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20 min was regarded positive for cryoglobulin. RF was
determined by the latex turbidimetric assay, and C4 and
CHs, activities by nephelometry and Mayer’s method,
respectively. Markers of lymphoproliferative disorders
were determined in 50 patients with chronic hepatitis C
and 32 patients with chronic hepatitis B who had
HBsAg in the serum. None of the patients with chronic
hepatitis suffered from acute hepatitis, cirrhosis or non-
Hodgkin’s lymphoma.,

Amplification of the Vg Region in
Immunoglobulin by PCR

RNA (1 pl) from PBMCs or B cells was reverse-
transcribed into ¢DNA and amplified using the
GeneAmp®™ EZ rTth RNA PCR kit (Applied Biosystems)
in accordance with the manufacturer’s instructions.
Amplification was carried out with FW1 primer (5'-AGG
TGC AGC TGG A[TIGGIC] AGT C[GITIGIG G-3') in the
Vi region and hM3 primer (5-GGA AAA GGG TTG
GGG CGG AT-3) located 8 nt downstream from the start
of Cy1 exon in Cu region. PCR products were visualized
by staining with ethidium bromide after they had been
electrophoresed on 1% agarose gels.

Fingerprinting Assay for the Ig Gene

The clonality of B cells was examined by the finger-
printing assay specific for isotypes of the immunoglobu-
lin (g) gene by the method of Ivanovski et al. [1998].
Briefly, the PCR products of the Ig-Vi gene, from 75
patients infected with HCV and 28 healthy controls,
were examined for the length of the complementarity-
determining region 3 (CDR3) by primer extension using
a primer (hFW3; 5'-CTG AGG ACA CGG CCGTGT ATT
ACT G-3") complementary to a conserved sequence in
human Vg framework 3 (FW3) regions. The hFW3
primer was end-labeled with [y-32PJATP (150 mCi/ml;
Japan Radioisotope Association, Tokyo, Japan) using
the phage T4 polynucleotide kinase (T4PNK; Takara,
Shiga, Japan). The reaction mixture (18 ul), containing
PCR products, 1 uM **P-labeled primer, 25 mM dNTP,
10x PCR buffer and 1 unit of Taq polymerase, was
subjected to denaturation at 95°C for 8 min, annealing at
84°C for 1 min and extension at 72°C for 15 min. The
reactant (9 ul) was separated by electrophoresis on 6%
polyacrylamide gel supplemented with 6 M urea, dried
and exposed onto radiographic films.
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Subcloning and Sequencing of the
Vu Region Gene

One PCR product from a patient infected with HCV
that exhibited oligoclonal bands and another from a
control subject, without displaying any clonal band on
the Ig fingerprinting assay, were purified on gel-electro-
phoresis and sub-cloned into the pCR-TOPO vector
(Invitrogen, Leek, The Netherlands). After they had
transformed Escherichia coli (DH5a), 26 and 16 clones
from the patient and control, respectively, were selected
and the Vi region was sequenced using the Big Dye®
Terminator ver.l.l Cycle Sequencing kit (Applied
Biosystems, Tokyo, Japan). Deduced amino acid sequen-
ces of the VD region of IgM heavy chain were aligned by
the BLAST search, and analyzed for any homology
among clones by the GENETYX-Mac ver.13.0 software
(Genetyx, Tokyo, Japan).

Statistical Analysis

The median of continuous variables, without the
normal distribution, was compared by the Mann-—
Whitney U test. Comparison of discontinuous variables
was performed by the y* test or Fisher’s exact test. A
P value < 0.05 was considered statistically significant.
Values with the normal distribution were expressed as
the meanzSD. Data of variables, not distributed
normally, were transformed into log values as required.
Logistic regression modeling was used in the multi-
variate analysis for association with lymphoprolifera-
tive disorders with the JMP ver. 7 software (SAS
Institute, Cary, NC).

RESULTS
Detection of HCV RNA in B Cells

Table I compares the detection of HCVRNA in various
cellular compartments. HCV RNA was detected more
frequently in B cells than CD4%, CD8" T cells or other
cells from the 75 patients (63% vs. 16%, 14%, or 17%,
P < 0.05 for each). There were no significant differences
in the detection of HCV RNA in lymphoid cells hetween
the patients with chronic hepatitis and those with
hepatocellular carcinoma or non-Hodgkin’s lymphoma.
HCV RNA was detected in B cells from 55 (73%) patients
by the conventional RT-PCR at screening. Eight of them,
with HCV RNA titers <1.0 log copies/100 ng RNA by the
real-time RT-PCR, were deemed negative for HCVRNA

TABLE 1. Frequency of FICV RNA in Diverse Cell Compartments From Patients Infected With HCV

Total Chronic hepatitis® Non-Hodgkin lymphoma Hepatocellular carcinoma
Cell types (n=15) (n==54) (n=5) (n=16)
CD8™* T cells 12 (16%)* 6 (11%)* 2 (40%) 4 (25%)
CD4* T cells 11 (15%)* 6 (11%)* 3 (60%) 2 (13%)
B cells 47 (63%) 32 (59%) 3 (60%) 12 (75%)
Others 17 (23%)* 11 (20%)** 3 (60%) 3 (19%)

*T'wo patients each with acute hepatitis and cirrhosis without hepatocellular carcinoma were included.

*Significantly lower than the detection in B cells (P < 0.05).
**Significantly lower than the detection in B cells (P < 0.01).
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Fig. 1. HCV RNA titers in various compartments of lymphoid cells. Bold bars indicate mean values.

in order to exclude contamination by serum HCV RNA.
The distribution of HCV RNA titers in various cell
compartments is illustrated in Figure 1. HCV RNA
levels were higher in B cells than in CD4™, CD8" T cells
or other cells (3.354:3.85 vs. 1.754:2.52, 2.1564+2.94 or
2.10 - 2.90 log copies/100 ng, P < 0.01 for each).

Replication of HCV in B Cells

A method for detecting minus-strand HCV RNA was
developed (see Materials and Methods Section). It could
detect negative-strand HCV RNA specifically with a
sensitivity of 3.0 log copies/ml (range: 3.0—6.0 log copies/
ml) without a self-priming of positive strands in control
transcripts (Fig. 2A). None of the 75 patients had >7.0
log copies of HCV RNA in B cells (Fig. 1), thereby
indicating the capability of this method to detect
negative-strand HCV RNA in the patients studied.

A Negative-Strand HCV RNA
{log copies)
1.0 20

3.0 4.0 5.0

Since this assay could not detect <3.0 log copies/ml of
negative-strand HCV RNA, which were present in lower
titers than positive strands usually, only the 16 patients
with HCV RNA in B cells in titers >3.0 log copies/ml
were analyzed. Negative-strand HCV RNA was detected
in four (5%) of the 75 patients, indicating that HCV
replicated efficiently in the B cells (lanes 2, 14, 15, and 17
in Fig. 2B).

Markers for Lymphoproliferative Disorders in
Patients With Chronic Viral Hepatitis

Table II compares the detection of markers for
lymphoproliferative disorders between the 50 patients
with chironic hepatitis C and the 32 patients with chronic
hepatitis; they did not have acute hepatitis, liver
cirrhosis, hepatocellular carcinoma or non-Hodgkin’s
lymphoma. Cryoglobulinemia and low CHgo levels

Positive-Strand HCV RNA
{log copies)
6.0 4.0 6.0 6.0

Fig. 2. A: Ethidium bromide staining of produets of strand-specific RT-PCR for negative- and positive-
strand HCV RNA. B: Strand specific RI-PCR for negative-strand HCV RNA from B cells of 16 patients.
Positive control for negative-strand HCV RNA (lanes 9 and 19) and negative control for positive-strands

HCV RNA (lanes 10 and 20) are included.
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TABLE II. Markers for Lymphoproliferative Disorders in Patients Chronic Hepatitis C or B

Features® Hepatitis C (n=50) Hepatitis B (n =32) Differences P value
Age (years) 52.3+11.8 53.94+11.9 NS

en 32 (64%) 17 (58%) NS
ALT (IU/L [5-2519 96.5+145.9 50.7479.8 0.008
Cryoglobuminemia 13 (26%) 0 (0%) <0.001
RF > 10 IU/ml 24 (48%) 13 (41%) NS
C4 <10 mg/dl 1(2%) 1(3%) NS
CHjp < 20 U/ml 24 (48%) 1 (3%) 0.012
Clonality 6 (12%) 0 (0%) <0.001
Any marker for lymphoproliferative disorders 37 (74%) 13 (41%) 0.015

ALT, alanine aminotranferase; RF, rheumatoid factor; NS, not significant.

*Data are number (%) or the mean + SD.
“Interquartile normal range.

(<20 U/ml) were significantly more frequent in the
patients with chronic hepatitis C than hepatitis B, while
high RF titers (>10 IU/ml) were common in them both.
At least one marker for lymphoproliferative disorders
was detected more frequently in patients with chronic
hepatitis C than hepatitis B (74% vs. 41%, P= 0.015).
These resulis indicate that cryoglobulinemia and low
CHj, levels would be markers of lymphoproliferative
disorders characteristic of the patients with chronic
hepatitis C.

A Healthy Controls

1 234567 8 910111213141516

Oligoclonality of the Immunoglobulin
Heavy Chain (Ig-Vy) Gene in Patients
With HCV Infection

Fingerprinting assay of the Ig-Vy; gene was performed
on B cells recovered from patients infected with HCV.
Ladders of PCR products from B cells of healthy controls
did not produce strong bands (Fig. 3A). In contrast, the
ladders of some patients with HCV infection contained
a monoclonal band indicative of the oligoclonality
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B Patients with HCV Infection
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Fig. 8. Ig fingerprinting assay of (4) PBMCs from 28 healthy subjects and (B) B cells from 23 patients

infected with HCV.
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(Fig. 3B). The oligoclonality was observed not only in the
patient with non-Hodgkin’s lymphoma (lane 2 in
Fig. 3B), but also in those without non-Hodgkin’s
lymphoma (lanes 3, 15, 16, and 23 in Fig. 3B). Overall,
it was detected in B cells from 8 (11%) of the 75 patienis
infected with HCV, including one each with non-
Hodgkin’s lymphoma and hepatocellular carcinoma
and six with chronic hepatitis. Six of these eight patients
had B cells carrying HCV RNA, and seven possessed
at least one of cryoglobulinemia (detected in three
patients), high-titered RF (four patients) and hypocom-
plementemia (four patients). Six patients were infected
with HCV group 1 and the remaining two with HCV
group 2. When the same assay was undertaken on
PBMCs from 32 patients with chronic hepatitis B, the
oligoclonality was not observed in any of the patients
(Table II).

Amino acid sequences of some clones, obtained from a
patient whose Ig-Vy gene showed the oligoclonality
(lane 3 in Fig. 3B), were similar (Fig. 4B). In contrast,
clones obtained from a healthy subject without strong
bands in Ig-Vy fingerprinting assay (lane 8 in Fig. 3A)
were not similar in the sequence (Fig. 4A). These
results suggest that a clonal expansion of B cells would
oceur in the peripheral blood of patients infected with
HCV.

(A) lgVH Gene Clones from a Healthy Control

Inokuchi et al.

Factors Associated With
Lymphoproliferative Disorders

Univariate analysis was performed to determine
factors predisposing to lymphoproliferative disorders,
including cryoglobulinemia, high-titered RF, hypocom-
plementemia and the B-cell clonality (Table III). Low
ALT levels and the presence of HCVRNAin B cells were
associated significantly with lymphoproliferative disor-
ders. Among them, HCV RNA in B cells was the only
predictive factor by multivariate analysis (odds ratio
1.98 [95% confidence interval 1.36-7.24], P = 0.027).

DISCUSSION

It hasbeen demonstrated epidemiologically that HCV
induces a number of extrahepatic manifestations
[Cacoub et al., 1999; Zignego and Brechot, 1999], of
which lymphoproliferative disorders is related most
closely to HCV infection [Zignego et al., 2007]. Accord-
ingly, it has been accepted that chronic infection with
HCV can lead to the clonal expansion of B cells and that
the sustained proliferation of B cells would promote the
occurrence of genetic mutations. Zignego et al. [2000]
have observed frequently t(14;18) translocation and
overexpression of bel-2 in lymphoid cells from patients
with lymphoproliferative disorders in association with
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Fig. 4. Aligned amino acid sequences of (A) the 16 Ig-Vy; gene clones from a healthy control (lane 8 in

Fig. 3A) and (B) the
sequence identity. Three clones from the patient with more than 95%
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TABLE III. Baseline Characteristics of the Patients With or Without Lymphoproliferative Disorders

Lymphoproliferative disorders

Features® With (n=57) Without (n=17) Differences P value
Age (years) 5834145 55.2+12.4 0.430
Men 35 (61%) 11 (65%) 0.805
Cirrhosis 15 (28%) 2(12%) 0.177
Hepatocellular carcinoma 12 (22%) 2 (12%) 0.345
ALT (IU/L [5-25)°) 80 82 170 £232 0.025
Platelets (x 10%/mm® [15-401") 17.6:: 6.5 16.2+6.4 0.430
HCV serogroup 1 47 (82%) 11 (65%) 0.119
HCV RNA in serum (log/mD° 7.0+14 6.841.7 0.730
Serum HCV RNA > 5.0 log/ml 50 (B8%) 14 (82%) 0.570
HCV RNA in B cells? 41 (72%) 6 (35%) 0.006
HCV RNA in B cells (log eopies)® 4543.2 2.5+3.4 0.036

ALT, alanine aminotranspherase; NS, not significant.
“Data are no {%) or the mean £ 8D.

“Normal interquartile range.

“Determined in 100 ng of RNA extracted from cells.

“Determined number and percentage of patients with HCV RNA positive in B cells.

HCV infection. Either or both of the association of HCV-
E2 protein with CD81 and the infection of B cells with
HCYV are proposed to accelerate the clonality of B cells
[Matsuura et al., 2001].

In the 75 patients with chronic hepatitis C, the
frequency of B cells harboring HCV RNA, as well as
HCV RNA titers in B cells, was 10-fold higher than those
of the other lymphoid cells including CD4%, CD8*
T cells. The replication of HCV in B cells was
demonstrated in some patients with high titers of serum
HCVRNA by the detection of negative-strand HCVRNA
species; they represent viral replication intermediates.
Combined, these resulis strongly suggest that HCV hag
a tropism for B cells.

On the basis of B-cell tropism, HCV isolates might be
classified into at least three subgroups. One subgroup is
merely associated with the surface receptors of B cells,
but does not replicate efficiently in these cells. The
results indicate that most HCV isclates belong to this
group. Such an association might induce signaling
toward a prolonged cell survival. B cells might express
unknown receptors for HCV at levels higher than the
other lymphoid cells. In support of this view, the
negative-strand HCV RNA is barely detected in PBMCs
from patients with hepatitis C, although positive
strands are found in these cells [Lanford et al., 1995].
CD81, which is proposed as one of HCV receptors, is
expressed on B cells much more densely than on
hepatocytes [Machida et al,, 2005]. There would be
another subgroup of HCV capable of infecting B cellsand
replicating efficiently in them. Such B-cell tropic HCV,
however, was identified in only four (5%) patientsin this
study. Nonetheless, infection with HCV may trigger
somatic mutationsinB cells, for example, bel-6, p53, and
B-catenin, leading to their clonal expansion [Machida
et al.,, 2004). A third subgroup of HCV would neither
infect nor adhere to B cells.

It needs to be pointed out that methods used to detect
HCYV infection in extrahepatic cells have not combined
high levels of both sensitivity and specificity, so far.
Therefore, the possibility remains for the replication of

HCYV in some patients with chronic hepatitis C who did
not have negative-strand HCV RNA in B cells in the
present study; the frequency of false-negative results
could not be determined in them. More sensitive and
specific assay systems are required for estimating the
actual frequency of HCV replicationin B cellsin patients
with chronic hepatitis C with or without non-Hodgkin’s
lymphoma.

The association of HCV was less frequent in T cells
than in the cell fraction without markers for B or Tin the
present study. The non-B, non-T cell fraction contains
dendritic cells, macrophages and other lymphoid cells
that were not CD4%, CD8*, or CD19™. Dendritic cells
have been demonstrated to interact with HCV-like
particles in vitro [Barth et al., 2005}, and are infected
with HCV in vivo [Kanto et al., 2004]. Radkowski et al.
[2005] reported the persistence of HCV in macrophages,
even after it has been eliminated by interferon therapy.
It is possible that HCV RNA might be associated with or
infect dendritic cells and/or macrophagesin non-B, non-
T cell fractions, in replication levels lower than those in
B cells.

The correlation between HCV infection and cryoglo-
bulinemia is established [Agnello et al., 1992; Agnello,
1995). RF was detected in high levels in sera from
patients with not only chronic hepatitis C but also
chronic hepatitis B (Table II). Recently, it was reported
that the patients with chronic HBV infection are nearly
three-times more likely to develop non-Hodgkin’s
lymphoma than controls [Ulcickas Yood et al., 2007].
As HCV infection, therefore, HBV infection may lead to
lymphoproliferative disorders. The frequency of low
CHsq levels was higher, although low C4 levels were
detected only 2% in patients with chronic hepatitis C
(Table II). These results stand at variance with those in
a French study [Dumestre-Perard et al., 2002], which
has shown low levels of both C4 and CHj; among
patients infected with HCV. In this study, no patients
with chronic hepatitis C had any cryoglobulinemia-
related clinical syndrome, such as skin rashes, mem-
branoproliferative glomerulonephritis and neuritis.
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Hence, low C4, rather than CHs, levels might be
pathogenic and induce immune reactions in patients
with chronic hepatitis C.

A correlation was sought for between infection and/or
association of B cells with HCV and the occurrence of
lymphoproliferative disorders. HCV RNA in B cells was
an independent factor correlated with at least one of
markers for lymphoproliferative disorders in multi-
variate analysis. Therefore, infection and/or association
of B cells with HCV may lead to lymphoproliferative
disorders, although the mechanism remains unknown,
It is possible that infection of B cells with HCV would
induce somatic mutations or over-expression of anti-
apoptotic genes toward a prolonged survival of activated
B cells. Or else, mere interaction between envelope
proteins of HCV and signaling receptors on the cell
surface, which regulate the survival of B cells, can be
involved in the genesis of lymphoproliferative disorders.

The clonal expansion of B cells wasreported to occur in
26% of Ttalian patients [Pozzato et al., 1999), while it has
not been observed in any Japanese patient investigated
so far. The detection of B-cell clonality in 11% of
Japanese patients in this study, however, would point
to a possibility for HCV-induced lymphoproliferation
not dependent on ethnicity. Several studies have
focused on important roles of sustained antigenic
stimulation, analogous to lymphomagenesis due to
infection with H. pylori, in a possible relevance to the
extra-nodal marginal-zone B-cell lymphoma arising in
lymphoid tissues on mucosae (MALT lymphoma) [Iva-
novski et al., 1998; De Re et al., 2000; Sansonno et al.,
2004]. Purther studies are necessary to clarify molec-
ular mechanisms for the generation of lymphoprolifer-
ative disorders and the correlation between malignant
lymphoma and lymphoproliferative disorders.
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Autoimmune hepatitis (AIH) is an organ-specific disease
of the liver that is characterized by hypergammaglobuli-
naemia, autoantibodies in the serum and by the presence
of interface hepatitis and plasma cell infiltration on
histological examination (1). The pathogenic mechan-
isms accounting for the development of AIH are still
unknown. Because ATH is associated with certain human
leukocyte antigen subtypes (2) and with the presence of
various autoantibodies (2, 3), it is plausible to assume
that adaptive immune responses mediated by T cells and
B cells are involved. This notion is supported by research
showing that antibodies to autoantigens such as soluble
liver antigen/liver—pancreas antigen and cytochrome P-
450 2D6 are involved in the progression of the disease
(3). In addition, recent findings suggest that T-cell-

222

Abstract

Background: Autoimmune hepatitis (AIH) and autoimmune pancreatitis
(AIP) share clinical and pathological features such as high serum levels of
immunoglobulin (Ig) G and autoantibodies, and lymphoplasmacytic infiltra-
tion, suggesting the presence of common immunological abnormalities.
However, little is known about the possible involvement of IgG4, a hallmark
of AIP, in AIH. Aims: In this study, we examined whether the IgG4 response
contributes to the histopathological and clinical findings in AIH. Methods:
Liver sections from 26 patients with AIH, 10 patients with primary biliary
cirrhosis (PBC), three patients with primary sclerosing cholangitis (PSC) and
20 chronic hepatitis patients with hepatitis C virus (HCV) infection were
immunostained for IgG4. We investigated the relationship among the histo-
pathology, the responses to steroid therapy and the IgG4 staining. Results:
Nine of the 26 liver specimens from patients with AIH showed positive
staining for IgG4 whereas none of the 10 samples from patients with PBC, the
three samples from patients with PSC or the 20 samples from patients with
HCV hepatitis were positive. Patients with IgG4-positive ATH also showed
increased serum levels of IgG. The numbers of T cells, B cells and plasma cells
were significantly increased in the livers of patients with IgG4-positive AIH as
compared with those patients with IgG4-negative AIH. Patients with IgG4-
positive AIH also showed a marked response to prednisolone therapy.
Conclusions: ATH may be classified into either an IgG4-associated type or an
IgG4 non-associated type with the former showing a marked response to
prednisolone treatment.

mediated immune responses play a major role in the
development of ATH. For example, a predominant infil-
tration of CD4" and CD8" T cells is seen in the livers of
patients with AIH (4). These liver-infiltrating T cells
produce both T-helper type 1 (Thl) and type 2 (Th2)
cytokines that mediate liver damage (5). On the other
hand, the number of CD4"CD25™ regulatory T cells that
function to suppress the effector Thl and Th2 responses
is decreased in peripheral blood samples taken from
patients with ATH (6). Thus, the pathogenic mechanisms
of ATH may partially be explained by both an enhanced
effector T-helper response and an impaired regulatory T-
cell response. In contrast to the role played by T cells, our
knowledge regarding the role of B cells and plasma cells
infiltrating the ATH lesions is very limited.
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Recent studies of the immunopathogenesis of auto-
immune pancreatitis (AIP) have shown results that may
potentially be applicable to AIH (7). For example, as in
the case of AIH, patients with AIP show elevated levels of
serum immunoglobulin (Ig) G and autoantibodies (8).
Lymphoplasmacytic infiltration of T cells and plasma
cells is seen in the pancreas of patients with AIP, findings
that are similar to those of the liver of patients with AIH
(9). Furthermore, both AIP and AIH respond well to
steroid therapy (1, 10). Thus, ATH and AIP appear to
share clinical and histological features. It is now generally
accepted that patients with AIP have elevated levels of
serum IgG4 (11) and that plasma cells expressing 1gG4
are abundantly seen not only in the pancreas but also in
the other involved organs (12). More importantly, the
presence of IgG4-expressing plasma cells in the liver has
now been convincingly linked to cholangitis and hepati-
tis (13-15). In this respect, IgG4 itself does not seem to
be responsible for the development of liver damage
because this IgG subtype does not cause cell-mediated
lysis owing to poor binding activity to complement (16).
It is possible, however, that abnormal immunological
environments leading to enhanced IgG4 responses,
rather than IgG4 itself, underlie the pathogenesis of the
liver damage seen in ATH, Given the similar clinical and
pathological features between ATH and AIP, we asked the
question as to whether these two autoimmune disorders
share a common pathophysiology. To address this, we
examined the IgG4 expression in the livers of patients
with AIH. Our results identify a subtype of AIH that is
characterized by the infiltration of IgG4-expressing plas-
ma cells and by a marked response to steroid therapy.

Methods
Patients

Twenty-six ATH patients who met the international criter-
ia for the diagnosis of ATH (17) were enrolled in this study
from October 2002 to May 2007. All patients were
admitted to Kinki University Hospital or two affiliated
hospitals. Ten primary biliary cirrhosis (PBC) patients,
three primary sclerosing cholangitis (PSC) patients and 20
chronic hepatitis patients with hepatitis C virus (HCV)
infection were also studied. The diagnosis of PBC was
made based on established criteria [i.e. at least three of the
following: alkaline phosphatase (ALP)-y-glutamyl trans-
peptidase (y-GTP) above the upper limit of normal;
antimitochondrial antibodies positive at a titre of 1:20;
increased serum levels of IgM; the absence of biliary
obstruction as assessed by ultrasonography, computed
tomography or cholangiography; or a compatible liver
biopsy] (18). The diagnosis of PSC was made based on the
findings of endoscopic retrograde cholangiography and
liver biopsy (19). The status of hepatitis B virus (HBV)
and HCV infection was determined by HB surface antigen
and HCYV antibody tests. None of the patients with ATH,
PBC or PSC were positive for HBV or HCV infection.

Liver International (2009)
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Ethical permission for this study was granted by the
review board of Kinki University.

Histopathology and immunohistochemistry

Liver specimens were obtained percutaneously with an
18 G needle under ultrasound guidance before starting
the treatment. The mean length of the specimen was
1.5cm and each contained six to 15 portal tracts. Liver
tissues were fixed in 10% buffered formalin phosphate
and embedded in paraffin, after which 4 um sections
were cut and then stained with haematoxylin and eosin,
and elastica van Gieson. The sections were evaluated by
experienced pathologists blinded to the laboratory and
clinical data. Fibrosis was graded as 0 (absent), 1 (peri-
portal fibrosis), 2 (bridging fibrosis), 3 (bridging fibrosis
with lobular distortion) or 4 (cirrhosis). For the histolo-
gical analysis, the following were categorized as either
positive or negative (+, —): canalicular cholestasis,
portal inflammation, interface hepatitis, ductular prolif-
eration, chronic non-suppurative destructive cholangitis,
bile duct loss, rosette formation and collapse of hepato-
cytes, i.e. dropout of hepatocytes because of massive
necrosis. The following were classed as positive or
negative depending on the number of events visible per
high-power field (HPF): lobular hepatitis (— =0-3 focal
necrosis/HPF; + = > 3 focal necrosis/HPF), plasma cell
infiltration (— =0-9 cells/HPF; += > 9 cellssyHPF);
steatosis [(— =0-30% cells with fatty change/HPF;
+ = > 30 cells with fatty change/HPF); and eosinophil
infiltration (— =0-4 cells/yHPE + = > 4 cells/yHPF)].
Portal inflammation was quantitatively analysed accord-
ing to the Ishak scoring system (20). Immunostaining for
IgG4 was performed in 26 patients with AIH, 10 patients
with PBC, three patients with PSC and 20 patients with
chronic HCV infection. Liver biopsy specimens from
patients with IgG4-associated cholangitis were also
stained with anti-IgG4 as a positive control. After de-
paraffinization and rehydration, all sections on silane-
coated slides were pretreated with proteinase K (Dako,
Kyoto, Japan) for 20 min. Endogenous peroxidase was
blocked in 1% hydrogen peroxide for 3min using a
microwave oven. After a second blocking step with 2%
bovine serum albumin, the sections were incubated with
a monoclonal antibody to IgG4 (Zymed Laboratories,
San Francisco, CA, USA) for 10 min using a microwave
oven. Immunostaining for IgG, IgGl, CD3, CD20 and
CD38 was performed on samples from the 26 ATH
patients as described previously (21, 22). Briefly, sections
were incubated with biotinylated antibodies to IgG,
IgG1, CD3, CD20 or CD38. Antibodies to IgG, CD3 and
CD20 were purchased from Dako , the antibody to CD38
from Novocastra Laboratories Ltd (Newcastle, UK) and
the antibody to IgG1 from The Binding Site (Birming-
ham, UK). An avidin-biotin technique was used for all
the immunostaining experiments, with diaminobenzi-
dine tetrahydrochloride used for visualization and hae-
matoxylin for nuclear counterstaining.
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Treatment and follow-up

All ATH patients were initially treated with 30—40 mg/day
prednisolone, except for four elderly patients with low-
grade activity [as judged by histology and serum alanine
aminotransferase (ALT) levels]. None of the patients
were treated with azathioprine, 6-mercaptopurine or
cyclosporine. Tapering of the prednisolone dose was
performed according to an established protocol (1).
Serum levels of ALT were monitored every 2 weeks before
normalization and every 3 months after normalization.
The dose of prednisolone was increased in some patients
who showed elevated levels of serum ALT because of the
result of a flare-up of their condition. Treatment con-
tinued during the observation period and no patients
were lost.

Statistical analysis

Fisher’s exact test was used to assess the differences in the
patient distribution of variables such as gender and
concurrent autoimmune diseases. Analysis of variance
(aNoOvA) was used to compare variables among the three
groups. If the anova was significant, the Bonferroni
procedure was used for multiple comparisons. Normally
distributed variables were compared using Student’s -
test and non-normally distributed variables were com-
pared using the Mann-Whitney U-test. The Wilcoxon
signed rank test was used to compare the degree of
infiltration by IgG4" plasma cells. Correlations were
expressed by the Spearman rank correlation coefficient,
P < 0.05 was considered to be statistically significant. All
statistical analyses were performed using spss software
version 11.5 (SPSS Inc., Chicago, IL, USA).

Results

Identification of immunoglobulin G4-associated
autoimmune hepatitis

All the ATH patients in this study met the international
criteria for the diagnosis of definite AIH. All the ATH
patients were negative for serum antibodies against
liver—kidney microsome 1 and were diagnosed as type L.
Patients who did not meet the international criteria were
excluded from the study. These data are shown in Table 1.
Liver specimens were obtained from the AIH patients
before starting steroid therapy.

Immunoglobulin G4 immunostaining of the liver
tissues was performed to assess the degree of infiltration
by IgG4-producing plasma cells. We counted the number
of IgG4™ cells in at least three portal tracts and calculated
the average number of [gG4" cells in each specimen. We
regarded the specimens as IgG4 positive when more than
five IgG4™ plasma cells were identified per HPF accord-
ing to the report by Zhang et al. (23). As shown in Figure
1A and B, nine of the 26 AIH patients (34.6%) showed
positive staining for 1gG4 and were classified into 1gG4-
associated AIH. In contrast, all 10 patients with PBC,
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three patients with PSC and 20 patients with HCV
hepatitis were negative.

We also examined the IgG4 expression in the livers of
two patients with I1gG4-associated cholangitis as a posi-
tive control. As shown in Figure 1B, the liver sample is
heavily infiltrated by IgG4™ cells as compared with the
samples from the IgG4-associated AIH patients.

Clinical profile of immunoglobulin G4-associated
autoimmune hepatitis

As shown in Figure 2, there were no significant differ-
ences in age, serum levels of ALT, ALP, yGTP, antinuclear
antibody or in the degree of liver fibrosis between the
IgG4-associated and the IgG4 non-associated ATH pa-
tients. The IgG4-associated AIH patients had signifi-
cantly higher total serum IgG levels and AIH scores as
compared with the IgG4 non-associated patients. In
contrast, there was no difference in serum IgG4 levels
between the IgG4-associated AIH and the IgG4 non-
associated AIH patients. In addition, we did not find a
difference in any of the factors in the AIH scoring system,
except for the total serum IgG levels.

Histological analysis of immunoglobulin G4-associated
autoimmune hepatitis

We performed an extensive histological analysis of the
liver samples taken from the IgG4-associated ATH patients
using haematoxylin and eosin-stained tissue. As shown in
Figure 3A, portal inflammation and interface hepatitis
were present in all liver samples from patients with either
IgG4-associated or IgG4 non-associated AIH. In contrast,
plasma cell infiltration and lobular hepatitis were detected
more frequently in the livers of IgG4-associated AIH than
in those of IgG4 non-associated AIH. Although portal
inflammation was seen in all the liver samples from AIH
patients, the degree of inflammation was more severe in
the patients with IgG4-associated AIH (Fig. 3B). Most of
the AIH patients were negative for cholangitis on histolo-
gical analysis. In addition, none of the AIH patients
showed any abnormalities of the bile duct as assessed by
ultrasonography or computed tomography.

Immunohistochemical analysis of immunoglobulin
G4-associated autoimmune hepatitis

Infiltration of T cells, B cells and plasma cells was
examined by immunostaining for CD3, CD20, CD38
and IgG using semiconsecutive sections taken from the
livers of AIH patients. As shown in Figures 4 and 5, the
numbers of CD3* T cells, CD20" B cells, CD38™ plasma
cells and IgG™ cells in the livers of patients with IgG4-
associated AIH were greater than those in IgG4 non-
associated AIH patients. Therefore, IgG4-associated AIH
is characterized by the infiltration of T cells, B cells and
plasma cells into the liver tissue of these +patients. No
difference was seen in the number of IgG1™ cells or the
ratio of IgG1*/IgG" cells between the two subgroups,
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Table 1. Clinical characteristics of patients at the time of diagnosis

AlH (n=26) PBC (n=10) HCV (n=20)
Age (years) 6049 (42-78) 57 +13(28-72) 56+ 11(29-78)
Gender (female/male; %female) 24/2;92% 9/1; 90% 10/10; 50%*
Concurrent autoimmune diseases 7/26; 27% 0/10; 0% 1/20; 5%
Laboratory data
AST (JUL) 196 + 604 (48-2350) 65 + 56 (25-210) 58 £ 49 (35-240)t
ALT (JU/L) 216 £510(57-1776) 93 :+£78(28-234)t 78 4+ 55 (38-229)t
ALP (JU/L) 558 4274 (191-1126) 857 4269 (480-1217) 244 £ 128 (147-663)71,§
Total bilirubin (mg/dl) 0.945.3(0.4-20) 0.5+0.5(0.4-2.1) 0.74+0.2(0.5-1.1)
Albumin (g/dl) 3.9+0.6(2.3-4.7) 40+0.2(3.7-4.3) 4.14£0.3(3.3-4.8)t
Immunoglobulin G (g/dl) 2.2+0.7(1.1-4.1) 1.44£0.8(1.2-3.9) 1.84£0.7(0.9-2.8)
IAHG score 19(16-22) - -

Data are expressed as median = standard deviation (range) or frequency.
*P < 0.05 (Fischer’s exact test).

+.1,§P < 0.05 between AlH and HCV, between AlH and PBC, and between PBC and HCV respectively.

AlH, autoimmune hepatitis; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; HCV, hepatitis C virus; IAHG,
International Autoimmune Hepatitis Group; PBC, primary biliary cirrhosis.

A *
I N ]

E 04 |

& 4

L2

-§ »

g 30

'8

[+ %

2 °

2 20+ .

fo 3

< L ]

c_g, .

B »

3 10 s

g X

041 eosemeemesssses  AMMAMM.  CIODCUTILIIIOID Jataay

AlH PBC HCV PSC
{n=26) {n=10) {n=20) {n=3)

®)

AlH PBC T Hev ’ PSC IgG4-associated cholangitis

Fig. 1. Identification of immunoglobulin (Ig) G4-associated autoimmune hepatitis (AIH). (A} Number of IgG4™ plasma cells/high-power field in
liver specimens from 26 patients with AlH, 10 patients with primary biliary cirrhosis (PBC), three patients with primary sclerosing cholangitis
(PSC) and 20 patients with hepatitis C virus (HCV) hepatitis. Nine of the 26 (34.6%) samples from the AlH patients showed positive staining for
IgG4. All 10 patients with PBC, 20 patients with HCV and three patients with PSC were negative. *P < 0.05. (B) Representative sections

showing the immunohistochemical staining of IgG4 in the livers of patients with IgG4-associated AlH, PBC, HCV hepatitis, PSC and IgG4-
associated cholangitis.
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(AIH). Horizontal bars represent median values in each plot. Serum IgG levels and AlH scores were significantly higher in IgG4-associated AlH
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Fig. 3. Comparison of the histological findings between immunoglobulin (ig) G4-associated and IgG4 non-associated autoimmune hepatitis
(AIH). (A) Haematoxylin and eosin-stained liver tissues obtained from AIH patients were analysed. Plasma cell infiltration and lobular hepatitis
were more frequently detected in the livers of IgG4-associated AlH patients than in IgG4 non-associated AlH patients, whereas portal

inflammation and interface hepatitis were seen in all liver samples. ND, not detected. (B) The degree of portal inflammation as assessed by the

Ishak scoring system.

226

— 444 -

Liver international (2009)
© 2009 John Wiley & Sons A/S



Chung et al. IgG4-associated autoimmune hepatitis
O IgG4 non-associated type (n=17) @ IgG4 associated type (n=9)
* *%k
2507  —— 2507 —— 2507 ——
& 200 ° 200 1 200 1
I
=
2 1504 6 150 { 150 1
8 o . Q 3
5 5 ° ja) o
5 100 1 —o— O 1001 O 1001 .
0
E o ¢ o e -4
= 50 1 by 501 g ""' 50 1 ]
°
O @ ®
0 0- ot
Kk
250 5 100 NS 1 NS 14
| — [ —
200 1 80 4 0.8 1 0.8 1
® 2 ® i)
150 4 60{ © S 06 g o © 061 °
(0] o o
) S * o o e =3
; ° - i = 5 ]
100 40 o ® a 0.4 1 o : & 0.4 °
O ‘ - fo) - -
s0{ 8 : 201 o ® 0.2 0.2 °
. - .
o
0 0 04 o lommmmn

Fig. 4. Numbers of CD3™ Tcells, CD20™ B cells, CD38™ plasma cells, immunoglobulin (Ig) G* cells and IgG1* cells in the liver specimens from
patients with autoimmune hepatitis (AlH). Horizontal bars represent median values in each plot. The numbers of CD3* Tcells, CD20™ B cells,
CD38" plasma cells and IgG™ cells were greater in the livers of patients with IgG4-associated AlH than in patients with 1gG4 non-associated

AlH (*P < 0.05, **P < 0.01). NS, not significant.

suggesting a selective accumulation of IgG4™ cells in
IgG4-associated ATH. No correlation was seen between
the number of IgG4"* plasma cells and the number of
CD31 T cells, CD20™ B cells or CD38" plasma cells in
the livers of patients with IgG4-associated ATH (data not
shown). Moreover, the number of IgG4 " plasma cells did
not correlate with the AIH score or the serum ALT level,
suggesting that the number of IgG4™ cells is not asso-
ciated with the severity of AIH (data not shown).

Response to steroid therapy in patients with
immunoglobulin G4-associated autoimmune hepatitis

Finally, we compared the response of IgG4-associated
and IgG4 non-associated AIH patients to steroid therapy.
Six patients with IgG4-associated AIH and 16 patients
with IgG4 non-associated ATH were treated with pre-
dnisolone at an initial dose of 30-40 mg/day, followed by
maintenance therapy at 5-10 mg/day (Fig. 6). No differ-
ence was seen in the treated dose of prednisolone
between IgG4-associated and IgG4 non-associated ATH
patients. As shown in Figure 6, a significant decrease of
serum ALT levels was seen in patients with 1gG4-asso-
ciated ATH and those with IgG4 non-associated AIH at 4
weeks after starting prednisolone therapy. Importantly,
the reduced serum ALT levels in IgG4-associated AIH

Liver International (2009)
© 2009 John Wiley & Sons A/S

were maintained at 48, 72 and 96 weeks after starting
prednisolone therapy. This was not the case for the IgG4
non-associated AIH patients. None of the patients with
IgG4-associated AIH showed elevated levels of serum
ALT on prednisolone therapy. In contrast, eight patients
(50.0%) with IgG4 non-associated AIH did show ele-
vated levels of serum ALT, even on prednisolone therapy.
Furthermore, no relapse was seen in the patients with
IgG4-associated AIH, whereas six patients with IgG4
non-associated ATH (37.5%) required incremental doses
of prednisolone because of relapse. Thus, IgG4-asso-
ciated ATH shows a marked response to prednisolone
not only in the initial phase but also in the maintenance
phase of treatment.

Discussion

In this study, we describe a novel subtype of AIH
characterized by infiltration of IgG4-expressing plasma
cells. Our data show that infiltration by IgG4™ plasma
cells does occur in a subpopulation of AIH patients but
not in PBC or PSC patients. Thus, tissue staining for
IgG4 can be used to classify AIH into either an IgG4-
associated type or an IgG4 non-associated type. Patients
with IgG4-associated ATH have increased levels of serum
IgG and AIH scores as compared with patients with the
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Fig. 5. Immunchistochemical staining of immunoglobulin (ig) G4, IgG, 1gG1, CD3, CD20 and CD38 in the livers of patients with autoimmune
hepatitis (AlH). The top two and bottom two panels show liver sections from IgG4 non-associated and lgG4-associated AlH patients
respectively. The numbers of CD3* Tcells, CD20™ B cells, CD38™ plasma cells and IgG™ plasma cells in the livers of the patients with IgG4-
associated AIH were greater than in those of the patients with igG4 non-associated AlH.

IgG4 non-associated type. More importantly, predniso-
lone therapy is very effective in patients with IgG4-
associated AIH for both induction and maintenance of
remission, We regarded the tissue spec1mens as IgG4
positive when more than five IgG4™ plasma cells were
identified per HPF as reported by Zhang et al. (23),
although signiﬁcant differences in the response to pre-
dnisolone and in serum IgG levels were stlll observed
when we set a positive threshold of 10 [gG4™ plasma cells
per HPF as reported by Ghazale et al. (13) (data not
shown). Our data suggest that positive IgG4 staining in
the liver can be used as a surrogate marker for the subtype
of ATH that responds well to prednisolone therapy.

Some of the patients with IgG4-related AIP have
various extrapancreatic lesions. Because these extrapan-
creatic and pancreatic lesions share common hlstopatho~
logical findings (ie. abundant infiltration by IgG4™
plasma cells), Kamisawa and Okamoto (10) proposed a
new clinicopathological entity: ‘IgG4-related sclerosing
disease’ . Portal inflammation and lobular hepatms char-
acterized by abundant infiltration of IgG4 ™" plasma cells is
often seen in the livers of AIP patients (12, 15). This AIP-
associated liver inflammation is called IgG4 hepatopathy
(15). One important issue arising from our study is
whether IgG4-associated AIH is a hepatic manifestation
of this systemic disease rather than a subtype of classical
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AIH. It should be noted that none of the ATH patients in
this study showed any swelling of the pancreas or
abnormality of the bile or pancreatic ducts as assessed by
ultrasonography or computed tomography findings that
are characteristic of IgG4-associated AIP and cholangitis
(7). In addition, extrapancreatic manifestations of IgG4-
related systemic disease such as sialadenitis, retroperito-
neal fibrosis and inflammatory liver pseudotumour (10)
were absent in all AIH patients studied. More importantly,
serum IgG4 levels in patients with IgG4-associated ATH
were not so high as those in patients with I1gG4-related
systemic disease. These results suggest that IgG4-asso-
ciated AIH is distinct from IgG4-related systemic disease,
including AIP and IgG4 hepatopathy, although all show
marked responses to prednisolone therapy. Further exam-
ination of the pancreatobiliary system using endoscopic
retrograde cholangiopancreatography or magnetic reso-
nance cholangiopancreatography may be useful to con-
firm that IgG4-associated AIH is not a hepatic
manifestation of IgG4-related systemic disease including
IgG4-associated cholangitis.

Although enhanced IgG4 antibody responses are linked
to AIP, the role of this antibody in disease development
and progression is poorly understood (7). Enhanced IgG4
antibody responses may be an epiphenomenon associated
with inflammatory reactions (7). One possibility is that
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Fig. 6. Serial changes of serum alanine aminotransferase (ALT) levels in patients with autoimmune hepatitis (AlH) during treatment with
prednisolone. Serum levels of ALT were monitored in six patients with immunoglobulin (Ig) G4-associated AlH and in 16 patients with IgG4
non-associated AlH. These patients were treated with prednisolone. The doses of prednisolone at each time point are shown in the bottom

panel. The results are shown as mean = standard error (*P < 0.05).

the increase in tissue-infiltrating IgG4™ plasma cells in
IgG4-associated ATH simply reflects the degree of migra-
tion and accumulation of B cells and IgG™ plasma cells. In
fact, we found that the numbers of CD20% B cells and
CD38" plasma cells are greater in the livers of IgG4-
associated AIH patients than in those of IgG4 non-
associated AIH patients. However, we found no difference
in the number of IgG1" cells or in the ratio of IgG1*/
IgG* cells between the two subgroups. Although the
possibility of a non-selective increase in the migration
and accumulation of B cells cannot be completely ex-
cluded, the results of IgG1 expression suggest that selective
augmentation of IgG4 production occurs in the livers of
patients with IgG4-associated AIH. Therefore, the invol-
vement of factors driving IgG4 class switching may be
considered in the immunopathogenesis of IgG4-asso-
ciated ATH. Further studies are necessary to elucidate the
molecular mechanisms for the selective accumulation of
IgG4™ plasma cells in the liver.

Serum levels of IgG4 were not increased in patients
with IgG4-associated AIH. This finding suggests that
tissue staining of IgG4 is more sensitive than serum
IgG4 assays for the diagnosis of IgG4-associated AIH. In
support of this, Zhang et al. (23) reported that visualiza-
tion of IgG4™ plasma cells is useful for the diagnosis of

Liver International (2009)
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AIP in patients with normal levels of serum IgG4.
However, Umemura et al. (14) reported the case of
IgG4-associated AIH with a marked elevation in serum
IgG4 levels. The reason for this discrepancy remains
unknown. It should be noted that Umemura’s case was
characterized by liver infiltration by many IgG4™ cells
(> 40/HPF). This is much higher than we observed in
any of our cases. This suggests that it is the degree of
accumulation of IgG4* cells in the liver that determines
the serum IgG4 response in patients with IgG4-asso-
ciated ATH. Another possibility is that immune environ-
ments, which affect IgG4 responses, may be different in
the peripheral blood and the liver of patients with IgG4-
associated AIH. Indeed, predominant Thl responses
have been reported in the peripheral blood of patients
with AIP (24), whereas Th2 responses are enhanced in
the pancreas and liver (25). However, further studies
using a large number of ATH patients are necessary to
establish the relationship between serum IgG4 levels and
IgG4 expression in the liver.

Our data show that IgG4" cells are distributed in the
liver of IgG4-associated AIH in a scattered manner rather
than in a densely packed manner. In addition, there is no
difference in serum IgG4 levels between the IgG4-asso-
ciated AIH and the non-associated AIH patients. More
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importantly, the number of AIH patients enrolled in this
study may not be sufficient to enable definite conclusions
to be drawn. Thus, one might concern that the difference
between these two groups is small. However, our results
clearly show that the effectiveness of steroid therapy was
different in the two groups of patients (Fig. 6). Future
studies using a larger number of AIH patients would be
required to confirm the difference between IgG4-asso-
ciated AIH and non-associated AIH.

Patients with classical AIH usually show marked
responses to steroid therapy (1). We have shown that
the serum levels of ALT were reduced in most AIH
patients 4 weeks after starting prednisolone treatment.
An interesting observation is that the reduction in the
serum ALT level in the IgG4-associated AIH was greater
than that in the IgG4 non-associated ATH. Furthermore,
remission was maintained in the patients with IgG4-
associated AIH. Therefore, IgG4-associated AIH is
characterized by a marked response to prednisolone
treatment similar to that seen in patients with IgG4-
related systemic disease (26). We found no relapse in
patients with IgG4-associated AIH, whereas six patients
with IgG4 non-associated AIH required incremental
doses of prednisolone because of a relapse.

In conclusion, our data suggest that the immunostain-
ing of liver biopsy specimens for IgG4 can be used to
predict the prognosis of AIH patients by identifying the
subpopulation that shows a marked response to steroid
treatment, Further studies using larger patient groups are
required to confirm these findings.
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Abstract Long term survival of single nodular hepato-
cellular carcinoma (HCC) measuring 2-5 cm in size trea-
ted with radiofrequency ablation (RFA) was compared
between 157 HCCs treated with RFA and 89 HCCs treated
by operation. The 5 year survival rate was not significantly
different between RFA and operation. In addition, the 17th
nationwide survey of the Liver Cancer Study Group of
Japan clearly showed that 5 year survival rate in 858 HCCs
measuring 2-5 cm in size treated with RFA was similar to
that in 6,574 HCCs measuring 2-5 c¢m in size treated by
operation. In conclusion, RFA achieves outcomes similar
to those of operation for Child-Pugh A patients with HCCs
measuring 2-5 cm in size.

Keywords Hepatocellular carcinoma -
Radiofrequency ablation - Surgery -
Single HCC between 2 and 5 cm

Introduction

Hepatocellular carcinoma (HCC) is a poor-prognostic dis-
ease, and nearly one million people die of this cancer
annually worldwide. Various treatments have been pro-
posed as candidates for a therapeutic policy for HCC. The
guidelines established by the American Association for the
Study of Liver Diseases (AASLD) [1], European Associ-
ation for the Study of the Liver (EASL) [2] and the Japa-
nese “Evidence-based guidelines” [3] recommend local
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treatment, mainly radiofrequency ablation (RFA), for 3 or
fewer HCCs measuring 3 cm or smaller. Only the
“Treatment algorithm for HCC” proposed by the Japan
Society of Hepatology (JSH) recommends combination
therapy with transcatheter arterial chemoembolization
(TACE) followed by RFA for non-resectable 3-cm or lar-
ger HCCs [4] (Fig. 1).

In this report, we present the outcomes of treatments
performed according to this algorithm at our hospital as
well as those obtained by the Liver Cancer Study Group of
Japan (LCSGJ).

Subjects and methods

The subjects were 157 patients with Child-Pugh A liver
function and a 5-cm or smaller solitary HCC who under-
went RFA or RFA preceded by TACE at the Department of
Gastroenterology and Hepatology, Kinki University School
of Medicine, between 1999 and 2007. There were 122
males and 50 females aged 47-90 years (mean: 68 years),
and 20 were HBV-positive, 129 were HCV-positive, and 8
were virus-negative. The tumor size was 10-50 mm (mean:
19 mm): 85 and 72 nodules measured 2 cm or smaller and
2-5 cm, respectively. The number of RFA sessions was
1-3 (mean: 1.2), and the mean duration of follow-up was
40.3 months. The number of subjects who underwent sur-
gery during the same period was 89.

RFA was performed by using cooled tip needle
(Radionics, Burlington, MA) and preceding TACE was
performed basically in cases the tumors were larger than
2 cm. Lipiodol mixed with epirubin followed by gelatine
sponge was used for Lipiodol TACE. Enough safety mar-
gin (ablative margin) was obtained by ablating an area
larger than the Lipiodol deposited tumor. Overall survival
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Fig.1 Consensus-based treatment algorithm for hepatocellular carcinoma proposed by Japan Society of Hepatology (JSH). Cited from [4]

of the patients who underwent RFA+ preceding TACE
with a solitary tumor smaller than 2 cm or less in size and
those of 2-5 cm in size was evaluated.

Similarly, overall survival of the Child-Pugh A patients
with solitary 2-5 cm sized HCC who underwent resection
was compared with that of the patients who underwent
RFA combined with preceding TACE. Local recurrence
rate and disease-free survival rate were also calculated in
Child-Pugh A patients with 2-5 cm sized HCC who
underwent RFA combined with preceding TACE. The
relationship between recurring segment and overall sur-
vival was also evaluated in Child-Pugh A patients with
2-5 cm sized HCC who underwent RFA combined with
preceding TACE. Risk factors affecting overall survival
were also evaluated in patients who underwent RFA
combined with preceding TACE.

In order to identify the difference of the overall survival
in Liver damage A (almost equivalent to Child-Pugh A)
patients with a solitary 2-5 cm HCC, survival data of the
17th nationwide survey by the Liver Cancer Study Group
was used [5]. For HCCs of 2-5 cm, resection, PEIT and
RFA was performed in 6,574 patients, PEIT in 2,823
patients and RFA in 858 patients. Overall survival was
compared among the 3 groups.

Results

The 5-year survival rate was 79% in the 2-cm or smaller
HCC group treated with RFA and 84% in the 2-5 cm

@ Springer

6 @

51

4 4

31 [¢]

N 3y 5y
<2cm(n=85) 100% 79%

4 p=0.79
e 2-50M(N=72)  91%  84%
0.0 T T v T T T T T v 1
0 12 24 36 48 60 72 84 96 108 120

Fig. 2 Overall survivals of Child-Pugh A HCC patients carriers of
single HCC smaller than 2 cm in size, and treated with RFA and of
Child-Pugh A HCC patients carriers of single HCC 2-5 c¢m in size
treated by RFA combined with preceding TACE

HCC group treated with TACE preceding RFA, showing
no significant difference (Fig. 2). The latter, when com-
pared with 89 patients who underwent surgery also for
single HCC 2-5 cm in size, did not show statistically
different survivals (84 vs. 78% respectively) (Fig. 3).
Among the 157 cases with a single HCC 2-5 cm, overall
local recurrence occurred in 10, and the 7-year cumulative
local recurrence rate was 8%. The S5-year disease-free
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survival rate of patients with 2 to 5-cm solitary HCC was
15%. Therefore, the S5-year cumulative recurrence rate
was as high as 85%. The recurrent cases were divided
into 32 cases with recurrence localized in the same seg-
ment of the primary lesion and 56 cases with recurrence
in different segments. The prognosis was significantly
poorer in those with recurrence in the same segment than
in those in those with new lesions in different segments
(Fig. 4).

A significant prognostic factor in the Child-Pugh A
single nodular HCC cases with recurrence in the same
segment was as follows: (1) a macroscopic type other than
single nodular type versus single nodular with extra
growth type or multinodular confluent type, (2) a PIVKA-
1I level of 100 mAU or higher and (3) AFP level of
100 ng/ml or higher. On multivariate analysis of factors
contributing to the overall survival, the macroscopic type,
AFP, and PIVKA-II were extracted as significant factors.
Factors contributing to disease-free survival were only
AFP and PIVKA-II, but there were no significant differ-
ences between HCCs smaller than 2-cm or those 2-5 cm
(Fig. 5).

Results of the 17th nationwide survey performed
by the Liver Cancer Study Group of Japan

Figure 6 shows the survival curves of patients who
underwent surgery, PEIT and RFA for single 2 to 5-cm
HCCs, respectively [5]: the prognosis was significantly
poorer in the PEIT group (Fig. 6). Conversely, outcomes
were similar comparing those treated with surgery and
those with RFA for single 2-5 cm HCCs (Fig. 6) [4].
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