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Abstract Purpose: We demonstrated that chromosome
8p deletion is associated with metastasis of human
hepatocellular carcinoma (HCC). This study assesses the
value of circulating plasma DNA level and its allelic
imbalance (AI) on chromosome 8p in the prediction of
HCC prognosis. Methods: Blood samples were collected
from 79 patients with HCC before operation, 20 patients
with liver cirrhosis, and 20 healthy volunteers. The HCC
and adjacent non-tumor liver tissues were obtained from
surgical specimens. Plasma DNA was extracted and
quantified. Two microsatellite markers on chromosome
8p, D8S258 and D8S264, were selected and used in the
AI analysis. Results: The circulating plasma DNA level
was found to closely associate with tumor size
(P=0.008) and TNM stage (P=0.040), negatively
associate with the 3-year disease-free survival (DFS)
(P=0.017) and overall survival (OS) (P=0.001). AI at
D8S258 in plasma DNA was significantly correlated
with tumor differentiation (P=0.050), TNM stage
(P=0.010), and vascular invasion (P=0.023), negatively
correlated with the 3-year DFS (P=0.005) and OS
(P=0.036). However, AI at D8S264 was only closely
associated with 3-year DFS (P=0.014). Combined
detection of AI at D8S258 and circulating plasma DNA
level was independently associated with DFS (P=0.018)
and OS (P=0.002) of patients with HCC. For patients
with both AI at D8S258 and a higher level of plasma
DNA, the 3-year DFS and 3-year OS rates were de-
creased remarkably (P=0.014 and 0.044). Conclusion:
Combination of circulating plasma DNA level and AI at
D8S258 might be an independent predictor for prog-
nosis of HCC patients.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most
common and aggressive malignancies worldwide, and it
has been ranked the second cancer killer in China since
1990 s. The age-standardized mortality rate in China is
as high as 34.7/100,000, which accounted for 53% of all
liver cancer deaths worldwide (Pisani et al. 1999). Al-
though encouraging long-term survival of HCC patients
has been obtained in some clinical centers, recurrence
after surgical resection remains one of the major
obstacles to further prolonging the survival of HCC
patients, and the overall dismal outcome of patients with
HCC has not been completely changed (Greenlee et al.
2001; Tang 2001). The extremely poor prognosis of
HCC is largely due to a high rate of recurrence after
surgery or intra-hepatic metastases that develop through
invasion of the portal vein or spread to other parts of the
liver (Yuki et al. 1990; Genda et al. 1999).

A large number of molecular biological factors have
been shown to associate with the invasion and metas-
tasis of HCC, and have potential prognostic significance
(Qin and Tang 2002). Since patients with cancers, par-
ticularly with high metastatic potential, tend to have
higher levels of DNA in plasma, and the circulating
DNA from plasma samples of cancer patients displays
neoplastic characteristics, plasma DNA may be a good
target to study instead of tumor tissues DNA for its easy
accessibility, simple manipulation, and prognostic
information available before operation (Anker et al.
2003; Stroun et al. 1989). A few reports have showed the
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existence of circulating DNA in HCC patients (Wong
et al. 2003; Chang et al. 2002; Niu et al. 2003). However,
it is still unclear whether the circulating plasma DNA
level and its genetic aberrations could be used in pre-
dicting the clinical outcome of HCC patients.

In our previous work, using comparative genomic
hybridization (CGH) technique, we compared the dif-
ferences of chromosomal aberrations between the pri-
mary HCC tumors and their matched metastatic lesions,
and found chromosome 8p deletions might contribute to
HCC metastasis (Qin et al. 1999). This result was further
confirmed by comparison between nude mice models of
HCC with different metastatic potentials (Qin et al.
2001). With a genome-wide microsatellite analysis of
primary and the matched metastatic HCC tissue, a more
accurate location was identified on D8S258 and D8S264
(Zhang et al. 2003). These findings provide new targets
for exploring predictive markers for the recurrence and
prognosis of HCC.

To explore a non-invasive, facile, and practical
method for assessing the prognosis of HCC patients, in
this study, we evaluate the values of circulating plasma
DNA level and its allelic imbalance (AI) on chromosome
8p in the prognostic prediction of HCC patients.

Patients and methods

Patients and their clinicopathological characteristics

Seventy-nine patients who received surgical treatment
for HCC at Liver Cancer Institute (at Zhongshan Hos-
pital) of Fudan University during August–December
2001 were enrolled in this study. The mean age of the
patients was 51 years old (range 21–83 years). All the
patients had a normal liver function preoperatively. All
the tumors were histopathologically diagnosed as HCC
(Table 1). TNM stages of the patients were classified
according to the UICC TNM classification of primary
liver cancer (6th edition) (Sobin and Wittekind 2002).
All the 79 patients gave informed consent and were
followed up till January 2005.

Sample collection

The peripheral blood samples (5 ml) were collected from
the HCC patients before surgical operation, and put into
an EDTA tube. Blood samples from 20 patients with
compensated liver cirrhosis and 20 healthy volunteers
were collected as control. The blood samples were cen-
trifuged at 3000 g for 10 min to separate buffy coats and
plasma. An additional centrifugation for 10 min was
proceeded to produce cell-free plasma. The HCC and
the adjacent non-tumor liver tissues were obtained from
the surgical specimen immediately after surgical resec-
tion and frozen in liquid nitrogen. Before DNA extrac-
tion, a fragment of each sample of tumor tissue was fixed
in formalin for histopathologic diagnosis. Tissue and

blood samples were then stored at �80�C prior to DNA
extraction.

Tissue microdissection and DNA extraction

To get rid of the contaminant and obtain more purified
tissues, tumor and adjacent non-tumor liver tissues were
microdissected from two to three 10 lm serial sections
of fresh frozen blocks by laser captured microdissection
according to the protocols of Leica laser microdissection
system (Leica, Germany). The tissues were then treated
with SDS and proteinase K followed by phenol and
chloroform extraction to extract the DNA.

Plasma DNA quantification

Plasma and control leukocyte DNA were extracted with
QIAamp� DNA Blood Midi Kit (Qiagen, Hilden,
Germany) according to the blood and body fluid pro-
tocol of the manufacturer. Two milliliters of plasma
were used, and a DNA elution volume of 300 ll was
obtained after extraction. Ten microliters of plasma
DNA was mixed with equivalence 1:3,000 SYBR green I
(fluorescence dye). The mixture was analyzed by ultra-
violet transilluminator system and photographed under
stimulating wave of 345 nm and absorbing wave of
500 nm. The diagram was analyzed by software system
to read its intensity (Vitzthum et al. 1999). The quantity
of plasma DNA was calculated by regression equation
which was made by intensity of standard DNA content.

Allelic imbalance analysis

Based on the results of previous studies, two microsat-
ellite markers on chromosome 8p, D8S258 and D8S264,
were chosen to perform the AI analysis. The forward
primer for D8S258 was 5¢-CTGCCAGGAATCAACT-
GAG-3¢ labeled by HEX, the reverse primer was 5¢-
TTGACAGGGACCCACG-3¢); the forward primer for
D8S264 was 5¢-ACATCTGCGTCGTCTTCATA-3¢ la-
beled by 6-FAM, the reverse primer was 5¢-
CCAACACCTGAGTCAGCATA-3¢. PCR amplifica-
tion (DNA Engine, Tetrad, Watertown, MA, USA) was
carried out in a 10 ll of final volume containing 30 ng of
DNA template, 0.25 unit of Taq polymerase in PCR
buffer (1.5 mM MgCl2, 50 mM KCl, 20 mM Tris–HCl,
pH 8.4 (ShenYou Co. Ltd., Shanghai, China)), 200 lM
of each deoxynucleotide triphosphate, and 0.2 lM of
each primer. The PCR protocol began with 3 min at
96�C, followed by a 10 cycle touch-down procedure: 30 s
at 94�C, 40 s at 63�C (decrease 0.5�C each cycle), 40 s at
72�C, then 20 cycles of 30 s at 94�C, 40 s at 58�C, 40 s at
72�C, followed by a final extension of 5 min. The
amplified fragments were analyzed on an ABI prism 377
DNA sequencer (Applied Biosystems, Foster City, CA,
USA). Molecule weight marker ROX-250 (Applied

400



Biosystems, Foster City, CA, USA) was used in each
lane. This technique allowed a sensitive and quantitative
estimation of allele ratio by measuring the peak height of
both alleles. The AI assay was based on the detection of
an alteration of the allele ratio in tumor or plasma
DNA, compared with the allele ratio in the paired nor-
mal liver or blood cell DNA. Any change of the allele
ratio in tumor or plasma DNA was referred to as AI.
The presence of an additional peak which referred to as
microsatellite instability was not analyzed in this study.
The extent of AI was calculated as a percentage:
AI% = absolute value ((Bb/Ba) - (Tb/Ta)) · 100/(Bb/
Ba) in which Ba and Bb represent the height of the two
alleles in the liver or in the blood, and Ta and Tb in the
tumor or in the plasma. A cutoff value (of the intensity
of the AI) greater than 20% for each microsatellite
indicated the presence of significant AI (Beau-Faller
et al. 2003). This analysis was performed in a blinded
way by an investigator who was not aware of the clinical
data, and each result of amplification was confirmed by
at least two independent PCR analyses.

Statistical analysis

Results were expressed as means with ranges. Fisher’s
exact test was used to compare qualitative data. A P-

value <0.05 was considered significant. Continuous
variables were transformed into dichotomous variables
before the survival analysis. Student’s t-test was used for
mean comparisons. Area under curve (AUC) of receiver
operator characteristic curve (ROC) was calculated to
evaluate the diagnostic efficacy. Patients’ survival was
calculated from the data of operation to the data of
death or to the data of point, which was the major
clinical endpoint. Survival curves were estimated
according to the method of Kaplan–Meier and com-
pared with a log-rank test. To identify the factors that
might be of independent significance in influencing the
disease-free survival (DFS) or overall survival (OS), a
Cox stepwise proportional risk regression model was
fitted. All statistical calculations were performed with
Stata (version 7) statistical software.

Results

Circulating plasma DNA level and its clinical
implication

Compared with the healthy volunteers (mean
17.6±9.5 ng/ml), a significant higher circulating plasma
DNA level was found in the patients with HCC (mean
47.1±43.7 ng/ml, P=0.000), or liver cirrhosis (mean
30.0±13.3 ng/ml, P=0.002). However, no significant
difference was found in the circulating plasma DNA
levels between the patients with HCC and liver cirrhosis
(P=0.191).

When we used 36.6 ng/ml (mean healthy volun-
teers + 2 SD) (Thijssen et al. 2002) as cutoff point to
assess whether there is any potential value as diagnostic
aid for HCC, the sensitivity and specificity in distin-
guishing the HCC patients from the healthy volunteers
were 51.9 and 95%, respectively, and AUC of ROC was
0.80 with a 95% CI from 0.70 to 0.89. In distinguishing
the HCC patients from the healthy volunteers and the
patients with compensated liver cirrhosis, the sensitivity
and specificity were 51.9 and 77.5%, respectively, and
AUC of ROC was 0.70 with a 95% CI from 0.60 to 0.79.

Using 36.6 ng/ml as the cutoff point of plasma DNA
level, the 79 HCC patients were divided into high plasma
DNA level (HDNA) group (‡36.6 ng/ml) and low
plasma DNA level (LDNA) group (<36.6 ng/ml). Sig-
nificant differences were found in tumor size (P=0.008)
and TNM stage (P=0.040) between the two groups of
HCC patients (Table 1).

Allelic imbalance study and its clinical implication

Allelic imbalances at D8S258 and D8S264 microsatellite
markers were analyzed both in circulating DNA in
plasma (by comparing with the paired leukocyte DNA)
and in the HCC tissue (comparing with the adjacent
non-tumor liver tissue) in this cohort of 79 HCC pa-
tients. AI was observed in 84.8% (67/79) of the HCC

Table 1 The relationship between the plasma DNA level and the
clinicopathological features of HCC patients

Variable n Plasma DNA level

HDNA LDNA P

Tumor number
Single 60 29 31 0.260
Multiple 19 12 7
Tumor size
£ 5 cm 44 17 27 0.008
>5 cm 35 24 11
Tumor capsule
(+) 41 21 20 0.900
(-) 38 20 18
Differentiation
I–II 24 12 12 0.823
III–IV 55 29 26
Vascular invasion
(+) 31 19 12 0.179
(-) 48 22 26
Serum AFP
£ 20 lg/l 24 13 11 0.790
>20 lg/l 55 28 27
HbsAg
(+) 67 33 34 0.266
(-) 12 8 4
Cirrhosis
(+) 68 34 34 0.401
(-) 11 7 4
TNM stage
I–II 49 21 28 0.040
III–IV 30 20 10

HDNA high plasma DNA level (‡36.6 ng/ml), LDNA low plasma
DNA level (<36.6 ng/ml)
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patients in plasma and/or tumor tissues. Among the 79
HCC patients, AI at D8S258 was detected in the plasma
of 49 (62.0%) patients and in the HCC tissues of 45
(57.0%) patients, while AI at D8S264 was detected in
the plasma of 47 (59.5%) patients and in HCC tissues of
42 (53.2%) patients. A high coincidence was found be-
tween the AI detected in plasma DNA and corre-
sponding tumor DNA, either at D8S258 (87.3%, 69/79,
P=0.000) or at D8S264 (83.5%, 66/79, P=0.000). The
specificity of this AI assay was also very satisfactory
because none of the normal control samples tested was
positive at any loci.

Allelic imbalance at D8S258 in plasma DNA was
found to associate with tumor differentiation
(P=0.050), vascular invasion (P=0.023), and TNM
stage (P=0.010), while AI at D8S264 did not show any
significant relationship with the clinicopathological fea-
tures. Combination of AI at D8S258 and a higher level
of plasma DNA added weight to the prognostic pre-
dictive value; better significant difference was found to
associate with tumor size (P=0.000), vascular invasion
(P=0.016), and TNM stage (P=0.002). Besides, 17 out
of 30 (57%) patients with TNM stage III/IV HCC, and
11 of the 49 (22%) patients with TNM I/II HCC were
found both with AI at D8S258 and a higher level of
plasma DNA (Table 2).

The relationship between the level/AI of plasma DNA
and prognosis of HCC patients

The 3-year DFS rates for HDNA group and LDNA
group were 22 and 47%, respectively (P=0.008), while
the 3-year OS rates were 24 and 61%, respectively
(P=0.000). In multivariate analysis, HDNA was inde-
pendently associated with a poorer DFS and OS
(P=0.004 and 0.000) (Table 3).

Allelic imbalance at D8S258 in plasma DNA was
closely associated with 3-year DFS (P=0.004) and 3-
year OS (P=0.022), while AI at D8S264 in plasma DNA
was only associated with 3-year DFS (P=0.011). In
multivariate analysis, neither AI at D8S258 nor AI at
D8S264 was an independent predictor for DFS or OS.
However, when AI at D8S258 combined with a higher
level of plasma DNA, better significant difference was
found to associate with 3-year DFS (P=0.000) and 3-
year OS (P=0.000) (Table 3), and this combination was
an independent predictor for both DFS (P=0.018) and
OS (P=0.002) in the multivariate analysis (Figs. 1, 2).

Furthermore, among patients with TNM stage I or
II, the 3-year DFS and 3-year OS of patients having AI
at D8S258 together with a higher level of plasma DNA
were 18% (2/11) and 45% (5/11), which were much
lower than that of the other patients [the 3-year DFS

Table 2 The relationship between the AI of plasma DNA and the clinicopathological features of patients

Variable n AI of plasma DNA HDNA and D8S258 AI(+)

D8S258 D8S264

(+) (-) P (+) (-) P YES NO P

Tumor number
Single 60 34 26 0.081 36 24 0.871 19 41 0.212
Multiple 19 15 4 11 8 9 10
Tumor size
£ 5 cm 44 24 20 0.125 24 20 0.315 8 36 0.000
>5 cm 35 25 10 23 12 20 15
Tumor capsule
(+) 41 22 19 0.111 23 18 0.523 14 27 0.802
(-) 38 27 11 24 14 14 24
Differentiation
I–II 24 11 13 0.050 14 10 0.890 6 18 0.200
III–IV 55 38 17 33 22 22 33
Vascular invasion
(+) 31 24 7 0.023 19 12 0.794 16 15 0.016
(-) 48 25 23 28 20 12 36
Serum AFP
£ 20 lg/l 24 12 12 0.146 14 10 0.890 8 16 0.796
>20 lg/l 55 37 18 33 22 20 35
HbsAg
(+) 67 43 24 0.351 41 26 0.467 23 44 0.625
(-) 12 6 6 6 6 5 7
Cirrhosis
(+) 68 45 23 0.059 41 27 0.719 24 44 0.945
(-) 11 4 7 6 5 4 7
TNM stage
I–II 49 25 24 0.010 27 22 0.310 11 38 0.002
III–IV 30 24 6 20 10 17 13

AI allelic imbalance, HDNA high plasma DNA level (‡36.6 ng/ml)
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was 50% (19/38) (P=0.060), the 3-year OS was 63%
(24/38) (P=0.293)]. Among patients with TNM stage III
or IV, the 3-year DFS and 3-year OS of patients having
AI at D8S258 together with a higher level of plasma
DNA were even lower at 0% (0/17) and 12% (2/17) than
that of the other patients [the 3-year DFS was 31% (4/
13) (P=0.014), the 3-year OS was 31% (4/13)
(P=0.044)].

Discussion

The first discovery of extracellular nucleic acids in the
circulation was reported in 1948 by Mandel and Métais
(1948), who demonstrated the presence of both DNA
and RNA in the plasma of healthy and sick individuals.
This work was particularly remarkable as it was re-
ported only 4 years after the demonstration of DNA as
the material of inheritance (Avery et al. 1995), and it
even preceded the landmark paper by Watson and Crick
(1953) on the double helical structure of DNA. How-
ever, their work did not attract much attention, and

further development of the field had to wait some
30 years until Leon showed that cancer patients had
much higher concentration of circulating DNA than
those with non-malignant diseases (Leon et al. 1977).
They also showed that, in some cases, the level of cir-
culating DNA decreased after successful anti-cancer
therapy. Since then, several follow-up studies have been
done to establish the possible value of free circulating
DNA as a prognostic factor in patients with pancreatic
carcinoma (Castells et al. 1999), esophageal adenocar-
cinoma (Kawakami et al. 2000), lung cancer (Sozzi et al.
2001), melanoma (Taback et al. 2001), and nasopha-
ryngeal carcinoma (Lin et al. 2004).

Although isolation and quantification of total plasma
DNA in cancer patients are routinely feasible at present,
the mechanism leading to the presence of free tumor
DNA in cancer patients’ plasma remains enigmatic. It
can be presumed that circulating DNA in healthy sub-
jects derives from lymphocytes or other nucleated cells.
Yet, it is not well understood why cancer patients have
such large quantities of plasma DNA, nor where this
genetic material derives from. The most common

Table 3 The relationship between the level/AI of plasma DNA and the prognosis of HCC patients

Variable n Plasma DNA level AI of plasma DNA HDNA and D8S258 AI
(+)

D8S258 D8S264

HDNA LDNA P (+) (-) P (+) (-) P YES NO P

3-Year DFS
Yes 27 9 18 0.008 11 16 0.004 11 16 0.011 4 23 0.000
No 52 32 20 38 14 36 16 24 28
3-Year OS
Yes 33 10 23 0.000 16 17 0.022 16 17 0.100 5 28 0.000
No 46 31 15 33 13 31 15 23 23

AI allelic imbalance, HDNA high plasma DNA level (‡36.6 ng/ml), LDNA low plasma DNA level (<36.6 ng/ml), DFS disease-free
survival, OS overall survival

Fig. 1 Disease-free survival
curves for the HCC patients
evaluated according to HDNA
and D8S258 AI (+). AI allelic
imbalance, HDNA high plasma
DNA level (‡36.6 ng/ml), DFS
disease-free survival
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hypothesis advanced for circulating DNA in the plasma
of cancer patients is that it is due to the lysis of circu-
lating cancer cells or micrometastases shed by the tumor.
This is clearly not the case since there are not enough
circulating cells to justify the amount of DNA found in
the plasma. Another hypothesis is that tumor DNA shed
in the blood stream could be due either to DNA leakage
resulting from tumor necrosis or apoptosis, or to a new
mechanism of active release. But an argument against
this hypothesis is that after radiation therapy, the plas-
ma DNA levels decrease remarkably instead of
increasing, as one might expect. As a third possibility, it
may be hypothesized that the tumor actively releases
DNA into the blood stream. Although the phenomena
that cells from leukemia patients release more DNA
than lymphocytes from healthy donors has been ob-
served, it is still worth remembering some data on this
subject (Anker et al. 1999).

Both plasma and serum samples have frequently been
used in the analysis of cell-free DNA. Of particular
interest is that the concentrations in serum samples have
been significantly higher than those in matched plasma
samples, which is mainly generated in vitro by lysis of
white blood cells; this makes it not suitable for serum to
monitor the concentration of cell-free DNA (Lee et al.
2001). A recent work performed a quantitative com-
parison of matched serum and plasma DNA in patients
with colorectal liver metastases. Serum and plasma
DNA level were not correlated. Furthermore, while
serum DNA was significantly associated with the pres-
ence of metastases, only plasma DNA was predictive of
recurrence. It was thus concluded that serum DNA
might represent an indirect but tumor-related process,
and that plasma DNA better reflects the in vivo levels of
circulating DNA (Thijssen et al. 2002). Different blood
processing protocol may also influence the level of cir-

culating DNA (Taback et al. 2004). The plasma ob-
tained by centrifugation alone, at various speeds,
without subsequent microcentrifugation, has been
shown to have substantial amounts of cellular compo-
nents which may led to the detection of aberrantly high
total concentrations of plasma DNA (Chiu et al. 2001).
Therefore, in our study, an additional centrifuge for
10 min was performed to produce cell-free plasma. In
order to exclude interference of cell death caused by
hepatitis or liver resection, normal liver function tests
are required for patients’ blood samples collection be-
fore operation.

Regarding the diagnostic potential of circulating
plasma DNA level in HCC, unfortunately, according to
our results, quantitative assessment of circulating plas-
ma DNA is not sensitive or specific enough for diag-
nostic use, since levels overlap considerably between the
HCC patients and those with non-tumor liver cirrhosis.
However, we found that the mean circulating plasma
DNA level was significantly associated with tumor size
and TNM stage, which indicates that large or invasive
tumor may release much circulating DNA, and higher
level of plasma circulating DNA may be associated with
poor prognosis. It is further confirmed by the multi-
variate analysis which showed that HDNA was an
independent predictor for poorer DFS and OS.

Alterations of human chromosome 8p have been
frequently detected in many tumor types (Qin 2002;
Yokota et al. 1999; Perinchery et al. 1999). Some studies
have shown that loss of 8p is associated with the advance
of tumors, and plays an important role in the tumor
progression of many tumors including ovarian (Wright
et al. 1998), colorectal (Takanishi et al. 1997), bladder
(Muscheck et al. 2000; Wagner et al. 1997), and breast
cancers (Yokota et al. 1999). Recently, some studies
have also shown that loss of 8p may be associated with

Fig. 2 Overall survival curves
for the HCC patients evaluated
according to HDNA and
D8S258 AI (+). AI allelic
imbalance, HDNA high plasma
DNA level (‡36.6 ng/ml), OS
overall survival
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the metastasis of laryngeal carcinoma (Kujawski et al.
1999), bladder cancer (Ohgaki et al. 1999), renal cell
carcinoma (Bissig et al. 1999), colorectal carcinoma
(Parada et al. 1999), lung cancer (Petersen et al. 2000),
mantle cell lymphoma (Martinez-Climent et al. 2001),
and the poor prognosis of colorectal cancer patients
(Halling et al. 1999). Bockmuhl et al. (2001) found that
8p23 allelic loss was an independent prognostic marker
for disease-free interval, and was associated with poor
prognosis in head and neck squamous cell carcinoma,
and could be useful in refining diagnosis of these tumors.
Therefore, 8p might harbor some tumor suppressor
genes that are important in the progression, especially in
the metastasis of cancers, which was confirmed by irra-
diated MMCT technique (Nihei et al. 1996, 2002).

Chromosome 8p deletion is also one of the recurrent
chromosomal aberrations in HCC, detected either by
CGH or by microsatellite analysis (Guan et al. 2000; Li
et al. 2001; Wang et al. 2001). In our previous study, we
compared the differences in genomic alterations between
matched primary and metastatic HCC by CGH, and
found that the significant deletion of chromosome 8p
might contribute to the development of HCC metastasis
(Qin et al. 1999). This result was further confirmed by
comparison between nude mice models of HCC with
different metastatic potentials (Qin et al. 2001). With a
genome-wide microsatellite analysis of primary and the
matchedmetastatic HCC tissue, a more accurate location
was identified onD8S258 andD8S264 (Zhang et al. 2003).

Using these two microsatellite markers, we performed
the AI analysis and found 84.81% (67/79) of the HCC
patients could detect AI at plasma and/or tumor tissues
which suggested that these two microsatellite markers
are highly informative in our cohort. Moreover, a high
coincidence found between the AI detected in plasma
DNA and tumor DNA either at D8S258 or at D8S264
indicated that the presence of AI in plasma was generally
associated with the presence of the AI in its matched
tumor; AI in the plasma DNA can represent the AI in
the tumor tissues. The reason for the inconsistent AI
status in some cases (i.e., AI was detected in the tumor
tissues, while it was not in their corresponding plasma
DNA) may be due to the low amount of circulating
plasma DNA released by those cases, compared to the
normal released DNA, which lead to the false negative
results (Chan et al. 2003; Silva et al. 2002). On the other
hand, in some other patients, the AI was detected in
circulating plasma DNA but not in HCC tissue, and the
possible reason may be due to the heterogeneity of tu-
mor cells; only some of them had microsatellite poly-
morphisms, and the circulating DNA was mainly
released by the micrometastatic tumor cells with AI but
not primary tumor (Lin et al. 2002; Dahse et al. 2002;
Utting et al. 2002). Another explanation is the clones
with polymorphism were ruined precedently, and could
be detected only in circulating DNA (Goessl 2003; Sozzi
et al. 1999).

In this study, we found tumor with poor differentia-
tion or vascular invasion may cause frequently AI at

D8S258, which was closely related to TNM stage, and
finally cause poor prognosis. However, according to the
multivariate analysis, AI at D8S258 was not an inde-
pendent predictor for DFS or OS. Although HDNA was
formerly found to be an independent predictor for de-
creased DFS and OS of HCC patients, it is not specific
for HCC. Thus, we try to determine whether or not the
combination of AI at D8S258 and plasma DNA level
could have more prognostic value for HCC patients. We
found AI at D8S258 together with high level of plasma
DNA was closely associated with both DFS and OS.
This combination was also an independent predictor for
DFS and OS. Since quantification and AI analysis of
circulating plasma DNA in cancer patients are practical
and routinely feasible at present, such plasma analysis
might be used as a non-invasive follow-up tool by
monitoring genetic changes in the circulating DNA of
HCC patients.

Of particular interest, AI at D8S258 together with
high level of plasma DNA could be detected in 8 of 24
patients with serum AFP level less than 20 lg/l, and 7 of
which were finally found to have a recurrence in 3 years.
This data imply that the puzzle of AFP negative HCC
patients in monitoring recurrence might be compensated
by nucleic acid-based assays on circulating plasma
DNA. And, we also found the 3-year DFS and 3-year
OS of patients having AI at D8S258 together with high
level of plasma DNA are significantly poorer. These
data suggest that nucleic acid-based assays on circulat-
ing plasma DNA might be supplementary to traditional
TNM staging. However, further work is needed to
confirm whether nucleic acid-based assay on circulating
plasma DNA could be used in molecular staging of liver
cancer and monitoring HCC progression at different
stages of disease.
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