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SUMMARY. Pegylated interferon-« (PEG-IFN-«) plus ribavirin
(RBV) treatment fails to achieve a sustained virological
response (SVR) in approximately 20-50% of patients with
chronic hepatitis C virus (HCV) infection. We assessed the
contribution of an anti-IFN-o neutralizing antibody (NAb)
on the nonresponse to treatment. NAbs were detected using
an antiviral assay that assessed the neutralizing effects of
serum samples against IFN. Serum samples were obtained
at the end of the treatment and evaluated for the presence
of NAbs using recombinant IFN-« as a standard. We studied
129 PEG-IFN-a/RBV-treated patients. In the 82 end-of-
treatment responders, no NAbs were detected. Of the 47
patients who did not respond, seven (15%) were positive for
NAbs. We also examined an additional 83 patients who had
not responded to PEG-IFN-o treatment, and detected
12 with NAbs. Patients with good IFN-responsive char-

acteristics, including HCV genotype 2/3 and major allele
homozygotes for interleukin-28B, were included in the 19
patients with NAbs. No NAbs interfered with the antiviral
activity of natural human IFN-f (nIFN-f) and re-treatement
of patients with NAbs with nIFN-£/RBV achieved SVR. Our
analyses revealed that the emergence of anti-IFN-o NAbs
was a candidate causal factor of PEG-IFN-a-treatment fail-
ure. Therefore, these antibodies should be assayed in pa-
tients who do not respond to PEG-IFN-a therapy, and if
detected, other effective treatments, i.e., medications that
are not neutralized by anti-IFN-o NAbs, should be con-
sidered.

Keywords: anti-interferon-o¢ neutralizing antibody, chronic
hepatitis C, natural interferon-f, nonresponse, pegylated
interferon-a.

INTRODUCTION

Currently, the standard therapy for chronic hepatitis C virus
(HCV) infection is pegylated interferon-oo (PEG-IFN-«)
combined with ribavirin (RBV), whose sustained virological
response (SVR) rate is approximately 50% in genotype 1

Abbreviations: ALT, alanine aminotransferase; EVR, early virologi-
cal response; HCV, hepatitis C virus; IL28B, interleukin-28B; ISDR,
interferon sensitivity-determining region; NAb, neutralizing anti-
body; nIFN, natural interferon; NR, nonresponse; PCR, polymerase
chain reaction; PEG-IFN-o, pegylated interferon-o; RBV, ribavirin;
rIFN, recombinant interferon; RR, relapse response; SVR, sustained
virological response; TRU, 10-fold reduction unit.
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patients with a high viral load. However, 30-40% of patients
remain HCV RNA-positive (nonresponders) at the end of
therapy [1-3]. Many host characteristics (e.g. age, sex and
interleukin-28B (IL28B) gene polymorphisms) and viral fac-
tors (e.g. genotype and mutations in the HCV RNA
sequence) are reportedly associated with a nonresponse (NR)
to PEG-IFN-o therapy; however, not all ‘TFN-responsive’
patients respond to PEG-IFN-¢, indicating that additional
IFN-unresponsive factor(s) may exist.

Anti-IFN neutralizing antibodies (NAbs), which bind to
IFN and interfere with its biological activity by blocking its
interaction with its receptor, were considered responsible for
the failure of host-related recombinant IFN (rIFN) treatment
[4]. The presence of anti-IFN NAbs is a common problem in
patients who receive IFN treatment for conditions such as
leukaemia, multiple sclerosis and chronic hepatitis C [5-8].
The prevalence and clinical effects of anti-IFN-f NAbs have
been particularly well analysed in patients with multiple
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sclerosis [8,9]. The European guidelines for multiple sclerosis
patients recommend measuring NAbs during rIFN-f therapy
and discontinuing rIFN-$ therapy in NAb-positive patients
[10].

Several studies have suggested that among chronic
hepatitis C patients receiving rIFN-a (which was the first-
choice treatment for these patients before the generation of
PEG-IFN-a), the emergence of anti-IFN-o NAbs is higher in
the NR group than in the responder group [5,11,12].
Meanwhile, the development of anti-IFN-« NAbs in patients
receiving PEG-IFN-a has been poorly examined; the asso-
ciation between anti-IFN-z NAbs and NR to PEG-IFN-a
therapy is unclear. Consequently, the guidelines from the
American Association for the Study of Liver Diseases, the
European Association for the Study of the Liver and the
Japan Society of Hepatology for hepatitis C include no
description of anti-IFN NAbs, and NAbs are not measured
in PEG-IFN-a-treated patients. Thus, the clinical impact of
anti-IFN-o NAbs has not been considered in PEG-IFN-o-
treated patients.

In this report, to assess the association of NAbs with NR,
we measured anti-IFN-o NAbs in the sera of chronic hepa-
titis C patients who received PEG-IFN-¢/RBV treatment. We
determined the emergence rate of NAbs and verified the
clinical significance of NAb detection in PEG-IFN-o/RBV-
treated patients. Additionally, we assessed the specific
characteristics of anti-IFN-¢ NAb-positive patients. We also
assessed the potential antiviral efficacy of other types of IFN
in anti-IFN-oc NAb-positive patients.

PATIENTS AND METHODS

Patients

The serum levels of anti-IFN NAbs were measured in 129
patients with chronic hepatitis C who received treatment
with PEG-IFN-«2a/RBV or PEG-IFN-¢2b/RBV from March
2005 to March 2009 at Hyogo College of Medicine Hospital
(Study 1). To identify and assess the characteristics of
additional anti-IFN-« NAb-positive patients, we also exam-
ined 83 NR patients who received PEG-IFN-a2a or PEG-
IFN-02b with or without RBV from April 2009 to Decem-
ber 2010 in Hyogo College of Medicine Hospital and 12
other hospitals in Japan (Study 2). All patients examined
for anti-IFN NAb agreed to the research and some also
agreed to genomic research. All patients provided written
informed consent. This study was approved by the ethics
committees of the appropriate institutional review boards in
accordance with the Declaration of Helsinki (Hyogo College
of Medicine Approved No. Hi-78, Hi-92 and Hi-112).
PEG-IFN-a2a (PEGASYS; Roche, Basel, Switzerland) was
administered at 180 ug/week for 24-72 weeks together
with 0.6-1.0 g/day RBV (COPEGUS; Roche). PEG-IFN-a2b
(Pegintron; Merck, Whitehouse Station, NJ, USA) was
administered at 60-150 ug/week for 24-72 weeks along
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with 0.6-1.0 g/day RBV (Rebetol; Merck). Natural human
IFN- (nIFN-B, FERON; Toray Industries, Tokyo, Japan)
was administered at 6.0 x 10° IU/day for 4 weeks and
6.0 x 10° IU three times/week for the next 20-44 weeks
(2448 weeks in total) together with 0.6-1.0 g/day RBV
(Rebetol; Merck). Serum samples were obtained at the end of
the treatment and evaluated for the presence of anti-IFN-«
NAbs.

Determination of patient characteristics

HCV RNA viral load (log copies/mL) was determined by real-
time quantitative polymerase chain reaction (PCR, TagMan
PCR; Life Technologies Corporation, Carlsbad, CA, USA).
Patients who tested positive for HCV RNA at the end of
treatment were classified as the NR group. Patients who
were negative for HCV RNA at the end of treatment were
judged to be responders, and these patients were further
classified into the relapse response (RR) and SVR groups.
SVR patients were defined as those with undetectable serum
HCV RNA at 24 weeks after the end of treatment, whereas
RR patients were defined as those in which serum HCV RNA
reappeared at 24 weeks after the end of treatment. Viral
kinetics during PEG-IFN-o therapy were also examined by
determining the number of patients with an early viral
response (EVR, ie. a>=2 log reduction in HCV RNA
compared with baseline HCV RNA at treatment week 12),
null response (i.e. failure to have a > 2 log reduction in HCV
RNA compared with baseline HCV RNA during treatment),
or breakthrough response (i.e. a = 2 log elevation in HCV
RNA at the end of treatment compared with the lowest HCV
RNA level during treatment).

Prior to initiating PEG-IFN-« therapy, liver biopsies were
taken and evaluated according to the Histology Activity
Index score [13]. In HCV genotype 1b patients, AA70 and
AA91 of the HCV core and NS5A [IFN sensitivity-deter-
mining region (ISDR)] sequences were determined according
to previous reports [14]. Gene polymorphism analysis of
IL28B was performed in patients who agreed to genomic
analysis. A single nucleotide polymorphism (SNP) near the
IL28B gene (rs8099917), which is significantly associated
with IFN sensitivity, was examined as described previously
[15]. IL28B-type of patients was classified into major-homo
(T/T, major allele homozygotes), hetero (T/G, major/minor
allele heterozygotes) or minor-homo (G/G, minor allele
homozygotes).

Detection of anti-IFN-neutralizing antibodies

Anti-I°FN NAbs were detected in the patients’ sera by an
antiviral assay using FL cells and Sindbis virus according to
Kawade’s method [16,17]. A positive result was defined as
the ability to neutralize the antiviral activity of 10 labo-
ratory units (LU)/mL of a standard IFN preparation. rIFN-«
was used as the standard IFN to determine whether pa-
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tients were positive or negative for anti-IFN-o NAbs, We
used human rIFN-a2a (ProSpec, Rehovot, Israel) to detect
anti-IFN-oc NAbs in PEG-IFN-o2a-treated patients, and hu-
man rIFN-02b (ProSpec) to detect anti-IFN-o. NAbs in PEG-
IFN-a2b-treated patients. The neutralizing activity of serum
against PEG-IFN-o2a, PEG-IFN-a2b, natural human IFN-o
(nIFN-o, Sumiferon; Dainippon Sumitomo Pharma, Osaka,
Japan) and nIFN-f was also examined in each sample.
Twofold serial dilutions (starting from 1:8) of serum sam-
ples in 60-ul. volumes were incubated with 60 uL of
20 LU/mL IFN for 1 h at room temperature. Then, 100 uL
of the solutions was added to FL cells in 96-well microtitre
plates that were cultured in 100 uL medium/well from the
previous day. The assay was performed in duplicate for
each sample. After 18-24 h of cell culture, the cells were
washed and challenged with the Sindbis virus at 37 °C for
22-24 h. The cells were fixed and stained using crystal
violet with 10% ethanol and 6% formalin, and the absor-
bance was measured at 590 nm to determine cell viability.
When the antiviral activity of IFN was disturbed in a serum
concentration-dependent manner, the sample was adjudged
as NAb-positive. For the NAb-positive samples, titres were
calculated and expressed as 10-fold reduction units (TRU/
mL) [16,18].

Statistical analysis

Univariate analyses were performed to elucidate significant
factors for NR with PEG-IFN plus RBV therapy. Differences
between groups were assessed using the chi-square test or
Student’s t-test. P values <0.05 were considered statistically
significant.

RESULTS

Incidence of anti-IFN-a NAb in PEG-IFN-o/RBV-treated
patients

Study 1 consisted of 54 SVR (41.8%), 28 RR (21.7%) and 47
NR (36.4%) patients. Fifty-one patients were treated with
PEG-IFN-02a, and 78 were treated with PEG-IFN-u2b; the
former consisted of 21 SVR (41.2%), 14 RR (27.5%) and 16
NR (31.4%) patients, and the latter consisted of 33 SVR
(42.3%), 14 RR (17.9%) and 31 NR (39.7%) patients. The
baseline characteristics and viral kinetics of all 129 patients
are shown in Table 1.

The presence of anti-IPN-o NAbs in Study 1 is shown in
Table 2. The seven anti-IFN-o NAb-positive patients were all
NR. One of the seven NAb-positive patients already had anti-

Table 1 Baseline characteristics and viral response in 129 patients with chronic hepatitis C examined for anti-IFN-o NAbs

(Study 1)

Baseline characteristics

SVR

RR

NR

Patients (%)
Mean age, years
Sex, male/female (% male)
Previous IFN-a therapy, +/— (% positive)
Mean HCV RNA level, log copies/mL
Mean ALT level, U/L
Liver histology
Grade (A), 0-1/2-3
Stage (F), 0-1/2/3—4
HCV genotype, 1/2
HCV core*
AA70, wild-type/mutant
AA91, wild-type/mutant
HCV ISDR*, wild-type/mutant
IL28B allele (rs8099917), major-homo/hetero/minor-homo
Viral response
EVR/non-EVR
Null response
Breakthrough

54 (41.8%)

51.7 £ 121
25/29 (46%)
12/42 (22%)

28 (21.7%)

57.9 £11.3
13/15 (46%)
11/17 (39%)

47 (36.4%)
60.4 £ 8.6
22/25 (47%)
15/32 (32%)

6.0 £ 0.7 6.2+ 0.6 6.3 £ 0.5
62.4 +44.4 53.0 £ 35.2 69.3 £ 46.2
26/25 11/15 24/19
31/12/8 8/8/10 14/13/16
38/15 23/4 46/1
27/8 12/12 24/20
24/11 14/10 34/12
23/10 18/6 38/8
23/9/0 15/5/1 18/21/1
54/0 28/0 18/29

- - 23

- - 5

NAb, neutralizing antibody; SVR, sustained virological response; RR, relapse response; NR, nonresponse; ALT, alanine ami-
notransferase; ISDR, IFN sensitivity-determining region; IL28B, interleukin-28B; EVR, early virological response.

Mean * SD or patient numbers are indicated in each category.
*HCV core and ISDR were examined in HCV genotype 1b patients.
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Table 2 Incidence of anti-IFN-oo NAbs in PEG-IFN-o/RBV-
treated chronic hepatitis C patients

Study 1 (n = 129)

Anti-IFN-o« NAbs SVR RR NR
Negative 54 28 40
Positive 0 0 7

% for NR - - 14.9%

% for total - - 5.4%

NAbs, neutralizing antibodies; PEG-IFN-«, pegylated inter-
feron-a; RBV, ribavirin; SVR, sustained virological response;
RR, relapse response; NR, nonresponse.

IFN-a NAbs before the administration of PEG-IFN-o/RBV
therapy. Of the NR patients, 14.9% were NAb-positive, and
of all patients, 5.4% were NAb-positive. Of the seven NAb-
positive patients, four were treated with PEG-IFN-a2a, and
three were treated with PEG-IFN-a2b. All responders
(SVR + RR) were NAb-negative.

In Study 1, univariate analyses revealed a significantly
higher NR rate in patients with anti-IFN-« NAbs (P = 0.0001),
high age (P = 0.0015), low red blood cell counts (P =
0.0073), high serum aspartate aminotransferase levels (P =
0.0129), low serum albumin levels (P = 0.0036), low serum
total cholesterol levels (P = 0.0287), high HCV RNA levels
(P =0.0157), HCV genotype 1 (P = 0.0003) and IL28B
hetero or minor-homo (P = 0.0091).

Among the 83 patients in Study 2, 32 received PEG-
IFN-o2a with RBV, eight received PEG-IFN-z:2a without
RBV, and 43 received PEG-IFN-a2b with RBV, and all were
NR. In Study 2, 12 patients were positive for anti-IFN-o
NAbs.

Time course of HCV RNA, alanine aminotransferase (ALT)
and NAD titres in anti-IFN-o. NAb-positive patients

The temporal changes in the anti-IFN-a NAb titres during
treatment were examined in 6 NAb-positive patients from
Study 1. The time course of HCV RNA, ALT and anti-IFN-o
NAD titres is shown for each patient in Fig. 1. In patients
#1-3, HCV RNA steadily decreased by more than 2 log units
until 20-30 weeks of treatment and thereafter gradually
increased to pretreatment levels (Fig. la—c). These three
patients were initially NAb-negative, but converted to NAb-
positive after the HCV RNA levels reached their lowest point.
In patients #4—6, the HCV RNA levels did not decrease by >2
log units during treatment (Fig. 1d—{). Patients #4 and #5
were initially NAb-negative, but converted to NAb-positive
by the end of the treatment (Fig. 1d,e). Patient #6, who had
received IFN-a therapy several times prior to PEG-IFN-a2b/
RBYV therapy, was NAb-positive before, during and after the
treatment period (Fig. 1f).

© 2012 Blackwell Publishing Ltd
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Characteristics of the anti-IFN-a NAb-positive patients

The background details of the 7 (Study 1) and 12 (Study 2)
NAb-positive patients are shown in Table 3. Patients with
IFN-responsive backgrounds (i.e. low age, low HCV RNA
levels, nonadvanced chronic liver disease, HCV genotype 2/
3, wild type in core AA70 and AA91, mutation in ISDR or
IL28B major-homo) were included in the NAb-positive
patients. Of these 19 patients, nine were naive patients who
had not received IFN-« therapy prior to the initiation of PEG-
IFN-a therapy.

In Study 1, five (17%) of the 29 patients who failed to
obtain EVR were NAb-positive (Tables 1 & 3). Twenty-three
patients exhibited a null response, of whom four (17%) were
NAb-positive. Of the total five breakthrough patients, three
(66%) were NAb-positive.

Neutralizing activity of anti-IFN-a NAb-positive sera
against YIFN-o, PEG-IFN-o, nIFN-o and nlFN-f

The neutralizing effects of anti-IFN-a NAb-positive sera
against JFN pharmaceuticals were examined and the titres
were compared. The sera obtained from the 19 NAb-positive
patients (Studies 1 and 2) at the end of treatment were
examined, and the number of patients with high-titre sera
(>1000 TRU/mL), moderate titre sera (100-1000 TRU/
mL), low titre sera (<100 TRU/mL) or no neutralizing
activity (negative) is shown in Fig. 2. All anti-IFN-o NAb-
positive sera cross-reacted with rIFN-z2a and rIFN-a2b, and
titres against rIFN-¢2a and rIFN-o2b were nearly equal in
each serum sample. All serum samples were also able to
neutralize PEG-IFN-o2b; titres against PEG-IFN-o2b were at
approximately the same level as titres against rIFN-a. The
four serum samples that exhibited low titres against rIFN-u
failed to neutralize PEG-IFN-o2a. In the other 15 sera, titres
against PEG-IFN-¢2a were much lower than titres against
rIFN-«. Titres against nIFN-o were even lower than titres
against PEG-IFN-a2a, and >50% of the sera could not neu-
tralize nIFN-o. None of the sera exhibited neutralizing
activity against nIFN-£.

Therapeutic effect of nIFN-f in anti-IFN-o. NAb-positive
patients

In 10 of the 19 anti-IFN-a NAb-positive patients, nIFN- was
administered in the presence of anti-IFN-a NAbs. The base-
line characteristics and viral kinetics of these 10 patients are
shown in Table 4.

Three patients received nIFN-f monotherapy, one of
whom obtained complete EVR (cEVR, i.e. undetectable HCV
RNA within 12 weeks of treatment), although HCV RNA
had increased to baseline levels by the end of the treatment.
This patient was HCV genotype 2b (IL28B was not deter-
mined). The other two patients, who were HCV genotype 1b
and IL28B hetero, showed a null response to nIFN-A.

- 440 -



698 F. Matsuda et al.

Patient #1
@) 61/F/1b/He

501 18
7 -
40 @
03
<
I 3of > 2
3 45
2 20t 38
2
o 2 =
10} E

PPPO B O |

0 vV V.V , W, o

10 0 10 20 30 40 50 60 70 80 90 100

Weeks of treatment
Patient #3

(c) 50/M/1b/MA

18
oo \-\- &
8
E 6 (jj:
_s00f 152
4 x
= 14%
5 200 F =
< 138
2
A 12%
100 (/ 13

999 ® 9]

0 10

20 30 40 50 60 70

-10 1 80
Weeks of treatment
Patient #5
65/F/1b/He
18
- 7r_
8
- GI
s}
—~ 15<
= X
2 {42
2 138
=S
J 2%
9o |
0 * 0
-10 0 10 20 30 40

Weeks of treatment

Patient #2
61/F/1b/He

60 8
17—
50 g /.—-I/.\' &
o 6 g
40 <
g 1°=
3 30}l o 14%
2 28
20 3
4 2 @
3
10}
VPP  ©®|
vV V. V. \ 0
-10 O 10 20 30 40 50 60 70 80
Weeks of treatment
Patient #4
(d) 71/F/b/mi

60

50

8]
o

ALT (UIL)
8 B8
N w S (4,4 (2] ~ o]
(Muwysaidod) YNy ADH B0

-
o
T
-

o

9w ®
0

10 20 30 40 50 60 70 80
Weeks of treatment

Patient #6
) 71/M/2a/MA
250 18
7 -
200 &
°z
{5
3150 53
= 145
2100 {3 g
o
12
i 3
50 1027 \)\oo__/ =
318 Jl 909 818 @
0 . . : : 0
-0 0 10 20 30 40 50

Weeks of treatment

Fig. 1 Time course of hepatitis C virus (HCV) RNA, alanine aminotransferase (ALT) and anti-interferon-o (anti-IFN-o)

. neutralizing antibody (NAb) incidence in six NAb-positive patients (patients 1-6) from Study 1 who had been treated with
pegylated interferon-a plus ribavirin (PEG-IFN-o/RBV) therapy. The filled squares and open circles indicate HCV RNA and
ALT, respectively. The time course (weeks) after the initiation of PEG-IFN-o therapy is shown. The administered drugs and
treatment periods are indicated on each graph. The results for anti-IFN-a NAbs are shown on the temporal axis, indicated
as (—) if the patients were negative for NAbs or with the NAbD titre value if NAbs were present. NAD titres are expressed as
10-fold reduction units (TRU/mL) against recombinant IFN-¢2a or -o2b. The age (years), sex (M: male; F: female), HCV
genotype and IL28B-type (MA: major-homo; He: hetero; mi: minor-homo) of each patient are indicated in the upper right of

each graph.

Seven patients received nIFN-S/RBV combination therapy.
Four of these patients achieved cEVR and maintained an
undetectable HCV RNA status until the end of the treatment.
Among these four patients, three achieved SVR and one was
RR. The remaining three patients were NR, although one of
these patients achieved EVR. Among the seven patients who
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received nIFN-S/RBV, the three SVR patients were all HCV
genotype 2 and IL28B major-homo, whereas the remaining
four patients (one was RR and three were NR) were HCV
genotype 1b. The time course of HCV RNA, ALT and anti-
IFN-o NAD titres during nIFN-f/RBV treatment and the
previous PEG-IFN-« therapy are shown for three patients

© 2012 Blackwell Publishing Ltd
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Table 3 Baseline characteristics and viral response of the anti-IFN-¢ NAb-positive patients (n = 19)

Baseline characteristics

Study 1 (n=7) Study 2 (n = 12)

Age, mean * SD/range
Sex, male/female
Previous IFN-« therapy, +/—
Mean HCV RNA level, log copies/mL
Mean ALT level, U/L
Liver histology, grade/stage
Grade (A), 0-1/2-3
Stage (F), 0-1/2/3—4
HCV genotype, 1/2/3
HCV core*
AA70, wild-type/mutant
AA91, wild-type/mutant
HCV ISDR*, wild-type/mutant
IL28B allele, major-homo/hetero/minor-homo
Viral response
EVR/non-EVR
Null response
Breakthrough

55.0 + 7.8/50-71 58.8 + 12.6/28-70

3/4 5/7

5/2 4/8

6.0 0.4 6.0 £ 0.8
78.1 £ 40.2 99.0 £ 68.7
5/2 2/4
4/1/2 2/2/2
6/1/0 6/5/1
3/3 4/1

4/2 2/3

4/2 3/1
2/4/1 4/1/0
2/5 4/8

4 8

3 4

NAb, neutralizing antibody; HCV, hepatitis C virus; ALT, alanine aminotransferase; ISDR, IFN sensitivity-determining region;

IL28B, interleukin-28B; EVR, early virological response.

Mean + SD or patient numbers are indicated in each category.

*HCV core and ISDR were examined in HCV genotype 1b patients.

(patients #6-8) in Fig. 3 and indicate the immediate disap-
pearance of HCV RNA following nIFN-5/RBV therapy, unlike
following PEG-IFN-« treatment.

DISCUSSION

This is the first study to examine the emergence of anti-IFN-o
NADbs using a large number of PEG-IFN-a/RBV-treated
patients and to indicate the association of anti-IFN-a NAbs
with the response to PEG-IFN-« treatment. We report here
that approximately 15% of NR patients with chronic hepa-
titis C treated by PEG-IFN-a/RBV were positive for anti-IFN-o
NAbs. Notably, all NAb-positive patients encountered treat-
ment failure at the end of the therapy. Furthermore, all
IFN-a NAb-positive sera failed to neutralize nIFN-£ in vitro,
and nIFN-/RBV therapy was effective in some IFN-o NAb-
positive patients, unlike PEG-IFN-a-based therapy. These
results are not direct proof of a role for NAbs in the failure of
PEG-IFN-« treatment. However, they do indicate an associ-
ation between these two factors. NAbs may be able to cause
NR on their own, because a number of patients with IFN-
responsive characteristics, for example, HCV genotype 2 and
IL28B major-homo, were included in the NAb-positive
group, and three of those patients (with genotype 2 and
IL28B major-homo) achieved SVR by nIFN-S/RBV therapy.
A gene polymorphism in IL28B was recently found to be
highly associated with NR, but IL28B major-homo patients,

© 2012 Blackwell Publishing Ltd

the most responsive IL28B-type, do not always achieve SVR
[15,19]. Therefore, it is possible that the presence of anti-
IFN-o NAbs is the cause of NR in some IL28B major-homo
patients. In the present study, 18 IL28B major-homo
patients yielded NR, and two (13%) of these patients were
NAb-positive. It was also shown that IFN treatment-naive
patients could develop anti-IFN-¢ NAbs by PEG-IFN-a/RBV
therapy; five (16%) of the 32 naive NR patients were NAb-
positive. Thus, we should recognize that anti-IFN-o NAbs are
a potential cause of NR during PEG-IFN-«/RBV therapy.
The rate of NAb-positive patients receiving rIFN-a treat-
ment was reported to be 32% [11,20] to 52% [5] of NR. In
the PEG-IFN-a2b/RBV-treated patients who had received
IFN-« previously, anti-IFN-o NAbs were detected on the basis
of the transcriptional activity of the IFN-inducible Mx-pro-
moter; three of the 38 NR patients in that study were NAb-
positive (7.9%) [21]. Only two case studies reported the
actual detection of anti-IFN-z NAbs in PEG-IFN-a2a/RBV-
treated patients [22,23]. Taking these reports together with
our results, the NAb-emergence rate appears to be lower in
PEG-IFN-o-treated patients than in rIFN-o-treated patients;
this may be attributed to polyethylene glycol, which may
hamper the host immune system from recognizing the IFN
antigen. We did not find NAb-positive responders in our
PEG-IFN-o/RBV-treated patients. However, in the previous
reports, NAb-positive responders were identified in the rIFN-
a-treated patients, although the number of NAb-positive
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Fig. 2 Neutralizing effects of anti-IFN-¢ NAb-positive sera
against IFN pharmaceuticals. Sera from the 19 NAb-posi-
tive patients (Studies 1 and 2) obtained at the end of
treatment were examined for titres against rIFN-«2a, rIFN-
a2b, PEG-IFN-02a, PEG-IFN-a:2b, nIFN-o and nIFN-f using
an antiviral assay. The number of patients who exhibited
high-titre sera (>1000 TRU/mL), moderate titre sera (100—
1000 TRU/mL), low titre sera (<100 TRU/mL) or no
neutralizing activity (negative) are shown.

responders was considerably less than the number of NAb-
positive NR patients [5,11]. This difference may be attributed
to the high sensitivity of the HCV RNA detection method
used in the present study (TagMan PCR), which enables the
detection of NR patients at a higher efficiency than previ-
ously possible.

As mentioned, the reported NAb-positive rate has a wide
range [5,11,20]; these differing findings may be due to the
different sensitivities of the measurement methods used in
each laboratory in addition to the different characteristics of
the patients and the treatment procedures used in each
institute. Here, we performed antiviral assays using 10 LU/
mL rIFN-o (concentration defined by the measurement of
actual IFN activity in our laboratory), which is more sensi-
tive than PEG-IFN-«, as the standard IFN. We then observed
NAbs in the NR group only. Our results show that the
method used here is consistent with the clinical demand to
screen patients who are unresponsive to IFN because of the
presence of NAbs. We demonstrated a correlation between
the emergence of NAbs and viral NR to PEG-IFN-a/RBV
therapy, suggesting the need to measure anti-IFN-a NAbs in
PEG-IFN-a-treated patients.

Breakthrough was representative viral kinetic of NAb-
positive patients. The kinetics of HCV RNA breakthrough in
NAb-positive patients indicated that the treatment was

Table 4 Baseline characteristics and viral response in 10 anti-IFN-o NAb-positive patients who received nIFN-f treatment

with or without RBV

nIfN-§ (n = 3) nlFN-S/RBV (n = 7)

Baseline characteristics SVR, RR NR SVR RR NR
Patients 0 3 3 1 3
Mean age, years - 55.3 67.3 70 70.3
Sex, male/female - 2/1 2/1 0/1 0/3
Mean HCV RNA level, log copies/mL - 4.7 6.1 5.8 6.2
Mean ALT level, U/L - 79.3 66.7 14 51.0
HCV genotype, 1/2 - 2/1 0/3 1/0 3/0
HCV core*

AA70, wild-type/mutant - 1/1 - 1/0 0/2

AA91, wild-type/mutant - 2/1 - 1/0 1/1
HCV ISDR*, wild-type/mutant - 1/1 - 0/1 0/1
IL28B allele (rs8099917), major-homo/hetero/minor-homo - 0/2/0 3/0/0 1/0/0 0/0/1
Viral response

EVR/non-EVR - 1/2 3/0 1/0 1/2

Null response - 2 - - 2

Breakthrough - 1 - - 1

NAb, neutralizing antibody; nIFN-£, natural interferon-g; RBV, ribavirin; SVR, sustained virological response; RR, relapse
response; NR, nonresponse; HCV, hepatitis C virus; ALT, alanine aminotransferase; ISDR, IFN sensitivity-determining region;

IL28B, interleukin-28B; EVR, early virological response.
Mean or number of patients are indicated in each category.

*HCV core and ISDR were examined in HCV genotype 1b patients.
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effective at its onset, but NAb generation began and subse-
quently inactivated the administered PEG-IFN-« at around
the lowest level of HCV RNA; thereafter, the levels of HCV
RNA increased again. Thus, patients who initially respond to
PEG-IFN-a can potentially return to their original HCV RNA
levels because of the emergence of NAbs. Meanwhile,
patients who did not respond to PEG-IFN-« (non-EVR/null
response) were also observed in the NAb-positive group. The
potential causes of this unresponsiveness could be the pres-
ence of IFN-unresponsive characteristics (e.g. IL28B minor
allele, HCV core mutation, etc.). NAbs could also be a major
cause of viral unresponsiveness if the patients who are
responsive to IFN (e.g. IL28B major allele, HCV genotype 2)
had NAbs before treatment or developed NAbs immediately
after the initiation of treatment because patients who expe-
rienced NAb-emergence during previous IFN-a therapy
would develop NAbs earlier than treatment-naive patients.
Here, we suspect that the emergence of NAbs is a major
cause of HCV breakthrough; therefore, the emergence of
NAbs should be monitored from the point when the levels of

© 2012 Blackwell Publishing Ltd
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HCV RNA begin to increase. We also propose that anti-IFN-a
NADs should be monitored in patients who fail to respond to
PEG-IFN-o treatment. Post-treatment serum analysis would
certainly confirm the presence of NAbs, even if they are
undetectable during treatment.

All anti-IFN-a NAb-positive sera in this study effectively
inactivated both rIFN-«2a and rIFN-«2b in the antiviral
assays. All NAb-positive sera inhibited PEG-IFN-«2b and
most of the sera inhibited PEG-IFN-0.2a, suggesting that anti-
IFN-a NAbs actually inactivate the injected medication in
vivo. Meanwhile, NAb-positive sera with low titres could not
inactivate PEG-IFN-«2a. This is because of the lower sensi-
tivity of PEG-IFN-«2a compared with rIFN-« for NADb detec-
tion, which may be attributed to the large PEG molecule
blocking NAb binding to PEG-IFN-¢2a. Several reports
demonstrated that nIFN-«, which consists of multiple IFN-o
subtypes, is an effective therapy for anti-IFN-« NAb-positive
chronic hepatitis C patients [11,23,24]. Indeed, the NAb-
positive sera were less effective at neutralizing nIFN-¢ than
PEG-IFN-¢, as measured by the antiviral assay; however,
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high-titre NAb sera effectively inactivated nIFN-o. Thus,
anti-IFN-oc NAbs probably reduce the bioactivity of any type
of IFN-o, thereby resulting in therapeutic failure. Various
protease inhibitors are in development as new medications
for chronic hepatitis C [25] and have shown significant
improvements in therapeutic efficacy when used in combi-
nation with PEG-IFN-a/RBV therapy [26]. However,
approximately 40% of prior NR HCV genotype 1 patients still
failed to achieve SVR in a clinical study of PEG-IFN-a/RBV
with the protease inhibitor telaprevir [27]; this failure may
be due to the emergence of anti-IFN-o NAbs in some
patients. We performed PEG-IFN-a/RBV/protease inhibitor
therapy in 1 anti-IFN-a NAb-positive patient, but it resulted
in treatment failure. The viral load of this patient rapidly
reduced after the initiation of the triple therapy (undetect-
able at week 4 of the therapy); however, HCV RNA was
detected again at week 8 and subsequently increased to the
pretreatment level (manuscript in preparation). This case
suggests that anti-IFN-¢ NAbs could be a strong inhibitory
factor against PEG-IFN-o/RBV/protease inhibitor therapy,
which is used as a standard therapy in North America. Thus,
any therapy based on PEG-IFN-« (even with new drugs) may
be ineffective in anti-IFN-o NAb-positive patients; therefore,
a medication that is not neutralized by anti-IFN-oc NAb is
essential to treat these patients.

Anti-IFN-o NAb-positive sera inhibited IFN-«, but did not
inhibit nIFN-f, including sera with high titres. This fact
indicates the higher efficacy of IFN-f, which has a different
structure from IFN-o, in anti-IFN-oo NAb-positive patients.
nIFN-S is also a commonly used IEN to treat chronic HCV
infection in Japan [28]; thus, we administered nIFN-f§ to
anti-IFN-oo NAb-positive patients. Although studies with
larger numbers of patients are needed to confirm the efficacy
of IFN-§ therapy for anti-IFN-o NAb-positive patients, it was
striking that among the 10 treated NAb-positive patients,
none of whom had responded to previous PEG-IFN-o ther-
apy, three patients achieved SVR following the co-adminis-
tration of nIFN-B/RBV. These three patients were all HCV
genotype 2 and IL28B major-homo, while the remaining
seven patients, with characteristics such as genotype 1b or
IL28B minor allele, failed to achieve SVR. These results
suggest that the efficacy of nIFN-f therapy in NAb-positive
patients is strongly affected by the other characteristics
related to the IFN-response. One NAb-positive patient, who
was HCV genotype 1b, wild type in core AA70 and AA91,
ISDR mutation, and IL28B major-homo, achieved an end-
of-treatment response, but then relapsed, suggesting that
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Aim: Sonazoid is a new contrast agent for ultrasonography
(US). Contrast-enhanced ultrasonography (CEUS) using Son-
azoid enables Kupffer imaging, which improves the sensitivity
of hepatocellular carcinoma (HCC) detection. However, there
are no studies on the cost-effectiveness of HCC surveillance
using Sonazoid.

Methods: We constructed a Markov model simulating the
natural history of HCV-related liver cirrhosis (LC) patients, and
compared three strategies (no surveillance, US surveillance
and CEUS surveillance). The transition probability and cost
data were obtained from published data. The simulation and
analysis were performed using TreeAge pro 2009 software.

Results: When compared to the no surveillance group,
the US and CEUS surveillance groups increased the life
expectancy by 1.67 and 1.99 quality-adjusted life-years
(QALY), respectively, and the incremental cost effectiveness
ratio (ICER) were 17296 $US/QALY and 18384 $US/
QALY, respectively. These results were both less than the

commonly-accepted threshold of $US 50 000/QALY. Even if the
CEUS surveillance group was compared with the US surveil-
lance group, the ICER was $US 24 250 and thus cost-effective.
Sensitivity analysis showed that the annual incidence of HCC
and CEUS sensitivity were two critical parameters. However,
when the annual incidence of HCC is more than 2% andior
the CEUS sensitivity is more than 80%, the ICER was also
cost-effective.

Conclusions: Contrast-enhanced ultrasonography surveil-
lance for HCC is a cost-effective strategy for LC patients and
gains their longest additional life years, with similar degree of
ICER in the US surveillance group. CEUS surveillance using
Sonazoid is expected to be used not only in Japan, but also
world-wide.

Key words: contrast-enhanced ultrasonography,
cost-effective analysis, hepatocellular carcinoma, Sonazoid,
surveillance

INTRODUCTION

EPATOCELLULAR CARCINOMA (HCC) is the
fifth most common neoplasm in the world.!
Although many environmental factors, including afla-
toxins and alcohol,?® have been implicated in the devel-
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opment of HCC, hepatitis B virus and hepatitis C virus
(HCV) are the most important factors associated with
the progression from chronic hepatitis to cirrhosis, and
eventually to HCC.* Surveillance for HCC is recom-
mended in patients with chronic liver injury to detect
small-sized HCCs, which can be efficiently treated.®
Ultrasonography (US) is a major surveillance method,
because it provides low cost, real-time and non-invasive
detection. However, there are some problems associated
with this surveillance approach. It is known that the
annual incidence of HCC increases with the degree of
fibrosis.® Unfortunately, an increase in fibrosis makes
US surveillance substantially more difficult, because the

© 2012 The Japan Society of Hepatology
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intrahepatic echo patterns in US become rough with
advanced fibrosis.

Recently, a novel intravenous contrast medium for
US, “Sonazoid”, has become available in Japan. This
strategy of using US with Sonazoid dramatically
improves the sensitivity in the diagnosis of hepatic
malignancy.” Thus, contrast-enhanced ultrasonography
(CEUS) using Sonazoid can effectively detect HCCs that
are usually overlooked by B-mode, which is currently
used for observation. Therefore, this new contrast
medium would be desirable for use in HCC surveil-
lance. However, it is almost five times more expensive
than the conventional observational approach in Japan.

Table 1 Values used in the analyses

Cost-effectiveness of CEUS surveillance for HCC 377

Until now, the surveillance for HCC using this novel
agent has not been evaluated with regard to its cost-
effectiveness, and this is the focus of the current study.

METHODS

E USED TREE Age Pro 2009 (Tree Age Software
Inc, William-stown, MA, USA) software to
construct a Markov model, and estimated the cost-
effectiveness of a surveillance program for HCC. The
transition probabilities used in the analysis are listed
in Table 1. The age specific mortality rate was obtained

Variable Base value Range References
Excess annual mortality
Child A Cirrhosis 0.02 0.00-0.08 &-11
Child B/C Cirrhosis 0.13 0.07-0.40
Large HCC 0.90 0.50-1.00 12-14
Annual transition rate
Child A to Child B/C 0.04 0.02-0.08 8.10,15,16
Small HCC to Large HCC (Undetected)* 0.30 0.10-0.60 17-15
Small HCC to large HCC (TAE treated)* 0.10 0.02-0.20 20-22
Annual incidence of HCC
Incidence of new HCC 0.07 0.01-0.08 68,25-27
Incidence of HCC after curative treatment 0.20 0.10-0.37 13,2528
Probability of small HCC at diagnosis 0.90 0.66-1.00 2329
Test characteristics
us
Sensitivity 0.70 0.40-0.80 30-32
Specificity - 0.90 0.70-0.90
CEUS
Sensitivity 0.90 0.80-0.95 7
Specificity 0.95 0.80-0.95
COSt data 20,23,31,33-37
us 61
CEUS 248
Confirmation test 862 170-1 100
LC 587 300-1 200 38
Decompensated LC 6422 6422-23 000 38
Terminal care 5556 5 000-42 000 38
Resection 19 390 12 000-40 000 3
RFA 10 333 35 000-11 000 3
TAE 7778 35 000-12 000
Health-related QOL 40
Child A 0.75 0.66-0.83
Child B/C 0.66 0.46-0.86
HCC 0.64 0.44-0.86

*Per 6 months. The costs were $US/6 months, and the baseline cost has been adjusted to US dollars (Currency rate: $1.00 =\90.00).
CEUS, contrast-enhanced ultrasonography; HCC, hepatocellular carcinoma; LC, liver cirthosis; QOL, quality of life; RFA,
radio-frequency ablation; TAE, transcatheter arterial embolization; US, ultrasonography.

© 2012 The Japan Society of Hepatology
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from the homepage of the Japanese Ministry of Health,
Labour, and Welfare.

Decision model

We estimated the long-term outcomes of different treat-
ments by modifying a previously published computer
simulation model*' using current data on the natural
history of chronic hepatitis C in Japan (Fig. 1). Each
cycle consisted of 6 months. During each cycle, patients
died according to the population-based mortality.

The decision tree for our analysis was composed of
three arms: (i) the no surveillance group or “no surveil-
lance” (ii) the B-mode US surveillance group or “US
group”, and (iii) the CEUS surveillance group or “CEUS
group”.

Assumptions 1 (program)

Based on the limited information available in the litera-
ture, the following assumptions were made:

Hepatology Research 2012; 42: 376-384

1 the transition data from liver cirrhosis (LC) to dec-
ompensated LC are constant regardless of the
patient’s age and prior history of HCC;

2 the progression from compensated to decompen-
sated cirrhosis is irreversible;

3 the incidence of HCC is the same in compensated
versus decompensated cirrhosis.

4 the probabilities of HCC recurrence and growth
remain constant over time;

5 surgery is not performed in patients with a back-
ground of decompensated cirrhosis or HCC recur-
rence; and

6 liver transplantation is not the first-choice for HCC
therapy because it is still very rare in Japan.

Assumptions 2 (surveillance)

With regard to surveillance, the following assumptions

were made:

1 HCC can be divided into two categories: “small” and
“large”. Small tumors (1-5 cm in diameter, and no

Child A

r\Child B/C

HCC-Child A

HCC-
Child B/C

. Undetected
HCC

Child B/C

TAE-treated ’
Child A

' TAE-Treated
Child B/C

Treatable HCC Child B/C

Treatable HCC Child A

Figure 1 Natural history model. The arrows represent possible transitions during each 6 month cycle. Patients enter this model
with Child A cirrhosis, and might develop Child B/C cirrhosis, hepatocellular carcinoma (HCC), both Child B/C and HCC, or
death. If the health status does not change, then the patients remain in the same state of health. Surveillance and treatment
strategies were superimposed on this model. TAE, transcatheter arterial embolization.
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more than three in number) are asymptomatic, and

remain undetected until the surveillance is per-

formed. Large tumors are symptomatic, and the
patient can receive palliative treatment only;

2 there are no small HCCs that can be detected inciden-
tally in the no surveillance group;

3 patients with positive surveillance tests undergo a
confirmatory test. [CT and either MRI (70%) or liver
biopsy (30%)];

4 the test performance is independent of previous test
results;

5 compliance with the program is 100%; and

6 there is a small rate of false-positive diagnoses, which
will be discovered before any treatment.

The tumor growth rate was calculated with the
assumption of a doubling time of 120 days.!"*%

Since one year’s worth is different in the health status,
health-states utility should be taken into account for
cost effectiveness analysis. Thus, we obtained the health-
state utility information from meta-analysis.*® The sur-
vival and costs were also discounted at the commonly
accepted annual rate of 3%, because time and cost of
distant future are generally thought to be of less value
than those of present time.

Cost

The cost data shown in Table 1 are from data published
in Japan, because Sonazoid is currently available only in
Japan.

The data were converted to US currency at the
exchange rate of US$1.00 =JP\90.00. The cost of tran-
scatheter arterial embolization (TAE) was estimated by
including health insurance reimbursement using the
reimbursement data in our hospital, because there were
no available national data.

Sensitivity analysis
The results obtained from this model depended on the

values that were used in the study; therefore a one-way
sensitivity analysis was performed on all variables.

RESULTS

Accuracy of our model

O VALIDATE THE model's accuracy, we compared
this model’s survival rate with the cumulative sur-
vival rates of 417 compensated cirthosis patients
obtained from a large European cohort clinical study
under surveillance.* When we set the annual incidence
rate of HCC as 4% to fit the European model, these two
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Survival rate
1

(=)

0 5 10 15 20
Year

Figure 2 Comparison of the survival curves for compensated
cirrhosis states between the one predicted by the current model
and published data from a large cohort study.”® Both data
sources yielded similar curves. —®—, our model; -3-, Sangio-
vanni et al. 2004*.

survival curves were very similar, and the accuracy of our
model was validated (Fig. 2).

Baseline analysis

The expected life years of each group according to the
starting age of the surveillance are shown in Figure 3.

Expected life years
18 -

16 A
14 4
121

10 4

40 45 50 55 60 65 70

Surveillance start age
Figure 3 Expected life years according to surveillance at a start-
ing age before it was discounted, and adjusted by health-state
utilities. Although the expected life years decreased with age,
both the ultrasonography (US) and contrast-enhanced ultra-
sonography (CEUS) surveillance groups increased the life
expectancy even in 70-year-old patients. CEUS surveillance
achieved the greatest gain in life expectancy in all analyzed age
groups. —#, CEUS Surveillance; -, US Surveillance; -®-,
No Surveillance.
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Table 2 Baseline analysis

Hepatology Research 2012; 42: 376-384

Strategy Total cost Incremental Expected life QALY Incremental IECR (US$/QALY)
(USs$) cost (US$) years (year) QALY

No surveillance 29 142 - 10.45 6.18 - -

Us surveillance 58 064 28922 14.13 7.85 1.67 17 296+t

CEUS surveillance 65726 36 584 14.86 8.17 1.99 18 384t (24 250%)

tCompared with the no surveillance group.
$Compared with the US surveillance group.

CEUS, contrast-enhanced ultrasonography; ICER, incremental cost effective rate; QALY, quality-adjusted life-year.

Both the US group and the CEUS group could extend
their additional life years as compared with the no US
group, regardless of age. The CEUS group could also
extend their additional life years as compared with the
UsS group. The biggest difference in expected life years
between the US and CEUS groups was 0.93 at an age of
40 years. The superiority of surveillance with CEUS over
US was also seen in the 70 year-old patients group. If the
sensitivity of US was lower than 50%, then CEUS could
extend their additional life years by 2 years and more as
compared with the US group.

In the no surveillance group, 55 year-old patients (base
value) with compensated HCV-related cirrhosis are
expected to live 10.45 life years. When surveillance for
HCC with conventional US or CEUS was used in these
patients, their expected life years increased by 3.68 years
and 4.41 years, respectively. Since the discount rate and
health-related utility should be considered in cost-
effective analysis, we showed the results of the baseline
cost-effectiveness analysis in Table 2. Even though the
additional expected life years became small when the
program was analyzed while considering the discount
rate and health-related utility, in comparison to having
no surveillance, the US and CEUS groups still showed an
increase in QALYs, 1.67 and 1.99 QALYs, respectively.

Next, the incremental cost-effectiveness ratio (ICER)
was estimated, which is a measure of the extra cost
incurred to save one year of life. The ICER of the US and
CEUS groups, as compared to the no surveillance group,
were $US 17 296/QALY and $US 18 384/QALY, respec-
tively. These values were well below $US 50 000/QALY,
which is commonly considered to be the cost-effective
threshold. Even when the CEUS group was compared
with the US group, the ICER of the CEUS group was $US
24 250/QALY, and was also cost-effective.

Sensitivity analysis
The above results depended largely on the baseline

values used in this model, but the estimates of these
parameters vary in the published literature. We therefore

© 2012 The Japan Society of Hepatology

examined the effects of changing the value of each
parameter through sensitivity analysis (Fig. 4). After per-
forming the sensitivity analysis on all parameters in this
model, three important parameters emerged in CEUS
surveillance compared with US surveillance: the annual
HCC incidence rates, and the CEUS sensitivity, and the
US sensitivity.

Figure 5a shows the differences of ICERs in varying
the US sensitivity. The ICERs of the US and CEUS groups
were also less than US$ 20 000, and cost-effective when
compared with the no surveillance group. On the other
hand, when the CEUS group was compared with the US
group, the ICER of the CEUS group increased as the US
sensitivity increased up to almost the CEUS sensitivity.
However, if the US sensitivity was 80%, then the ICER
was $US 34 143, and still less than the threshold of $US
50 000/QALY. If the US sensitivity was lower than 60%,
then the ICER of the CEUS group was almost $US
20 000, and thus was more cost-effective. On the other
hand, CEUS sensitivity was especially affected when the
CEUS group was compared with the US group, and the
ICER rose sharply when the CEUS sensitivity was lower
than 80% (Fig. 5b).

DISCUSSION

N THE PRESENT study, we analyzed the cost-

effectiveness of CEUS for HCC surveillance using
Sonazoid in liver cirthosis patients, and demonstrated
that CEUS surveillance could cost effectively extend
the expected life years, even compared with the US
surveillance.

Currently, there are only two US contrast agents, Son-
azoid and Levovist, which can be used for Kupffer
imaging in the post-vascular phase. However, Levovist
bubbles are very fragile, and are collapsed by US emis-
sions easily. Therefore, Kupffer imaging in the post-
vascular phase using Levovist needs to be performed by
a single sweep scan of the liver, which is insufficient for
surveillance.
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Figure 4 One way sensitivity analysis of the incremental cost-effectiveness ratio (ICER) for the contrast-enhanced ultrasonography
(CEUS) surveillance group. When the ICER of the CEUS group was compared with the ultrasonography (US) group, the annual
incidence rate of hepatocellular carcinoma (HCC) and CEUS sensitivity were critical parameters in this model. QALY, quality
adjusted life year; RFA, radio-frequency ablation; TAE, transcatheter arterial embolization.

Sonazoid is composed of a hard shell containing
bubbles, and produces stable, non-linear oscillations in
the low-power acoustic field. Because of this feature,
Sonazoid provides detailed perfusion features during
vascular imaging in the vascular phase, and Kupffer
imaging in the post-vascular phase at least 10 min after
injection, without collapsing the bubbles. Specifically,
Sonazoid CEUS is stable for at least 3 h after injection
and allows for multiple and real time scans, because the
Sonazoid microbubbles are phagocytosed by Kupffer
cells.* In contrast, malignant hepatic tumors including
HCC contain few or no Kupffer cells, which lead to clear
negative contrast as a perfusion defect in Kupffer imag-
ing.***¢ Thus, surveillance for HCC using Sonazoid is
especially useful for LC patients whose liver parenchyma
have become roughened by fibrosis. For these reasons,
the trend towards the use of US contrast agents in Japan
has changed dramatically from Levovist to Sonazoid
after it became commercially-available in 2007.

A recent study on the cost-effectiveness of surveillance
for HCC reported the sensitivity of US at only 28.6% for
detecting middle-sized HCC (between 2 and 5 cm in
diameter).*” The sensitivity of US depends on the skill of
the operator, especially in LC patients, in which the
intrahepatic echo patterns become roughened with
advanced fibrosis. In sensitivity analysis, the US sensi-
tivity was an important factor. When the US sensitivity is
expected to be low due to patient physiologic factors
such as obesity, CEUS surveillance is recommended. US
technicians whose skill may not achieve the average
level are also advised to perform additional CEUS using
Sonazoid.

Contrast-enhanced ultrasonography sensitivity was a
critical factor for cost-effectiveness. When the CEUS
group was compared with the US group, and CEUS
surveillance was not cost-effective if CEUS sensitivity
was lower than 75% (Fig. 5b). As noted earlier, CEUS
using Sonazoid is effective for Kupffer imaging, and it

© 2012 The Japan Society of Hepatology
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Figure 5 Effects of the sensitivity of ultrasonography (US) (A) and contrast-enhanced ultrasonography (CEUS) (B). When the
incremental cost-effectiveness ratio (ICER) was compared with the no surveillance group, both US and CEUS surveillance groups
were less than $US 20 000/quality adjusted life year (QALY) in all ranges. The ICER of the CEUS surveillance group achieved $US
50 000/QALY when the sensitivity of CEUS was lower than 0.75. -#-, CEUS (vs US surveillance); -o-, CEUS (vs no surveillance);

-#-, US (vs no surveillance).

has been reported to have high sensitivity.” This helps
technicians to detect the HCC more easily. Thus, a
greater than 75% sensitivity represents a reasonable
value for Sonazoid CEUS.

The incidence of HCC is the most critical parameter in
decision-making for the surveillance of patients with
cirrhosis. In our baseline analysis, we selected 7% as a
baseline value because most studies in Japan reported
5-8% as the incidence of HCC.*?%54° This rate is slightly
higher than the one in the United States and Europe,
where incidence rates are reported from 1.5 to 4%.5%
Figure 6 shows how the incidence rate affects the ICER.
When the ICER of the CEUS group was compared
with the US group, it increased as the rate decreased.
However, when the rate was 2%, the ICER of the CEUS
group was still less than $50 000/QALY.

Although our results enable us to evaluate the effec-
tiveness of CEUS surveillance, the study has some limi-
tations. First, Sonazoid is available only in Japan. Thus,
there are only Japanese published reports for analysis.

© 2012 The Japan Society of Hepatology

On the other hand, our baseline data of US sensitivity
70% could be affected by the regional difference, and
might be estimated lower than in the Japanese one.
However, even if the US sensitivity was as high as 80%,
ICER was still lower than $US 40 000 when CEUS sur-
veillance was compared with US surveillance (Fig. 5a).

Similarly, our results were analyzed based on some
hypothesis. Thus, the validation is desirable but is diffi-
cult because there are also ethical issues. For the solu-
tion of the problems, we performed the sensitivity
analysis with the widest possible range using many rep-
resentative reports. As the results of our analysis, we
could indicate that the parameters except the HCC inci-
dence rate, US sensitivity and CEUS sensitivity have little
impact on cost-effectiveness.

In summary, our analysis suggests that surveillance for
HCC in patients with compensated HCV-related cirrho-
sis by CEUS using Sonazoid was a cost-effective strategy.
Since this cost-effectiveness decreased when the HCC
incidence rate was low, this strategy should be selected
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Figure 6 Effects of the annual incidence of hepatocellular car-
cinoma (HCC). The incremental cost-effectiveness ratio (ICER)
values of the ultrasonography (US) and contrast-enhanced
ultrasonography (CEUS) surveillance groups were less than
$US 35 000/ quality adjusted life year (QALY) in all ranges as
compared with the no surveillance group. However, the ICER
of the CEUS surveillance group achieved $US 50 000/QALY as
compared with the US surveillance group when the incidence
was lower than 0.016. -, CEUS (vs no surveillance); -,
CEUS (vs US surveillance); -#-, US (vs no surveillance).

considering of the influence of patient factors such as
age, gender and fibrosis grade.
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Abstract

AIM: To analyze the relationship between the glycated
albumin (GA) to glycated hemoglobin (HbAlc) ratio
and the histological grading of liver fibrosis.

%
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METHODS: The study retrospectively included con-
secutive hepatitis C virus positive chronic liver disease
patients (7 = 142) who had undergone percutaneous
liver biopsy between January 2008 and March 2010 at
our institution. The ratios of GA/HbA1c were calculated
in all patients to investigate the relationship with the
degree of the liver fibrosis. The values of the aspartate
aminotransferase-to-platelet ratio index (APRI), an ex-
cellent marker for the evaluation of liver fibrosis, were
also calculated. In addition, we combined the ratio of
GA/HbA1c and the APRI in order to improve our ability
to detect the presence of significant liver fibrosis.

RESULTS: Sixty-one (43%) patients had either no
fibrosis or minimal fibrosis (METAVIR score: FO-F1),
while 25 (17%) had intermediate fibrosis (F2). Fifty-
six (39%) patients had severe fibrosis (F3-F4) and
27 of them had cirrhosis (F4). The mean values of
the GA/HbAlc increased with the progression of the
fibrosis (FO-1: 2.83 + 0.24, F2: 2.85 + 0.24, F3: 2.92
+ 0.35, F4: 3.14 £ 0.54). There was a significant dif-
ference between the FO-F1 vs F4, F2 vs F4, and F3 s
F4 groups (P < 0.01, » < 0.01, £ < 0.01 and P < 0.05,
respectively). The GA/HbAlc ratio was significantly
higher in the patients with cirrhosis (F4) than in those
without cirrhosis (FO-F3) (3.14 + 0.54 vs 2.85 + 0.28,
P < 0.0001). The GA/HbAIc ratio was also significantly
higher in the patients with severe fibrosis (F3-F4) than
in those without severe liver fibrosis (FO-F2) (3.03 %
0.41 vs 2.84 = 0.24, P < 0.001). Furthermore, the GA/
HbA1c ratio was also significantly higher in the patients
with significant fibrosis (F2-F4) than in those without
significant liver fibrosis (FO-F1) (2.98 + 0.41 vs 2.83
+ 0.24, P < 0.001). The diagnostic performance of
the increased GA/HbA1c ratio (> 3.0) was as follows:
its sensitivity and specificity for the detection of liver
cirrhosis (F4) were 59.3% and 70.4%, respectively
and its sensitivity and specificity for the detection of
severe liver fibrosis (F3-F4) were 50.0% and 74.4%,
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