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In hepatocellular carcinoma (HCC) of patients from the Western hemisphere, mutations in the p53
tumour suppressor gene are present in up to 37% of cases. Conformational change and cellular accu-
mulation can initiate an immune response with generation of circulating autoantibodies to p53 pro-
tein. In the present study, we investigated 711 consecutive patients with chronic liver disease to
evaluate the sensitivity and specificity of autoantibodies to p53 protein as a serological marker for
HCC. Detection of p53 autoantibodies was performed using an enzyme-linked immunosorbent assay
with immobilised recombinant p53 protein. Liver cirrhosis was present in 259 patients (36.4%) and a
HCC was diagnosed in 75 patients (10.6%). Autoantibodies to p53 protein were detectable in 15 of 377
patients with chronic liver disease (4.0%) and in 10 of 259 patients presenting with liver cirrhosis
(3.9%). All 25 p53 autoantibody-positive/[HCC-negative patients were carefully investigated and no
underlying malignancy was clinically detected, suggesting that elevated p53 antibody levels may not
exclusively be detectable in patients with malignant disease. In patients with clinically manifest HCC,
P53 autoantibodies were detected in 17 of 75 cases, thus resulting in a sensitivity of 22.7% and a spe-
cificity of 96.1%. In contrast, assessment of serum «-fetoprotein (AFP) resulted in a sensitivity and
specificity of 69.3 and 91.8% (AFP >20ng/ml) and 53.3 and 99.1% (AFP > 100 ng/ml) for the detection of
HCC, respectively. The data of the present study reveal that the presence of p53 autoantibodies in
patients with chronic liver disease is not completely specific for HCC. Moreover, we obtained no
direct evidence that p53 autoantibody formation precedes the clinical diagnosis of HCC. However,
serological screening for HCC might be improved by combining AFP and p53 autoantibody assays.
© 1998 Elsevier Science Ltd. All rights reserved.
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INTRODUCTION
WILD-TYPE p53 protein plays an important role in the control
of cell proliferation, cell differentiation and induction of pro-
grammed cell death [1]. Recently, mutations in the p53
tumour suppressor gene have been described as the most
common genetic alteration during development and progression
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of malignancy in a wide range of human cancers [2,3]. In
hepatocellular carcinoma (HCC) of patients from the Wes-
tern hemisphere, alterations in the p53 tumour suppressor
gene can be detected in 11-37% of cases by direct DNA
sequencing [4,5]. The most predominant alterations are
missense mutations in four regions of the most conserved
domains of the protein encoded by exons 5-8 [6]. According
to the site of the mutation, mutant p53 protein can acquire
different characteristics. A common feature of mutant p53
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protein as characterised i vitro is a conformational alteration
leading to a prolonged half-life and cellular accumulation.
Conformational change and cellular accumulation, together
with subsequent release of mutant and normal p53 protein
from transformed cells, may initiate an immune response
with generation of circulating autoantibodies to p53 protein
in various types of cancer [7-14].

With an estimated world-wide incidence of more than one
million cases, HCC is one of the most common human
malignancies and causes the death of approximately 250 000
patients per year [15]. Epidemiological data have identified
hepatitis B, C and D virus infections, alcohol and various
toxic agents (e.g. aflatoxin) as the most important risk factors
for HCC development [16, 17]. Moreover, patients with liver
cirrhosis are at risk of HCC, irrespective of the aetiology of
the underlying liver disease [18]. Since early detection of
HCC is crucial for providing appropriate therapy, various
programmes for tumour screening have been evaluated [19—
23]. However, the detection of small, well differentiated
HCCs in patients with liver cirrhosis using real-time ultra-
sonography and computerised tomography (CT) is often
limited [24, 25]. In addition, serum a-fetoprotein (AFP), a
commonly used marker for HCC, can be normal or only
moderately elevated in patients with small cancer lesions
[22,26], while elevated levels are frequently found in non-
malignant liver disease [20,27]. Preliminary studies have
shown that p53 autoantibodies can be detected in some
patients with HCC [14, 28] raising the question of whether
p53 autoantibodies could be useful as an additional screening
parameter. Moreover, there was recent evidence that sero-
logical detection of p53 autoantibodies may precede the clin-
ical diagnosis of certain tumours, such as angiosarcoma of the
liver and lung cancer and may be useful in identifying
patients at high cancer risk [10, 13, 29, 30].

The present study was initiated to determine whether ele-
vated p53 autoantibody titres can be clinically used as a reli-
able serological marker for the detection of hepatocellular
carcinoma in patients with chronic liver disease.

PATIENTS AND METHODS

Blood samples were drawn from 711 consecutive patients
(422 men, 289 women; mean age at the time of initial pre-
sentation, 48.2+ 14.7 years; range, 13.8-86.5 years) with
chronic liver disease of various aetiology referred to our out-
patient clinic between June 1994 and May 1996. The diagnosis
of chronic liver disease was confirmed clinically, biochemi-
cally, serologically, including tests for mitochondrial, nuclear,
smooth muscle and liver kidney microsomal antibodies,
serum iron, transferrin, ferritin, ceruloplasmin, o;-anti-
trypsin, and hepatitis B, C and D virus markers, by abdom-
inal ultrasound or CT, ultrasound guided liver or fine-needle
aspiration biopsy and/or laparotomy as appropriate. Accord-
ing to the underlying liver disease, the study population was
classified into two groups with either non-viral or viral liver
disease. Overall, in the non-viral group, there were 249
patients, including 13 patients with autoimmune chronic
hepatitis (3 male, 10 female), 45 patients with primary biliary
cirrhosis (6 male, 39 female), 3 male patients with primary
sclerosing cholangitis, 43 patients with inherited chronic liver
disorders haemochromatosis (35 male, 6 female) and Wil-
son’s disease (1 male, 1 female), 6 female patients with drug-
induced chronic hepatitis, 47 patients with alcoholic liver
disease (36 male, 11 female) and 92 patients with chronic
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liver disease of unknown aetiology (53 male, 39 female). The
patients with chronic liver disease of unknown aetiology were
summarised within the non-virus-related group, as in at least
two-thirds of these patients an increased alcohol consump-
tion was suspected. The group of virus-related chronic liver
disease consisted of 462 patients including 374 patients with
chronic hepatitis C virus infection (225 male, 149 female)
and 88 patients with chronic hepatitis B (60 male, 28
female). 8 of the studied HBsAg-positive patients suffered
from hepatitis D virus superinfection. The clinical and bio-
chemical characteristics of the investigated patients are sum-
marised in Table 1.

The diagnosis of liver cirrhosis was histologically con-
firmed or based upon the presence of portal hypertension, i.e.
oesophageal or gastric varices and ascites. In 52 of 75 cases
(69.3%) with HCC the diagnosis was histologically proven.
No tissue samples were obtained from patients presenting
with clinically advanced cancer and HCC typical AFP eleva-
tions or imaging findings. An underlying liver cirrhosis was
present in 66 of 75 patients with HCC (88.0%). HCC loca-
lisation was unifocal in 48 of 75 cases (64.0%) and multifocal
with several defined lesions in 27 of 75 cases (36.0%). 8
patients had evidence of extrahepatic metastases (10.7%).

All patients with elevated p53 autoantibody or AFP levels
without evidence of manifest HCC were carefully evaluated
and underwent a complete clinical check-up to exclude any as
yet undetected malignant disorder.

Enzyme-linked immunosorbent assay (ELISA) for p53
autoantibodies

At initial presentation, blood was obtained from all patients
and centrifuged within 2 h of collection. Serum was stored at
— 20°C. The detection of p53 autoantibodies was performed
using an ELISA (Dianova, Hamburg, Germany) with
solid-phase recombinant wild-type p53 protein. After incu-
bation, the optical density (OD) was determined spectro-
photometrically (SLT-Labinstruments, Salzburg, Austria) at
450 nm. Positive control sera containing defined amounts of
p53 autoantibodies were provided by the manufacturer. All
samples were assayed in duplicate and results are expressed
as p53 autoantibody index [fi=(ODpatient=ODiow control)/
(ODhigh controi—ODiow contol)]- Values of f; > 0 were considered
positive (p53+). Serum samples from healthy individuals
(n=135) serving as healthy controls showed no p53 + results.

AFP measurement

Quantitative determination of AFP in all patients was per-
formed by an enzyme immunological assay (Boehringer
Mannheim, Germany). In this two-step sandwich assay, AFP
levels > 20 ng/ml were considered elevated.

Statistical analysis

Data are expressed as mean *standard deviation (S.D.)
and as median values with 25-75% quartile ranges when
appropriate. Comparisons of patients with chronic liver dis-
ease, liver cirrhosis or HCC were performed using a non-
parametric Kruskal-Wallis or Fisher’s two-tailed exact test.
The U test (Wilcoxon—-Mann—Whitney test) was used to
compare the groups of patients with viral and non-viral liver
disease. Relationships between variables were examined by
Spearman’s rank correlation. All P values are two-tailed and
P<0.05 was judged to be statistically significant. Moreover,
sensitivity, specificity, positive/negative predictive value
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Table 1. Clinical characteristics of 711 patients with chronic liver disease

Non-viral liver Viral liver disease Total
disease (n=249) (n=462) P* (n=1711)
Patients (male/female) 137/112 285/177 422/289
Age (years) mean + S.D. 52.7%t14.0 45.8+t14.5 <0.001 48.2%+14.7
Liver cirrhosis{i 75 (30.1%) 184 (39.8%) <0.05 259 (36.4%)
HCCHi 43 (17.3%) 32 (6.9%) <0.001 75 (10.6%)
Liver functions§
Serum ALT (U/l) (normal range <21 U/l) 22.0 (14.0-37.5)  44.0 (27.0-74.0) <0.001 36.0 (19.0-62.0)
Serum AST (U/l) (normal range <17 U/l) 19.0 (12.0-31.0) 28.0 (19.0-49.3) <0.001 25.0 (15.0-44.0)
v-Glutamyltransferase (U/l) (normal range <23 U/l) 57.0 (28.0-122.0) 34.0 (17.0-61.0) <0.001 38.0 (20.0-77.0)
Bilirubin (mg/dl) (normal range 0.3-1.5 mg/dl) 0.7 (0.5-1.2) 0.7 (0.5-1.0) <0.01 0.7 (0.5-1.1)
Prothrombin time (% of control) (normal range 75-100%) 99.0 (84.0-100.0) 100.0 (84.8-100.0) n.s. 100.0 (84.0-100.0)
Albumin (g/dl)|| (normal range 3.7-5.4 g/dl) 4.3 (3.9-4.5) 4.3 (4.0-4.6) n.s. 4.3 (4.0-4.6)
v-Globulin (g/dl)|| (normal range 1.2-2.2 g/dl) 1.3 (1.2-1.8) 1.6 (1.3-2.0) <0.05 1.6 (1.3-2.0)
Cholinesterase (U/1)|| (normal range 2300-7400 U/1) 4993.0 5193.0 n.s. 5168.0
(3714.5-6305.3)  (3823.0-6280.5) (3788.5-6280.5)
AFP (ng/ml)§ (normal range <20 ng/ml) 5.0 (3.5-7.2) 5.5 (3.9-10.6) <0.05 5.2 (3.7-9.5)
AFP >20 ng/mlt 36 (14.5%) 68 (14.7%) n.s. 104 (14.6%)
AFP > 100 ng/mlf 26 (10.4%) 20 (4.3%) <0.01 46 (6.5%)
p53 autoantibody-positivef** 16 (6.4%) 26 (5.6%) n.s. 42 (5.9%)
p53 autoantibody-positive/HCC-negative** 8 (3.2%) 17 (3.7%) n.s. 25 (3.5%)

AFP, a-fetoprotein; n.s., not significant; HCC, hepatocellular carcinoma; ALT, alanine-aminotransferase; AST, aspartate-aminotransferase.
*Statistical differences between patients with non-viral and viral liver disease (U test, Fisher’s exact test). {Number of patients (%).
IHistological and clinical evidence. §Data expressed as median (25-75% quartile ranges). [|Data not available in all patients (albumin,
n=185; y-globulin, n=185; cholinesterase, n=433). **p53 autoantibody index f;=(ODpatient—ODiow contro)/(ODhigh contro—ODiow con-
wol)> Where OD is the optical density; f; >0 was considered positive.
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Figure 1. p53 autoantibody index (f}) (a) and «-fetoprotein (AFP) levels (b) in patients with chronic liver disease (CLD), liver

cirrhosis (LC), and hepatocellular carcinoma (HCC). All values of f; >0 and AFP >20ng/ml were considered positive. Median

values with 25-75% quartile ranges are indicated (3). The non-parametric Kruskal-Wallis test was used for statistical analysis.

Patients with non-viral (O) or viral (A) liver disease. p53 autoantibody index: f; = (ODpatient—ODiow contro)/(ODhigh controi—
ODjow control)s Where OD is the optical density.
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(ppv +, npv —), accuracy, and the absolute and relative You-
den indices (Y5, Yp) were calculated.

RESULTS

Autoantibodies to p53 protein (p53 +) were detectable in
17 of 75 patients with HCC (22.7%) (Figure 1a). In these
patients, AFP levels were elevated above 20ng/ml in 12 of 17
cases and above 100 ng/ml in 10 of 17 cases. The underlying
liver diseases were haemochromatosis (z=1), alcoholic liver
disease (n=4), chronic liver disease of unknown aetiology
(n=13), hepatitis C virus infection (z=5) and chronic hepa-
titis B (n=4). No apparent correlation was observed between
p53 + status and the aetiology of the chronic liver disease,
tumour stage or size.

Furthermore, p53 + levels without evidence of HCC were
found in 15 of 377 patients with chronic liver disease without
liver cirrhosis (4.0%) and in 10 of 259 patients with liver cir-
rhosis (3.9%) (Figure 1a). All p53 +/HCC-negative patients
(15 men, 10 women; age 42.9*15.5 years) were carefully
investigated and no underlying malignant disease was clini-
cally detected. In addition, prospective follow-up of these
patients for 105-655 days did not reveal any clinical evidence
for malignancy. The underlying chronic liver diseases were
autoimmune chronic hepatitis (z=2), primary biliary cir-
rhosis (z=2), haemochromatosis (z=1), alcoholic liver dis-
ease (n=3), hepatitis C virus infection (z=10) and chronic
hepatitis B (#=7). All p53 +/HCC-negative patients had a
long-standing history of chronic liver disease, but AFP levels
were elevated above 20 ng/ml in only 1 case.

Spurious positive readings in ELISA-based assays are
known to occur more frequently in patients with hypergam-
maglobulinaemia and autoimmune disorders. Autoimmune
phenomena, such as antimitochondrial antibodies, anti-
nuclear antibodies or rheumatoid factor, were present in 9 of
25 p53 + /HCC-negative patients (36.0%) and in 163 of 430
HCC-negative patients (37.9%) without elevated p53 auto-
antibodies (P=0.51, not significant). Moreover, there was no
relationship between p53 autoantibody status and hyper-
gammaglobulinaemia in the studied patients (data not
shown).

Median p53 autoantibody (f;) levels in patients with
chronic liver disease, liver cirrhosis and HCC were — 0.115,
—0.098, and —0.092, respectively. Differences among
patients with chronic liver disease and HCC or patients with
liver cirrhosis and chronic liver disease or HCC proved to be
statistically significant (P<0.001 and P<0.05, respectively)
(Figure 1a). The sensitivity of the p53 autoantibody assay to
detect HCC was 22.7%, with a specificity of 96.1% (Table 2).
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In the study population of 711 patients with chronic liver
disease, serum AFP levels were raised above 20 ng/ml in 104
of 711 patients (14.6%) and above 100ng/ml in 46 of 711
patients (6.5%). In 52 of 75 patients with HCC (69.3%),
serum AFP levels were raised above 20 ng/ml, but only in 40
of 75 cases (53.3%) above 100 ng/ml, resulting in a sensitivity
and specificity of 69.3 and 91.8% (AFP >20ng/ml) and 53.3
and 99.1% (AFP>100ng/ml) for the detection of HCC,
respectively (Table 2). Median AFP levels in patients with
chronic liver disease, liver cirrhosis and HCC were 4.6 ng/ml
(range 1.0-542.8 ng/ml), 6.3 ng/ml (range 1.0-178.7 ng/ml),
and 184.7ng/ml (range 1.0-326 000.0 ng/ml), respectively
(Figure 1b). Differences in serum AFP levels between the
three groups were found to be statistically significant
(P<0.001 in each case, respectively).

Despite younger age, liver cirrhosis was more frequent in
patients with viral liver disease (P<0.001 and P<0.05,
respectively) (Table 1). More cases of HCC (P<0.001) and
more pronounced elevations of AFP (< 0.01) were observed
in the group of patients with non-viral liver disease. No dif-
ference was found within both groups for the p53 autoanti-
body status.

A significant correlation between both tumour markers was
excluded by Spearman’s rank correlation in all groups of
patients. Therefore, circulating p53 autoantibodies and AFP
appeared to be independent markers for the detection of
HCC in patients with chronic liver disease. According to the
data shown in Table 2, AFP >20ng/ml and p53 + autoanti-
body tests had a similar positive predictive value of 40-50%
for the detection of HCC by a positive test. The positive
predictive value for AFP could be further increased by
elevating the cut-off to 100ng/ml (ppv+ =87%). Further-
more, the accuracy rates of both tests were high (Table 2).
Moreover, serological HCC screening was improved by
combining measurements of AFP with the detection of p53
autoantibodies at the expense of specificity in patients with
chronic liver disease (Table 2).

DISCUSSION

In the present study, p53 autoantibodies and serum AFP
levels were measured in 711 consecutive patients with
chronic liver disease of different aetiology referred to our
hospital. In patients with HCC, elevated p53 autoantibody
levels were detected in 17 of 75 cases (22.7%). This pre-
valence rate is well in accordance with the estimated
mutation rate in the p53 gene, which has been reported to
range between 11 and 37% in HCC of patients from the
Western hemisphere [4,5] and the prevalence rate of p53

Table 2. Sensitiviry, spectficity, positive/negative predictive value (ppv +, npv —), accuracy, relative and absolute Youden indices (Y,
Yp) of a-fetoprotein (AFP) and p53 autoantibody index (f;) for hepatocellular carcinoma (HCC, n =75) in 711 consecutive patients
with chronic liver disease

Sensitivity* (%) Specificityt (%) ppv+ (%) npv— (%) Accuracy (%) Ysi Yp§
AFP >20ng/ml 69.3 91.8 50.0 96.2 89.5 0.61 0.46
AFP > 100 ng/ml 53.3 99.1 87.0 94.7 94.2 0.52 0.82
fi positive|| 22.7 96.1 40.5 91.3 88.3 0.19 0.32
AFP > 20 ng/ml + f; positive|| 76.0 88.1 42.9 96.9 86.8 0.64 0.40
AFP > 100 ng/ml +f; positive|| 62.7 95.3 61.0 95.6 91.8 0.58 0.57

*Related to 75 patients with HCC. {Related to 636 patients without HCC. 1Y, absolute Youden index (Ys=sensitivity + specificity — 1).
§YP> relative Youden index (YP = (ppv +) + (an 7) - 1) ”p53 autoantibOdy index fi = (ODpatientfoDlow control)/(ODhigh controlfODlow control))

where OD is the optical density; f;> 0 was considered positive.
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autoantibodies reported for most types of cancer
[8,10,13,29,31, 32], including one report with p53 + results
in 25% of patients suffering from HCC [14]. In this retro-
spective study of Volkmann and colleagues, only 80 patients
with HCC and advanced disease, but no HCC-negative
patients with chronic liver disease, were investigated. To
determine the specificity of circulating p53 autoantibodies,
711 patients with chronic liver disease of different aetiology
with and without liver cirrhosis and HCC were prospectively
investigated in the present study.

It is conceivable that liver diseases of different aetiology
may affect the rate of mutations in the p53 tumour suppressor
gene [33,34] and the subsequent immune response in
patients with HCC. However, our data revealed no differ-
ences in the p53 + status within the different cohorts.

Mutations in the p53 tumour suppressor gene can cause
conformational changes in the p53 protein resulting in a
prolonged biological half-life and cellular accumulation.
Release of mutant or normal p53 protein is suggested to
initiate an immune response with generation of p53 auto-
antibodies. Previous studies have provided initial evidence
that the presence of p53 autoantibodies is highly specific for
malignant disorders [7,8,13,14,28,35]. In the present
study, circulating p53 autoantibodies were undetectable in
135 healthy controls, but were detected in 4% of HCC-
negative patients with chronic liver disease independent of
the underlying liver disease. The high level of p53 auto-
antibodies in patients without manifest cancer might be
affected by the high percentage of patients with liver cirrhosis
and an increased HCC risk, or several patients which suffer
from an as yet clinically undetectable cancer. However,
extensive clinical investigations revealed no evidence of any
malignancy in those patients during follow-up. The propor-
tion of p53 + results in HCC-negative patients with chronic
liver disease as observed in the present study is similar to a
5% rate reported in healthy subjects with exposure to vinyl
chloride who were screened for angiosarcoma of the liver
[30]. In other recent studies, p53 + results were detected in
up to 10% of patients with pancreatitis or breast disease
without manifest cancer [10,36]. Nevertheless, a highly sig-
nificant association between the presence of p53 auto-
antibodies and malignancy was found in most studies
[8,31,37].

The presence of p53 autoantibodies may occasionally pre-
cede the clinical manifestation of cancer by several months
[10,13,29,39]. Mutations in the p53 tumour suppressor
gene can occur early in liver carcinogenesis [6]. It is, there-
fore, conceivable that the p53 + /HCC-negative patients with
chronic liver disease may have an occult HCC. However,
during clinical follow-up for up to 655 days, none of these
p53 + /HCC-negative patients developed evidence of HCC or
any other malignancy. In 10 of 25 p53+/HCC-negative
patients, additional serum samples which had been drawn
and frozen prior to study enrolment (range 4—16 months)
were available. Nine serum samples were p53 + at that time,
giving further clinical evidence that no malignant disease was
present in these patients. However, a possibility for pre-
diagnostic potential of p53 autoantibodies remains, since in
our study only a small number of prediagnostic sera were
tested, with a limited follow-up duration of p53+/HCC-
negative patients.

Moreover, the reason for the presence of p53 auto-
antibodies in patients without HCC or any other malignancy
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is unknown. Autoantibodies to p53 recognise both wild-type
and mutant conformational and denaturation-resistant epi-
topes, suggesting that the immunodominant epitopes are
outside the mutated domain [9, 11, 12, 38]. Since p53 protein
may also be overexpressed in non-tumorous liver cells of
patients with liver cirrhosis, a release of p53 protein during
cell necrosis/apoptosis occurring in chronic diseases or
inflammatory processes might be sufficient to induce an
immune response [39]. Furthermore, occasional p53 + read-
ings without manifest cancer may occur more frequently in
patients with hypergammaglobulinaemia and autoimmune
phenomena [40], but our data revealed no higher incidence
of p53 + results in this subset of patients. The ELISA used
does not include an immobilised negative control protein as a
control for non-specific binding. This may contribute to some
false positive results in HCC-negative patients. It is con-
ceivable that the use of a neutral antigen or eucaryotic-
expressed recombinant p53 protein may further improve the
specificity of the ELISA system.

In the present study, the sensitivity and specificity of serum
AFP (>20ng/ml) were 69.3% and 91.8%, respectively.
Increasing the cut-off level to 100ng/ml resulted in an
improved specificity (99.1%), but reduced the sensitivity
from 69.3 to 53.3%. No significant differences were seen in
the subgroups of patients with non-viral or viral liver disease
(data not shown). In our study, the sensitivity for AFP to
detect HCC was higher as compared with two previous stu-
dies from Italy and France investigating patients with liver
cirrhosis. In 200 Italian patients, Imberti and colleagues
reported a sensitivity of 55.3% and a specificity of 82.7%
using AFP levels >20ng/ml [20]. The data of Pateron and
associates revealed a sensitivity and specificity of 50% and
86% for AFP levels > 15 ng/ml and of 21% and 93% for AFP
levels > 100 ng/ml in, respectively, 118 French patients [41].
However, these results may be lower due to the study criteria
not to include patients with manifest HCC.

As compared with AFP, the sensitivity of p53 auto-
antibodies for the detection of HCC was low (22.7%), while
the specificity reached 96.1%. AFP levels were not related to
the presence of p53 autoantibodies. According to our present
and previous data and the study of Volkmann and colleagues,
a combined assessment of both tumour markers may improve
the sensitivity of HCC screening [14, 28], but at the expense
of specificity.

Since the majority of patients with HCC have a long-
standing history of chronic liver disease and liver cirrhosis,
different tumour screening programmes have been evaluated.
The data of the present study reveal that the presence of p53
autoantibodies in patients with chronic liver disease is not
completely specific for HCC. In contrast to other malignant
diseases, we obtained no direct evidence that p53 autoanti-
body formation precedes the clinical diagnosis of HCC in
patients with chronic liver disease [10, 13,29, 30]. However,
serological screening for hepatocellular carcinoma might be
improved by combining AFP and p53 autoantibody assays.
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