgﬁfﬂszmﬁﬁ
1998 (FRL 10) & | 2 M L& AR A2 T (TPPA ¥%)
HBV, HCV, HIV BHRA (NAT) A
1999 (FRL 11) 4 | 10 ﬁw7~w&4x§§fm@ (NAT)
BV, HCV, HIV# = NAT e
2000(FR12) % | 2 ‘;%5007)‘6502&*’%“] B (NAT) Brfh
: 5 NAT 7= 4
2004 CER 16)4E | 8 i?soicﬁ‘f& ?g;&@mﬁﬁﬁ( YR
- HBV, HCV, HIV-1/2 BEiBHE (NAT) A3 - # | HBs B, HBsHuff, HBcHUE,
WOSCPI20E | 8| hT oo W L, ¢ b
- HCV §iuff i A £ E (CLEIA 1K) 7 4V A B19 g #7% (CLEIA 8:)
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197046 10 A, BRMMBE DA Z ) —=2 7
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£10 A X b 500 NG omRMmERAEE 7—v L,
Fh ekl L7z NAT 258484 & v /- (I 8
A LMo A K LCTER). 2000
F2HNATOMBBREL2 SO L7207 —
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WA X% 50 Aicfa/h L, 200448 HIZT
— A4 XE 208 L7 2008 115 —HiAX
DRI - BB~EHEERY, WECHERT LB
RE% 200 L5 850 uL & 4.25 i E LK
WREOH LMo/ F/2, HHAORE
T HIV-17213T% { HIV-2 R T iE &
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5> TWw5, HCVIZH§ % NAT O & EE &
33.5copies/mL(12.41U/mL) THh 5. 7z,
MBBRISERE 7 EORFFNT 2 W HRICT 5
7212, 1996 4E 9 A A 6 &EIMEt >~ & — I3
MMHEDOREERET L VAT LA EEHLL

2. HCVHBFER U —Z2 TIREODEA
®hR

HCVHLfEA 7 Y —= v FREEE R 0
BARBRIZOWT, BEARBOBMBTRZOSRE
AR & 2 B (1-10 BAALEGMLER & 11-20 BLAZE
MEE) TN LzkER, Zheh, EAR49%
L163%DFEEFETHo oD LT, EA
$#1E19% & 33% ALY Lal, HCV
Ptk A 7 ) —= v 7 (B—HR) BARD,
WMBIT R DFEDRD b, POEFIHRE L
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Ny EREE LE—iROHCVHEAZ Y
— =V IREIIRE EFRESME L, HCV
gl % TR T E W EATRBE S iz
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IEE RN EEBZEOBMBEITFROFEFE
% 6,458 Bl DI B E & N FIBHRAEE1To
oA, WMBIFREIZ048% X THAL, C
R ROHESHIE1IFDER S N ho 720
HCVICEHBBEOBETFEIFET S 2 LH A
LNTWBY, a7y vnRrza—F{5Ex
FHEBOBEREF TEETRERTIRESR
Twb DFh, arsy sy rsemilg2
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HCVESFI Z L BRBTE, X7 —=
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K2 Emtk HCOV RS E U TEEERMY S

HE SN AR DS OREY
1994 | 23 0 6 17
1995 25 0 17 8
1996 | 33 1 17 15
1997 29 1 24 4
1998 | 51 7 42 2
1999 60 5 54 1
2000 | 56 0 56 0
2001 | 51 0 51 0
2002 | 33 0 32 1
2003 | 58 0 57 1
2004 | 70 0 70 0
2005 | 64 1 62 1
2006 | 45 1 44 0
2007 33 1 32 0
2008 | 29 0 29 0
2009 18 0 18 0

XD HCVHRE L - W lEsH 722 L 12k
B, BV zIE, NATEARNIC D FREC 14EH
WI0BU EOBERMZBAEL T2 ok
5.

3. BEFERLE & - IROEH

TR MBI RC, BB HCV ik
B CTEREREICEB SN DD THo L
L, EREE>SMMBRISEL LTt
2, BRUCBERGEEREELLLE S 176
(BRI 1Z 16 B1) § X TI1Z HCV-RNA 254 X
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B CTEZRME T T, HCVH A B
LTBY (F—r48), WPOBIMLILE TH 5
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£3 MEFEtL>2—ICHES hBMBLE

1991 1
1992
1993 1
1994 1
1995 1
1996 1 1
1997 12 1 1
1998 22 7
1999 21 5 2(1) 1
2000 5 1 2
2001 7
2002 8 3 1
2003 12 1 1
2004 20 2
2005 11 1 3 1 1&
2006 6 1 1 1 3
2007 13 1*
2008 4 2 2
2009 7 1 2
*:120 7— VWP
(1): BRImFE 14
&: EHHEE & B AR & TOMITHE R IREEH
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WENED LN D o7z M2 2b EHAL - &
BTRHEINTBELT, AMNTRREDTH-
7o DS EDRDOMIRTIEH F ) ZDFED S h
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5. NATEAZOEIMICE 5 CRFFRD
FRERREZREYRY
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H ARGk 69 % W75 4 (2011)

#4 FRMKEBEOER

1| 1996 | 46(B) | SurmsiE 581 2a + ] 2a - | 23(%)
2 1997 | 70(&) | &%V »oMEAmE 254 1b + 1b — | 26(®)
3 1998 | 63(8) | BRERESIEGRE 123 1b + 1b — | 19(%)
4 1998 | 60(5%) | HmEEEE 81 2a + 2a — | 34(8®)
5 1998 | 56(3B) | B¥E 221 2a + 2a — | 34(8)
6 1998 | 32(8) | R#HEEE 245 N.T + 1b — | 23(%0)
7 1998 | 65(8B) | +EHHm 211 2a + 2a — | 48(%)
8 1998 | 78(&) | BMEBMEEIMmR 107 1b + 1b — | 29(x)
9 1998 | 63(%) | AARMEHEIEN 308 1b + 1b — | 9K
10 1999 | 48(8) | &HRMUERE 11 2b + 2b — | 32()
11 1999 | 75(F) | FFHERaRE 298 2b + 2b — | 38(%)
12 1999 | 38(%&) | HAEARMEM 46 1b + 1b — | 20(%)
13 1999 | 48(%H) | BiEE 903 1b + 1b — | 27(8)
14 1999 | 69(%) | ZHRUEHE 69 N.T + N.T — | 37(®)
15 2005 | 81(%) | BRERBIEREE 407 1b + 1b — | 4
16 2006 | 35(%&) | EACBREER IRk 12 2a + 2a — | 21()
17 | 2007 | 54(%&) | BEARMEEM 26 2a + 2a — | 22(%)

fEFI 4, 5 DOEIME IXFE—

ERMANC IR - BRAFRTE Bk b BAF S

EFEEPOMESNTL DA, FEINDLH
BB TR L, #ifl & RO HCV i
ZEFNICAET 5 2 EPLETEIRVRNLR
bbb,

6. 1XYUXTOIIK(SHOT &)

BImLZ X 5 BF45id 2004 4E 2 HEV @ 141, 2005
FWCHBVO 1BIBFAE SN TWED, R
Feid, MRS ELERE 2o Twb.,

(from http://www.shotuk.org/shot—reports/
reports—and —summaries—2001—2002/)

7. MEHEHFIC K S HCOV

I BH T HCV REAHE L 2o DI,
FEMBHEFNTH S, BETIE, BEICT4TY
J 4 v EH, EEERFEAZ &S S E
ZCREE oz FIESOTY) VEHITHN

7 A & —4t @ Gammagard (2 B L 72 HCV &5
A &h, HCV#AAR{HELT 5 S/D B HL
BTRICEASK-EEDLH LY. 20k, 0
EAEHANCOVTIEY A4 VADOKRE - AEL
THEZ2EUEEATSEZLEVBRERTON,

A7 &%, HBV - HCV - HIVOBEETREF O
YANAZ YT T Y AREA 100D LR HEEL
ZLTRWIZNWZ Lo TS, Ez, E
HECEIMAEIZ oW TIiX, NATEAIIZX ) VA
WARBAEISBIRE THRLLoT0A. KT,
2010 4EfEH 212 HIV, HBV, HCV 219 5
NAT o B AS HBV-DNA (2,000 1U/mL), HCV-
RNA(2,0001U/mL), HIV-RNA(4,0001U/mL)
LEEINLFETHHIUNERAADOY A NV
AT HEEMHRZ B L Lz NATIZH
Bl SNHBMEBREICOWT. FHR224E 10
A 6 H 442 A 55844 1 38 & 5 R IO SRR &
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D), BRONATWEIh% LEZEECEML  CTHIMIC L2 CHIFAIMRL, FETE2Y
T2 OTHEE R Y. 2FY, BE, THIC  AZ&hol Lal, YuyixsTidnd
Tl LTV IMMEEANC X o CTHCVEEGEE  TONAT VA7 A ThT YT 5 WP O
B, BEETE v, EEEBEM T @il e dq

8 t & & DEREREZ WAL L2, HCVREREOR
WM D 7- D12 b PARED & cHUE~EE
BRI 3§25 NATOEA L KEIZL > B2 EHHETDH 2.
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Background: Type 1 interferon alpha recebtor 2 (IFNAR?2) in the liver has been reported to be
a predictive factor for the response to intra-arterial 5-fluorouracil (5-FU) + systemic interferon
(IFN)-alpha combination therapy in patients with advanced hepatocellular carcinoma. We tested
whether IFNAR2 expression in peripheral blood mononuclear cells could predict the response
to 5-FU + IFN.

Methads: Predictive factors for survival and response to therapy were determined in 30 patients
with advanced hepatocellular carcinoma who underwent treatment with 5-FU + I[FN. IFNAR?2
expression in peripheral blood mononuclear cells was measured in 11 of the 30 patients.
Results: With a mean number of 4.2 courses of combination therapy, one patient (3%) showed
a complete response, eight (27%) showed partial responses, 13 (43%) had stable disease, and
eight (27%) showed progressive disease. The median survival time of responders (complete
response/partial response) was 12.7 months and that of nonresponders (stable disease/progressive
disease) was 7.5 months. The one-year and two-year cumulative survival rates of responders
and nonresponders were 87/69% and 40/11%, respectively (£ = 0.019). Multivariate analysis
identified response to therapy (P = 0.037) as the sole independent determinant of survival. The
expression level of IFNAR2 in peripheral blood mononuclear cells was significantly (P=0.012)
higher in responders (6.5 + 2.4) than in nonresponders (2.4 £ 0.6), even though no clinical factors
were identified as being associated with the response to the combination therapy.
Conclusion: [FNAR2 expression in peripheral blood mononuclear cells may predict the
response to 5-FU + IFN therapy in patients with advanced hepatocellular carcinoma, although
these data are preliminary.

Keywords: interferon, 5-fluorouracil, hepatocellular carcinoma, receptor

Introduction

Hepatocellular carcinoma is the third leading cause of cancer-related death globally,
behind lung and stomach cancers.! Its incidence has been increasing in Japan in the last
30 years” and also in the US more recently.’ Intensive management of patients at high
risk for hepatocellular carcinoma and advances in diagnostic techniques have facilitated
the detection of hepatocellular carcinoma in the early stage.*” Simultaneously, several
therapeutic modalities, including hepatic resection, liver transplantation, radiofrequency
ablation, percutaneous ethanol injection, and transcatheter arterial chemoembolization
have substantially improved the prognosis of patients with hepatocellular carcinoma.®!

Email khino@med kawasaki-m.ac.jp Nevertheless, we still sometimes see patients with advanced hepatocellular carcinoma
subauit your nuanusCape ! e e Hepatic Medicine: Evidence and Research 2011:3 45-52 45
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at their first visit or after repeated treatment due to the fre-
quent recurrence of the disease.

The prognosis of patients with advanced hepatocellu-
lar carcinoma, especially if complicated by portal venous
invasion, is extremely poor.'>"* Recently, sorafenib, an oral
multikinase inhibitor of the vascular endothelial growth fac-
tor receptor, the platelet—dérived growth factor receptor, and
Raf, has been shown to prolong median survival time and
the time to progression by nearly three months in patients
with advanced hepatocellular carcinoma as compared with
those given placebo.'* However, no complete responses and
only a few partial responses (2%) were found in the same
study. Although sorafenib can be used for the treatment of

patients with advanced hepatocellular carcinoma, its clinical .

effectiveness is still controversial in Japan. According to
the consensus-based clinical manual proposed by the Japan
Society of Hepatology,' arterial infusion chemotherapy
using an implantable drug delivery system is recommended as
one of the treatments for advanced hepatocellular carcinoma
with portal venous invasion, based on the favorable results
of combination therapy with intra-arterial 5-fluorouracil
(5-FU) + systemic interferon (IFN)'*'* or another combi-
nation of low-dose cisplatin + 5-FU.2*? To improve the
effects of these combination‘therapies and to increase the

" response rates, it is important to find a practical and useful
predictor of the response to therapy. Hepatic expression of
type I interferon alpha receptor 2 (IFNAR2) has been shown
to correlate with the response to 5-FU + IFN in patients
with advanced hepatocellular carcinoma and portal venous
invasion.!” However, liver biopsy is sometimes difficult
to perform before combination therapy in patients with
advanced hepatecellular carcinoma because of a bleeding
tendency with a low count platelet and/or decreased activ-
ity of prothrombin. In this pilot study, we tested whether
IFNAR2 expression in peripheral blood mononuclear cells
could predict the response to 5-FU + IFN in patients with
advanced hiepatocellular carcinoma. ’

Materials and methods

Patients

A single-arm, open-label study of intra-arterial combination
thegapy was conducted in patients with advanced hepatoceliu-
lar carcinoma. Eligibility criteria were as follows: hepatocel-

Tular carcinoma with tumor thrombi invading at least one of

the major branches of the portal vein (Vp3-or Vp4, according
to the criteria of the Liver Cancer Study Group of Japan
[LCSGJ]) or multiple intrahepatic metastases in more than
three segtnents, irrespective of the degree of portal venous

invasion (Vpl, Vp2, Vp3, or Vp4); tumor staging I1I or [VA
based on the TNM (tumor node metastasis) staging system of
the LCSGJ; absence of extrahepatic metastases; Child-Pugh.
A or B liver function; an Eastern Cooperative Oncology
Group (ECOG) performance status of 0-1;% leukocyte
count >2000/pL; platelet count >50,000/uL; unresectable
disease or not suitable for local ablation therapy; and unlikeli-
‘hood of effectiveness with transcatheter arterial chemoembo-
lization. All patients provided written informed consent for
this study, which was approved by the institutional review
board of Kawasaki Medical University.

Implantation of intra-arterial catheter

An indwelling intra-arterial catheter (Piolax W spiral
catheter, Piolax Medical Devices Inc, Kanagawa, Japan)"
was inserted through the femoral artery by the Seldinger
method, and its tip was put in the proper hepatic artery or
common hepatic artery, embolizing the right gastric and
gastroduodenal arteries to.avoid efflux of chemotherapeutic
agents into the stomach and duodenum. The other end of
the catheter was connected to the injection port (Vital-Port,
Cook Japan, Tokyo, Japan) subcutaneously implanted in the
lower abdomen. '

Evaluation of response to therapy

The response to therapy was assessed with contrast-enhanced
computed tomography after each therapeutic cycle. The
response was defined according to the Response Evaluation
Criteria in Solid Tumors (RECIST)? as: complete response
(complete disappearance of all target lesions); partial
response (at least a 30% decrease in the sum of the longest
diameter of the target lesions), taking as reference the base-
line sum of the longest diameter; progressive disease (at least
a 20% increase in the sum of the longest diameter of target
lesions or the appearance of one or more new lesions); or
stable disease (neither partial response nor progressive
disease criteria). The best response to therapy was defined
as the response to therapy when a different response, such
as partial response or stable disease, was found in the same
patient during multiple treatment cycles. Adverse reactions
were assessed using the National Cancer Institute Common
Toxicity Criteria (NCI-CTC, version 3.0, [http://ctep.cancer.
gov/reporting/ctc.html]).

Treatment protocol

One cycle of treatment consisted of four weeks in whxch
5 x 10¢ U (5 MU) of IFN-alpha (OIF; Otsuka Pharma-
ceutical, Tokyo, Japan) was administered intramuscularly
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on days 1, 3, and S of each week, resulting in a total dose
of 60 MU per cycle. 5-FU (Kyowa Hakko, Tokyo Japan)
500 mg/day was administered into the hepatic artery over
five hours using a portable infusion pump on days 1-5 of
the first and second weeks (5 g per cycle). The combina-
tion therapy was discontinued in patients who did not meet
the eligibility criteria and also in those with progressive
disease or NCI-CTC Grade 3 adverse reactions, otherwise
the treatment was repeated after a 2—4-week rest period
without treatment.

Measurement of [FNAR2 expression

in peripheral blood mononuclear cells
Peripheral blood mononuclear cells were separated from
10 mL of heparinized blood by density gradient centrifuga-
tion using Ficoll-Hypaque (Amersham Pharmacia Biotech,
Uppsala, Sweden), washed three times with RPMI 1640
culture medium, and stored at —~80°C until use. RNA
was extracted from the homogenized peripheral blood
mononuclear cells using a High Pure RNA kit (Roche
Diagnostics Ltd, Germany), and its integrity was confirmed
by spectrophotometry. The IFNAR2 mRNA expression
level was quantified using an ABI PRISM 7700 Sequence
Detection System (Applied Biosystems, Foster City, CA)
and real-time reverse transcription polymerase chain
reaction (RT-PCR), as described previously.” Briefly, a
RT-PCR assay was performed on a 25 pL reaction mixture
containing 20 ng of sample cDNA, 100 nM sense primer,
100 nM antisense primer, and 12.5 uL of SYBR Green PCR
Master Mix (Applied Biosystems). The following specific
primers were designed to amplify their respective genes;
IFNAR2, sense; 5'-GAAGGTGGTTAAGAACTGTGC-3,
antisense; 5-CCCGCTGAATCCTTCTAGGACGG-3';
B2-microglobulin, sense; 5'-ACCCCCACTGAAAAAGAT
GA-3’, antisense; 5-ATCTTCAAACCTCCATGATG-3".
The PCR was carried out for 45 cycles at 95°C for 15 sec-
onds and 60°C for one minute. A standard curve for each
mRNA expression was generated using five-fold dilutions
of a control RNA sample (25x, 5x, 1%, 0.2x, and 0.04x).
The mRNA expression levels of the target genes (IFNAR2)
were presented as a ratio to that of f2-microglobulin, and
the relative expression levels were calculated.

Statistical analysis

Quantitative values were expressed as the mean + standard
deviation. Cumulative survival was calculated using the
Kaplan—-Meier method, and the differences between the
groups were analyzed using the log-rank test. Univariate and

multivariate analyses of predictors of survival were assessed
by the Cox proportional hazards model. Univariate and
multivariate analyses of predictors for the response to therapy
were assessed by the logistic regression test. Differences
between the two groups were examined for statistical sig-
nificance using the Mann—Whitney U test. A P value < 0.05
was considered to be statistically significant. All analyses
described above were performed using SPSS software (ver-
sion 11, SPSS Inc, Chicago, IL).

Results

Patient profile

Forty-five patients with advanced hepatocellular carcinoma
fulfilled the eligibility criteria for S-FU + IFN therapy. Among
them, 30 patients (24 men and six women) with an aver-
age age of 64.7 £ 1.8 (range 48-84) years provided written
informed consent to receive the combination therapy. Patient
characteristics at baseline are shown in Table 1. Eight patients
were positive for both hepatitis B (HBV) surface antigen and
HBV DNA, and 18 for both anti-hepatitis C virus (HCV)
and HCV RNA. The remaining four patients were negative
for both hepatitis B surface antigen and anti-HCV. Liver dis-
ease stage was Child—Pugh A and tumor stage was IV in 23
patients (76.7%). The integrated staging scores for the Japan
Integrated Staging? and Cancer of the Liver Italian Program
(CLIP)" were =3 in 23 (76.7%) and 17 patients (56.7%),
respectively. Twelve patients (40%) had portal venous inva-
sion at a major branch (Vp3) or in the main trunk (Vp4).

Table | Patient characteristics

Number of patients 30

Age, years, mean + SD (range) 64.7 + 1.77 (48-84)
Gender, male/female 24/6

Etiology (HBV/HCV/NBNC) 8/18/4

Total bilirubin (mean £ SD, mg/dL) 1.1 +0.
Albumin (mean + SD, g/dL) 3.5+0.08
Prothrombin time (mean + SD, %) 772422
Platelet count (mean + SD, x10*pL) 147+ 14

AFP (mean + SD, ng/mL) 33,715+ 13,255
AFP-L3 (mean + SD, %) 23.1 £ 46

DCP (mean * SD, mAU/mL) 37905+ 17,417
Child—Pugh status (A/B/C) 23(710

TNM staging by LCSGJ (HI/IVA) 7123

JIS score (1, 2/3, 4, 5) 7123

CLIP score (1, 2/3, 4, 5) 1317

Portal vein invasion (Vp! or Vp2/Vp3 or Vp4) 18/12

Abbreviations: HBV, hepatitis B virus; HCV, hepatitis C virus; NBNC, non-HBY
non-HCV; AFP, o-fetoprotein; DCP, des-y-carboxy prothrombin; TNM, twmor
node metastasis; LCSG), Liver Cancer Study Group of Japan; JIS, Japan integrated
staging; CLIP, Cancer of the Liver Italian Program; SD, standard deviation.
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and survival

Thirty patients with advanced hepatocellular carcinoma
completed 5-FU + IFN therapy, with a mean treatment
cycle number of 4.2 (range 2—12). The median survival time
was 7.5 months, and the one-year and two-year cumulative
survival rates were 53% and 33%, respectively. Of these 30
patients, one (3%) had a complete response, eight (27%)
had a partial response, 13 (43%) had stable disease, and 8
(27%) had progressive disease, ie, nine (30%) had objec-
tive responses (complete response or partial response). The
median survival time of responders (complete response/
partial response) was 12.7 months and that of nonresponders
(stable disease/progressive disease) was 7.5 months. The
one-year and two-year cumulative survival rates for respond-
ers and nonresponders were 87%/69% and 40%/11%,
respectively. Thus, there was a significant difference in the

overall survival rate between responders and nonresponders
(P =0.019, Figure 1).

Factors associated with survival

We investigated the predictors of survival in patients who
underwent 5-FU + IFN therapy. Univariate analysis identi-
fied total bilirubin concentration (P = 0.005), CLIP score
(P =0.019), and response to therapy (P = 0.033) as factors
associated with survival (Table 2). Among these factors,
multivariate analysis identified the response to therapy
(P =0.037) as a significant and independent determinant of
survival (Table 3).
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Figure | Comparison of overall survival rates of responders (complete response
or partial response) and nonresponders (stable disease or progressive disease) to
5-FU + IFN therapy. The survival rate was significantly higher in responders than in
nonresponders (log-rank test, P=0.019).

Abbreviations: 5-FU, 5-fluorouracil; IFN, interferon.
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Table 2 Univariate analysis of predictors for survival
Variable Hazards 95% Cl P value

ratio
Age 0.956 0.907-1.007 0.091
Male 2,675 0.694-10.311 0.153
HBsAg positive 0.460 0.169-1.249 0.128
Anti-HCV positive 1.503 0.604-3.735 0.381
Total bilirubin (mg/dL) 3222 1.420-7.313 0.005
Albumin (g/dL) 0413 0.143-1.193 0.102
Prothrombin time (%) 0.964 0917-1.014 0.160
Platelet count (x10%ul)  0.976 0.918-1.036 0976
AFP (<100 ng/ml) 1372 0.551-3.416 0.497
AFP-L3 (<20%) 1.509 0.610-3.731 0.373
DCP (<100 mAU/mL) 0.445 0.101-1.954 0.283
Child—Pugh status A 2.549 0.950-6.843 0.063
Tumor stage lit 2995 0.858-10.460 0.086
JIS score (<3) 2995 0.858-10.460 0.086
CLIP score (<3) 3421 1.222-9.576 0.019
Portal vein invasion 2.288 0.871-6.010 0.093
(<Vp3)
Response to therapy 4.960 1.136-21.668 0.033
(CR or PR)

Abbreviations: Cl, confidence interval; HBsAg, hepatitis B surface antigen; HCV,
hepatitis C virus; NBNC, non-HBV non-HCV; AFP, a-fetoprotein; DCP, des-y-
carboxy prothrombin; TNM, tumor node metastasis; LCSGJ, Liver Cancer Study
Group of Japan; JIS, japan Integrated Staging; CLIP, Cancer of the Liver ltalian
Program; CR, complete response; PR, partial response.

Factors associated with response

to combination therapy

We examined factors associated with the response to
5-FU +IFN therapy, because response to therapy was found
to be the only independent factor associated with survival
in patients who underwent treatment with this combination.
However, univariate and multivariate analyses did not iden-
tify any significant factors associated with response to the
combination therapy (Table 4).

IFNAR?2 in peripheral blood mononuclear
cells and response to 5-FU + IFN

To explore factors associated with the response to the combi-
nation treatment, we next measured IFNAR2 mRNA expres-
sion in peripheral blood mononuclear cells in 11 patients
from whom peripheral blood mononuclear cells were

Table 3 Multivariate analysis of predictors for survival

Variable Hazards 95% Ci P value
ratio

Total bilirubin (mg/dL) 1.076 0484-3.711 0.574

CLIP score (<3) 3434 0.907-13.000 0.069

Response to therapy 5.478 1.108-27.093 0.037

(CR or PR)

Abbreviations: CLIP, Cancer of the Liver Italian Program; CR, complete response;
PR, partial response; Cl, confidence interval.
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Table 4 Univariate and multivariate analyses of predictors for the response to 5-FU + IFN therapy

Variable Univariate analysis Multivariate analysis
Odds ratio 95% Cli P value Odds ratio 95% Ct P value

Age 1.034 0.951-1.125 0.431 - - -
Male 0.333 0.053-2.115 0.244 0.266 0.036-1.966 0.194
HBsAg positive 0.250 0.026-2.416 0.231 0.204 0.019-2.216 0.191
Anti-HCV positive 1.818 0.357-9.272 0.472 - - -
Total bilirubin {mg/dL) 0.607 0.132-2.796 0.552 - - -
Albumin (g/dL) 1.139 0.206-6.297 0.882 - - -
Prothrombin time (%) 0.976 0.912-1.045 0.486 - - -
Platelet count (x10*/uL) 1012 0915-1.118 0.820 - - -
AFP (<100 ng/ml) 0.880 0.183-4.226 0.873 - - -
AFP-L3 (<20%) 0.727 0.151-3.493 0.691 - - ~
DCP (<100 AU/mL) 0.750 0.067-8.363 0.815 - - -
Child-Pugh status A 3.198 0.326-31.39 0.318 - - -
Tumor stage lll 0914 0.142-5.902 0.925 - - -

JIS score (<3) 0914 0.142-5.902 0.925 - - -
CLIP score (<3) 2.031 0.417-9.886 0.380 - - -
Portal vein invasion (<Vp3) 2031 0.417-9.886 0.380 - - -

Abbreviations: HBsAg, hepatitis B surface HCV, ¢

patitis C virus; NBNC, non-HBV non-HCV; AFP, a-fetoprotein; DCP, des-y-carboxy prothrombin; TNM, tumor

node metastasis; LCSGJ, Liver Cancer Study Group of Japan; JIS, Japan integrated staging; CLIP, Cancer of the Liver Italian Program.

available before therapy, because the effect of 5-FU + IFN
has been demonstrated to depend significantly on hepatic
IFNAR?2 expression,'” and there is a significant correlation
between IFNAR2 expression in the liver and peripheral
blood mononuclear cells.?® Seven of the 11 patients were
responders (complete response/partial response) and the
remaining four patients were nonresponders (stable disease/
progressive disease). The expression level of IFNAR2
in peripheral blood mononuclear cells was significantly
(P =0.012) higher in responders (6.5 + 2.4) than in nonre-
sponders (2.4 + 0.6, see Figure 2).

Adverse reactions and complications

Most patients complained of flu-like symptoms, including
fever, nausea, and loss of appetite, but the degree of these
adverse reactions was NCI-CTC Grade 1 or 2. Among
patients with NCI-CTC Grade 3 adverse reactions, stomatitis
was observed in two patients, diarrhea in one, leukopenia in
one, thrombocytopenia in one, and hemorrhagic gastric ulcer
in another. None of the patients required administration of
granulocyte colony-stimulating factor or blood transfusion.
There were five complications resulting from the arterial
catheter, ie, occlusion in two patients, infection associated
with the indwelling catheter in two patients, and dislocation
in a further patient.

Additional therapy
Three patients each were treated with transcatheter arte-
rial chemoembolization and intra-arterial 5-FU + cisplatin,

respectively, after identification of progressive disease.
Three patients assessed to exhibit a partial response had
additional therapy, one of whom underwent partial hepate-
ctomy because of downstaging of hepatocellular carcinoma,
and the other two were repeatedly treated with transcath-
eter arterial chemoembolization because of dislocation
of an indwelling intra-arterial catheter or downstaging of
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Figure 2 Expression levels of IFNAR2 in peripheral blood mononudiear cells in
responders (complete response or partial response) and nonresponders (stable
disease or progressive disease) to 5-FU + IFN therapy. The relative quantities of
IFNAR2 mRNA in peripheral blood mononuclear cells were normalized to B-actin
mRNA. The results are shown as box plot profiles. The bottom and top edges of the
boxes are the 25th and 75th percentiles, respectively. Median values are shown by
the lines within the boxes. IFNAR2 expression was significantly higher in responders
than in nonresponders (Mann-Whitney U test, P = 0.012).

Abbreviations: IFNAR2, Type | interferon alpha receptor 2; 5-FU, S-fluorouracil;
IFN, interferon.
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