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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 Tkeda, 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-

26

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)
(DOT: 10.2169/internalmedicine.50.5767)

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-

tients with depression or interferon (IFN)-reduced depres-
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/mmnr’,
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 -807C
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 (1s8099917), 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, ALT, 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 sigpificant difference.
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Table 1. The Difference of Clinical Backgrounds between Patients
*  with SVR and Those without SVR *
Total SVR Non-SVR p value’
(o=5) (=9)
Age (years old) 62.1+43 624142 61.9+46 0.797
Sex (male/female) 6/8 2/3 4/5 0.898
Previous IFN therapy 8/6 312 5/4 0.898
(combination/monotherapy)
Duration of previous IFN 119+78 11.6 £ 102 12071 0.699
therapy (woek)
HCV-RNA (KIU/mL) 2588+ 1455 2228+ 1807 2788+ 1296 0.759
Core aa70 (Wild/Mutant) 6/8 32 3/6 0.438
BDI score 11.9+103 122+ 142 11.7+ 8.4 0.518
Ham-D score 3.5%4.1 36+55 3435 0.606
1L.28B (genetic variation ~ 7/7 5/G 217 0.042
in rs8099917, genotype
TI/TGorGG)
AST (JU/L) 5024 46 £ 37 52£17 0.112
ALT (IU/L) 68+33 60+ 35 72 £32 0.518
GGT (JUL) 55+59 25x5 72 £69 0.813
Total cholesterol (mg/dL) 175+ 30 166 + 35 179428 0.298
White blood cefi(10*/mm®) . 439+1.24 416102 452+139  0.898
Hemoglobin (g/dL) 141x1.1 142+1.5 140+ 0.9 0.898
Platelet(10%mm®) 15.8+438 199+24  13.5%4.1 0.019
HCV RNA (+/-) 4W 1173 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 (n=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 I1.28B (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
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Figure 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
5.0
4.0
p=0.844 p =0.679
0.249
b2
207 p=0212 p=0212
2 o
§ 1.0
a
z
* 00 ~ ;
0 1 2 4 12 24 48 72

Period after the initiation of freatment-(week)

Figure 2. The change of Ham-D 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 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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Figure 3. The change of complete bloed cell count after the initiation of combination therapy.
Panel A; The change of white bleod cell count. Panel B; The change of hemoglobin level. Panel C;

The change of platelet count.

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 TL-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.
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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/mL where
the conventional method was unable to determine AFP-13%.
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 «-
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
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250 patients who underwent curative resection (n = 93) SRS aen—S22a |
or RFA (n = 157) for HCC were included in the present § Y T s z %i i i Ny DR -
study. The demographic characteristics of patients are TE|ORE T 2do "M g
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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

a-fetoprotein, AFP-L3%, and DCP were assayed using
a microchip capillary electrophoresis and liquid-phase
binding assay on the UTASWako i30 auto analyzer
{(Wako Pure Chemical Industries, Ltd, Osaka, Japan).
The minimal detection limit of the gTAS was 0.3 ng/mL
for AFP, and AFP-L3% 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-13% 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-L3% 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
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Table 2 Sensitivity (A) All patients (n=250) (B) Patients
with AFP <20 ng/mL (n=154), and (C) Patients with
AFP 220 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% 403
7% 240
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-L3% 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-L3%
by tumor stage and Table 3B shows the sensitivity
by maximal tumor size. The sensitivity for AFP<13%
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 tumor size less than
2 cm and rernained 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

Highly sensitive AFP-L3% predict recurrence of HCC 1039

(4)
Analyte Cutoff value Stage 1 Stage 11 Stege 111 P-value
(n=120) (n=103) (n=27)
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 can 2-3 cm 3-5cm >5 cm P-value
(n=150) (n=266) (n=125) 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% at year 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/mL (Fig. 1a). On the other hand, the 1-
and 3-year recurrence rates were 29.4% and 65.5% in
patients with AFP-L3% 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-L3% 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-L3% 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-L3% greater than 5%, with a significantly high
recurrence rate in patients with AFP-L3% 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. Similarly, pre-
operative level of AFP-L3% 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-
L3% turning negative after treatment was rare.

© 2011 The Japan Society of Hepatology
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Figure 1 Curnulative recurrence rate of hepatocellular carci-
noma (HCC) for a-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) Recurrence rate for AFP-
L3%: solid line, recurrence rate in patients with AFP-L3 = 5%;
broken line, recurrence rate in patients with AFP < 5%.

Cormparing 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

® 2011 The Japan Society of Hepatology
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between the two groups (P=0.001) (Fig. 3b). With a
cutoff value of 7% for AFP-L3%, 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
recurrence within 1 year and were suspected to have
persistent HCC.
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Figure 2 Cumulative recuirence rate of hepatocellular carci-
noma (HCC) for preoperative o-fetoprotein {(AFP) and AFP-
L3% in resected patients. (a) Recurrence rate for preoperative
AFP: solid line, recurrence rate in patients with AFP = 20 ng/
mL; 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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Figure 3 Cumulative recurrence rate of hepatocellular carci-
noma (HCC) for postoperative a-fetoprotein (AFP) and AFP-
L3% in resected patients. (a) Recurrence rate for postoperative
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 postoperative AFP-L3%: solid line,
recurrence rate in patients with AFP-L3 2 5%; broken line,
recurrence rate in patients with AFP < 5%.

Prognostic factors for HCC recurrence

Factors related to HCC recurrence were analyzed by
the Kaplan-Meier method and multivariate analysis
(Table 4). Potential risk factors for recurrence included
the following 15 variables: age, gender, etiology of
background liver disease, amount of alcohol intake,
albumin, bilirubin, aspartate aminotransferase (AST),

Highly sensitive AFP-13% predict recurrence of HCC 1041

platelet count (PLT), prothrombin time (PT), preopera-
tive AFP, AFP-13%, DCP, tumor size, tumor number,
and treatment procedure (resection or ablation). In all
of the patients (n =250), factors that were significantly
related to HCC recurrence were RFA therapy, multiple
tumors, albumin <3.5 g/dL, AST250IU/L, platelets
<10 x 104/ul, prothrombin time <80%, preoperative
AFP-13% = 5%, and preoperative DCP 240 mAU/mL
by the Kaplan-Meier method (Table 4A). On multivari-
ate analysis, the following were significant prognostic
factors: multiple tumors (P = 0.004), preoperative AFP-
L3% = 5% (P =0.003), albumin <3.5 g/dL (P = 0.008),
and RFA (P =0.003) (Table 4B).

In the 93 resected patients, on multivariate analysis,
factors contributing to HCC recurrence were tumor
number and preoperative AFP-L3% (P=0.003 and
0.019, respectively). In the 157 RFA patients, similarly
the four factors of age, preoperative AFP, AFP-13%, and
albumin were identified (P=0.003, 0.006, 0.009, and
0.011, respectively) (data not shown).

Histological features and serum AFP,
AFP-L3%, and DCP levels

From the 93 patients who underwent resection, we were
able to obtain 85 specimens and assess their histological
features. Ten nodules were well-differentiated HCCs; 69,
moderately differentiated HCCs; and the remaining six,
poorly differentiated HCCs. The nodules were macro-
scopically classified: four nodules were of small nodular
type with indistinct margin (SNIM); 50, of simple
nodular type (SN); 24, of simple nodular type with
extranodular growth (SNEG); and seven, of confluent
multinodular type (CM). Microscopic vascular invasion
was observed in 14 (16.5%) nodules, and migroscopic
intrahepatic metastasis was observed in four (4.7%)
nodules.

The median (25-75 percentile) preoperative DCP
level in moderately/poorly differentiated HCCs was 25
(15-113) AU/L, whereas that of the well-differentiated
HCCs was 18 (14-20) AU/L, and this difference was
statistically significant (P =0.041). Similarly, a signifi-
cant difference was observed in the preoperative AFP-
L3% between groups: the median AFP-L3% in the
SNEG/CM group was 6.4 (2.5-18.9), whereas in the
SNIM/SN group, it was 2.5 (<0.5-7.4) (P=0.032).

DISCUSSION

N THE PRESENT study, AFP-L3% assayed by the tTAS
method was detected with high clinical sensitivity

© 2011 The Japan Society of Hepatology
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Table 4 Prognostic factors of hepatocellular carcinoma (HCC) recurrence. {A) Cumnulative recurrence rate by variable and (B)

Multivariate analysis

(A) Cumulative recurrence rate by variable

Variables n

3-year P-value
Recurrence (%)

Treatment
Resection 93 459 0.003
RFA 157 58.0

Tumor number
Single 193 50.8 0.003
Multiple 57 6829

Albumin
<3.5g/dL 105 64.9 0.001
23.5 g/dL 145 452

AST
<50 [U/L 131 48.3 0.009
>50 TU/L 119 58.7

PLT
<10 % IOJ'/mrn3 87 65.4 0.024
210 x 10*/mm°® 163 47.4

PT
<80% 51 747 0.001
=280% 199 481

Preoperative AFP-13%
<5% 132 42.7 0.001
25% 118 65.5

Preoperative DCP
<40 mAU/mL 194 49.6 0.025
240 mAU/mL 56 67.0

(B) Multivariate analysis

Variables Hazard ratio P-value

(95% CI)

Tumor number (multiple/single) 1.70 (1.19-2.43) 0.004

Preoperative AFP-L3% (=5%/<5%) 1.63 (1.18-2.26) 0.003

Albumin (<3.5/23.5 g/dL) 1.55 (1.12-2.14) ’ 0.008

Treatment (RFA/resection) 1.09 (1.03-1.16) 0.003

AST, aspartate aminotransferase; Cl, confidence interval; PLT, platelet count; P1, prothrombin time; RFA, radiofrequency ablation.

even in cases of HCC at a relatively early stage, which
can be potentially cured by hepatic resection or RFA. [tis
worth noting that the sensitivity for HCC was as high as
47.2% when the cutoff value of AFP-L3% was set to 5%,
compared to the sensitivity of 38.0% for total AFP. In
" addition, using a cutoff value of 10%, the sensitivity was
18.8%, which is comparable to that reported with the
conventional method in patients whose HCC was cura-
tively treated.'”""

One of the advantages of the highly sensitive uTAS
method is measurement of AFP at low concentrations.

© 2011 The Japan Society of Hepatology

Previously, the conventional method was unable to
accurately determine AFP-L3% when total AFP concen-
tration was less than 20 ng/ml, while in the present
study detection of AFP-L3% was possible in 40.3%,
24.0%, and 12.3% of patients with AFP values less than
20 ng/mL when using the cutoff value for the AFP-L3%
was set to 5%, 7%, and 10%, respectively. In our previ.
ous study of prognostic factots in patients that under
went hepatic resection or RFA with HCC of size less thar
3 cm and not more than three tumors, it was reportec
that DCP was a significant prognostic factor in RF/
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patients, while both AFP and DCP were not in resected
patients.?” During that study, we could not measure the
highly sensitive AFP-L3%, and we measured the conven-
tional AFP-L3% in only about half the patients. There-
fore, we did not include the results of the AFP-L3%
levels in that study. In the present study using the highly
sensitive WTAS method to assay AFP-L3%, multivariate
analysis revealed the AFP-L3% is a predictive factor for
HCC recurrence with statistical significance both in
the group of overall study population and surgically
resected patients. These results showed that this highly
sensitive assay method can increase clinical sensitivity
and predict recurrence, suggesting that it is of additional
clinical utility.

Toyoda et al.** assayed AFP-L3% in 270 patients with
AFP less than 20 ng/mL and 396 patients with chronic
liver diseases using the same UTAS method as in the
present study, and reported that the AFP-L3% assayed
by this method was useful for differential diagnosis of
HCC and benign liver diseases with a sensitivity of
41.5% and specificity of 85.1% with the AFP-13% cutoff
value of 5%. He also found AFP-L3% to be related to
survival rate. In the present study, the sensitivity was
similar to that reported by Toyoda et al.,** although it
was not possible to compare specificity, since in this
study we included only HCC patients.

Similarly, Tamura etal® reported a sensitivity of
60%, specificity of 90.3%, accuracy of 76.4%, positive
predictive value (PPV) of 83.9%, and negative predic-
tive value (NPV) of 72.8% at a cutoff value of 7% in
295 HCC patients and 350 patients with benign liver
diseases. Comparison of cutoff values showed that the
7% was most clinically useful. Compared with the sen-
sitivity of 60% reported by Tamura et al., the sensitivity
at 31.6% was relatively low in the present study with
cutoff value at 7%. This appears to reflect differences
in some fundamental patient characteristics between
the two studies: for example, Stage III and IV HCC
accounted for 50.2% of patients (148 of 295) in the
report by Tamura et al. and 10.8% (27 of 250) in the
present study.

The optimal cutoff value of a marker.depends on the
target disease under study and its intended use. We
believed that the cutoff value for differential diagnosis
between HCC and benign liver disease should achieve
high* specificity, preferably using receiver-operating
characteristic (ROC) curve analysis. The purpose of the
present study was .to identify recurrence-predictive
factors in a patient population with curatively treatable
HCC at a relatively early stage; we determined that 5%
AFP-L3% was most useful.

Highly sensitive AFP-L3% predict recurrence of HCC 1043

The relationships of postoperative AFP and AFP-13%
with HCC recurrence were also investigated in the
present study. Notably, postoperative AFP-L3% remain-
ing elevated greater than 5% was indicative of risk of
HCC recurrence. Furthermore, it is noted that total AFP
turned negative in 78.4% of patients after curative treat-
ment, while AFP-L3% did in only 38.1% of patients (5%
cutoff). Included in the present study of recurrence were
all resected patients in whom radical cure was histologi-
cally confirmed. Therefore, all remnants of HCC should
have been surgically removed. We speculate that lack of
reduction in AFP-L3% after curative treatment appears
was due to intra-hepatic multi-centric carcinogenesis
or intra-hepatic micrometastasis. Miyaaki et al.,”® who
assayed AFP-L3% and protein induced by vitamin K
absence-II (PIVKA-II), also known as DCP, by the con-
ventional method in 110 resected patients, reported
more cases of infiltrative growth-type HCC and poorly
differentiated-type HCC in patients with postoperative
AFP-L3% greater than 10%. Tada et al?® also reported
a high rate of infiltrative growth, capsule infiltration,
septum formation, portal vein invasion, and hepatic
invasion in 111 patients with HCC with a high level of
AFP-13%. Regrettably, however, subsequent HCC recur-
rence was not followed. In our patients, the preoperative
DCP level was related to the histological grade of the
tumor, and a preoperative AFP-L3% greater than 5% was
related to the macroscopic type of the nodule. In con-
trast, no relationship was observed between the postop-
erative markers and histological features in the current
study. Unfortunately, we cannot clearly explain the dis-
crepancies between the results of Tada et al. and this
study; further examination with. a larger number of
patients is required to determine the relationship
between highly sensitive AFP-L3% and the histological
features of the tumors. In any case, patients with high
level of AFP-L3% either before or after curative treat-
ment should be followed closely.

The present study shows the high clinical sensitivity in
diagnosis of HCC using HTAS AFP-L3% in patients with
curative treatment of HCC. With a cutoff value of 5%,
sensitivity was optimal in AFP less than 20 ng/mL where
the conventional method was unable to determine the
AFP-13% value. Furthermore, both pre- and postopera-
tive AFP-L3% were determined as prognostic factors of
HCC recurrence. Since the high recurrence rate of HCC
after even curative treatment is reported, it is of great
importance to be able to predict such recurrence. Our
study showed that the highly sensitive AFP-13% is
expected to be of clinical utility in predicting recurrence
after curative treatments.

© 2011 The Japan Society of Hepatology
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