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Polymorphisms of the inosine triphosphatase (/7P4) gene influence anemia during pegy-
lated interferon (PEG-IFN) and ribavirin (RBV) therapy, but their effects during triple
therapy with PEG-IFN, RBY, and telaprevir are not known. Triple therapy for 12 weeks,
followed by PEG-IEN and RBYV for 12 weels, was given to 49 patients with RBV-sensitive
(CC at 1s1127354) and 12 with RBV-resistant (CAJ/AA) ITPA genotypes who had been
infected with hepatitis C virus (HCV) of genotype 1. Decreases in hemoglobin levels were
greater in patients with CC than CA/AA genotypes at week 2 (—1.63 = 0.92 vs. —0.48 =
0.75 g/dL, P = 0.001) and week 4 (—3.5 = 1.1 vs. —2.2 & 0.96, P = 0.001), as well as at
the end of treatment (—2.9 = 1.1 vs. —2.0 % 0.86, £ = 0.013). Risk factors for hemoglo-
bin <11.0 g/dL at week 4 were female gender, age >50 years, body mass index (BMI) <23,
and CC at rs1127354 by multivariate analysis. RBV dose during the first 12 weeks was
smaller in patients with CC than CA/AA genotypes (52 = 14% vs. 65 £ 21% of the target
dose, P = 0.039), but the total RBV dose was no different between them (49 = 17% and
54 & 18% of the target, 7 = 0.531). Sustained virological response (SVR) was achieved in
70% and 64% of them, respectively (P = 0.724). Conclusion: ITPA polymorphism influen-
ces hemoglobin levels during triple therapy, particularly during the first 12 weeks while
telaprevir is given. With careful monitoring of anemia and prompt adjustment of RBV
dose, SVR. can be achieved comparably frequently between patients with CC and CA/AA
genotypes. (HepaTOLOGY 20113553:415-421)

Abbreviations: BMI, body mass index; GWAS, genome-wide association
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orldwide, 123 million people are estimared
to have been infected with hepaiitis C virus
Y ¥V (HCV),' and =30% of them develop fatal
liver dxscase such as cirrhosis and hepatoceﬂular carci-
noma.>” Currenty, the standard of care therapy for
patients infected with HCV is pegylated interferon
(PEG-IFN) and ribavirin (RBVY) 48 weeks "¢
However, the combined treaiment can induce 2 sus-
tained virological response (§VR), ;udoe by the loss
of detectable HCV RNA from serum 24 wecks after
treatment completion, in at most 50% of patents
infected with HCV-1, the genotype most prevalent
and least responsive to IFN based therapies.

Recently, Fellay et al.” reported that polymorphisms
of the inosine wriphosphatase (/7PA) gene in chromo-
some 20 (20p13) influence RBV-induced a
genome-wide association study (GWAS). \mgie nucleo-
tide polymorphism (SNP) at 151127354 for proline-to-
threonine substitution (P32T) in the second of eight

for

mia in a

415
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there have been no
reports focusing on the influence of /7PA genotypes on
anemia developing in patients during wiple therapy, he-

1% Because

(/)

moglobin levels were followed in 61 Japanese patients
with HCV-1 who had received it. The results were cor-
related with poﬁymoipmsms at 151127354 in the ITPA
gene because the Japanese are monoallelic at 57270101
and have the AA genotype exclusively.''

Patlents and Methods

Seudy Cobeve. This retrospective cohort study was
performed in 61 patients with chronic hepatitis C who
met the following inclusion and exclusion
Inclusion criteria were:
hepadzis C; (2) HCV-1

criteria.
(1) diagnosed with chronic
confirmed by sequence an’dysis
in the NS5B region: (3) HCV RNA levels >5.0 log
IU/mL determined by the COBAS TagMan HCV test
(Roche Diagnostics K.K. Tokyo, Japan); (4) Japanese
i years at the entry; and (%) :§
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Gmes a day ¢ hour (g8) ir umf(d afrer 6‘::.%1 meai.
Pegylared (PEG-Intron, hpz; ng Plough,
Kenilwort injected subcuta 1causi*y at a me-
dian (range: 1.32-1.71 uglkg) once a
weei\; chering Plough) 200-600 mg was

The RBY dose
was adjusted by body weight: 600 mg for <60 keg; 800
mg for >60 kg ~<80 I’m and 1,000 mg tor >80 ke
The wriple th@rapy with E’EG—EFT‘J»@—QI}; RBV, and telap-
revir was continued for 12 weeks, and then switched ro
PEG-IFN-t-2b and RBV for an additional 12 weeks. Tt
was withdrawn when hemoglobin levels decreased <8.5
g/dL. After the therapy was completed or discontinued,
patients were followed for 24 weeks for SVR.

The RBV dose was cut by 200 mg in patients receiv-
ing 600 or 800 mg (by 400 mg in those receiving
1,000 mg) when hemoglobin decreased <12 g/dL, and
by another 200 mg when it was below <10 g/dL. In
addition, RBV was reduced by 200 mg in patents with
hemoglobin <13 g/dL at baseline and those in whom it
decreased by 1 g/dL to <13 g/dL within a week. PEG-
IFN dose was ‘educed by one-half when the leukocyte
count decreased <1,500/mm?, neutrophil count <750/
mm?, or plarelet count <80 x 10°/mm? PEG-IFN
was withdrawn when they decreased < 1,000/mm>, 500/
mm”, or 50 ¥ 107/mm”, respectively.
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. Baseline Characteristics of the 61 Patients Infected with HCV-1 Who Recelved Triple Therapy with

{TPA Genelypes at 1813273584

Totat oo CA + AR
Demographic data
Number 61 49 i2
Sex (male/female) 34727 28/21 6/6
Age (ysars) 56 (23-65) 55 (23-65) 58 (28-62)
Body weight (kg) 61.5 (41.0-92.9) 1.5 (41.0-92.9) 62.1 (44.4-81.1)

Body mass index (kg/m?) 22.6 (17.6-32.4)
Genotypes of the IL28B gene

138099917 (for B9 patienis)

(TI/7G + GG) 33/26
1512979860 (for 57 patienis)
{CC/CT +T1) 30/27

iaboratory data

Hermoglobin (g/dL) 14.4 (12.5-16.6)

Platelets (x 10%/mm®) 17.8 (9.1-33.8)

Albumin (g/dL) 3.9 (3.2-4.6)

Alanine aminotransferase (U/L) 39 (12-175)

Aspartate aminoiransferase (U/L) 32 (15-137)

HCV RNA (log 1U/mL) 8.7 (5.1-7.6)

HCV genotype 1a/1b 1/60
Previous IFN-based treatment

Treatment naive 17

Relapsed 29

Null response 15

5
.2 (17.6-32.4)

27/21
36/22

14.4 (12.5-16.6)
17.7 (9.1-33.8)

22,9 (17.8-28.5)

8/7
4/5

14.2 (12.8-18.3)
19.5 (13.1-31.6)

3.9 (3.2-4.6) 3.9 (3.5-4.1)
41 (12-175) 28 (17-57)
35 (15-137) 28 (20-35)
6.8 (5.7-7.6) 6.6 (5.1-7.5)
1748 0/12
12 (24%) 5 (42%)
23 (47%) 6 (50%)
14 (29%) 1( 8%)

Data are median values (range) or n.

and FPisher’s exact test. Kaplan-Meier analysis and the
log-rank test were applied to estimate and compare
decreases of RBV dose between groups. Factors eval-
vated for influence on hemoglobin decrease by univari-
ate analysis were: sex; age; body mass index (BMI);
body weight; hemoglobin levels; initial PEG-IFN and
RBV doses; amino acid substitutions in the HCV core
protein; number of amino acid substitutions in the
interferon sensitivity determining region; and /L28B
polymorphisms (at rs8099917 and 1s12979860). Fac-
tors associated with a decrease in hemoglobin levels (P
<0.10) were assessed by multiple logistic regression
analysis, and the odds ratio (OR) with 95% confidence
interval (CI) was determined. All analyses were per-
formed using SPSS software (SPSS 1I v. 11.0, Chicago,
IL), and 2 P-value < 0.05 was considered significant.

Results

Triple Therapy in Patients with HCV-1 Infec-
tion. Baseline characteristics of the 49 patients with
CC and the 12 with CA/AA genotypes at rs1127354
in the /TPA gene are compared in Table 1. They all
were infected with HCV-1. There were no significant
differences between them, except that alanine amino-
transferase  (ALT) and aspartate aminotransferase
(AST) levels were higher in patients with CC than

CA/AA genotypes (P = 0.041 and P = 0.008, respec-
tively). Overall, /L28B genotypes resistant to PEG-
IFN and RBVY, TT/TG at 158099917, and CC/CT at
rs12979860 were rather frequent, and possessed by
44% and 47%, respeciively, of the patients. This was
due to inclusion of 15 nonresponders to previous
IFN-based therapies, corresponding to 25% of the 61
patients studied, most of whom (14/15 [93%]) pos-
sessed IFN-resistant genotypes (TT/TG and CC/CT).
Six of them had low hemoglobin levels (<13 g/dL) at
baseline and were started with an RBV dose decreased
by 200 mg; they included five with CC and one with
CA genotypes of the ITPA gene.

Modification of RBV Dese During Triple Thera-
pv. RBY dose was reduced by >200 mg in all 61
patients studied during wiple therapy because hemoglo-
bin had decreased <12.0 g/dL in them. During the first
12 weeks of therapy while telaprevir was given, the pro-
portion of patients receiving the full RBY dose differed
between those with CC and CA/AA genotypes (Fig. 1).
RBY dose reduction was started earlier in the 49
patients with CC than the 12 with CAJAA genotypes
(26 = 1.3 vs. 4.8 & 3.1 weeks after the swart, respec-
tively, P = 0.010). Thus, during the first 12 weeks with
telaprevir the RBY dose was smaller in patents with
CC than CA/AA genotypes (52 + 14% vs. 65 = 21%
of the target dose, P = 0.039). During the nexx 12
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Fig. 1. Patients who received the full rhaviy during 12 weeks
on tiple therapy. The 49 patients with CC and the 12 with CA/AA
denotypes at 151127354 are compared.

weeks without telaprevir, in contrast, the RBY dase was
somewhat larger in patients with CC than CAJAA geno-
types (47 * 24% vs. 43 & 20%, P = 0.649). The cotal
RBV dose during 24 weeks on therapy was comparable
between the 49 patents with CC and the 12 with CA/
AA genotypes (49 & 17% vs. 54 = 18%, P = 0.531).
In patents with the CC genotype, the RBV dose was
no different between those who achieved SYR and those
who did not (50 = 18% vs. 47 = 13%, P = 0.728).
The RBV dose did not differ cither in patients with
CAJAA genotypes with and without SVR (57 = 17%
vs. 48 + 20%, P = 0.368).

The total dose of PEG-IFN was comparable among
49 patients with CC and 12 wich CA/AA genotypes
(87 £ 23% vs. 86 = 20% of the target, P = 0.488).
The rtotal telaprevir dose was no different either
between them (87 = 27 71 £ 36% of the target,
P = 0.098). Telaprevir was discontinued in 10 of the
49 (20%); patif’ntq with CC and 5 of the 12 (42%)
with CAJAA genotypes (P = 0.147).

%% vs.

Decreases su H woglobin Levels @mmg Triple
Therapy. Figure 2 compares decreases in hemoglobin
levels between 49 patients with CC and ith
AN genotypes of the /TPA gene. Data o Sai
were omitted because the wiple {’96?&;}‘; was withdrawn

4-10 weeks afrer che e'{ar’g including five with CC and
one with CA

i ‘“&Lléﬂio

'Em_r: Gioom decreased
/t //L‘

maore
ZENoType

patiernts wit

differences in hemoglobin

CC :z._mfs_ C/%./ﬁua genowvpes and

gene
more FELC(LLC“‘ ly than

3
GG genowypes (P < 0.0

(97%) patients with
achieved SVR, more b
(41%) with CT/TT geno ).

Facters [mﬂum@@mg Dew*emes in  Hemoglobin
Levels. Hemoglobin decreased <11 g/dL ax ch2< 4
during the wiple therapy in 27 of the 61 (44%)
patients. Factors for hemoglobin <11.0 g/dL were
female gender, age >50 years, body weight <60 kg,

BMI <23, and baseline hemoglobin <15 g/dL, as well
as the CC genotype of the JTPA gene, in the univari-
ate analysis (Table 2). Of them, female gender, age
>50 years, BMI <23, and the CC genotype remained
significant in the multivariate analysis. Hemoglobin
ievel lowered <8.5 g/dL during the wriple therapy in
13 of the 61 (21%) patients. Faciors for hemoglobin
<8.5 gfdL. were female gender, age >60 years, body
Welght <60 kg, BMI <23, and baseline hemoglobin

ne
<14 ¢/dL in che univariate analysis (Table 3)‘ Of

Fig. Z. Decreasss

T

in hemoglobin ieve

telaprevir, PEG-IFN, and RBV. The 49 ¢
CA/AR gdenciypes at 151127354 are compar
sach timepoint are indicated below, with the nun
whom telaprevir was withdrawn (PEG-IFN and
parentheses.

-235-



HEPATOLOGY, Vol. 53, No. 2, 2011

Tabie 2. Univariate and Multivariate Analyses of Host and Viral Facters Assoclated with Low Hemoglobin Levels (<

SUZUKIET AL, 419

12.0 g/

dl) at Week 4 of Triple Therapy

Univariate Analysis

Multivariate Analysis

Parameter OR {95% Cf) P OF (98% CF) P
Sex (female) 14.3 (4.1-50.0) < 0.001 9.41 (3.8-250.0) 0.001
Age (> 50 years) 4.3 (1.0-17.5) 0.030 7 3 (1.1-47.6) 0.039
Body weight (< 60 ke) 11.5 (3.4-38.2) < 0.001

Body mass index (< 23) 8.4 (2.6-27.1) < 0.001 17,2 (2.6-112.0) 0.003
Hemoglobin (< 15g/dL) 14.2 (3.5-57.4) < 0.001

ITPA gene (CC genotype) 0.062 36.8 (2.5-550.2) 0.009

Abbreviations: OR, odds ratio; Cl, confidence level.
them, only age and body weight remained significant  genotype  exclusively,’"?®  only  polymorphisms  at

in the muldvariate analysis.

Discussion

Anemia is a substantial risk in the standard of care
therapy with PEG-IFN and RBV.*® Triphosphorylated
RBV accumulates in erythrocytes of patients who receive
RBV, increasingly with RBV dose and duration, and
causes oxidative damage to erythrocyte membranes to-
ward extravascular hemolysis by the reticuloendothelial
system.'”*® Inosine triphosphate accumulates also in
erythrocytes of individuals who have murtations in the
ITPA gene, and results in benign red-cell enzymopathy.®
The expression of [/TPA is genetically controlled and
reduced in individuals who have point mutations in the
ITPA gene.® " As another achievement of GWAS in he-
patology,” in the wale of polymorphisms of the /Z28B
gene that influence the response to PEG-IFN and
RBszz' polymorphisms in the /7PA gene has been
reported to influence anemia caused by RBV. How ino-
sine triphosphate protects erythrocytes from hemolysis
caused by RBV needs to be sorted out by in vive and in
vitro experiments. Inosine triphosphate may prohibit the
accumulation of RBV in erythrocytes, or rather, it might
act direcily toward prohibition of hemolysis.

In the present study, 61 padents infecred with
HCV-1 received wiple therapy with PEG-IFN, RBYV,
and telaprevir in the first 12 weeks followed by PEG-
IFN and RBV in Then the RBV
dose and hemoglobin were compzrec between patients
with CC and CA/AA genotypes in the /7TPA gene.
Two polymorphisms in the /7P4 gene, in close | _mkagé
disequilibrium with an # value of 0.65,7 have been
recognized in Caucasians (;s1127354 and rs7270107);
the respective CA/AA and AC/CC genorypes decrease
the activity of inosine trxphospﬂataee and protect
Because the Japa-

16 AA

the second 12 weeks.

against anemia induced by RBY. 12
nese are monoallelic at 1s7270107 and possess ¢

151127354 were examined.

Of the 61 patients, 49 possessed the RBV-sensitive
CC genotype and the remaining 12 had RBV-resistant
CAJAA genotypes. Hemoglobin levels decreased both in
patients with CC and CA/AA genotypes. They lowered
r24 g/dL during weeks 8-12 on the triple therapy with
telaprevis, and increased thereafter (Fig, 2). Between the
two groups of patlents, differences in hemog obin
decrease were greatest at week 4 (1.3 gfdL), as in the
standard treatment with PEG-IFN and RBV.7 1213

When anemia and other side effects occurred, doses
of RBV, PEG-IFN, and telaprevir were modified. Of
the 61 patients studied, 27 (44%) were women and
most of them were in old age. Beyond 50 years of age,

‘women are less responsive than men to the standard

treatment with PEG-IFN and RBV, probably because
estrogens with an antifibrotic potential decrease after
menopause.”® Stringent precautions had o be taken,
therefore, by reducing the RBV dose in the patients in
whom hemoglobin levels decreased <12 g/dL, rather
than the conventional threshold of <10 g/dL.
Reductions of RBV dose due to anemia in patients
who receive PFG IFN and RBV are influenced by /7PA
polymorphisms.'* Also, in patients who had received the
triple therapy the RBV dose had w0 be reduced more in

Takle 3. Univariate and Multivariate Analyses of Host and
Yirsl Factors Associated with Yery Low Hemoglobin Levels
{«8.5 g/dL) During Triple Therapy

Univariate Analysis Multivatiaic Analysis

Parameter GR {95% G P OR (95% €1) 4

Sex (female) 6.1 (1.5-25.1) 0.007
Ade (>60 years) 5.8 (1.8-26.0) 0.004 10.1 (1.9-53.9) 0.007
Body waight 23.8 (2.9-200.0) <0.001 333 (3.4-333.3) 0.003

(<60 kg)
Body mass index  14.1 (1.7-125.0) 0.001

(<23)
Hemoglohin 4.3 (1.2-15.6) 0.023

(<14 g/dLy

Abbreviations: OR, odds ratio; Cl, confidence level.
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12 weeks while they received telaprevir (52 +
* 21% of the target dose, £ = 9.639). During
12 weeks off telaprevir, the RBY dose was somewhai
greater in patents with CC than CA/AA geﬂery*m (47 =
24% vs. 43 = 20%, P = 0.649). Thus, the wwl RBY
dose during 24 weeks of ‘t:hemp'f was -.a,:zpazabﬁsf between
patients with CC and CA/AA genotypes (51 £ 15% and
57 & 18%, P = (.72 i§\€‘/7536 the towl dose of PEG-
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SVR was achieved corm-
o vs. 67%, P = 0.736).
@veis during the firse 12
week were similar between the current wiple therapy
cohort and previous patients receiving PEG-IFN and
RBV."*"® The conservative hemoglobin levels chosen
for RBV dose reduction may be a possible confounding
factor on the impact of /7PA variants in anemia, which
would have been greater should the RBV dose not be
reduced in.patients with RBV-sensitive CC genotypes.

ITPA polymorphisms at 151127354 were associated
with RBV-induced anemia in Japanese patients, without
involvement of those at rs7270107 reported in Cauca-
sian and African-American patients.’”> Thus, /TPA poly-
morphisms at rs1127354 would play a major role in
protecting patients from RBV-induced anemia. CC/CA
genotypes at 151127354 occurs in 6% of the Caucasian
population, much less often in the Oriental population,
at 16%.7>%" Although AC/CC genotypes at 57270107
occurs in 13% of Caucasians, they do not exist in Ori-
entals.' > Obviously, different polymorphisms need to
be examined in patients of distinct ethnicities when the
influence on RBV-induced anemia is to be evaluated.

In confirmation of our previous report,” the iriple
therapy achieved SVR more frequently in patients with
CC than CT/TT genotypes of IL28 at 512979860
(96% vs. 41%, P < 0.001). About two-thirds.of stud-
ied patients accomplished SVR with the wiple treat-
ment, altho aoh one-fourth of them were nomespené—

in hemoglobin

.
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Efficacy and Safety of Combination Therapy
of Natural Human Interferon Beta and Ribavirin
in Chronic Hepatitis C patients

Yasuji Arase, Yoshiyuki Suzuki, Fumitaka Suzuki, Naoki Matsumoto, Norio Akuta,
Norihiro Imai, Yuya Seko, Hitomi Sezaki, Yusuke Kawamura, Masahiro Kobayashi,
Tetsuya Hosaka, Satoshi Saito, Kenji Ikeda, Mariko Kobayashi and Hiromitsu Kumada

Abstract

Objective The aim of this study was to evaluate the efficacy and safety of combination therapy of natural
human interferon-beta and ribavirin for patients for whom prior interferon therapy was discontinued due to
depression induced by interferon-alpha.

Methods Inclusion criteria were as follows; 1) HCV-genotype 1b, 2) serum HCV RNA level of =100
KIU/mL, 3) stopping the prior interferon-alpha monotherapy or combination therapy of interferon-alpha and
ribavirin due to the appearance of depression. A total of 14 were enrolled in this prospective cohort study.
The treatment period of combination therapy was 48 weeks. Depression states, reflected by Beck depression
inventories and Hamilton depression rating scale, were assessed during combination therapy. Nonparametric
procedures were employed for the analysis of background features of the patients with sustained virological
response (SVR) and without SVR. A p value of <0.05 was considered to indicate a significant difference.
Results Five of 14 patients (37.5%) had SVR by the intention to treat analysis. The SVR rate in patients
who showed negative HCV RNA at 12 and 24 weeks after the initiation of combination therapy was 100%
(4/4) and 83.3% (5/6), respectively. All of the patients continued the combination therapy owing to disappear-
ance of severely adverse events contained the exacerbation of depression. Combination therapy did not yield
a statistical difference in Beck depression inventories and Hamilton depression rating scale.

Conclusion The combination therapy of IFN-beta and ribavirin is a possible therapy selection for the pa-
tients for whom interferon therapy was discontinued due to depression induced by interferon-alpha.

Key words: chronic hepatitis C, depression, natural interferon-beta, ribavirin, HCV genotype 1b
(Intern Med 50: 2083-2088, 2011)

(DOIL: 10.2169/internalmedicine.50.5767)

tients with depression or interferon (IFN)-reduced depres-

Introduction

The combination therapy of peginterferon-alpha and
ribavirin has been widely recommended as a first choice for
chronic hepatitis C patients with high virus-load (1-5). How-
ever, one big problem of the combination therapy is the
treatment-related side effect (6, 7). In particular, physicians
in charge tend to avoid the combination therapy of
peginterferon-alpha and ribavirin for chronic hepatitis C pa-

sion.

IFN-beta-related side effects are mild and few compared
to therapy of IFN-alpha (6-8). In particular, IFN-beta-
induced mental disorders are mild compared to those in-
duced by IFN-alpha (9). Moreover, IFN-beta could be given
to elderly patients aged =70 years because of the mild side
effects (10). However, IFN-beta monotherapy does not result
in a satisfactory outcome in patients with genotype 1b and a
high virus load (11, 12). The combination therapy of IFN-
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beta and ribavirin has the possibility to show the strong ef-
fect for hepatitis C virus (HCV) and mild side effects origi-
nating from the treatment (13-15). We have reported that the
combination of IFN-beta plus ribavirin therapy is effective
and safety for HCV patients with high virus load and de-
pressive state (14). However, the previous study was retro-
spective and a prospective study is necessary to evaluate the
efficacy and safety of combination therapy of IFN-beta and
ribavirin for HCV patients with high virus load and depres-
sive state.

Thus, in the present study, we performed a prospective
study to examine the efficacy and safety of combination
therapy of IFN-beta and ribavirin in HCV genotype 1b pa-
tients who had stopped the IFN therapy due to depression
induced by IFN-alpha. At the same time, depression states,
reflected by Beck depression inventories (BDI) and Hamil-
ton depression rating scale (Ham-D), were assessed during
combination therapy (16, 17).

Materials and Methods

Patients

Eligibility criteria for entry into the study included the
following: 1) HCV genotype 1b; 2) serum level of HCV
RNA of =100 KIU/mL before treatment; 3) stopping of
IFN-alpha therapy due to depression appearance during the
prior IFN-alpha treatment; 4) Ham-D of <18; 5) no corti-
costeroid, immunosuppressive agents, or antiviral agents
used within 6 months; 6) no hepatitis B surface antigens
(HBsAg), antinuclear antibodies (ANA), or antimitochon-
drial antibodies (AMA) detectable in serum, determined by
radioimmunoassay; 7) white blood cell (WBC) >2,000/mm’,
platelet count >80,000/mm’, and bilirubin <2,0 mg/mL; fol-
low up for >6 months before treatment. We excluded from
the study all of the patients with the following: 1) a history
of alcohol abuse; 2) advanced liver cirrhosis of encephalopa-
thy, bleeding esophageal varices, or ascites. The physician in
charge explained the purpose and method of the combina-
tion therapy of IFN-beta and ribavirin as well as the poten-
tial adverse reactions to each patient and informed consent
was obtained from each patient. This study was approved by
the Human Ethics Review Committee of Toranomon Hospi-
tal.

From December 2007 to May 2008, 14 HCV patients
were enrolled in this prospective cohort study at the study
hospital. A sustained virological response (SVR) was de-
fined as clearance of HCV RNA by commercial amplicor
HCV qualitative assay (Amplicor HCV; Ver.2.0, Roche Di-
agnostic Systems, Basel, Switzerland) at 6 months after the
cessation of combination therapy (18).

Laboratory investigation

Blood samples were obtained just before and 6 month af-
ter combination therapy. The samples were stored at -80C
until analysis. Using these blood samples, HCV-RNA level

before IFN therapy was analyzed by quantitative PCR assay
(Amplicor GT-HCV Monitor Version 2.0, Roche Molecular
Systems) (19). Negativity of serum HCV RNA was defined
as clearance of serum HCV RNA by commercial amplicor
HCV qualitative assay (18). HCV-genotype was examined
by polymerized chain reaction assay, using a mixture of
primers for the six subtypes known to exist in Japan, as re-
ported previously (20). The core protein of HCV-1b was de-
termined by the previous report (21). Next, the genetic vari-
ations near the IL28B gene (158099917), reported as the pre-
treatment predictors of treatment efficacy and clinical out-
come, were investigated (22-26). Serum alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST) concentra-
tions, and HCV RNA were measured at least once per
month during therapy. Clinical evaluation and biochemical
and hematological tests were performed at 1, 2, and 4 weeks
in the first month after the initiation of combination therapy.
After that, these evaluations were done at monthly intervals.
The patients were followed by both physicians of hepatol-

ogy and psychiatry.
Combination therapy of IFN-beta and ribavirin

Treatment was provided for 48 weeks. IFN-beta (Feron,
Toray Industries Inc., Tokyo, Japan) was given intravenously
at a dose of 6 million units (MU) by six times a week for 4
weeks, followed by three times a week for 44 weeks. The
total dose was 936MU. Ribavirin (Rebetol, MSD KK., To-
kyo, Japan) was given at the dose prescribed based on body
weight. The ribavirin dose was adjusted according to body
weight (600 mg for =60 kg, 800 mg for >60 kg and =80
kg, and 1,000 mg for >80 kg).

Evaluation of the psychic state

The psychiatrist in charge evaluated the scores of BDI
and Ham-D prospectively. BDI shows the subjective symp-
tom of the depressive patients and Ham-D shows the objec-
tive evaluation by the psychiatrist. Scores on the BDI were
divided the following; severe, 29-63; moderate, 20-28; mild,
14-19; and minimal, 0-13. Scores on the Ham-D were di-
vided the following; very severe, >23; severe, 19-22; moder-
ate, 14-18; mild, 8-13; and normal <7 (27).

Statistical analysis

Nonparametric procedures were employed for the analysis
of background features of the patients with SVR and with-
out SVR, including the Mann-Whitney U test and Fisher’s
exact test. The following variables were evaluated as prog-
nostic factors: sex, age, BDI score, Ham-D score, a HCV
RNA level, IL28B (genetic variation in rs8099917), vari-
ation of HCV-core, biochemical factors (AST, ALY, gamma
glutamyltransferase, total cholesterol), white blood cell
(WBC), hemoglobin, platelet count, HCV RNA 4, 12, 24
week after the initiation of IFN therapy. The SPSS software
package (SPSS Inc., Chicago, IL) was used to perform sta-
tistical analysis. A p value of <0.05 was considered to indi-
cate a significant difference.

- 240-



Intern Med 50: 2083-2088, 2011 DOIL: 10.2169/internalmedicine.50.5767

Tabie 1.

with SVR and Thoese without SVR *#

The Difference of Clinical Backgrounds between Patients

Total SVR Non-SVR p value®
@=5) (0=9)

Age (years old) 62.1+£43 624+42 61.9+4.6 0.797
Sex (male/female) 6/8 2/3 4/5 0.898
Previous IFN therapy 8/6 3/2 5/4 0.898
(combination/monotherapy)
Duration of previous IFN 11.9+78 116102 12071 0.699
therapy (week)
HCV-RNA (KTU/mL) 2588+ 1455 2228+ 1807 2788+£1296  0.759
Core 2270 (Wild/Mutant)  6/8 3/2 /6 0.438
BDI score 1194103 1224142  11.7+84 0.518
Ham-D score 3.5+4.1 36+55 34+3.5 0.606
IL28B (genetic variation  7/7 5/0 217 0.042
in 1s8099917, genotype
TT/TGorGG)
AST (JU/L) 50+24 46 £ 37 52+17 0.112
ALT (IU/L) 68 +33 60 +35 72432 0.518
GGT (IU/L) 55459 25%5 72 =69 0.813
Total cholesterol (mg/dL) 175+30 166 £ 35 179+28 0.298
White blood cell(10°/mm’®)  439+124 4162102 4.52+139  0.898
Hemoglobin (g/dL) 14111 142+15 14.0£09 0.898
Platelet(10%/mm®) 158448 199+24  13.5+4.1 0.019
HCV RNA (+/-) 4W 11/3 2/3 9/0 0.083
HCV RNA (+/-) 12W 10/4 1/4 9/0 0.012
HCV RNA (+/-) 24W 8/6 0/5 8/1 0.004

Data are number of patients (percentage) or mean = standard deviation.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BDI, Beck
depression inventories; GGT, gamma-glutamyltransferase; Ham-D, Hamilton

depression rating; HCV, hepatitis C virus;

*IFN-beta was given intravenously at a dose of 6 million units (MU) daily for 4
weeks, followed by three times a week for 44 weeks.

"Nonparametric procedures were employed for the analysis of background
features of the patients with SVR and without SVR, including the Mann-Whitney

U test and Fisher’ exact test.

Result

Clinical characteristics of the patients

A total of 14 patients treated with IFN-beta +ribavirin
were enrolled in the present study. Table 1 shows the char-
acteristics of the patients who received combination therapy.
Clinical profiles were as follows: mean age =62.1 years,
male/female =6/8, and HCV-RNA =2,588+1,455 KIU/mL.
Patients were classified into two groups according to the dif-
ference of response: SVR (n=5), Non-SVR (1=9).

Efficacy of treatment

Five of 14 patients (37.5%) had SVR by the intention to
treat analysis. Table 1 shows the differences in the clinical
background between patients with SVR and those without
SVR. The negativity rate of HCV RNA 12 weeks after the
initiation of combination therapy was 80% (4/5) in SVR
group and 0%(0/9) in Non-SVR group (p=0.012). The nega-
tivity rate of HCV RNA 24 weeks after the initiation of
combination therapy was 100% (5/5) in SVR group and
11.1% (1/9) in Non-SVR group (p=0.004). Next, the platelet
count in SVR group was significantly higher than that in
Non-SVR group.

On the IL.28B (genetic variation in rs8099917), all seven

patients with TG or GG at IL28B showed non-SVR. On the
other hand, five of the seven patients with TT at IL28B
showed SVR. The TT at IL28B that is associated with SVR
was statistically significant in the present study (p=0.042).

Safety and tolerance of combination therapy

Of the 14 patients treated with IFN-beta + ribavirin in-
cluded in this study, four patients necessitated a reduced
dose of ribavirin due to the appearance of hemoglobin level
<10 g/dL. and two patients needed a reduced dose of IFN-
beta due to WBC count of <2,000/mm’. Three patients had
dipstick proteinuria of +1 at 4 week after the initiation of
combination therapy. This proteinuria continued during com-
bination therapy. However, no patient discontinued combina-
tion therapy because of treatment related adverse events re-
lated to exacerbation of depression. Fig. 1 shows the
changes of BDI scores in 14 patients treated with IFN-beta
+ ribavirin. BDI scores during combination therapy were
lower than that at the initiation time of treatment. Fig. 2
shows the changes of Ham-D scores in 14 patients. There
was no statistically significant difference in changes of
Ham-D scores during combination therapy compared to that
at the initiation time of treatment.

Regarding the prescription of antidepressant and anti-
anxiety drugs, antidepressants, such as sulpiride, and ami-
triptyline hydrochloride, were given to three patients at the

- 241-



Intern Med 50: 2083-2088, 2011 DOI: 10.2169/internalmedicine.50.5767

Combination therapy
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157

BDI Score

p =0.002

p=0.003

p=0003 P= 0.001

c 1 2 4
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Period after the initiation of treatment (week)

KFigure 1.

The change of BDI score after the initiation of combination therapy. P-values at 1, 2, 4,

12, 24, 48, and 72 weeks indicate the statistical difference compared with the BDI-2 score at the ini-
tiation time of combination therapy by the use of Mann-Whitney U test.

Combination therapy

5.07

4.0

p =0.844

2.07

1.07

HAM-D Score

p=0.679

0=0.212 p=0.212

0.0
0 1 2 4

12 24 48 72

Period after the initiation of treatment (week)

Figure 2. The change of Ham-D score after the initiation of combination therapy. P-values at 1, 2,

o

4, 12, 24, 48, and 72 weeks indicate the statistical difference compared with the HAM-D score at the
initiation time of combination therapy by the use of Mann-Whitney U test.

start of IFN therapy and to four patients during IFN therapy.
Anti-anxiety drugs, such as etizolam, alprazolam, were
given to four patients at the start of IFN therapy and to five
patients during IFN therapy.

The changes of WBC, hemoglobin, and platelet count af-
ter the initiation of combination therapy are shown in Fig. 3.
WBC and hemoglobin levels were decreased during combi-
nation therapy. On the other hand, the platelet count de-
crease was statistically significant at 1, 2, and 4 weeks after
the initiation of combination therapy compared to that at the
initiation time of treatment. After that, the platelet count re-
covered to the base line at 12, 24, and 48 weeks after the
initiation of combination therapy.

Discussion

In the present study, we have described the efficacy and
safety of combination therapy of IFN-beta and ribavirin for
patients for whom IFN therapy was discontinued due to de-
pression induced by IFN-alpha. The patients with HCV
genotype 1b and HCV-load of =100 KIU/mL were en-
rolled. We could evaluate the relationship between IL-28 or
HCV core mutation and SVR in the combination therapy of
IFN-beta and ribavirin for genotype 1b and high virus load.
The present study was limited to exclude the subjects with
Ham-D score of more than 18. Patients with Ham-D score
of more than 18 were defined as severe depression state. It
is possible that high score of Ham-D enhance the dropout
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due to combination therapy and aggravation of depressive
state. Thus, we excluded the patients with Ham-D score of
more than 18 in the present study. Moreover, the number of
14 patients enrolled was a small size. Another limitation is
that the present study was not a randomized controlled
study. Several findings from the present study have direct
implications for combination therapy of IFN-beta and ribavi-
rin for chronic hepatitis C in the future. First, the drop-out
rate due to depressive state in combination therapy of IFN-
beta and ribavirin was low. This result was similar to that in
the previous study (14). The result by this prospective study
confirmed that combination therapy of IFN-beta and ribavi-
rin reduced the aggravation of depressive state compared
with combination therapy of peginterferon-alpha and ribavi-
rin.

Second, 5 out of 14 patients treated with combination
therapy of IFN-beta and ribavirin had SVR. The SVR rate
in the present study was almost the same to that in the pre-
vious study.

Third, SVR had a tendency to occur in patients with
negativity of HCV RNA at 12 and/or 24 weeks after the in-
itiation of combination therapy. All of the patients with
positive HCV RNA at 24 weeks after the initiation of com-
bination therapy showed non-SVR. This result agreed with
our previous report (14). Thus, positive HCV RNA at 24
weeks after the initiation of combination therapy of IFN-

beta and ribavirin suggests that the possibility of SVR is
low. Next, patients with a high platelet count tended to show
SVR. In general, a high platelet count suggests slight fibro-
sis of liver. Thus, the result raises the possibility that slight
hepatic fibrosis enhance the efficacy of combination therapy.

Finally, SVR in combination therapy of IFN-beta +
ribavirin was associated with IL-28B in the present study.
None of the seven patients with genotype TG or GG at the
genetic variation in rs8099917 near the IL28B gene had
SVR. The results suggested that only patients with genotype
TT might have the possibility of getting SVR. On substitu-
tion of core amino acid (aa) 70, two of eight patients with
mutant type of core aa 70 showed SVR. The result shows
that patients with mutant type of core aa 70 have the possi-
bility of getting SVR. Several authors have reported that vi-
rus clearance in combination therapy of peginterferon-alpha
and ribavirin is associated with HCV mutations in the core
region and IL-28B (21-26). The present study confirmed
that IL-28B was related with SVR for HCV patients with
genotype 1b and high virus load.

IFN-beta is not convenient for treatment compared to in-
tramuscular or subcutaneous injection. However, IFN-beta-
related side effects are mild and few compared to those of
IFN-alpha. IFN-beta-induced mental disorders are mild com-
pare to those induced by IFN-alpha. Out of 7,250 HCV pa-
tients treated with IFN in our hospital, 960 (13.2%) were
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given IFN-beta. The mechanism of the better tolerability of
IFN-beta and ribavirin is unclear. However, the following
mechanism might be considered: 1) IFN-beta is not recom-
binant IFN but produced from human white blood cell.
Thus, IFN-beta has a tendency not to produce some immune
complex relating to IFN-related side effects. 2) IFN-beta
might have different intracellular mechanisms compared to
IFN-alpha. Although the receptor of IFN alpha and beta are
common, intracellular mechanisms could differ. Our results
described above suggest that combination therapy of IFN-
beta and ribavirin is one possible method for patients who
have HCV-genotype 1, high virus load and depressive state
of Ham-D scale of <18. In conclusion, the combination ther-
" apy of IFN-beta and ribavirin is a possible therapy selection
for the patients for whom interferon therapy was discontin-
ued due to depression induced by interferon-alpha.

The authors state that they have no Conflict of Interest (COI).

Acknowledgement

The present work was supported in part by grants-in-aid from
the Japanese Ministry of Health, Labour and Welfare. The
authors acknowledge the editorial assistance of Thomas Hughes.

References

1. Manns MP, McHutchison JG, Gordon SC, et al. Peginterferon
alfa-2b plus ribavirin compared with interferon alfa-2b plus ribavi-
rin for initial treatment of chronic hepatitis C: a randomised trial.
Lancet 358: 958-965, 2001.

2. Fried MW, Shiffman ML, Reddy KR, et al. Peginterferon alfa-2a
plus ribavirin for chromic hepatitis C virus infection. N Engl J
Med 347: 975-982, 2002.

3. McHutchison JG, Manns M, Patel K, et al; International Hepatitis
Interventional Therapy Group. Adherence to combination therapy
enhances sustained response in genotype-1-infected patients with
chronic hepatitis C. Gastroenterology 123: 1061-1069, 2002.

4. Hadziyannis SJ, Sette H, Morgan TR, et al; PEGASYS Interna-
tional Study Group. Peginterferon-alpha2a and ribavirin combina-
tion therapy in chronic hepatitis C: a randomized study of treat-
ment duration and ribavirin dose. Ann Intern Med 140: 346-355,
2004.

5. Shiffman ML, Ghany MG, Morgan TR, et al. Impact of reducing
peginterferon alfa-2a and ribavirin dose during retreatment in pa-
tients with chronic hepatitis C. Gastroenterology 132: 103-112,
2007.

6. Iwasaki Y, Ikeda H, Araki Y, et al. Limitation of combination ther-
apy of interferon and ribavirin for older patients with chronic
hepatitis C. Hepatology 43: 54-63, 2006.

7. Arase Y, Suzuki F, Suzuki Y, et al. Side effects of combination
therapy of peginterferon and ribavirin for chronic hepatitis-C. In-
tern Med 46: 1827-1832, 2007.

8. Festi D, Sandri L, Mazzella G, et al. Safety of interferon beta
treatment for chronic HCV hepatitis. World J Gastroenterol 10:
12-16, 2004,

9, Katamura Y, Suzuki F, Akuta N, et al. Natural human interferon
beta plus ribavirin combination therapy in Japanese patients in-
fected with hepatitis C virus and a high viral load. Intern Med 47:
1827-1834, 2008.

DOI: 10.2169/internalmedicine.50.5767

10. Arase Y, Suzuki F, Suzuki Y, et al. The efficacy of interferon-beta
monotherapy for elderly patients with type C hepatitis of genotype
2. Intern Med 48: 1337-1342, 2009.

11. Kainuma M, Ogata N, Kogure T, et al. The efficacy of a herbal
medicine (Mao-to) in combination with intravenous natural
interferon-beta for patients with chronic hepatitis C, genotype 1b
and high viral load: a pilot study. Phytomedicine 9: 365-372,
2002.

12. Xurosaki M, Enomoto N, Murakami T, et al. Analysis of geno-
types and amino acid residues 2209 to 2248 of the NS5A region
of hepatitis C virus in relation to the response to interferon-beta
therapy. Hepatology 25: 750-753, 1997.

13. Enomoto M, Tamori A, Kawada N, et al. Interferon-beta plus
ribavirin for patients with hepatitis C virus genotype 1: a random-
ized pilot trial. Gut 55: 139-140, 2006.

14. Arase Y, Suzuki F, Akuta N, et al. Efficacy and safety of combina-
tion therapy of natural human interferon beta and ribavirin in
chronic hepatitis C patients with genotype 1b and high virus load.
Intern Med 49: 957-963, 2010.

15, Arase Y, Suzuki F, Akuta N, et al. Efficacy and safety of combina-
tion therapy of natural human interferon Beta and ribavirin in
chronic hepatitis C patients with genotype 2 and high virus load.
Intern Med 49: 965-970, 2010.

16. Beck AT. Comparison of Beck Depression Inventories-IA and -II
in psychiatric outpatients. J Pers Assess 67: 588-597, 1996.

17. Hamilton M. A rating scale for depression. J Nerol Neurosurg
Psychiat 23: 56-62, 1960. -

18. Doglio A, Laffont C, Caroli-Bosc FX, Rochet P, Lefebre J. Sec-
ond generation of the antomated Cobas Amplicor HCV assay im-
proves sensitivity of hepatitis C virus RNA detection and yields
results that are more clinically relevant. J Clin Microbiol 37:
1567-1569, 1999.

19. Albadalejo J, Alonso R, Antinozzi R, et al. Multicenter evaluation
of the COBAS AMPLICOR HCYV assay, an integrated PCR sys-
tem for rapid detection of hepatitis C virus RINA in the diagnostic
laboratory. J Clin Microbiol 36: 862-865, 1998.

20, Dusheiko G, Schmilovitz-Weiss H, Brown D, et al. Hepatitis C vi-
rus genotypes: an investigation of type-specific differences in geo-
graphic origin and disease. Hepatology 19: 13-18, 1994,

21. Akuta N, Suzuki F, Sezaki H, et al. Association of amino acid
substitution pattern in core protein of hepatitis C virusgenotypelb
high viral load and non-virological response to interferon-ribavirin
combination therapy. Intervirology 48: 372-380, 2005.

22. Ge D, Fellay J, Thompson AJ, et al. Genetic variation in IL28B
predicts hepatitis C treatment-induced viral clearance. Nature 461:
399-401, 2009.

23. Tanaka Y, Nishida N, Sugiyama M, et al. Genome-wide associa-
tion of TL28B with response to pegylated interferon-alpha and
ribavirin therapy for chronic hepatitis C. Nat Genet 41: 1105-
1109, 2009.

24. Suppiah V, Moldovan M, Ahlenstiel G, et al. IL28B is associated
with response to chronic hepatitis C interferon-alpha and ribavirin
therapy. Nat Genet 41: 1100-1104, 2009.

25. Thomas DL, Thio CL, Martin MP, et al. Genetic variation in 128
B and spontaneous clearance of hepatitis C virus. Nature 461:
798-801, 2009.

26. Rauch A, Kutalik Z, Descombes P, et al; Swiss Hepatitis C Cohort
Study; Swiss HIV Cohort Study. Swiss Hepatitis C and HIV Co-
hort Studies. Genetic variation in IL28B is associated with chronic
hepatitis C and treatment failure—a genome-wide association
study. Gastroenterology 138: 1338-1345, 2010.

27. Kearns NP, Cruickshank CA, McGuigan KJ. A comparison of de-
pression rating scales. Br J Psychiatry 141: 5-49, 1982,

© 2011 The Japanese Society of Internal Medicine
http://www.naika.or.jp/imindex.html

- 244-



Hepatology Research 2011; 41: 1036~1045

Original Article

doi: 10.1111/j.1872-034X.2011.00858 x

Highly sensitive AFP-L3% assay is useful for predicting
recurrence of hepatocellular carcinoma after curative
treatment pre- and postoperatively

Masahiro Kobayashi, Tetsuya Hosaka, Kenji Ikeda, Yuya Seko, Yusuke Kawamura,
Hitomi Sezaki, Norio Akuta, Fumitaka Suzuki, Yoshiyuki Suzuki, Satoshi Saitoh,

Yasuji Arase and Hiromitsu Kumada

Department of Hepatology, Toranomon Hospital, Tokyo, Japan

Aim: The micro-total analysis system (uTAS), a fully auto-
mated immunoassay system using microchip capillary elec-
trophoresis, is highly sensitive and able to quickly assay the
AFP-L3%. The clinical usefulness of this system was studied.

Methods: We retrospectively enrolled 250 patients who
underwent curative treatment for primary hepatocellular car-
cinoma (HCC) (93 patients underwent hepatic resection and
157, radiofrequency ablation [RFA]).

Results: The sensitivity for uTAS AFP-L3% was 40.3% at the
cutoff value of 5% in a range of AFP less than 20 ng/imL where
the conventional method was unable to determine AFP-L3%.
The sensitivity for AFP-L3% remained high even at stage | and
at tumor size less than 2 cm (42.5% and 46.0%, respectively).
Recurrence rate of patients with AFP-L3% greater than 5%
was significantly higher than that of patients with less than
5% (P =0.001). Furthermore, in resected patients, the

postoperative AFP-L3% remained elevated with value greater
than 5% was related to HCC recurrence (P = 0.001). Multivari-
ate analysis revealed that multiple tumors (P = 0.004), preop-
erative AFP-L3% greater than 5% (P = 0.003}, albumin less than
3.5 g/dL (P = 0.008), and RFA {P = 0.003) were significant prog-
nostic factors of recurrence.

Conclusions: The UTAS was found to be a highly sensitive
assay for AFP-L3% in patients with curative treatment of HCC.
A cutoff value of 5% was useful for predicting recurrence after
the curative treatment and detecting small tumors and early
stage HCC. Additionally, postoperative AFP-L3% was found to
be a prognostic factor of HCC recurrence.

Key words: hepatocellular carcinoma, highly sensitive
AFP-L3%, micro-total analysis system

INTRODUCTION

EPATOCELLULAR CARCINOMA (HCC) is the

fifth most common malignancy and the third
leading cause of cancer-related death in the world.!
Assays of three tumor markers, o-fetoprotein (AFP),
Lens culinaris agglutinin-reactive fraction of o-
fetoprotein (AFP-L3), and des-gamma-carboxy pro-
thrombin (DCP), are helpful for HCC surveillance and
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diagnosis in parallel with imaging®® Among such
markers, AFP is the most frequently assayed in the
world, and adopted in the guidelines of the European
Association for the Study of the Liver (EASL)® and The
Asian Pacific Association for the Study of the Liver
(APASL)” and also in the surveillance guidelines in
Japan,® while the markers are not yet recommended for
HCC surveillance by the American Association for the
Study of Liver Disease (AASLD).” AFP level has been
reported to be related to both disease stage and histo-
logical progression of HCC.'*"' However, AFP level is
often elevated even in patients with benign liver disease,
and the low specificity of AFP has thus been a cause of
concern for use as a HCC marker.'>”'" Aoyagi et al.' and
Taketa et al.,'® who focused on HCC-specific glycoform,
found that the carbohydrate chain of AFP derived from
HCC is fucosylated, leading to the discovery of AFP-L3
fraction highly specific for HCC. The rate of AFP-L3 in

© 2011 The Japan Society of Hepatology
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total AFP (AFP-L3%) has been reported to be useful for
HCC diagnosis in many studies,'”"? but is not suffi-
ciently sensitive because it has been conventionally
determined by lectin affinity electrophoresis and anti-
body affinity blotting method,?' or liquid-phase binding
assay on an auto-analyzer (LiBASys),” with a clinical
sensitivity of about 20% among patients with curable
small HCC."""* Recently, a micro-total analysis system
(UTAS) based on lectin-affinity electrophoresis using
microfluidics technology has been put into clinical use
to quickly determine the AFP-13% with high sensitiv-
ity.” The WTAS is a systemn enabling simultaneous deter-
mination of AFP, AFP-13%, and DCP, and is expected to
be useful in assistance of detecting HCC.***

In the present study, AFP-L3% was assayed using this
system in HCC patients who underwent curative resec-
tion or radiofrequency ablation (RFA) of HCC at our
hospital, to investigate the clinical sensitivity and the
relationship of the AFP-L3% with prognosis of HCC
recurrence.

METHODS

Patients

ETWEEN 2003 AND 2007, a total of 724 patients
were diagnosed with primary HCC at the Depart-
ment of Hepatology, Toranomon Hospital. Of these,
250 patients who underwent curative resection (n = 93)
or RFA (n=157) for HCC were included in the present
study. The demographic characteristics of patiehts are
shown in Table 1. Serum samples were obtained imme-
diately before treatment and 30 to 120 days (median
83 days) after surgical resection, and stored at —~80°C.
The present study was retrospective in design and
approved by the Toranomon Hospital Clinical Commit-
tee, with written consent obtained from patients or
patients’ legally acceptable representatives.

Diagnosis of HCC

Hepatocellular carcinoma was diagnosed by image
modalities in most cases. If a hepatic nodular lesion
was found on screening by ultrasonography (US), the
patient underwent dynamic computed tomography
(CT) and/or dynamic magnetic resonance imaging
(MR1). Furthermore, when a liver nodule exhibited
hyper-attenuation in the arterial phase of dynamic study
and washout in the portal or delayed phase, or exhibited
typical hyper vascular staining on digital subtraction
angiography, the nodule was diagnosed as HCC accord-
ing to the AASLD guidelines.® When the nodule did not
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Table 1 Demographics of study population

P-value

Patients with RFA

Patients with resection
(n=157)

(n=93)

All patients

Characteristics

=250)
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appear with the above-noted typical imaging features, a
fine needle aspiration biopsy was carried out, followed
by histological examination and diagnosis. Tumor stage
on imaging findings was assessed on the basis of the
Tumor Node Metastasis (TNM) classification of the
Liver Cancer Study Group of Japan.*

Measurements of AFP, AFP-L3%, and DCP

o-fetoprotein, AFP-13%, and DCP were assayed using
a microchip capillary electrophoresis and liquid-phase
binding assay on the HTASWako i30 auto analyzer
(Wako Pure Chemical Industries, Ltd, Osaka, Japan).
The minimal detection limit of the UTAS was 0.3 ng/mL
for AFP, and AFP-13% was measurable when its concen-
tration was above 0.3 ng/mlL.

Follow-up protocol

Physicians examined patients every 4 weeks after cura-
tive treatment, and liver function and tumor markers
were also measured once every month. After completion
of HCC eradication, recurrence was surveyed with
contrast-enhanced three-phase CT every 3 months.

Statistical analysis

We determined sensitivity and recurrence rate of HCC at
diagnosis with AFP at the cutoff value set to 20 ng/mL.
AFP-L3% cutoff values was set to 3%, 5%, 7%, and 10%.

Differences in the patient characteristics and labora-
tory data between the resection and RFA groups were
examined with the %? test and Mann-Whitney’s U-test.
Differences in the positive rates of AFP and AFP-L3%
were evaluated by the Cochran-Armitage trend test.
Recurrence rates were analyzed using the Kaplan-Meier
method, and differences in the curves were tested using
the log-rank test. Independent risk factors associated
with recurrence were studied using the Cox proportional
hazards model. Probabilities of less than 0.05 were con-
sidered significant. The Cochran-Armitage trend test
was performed using the JMP statistical software version
9 (SAS Institute, Cary, NC, USA). Other data analysis
was performed using SPSS statistical software version 10
(SPSS Inc., Chicago, IL, USA).

RESULTS

Sensitivity for AFP and AFP-L3%

VERALL, THE SENSITIVITY for AFP was 38.0%

when the cutoff value was set to 20 ng/mL. The
sensitivity for AFP-1.3% was 66.4%, 47.2%, 31.6%, and
18.8% at a cutoff value of 3%, 5%, 7%, and 10%, respec-
tively (Table 2A).

© 2011 The Japan Society of Hepatology

Hepatology Research 2011; 41: 1036-1045

Table 2 Sensitivity (A) All patients (n=250) (B} Patients
with AFP <20 ng/mL (n=154), and (C) Patients with
AFP > 20 ng/mL (n = 96)

Analyte Cutoff value Sensitivity (%)
AFP 20 ng/mL 38.0
(A) AFP-13% 3% 66.4
5% 47.2
7% 31.6
10% 18.8
(B) AFP-L3% 3% 54.5
5% 40.3
7% 24.0
10% 12.3
(©) AFP-L3% - 3% 85.4
5% 58.3
7% 43.8
10% 29.2

We compared the sensitivities in the groups of 154
patients with AFP less than 20 ng/mL (Table 2B) and 96
patients greater than 20 ng/mL (Table 2C). The sensitiv-
ity for AFP-1.3% was 54.5%, 40.3%, 24.0%, and 12.3%
in the patient group with low AFP and 85.4%, 58.3%,
43.8%, and 29.2% in the patient group with high AFP,
with the cutoff value at 3%, 5%, 7%, and 10%, respec-
tively. The sensitivity for AFP-L3% was higher in the
high AFP patient group at respective cutoff values, but
relatively high even in the low AFP patient group.

Sensitivity for AFP-L3% by tumor stage
and size

Table 3A shows the sensitivity for AFP and AFP-13%
by tumor stage and Table 3B shows the sensitivity
by maximal tumor size. The sensitivity for AFP-L3%
increased with tumor progression at the. cutoff values of
7% and 10% (P=0.021 and 0.011, respectively, by the
Cochran-Armitage trend test); however, the sensitivities
were 65.0% and 42.5% and remained at a high level
even for patients with stage-1 tumors when the cutoff
values were 3% and 5%, respectively.

When analyzed by tumor size, no significant differ-
ence observed at all the cutoff values. The sensitivity was
68.0% and 46.0% in patients with turnor size less than
2 cm and remained high at AFP-L3% of cutoff 3% and
5% regardless of tumor size, respectively.

Relationship of AFP and AFP-L3% with
HCC recurrence

Hepatocellular carcinoma recurred in 151 (60.4%)
patients during a median follow-up period of 4.2 years
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Table 3 Sensitivity by tumor stage and size (A) by tumor stage and (B) by tumor size

(A)
Analyte Cutoff value Stage 1 Stage 11 Stege 111 P-value
(n=120) (n=103) (n=127)
AFP 20 ng/mL 38.3% 37.9% 40.7% NS
AFP-13% 3% 65.0% 67.0% 70.4% NS
5% 42.5% 50.5% 55.6% NS
7% 25.0% 35.9% 44.4% 0.021
10% 12.5% 23.3% 29.6% 0.011
(B)
Analyte Cutoff value <2 cm 2-3 cam 3-5cm >5 cm P-value
(n=150) (n=66) (n=25) (n=9)
AFP 20 ng/mL 42.7% 33.3% 36.0% 11.1% 0.057
AFP-L3% 3% 68.0% 71.2% 48.0% 55.6% NS
5% 46.0% 54.5% 36.0% 44.4% NS
7% 28.0% 42.4% 24.0% 33.3% NS
10% 15.3% 27.3% 16.0% 22.2% NS

AFP, a-fetoprotein; NS, not significant.

(0.2 to 7.8 years) after curative treatment. The cumula-
tive recurrence rate was 21.5% atyear 1, 53.5% at year 3,
and 65.6% at year 5 after treatment. In these patients,
the recurrence rate was analyzed by preoperative AFP
and AFP-L3% (Fig. 1).

There was no significant difference in recurrence rate
between the patient groups with AFP greater than and
less than 20 ng/mlL (Fig. 1a). On the other hand, the 1-
and 3-year recurrence rates were 29.4% and 65.5% in
patients with AFP-1L3% greater than 5% and 14.5% and
42.7% in patients with AFP-L3% less than 5%, respec-
tively, and significantly different between the two
patient groups (P=0.001) (Fig. 1b). When the cutoff
value for AFP-1.3% was set to 7% and 10%, recurrence
rate tended to be high in the patient group with AFP-
L3% greater than the cutoff value, though not to a sig-
nificant difference (data not shown).

Relationship of pre- and postoperative AFP
and AFP-L3% with recurrence rate in
patients undergoing resection

To exclude the improper matching of other potential
risk factors for recurrence between the resected and the
RFA patients, the relationships of pre- and postoperative
AFP and AFP-13% with the recurrence rate of HCC were
analyzed for 93 resected patients. Figures 2 and 3 show
the recurrence rates with preoperative and postopera-
tive, respectively.

On analysis by preoperative AFP, the 1- and 3-year
recurrence rates were 17.9% and 51.7% in patients with
AFP less than 20 ng/mL and 11.1% and 36.9% in
patients with AFP greater than 20 ng/mlL, respectively,
showing that the recurrence was high in the patient
group with lower AFP, but this is not statistically signifi-
cant (P=0.121) (Fig. 2a). In contrast, by preoperative
AFP-L3% using a cutoff value of 5%, the 1- and 3-year
recurrence rates were 10.0% and 33.6% in patients with
AFP-L3% less than 5% and 21.4 and 59.5% in patients
with AFP-1.3% greater than 5%, with a significantly high
recurrence rate in patients with AFP-1.3% higher than
5% (P=0.013) (Fig. 2b). In addition, using the cutoff
values of 7% and 10%, there was no significant differ-
ence between groups (data not shown).

Similar analyses were performed using the serum
samples obtained from 91 of 93 patients after resection.
Preoperative level of AFP greater than 20 ng/mL
decreased to the level of less than 20 ng/ml in 29 of 37
patients (78.4%). On the other hand, preoperative AFP
levels below 20 ng/mL turned positive in only one of 54
(1.9%) patients after curative treatment. Simnilarly, pre-
operative level of AFP-1.3% greater than 5% decreased to
a level less than 5% only in 16 of 42 (38.1%) patients.
Moreover, preoperative level of AFP-L3% less than 5%
increased to a postoperative level of 5% or higher after
treatment in seven of 49 patients (14.3%). Thereby AFP-
13% turning negative after treatment was rare.
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Figure 1 Cumulative recurrence rate of hepatocellular carci-
noma (HCC) for o-fetoprotein (AFP) and AFP-L3% in all
patients. (a) Recurrence rate for AFP: solid line, recurrence rate
in patients with AFP 2 20 ng/mL; broken line, recurrence rate
in patients with AFP < 20 ng/mL. (b} Recuirence rate for AFP-
L3%: solid line, recurrence rate in patients with AFP-L3 2 5%;
broken line, recurrence rate in patients with AFP < 5%.

Comparing recurrence rates by postoperative AFP and
AFP-L3%, the 1- and 3-year recurrence rates were 14.6%
and 46.7% in patients with total AFP less than 20 ng/mL
and 25,0% and 37.5% in patients with AFP greater than
20 ng/ml, with no significant difference between the
two groups (Fig. 3a). In contrast, the 1- and 3-year recur-
rence rates were 14.7% and 43.5% in patients with AFP-
L3% less than 5% and 29.3 and 64.4% in patients with
AFP-L3% greater than 5%, with a significant difference
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between the two groups (P=0.001) (Fig. 3b). With a
cutoff value of 7% for AFP-13%, no significant differ-
ence was observed between the two groups {data not
shown). Only two patients had the postoperative AFP-
L3% value greater than 10%. They developed HCC
recurtence within 1 year and were suspected to have
persistent HCC.
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Figure 2 Cumulative recurrence rate of hepatocellular carci-
noma (HCC) for preoperative o-fetoprotein (AFP) and AFP-

3% in resected patients. (a) Recurrence rate for preoperative
AFP: solid line, recurrence rate in patients with AFP > 20 ng/
mlL; broken line, recurrence rate in patients with AFP < 20 ng/
mL. (b) Recurrence rate for preoperative AFP-L3%: solid line,
recurrence rate in patients with AFP-L3 2 5%; broken line,
recurrence rate in patients with AFP-L3 < 5%.
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