
&p.1:Abstract Foci of altered hepatocytes (FAH) represent
preneoplastic lesions, as shown in various animal models
of hepatocarcinogenesis, but their significance in the hu-
man liver has not been established. The cellular compo-
sition, size distribution and proliferation kinetics of FAH
in 163 explanted and resected human livers with or with-
out hepatocellular carcinoma (HCC) and their possible
association with small-cell change of hepatocytes (SCC)
were therefore studied. FAH, including glycogen-storing
foci (GSF), mixed cell foci (MCF) and basophilic cell
foci, were found in 84 of 111 cirrhotic livers, demon-
strating higher incidences in cases with (29/32) than in
those without HCC (55/79). FAH were observed more
frequently in HCC-free cirrhosis associated with hepati-
tis B or C virus or chronic alcoholic abuse (high-risk
group) (37/47) than in that due to other causes (low-risk
group) (12/21). MCF, predominant in cirrhotic livers of
the high-risk group, were more proliferative, larger and
more often involved in formation of nodules of altered
hepatocytes (39.3%) than were GSF (8.5%). The results
suggest that the FAH are preneoplastic lesions, MCF be-

ing more advanced than GSF. Oncocytic and amphophil-
ic cell foci were also observed, but their significance re-
mains to be clarified. Two types of SCC, namely diffuse
and intrafocal SCC, were identified, but only intrafocal
SCC was found to be related to increased proliferative
activity and more frequent nodular transformation of the
FAH involved, suggesting a close association with pro-
gression from FAH to HCC.

&kwd:Key words Foci of altered hepatocytes · 
Liver cell dysplasia · Liver cirrhosis · Hepatocellular 
carcinoma · Proliferating cell nuclear antigen&bdy:

Introduction

Hepatocellular carcinoma (HCC) is one of the most fre-
quent malignant neoplasms in human beings. Chronic in-
fection with the hepatitis B virus (HBV) or the hepatitis
C virus (HCV), ingestion of food contaminated with
chemical carcinogens, especially aflatoxin B1, and alco-
holic beverages are considered major risk factors for
HCC development [7, 15, 18]. Molecular analyses have
shown that activation of some proto-oncogenes and
genes for growth factors, mutations of the p53 gene or
even dysfunction of its encoded protein may play a role
in certain stages of human hepatocarcinogenesis [7, 34,
54, 62, 64]. Different lesions have been suggested to re-
present preneoplastic conditions, with two types of liver
cell dysplasia, namely large-cell and small-cell, being re-
ported. The large-cell change of hepatocytes (LCC) de-
scribed by Anthony et al. in 1973 [3] has been regarded
as a precancerous lesion by some authors [3, 14, 17], but
its high prevalence in many chronic liver diseases, near-
normal cytoplasmic/nuclear ratio and low proliferative
activity does not lend support to this notion [22, 37, 42,
51, 63, 68]. The small-cell change of hepatocytes (SCC),
also known as small-cell dysplasia, was described in cir-
rhosis and chronic hepatitis by Watanabe et al. [68].
Similarities in the morphological and antigenic cellular
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phenotypes between SCC and well-differentiated HCC
suggest that SCC in liver parenchyma is a precancerous
lesion [29, 44, 63, 68, 74]. In addition, Japanese patholo-
gists regard SCC in cirrhotic liver as an important mor-
phological feature of “extremely well-differentiated
HCC” [54]. However, the nature of SCC is still contro-
versial [49, 74]. During the last decade, adenomatous hy-
perplasia in the cirrhotic liver has been described and in-
vestigated extensively [29, 37, 44]. It has been noted that
adenomatous hyperplastic nodules of “ordinary” type are
similar to other regenerative nodules in their biological
behaviour, while those with “hepatocytic atypia” are
thought to be borderline lesions [29, 37, 44, 54]. The
hepatocytic atypias have never been well defined, how-
ever, and unequivocal distinction between these two
types of nodular lesions and between the nodules with
hepatocytic atypia and well-differentiated HCC remains
problematic [29, 39].

Foci of altered hepatocytes (FAH) are found in several
animal species in the early stages of hepatocarcinogene-
sis caused by chemicals, radiation, chronic infection with
hepadnaviruses and in some transgenic models [7]. Their
preneoplastic nature has been well documented [8, 10,
57, 71], with preneoplasia defined as phenotypically al-
tered cell populations that have no neoplastic nature but
are endowed with an increased risk of developing into ei-
ther benign or malignant neoplasms [6]. Similar lesions
have been observed fortuitously in the livers of women
with long-term use of oral contraceptives and in other
pathologic conditions [2, 5, 16, 30, 35, 42], particularly
in genetic haemochromatosis [25]. Recently, Bannasch et
al. [11] described the biochemical phenotype of FAH, in-
cluding glycogen-storing clear cell foci and clear cell-
predominating mixed cell foci, in more than 50% of cir-
rhotic livers with or without HCC. In this study, we ex-
tended the number of cases investigated to a total of 163
explanted and resected liver specimens and analysed the
morphological phenotype and proliferation kinetics of
various types of FAH. We paid special attention to the
association of FAH with so-called liver cell dysplasia,
particularly SCC, and with chronic liver diseases involv-
ing high and low risk of HCC.

Materials and methods

Tissue samples were taken from a total of 163 explanted and re-
sected livers (Table 1). In addition to 144 explants with advanced
primary liver disease, 7 donor livers and 12 livers with space-oc-
cupying lesions other than HCC were also studied for comparison.
The 12 livers with other space-occupying lesions included 6 ex-
plants (3 with polycystic liver disease, 1 with an adenocarcinoma
of bile duct, 1 with a malignant epithelioid haemangioendothelio-
ma and 1 with a metastatic carcinoid) and 6 resected specimens (2
with focal nodular hyperplasia, 2 with metastatic colon adenocar-
cinomas, 1 with a metastatic breast adenocarcinoma and 1 with
echinococcosis). The study protocol was approved by the Ethics
Commission of the Medical Faculty of the University of Heidel-
berg. All livers were removed from the patients within 45 min, and
samples were fixed in Carnoy’s solution and embedded in paraffin
as described previously [11]. Serial sections 3µm in thickness
were prepared.

For each tissue sample, sections were stained with haematoxy-
lin and eosin (H&E), the periodic acid–Schiff-reaction (counter-
stained with orange G and iron haematoxylin, Tri-PAS) for the
demonstration of glycogen, and with Azan-Mallory trichrome and
Gomori. Sections of three to five tissue samples for each case
were also stained immunohistochemically for the demonstration of
the proliferating cell nuclear antigen (PCNA) using mouse mono-
clonal antibody PC10 (Dako, Carpinteria, USA) diluted 1:1600.
HBV surface antigen (HBsAg) and core antigen (HBcAg) were
detected using mouse monoclonal antibody 3E7 (Dako, 1:300) and
a rabbit polyclonal antibody (B0586, Dako, 1:3000), respectively.
The reactions were demonstrated by the alkaline phosphatase-la-
belled streptoavidin–biotin complex (LSAB kit, AP, Dako) and de-
veloped with new fuchsin as described previously [11]. The sec-
tions were counterstained with Mayers haematoxylin and mounted
with Kaiser’s glycerol gelatin (E. Merk, Darmstadt, Germany).
Cytokeratin 18-immunoreactivity was demonstrated with the same
procedure using mouse monoclonal antibody Ks18.04 (Progen,
Heidelberg, Germany) diluted 1:150 as a positive control. For neg-
ative controls, normal rabbit immunoglobulin fraction 4 (Dako)
and mouse monoclonal antibody control Clone 679.1Mc7 (Im-
munotech, Hamburg, Germany) substituted for primary rabbit and
mouse antibodies, respectively, at the same concentrations.

At least 5 cm2 total areas were observed microscopically for
each specimen for histological diagnosis and detection of FAH
and other putative preneoplastic lesions. Histological diagnosis
was made by three pathologists (Q.S., P.B., and W.J.H.) indepen-
dently. Infections of HBV and HCV were confirmed by serologi-
cal methods, immunohistochemical detection of HBV antigens
and detection of anti-HCV antibodies, respectively. HCC was di-
agnosed using the World Health Organization classification [40]
and graded histologically for degree of differentiation from grade I
to grade IV according to the criteria of Edmondson and Steiner
[26]. In this study, grade I HCC was diagnosed only for the lesions
composed of small cells with pronounced nuclear and architectural
atypia, with reference to the suggestions made by an International
Working Party [39]. An two-fold increase in cellular density com-
pared with surrounding parenchyma, hepatic plates more than
three cells thick with a disturbed arrangement, and an expansive or
invasive growth pattern were used as the diagnostic indicators of
HCC. HCCs of grades I and II were referred to as well differenti-
ated, and grades III and IV HCCs as poorly differentiated.

LCC was identified following the criteria of Anthony et al [3]
and classified into low (+), moderate (2+) and high (3+) grades as
described by Cohen and Berson [22]. SCC was identified by the
criteria of Watanabe et al [68] and divided into low (+) and high
(2+) grades as described by Su et al. [63]. Briefly, + was defined
as only a single or a few small lesions composed of small hepa-
tocytes forming hepatic plates two to three cells in thickness, and
presenting a 1.5- to 2-fold increase in cellular density compared
with the surrounding extrafocal parenchyma; 2+ was larger lesions
composed of small hepatocytes with nuclear and architectural
atypia (disturbed hepatic plates three cells thick and a two-fold in-
crease in cellular density), but without sufficient features of malig-
nancy to allow a definite diagnosis of HCC.

FAH were identified mainly in sections stained with H&E and
PAS by two pathologists (Q.S. and P.B.) separately. The corre-
sponding lesions in the immunostained adjacent sections were lo-
cated by careful observation and exact comparison with H&E-
and PAS-stained sections. Only well-demarcated foci of pheno-
typically altered hepatocytes that were distinguishable from the
surrounding parenchyma were identified as FAH, and these were
classified into glycogen-storing foci (GSF), amphophilic cell foci
(APF), mixed cell foci (MCF), oncocytic foci and basophilic cell
foci according to the well established criteria in rodents [10, 33]
and man [2]. MCF with amphophilic and basophilic hepatocytes,
respectively, were defined as clear/amphophilic (MCFA) and
clear/basophilic (MCFB) mixed cell foci. Advanced FAH, which
were usually more than 1 mm2 in cross-section area and com-
pressed the surrounding parenchyma, were defined as nodules of
altered hepatocytes in this study. The relative areas made up of
FAH were graded as: no FAH (–); only one or a few FAH smaller
than 0.16 mm2 within an area of 1 cm2 (<1% of the total area)

392



S
p

e
ci

m
e

n
s

N
u

m
b

e
r 

o
f 

p
a

tie
n

ts
N

u
m

b
e

r 
w

ith
A

g
e

N
u

m
b

e
r 

w
ith

(m
a

le
/f

e
m

a
le

)
H

C
C

 (
%

)
M

e
a

n
 (

H
C

C
+

/H
C

C
–

)
R

a
n

g
e

FA
H

 (
%

)
A

P
F

 (
%

)
F

S
C

C
 (

%
)

D
S

C
C

 (
%

)
L

C
C

 (
%

)

C
ir

rh
o

si
s

1
1

1
 (

7
3

/3
8

)
3

2
 (

2
8

.8
)

4
4

.6
 (

5
1

.3
/4

1
.9

)
2

–
6

9
8

4
 (

7
5

.7
)

5
0

 (
4

5
.1

)
2

8
 (

2
5

.2
)

5
 (

4
.5

)
5

5
 (

4
9

.6
)

P
o

st
h

e
p

a
tit

ic
, 

H
B

Va
2

8
 (

2
4

/4
)

1
5

 (
5

3
.6

)
4

6
.0

 (
4

7
.7

/4
4

.0
)

3
1

–
6

3
2

5
 (

8
9

.3
)

1
6

 (
5

7
.1

)
1

0
 (

3
5

.7
)

0
2

1
 (

7
5

.0
)

P
o

st
h

e
p

a
tit

ic
, 

H
C

V
2

3
 (

1
6

/7
)

8
 (

3
4

.8
)

4
3

.7
 (

5
1

.6
/3

9
.4

)
2

0
–

6
8

2
1

 (
9

1
.3

)
8

 (
3

4
.8

)
6

 (
2

6
.1

)
0

8
 (

3
4

.8
)

P
o

st
h

e
p

a
tit

ic
, 

a
u

to
im

m
u

n
ity

3
 (

0
/3

)
0

3
7

.3
1

7
–

5
4

1
 (

3
3

.3
)

1
 (

3
3

.3
)

0
2

 (
6

6
.7

)
1

 (
3

3
.3

)
A

lc
o

h
o

lic
2

7
 (

2
1

/6
)

8
 (

2
9

.6
)

4
9

.9
 (

5
6

.0
/4

7
.1

)
2

8
–

6
9

1
9

 (
7

0
.4

)
1

4
 (

5
1

.9
)

9
 (

3
3

.3
)

0
1

3
 (

4
8

.2
)

C
ry

p
to

g
e

n
ic

1
2

 (
7

/5
)

1
 (

8
.3

)
4

3
.0

 (
6

5
 /

4
1

.0
)

4
–

6
5

7
 (

5
8

.3
)

7
 (

5
8

.3
)

3
 (

2
5

.0
)

0
6

 (
5

0
)

B
ili

a
ry

1
0

 (
1

/9
)

0
5

0
.1

3
4

–
6

4
7

 (
7

0
)

3
 (

3
0

.0
)

0
3

 (
3

0
.0

)
4

 (
4

0
.0

)
O

th
e

r 
kn

ow
n

 a
ss

o
ci

a
tio

n
s 

8
 (

4
/4

)
0

2
3

.1
2

–
4

0
4

 (
5

0
)

1
 (

1
2

.5
)

0
0

2
 (

2
5

)
P

ri
m

a
ry

 s
cl

e
ro

si
n

g
 c

h
o

la
n

g
iti

s
b

9
 (

4
/5

)
0

5
0

.8
3

4
–

6
1

8
 (

8
8

.9
)

5
 (

5
5

.6
)

0
4

 (
4

4
.4

)
5

 (
5

5
.6

)
N

o
n

ci
rr

h
o

tic
 li

ve
rs

 w
ith

 
h

e
p

a
to

ce
llu

la
r 

m
a

lig
n

a
n

ci
e

s
c

5
 (

2
/3

)
4

 (
8

0
)

2
1

.8
 (

2
7

.0
/1

)
d

1
–

3
9

4
 (

8
0

)
3

 (
6

0
)

2
 (

4
0

)
0

2
 (

4
0

)
M

e
ta

b
o

lic
 d

is
e

a
se

s,
 n

o
n

ci
rr

h
o

tice
4

 (
1

/3
)

0
1

6
.8

4
–

2
2

1
 (

2
5

)
0

0
0

1
 (

2
5

)
A

cu
te

 o
r 

su
b

a
cu

te
 m

a
ss

iv
e

 n
e

cr
o

si
s

1
5

 (
4

/1
1

)
0

2
8

.9
5

–
5

1
0

0
0

0
3

 (
2

0
.0

)
O

th
e

r 
sp

a
ce

-o
cc

u
p

yi
n

g
 le

si
o

n
s

1
2

 (
4

/8
)

0
4

8
.3

2
3

–
6

5
4

 (
3

3
.3

)
0

0
0

1
 (

8
.3

)
D

o
n

o
r 

liv
e

r 
7

 (
2

/3
)f

0
3

3
.4

3
–

5
4

2
 (

2
8

.6
)

0
0

0
0

a
Tw

o
 w

ith
 c

o
in

fe
ct

io
n

 o
f 

H
C

V
b

Tw
o

 c
a

se
s 

w
ith

 c
h

o
la

n
g

io
ce

llu
la

r 
ca

rc
in

o
m

a
, 

fo
u

r 
w

ith
 c

ir
rh

o
si

s 
a

n
d

 f
o

u
r 

w
ith

 a
d

va
n

ce
d

 fi
b

ro
si

s
c

Tw
o

 c
a

se
s 

w
ith

 o
rd

in
a

ry
 H

C
C

, 
tw

o
 w

ith
 H

C
C

 o
f 

fib
ro

la
m

e
lla

r 
ty

p
e

 a
n

d
 o

n
e

 w
ith

 h
e

p
a

to
b

la
st

o
m

a
 a

n
d

 H
B

V
 in

fe
ct

io
n

d
H

C
C

/h
e

p
a

to
b

la
st

o
m

a
e

O
n

e
 c

a
se

 e
a

ch
 w

ith
 c

ys
tin

o
si

s,
 g

e
n

e
tic

 g
ly

co
g

e
n

-s
to

ri
n

g
 d

is
e

a
se

 I
a

, 
p

ro
to

p
o

rp
h

yr
ia

, 
a

n
d

 o
xa

lo
si

s
f
A

g
e

 a
n

d
 s

ex
 c

a
n

n
o

t 
b

e
 f

o
u

n
d

 f
o

r 
tw

o
 d

o
n

o
rs

&/tbl.b:

393

Ta
bl

e
1

F
o

ci
 o

f 
a

lte
re

d
 h

e
p

a
to

cy
te

s 
a

n
d

 li
ve

r 
ce

ll 
d

ys
p

la
si

a
 in

 1
5

0
 e

xp
la

n
te

d
, 

a
n

d
 s

ix
 r

e
-

se
ct

e
d

 li
ve

rs
 o

f 
p

a
tie

n
ts

 w
ith

 d
iff

e
re

n
t 

liv
e

r 
d

is
e

a
se

s,
 a

n
d

 in
 s

ev
e

n
 d

o
n

o
r 

liv
e

rs
 (

H
C

C
h

e
-

p
a

to
ce

llu
la

r 
ca

rc
in

o
m

a
, FA

H
fo

ci
 o

f 
a

lte
re

d
 h

e
p

a
to

cy
te

s,
 

A
P

F
a

m
p

h
o

p
h

ili
c 

ce
ll 

fo
ci

,

F
S

C
C

in
tr

a
fo

ca
l 

sm
a

ll-
ce

ll 
ch

a
n

g
e

, D
S

C
C

d
iff

u
se

 s
m

a
ll-

ce
ll 

ch
a

n
g

e
, L
C

C
la

rg
e

-c
e

ll
ch

a
n

g
e

, H
B

V
h

e
p

a
tit

is
 B

 v
ir

u
s,

 H
C

V
h

e
p

a
tit

is
 C

 v
ir

u
s)&/tbl.c:&tbl.b:



394

Fig. 2 Glycogen-storing foci (GSF) A–D without and E, F with
intrafocal small-cell change (FSCC). A, B Perivenular GSF in an
HCC-bearing liver with hepatitis B virus (HBV)-associated cirrho-
sis, demonstrated in serial sections with A H&E and B periodic
acid Schiff–reaction counterstained with orange G and iron hema-
toxylin (Tri-PAS). HV hepatic venule. C, D Clear cell nodule in an
HCC-free liver with HBV-associated cirrhosis, serial sections. C
H&E, D Tri-PAS, ×120, bar 100µm. E, F Increased cell prolifera-
tion in GSF (arrows) with less pronounced storage of glycogen
(not shown) and with low-grade FSCC in a liver with cryptogenic
cirrhosis, demonstrated in serial sections. E H&E, F proliferating
cell nuclear antigen (PCNA) immunostaining, ×180, bar 50 µm&/fig.c:

Fig. 1 A–D Semiquantitative evaluation of hepatic focal lesions
(relative areas occupied: + <1%, 2+ 1–30%, 3+ ≥30% of total ar-
ea), large-cell change (LCC: + low grade, 2+ moderate grade, 3+
high grade), intrafocal (FSCC) and diffuse (DSCC) small-cell
change of hepatocytes (+ low grade, 2+ high grade) in A, B high-
risk cirrhosis A with and B without hepatocellular carcinoma
(HCC), C low-risk cirrhosis without HCC, and D in the slightly
disordered control livers, with groups A and C statistically com-
pared with the counterparts in B (✶✶ P < 0.01, ✶ P < 0.05, NSnot
significant). MCF mixed cell foci, GSF glycogen-storing foci,
APF amphophilic cell foci, OCF oncocytic foci&/fig.c:

(+); many FAH occupying 1–30% (2+) or ≥ 30% (3+) of the total
area.

Size, cell density and proliferative activity of the focal lesions
were evaluated in representative sections randomly selected from
78 cases of specimens containing FAH. All intact FAH were iden-
tified, subtyped and located in the immunostained adjacent sec-
tions. Because comparative quantitative investigations of FAH re-
vealed that expression of the data for actually measured two-di-
mensional areas and from three-dimensional extrapolation gave
essentially similar results [38], the size of individual lesions was
estimated by measuring the cross-section areas and expressed in
square millimetres. The measurement was carried out with an ocu-
lar grid and a ×25 objective lens. For the evaluation of the cell
density, all nucleated hepatocytes of each lesion were counted, and
the data were expressed as number per square millimetre. The cell
density of extrafocal parenchyma was assessed by measuring five
randomly selected areas of each section containing FAH. The
same numbers of selected areas were examined in sections of do-
nor livers. Each area covered 0.8464 mm2 (four grids with a ×25
objective lens).

Sections stained for PCNA were used to evaluate the prolifera-
tive activity. Only moderately to strongly labelled hepatocyte nu-
clei were regarded as positive. Levels of proliferation were ex-
pressed in PCNA-labelling indices (PCNA-LI) (number of positive
nucleated hepatocytes/total number of nucleated hepa-
tocytes × 100%). Eighty-six mini-FAH composed of less than 50
hepatocytes were excluded from the PCNA-LI assessment to en-
sure the reproducibility.

Quantitative data were expressed as median±standard error,
and mean values were given to indicate the data for ages of pa-
tients. The Kruskal–Wallis rank-sum test and the two-sided Wil-
coxon rank-sum test [46] were sequentially applied to analyse the
data using the software package S-PLUS, Version 3.3 (MathSoft,
Inc., Seattle, USA). The resulting P -values were adjusted using a
modified Bonferroni procedure [36]. Comparison of ordinal data
was carried out with the Cochran-Armitage test [4, 21] using the
software package StatXact-Turbo, Version 2.0 (Cytel Software
Corp., Cambridge, Mass.). The nonparametric curve-fitting meth-
od loess(local regression) [20] was used to describe the relation-
ship beween PCNA-LI and cell density. Group differences were
analysed with the Chi-square test. P < 0.05 was always regarded
as indicating a significant difference.

Results

FAH, mainly GSF and MCF, were detected in 76%
(84/111) of cirrhotic livers, and in four of the five noncir-
rhotic livers with hepatocellular malignancies including
ordinary HCC (2/2), hepatoblastoma (1/1) and HCC of fi-
brolamellar type (1/2). FAH, mainly small GSF, were also
found in primary sclerosing cholangitis with or without
cholangiocellular carcinoma. Mini-GSF were observed in
4 of the 12 livers bearing other space-occupying lesions,
along with perivenular storage of fat and slight portal fi-
brosis in all cases. Mini-GSF were also observed in 2 of
the 7 donor livers, in association with slight perivenular
fibrosis in 2, and perivenular storage of fat in 1 case. The
parenchymal liver tissue harbouring other space-occupy-
ing lesions and donor livers were pooled together, and re-
garded as a (slightly disordered) control group for calcu-
lating the incidence of FAH and evaluating their average
size, because only slight morphological changes were
found, and low incidences and small sizes of GSF were
observed in both groups (Table 1).

As demonstrated in Table 1, most (32/36) of the
HCCs in this series were observed in liver cirrhoses,

mainly caused by HBV or HCV infection or by alcoholic
liver disease, which are considered high-risk factors for
development of HCC [7, 15, 18, 54]. They were, there-
fore, regarded as constituting a high-risk group for the
present study. The incidence of FAH in cirrhotic livers
bearing HCC (29/32) was significantly higher than in
those without HCC (55/79) (P < 0.05). Among HCC-free
cirrhoses with known causes (n = 68), the incidence of
FAH in cirrhoses associated with high risk factors
(37/47) was still higher than in primary biliary cirrhosis,
and in cirrhosis due to autoimmune hepatitis and other
known associations (12/21; P < 0.05). The latter includ-
ed 3 cases of Byler’s disease, 2 cases of Budd-Chiari’s
syndrome, 1 case of genetic haemochromatosis, 1 case of
α1-antitrypsin deficiency and 1 case of Wilson’s disease.
All these diseases were reported to confer a low risk for
the development of HCC [25, 28, 50, 52, 53, 58, 67], so
we pooled them together as the low-risk group for statis-
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Fig. 3 A–C Portion of HCC-
bearing cirrhotic liver with hep-
atitis C virus (HCV) infection.
A, B Clear/amphophilic mixed
cell nodule (arrows) with an ar-
ea of low-grade intrafocal
small-cell change (frame), seri-
al sections. A H&E, B Tri-PAS,
×60, bar 200µm. C Area with-
in the framein A, occupied by
clusters of small hepatocytes
(arrowheads) forming thick-
ened hepatic plates with dilated
canaliculi. ×240, bar 50 µm&/fig.c:



tical analysis. As shown in Fig. 1, the grade of MCF in
cirrhotic livers in the high-risk group, particularly those
bearing HCC, was significantly higher than in cirrhosis
in the low-risk group. The grade of GSF in the HCC-
bearing cirrhotic livers in the high-risk group was higher

than in the livers in the low-risk group (P < 0.05). No
significant difference was found between the high- and
low-risk groups in the incidence and grade of oncocytic
foci.

Most GSF are smaller than a hepatic lobule, located
frequently in the periportal regions, but occasionally in
other areas (Fig. 2A,B). They were composed of clear he-
patocytes with relatively small nuclei and excessive stor-
age of glycogen and sometimes also fat within the cyto-
plasm. In most GSF, the hepatocytes were larger than
normal hepatocytes. The hepatic plates were one or two
cells thick. A small number of large GSF showed pro-
nounced expansive growth and formed clear cell nodules
(Fig. 2C,D). The majority of MCF were composed main-
ly of glycogen-storing clear cells and glycogen-depleted
amphophilic cells (MCFA; Fig. 3). There was a remark-
able increase in both eosinophilia and basophilia in the
cytoplasm of amphophilic hepatocytes. In addition, vacu-

397

Fig. 4 Portions of cirrhotic livers A–C with coinfection of HBV
and HCV, and D with HBV infection. A Small clear/basophilic
mixed cell focus (longer arrow) with intrafocal small-cell change
(FSCC), surrounded by several extrafocal enlarged hepatocytes
(LCC, shorter arrows), H&E, ×160, bar 50 µm. B PCNA immu-
nostaining in a section adjacent to A, demonstrating nuclear stain-
ing in the focus (longer arrow) and only cytoplasmic reactivity
(arrowhead) in some large hepatocytes (shorter arrows) outside
the focus. ×160, bar 50 µm. C Portion of clear/basophilic mixed
cell focus with high-grade FSCC. H&E, ×160, bar 50 µm. D Por-
tion of clear/basophilic mixed cell nodule with high-grade FSCC
adjacent to large amphophilic hepatocytes (containing vacuolated
nuclei, arrow) from a larger clear/amphophilic mixed cell nodule.
H&E, ×220, bar 50 µm&/fig.c:
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Fig. 5 A Oncocytic focus in a donor liver (HV hepatic venule)
H&E, ×80, bar 100 µm. B Portion of oncocytic focus in a liver
with HCC and HBV-associated cirrhosis. H&E, ×160, bar 50 µm&/fig.c:

Fig. 6 Portion of basophilic cell focus with very pronounced in-
trafocal small-cell change and formation of glandular structures in

a liver with HCC and HBV-associated cirrhosis. H&E, ×220, bar
50 µm&/fig.c:

Fig. 7 A, B Portion of amphophilic cell focus with many glycogen-
storing vacuolated nuclei (arrows) in a liver with HCV-associated
cirrhosis, serial sections. A H&E, B Tri-PAS, ×160, bar 50µm&/fig.c:



olated nuclei storing glycogen (glycogenated nuclei) were
often encountered in this type of hepatocyte. MCFB con-
sisting of clear and basophilic hepatocytes (with or with-
out amphophilic cells) were only observed in 11 of the 90
specimens from individuals with the high-risk or crypto-
genic cirrhosis (Fig. 4A, C, D), sometimes demonstrating
a nodule-in-nodule pattern within clear/amphophilic
mixed cell nodules (Fig. 4D). Hepatocytes in MCF were
more variable in size and shape than those in GSF. Single
small hepatocytes with one or two small nuclei and two
to five short cytoplasmic processes, described as small
polygonal liver cells by Su et al. [62], were observed fre-
quently in MCF. Most hepatic plates were two cells thick
and connected imperceptibly with those of the surround-

ing parenchyma in small MCF. Larger MCF often
showed pronounced expansive growth and formed nodu-
lar lesions (Fig. 3A, B, 4D).

Scattered hepatic oncocytes were encountered in 27%
(30/111) of the cirrhotic specimens, being especially
prevalent in those with HBsAg expression. The oncocy-
tes were enlarged and packed with eosinophilic granules
within glycogen-depleted cytoplasm (Fig. 5). Focal le-
sions composed predominantly or exclusively of oncocy-
tes were rare and small, and often located in paraseptal
regions (Fig. 5B). Oncocytic foci were observed in 16%
(18/111) of the cirrhotic livers (Fig. 1). The incidence of
oncocytic foci in HBV-associated cirrhosis (9/28) was
higher than in cirrhosis from other causes (9/83)
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Fig. 8 A, B Small-cell change
(SCC) in hepatocytes of diffuse
type. H&E. A Diffuse SCC
(left) in a specimen of primary
sclerosing cholangitis, with
transition to the parenchyma of
normal appearance (right).
×150, bar 50 µm. B Diffuse
SCC in a specimen of primary
biliary cirrhosis, with thickened
hepatic plates and formation of
glandular structures (arrows)
with bile plugs. ×290, bar
50 µm&/fig.c:



(P < 0.01). Single oncocytic foci were also found in a
specimen of primary sclerosing cholangitis and a donor
liver with slight perivenular fibrosis and fat storage
(Fig. 5A). No mitotic figures were observed in these le-
sions. Although none of the oncocytic foci showed com-
pression of the surrounding parenchyma, many onco-
cyte-like cancer cells were observed in two HCCs of the
fibrolamellar type.

Basophilic cell foci were extremely rare, being found
only in 2 cases of HBV-associated cirrhosis, 1 with and 1
without HCC. Three basophilic cell foci were observed
in the former case (Fig. 6), and one in the latter.

In addition, areas composed exclusively of ampho-
philic hepatocytes (APF) were observed in 45% of cir-
rhotic livers (50/111), and in primary sclerosing cholan-
gitis (5/9) and noncirrhotic livers bearing hepatocellular
malignancies (3/5). APF were among the main types of
FAH observed in primary sclerosing cholangitits, prima-
ry biliary cirrhosis, cirrhosis due to autoimmune hepati-
tis and alcoholic liver cirrhosis. There was no significant
difference in grade of APF between the high- and low-
risk cirrhotic liver groups (Fig. 1). The hepatic plates
were one or two cells thick. Hepatocytes with glycogena-
ted nuclei, distributed singly or in patches, were fre-
quently observed in APF (Fig. 7). All APF were smaller
than a hepatic lobule or a pseudolobule, and they were
often located in periportal areas. No nodules composed
exclusively of amphophilic hepatocytes were observed in

this series. As we do not know their exact relation to the
APF found in rodents, data for them are listed in Table 1
and Fig. 1 separately from other FAH.

Two types of SCC were identified. That observed only
within FAH, designated as intrafocal SCC (FSCC), was
found mainly in association with high-risk cirrhosis
(Fig. 1). Within this group, the incidence and grade were
significantly higher in HCC-bearing than in the HCC-free
livers. FSCC was also observed in livers with cryptogenic
cirrhosis (3/12) and in 2 noncirrhotic livers bearing HCC
(Table 1). In most cases, FSCC appeared as small areas
within FAH (Fig. 2E, 3, 4A), but occasionally it was
found in a nodule-in-nodule pattern (Fig. 4D). Only low-
grade FSCC were observed in GSF in 3 HCC-bearing and
4 HCC-free cirrhotic livers. In 6 of the 7 specimens, only
1 or a few lesions of this type were identified, but 33 GSF
with FSCC were observed in 1 liver from a 42-year-old fe-
male patient with cryptogenic cirrhosis, and 14 of these 33
lesions met the criteria for nodules of altered hepatocytes.
The hepatocytes in GSF with FSCC had many fine baso-
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Fig. 9 Size class distribution of A amphophilic cell foci (APF), B,
glycogen-storing foci (GSF), C clear/amphophilic (MCFA), and D
clear/basophilic mixed cell foci (MCFB), as assessed by measur-
ing the cross-sectional areas in square millimetres (size classes: 1
< 0.02; 2 0.02–0.039; 3 0.04–0.079; 4, 0.08–0.159; 5 0.16–0.319;

6 0.32–0.639; 7 0.64–1.279; 8 1.28–2.559; 9 2.56–5.119; 10
> 5.12) and expressed as percentages, associated with low-grade

(+), high-grade (2+) intrafocal small-cell change (FSCC) or no
FSCC (–)&/fig.c:

Fig. 10 A–F Size class distribution of amphophilic cell foci
(APF), glycogen-storing foci (GSF) and mixed cell foci (MCF) in
cirrhoses (LC) associated with A HBV infection, B HCV infec-
tion, and C alcoholic liver disease (ALD), D cryptogenic cirrhosis
(E) primary biliary cirrhosis (PBC), E primary sclerosing cholan-
gitis (PSC), cirrhosis due to autoimmune hepatitis (AIH), and F in
the slightly disordered control livers, as assessed by measuring the
cross-sectional areas in square millmetres (for definitions of size
classes, see legend to Fig. 9) and expressed as percentages&/fig.c:



philic or acidophilic granules within their cytoplasm. The
PAS reaction demonstrated a reduction of their glycogen
content compared with GSF without FSCC. Hepatic plates
in these GSF with FSCC were two to three cells thick
(Fig. 2E). FSCC was often found in MCF (Fig. 3A, C, 4A,
C, D), along with more pronounced nuclear atypia and
structural disturbance of hepatic plates. Both mitotic fig-
ures and apoptotic bodies were observable in these foci,
particularly in MCFB with FSCC. FSCC was identified in
all four basophilic cell foci encountered (Fig. 6), but not in
the APF or oncocytic foci.

Poorly-demarcated areas of SCC, all low grade, were
also found in 9 cirrhotic or fibrotic livers with primary
biliary cirrhosis, primary sclerosing cholangitis or cir-
rhosis due to autoimmune hepatitis (Table 1, Fig. 1).
They were mainly located within large areas of extrafo-
cal parenchyma, and were therefore designated diffuse
SCC. These areas were irregular in shape and gradual
transitions were often observed with parenchyma of nor-
mal appearance (Fig. 8A). The hepatic plates in areas
with diffuse SCC were two cells thick, frequently with
remarkably dilated canaliculi and glandular structure for-
mation (Fig. 8B). MCFA, GSF or APF were included
within these areas in 4 of the specimens.

LCC in hepatocytes was identified in 49.5% (55/111)
of the specimens with cirrhosis (Table 1), its incidence
being higher in cirrhosis due to HBV (75%, 21/28) than
in cirrhosis caused by HCV (34.8%, 8/23; P < 0.005) or
other causative factors (43.3%, 26/60; P < 0.01). Within
the high-risk group, LCC was more pronounced in the
livers bearing HCC than in those without HCC. However,
no significant difference in the incidence and grade of
LCC was observed between HCC-free cirrhotic livers of
the high- and the low-risk groups (Fig. 1). LCC was
found mainly in extrafocal parenchyma (Fig. 4A), espe-
cially in HBsAg-positive areas. It was also seen in some
FAH, in particular those containing amphophilic hepa-
tocytes (Fig. 4D). Here it was frequently in a scattered
pattern, but it was occasionally seen in clusters. However,
none of these lesions were well-demarcated or gave rise
to any distinct compression of the surrounding tissue.

Altogether, 831 focal lesions were identified for esti-
mation of size and cell density, from 78 specimens con-
taining FAH. They included 306 GSF, 72 APF,
393 MCFA and 60 MCFB. FSCC was identified in 44
(14.4%) GSF, 99 (25.2%) MCFA and 31 (51.7%) MCFB
(Fig. 9). The grade of FSCC was higher in MCFB than
in MCFA (P < 0.0005) or in GSF (P < 0.0001). In total,
204 of the 831 FAH met the criteria for nodules of al-
tered hepatocytes. Among these nodules, 178 were of
mixed cell type, 17 of clear cell type with FSCC, and 9
of clear cell type without FSCC. The frequency of nod-
ule formation by MCFA (160/393, 40.7%) and MCFB
(18/60, 30.0%) was higher than for GSF (26/306, 8.5%;
P < 0.001). GSF with FSCC (17/44, 38.6%) were more
frequently dignosed as nodules than those without FSCC
(9/262, 3.4%; P < 0.0001).

As shown in Fig. 9, the average size (cross-sectional
area) was greater for MCFA and MCFB than for GSF

without FSCC (P < 0.0001). GSF with FSCC were larger
than those without FSCC (P < 0.0001) and comparable
to MCF. However, no significant difference was found
between the MCFA with FSCC and without FSCC.
MCFB with FSCC tended to be larger than those without
FSCC, but the difference did not attain statistical signifi-
cance. APF were larger than GSF without FSCC
(P < 0.001), but smaller than MCFA (P < 0.0001) and
MCFB (P < 0.05). As shown in Fig. 10, GSF in the con-
trol livers and in primary biliary cirrhosis, primary scle-
rosing cholangitis and cirrhosis due to autoimmune hep-
atitis were significantly smaller than in cirrhosis due to
other causes (P < 0.0001). GSF in HCV-associated cir-
rhosis were significantly larger than those in HBV-asso-
ciated cirrhosis (P < 0.05). GSF in cryptogenic cirrhosis
were also larger than in HBV-associated cirrhosis
(P < 0.0001), in line with the high proportion with FSCC
(33/44). No significant difference was found in the aver-
age size of MCF in different liver diseases, but MCF in
the high-risk group and cryptogenic cirrhoses were more
variable in size.

Data for proliferative activity, of different cell popula-
tions as assessed by PCNA-LI, are shown in Fig. 11. The
PCNA-LI of hepatocytes in extrafocal parenchyma of all
explanted and resected livers from patients with severe
chronic liver disease was higher than the donor liver val-
ue (P < 0.0001). The extrafocal hepatocytes in primary
biliary cirrhosis, primary sclerosing cholangitis and cir-
rhosis due to autoimmune hepatitis (P < 0.001), crypto-
genic cirrhosis (P < 0.05) and alcoholic cirrhosis
(P < 0.05) demonstrated more proliferation than those in
HBV-associated cirrhosis. This might be attributed to the
cytoplasmic storage of HBsAg and preferential emer-
gence of LCC in the extrafocal parenchyma in the latter
case. The labelling index of the extrafocal parenchyma in
HCV-associated cirrhosis tended to be higher than with
HBV-associated cirrhosis, but the difference did not at-
tain statistical significance. PCNA-LI in both GSF and
APF were as low as in donor livers, and significantly
lower than in the extrafocal parenchyma (P < 0.0005).
Hepatocytes in MCFA and MCFB were more prolifera-
tive than those in the extrafocal parenchyma
(P < 0.0001). The labelling index for MCFB was higher
than that for MCFA (P < 0.01). Very few nuclei of the
hepatocytes in LCC were labelled by PC10, but cytoplas-
mic immunoreactivity, localized in certain areas, was en-
countered in these cells in some cirrhotic livers (Fig. 4B)

PCNA-LIs for GSF, MCFA and MCFB with FSCC
were found to be greatly increased compared with their
counterparts without FSCC (P < 0.0001; Fig. 2F, 4B).
Hepatocytes in MCFA and MCFB with FSCC were more
proliferative than those in GSF with FSCC (P = 0.0001).
PCNA-LIs for GSF and MCFA included in diffuse SCC
were lower than those with FSCC (P = 0.002), and higher
than those without SCC (P < 0.005). However, no signifi-
cant difference in PCNA-LI was observed between the
extrafocal parenchyma with and without diffuse SCC.

The cell density in donor livers ranged from 1181 to
1890 nucleated hepatocytes/mm2, and was more variable
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in FAH and the extrafocal parenchyma of livers with
chronic diseases. Regression analysis was made between
PCNA-LI and the cell density, ranging from 500 to 2400
nucleated hepatocytes/mm2, where the data allowed.
Positive correlations were found in MCFB, MCFA and
GSF, but not in APF, extrafocal parenchyma and donor
livers (Fig. 12).

Discussion

Although substantial progress has been made in our un-
derstanding of the pathogenesis of HCC, many aspects
are still obscure. Cirrhosis itself is believed to be a pre-
cancerous condition. However, considerable variation in
susceptibility exists among cirrhoses due to different
causative factors. Cirrhosis caused by chronic infection
with HBV or HCV or by chronic alcohol abuse is associ-
ated with a high risk of developing HCC [7, 15, 18]. In
contrast, primary biliary cirrhosis, primary sclerosing
cholangitis, Budd–Chiari syndrome, Byler’s disease,
Wilson’s disease and genetic haemochromatosis have
been reported to be lower risk conditions [25, 28, 41, 50,
52, 53, 58, 67]. The occurrence of about 20% of HCCs
in noncirrhotic livers, as demonstrated in this and a num-
ber of previous studies [12, 24, 55], indicates that cirrho-
sis is not an obligatory prerequisite for HCC develop-
ment.

Large-cell change of hepatocytes was thought to be a
precancerous change by Anthony et al. [3] and has at-
tracted a great deal of attention for more than 2 decades
[14, 17], but accumulated data from many authors do not
support this hypothesis [22, 37, 42, 51, 63, 68]. In the
present study, LCC was observed in 49.5% (55/111) of
the cirrhotic livers, its incidence and grade being higher
in those bearing HCC. However, its frequent occurrence
in primary sclerosing cholangitis (5/9), and even in 3 liv-
ers with subacute fulminant hepatitis, its scattered distri-
bution, and its low cell proliferative activity argue
against a precancerous nature. LCC may in fact result
from a disturbance in hepatocellular replication, as previ-
ously suggested by Altmann [2] and Su et al. [63]. Aber-
rant cytoplasmic PCNA-immunoreactivity was observed
in hepatocytes with LCC in some cirrhotic livers, as re-
ported earlier for some Reed-Sternberg cells in Hodgkin
lymphoma [13], suggesting an abnormality in transport
of PCNA between the cytoplasm and nucleus.

Based mainly on its phenotypic similarities to well-
differentiated HCC, SCC has been considered to be a
precancerous change [29, 44, 63, 68, 74]. The incidences
of SCC in cirrhotic livers have been reported to be
18.5% in HCC-bearing and 2.4% in HCC-free biopsies
and necropsies by Watanabe et al. [68], and 86.11% in
HCC-bearing and 54% in HCC-free biopsy specimens by
Zhao et al. [74]. It is not clear whether the difference be-
tween these two reports is due to differences in the mor-
phological criteria applied or in the cases studied. Zhao
et al. [74] divided SCC into “small regenerating liver
cells” and “small liver cell dysplasia”, and regarded only
the latter as precancerous. Nakanuma and Hirata [49] de-
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Fig. 11 PCNA labelling indices (PCNA-LI) in donor livers (DL), ex-
trafocal hepatocytes (EFH) of livers with advanced chronic diseases,
hepatic focal lesions including amphophilic cell foci (APF), glyco-
gen-storing foci (GSF), clear/amphophilic (MCFA) and clear/baso-
philic mixed cell foci (MCFB) with (+) or without (–) intrafocal
small-cell change (FSCC), and in well- (WD) and poorly differentiat-
ed (PD) HCC, with values given as median ± 95% confidence limit&/fig.c:

Fig. 12 A–FRegression analysis between PCNA labelling indices
(PCNA-LI) and cell densities in A donor livers (DL), B extrafocal
hepatocytes (EFH), C amphophilic cell foci (APF), D glycogen-
storing foci (GSF), E clear/amphophilic (MCFA) and F clear/baso-
philic mixed cell foci (MCFB), with positive correlations observed
in D, E and F, but not in A, B and C &/fig.c:



scribed a high percentage of SCC in primary biliary cir-
rhosis in the fibrotic stage and regarded it as a reactive
change unrelated to HCC. In this study, we examined
163 cases of explanted and resected liver specimens, and
two types of SCC, namely FSCC and diffuse SCC, were
identified. Diffuse SCC was observed only in primary
biliary cirrhosis, primary sclerosing cholangitis and cir-
rhosis due to autoimmune hepatitis, and may be identical
to the lesion described by Nakanuma and Hirata in pri-
mary biliary cirrhosis [49]. The proliferative activity of
extrafocal hepatocytes with and without diffuse SCC was
not significantly different. Hepatocytes in the FAH in-
cluded in diffuse SCC were found not to proliferate as
readily as those in FAH with FSCC. It is, thus, unlikely
that diffuse SCC is a preneoplastic lesion. It may be an
adaptive change associated with cholestasis and peripor-
tal hepatocellular injuries. However, FSCC was found in
25.2% (28/111) of the cirrhotic livers, mainly in those
associated with HBV or HCV infection or alcoholic liver
disease. Their highly preferential occurrence in HCC-
bearing livers (52.8%, 19/36) and their positive correla-
tion with an elevated proliferation and nodular transfor-
mation of FAH strongly indicate that FSCC represent a
late stage of preneoplasia and may be regarded as a pre-
cancerous lesion.

FAH, mainly clear cell foci, have been observed in
human livers as incidental findings by several authors [2,
5, 16, 30, 35, 42]. Recently, Bannasch et al. [11] de-
scribed FAH storing glycogen excessively in all HCC-
bearing livers examined, and in 50% of cirrhotic livers
without HCC in a series of 69 explanted and resected hu-
man livers. In this study, we extend these observations
and provide, for the first time, evidence for a high inci-
dence of different types of FAH in various kinds of liver
diseases. FAH of clear and mixed cell type were ob-
served in almost all livers bearing HCC, and in chronic
liver diseases without HCC but at a lower frequency.
With HCC-free cirrhosis, the incidence of FAH was
found to be significantly higher in the high-risk than in
the low-risk group. These results strongly support the
view that FAH, particularly GSF and all types of MCF,
and the resulting hyperproliferative nodular lesions, are
associated with HCC development in humans [2, 11].

It has been pointed out that FAH in rodent liver have
different phenotypes and that these phenotypes tend to
change sequentially during hepatocarcinogenesis [7].
GSF represent early lesions, with the potential to pro-
gress to more advanced glycogen-poor basophilic cell le-
sions through MCF or some other intermediates [10]. An
inverse correlation between glycogen accumulation and
cell proliferation has been observed for this process [73].
In our human specimens, GSF were observed in a broad
spectrum of liver diseases, even in some donor livers
with perivenular fibrosis indicative of chronic damage,
perhaps from alcohol abuse [60], and these GSF without
FSCC had a lower proliferative activity than extrafocal
parenchyma. However, the GSF observed in cirrhotic liv-
ers were significantly larger and more variable in size
than those in the slightly disordered control livers (see
Fig. 10). Furthermore, those GSF with FSCC were

phenotypically similar to the intermediate cell foci ob-
served in rodents [10] and demonstrated a higher PCNA
labelling index and more frequent nodular transforma-
tion, meaning that these lesions are a more advanced
stage of GSF. The proliferation of hepatocytes in GSF
and in extrafocal parenchyma of human livers was found
to be different, namely lower and higher, respectively,
than that reported for the corresponding tissue compart-
ments of rodents treated with N-nitrosomorpholine [73]
or the peroxisome proliferator Wy-14, 643 [47]. This dis-
crepancy reflects the relatively stable conditions of ani-
mal livers, studied several weeks or months after with-
drawal of the carcinogen, as opposed to human livers af-
fected by advanced chronic disease. Hepatocytes in the
human liver can proliferate in response to frequent re-
generative local stimuli, such as spot or piecemeal necro-
sis in chronic viral hepatitis [63]. However, the response
to such local stimuli seems to be muted in most GSF dis-
covered in our material. It is evident, as observed in sev-
eral animal models [23, 61, 73], that growth control of
hepatocytes is altered in FAH. We demonstrated a posi-
tive correlation between the hyperproliferation of hepa-
tocytes and a reduction in cell size and the resulting in-
crease in cell density in GSF, MCFA and MCFB, but not
in extrafocal parenchyma (see Fig. 12).

The finding of MCF mainly in the livers with high-
risk or cryptogenic cirrhosis indicates that these are more
advanced precursor lesions in man, in line with earlier
observations for experimental animals [10]. Considering
the preferential emergence in cirrhotic livers of the high-
risk group, their unequivocally elevated proliferative ac-
tivity and the resulting large size with frequent nodular
transformation, we suggest that MCF are endowed with
the potential to progress to HCC in humans, as previous-
ly shown in rats [27, 69]. The fact that FSCC was ob-
served in 25% of MCFA and 52% of MCFB, but only in
14% of GSF also suggests that MCF are more unstable.
Close association between FSCC and more advanced
FAH indicates that some FAH may progress to HCC
through FSCC. The presence of FSCC in all basophilic
cell foci observed implies that this type of FAH is a late
preneoplastic lesion, in spite of its rarity. We think that
uneven growth of liver parenchyma, caused by the emer-
gence of different types of FAH with an altered growth
control, is a crucial step in HCC development.

Small areas or clusters of hepatic oncocytes (oncocyt-
ic foci) were also observed, mainly in cirrhotic livers
(18/111), with a preferential occurrence in HBV-associ-
ated cirrhosis (9/28). Similar lesions have earlier been
described by other authors in HBsAg-positive liver tis-
sues and in association with other liver diseases [32, 45].
Scattered oncocytes have been observed in the livers of
woodchucks infected with woodchuck hepatitis virus
with and without administration of aflatoxin B1 and thus
appear to be involved in the process of hepatocarcino-
genesis in this animal model [9]. Benign and malignant
oncocytic neoplasms have been found in many organs
[19], including human liver [2, 19, 56, 59]. A large quan-
tity of oncocyte-like cancer cells was also observed in
the fibrolamellar carcinoma in this study. It therefore
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seems reasonable to consider oncocytic foci a preneo-
plastic lesion.

APF have been demonstrated to be preneoplastic le-
sions in the livers of rodents exposed to different hepato-
carcinogenic chemicals [7, 48] or to hepadnaviruses [9]. In
this study, we observed APF in 45% of the cirrhotic livers.
Although both the GSF without FSCC and APF were less
proliferative than the surrounding liver parenchyma, APF
were on average the larger of the two. However, they were
smaller than MCF including MCFA, and did not show nod-
ular transformation or FSCC. In spite of the striking simi-
larity in morphological phenotype between APF in the hu-
man liver and the corresponding lesions in rodent liver, it is
difficult to assess their possible preneoplastic nature. APF
might indeed be a precursor of MCFA. However, we can-
not at present exclude the possibility that they might at
least in part develop through phenotypic reversion of more
advanced lesions. Clearly, more work has to be done to
clarify the biological behaviour of APF in the human liver.

It has been shown by several authors using different
experimental approaches that most of the FAH and hepa-
tocellular neoplasms examined in rodents are clonal in
origin [66, 70]. It has been accepted in rodents that the
advanced focal lesions showing definite compression of
the surrounding parenchyma are neoplastic lesions (he-
patocellular adenomas) [33]. Criteria for the identifica-
tion of these neoplastic lesions in human cirrhotic livers,
however, remain to be established. Our present results
showed that most nodular lesions developed from MCF
or GSF with FSCC, and that hepatocytes within these
nodules were more proliferative than those in the extra-
focal parenchyma and hence represented hyperprolifera-
tive populations. At least some of these nodules may al-
ready be neoplastic. Molecular analyses of HBV DNA
integration patterns [65, 72] and methylations of the
polymorphic X-chromosome-linked phosphoglycerate
kinase [1, 43] and androgen receptor [31] gene in female
patients has demonstrated a clonal origin for most hepa-
tocellular neoplasms and some cirrhotic nodules. Further
work is needed to clarify whether these nodules corre-
spond to nodules of altered hepatocytes.
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