Introduction

Hepatoceltular carcinoma (HCC) is one of the most
common malignant tumors worldwide, with an annual
incidence of one million new cases [1]. In about 90% of
the patients, HCCis alate complication of cirrhosis. The
5-year incidence of HCC in patients with cirrhosis is
15-20%. The risk of developing HCC has been reported
to be 0.5% per year for hepatitis B and 5% per year for
hepatitis C patients. Consequently, HCC is now emerg-
ing as a major health concern for the next decades. Most
patients develop few symptoms when the tumor is small
and often present with multifocal disease only at a late
stage. The natural course of HCC includes progressive
tumor growth compromising the hepatic function, in-
trahepatic metastases and spread to distant sites. In gen-
eral, HCC has a poor prognosis, with a median survival
of 3-6 months after the onset of symptoms. Nowadays,
an increasing number of HCCs is discovered at an early
stage becanse of an increasing awareness and screening

of asymptomatic patients with cirrhosis [2]. During the ‘
last decade, percutaneous locoregional therapy has be-

come the predominant treatment for a small HCC as-
sociated with cirrhosis because of poor liver function
reserve and a high recurrence rate after surgical resec-
tion.

Radlofrequency ablation (RFA) therapy [3] became
available in 1999 in Japan, and turned into an indis-
pensable procedure for the management of small-sized
HCC. RFA therapy is especially useful for patients with
recurrent tumors, bilobar tumors and tumors located
deep in the liver. It is also effective in elderly patients
and in patients with other concomitant diseases and
cardiac, renal, lung or neurological complications. In
the last 15 years, many devices and studies have been
described in order to better manage the earIy stages of
HCC.

Atthe 50th Annual Meeting of the Liver Cancer Study
Group of Japan (congress president: Prof. Masatoshi
Kudo), a workshop was conducted regarding the recent
progress in RFA, which was presented and discussed by
11 hepatology experts (for a summary, see below). -

Current Status of RFA

A complete tumor ablation rate of over 90% was

achieved with RFA, and the remainder can usually be ab-

lated with additional RFA therapy. Although the tumor
recurrence rate or the residual tumor rate is significanily
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higher after RFA compared with surgical resection, over-
all survival is generally regarded as not significantly dif-
ferent between RFA and surgery.

Sunakozaka and colleagues compared the prognosis
after surgical resection [4, 5] (n = 157} with that after
RFA (n = 363) using propensity scores with the inverse
probability of treatinent weighting method. After selec-
tion bias regarding the treatment type (RFA or resection)
was adjusted for to some extent, the survival rates be-
tween patients with RFA and resection were not different
retrospectively. The odds ratio for survival of the propen-
sity score was 1.15 (favoring surgical resection, 95% CI
0.56-2.28). These experts found that the survival period
seemed prolonged when patients with decreased liver
function received RFA therapy instead of surgery. A
multicenter prospective randomized controlled trial (the
SURF study) will show the real efficiency of RFA in re-
currence-free survival and overall survival in the Iapa-
nese clinical setting. :

Some surgeons have reported that recurrent or re-

sidual tumor tissue after RFA might have malignant

characteristics in the pathology of resected HCCs, Saito
and colleagues analyzed the clinicopathological features
of 10 HCC patients who showed local recurrence after
RFA therapy. They selected retrospective patient data as
well as searched at the surgical department for biased
data and compared them with data of 78 HCC patients
without previous RFA intervention. The incidence of
poorly differentiated histology (4/10 vs. 72/78, p < 0.01)
and portal vein invasion (8/10 vs. 13/78, p < 0.01) was
significantly higher in the HCC patients with previous
RFA therapy than in the treatment-naive HCC patients.
The survival rate was significantly lower (p = 0.03) and
the disease-free survival rate lower (p = 0.01) in the pa-

tients undergoing RFA therapy. The investigators also

noticed a high incidence of extrahepatic metastases
(3/10 vs. 6/78, p < 0.05) after surgical resection of recur-
rent HCC after RFA therapy. They analyzed angiogen-
esis markers (HIPF-1, VEGF); cancer stem cell markers
(EpCAM, CD44) [6, 7] and epithelial-mesenchymal
transition (EMT) markers (TGF-B, twist, snail-1, vi-
mentin) in RT-PCR of the patient serum and in immu-
nohistochemistry of the resected specimen. Since almost
all angiogenesis markers, stem cell markers and EMT
markers increased to some extent in HCC with previous
RFA therapy, the investigators supposed that insuffi-
cient thermal ablation led to a malignant transformation
with EMT. Since treatment-naive and treatment-resis-
tant HCCs after the other modalities of therapy some-
times also show these malignant characteristics to some
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extent, the analysis of the limited number of selected pa-
tients in the surgical department should be carefully in-
terpreted considering the presence of significant data
bias.

Monopolar and Bipolar Ablation

In Japan, monopolar RFA treatment (cooled-tip,
LeVeen or RITA system) became available in 1999 and
bipolar RFA treatment (CelonPOWER) in 2013, More
than 50 institutions and hospitals currently use the bipo-
lar system,

Kawamura and colleagues presented various advan-
tages of the bipolar RFA system, especially the no-touch
ablation procedure. Treatment benefit is mostly obtained
in subcapsular tumors [8], tumor nodules just behind
major vascular structure, potentially poorly differenti-
ated tumors, and irregularly shaped nodules. Since other
types of HCC nodules also showed a decreased dissemi-
nation risk with the treatment, 44 of 130 nodules (34%)
were treated with no-touch ablation.

Joko and colleagues reported on 174 patients under-
going bipolar RFA. More than 70% of the treatments
were performed using 3 electrodes, and more than half
of the nodules were treated with no-touch ablation.
These experts revealed that current bipolar apparatus
could treat tumors as large as 3.5 cm in diameter with the
no-touch system using 3 needles (6 electrodes) around
the nodules, They proposed to extend the indication for
RFA to cases where multipolar ablation is performed ap-
propriately, except for small-sized HCC.

On the contrary, Nasu and colleagues studied the
ideal use of single-needle ablation with the bipolar RFA
system: They tried to obtain a small and round ablative
area for a small HCC nodule using a single 20-mm ap-
plicator (T20) and compared two types of radiofre-
quency output programs: a conventional protocol with
constant 20-Watt output to 10 kj energy (n =9) and a
step-up protocol with increasing power from 10 W to
3 k], from 15 W to 6 kJ and from 20 W to 10 kJ (n = 6).
Thelongitudinal length of the ablated area was the same
in the two protocols; however, the transverse length was
significantly longer in the step-up protocol (p = 0.0015).
Although the step-up protocol required a longer treat-
ment time, the revised manner of output control gener-
ated a more round and larger necrotic area, Nasu and
colleagues therefore recommended the step-up control
of output for a small-sized HCC using a 20-mm appli-
cator.

Progress in RFA for HCC

Nakanishi and colleagues reported the usefulness of
bipolar RFA in a patient with a cardiac pacemaker com-
paring monopolar and bipolar ablation. The patient
showed a significant decrease in blood pressure with mo-
nopolar ablation but did not show any blood pressure
change with the bipolar RFA procedure.

Application and Assisting Devices

When RFA is performed under ultrasonographic
guidance, there are several reasons for the difficulty in
targeting and inserting a needle to an exact point of an
HCC nodule, e.g. a small lesion of less than 1 cm, invis-
ible or vague nodules, concomitant confusing or mis-
leading nodular lesions around the tumor and local tu-
mor progression of a previously ablated lesion. When a
small nodular lesion is detected on CT or MRI during the
follow-up period after ablation therapy or surgical resec-
tion, ultrasonography sometimes cannot demarcate the
lesion.

Uchino and colleagues studied patients with HCC tu-
mors that are hard to visualize on B-mode ultrasonogra-
phy. Sonazoid-enhanced ultrasonography was per-
formed in 107 patients with 140 lesions that were vague
and invisible on ordinary ultrasound. A total of 140 ses-
sions of RFA therapy were performed under contrast-
enhanced ultrasound, and an electrode was inserted in
the Kupffer phase in 109 sessions (77.9%), in the arterial
phasein 14 sessions {10.0%), and in the ordinary B-mode
in the remaining 17 sessions (12.1%). In 114 cases
(88.4%), an effective enhancement was achieved at the
first session of RFA, and in these complete ablation was
attained in 97.4%. Sonazoid-enhanced ultrasonography
was useful in small-sized lesions, subcapsular lesions, le-
sions neighboring previous ablated areas and lesions re-
quiring an additional ablation. On the contrary, sonazoid
enhancement was often ineffective in obese patients and
patients with a shrunk liver.

Minami and colleagues retrospectively analyzed diffi-
cult-to-visualize tumors on B-mode ultrasonography.
They compared fusion imaging assistance, enhanced ul-
trasonography assistance and both fusion imaging plus
enhanced ultrasonography assistance in the treatment of
RFA. Enhanced ultrasonography was additionally per-
formed when fusion imaging was ineffective in demar-
cating a tumor, and vice versa. Since the number of re-
quired treatment sessions, local tumor progression rate
and incidence of adverse events were not differentamong
the three treatment groups, fusion imaging and contrast-
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enhanced ultrasonography are regarded as mutually’

complementary and useful assisting devices in RFA ther-
apy. In addition, Nakanishi and colleagues stated that fu-
sion imaging and sonazoid-enhanced ultrasonography
in RFA are helpful and improve the certainty of the abla-
tion procedure, ,

Sano and colleagues proposed various devices to im-
prove RFA therapy with the bipolar system. The abla-
tion area and shape:after treatment were evaluated
three-dimensionally using workstation software, and
simulation techniques seemed helpful in an appropriate

bipolar ablation procedure even after treatment. The ul- -

trasonography function of the Virtu-TRAX™ (GE
Healthcare) can indicate the exact depth of mul’uple in-
serted needles and helps to perform a sufficient and safe
ablation.

Analgesu: Agents

In the treatment of RFA, most ]apanese doctors use
morphine, pethidine, pentazocine or fentanyl as antian-

algesicsand midazolam or diazepam as sedatives instead

of general anesthesia. The administration of these con-
ventional analgesics is sometimes associated with insuf-
ficient analgesic effects, and sedatives may cause serious
or life-threatening breathing problems such as shallow,
slowed or temporarily stopped breathing, Since benzo-
diazepine derivatives often induce a drowsy and uncon-
scious state followed by signiﬁcant difficulty in ‘awake
ablation’, following the operators’ instructions is man-
datory.

Nagai and colleagues used dexmedetomtdme, an al-
pha-2 adrenergic receptor agonist highly specific to the
central nervous system. Its indication has recently been
expanded to include nonintubated patients requiring
sedation for surgery or short-term procedures. It is also
useful as an adjunct for sedation and general anesthesia
in certain operations and invasive medical procedures
such as colonoscopy. The investigators performed mo-
nopolar or bipolar RFA therapy in 23 patients with
HCC. The sedative ability of dexmedetomidine was
evaluated with six grades using the Ramsay sedation
score. During the median ablation period of 14 min, all
patients were successfully treated with (n = 18) or with-
out (n = 5) additional analgesic agents. Although Nagai

and colleagues added pentazocine or pethidine in some -

patients, they emphasized that dexmedetomidine was
very safe during and after the procedure for elderly pa-
tients, and that its administration was easy to control.
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Novel Microwave Ablation

Noguchi and colleagues introduced a novel micro-
wave device, the cooled microwave antenna’ (CMA),
which is already available in Western countries. The
CMA system has been reported to ablate larger volumes
of tissues than previous microwave devices without a tip-
cooling system. The investigators compared the ablation
ability of the cooled-tip RFA system with that of the
CMA device using ex vivo bovine liver. The median size
of the ablation area was 46.2 x 34.0 mm after 12 min with

-the cooled-tip system (n = 5), whereas it was 56.0 x 35,8
mm after 5 min and 69.0 x 48.6 mm after10 min with the

CMA system (n = 5). The CMA system thus ablated a
larger area in a shorter time, because high ablative power
seemed to be provided to a wide range of liver tissues

_without heating the tip of the electrode. The experts em-

phasized that the use of the CMA system can result in
both a shorter treatment time and a larger ablatlon voI-
ume in the treatment of HCC.

Future Perspective of RFA

The recent development of RFA has expanded the
range of treatments of HCC. The main characteristic of
RFEA therapy is the localized tumor destruction in situ
with maximal preservation of the noncancerous part of
the liver parenchyma, in contrast to the significant liver
damage caused by other interventional therapies such as
transcatheter arterial chemoembolization and intra-ard
terial chemotherapeutic infusion [9].

Future studies from the technical vxewpomt should

focus on (1) the development of optimal ablation tech-
niques for bipolar and multipolar systems that can gener-

- ate optimal volumes and shapes of tissue destroyed, (2)

varied efforts for reducing side effects (most favorable
analgesic therapy, avoidance of biliary tree complication,
and so on), (3) various attempts of image assistance to
attain more effective RFA procedure, and (4) the assess~
ment of efficacy of multimodal and combmed treat-
ments. :
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Abstract

Background: The significance of anti-inflammatory therapy
has not been fully evaluated in hepatitis C virus (HCV)-telat-
ed cirrhosis, Patients and Methods: We analyzed stepwise
progression rates from cirrhosis to hepatocellular carcinoma
(HCC) and to death using a Markov model in 1,280 patients
with HCV-related cirrhosis. During the observation petiod,
303 patients received interferon and 736 received glycyrrhi-
zin injections as anti-inflammatory therapy. Results: In the
entire group, annual progression rates from cirrhosis to HCC
and from cirrhosis to death were 6.8 and 1.9%, and the rate
from HCC to death was 19.0%. When sustained virolegical
response {SVR) or blochemical response (BR) was attained
with interferon, the annual rate to HCC decreased to 2.6%.
On the contrary, the progression rates to HCC and to death
in the patients without SVR and BR were 7.2 and 2.0%, re-
spectively (p < 0.0001). Continuous interferon administra-
tion significantly decreased the carcinogenesis rate to 5.5%
{p = 0.0087). In the analysis of the remaining patients with

high alanine transaminase of 75 U/l or more but without in-

" terferon response or without interferon administration, glyc-

yrrhizin injection significantly decreased annual non-pro-
gression probability {(no glycyrrhizin 88.0% vs. glycyrrhizin
therapy 92.3%, p = 0.00055). Conclusion: Glycyrrhizin injec-
tion therapy is useful in the prevention of disease progres-
sion in interferon-resistant or intolerant patients with HCV-
related cirrhosis. ©2014 5, Karger AG, Basel

Introduction

Hepatitis C virus (HHCV) is one of the principal etiolo-
gies of hepatocellular carcinoma (HCC), with high mor-
bidity and mortality rates in many countries [1-5]. Be-
cause interferon has anti-viral, anti-fibrotic and anti-
inflammatory properties, it is still a main agent in the
treatment of chronic hepatitis C [6, 7]. Many authors
have described interferon as capable of preventing hepa-
tocarcinogenesis and prolonging patient survival [8-13].
The radical eradication of HCV by interferon greatly de-
pends on viral load, HCV subtype, certain mutations of
the hepatitis virus gene, liver histology, mode of inter-
feron administration and various host factors, including
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the patient’s age [10, 13, 14]. When a significant side ef-
fect occurs during interferon therapy, cessation or early
withdrawal of the therapy often leads to an unsuccessful
result. Early withdrawal and treatment failure is usually
more common in patients with an advanced stage of liver
disease.

Adverse effects of interferon are more commonly
found in patients with cirrhosis, and hematological dis-
orders often necessitate cessation of interferon before the
therapy is complete. As a result, interferon is considered
less effective in the advanced stage of hepatitis. Liver cir-
rhosis is usually associated with patients aged 55-60 years
or older; the adverse effects of interferon-based anti-viral
therapy are prevalent in this age group, resulting in low
overall compliance for long-term therapy. Because the se-
verity of chronicliver disease is closely associated with the
response to interferon therapy [14-16], the sustained re-
sponse rate is often low in patients with cirrhosis, Fur-
thermore, an older patient with cirrhosis has a very high
risk of carcinogenesis and mortality because fibrotic stage
is correlated with a patient’s age. The role of interferon in
suppression of the carcinogenesis rate is therefore likely
to be less significant in patients with cirrhosis en masse.
There have been several clinical attemapts fo administer
interferon for HCV-related cirrhosis to suppress the he-
patocellular carcinogenesis rate (8, 9; 11, 12, 17-19].
However, there have been conflicting reports about the
therapeutic value of interferon for this purpose. Some
studies have shown a beneficial effect of interferon in re-
ducing carcinogenesis [8, 9, 12, 18], but other reports
havenot [11,17,19].

When interferon fails to eliminate HCV RNA in a pa-
tient, long-term administration of interferon often shows
anti-carcinogenic action through stabilization of alanine
transaminase (ALT) and suppression of the necro-in-
flammation of hepatocytes {20]. For patients who do not
respond to long-term interferon therapy, as shown by
persistently high ALT values, glycyrrhizin injection ther-
apy isavailable in several countries, including some coun-
tries in Asia and Europe. A glycyrrhizin-containing prod-
uct, Stronger Neo-Minophagen C™ (SNMC; Minopha-
gen Pharmaceutical Co. Ltd., Tokyo, Japan), is widely

used in Japan for suppression of hepatitis activity and for

prevention of disease progression in patients with hepa-
titis B virus- and HCV-induced chronic hepatitis. Glycyr-
rhizin has been reported to mitigate hepatic inflamma-
.tion by suppressing elevated ALT levels and preventing
disease progression [21-24]. We previously reported the
favorable effects of long-term administration of glycyr-
rhizin against hepatocellular carcinogenesis in patients
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with interferon-naive and interferon-resistant chronic
hepatitis C [25, 26].

In order to elucidate whether long-term glycyrrhizin
injection therapy suppresses hepatocarcinogenesis and
mortality rates in patients with interferon-resistant cir-
rhosis, we retraspectively analyzed a large cohort of pa-
tients with HCV-related cirrhosis in a single institution.
The principal aims of our study were to show the clinical
role of glycyrrhizin in advanced liver disease, and to de-
termine whether glycyrrhizin can be used as an anti-in-
flammatory therapy. —

Patients and Methods

Study Population and Analyzed Cohorts

A total of 1,358 consecutive patients with hepatitis C were d1-
agnosed as having liver cirrhosis at the Department of Hepatology,
Toranomon Hospital, Tokyo, Japan, from 1974 to 2007. They had
positive anti-HCV antibody, detectable HCV RNA (nested PCR),
and negative hepatitis B surface antigen. Anti-IICV and 1ICV
RNA were assayed using stored frozen sera. Among the 1,358 con-
secutive patients with hepatitis C, 78 patients were excluded from
the study based on meeting one vr more of the following exclusion
criteria: (1) possible association with HCC; (2) association with
hemochromatosis, autoimmune liver disease, primary biliary cir-
rhosis, al-antitrypsin deficiency or Wilson disease; (3) daily alco-
hol ingestion of 75 g or more; (4) a-fetoprotein of 400 ng/ml or
higher; (5) a short follow-up pericd of 6 months or less, or {6)

Child-Pugh stage Cliver diseasc because of the substantial differ-

ence in carcinogenesis in these patients {27-29].
The remaining 1,280 patients with HCV-positive liver cirrhosis
were retrospectively analyzed for hepatocellular carcinogenesis

. and mortality. Among them, 754 patients (59.4%) were diagnosed

as having cirrhosis by h1stopatholeg1ca1 {indings with peritoneos-
copy and biopsy, and the remaining 526 (40.6%) were diagnosed

with clinical findings: rough-surfaced liver on imaging (ultraso-

nography or computerized tomography, CT), plus endoscopic
finding of csophagcal varices; overt ascites or indocyanine green
retention rate at 15 min of 30% or more, There were 744 men and
536 women, with a median age of 59 years (range 22-86). They
were observed for a median of 8.1 years (table 1). A total of 231
patients (18.0%) were Iost to follow-up dunng the observation pe-
riod.

Interferon Treatment and Evaluatzon afEﬁects

Among the 1,280 patients with cirrhosis, 303 patients (23. 7%)
received interferon therapy with or without ribavirin, Among the
303patientsreceiving interferon therapy, 252 received interferon-a
and 51 received interferon-f therapy. For dosages, 258 patients
received at least 6 million TU/day, and the other 45 patients re-
ceived no more than 3 million TU/day as their initial anti-viral ther-
apy. Of 303 patients receiving interferon, 52 patients received in-
terferon daily for the first 2-8 weeks and then 2-3 times per week
for the following 24-72 weeks. The other 251 patients received
interferon 3 times per week for 24-72 weeks. The median admin-
istration period was 26.0 weeks (range 4-548).
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Table 1. Clinical features of the study group: 1,280 patients with
liver cirrhosis caused by hepatitis C

Demography
Male 744 (58.1)
Female 536 (41.9)
Age, years 59 (22-86)
Decompensated cirrhosis 134 (10.5)
History of blood transfusion 549 (42.9)
Total alcohol intake >500 kg 200 (15.6)
Presence of diabetes mellitus 249 (19.5)
Observation period, years 8.1 (0.5-30.6)

Laboratory data ~ ,
ICGR15,% 27 (2-96)
Bilirubin, mg/dl 1.0(0.2-7.7)
Albumin, g/dl 3.7 (1.6-5.1)
Aspartate transaminase, TU/L 66 (14-1313)
ALT, U/ 62 (4--570)
Platelet count, x103/mm?3 104 (20-398)
Prothrombin time, % 82(11-117)
Hepatitis C subtype
1 821 (75.7)
2 254 (23.4)
Other 9(0.8)

Treatment after diagnosis of cirrhosis
Interferon with/without ribavirin 303
Glycyrrhizin injection 736
Ursodeoxycholic acid 615

Data are presented as the median value with rarge in parenthe-
ses, or n with percentages in parentheses. ICG R15 = Indocyanine
green retention rate at 15 min.

Almost all patients who received interferon therapy showed
varying degrees of influenza-like symptoms, leukacytopenia and
thrombocytlopenia. Eight patients discontinued interferon thera-
py because of significant adverse reactions: depression in 2 pa-
tients, severe cytopenias in 2, marked anorexia in 1, malaise in 2
and retinopathy in 1 patient. No patients developed decompen-
sated liver discase with ascites, encephalopathy, jaundice or vari-
ceal bleeding.

The effects of interferon therapy were classified according to
the elimination of HCV RNA and the levels of ALT for 6 months
after the end of the treatment. Sustained virological response
(SVR) was defined as persistent disappearance of HCV RNA after
therapy. Biochemical response (BR) was defined as normal ALT
values without elimination of HCV RNA for atleast 6 months after
therapy. No response (NR) was defined as persistently abnormal
or only transient normalization of ALT for a period of less than 6
months. Because 73 patients (24.1%) were still undergoing their
course of interferon therapy, the evaluation was conducted in 230
(75.9%) of the 303 patients,

Glycyrrhizin Injection (SNMC) Therapy

Glycyrrhizin therapy was performed using intravenous injec-
tions of SNMC™ (Minophagen Pharmaceutical Co. Ltd.). The
preparation contains 0.2% (40 mg) glycyrrhizinic acid as the main

Glycyrrhizin Therapy for HCV-Related
Cirrhosis

active constituent, 2% (400 mg) glycine and 0.1% (20 mg) t-cyste-
ine in a 20-ml ampule.

Of 376 chronic hepatitis patients with interferon resistance or
who did not receive interferon injection therapy, 264 patients un-
derwent glycyrrhizin injection therapy and the remaining 112 pa-
tients did not receive therapy until the end of observation. The
purpose of glycyrrhizin injection therapy was to suppress elevated
ALT levels and to prevent disease progression in all the patients.
In patients for whom the treatment was regarded as effective with
respect to ALT levels, the treatment was usually continued for as
long a period as possible. As a result, a daily dose of 100 ml of
SNMC was administered three times a week for a median period
of 4.9 years (range 0.1-24.1) in the glycyrrhizin-treated group.

Certain patients with 2 high ALT value did not receive glycyr-
rhizin injection for a variety of reasons. These inctuded the refusal
ofintravenous treatment, a difficulty in frequently visiting the clin-
ic for the injection, inappropriate superficial veins for repeated in-
jection, negativism towards the handling of intravenous therapy
by the doctors in charge, and so on. Those patients who did not
receive glycyrrhizin injection therapy in spite of a high ALT often
received pills of ursodeoxycholic acid as an anti-inflammatory
therapy.

Follow-Up of Patients and Diagnosis of HCC

Follow-up of the patients was made on 2 monthly to tri-month-
ly basis after the initial visit. Imaging diagnosis was made one or
maore times per year with ulirasonography, CT or magnetic reso-
nance imaging. HCC was diagnosed by its ypical hypervascular
characteristics on CT, magnetic resonance imaging or angiogra-

phy. When combined use of imaging modes could not demon-.

strate a typical image of HCC, a fine-needle biopsy was obtained
for microscopic examination. The imaging diagnosis was similar-
ly performed among those patients with interferon therapy, glyc-
yrrhizin therapy and without therapy.

Statistical Analysis and Markov Model

Standard statistical measures and procedures were used. The 32
test, Fisher exact test and Mann-Whitney U test were used to ana-
tyze the differences in demography and laboratory findings. Pro-
gression and survival rates were analyzed using the Kaplan-Meier
technique [30] with the log-rank test. A Markov model [31} was
used to analyze the transition rates from liver cirrhosis to appear-
ance of HCC, and to death. A homogenous Markov chain con-
sisted of three states (fig. 1). These were liver cirrhosis, appearance
of TICC and dcath as an absorbing state from where no transitions
to the other states occurred. The model was based on the following
principles: {1) the three states are mutually exclusive and collec-
tively exhaustive; (2) the Markov assumption is that the current
state has no memories of prior states; (3) the time intervals are
uniform, and (4) the {ransition probabilities are constant and time
independent, The first and second items here define a Markov
chain, whereas the third and fourth items characterize 2 homoge-
nous Markav chzin [32). Patient data were regarded as censored at
the time of the last date of observation, in the evaluation of sur-
vival analysis and Markoy analysis.

A p value <0.05 in the two-tailed test was considered signifi-
cant. Data analysis was performed using IBM SPSS Statistics ver-
sion 18 [33]. The Human Fthics Review Committee of Toranomon
Hospital approved the study protocol.
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Fig. 1. Markov state transition ’diagram of liver cirrhosis. Three
states were defined: liver cirrhosis without development of IICC,
liver cirrhosis-associated HCC, and death. Of these, death was the

absorbing state from which no transitions to the other states oc-
curred. The transition in one cycle (1 year) is shown. Arrows con-

necting two different states indicate observed transitions, The fig-
tre represents a probability diagram of the entire study group. Al
patients were initially at the stage of liver circhosis, but transitions
to HCC stages gradually increased with time.

Results

Effects of Interferon and Anti-Inflammatory

Treatment

Among the 303 patlents ‘who underwent interferon
therapy with or without ribavirin, 79 patients (26.1%)
showed HCV RNA clearance (SVR effect), and 25 pa-
tients (8.3%) showed a BR with normal ALT values for 6
months or longer. One hundred and twenty-six patients
(41.6%) showed NR after cessation of interferon. The re-

maining 73 patients (24.1%) continued intermittent in-

terferon administration for 1 year or longer. -

Among the 977 patients who did not receive interferon
therapy, plus the 126 patients who received interferon
with NR, a high ALT value of 75 IU/I or more was found

in 376. Of these patients, 264 (70. 2%) underwent long- :
term glycyrrhxzxn mjectlon therapy and the other 112

(29. 8%) did not receive glycyrrhlzm (fig. 2).

Crude Hepatocellular Carcmogeneszs and Sumval :

Rates in the Entire Study Group '

Cumulative hepatocellular carcinogenesis rates were
calculated in all 1,280 study patients with HCV-related
cirrhosis. The carcinogenesis rates were 16.4, 28.2, 37.3,
51.6, 65.0 and 69.5% at the end of the third, fifth, seventh,
tenth, fifteenth and twentieth years, respectively (fig. 3a).

The cumulative survival rates were 93.0, 86.3, 77.1, 61.9,

39.3 and 25.4% at the same time points (fig. 3b),
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| Hepatitis C with cirrhosis (n = 1,280) |

[Ongong|  [owAW]

High ALT of
75 IUA or more

n=376

Fig. 2. Clinical courses of patients with cirrhosis. Among 303 pa-
tients who received interferon therapy, there were 104 patients
who had SVR or BR, and 126 patients who had NR. The remaining
73 patients continued to receive long-term interferon therapy.
Among 376 patients with a high ALT value of 751U/ or more, with

“orwithout a history of interferon therapy, 264 patients underwent

glycyrrhivin injection therapy and 112 did not receive glycyrrhizin,

Probabilities for Transition among the Three Disease

States according to the Results of Interferon and

Anti-Inflammatory Treatment

Inthematrixoftheentirestudygroup,6.8%(562/8,273)
of the patients with liver cirrhosis progressed to HCC an-
nually, and 1.9% (157/8,273) died. The remaining 91.3%
(7.554/8,273) of the patients remained in the stage of liv-
er cirrhosis after 1 year. Similarly, 19.0% (423/2,228) of
the patients in the stage of HCC died, and 81.0%
(1,805/2,228) of the pauents remamed in the stage of
HCC annually (table 2). -

The results are shown in  table 3 as a matrix of transi-

- tion probabilities for three subsets composed of treat-

ments {(SVR or BR, NR or no interferon, and continual
interferon) stratified by three states (cirrhosis, HCC, and
death). The probabilities for transition from hver cirrtho-
sis to HCC and from liver cirrhosis to death were signifi-

cantly lower in patients who achieved SVR or BR [2.6%
- (20/778) and 0.6% (5/778)] than in patients with NR or

no interferon therapy [7.2% (542/7,494) and 2.0%
(151/7,494); 3* = 32.4, p < 0.0001]. The probabilities for
transition from liver cirrhosis to HCC and from liver cir-
rhosis to death were significantly lower in patients who
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Fig. 3. HCV-positive chronic hepatitis patients with cirrhosis were retrospectively analyzed for hepatocellular
carcinogenesis and mortality. a Cumulative hepatocellular carcinogenesis rate in the entire group of patients with
cirthosis. b Crude survival rate in the entire group of patients with cirthosis.

Table 2, One-year state-transition probability matrix of the entire
study group (n = 10,501 person years)

 Cihosis  HCC  Death
Liver cirrhosis
(n=8273)  7554(913) 562(68)  157(19)
HCC |
(n=2,228) 1,805 (81.0) 423 (19.0)

Figures in parentheses are percentages.

received continuous interferon therapy [5.5% (39/714)
and 0.7% (5/714)] than in patients with NR or no inter-
feron therapy [7.2% (542/7,494) and 2.0% (151/7,494);
¥ =7.59, p = 0.0059].

Probadbilities for Transition among the Remaining

Patients with High ALT

Among 376 patients without SVR/BR effect and con-~
tinuous interferon injection and with a high ALT value of
75 IU/1 or more, 264 patients (70.2%) received glycyrrhi-
zin injection as anti-inflammatory therapy. Among 692
patients without SVR/BR effect and continuous interfer-
on injection and with relatively low ALT of less than 75
1011, glycyrrhizin injection was performed only in 253 pa-
tients (36.6%).

Glycyrrhizin Therapy for HCV-Related
Cirrhosis

‘We evaluated the transition probabilities among the
three states in the remaining patients with high ALT lev-
els of 75 IU/1 or more. In the matrix of patients without
glycyrrhizin injection therapy, the transition probability
from liver cirrhosis to HCC was 6.8% (85/1,245), and the
probability of transitioning from cirrhosis to death was
2.0% (25/1,245). In the patients who received glycyrrhi-
zin injection therapy, the transition probability from liv-
er cirrhosis to HCC was 5.9% (45/764), and the proba-
bility of transitioning from cirrhosis to death was 0.8%
(6/764). Glycyrrhizin injection therapy slightly im-
proved the transition probability both from liver citrho-
sis to HCC and from liver cirrhosis to death, but statisti-
cal significance was not observed (x* = 5.5, p = 0.06; ta-
ble 4).

Disease Control Rates (Annual Non-Progression

Probability) of Anti-Viral and Anti-Inflammatory

Treatment

The disease control rates depended on the probabili-
ties for trausition between progression and non-progres-
sion of disease at a specific time interval, which was set at
1 year. The yearly transition probabilities were calculated
based on the data of 10,501 person years of the 1,280 study
patients with HCV-positive liver citrhosis.

The disease control rate of the patients with SVR or BR
(874/910, 96.0%) was significantly higher than that of the
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Table 3. One-year state-transition probability matrices according
to initial treatment

Cirthosis HCC Death
Patients with SVR or BR (n = 910 person years)
Liver cirrhosis (n = 778) 753 (96.8) 20(2.6) 5(0.6)
HCC(n=132) 121 (91.7) 11(8.3)
Patients with no response or no interferon therapy
(n = 9,590 person years)
Liver cirrhosis (n = 7,494) 6,801 (90.8) 542(7.2) 151 (2.0)

HCC (n=2,096) 1,684 (80.3) 412(19.7)

Patients with continuous interferon therapy (n = 856 person years)
Liver civthosis (n=714) 670 (93.8) 39(5.5) 5(0.7)
HCC (n = 142) 132(93.0) 10(7.0)

Figures in parentheses are pexcentages.

Table 4. One-year state-transition probabﬂity matrices ar;'cording
to glycyrrhizin injection therapy for patients with high ALT values

Cirrhosis HCC Death

FPatients without glycyrrhizin therapy (n = 1,637 person years)
Liver cirthosis(n=1 245) 1,135 (91.2) 85(6.8)  25(2.0)
HCC (n=392) . 305(77.8) 87(222)

Patients with glycyrrhizin therapy (n = 913 person years)
Liver cirrhosis (n = 764) 713 (93.3) 45(5.9)
HCC (n=149) ‘ 130 (87.2)

6(0.8)
19 (12.8)

Figures in parentheses are percentages.

Table 5. One-year non-progression probability matrix of anti-viral
and anti-inflammatory treatment

Non- Progression
progression
Fntire study group (n=10,501) - 9,359 (89.1) 1,142 (10.9)
Patients with SVR or BR (n=910) = 874(96.0) ° 36 (4.0)
Patients with NR or no interferon ,
therapy (n = 9,590) ) 8485 (88.5) 1,105 (11.5)
Patients without glycyrrhizin '
thexapy (n = 1,637) 1,440 (88.0) - 197(12.0)
Patients with glycyrrhlzm therapy ' '
(n=913) 843 (92.3)

70 (7.7)

Pigures in parcntheses are pcrccntages. ,

300 Oncology 2014;86:295-~302
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patients with NR or the patients without interferon ther-
apy (8485/9590, 88.5%; X* = 49.1, p < 0.0001).

We also evaluated disease control rates according to
glycyrrhizin injection therapy in the subgroups of pa-
tients who either failed or did not receive interferon ther-
apy with a high ALT of 75 IU/1 or more. Anti-inflamma-
tion therapy with glycyrrhizin injections significantly in-
creased the disease control rates, as shown by the rate of
92.3% (843/913) in the patients who received glycyrrhizin
injection therapy versus 88.0% (1,440/1,637) in the pa-
tients without glycyrrhizin therapy (x%= 11.9, p < 0.0001;
table 5),

Discussion

Based on our epidemiological data obtained from

long-term observations of patients with chronic hepatitis

[34] and patients with cirrhosis [35], we found that the
life expectancy of patients with HCV-related liver cirrho-
sis heavily depends on the development of HCC. The
probability of patients with HCV-related liver cirrhosis
eventually developing HCC is staggeringly high at 75%
[35]. In the present study, interferon administration sig-

nificantly decreased the probability for transition from

liver cirrhosis to HCC in the patients who achieved SVR
or BR. However, there were some background varieties
between the patients with SVR or BR and NR or no inter-
feron therapy with respect to stage of fibrosis, sex, platelet
count and age, which can affect the carcinogenesis rate.
From the standpoint of anti-inflammatory effects and

" cancer prevention [8-10, 13, 14, 19], interferon is effec-

tive in patients with chronic liver disease caused by HCV.
Although the carcinogenesis rate is noticeably reduced
when the ALT level becomes normal with or without

HCVRNA eradication [10, 13, 14] after therapy, ALT lev- -
~ els become normal after interferon therapy in approxi-
matelyhalf of the patients with ahigh viral load and group

1 HCV subtype. Furthermore, the anti-carcinogenic ca-
pacity of interferon has been demonstrated not only in
patients with persistent ALT normalization, but also in
patients with transient normalization of ALT for at least
6 or 12 months [20].

Many authors have already described that the activity
of interferon in suppressing the development of HCC in
patients with HCV RNA clearance (SVR) is similar to that
in patients with ALT normalization in the absence of
elimination of HCV RNA. (BR) [13, 36-38]. Based on
these compelling lines of evidence, the anti-carcinogenic
activity of interferon is ascribed to the suppression of in-
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flammatory and regenerative processes in hepatocytes.
Moreno and Muriel [39] reported that interferon revers-
es liver fibrosis and, therefore, control of the necro-in-
flammatory process can suppress the growth of HCC.

An SVR improves clinical symptoms in decompensat-
ed cirrhosis [40], but interferon often induces severe
complications, even in young patients with decompen-
sated cirrhosis [41]. A patient with compensated cirrhosis
can be a candidate for interferon therapy if careful, close
hematologic monitoring is performed.

Because patients with liver cirrhosis generally experi-
ence some difficulties with interferon treatment, our
present study demonstrated practical information about
carcinogenesis and the life expectancy of patients with
HCV-related liver cirrhosis and the order of priority in
the management of interferon for these patients. Inter-
feron administration is considered and initiated in pa-
tients with HCV-related liver cirrhosis preferably to re-
duce the probability for the transition from liver cirrhosis
to HCC.

Because carcinogenesis is not a single-step event, but
rather a complex, multi-step process, the exact mecha-
nism of the role of glycyrrhizin in suppressing liver carci-
nogenesis remains unknown. One of the principal func-
tions of long-term administration of glycyrrhizin in de-
creasing the carcinogenesis rate is considered to be
anti-inflammation, which blocks the active carcinogenic
process of continuous hepatic necro-inflammation and
cell damage. In the treated group of the present study, the
median ALT values markedly decreased after initiation of
the glycyrrhizin injections, suggesting that the pathologi-
cal process of hepatocyte necrosis or apoptosis was sig-
nificantly suppressed by glycyrrhizinic acid. The actions
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Norio Akuta,* Fumitaka Suzuki,! Mariko Kobayashi,” Tasuku Hara,! Hitomi Sezaki,*
Yoshiyuki Suzuki,! Tetsuya Hosaka,® Masahiro Kobayashi,® Satoshi Saitoh,* Kenji Ikeda,*

and Hiromitsu Kumada®

LDepartment of Hepotology and Okinaka Memorial Institute for Medical Research, Toranomon Hospital, Tokyo,

Japan

2Liver Research Laboratory, Toranomon Hospital, Tokyo, Jopan

Alfa-fetoprotein {AFP) is used as a marker of
early hepatocarcinogenesis. However, the im-
pact of hepatitis B virus surface anfigen
{HBsAg} on this relationship in patients with
HBV infection is not clear. The present study
evaluated the relation between HBsAg and AFP
levels at the initial visit in 1,610 untreated HBV
patients, free of hepatoceliular carcinoma (HCC)
or severe hepatitis. The cumulative rate of HCC
was significantly lower in patients with a low
AFP level (<10pg/l; below the upper limit of
normal) than in those with a high AFP level
(>11pg/l) at the initial visit. In patients with
HBsAg levels more than 5001U/ml, HBsAg
levels correlated significantly and negatively
with AFP Jevels, and significantly with platelet
count. Multivariate analysis of data of patients
with HBsAg more than 5001U/ml identified
HBsAg (<7,0001U/ml), albumin (<3.9g/dl},
platelet count (<20.0 x 10%mm?3), gamma-glu-
tamyl transpeptidase (>501UMA), aspartate ami-
notransferase (>341U/L), HBeAg {positive), and
HBV core-related antigen (>3.0logU/mi} as
determinants of a high AFP. Especially, in
patients with HBsAg more than 5001U/ml and
low transaminase levels (below the upper limit
of normal), HBsAg was identified as significant
determinant of a high AFP. On the other hand,
in patients with HBsAg less than 5001U/ml,
multivariate analysis identified albumin, gam-
ma-glutamyl transpeptidase, and HBV core-re-
lated antigen as determinants of a high AFP.
The results indicated that HBsAg level seems to
affect, at least in part, the AFP levels, and that
it can be used as a surrogate marker of early
hepatocarcinogenesis, J. #Med. Virol. 86:1371-
138, 2014. © 2013 Wiley Periodicals, Inc.

© 2013 WILEY PERIODICALS, INC.

KEY WORDS: HBV; AFP; HBsAg; HBcrAg;
genotype; hepatocellular car-
cinoma

INTRODUCTION

Hepatitis B virus (HBV) is a small, enveloped DNA
virus known to cause chronic hepatitis and often
leads to liver cirrhosis and hepatocellular carcinoma
(HCC) [Viola et al., 1981; Kobayashi et al., 2002; Yao,
2003]. BEvidence suggests that the use of elevated
alpha-fetoprotein (AFP) for the prediction of early
hepatocarcinogenesis in non-HCC patients could be
clinically useful. AFP is a fetal glycoprotein produced
by the yolk sac and fetal liver [(Bergstrand and Czar,
1956] and has been widely used as a serum wmarker
for the diagnosis of HCC [Sato et al., 1993; Johnson,
2001]. Furthermore, high serum AFP levels are also
associated with various chronic liver diseases and
hepatic regeneration [Kew et al., 1973; Silver et al,,
1974; Elftherious et al., 1977; Alpert and Feller,
1978]. Many patients with chronic hepatitis B who
are free of HCC have high AFP levels [Chen and
Sung, 1979; Di Bisceglie and Hoofnagle, 1989], and
some patients with cirrhosis and concomitant high
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inflammatory activity have very high AFP levels

- [Yao, 2003; Cheema et al., 2004]. On the other hand,
gome patients with small HCC lesions have only
moderately elevated levels of AFP [Shinagawa et al,,
1984; Ebara et al., 1986; Bruix and Sherman, 2005].
At present, however, there are no cutoff levels for
serum AFP used to predict HCC in patients with
HBYV infection.

There is growing interest in the use of hepatitis B
surface antigen (FIBsAg) level as a prognostic marker
in chronic hepatitis B patients [Chan et al, 20101
The HBsAg levels are useful for identifying the stage
of disease [Jaroszewicz et al., 2010; Nguyen et al,,
2010], to distinguish tfrue inactive carriers from
patients with HBe antigen-negative disease [Brunetto
et al, 2010; Martinot-Peignoux et al., 2010; Chan
et al., 2011; Liaw, 2011, and to predict the response
to interferon therapy [Brunetto et al., 2009; Moucari
et al, 2009). Recent studies has also demonstrated
that the HBsAg levels are associated with the risk of
progression to HCC, especially in patients with low
HBV DNA levels [Chan, 2012; Tseng et al., 2012],
and that there is a potential correlation between the
IBsAg levels and the stage of liver fibrosis [Seto
et al, 2012; Martinot-Peignoux et al,, 2013]. Howev-
er, the impact of viral factors, such as the HBsAg
level, on serum AFP level as a predictor of early HCC
is not clear at present.

The present study included 1,610 wuntreated
patients with HBV infection, free of HCC or severe
hepatitis, The present study was designed to
provide answers to the following questions: (1) what
is the relation between a high serum AFP level at the
initial outpatient visit and subsequent development
of hepatocarcinogenesis in “antiviral- therapy—nawe
patients with hepatitis B viral infection? (2) What is
the impact of viral factors, such as the HBsAg level,
on serum AFP level in such patients, and (3) What is

a good surrogate marker for a high serum AFP at the

initial visit.

PATIENTS AND METHODS
. Patients

Among 6,466 consecutive patients who were diag-
nosed with HBV infection between March 1972 and
December 2012 at Toranomon Hospital, 1,610 were
selected in the present study based on the following
criteria: (1) They were positive for HBsAg (radioim-
munoassay, Dainabot, Tokyo, Japan) and negative for
anti-HCV (third-generation enzyme immunoassay,
Chiron, CA). {(2) They were free of HCC at the initial
visit. (8) HBV hepatitis was assessed as less than
severe at the initial visit, in order to minimize the
potential effects of high inflammatory activity. Severe
hepatitis was defined as serum transaminase level of
>300TU/L, and/or total bilirubin level of >3.0mg/dl.
(4) They had not received amtiviral therapy in the
past (e.g., interferon and/or nucleot(s)ide analogs) at
the initial visit. (6) They underwent examination of
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the AFP level (upper limit of normal, 10 pg/L) at the
initial visit. Furthermore, the HBsAg level, HBV
core-related antigen (HBcrAg) level, and HBV DNA
were also assayed using stored frozen sera obtained
at the initial visit. (6) They were free of coinfection
with human immunodeficiency virus. (7) They were
free of other types of chronic liver disease, including
hemochromatosis, Wilson disease, primary biliary
cirrhosis, alcoholic liver disease, autoimmune liver
disease, inherited liver disease including alpha-1
antitrypsin deficiency; ~and hepatic venous outflow
block, (8) They comsented to the study.

Table I summarizes the profile and laboratory data

“ab the initial visit of the 1,810 patients included in
“the present study. They included 1,047 males and

563 females, with a median age of 40 years (range:
18-83 years). The median AFP level was 4pg/L
(range, 1-1,770 ng/L) and the median follow-up time
(from the initial visit until the last visit) was 6.0
years (range, 0.0-34.6 years). The study protocol was
approved by the Human Ethics Review Commitiee of
Toranomon Hospital.

Laboratory Tests

HBsAg, HBerdg, and HBV DNA levels were as-
sayed using stored frozen sera obtained at the initial
visit, Blood samples were frozen at ~80°C within 4hr
of collection and were mot thawed until used for
testing. Serum HBsAg level was measured using
Architect HBsAg QT assay kit (Abbott Laboratories,
Tokyo, Japan), which has a lower limit of detection of

TABLE I. Profiles and Laboratory Data at the Initial Visit
: - -of 1,610 Patients Infected With HBV

Demographic data .
Number of patients 1,610
Sex (male/female) 1,047/563
Age (vears)* 40 (18-83)
Family history of liver disease® 836 (51.9%)
Lifetime cumulative alcohol . 112 (7.0%)
‘intake (>500kg) - o
Laboratory data o
Total bilirubin (mg/d) 0.6 (0,1-2.9)
Aspartate aminotransferase (IU/L) 37 (5-220)
Alanine aminotransferase 1o/ 48 (5-297)
Albumin (g/dD) 4.2 (1.0-5.6)
g%r}llx‘na-glutamyl transpeptidase 37 (2-2,370)
Hemoglobin (g/dl) 14.5 (6.9-18.2)
Platelet count (x104/mm®) 19.1 (2.7-44.7)
'Alpha-fetoprotein (ug/L) 4 (1-1,770)
Virological data =
HBeAg (No. of positive) 690 (42 9%}
HBsAg (U/ml)* 2,845
B (0. 09 to >125 000)
HBerAg (log U/ml)*
‘ i (<3.0 to >6.8)
"BV DNA (log copies/mD* i 5.7
S (k2.1 10 >9.1)
HBV genotype (A/B/C/others/ND) 65/218/1,119/6/202

Data are number and percentages of patients, except those denoted
by *, which represent the median (range) values,

“Famlly history of positivity for hepatitis B surfaoe antlgen includ-
ing third-degree relatives, :
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0.05IU/ml and upper limit of detection of 250 IU/ml.
To expand the upper range from 250 to 125,000IU/
ml, serum samples with the HBsAg levels above the
upper range were diluted in a stepwise fashion to
1:20 and 1:500 with. Architect diluents using the
information supplied by the manufacturer. HBeAg
was determined by enzyme-linked immunosorbent
assay kit (IBeAg EIA; Institute of Immunology,
Tokyo, Japan). Serum HBerAg level was measured
using a Cleia HBcrAg assay kit (Fujirebio, Tokyo,
Japan) using a folly antomated analyzer system
(Lumipulse System; Fujirebio). The cut-off value of
HBerAg was 3.0logUfml. HBV DNA was quantified
using the Cobas TagMan HBV v.2.0 (Roche Diagnos-
ties, Tokyo, Japan), which has a dynamic range of
2.1-9.0 log copiesfml.

A commercial kit (HBV Genotype EIA; Institute of
Immunoclogy) was used to determine serologically the
HBV genotypes using the combination of epitopes
expressed on the pre-S2 region product, which is
specific to each of the major genotypes.

Follow-Up and Diagnosis of Future
Hepatocellular Carcinoma

After the initial visit, patients were followed-up
once or three times a month. Imaging studies (ultra-
sonography, computed tomography, or magnetic reso-
nance imaging) were conducted once or more per
year.

Statistical Analysis

Non-parametric tests (Mann-Whitney U-test, chi-
squared test and Fisher’s exact probability test) were
used to compare differences between two groups.
Correlation analysis was evaluated by the Spearman
rank correlation test. The cumulative rate of hepato-
carcinogenesis was calculated using the Kaplan—
Meier technique; differences between cumulative car-
cinogenesis curves between groups were tested using
the log-rank test. Statistical analyses of the rate of
hepatocarcinogenesis according to groups were calcu-
lated using the period from the initial visit. Univari-
ate and multivariate logistic regression analyses
were used to determine the independent surrogate
markers of elevated AFP at the initial visit. The odds
ratios (OR) and 95% confidence intervals (95% CI)
were also calculated. A two-tailed P-value less than
0.05 was considered significant. Variables that
achieved statistical significance (P <0.05) on univari-
ate analysis were entered into multiple logistic
regression analysis to identify significant indepen-
dent factors for elevated AFP. Potential surrogate
markers of elevated AFP at the initial visit included
the following pretreatment variables: age, sex, family
history of liver disease, lifetime cumulative aleohol
intake, total bilirubin, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), albumin,
gamma-glutamyl transpeptidase (GGT), hemoglobin,
platelet count, HBV genotype, HBeAg, HBsAg levels,
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HBerAg levels, and HBV DNA levels. Statistical
analyses were performed using the Statistical Pack-
age for Social Sciences software (SPSS, Inc., Chicago,
1L).

RESULTS

Cumulative Rate of Hepatocarcinogenesis
According to the AFP Level at the Initial Visit

A total of 1,061 patients naive to antivirval therapy
from the initial visit until the last visit were evaluat-
ed for the rate of development of HHCC based on the
AFP levels at the initial visit. During the follow-up
period, HCC was diagnosed in 31 of 905 patients
(8.4%) with a low AFP level (<10 png/l; below the
upper limit of normal) and 37 of 156 patients (23.7%)
with a high AFP level (>1lpg/l) at the initial
visit. The cumulative hepatocarcinogenesis rates
for patients with low and high AFP levels at the
initial visit were 4.7% and 30.2% at the end of
10-year follow-up; 9.1% and 36.5% at the end of
20-year follow-up; and 13.2% and 42.9% at the end
of 30-year follow-up, respectively. These results indi-
cate that the rate of hepatocarcinogenesis is signifi-
cantly higher in patients with HBV infection and
high AFP levels than their counterparts with low
AFP levels (P < 0.001; Log-rank test) (Fig. 1).

HBsAg and AFP Levels at the Initial Visit

Blood samples from all patients were analyzed to
determine the relationship between the HBsAg and
the AFP levels at the initial visit. The proportions of
patients with high AFP levels among those with the
HBsAg levels below 500 IU/ml, from 500 to 1,999TU/
ml, from 2,000 to 8,999IU/m], from 97,000 to
24,999 IU/ml, and above 25,000 IU/ml were 12.6% (42
of 333 patients), 26.7% (89 of 333), 22.6% (94 of 416),
10.4% (29 of 278), and 6.4% (16 of 250), respectively
(Fig. 2A). The relationship between the HBsAg and
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Fig. 1. Cumulative rate of hepatocarcinogenesis according to
the ATP level at the initial visit in patients naive fo antiviral
therapy from the initial visit until the last visit. The rate of
hepatocarcinogenesis was significantly higher in patients with
high AFP levels (>11lug/ll) than in those with low levels
(<10 pg/L) at the initial visit (P < 0.001; Log-rank test).

oJ. Med. Virel. DOI 10.1002/imv



134

3

26.2%
(89/333)

3
(=3
i

22,6%.
(94/416)

[
o
2

12.6%

(42/333) 10.4%

(291278)

=
<

64%
{(16/250)

Proportion of paticats with high AFP [cvel (%) >

<

500- 1,999 2 006,099 7 000-24,999

5499
: HBsAg level (1U/uL)

225,000

w

100

e
(=2
1.

*
-

AFP [evel (ng/L)
Y
o
$
-

Fo3
=4
Ed
*
-
-
-
*
£
-

25 3.0 35 40 4.5 50 55
" HBsAglevel (Log XU/mL)

Fig. 2. A: Proportions of patients with the high AFP levels
(>11 ug/L) at the initial visit, stratified according to the HBsAg
Jevels. Patients with the HBsAg levels above 500 IU/ml included

a significantly lower proportions of patients with the high AFP
Ievels and the HBsAg levels above 7,000IU/ml (8.5%) than
those with the HBsAg levels bolow 7,00010/m)  (24.4%)
(P<0.001). B: Analysis of data of pat.ients with the HBsAg
levels above 500IU/ml at the initial visit, showed a significant
negative correlation between logarithmically transformed
HBsAg and ATP levels (r=-0.225, P < 0.001).

the AFP levels at the initial visit suggested the
presence of two distinct populations within the study
group. Especially, in 1,277 patients with the HBsAg
levels above 5001U/ml, a significantly smaller propor-
tion of patients with high AFP levels were noted
among those with HBsAg of more than 7,000 1U/ml
(8.5%) than those with the HBsAg levels less than
7,000TUMml (24.4%) (P<0.001). Furthermore, the
HBsAg levels correlated negatively but significantly
with the AFP levels (r=-0.225, P <0.001) (Fig. 2B).

The HBsAg Levels and the Platelet Count at the
; Initial Visit

Blood samples from all patients were analyzed to
determine the relationship between the HBsAg levels
and the platelet count at the initial visit. The median
platelet counts among patients with the HBsAg levels
below 500 1UMml, from 500 to 1,999 TU/m], from 2,000
to 6,999 IU/ml, from 7,000 to 24,999 IU/ml, and above
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25,000IU/ml were 19.1x 10%mm® 17.2 x 10%wm®,

18.0 x 10%mm®, 20.9 x 10%mm®, and 21.2 x 10%m’,

respectively (Fxg 34). The relatmnshlp between the
HBsAg levels and the platelet count at the initial
vigit also suggested the presence of two distinct
populations within the study group. Especially, in
1,277 patients with the HBsAg levels of more than
500IU/ml, significantly higher platelet counts were
noted among those with the HBsAg levels of more
than - 7,0001Ufml (the median platelet count;
91.0 x 10%mm®) than those with the HBsAg lovels
less than 7,0001U/ml (the median platelet count;
17.6 x 10%mm®) (P < 0.001). Furthermore, the I-IBsAg
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I'xg 3. A: The platelet count at the initial visit, stratified
according to the HBsAg levels. Bars within the boxes indicate
the median platelet count. The boxes denote the 25th to 75th
percentiles, the lower and upper bars the 10th and 90th
percentiles, respectively. Among patients with the HBsAg levels
above 500 IU/ml at the initial visit, those with the HBsAg levels

“above 7,000 1U/ml had sxgmﬁcant]y hzgher platelet count (the

median platelet count; 21.0 x 10%mm®) compared to those with
the HBsAg Ievels below 7,000 IU/ral (the median platelet count;
17.6 x 10%/mm®) (P <0. 001). B: Among patients with the HBsAg
levels above 500IU/ml at the initial visit, logarithmically trans-

‘formed the FBsAg levels correlated sagmﬁcanﬂy with the

platelet count (r=0.293, P <0.001).
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levels correlated significantly and positively with the
platelet count (r==0.293, P <0.001) (Fig. 3B).

Clinical Profiles and Laboratory Data According
to the HBsAg Level at the Initial Visit

Table II summarizes the clinical profiles and
laboratory data according to the HBsAg level at the
initial visit of 1,610 patients infected with HBV.
Patients with the HBsAg levels below 500 IU/ml were
significantly older and exhibited lower inflammatory
activity (lower levels of AST and ALT), and had lower
viral levels (they were HBeAg negative and had
lower levels of HBcrAg/HBV DNA), compared to
* those with the HBsAg levels ahove B500IU/ml
(P <0.001).

Factors Associated With High AFP Levels at the
Initial Visit, Stratified According to the HBsAg
Levels

Blood samples from all 1,610 patients were ana-
lyzed to determine the factors that affect the AFP
level at the initial visit. Awong 1,277 patients with
the HBsAg levels more than 500IU/ml at the initial
visit, high AFP levels were detected in 228 (17.9%)
patients. Univariate analysis identified 12 param-
eters that correlated significantly with a high AFP
level at the initial visit. These included age (30
years; P<0.001), AST (>341U/L; P<0.001), ALT
(>43IU/L; P<0.001), albumin (<8.9g/dl; P <0.001),
GGT (=50IU/L; P<0.001), total bilirubin (>1.0 m%/
dl; P<0.001), platelet count (<20.0x 10%mm?;
P<0.001), HBV genotype (C; P<0.001), HBsAg
levels (<7,000IU/ml; P<0.001), HBeAg (positive;
P<0.001), HBV DNA (>5.0log copies/ml; P <0.001),
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and HBerAg (>8.0logU/ml; P <0.001). Multivariate
analysis that included the above variables identified
seven factors that influenced independently the ele-
vated AFP level at the initial visit. These included
HBsAg level (<7,0001U/ml; OR 8.68, P <0.001), albu-
min (<3.9 %/dl; OR 3.09, P<0.001), platelet count
(<20.0 x 10*/mm® OR 2.50, P=0.001), GGT (>50 U/
L; OR 2.28, P=0.001), AST (>341U/L; OR 2.77,
P =0.003), HBeAg (positive; OR 2.07, P=0.005), and
HBcerAg (23.0logUml; OR 510, P=0.031)
{Table III). .

Among 333 patients with the HBsAg levels less
than 500IU/ml, a high AFP at the initial visit was
detected in 42 (12.6%) patients. Univariate analysis
identified nine parameters that correlated significant-
ly with a high AFP level at the initial visit. These
included AST (>841U/L; P<0.001), ALT (>43TIU/L;
P=0.001), albumin (<3.9g/dl; P<0.001), GGT
(>50TU/L; P<0.001), platelet count (<20.0x 10
mm® P=0.001), HBV genotype (C; P <0.001), HBeAg
(positive; P <0.001), HBV DNA (>5.0logcopies/ml;
P=0.001), and HBerAg (>3.0logU/ml; P<0.001),
Multivariate analysis that included the above varia-
bles identified three factors that influenced indepen-
dently the elevated AFP level at the initial visit.
These included albumin (<3.9g/dl; OR 12.8,
P <0.001), GGT (>50IU/L; OR 6.95, P=0.002), and
HBcrAg (>3.0logU/ml; OR 5.62, P=0.010)
(Table TID).

Factors Associated With High AFP Levels at the
Initial Visit According to the HBsAg Levels in
Patients With Low Transaminase Levels

To minimize the effect of inflammatory activity, we
examined the data of 618 (among 1,610 patients) who

TABLE II. Profiles and Laboratory Data. of Patients Infected With HBV According to the HBsAg Level at the Initial Visit

HBsAg <500 IU/L HBsAg >500IU/L P
Demographie data
Number of patients 333 1,277
Sex (male/female) 227/106 820/457 N8
Age (years)” 49 (18-75) 38 (18-88) <0.001
Family history of liver disease® 130 (39.0%) 706 (55.3%) <0.001
Lifetime cumulative alcohol intake (=500 kg) 32 (9.6%) 80 (6.3%) 0.087
Laboratory data*
Total bilirubin (mg/dl) 0.7 (0.2-2.9) 0.6 (0.1-2.9) 0.033
Aspartate aminotransferase (IU/L) 29 (12-175) 40 (5-220) <0,001
Alanine aminetransferase (IU/L) 32 (7-289) 56 (5-297) <0.001
Albumin (g/dl) : 4.2 (1.1-5.6) 4.2 (1.0-5.5) NS
Gamma-glutamyl transpeptidase (TU/L) 36 (2-2,370) 38 (4-1,638) NS
Hemoglobin (g/dl) 14.4 (8.4-17.4) 14.6 (6.9-18.2) NS
Platelet count ( x 10%/mm®) 19.1 (2.7-39.6) 19.2 (8.1-44.7) NS
Alpha-fetoprotein (pg/L) 4 (1-968) 4 (1-1,770) 0.005
Virological data
HBeAg (No. of positive) 37 (11.1%) 653 (51.1%) <0.001
HBsAg (IU/ml)* 123 (0.09-498) 4,680 (503 to >125,000) <0.001
HBerAg (log U/ml)y* <3.0 («3.0 to >6.8) 5.9 (<8.0 to >6.8) <0.001
HBV DNA (log copies/ml)* 3.7 («2.1 t0 >9.1) 8.6 (<2.1 to >9.1) <0,001
HBYV genotype (A/B/Clothers/ND) 7/104/141/0/81. 58/114/978/6{/121 <0.001

NB; not significant.

Data are number/percentages of patients, except those denoted by *, which represent the median (range) values,
"Family history of posilivity for hepatitis B surface antigen including third-degree relatives.

J. Med. Virol. DOT 10.1002/jmv



136

Akuta et al.

TABLE I Results of Multivariate Logistic Analysis for Factors Associated With the High AFP Levels at the Initial Visit

Factor } Category Risk ratio (95%CT) P
Patients with the HBsAg levels above 500 TU/ml (n==1,277) ‘
HBsAg (IU/ml) : 1: >7,000 1 '
i 2: <7,000 3.69 (2.12-6.41) <0.001
Albumin. (g/dY) 1: 39 1 ,
' , 2: <89 3.0 (1.88—5.05) <0.001
Platelet count (x 10*/mm?) 1: 220.0
) 2: <20.0 2.50 (1. 47—4 24) 0.001
Gamma-glutamyl transpeptidase TU/L) 1: <B0 X
2: >50 ‘ : 2.28 (1. 40—3 72) 0.001
Aspartate aminotransferase (IU/L) 1 <84 1 )
C . : 2: >34 2.77 (1.42—5.39) 0.003
HBeAg 1: Negative
o 2: Positive 2. 07 (1. 24—345) 0.005
HBcrAg (log U/mb) - 1:<3.0
2: >3.0 5.10 (1. 16—22 4) 0.031
Patients with the HBsAg levels below 500 IU/ml (n=333)
Albumin (g/dl) 1: >3.9 1
2: <3.9 12.8 (4.02-41.7} <0.001
Gamma-glutamyl transpeptidase (IU/L) , 1: <50 1
’ : 2: >50 6.95 (2.06--23.5) 0.002
HBerAg (log U/ml) 1: <3.0 1
2: 230 0.010

5.62 (1.61-21.0)

Low fransaminase levels were defined as transaminase levels below the upper limit of normal.

had low transaminase levels (AST <33IU/L and ALT
<421U/L, ie., below the upper limits of normal) to
further determine those factors that determine the
high level of AFP at the initial visit. High AFP was
detected in 26°(6.1%) patients among 4268 with the
HBsAg levels above 500YU/ml and low transaminase
levels: Using the data of these patients, univariate
analysis identified three parameters that correlated
significantly with a high AFF level at the initial visit.
These included albumin (<3.9 g/d]; P =0.004), platelet
count (<20.0 x 10%/mm?; P=0.012), and HBsAg levels
(<7,000IU/ml; P=0, 004) Multivariate analysis that
included the above variables identified albumin
(<3.9g/dl; OR 3.92, P=0.001) and HBsAg levels
(<7,0001U/ml; OR 4.33, P=0.004) as independent
determinants of a high AFP level at the initial visit
(Table IV).

Among 192 patients with the HBsAg levels ‘below
500TU/m] and low transaminase levels, hIgh AFP

TABLE IV. Results of Multivariate Analysis for Factors
- Associated With the High AFP Levels at the Initial Visit

Category  Risk ratio 95%Cl) P

Patients with HBsAg >500 [Ufm] and low transaminase
levels (n=426)

Pactor

Albumin (g/dl) 1: >3.9 1 :
2: <3.9 3.92 (1.71-—9.01) 0.001
HBsAg (IUml) 1 >7,000 1
<7,000  4.38 (1.58-11.9)

: 0.004
Patients with HBsAg <500 IUlml and low transanunase :
levels (n=192)

Albumin (g/dl) 1: >89 :
2: <3.9 0.004

Low transaminase levels were defined as Lrsnsammase Kevels below
the upper limit of' normal,

J. Med. Virol. DOI 10.1002fmv
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7.19 (1.87-27.8)

levels were detected at the initial visit in 12 (6.3%).
Univariate analysis identified three parameters that
influenced significantly the elevated AFP leve] at the
initial visit. These: included albumin (<3.9g/dl;
P=0.010), GGT (>501'U/L, P=0.011), and platelet
count (<20.0 x 10¥%mm%; P =0.020). Multivariate
analysis that included these variables identified albu.
min (<8.9g/dl; OR 7.19, P=0.004) as the only
independent determinant of a hlgh AFP level at the
initial visit (Table IV).

DISCUSSION

There is little information on the cutoff value of
AFP that can be used to predict the future probabili-
ty of HCC in patients with HBV infection. The
present study followed-up patients naive to antiviral
therapy from the initiel visit and showed that the
rate of hepatocarcinogenesis was significantly higher
in those with high AFP levels at the baseline than
those with low levels. To our knowledge, the present
study is the first to report the hepatocarcinogenesis
rate stratified according to the AFP level in patients
infected with HBV but free of HCC at the initial
visit, based on a large-scale long-term  follow-up
cohort. The results indicated that patients with high
AFP levels at the initjal visit are at high risk of
HCC, and emphasize the need to determine the
factors that could affect the AFP level as surrogate
markers of early hepatocarcinogenesis. Previous stud-
ies in patients with HCV infection indicated that
suppression of the AFP level by treatment with
interferon reduced the HCC risk even in those
without complete eradication of HCV [Arase et al.,
2007; Asahina et al., 20131, However, there is httle
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evidence that suppression of the AFP level by antivi-
ral therapy reduces the HCC rigk in patients with
HBV infection. Further prospective studies are need-
ed to investigate this issue in detail,

In the present study, the relationship between the
HBsAg levels and the AFP levels detected at the
initial visit suggested the presence of two distinct
groups within the study patients. Interestingly, in
patients with the HBsAg levels above 5001U/ml, a
significant negative correlation was observed hetween
the HBsAg and the AFP levels, and a significant
positive correlation was observed between the HBsAg
and the platelet count. Previous studies indicated
that high serum AFP levels correlated with liver
fibrosis Stage 3 and 4 [Bayati et al.,, 1998; Chu et al,,
2001; Hu et al., 2002, 2004}, and that lower thrombo-
cytopenia was closely associated with advanced liver
disease [Tkeda et al., 2009; Akuta et al., 2012l
Considered together, these results emphasize the
importance of hyper-a-fetoproteinemia and thrombo-
cytopenia in the prediction of severe liver fibrosis,
respectively. Based on the present results and the
recent reports suggesting the potential correlation
between the HBsAg level and the stage of liver
fibrosis [Seto et al., 2012; Martinot-Peignoux et al.,
20131, it is possible that HBsAg levels could correlate
with the stage of fibrosis in patients with the HBsAg
levels above 500IU/ml. Further studies are needed to
determine the value of hyper-a-fetoproteinemia in
patients with low and high HBsAgemia.

In addition to the HBsAg level, multivariate analy-
sis also identified HBcrAg as another viral factor that
influenced independently the AFP level at the base-
line. HBerAg comprises HBcAg, HBeAg and a 22-kDa
precore protein coded with the precore/core gene
[Kimura et al., 2002, 2005). Previous studies reported
a significant correlation between serum HBerAg con-
centrations and intrahepatic levels of covalently
closed circular DNA (cceDNA) [Wong et al,, 2007;
Suzuki et al., 2009). Other studies indicated that
HBcrAg is a useful predictor of HCC during antiviral
therapy [Kumada et al, 2013), and post-treatment
recurrence of HCC during antiviral therapy [Hosaka
et al., 2010]. The present study, based on patients
naive to antiviral therapy showed that high serum
HBecrAg concentrations also correlated with high AFP
at the initial visit. This is the first report demonstrat-
ing the potential usefulness of HBerAg as a surrogate
marker for early hepatocarcinogenesis.

The impact of the HBsAg level on hepatocarcine-
genesis is not clear at this stage. In this study, the
effect of the HBsAg levels at the initial visit on HCC
was assessed in 1,061 consecutive antiviral therapy-
naive patients infected with HBV. Analysis of data of
794 patients with the HBsAg levels above 500 IU/ml
at the initial visit (after exclusion of patients on
antiviral therapy) showed a significantly lower cumu-
lative HCC rate in patients with the HBsAg levels
above 7,0001U/ml than those with levels below
7,000IU/ml (P<0.001, Log-rank test, Fig. 4). This
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Fig. 4, Cumulative rate of hepatocarcinogenesis stratified
according to the HBsAg levels at the initial visit in patients
naive to antiviral therapy from the initial visit until last visit.
In a preliminary study based on 794 patients with the HBsAg
levels above 500IUfm! at the initial visit, the cumulative
hepatocarcinogenesis rate for patients with the HBsAg levels
more than 7,000IU/m! was significantly lower than for those
with levels below 7,000 I1U/m] (P < 0.001; Log-rank test).

result suggests that HBsAg levels at the haseline do
not only influence AFP, but also play a role in
hepatocarcinogenesis. Further studies need to be
performed to determine the pathomechanisms of
HBsAg in hepatocarcinogenesis.

The present study has certain limitations. First,
the study did not examine the effects of other
genotypes, apart from HBV genotype B or C. Second,
the study population was limited to Japanese and did
not include other races, and thus generalization of
the results to other races cannot be made based on
the results. Third, the study did not investigate the
effects of antiviral therapy (nterferon and/or
nucleot(s)ide analogs) on the outcome since such
therapy suppressed the AFP levels and thus reduce
the risk of HCC in patients with HBV infection.

In conclusion, the present studies demonstrated
that the HBsAg level seem to influence the AFP
levels and can be used as a surrogate marker for
early hepatocarcinogenesis in patients with hepatitis
B viral infection.
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