
Carcinogenesis vol.32 no.6 pp.860–865, 2011
doi:10.1093/carcin/bgr055
Advance Access publication April 7, 2011

Predictive power of hepatitis B 1762T/1764A mutations in plasma for hepatocellular
carcinoma risk in Qidong, China
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Hepatocellular carcinoma (HCC) is a leading cause of cancer
mortality with nearly 700 000 deaths occurring annually. Hepa-
titis B virus (HBV) is a major contributor to HCC and acquired
mutations in the HBV genome may accelerate its pathogenesis. In
this study, a matched case–control investigation of 345 men who
died of HCC and 625 controls were nested within a cohort of male
hepatitis B surface antigen (HBsAg) carriers from Qidong, China.
Matched preserving odds ratios (ORs) were used as a measure of
association and 95% confidence intervals (CIs) as a measure of
precision. Real-time polymerase chain reaction allowed for a
quantitative comparison of the levels of the HBV 1762T/1764A

mutation in cases and controls. A total of 278 (81%) of the cases
were positive for the HBV 1762T/1764A mutation compared with
250 (40%) of the controls. The matched preserving OR of 6.72
(95% CI: 4.66 to 9.68) strongly indicated that cases were signifi-
cantly more probably than controls to have the mutation. Plasma
levels of DNA harboring the HBV mutation were on average 15-
fold higher in cases compared with controls (P < 0.001). Most
strikingly, the level of the mutation in the 20 controls who later
developed and died of HCC were on average 274-fold higher than
controls who did not develop HCC. Thus, within this cohort of
HBsAg carriers at high risk of developing HCC, individuals pos-
itive for the HBV 1762T/1764A mutation at enrollment were sub-
stantially more probably to subsequently develop HCC, with a
higher concentration of the mutation in plasma enhancing predis-
position for cancer development.

Introduction

Hepatocellular carcinoma (HCC) is a major cause of cancer morbidity
and mortality in many parts of the world, including Asia and sub-
Saharan Africa, where there are upwards of 1 000 000 new cases each
year and .370 000 deaths annually in the People’s Republic of China
alone (1,2). The major etiological factors associated with develop-
ment of HCC in these regions are infection with hepatitis B virus
(HBV) and/or hepatitis C virus and lifetime exposure to high levels
of aflatoxin B1 (AFB1) in the diet (3,4). Detailed knowledge of the
etiology of HCC has spurred many mechanistic studies to understand
the pathogenesis of this often fatal disease and this knowledge is
critical for translation to preventive interventions in high-risk
populations (3,5).

HBV is a significant risk factor for HCC in the economically devel-
oping world where there are .400 million viral carriers (6–8). The
biology, mode of transmission and epidemiology of this virus contin-
ues to be actively investigated and has been recently reviewed (9,10).
The contribution of HBV to the pathogenesis of liver cancer is multi-
factorial and is further complicated by the identification of mutant
variants in HBV that alter the carcinogenic process (11,12). The HBV
genome encodes its essential genes with overlapping open-reading
frames; therefore, a mutation in the HBV genome can alter the ex-
pression of multiple proteins. In many cases of HCC in Asia and
Africa, a double mutation in the HBV genome, an adenine to thymine
transversion at nucleotide 1762 and a guanine to adenine transition at
nucleotide 1764 (1762T/1764A), has been found in tumors (13–15). A
recent meta-analysis examined the relation of a number of mutations
in HBV to the risk of HCC and found that the qualitative presence of
the HBV 1762T/1764A mutation bestowed a signficant increased odds
of HCC [odds ratio (OR) 5 3.79, 95% confidence interval (CI) 5
2.71–5.29] (16).

The molecular basis for the formation of these nucleotide changes
and their temporal appearance during the course of HBV infection is
unclear. Thus, whether these mutational changes can be acquired and
transmitted from person to person is unknown. Nonetheless, this seg-
ment of the HBV genome contains an overlapping sequence for the
base core promoter and the HBV X gene; therefore, the double muta-
tion in codon 130 and 131 of the HBV X protein reported in human
HCC corresponds to the 1762 and 1764 nucleotide changes (17). In
addition, the onset of these mutations has been associated in epide-
miological studies with the increasing severity of the HBV infection
and cirrhosis (14,18). Thus, the linkage of this alteration with disease
outcomes makes it a candidate biomarker for the early detection of
HCC risk in individuals.

Several studies have now demonstrated that DNA isolated from
serum or plasma of cancer patients contains the same genetic aberra-
tions as DNA isolated from an individual’s tumor (19–21). The mech-
anism of tumor DNA release into circulating blood is still unclear but
may be the result from accelerated necrosis, apoptosis or other pro-
cesses (22). In several studies, we have found that a specific HBV
double 1762T/1764A mutation was not only detectable in plasma
samples at the time of HCC diagnosis but could be measured in some
individuals up to 15 years prior to diagnosis (13,15,23). In the present
investigation, we have utilized real-time polymerase chain reaction
(PCR) to quantitatively measure levels of the HBV double 1762T/
1764A mutation in plasma samples from a matched nested case–
control study to compare the prevalence of the mutation between
individuals who died of HCC and matched controls.

Methods

Case selection

The plasma samples examined in this report were obtained as part of an on-
going investigation of HCC and its risk factors in Qidong, China (23,24).
Originally, this study was designed to test whether intensive follow-up mon-
itoring of plasma a-fetoprotein levels affected HCC diagnosis and outcome
(24). In this investigation, 36 382 men residing in Qidong were screened for
hepatitis B surface antigen (HBsAg) in 1989 and 1992. A total of 5581 par-
ticipants were identified as carriers and enrolled into a cohort study. A total of
2554 individuals enrolled in 1989 were screened for liver function and general
health status up to six times from 1989 to 1993; another 1346 were only
examined once without any subsequent follow-up. Of those enrolled during
1992, 1158 received three follow-up screenings and 523 received only one
assessment. All of the men were between the ages of 30 and 69 at the time
of the screening, when an initial blood sample was obtained and stored. They
have been followed through the Qidong Cancer Registry for occurrence of
HCC and cause-specific mortality. By the end of December 2007, a total of
773 participants had been diagnosed with HCC. In all cases, HCC diagnosis

Abbreviations: CI, confidence interval; HBsAg, hepatitis B surface antigen;
HBV, hepatitis B virus; HCC, hepatocellular carcinoma; OR, odds ratio; PCR,
polymerase chain reaction.
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was made by one or more of the following means: (i) surgical biopsy, (ii)
elevated serum a-fetoprotein (levels .100 ng/ml) with consistent clinical
and radiological history, (iii) positive computerized axial tomography scan
and (iv) ultrasonography with consistent clinical history. The accumulation
of HCC cases in this cohort proceeded at a fairly constant rate of between
40 and 45 cases per year and the mean time from diagnosis of HCC to death
was 6 months. In this present matched case–control study, 396 individuals who
died of liver cancer with available samples were defined as cases (Figure 1) and
the presence of the HBV double 1762T/1764A mutation using real-time PCR
was ascertained from 370 (93%) of the samples. This collaboration between
the Qidong Liver Cancer Institute and Johns Hopkins University has been
reviewed and approved by each respective Institutional Review Board for
Human Research.

Control selection and matching criteria

The goal was to select two controls from the 5581 member cohort for each of
the 370 HBV 1762T/1764A mutation informative cases. At the first stage, up to
eight controls were randomly selected from all of the potential controls (match-
ing criteria defined below) for a given case. The first two eligible controls with
samples in the plasma repository were selected to comprise the matched set for
each case. For 25 of the 370 cases, either no controls were eligible or plasma
samples were not available from the eligible controls yielding a total of 345
cases with either one or two matched controls on whom the presence of the
HBV 1762T/1764A mutation could be determined (Figure 1). A total of two
controls were available for 280 of the 345 cases; the remaining 65 cases only
had one control resulting in a total of 625 [5 (280 2) þ 65] controls. To mimic
cohort studies where cases can play the role of controls for previous cases, we
did not preclude cases being selected as controls for those dying at earlier
dates. Likewise, as in cohort studies in which individuals are controls for all
cases occurring before their exit, for our matched case–control design, an
individual could be selected to be the control for more than one case. In
summary, we ascribed to strict principles of incidence density sampling for
our selection of controls.

Controls were individually matched to each case to account for five poten-
tially confounding factors. First, it was essential that controls were alive on the
date the case died of HCC (i.e. controls had to be part of the risk set of the
case). Second, the baseline age of the selected control had to be within ± 1 year
of the baseline age of the case. Third, the case and controls within a matched
set were selected from the same time period of cohort enrollment: 1989 or
1992. Fourth, controls were matched to cases according to whether or not they
were randomly selected to participate in a regular screening program for
HBsAg testing and follow-up (24). Finally, if the case and controls were
screened for HBsAg, the pattern of surface antigen results for the controls
had to be equivalent to that of the case. For example, if the case was surface
antigen positive at the first two time points and negative at the final three time
points then potential controls for this case must also have been positive at the
first two time points and negative at the final three time points. If a case was
missing a result at a particular time point, the result for the control could be
positive or negative (or missing).

HBV 1762T/1764A mutation detection by real-time PCR

DNA was analyzed for the presence of the HBV 1762T/1764A double mutation
on an ABI 7300 real-time PCR system utilizing wild-type and mutant-specific
fluorogenic probes (Applied Biosystems, Foster City, CA) with some modifi-

cation as described previously (13,23). Briefly, DNA was isolated using a
Qiamp DNA mini-kit column (Qiagen, Valencia, CA) from 200 ll serum.
Real-time PCR was done in a total volume of 25 ll containing 12.5 ll 2
Taqman Universal Master Mix (Applied Biosystems), 2.25 ll of forward and
reverse primers at 10 lmol/l (Integrated DNATechnologies, desalted), 0.5 ll of
wild-type and mutant probes at 10 lmol/l, 5 ll water and 2 ll of serum DNA or
plasmid standard. Primer pair and wild-type and mutant-specific probe sequen-
ces were: HBV nts1762/1764 real-time PCR primer-forward: 5#-CCGACCTT-
GAGGCATACTTCA-3#; HBV nts1762/1764 real-time PCR primer-reverse:
5#-CCAATTTATGCCTACAGCCTCCTA-3#; HBV nts1762/1764 real-time
PCR wild-type probe: VIC-AGGTTAAAGGTCTTTGTAC; HBV nts1762/
1764 real-time PCR mutant probe: 6FAM-AGGTTAATGATCTTTGTAC.
Thermal cycling conditions were 50�C for 2 min, 95�C for 5 min, followed
by 45 cycles of 95�C for 30 s and 60�C for 1 min. Samples were run in
duplicate. Each 96-well plate analyzed included serial dilutions of the wild-
type and mutant plasmid standards and no DNA added controls. The threshold
cycle number was determined using Applied Biosystems 7300 SDS software
(Version 1.4.0.25) and was determined to be 42.

Statistical analyses

The unit of analysis was a matched set containing up to two controls per case.
With our 1:m (m5 1 or 2) matched case–control study, the OR serves as the
measure of association between presence of the HBV 1762T/1764A mutation
and death due to HCC. Specifically, let a 5 1 and b 5 0 if the case in the
matched set had the HBV mutation; otherwise let a 5 0 and b 5 1. Let c 5

number of controls in matched set who had the HBV mutation, d5 number of
controls in matched set who did not have the HBV mutation and m5 c þ d5
number of controls in matched set. The contribution to the OR for each
matched set in which the case had the HBV mutation is calculated by dividing
d by 1 þ m. The contribution to the OR for each matched set in which the case
did not have the mutation is calculated by dividing c by 1 þ m. For the
calculation of the OR, the sum of the d/(1 þ m) among the matched sets where
the case had the HBV mutation yielded the numerator and the sum of the c/(1 þ
m) among the matched sets where the case did not have the mutation yielded
the denominator.

Congruent with the matched case–control design, conditional logistic re-
gression models were used to obtain the OR and 95% CI of dying of HCC for
different levels of each explanatory variable. Although the matched design
precluded the assessment of the main effects of age, cohort, screening status
and screening test results on the occurrence of death due to HCC (all part of the
matching criteria), the design does allow for estimation of their putative effect
modification (e.g. does the age at which the case dies modify the effect of the
HBV mutation on HCC death). In particular, the significance of the age at
cases’ death (�45, .45 to �55 or .55 years), cohort (1989 versus 1992),
screening program (yes versus no), the percentage of hepatitis B surface anti-
gen tests that were positive among those screened (100 versus ,100%) and the
time from screening to death for the cases (�1.5, .1.5 to 3.0, .3.0 to 5.0,
.5.0 to 9.0 or .9.0 years) on the relationship between presence of HBV
mutation and death from HCC were assessed.

For all cases and controls with the HBV 1762T/1764A mutation, box–per-
centile plots (25) were used to display the distributions of the number of PCR
cycles needed to detect the mutation. Furthermore, capitalizing on the fact that
some of the controls later developed HCC, the cycles needed to detect the HBV
1762T/1764A mutation of those controls were compared with those who re-
mained alive and free of HCC. A Wilcoxon rank sum test was used to test for
differences in the distribution of the number of PCR cycles needed to detect the
HBV mutation in different groups.

Results

Characteristics of cases and controls

By study design, controls were similar to cases with respect to time of
cohort enrollment (70% were identified in 1989), participation in a
HBV screening program (68% were screened) (24), pattern of HBsAg
results (89% of those participating in the HBsAg screening program
were positive at each 6 month screening period) and age at baseline
(median 5 41.0; interquartile range 5 35.2–49.4). Cases had a me-
dian time of 5.3 years (interquartile range 5 2.3–8.5) from study entry
until death, but as expected by study design, controls were on average
8.5 years older than the cases at the end of follow-up.

HBV mutation status in cases and controls

A total of 278 (81%) of these cases were positive for the HBV 1762T/
1764A mutation compared with 250 (40%) of controls. Table I depictsFig. 1. Study population of matched case–control study.
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the presence of the HBV 1762T/1764A mutation in controls according
to whether or not the case had the mutation. Specifically, the left hand
side of the table shows the data for the 278 matched sets in which the
case had the mutation while the right hand side shows the data for
the 67 matched sets in which the case did not have the mutation. The
shaded rows in Table I correspond to the matched sets with one con-
trol.

In Table I, for the 278 matched sets in which cases have the HBV
1762T/1764A mutation, larger values in the column labeled d/(1 þ m)
indicate a greater risk of having the mutation in cases compared with
controls. For instance, there were 90 matched sets in which the case
had the mutation and the two controls did not (e.g. higher risk in
cases). In contrast, there were 42 instances in which the case with
the mutation was matched to two controls who also had the mutation
(e.g. equal risk in cases and controls). The numerator of the matched
set OR, 106.33 was obtained by summing the product of the frequency
of occurrence of each matched set (e.g. 90 and 42 in the examples
above) and d/(1 þ m) (2/3 and 0/3 in the examples above) over each of
the rows of Table I.

In the 67 matched sets in which cases did not have the HBV 1762T/
1764A mutation (right hand side of Table I), larger values in the

column labeled c/(1 þ m) indicate that compared with controls, cases
were less probably to have the mutation. For example, there were
seven matched sets in which the case did not have the mutation and
the two controls did (e.g. lower risk in cases). The denominator of the
matched set OR, 15.83 was obtained by summing the product of the
frequency of occurrence of each matched set (e.g. 5 in the example
above) and c/(1 þ m) (2/3 in the example above) over each of the rows
of Table I.

The value of the matched set OR, 6.72 (5 106.33/15.83) indicates
that cases had an odds of having the HBV 1762T/1764A mutation that
was 6.72 times larger than that of the controls. The strength of the
association was extremely high as evidenced by the lower bound of
the 95% CI being 4.66.

We found a non-significant trend of a greater odds of the HBV
1762T/1764A mutation with the cases’ age at the time of death (Table
II). Specifically, cases dying �45, .45 to �55 or at .55 years of age
had a 5.45 (95% CI: 3.18–9.35), 7.43 (95% CI: 4.09–13.50), and 9.10
(95% CI: 4.09–20.24) higher odds of having the mutation than con-
trols. The recruitment cohort, whether or not the cases and controls
were screened for HBV, the percentage of positive HBsAg screening
results and time to death from study entry did not modify the

Table I. Presence of HBV 1762T/1764A mutation in matched case–control sets for 345 cases of liver cancer death

278 (81%) matched sets with HBV mutation present in case 67 (19%) matched sets with HBV mutation absent in case

No. of
cases
with
mutation
(a)

No. of
cases
without
mutation
(b)

No. of
controls
with
mutation
(c)

No. of
controls
without
mutation
(d)

No. of
matched
sets

d/(1 þ m)
5 d/(1 þ c þ d)

No. of
cases
with
mutation
(a)

No. of
cases
without
mutation
(b)

No. of
controls
with
mutation
(c)

No. of
controls
without
mutation
(d)

No. of
matched
sets

c/(1 þ m)
5 c/(1 þ c þ d)

1 0 0 1 24 1/2 0 1 0 1 15 0/2
1 0 1 0 19 0/2 0 1 1 0 7 1/2
1 0 0 2 90 2/3 0 1 0 2 15 0/3
1 0 1 1 103 1/3 0 1 1 1 23 1/3
1 0 2 0 42 0/3 0 1 2 0 7 2/3

Total 278 106.33a Total 67 15.83a

Matched set OR 6.72 (95% CI: 4.66–9.68) 1

aWeighted by the number of matched sets.

Table II. Modification of the association between HBV mutation status and liver cancer death by age, time on study, cohort and screening

No. of cases (% with mutation) OR 95% CI

Interaction of mutation with:
Age at cases’ death, years P-valuea 5 0.535

,45 129 (78) 5.45 3.18–9.35
.45 to ,55 125 (81) 7.43 4.09–13.50
.55 91 (84) 9.10 4.09–20.24

Enrollment cohort P-valuea 5 0.999
1989 241 (78) 6.86 4.55–10.34
1992 104 (86) 6.80 3.31–13.94

Participated in screening program P-valuea 5 0.653
Yes 235 (80) 6.43 4.13–10.01
No 110 (83) 7.63 4.18–13.91

Percentage of HBV surface antigen screening results
which were positiveb

P-valuea 5 0.790

,100% 25 (72) 5.14 1.45–18.24
100% 203 (81) 7.03 4.29–11.52

Years to death from study entry P-valuea
5 0.815

,1.5 49 (80) 5.60 2.29–13.71
.1.5 to ,3.0 60 (80) 6.97 2.88–16.90
.3.0 to ,5.0 51 (90) 11.73 4.11–33.54
.5.0 to ,9.0 111 (80) 5.86 3.12–11.03
.9.0 74 (76) 6.79 3.29–14.01

aP-values for heterogeneity of ORs. The P-value is determined by comparing the �2 log likelihood statistic from each of the models with interaction terms to the
�2 log likelihood statistic from the model containing only mutation status. The difference in the �2 log likelihood values follows a chi-square distribution with
degrees of freedom equal to the difference in the number of parameters between the two models.
b228 of 235 matched sets where cases and controls were screened.
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relationship between case/control status and the presence/absence of
the HBV mutation.

Real-time PCR analysis of HBV 1762T/1764A mutation in plasma

The real-time PCR analysis strategy permitted, for the first time, a
quantitative comparison of the matched cases and controls for levels
of the HBV 1762T/1764A mutation circulating in plasma within this
high-risk cohort of HBsAg carriers. Figure 2 depicts the distribution
of the number of PCR cycles needed to the detect the mutation
separately for the 278 cases and 250 controls with informative data
for levels of HBV mutations in plasma. Each cycle represents a 2-
fold change in the level of mutation detected. While the lower tail of
both distributions were similar up to the first quartile (27.7 in con-
trols and 27.0 in cases), the median (34.0 versus 30.1), third quartile
(37.8 versus 34.0) and 90th percentile (40.1 versus 37.5) values were
much higher, hence the HBV 1762T/1764A mutation was at lower
levels in controls. These differences indicate that the level of the
HBV mutation was 15-fold greater at the 50th percentile in cases

than in controls (P , 0.001) since fewer cycles were needed for
detection.

Figure 3 shows the box–percentile distribution of the number of
PCR cycles needed to detect the HBV mutation in controls stratified
by whether or not they were later diagnosed with HCC. Twenty (6%)
of the 250 controls were found to subsequently develop HCC. It is
readily apparent that it typically took far fewer cycles to detect the
mutations in the 20 controls who later developed HCC. For instance,
the first (22.3) and second quartiles (26.1) of the controls who later
developed HCC were both less than the first quartile of controls who
did not develop HCC (28.3). Seventy-five percent of the controls who
later developed HCC used �34.8 cycles to detect the HBV mutation
while it took .34.2 cycles to detect the mutation in half of those who
did not develop HCC. It is also noteworthy that the median number of
PCR cycles needed to detect the HBV mutation in controls who later
developed HCC was significantly less than the number of cycles
needed to detect the mutation in the 278 cases (26.1 versus 30.1; P
5 0.031). Strikingly, at the 50th percentile, those matched controls

Fig. 2. Box–percentile plots showing the distribution of the number of cycles needed to detect HBV 1762T/1764A mutation by HCC case/control status among 278
HCC cases and 250 controls with mutation.

Fig. 3. Box–percentile plots showing the distribution of the number of cycles needed to detect HBV 1762T/1764A mutation by HCC status at the end of follow-up
among 250 controls with mutation. Eighteen controls died of HCC by the end of follow-up after their matched cases died of the disease; furthermore, two controls
developed liver cancer and were alive at the end of follow-up.
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who became cases had a 274-fold higher level of the HBV 1762T/
1764A mutation in plasma at baseline. Thus, within this high-risk
cohort by virtue of being a HBsAg carrier, there was a statistically
significant larger fraction of people positive for the HBV 1762T/
1764A mutation at baseline that subsequently developed HCC; fur-
ther, a higher level of these mutations in plasma presaged cancer
development.

Discussion

HBV is a major risk factor for the development of HCC in many
parts of the world and its pathogenesis is enhanced through the
biological consequences of mutations acquired following integration
of parts of the HBV genome into the human hepatocyte. The HBV
1762T/1764A mutation studied in this investigation was originally
characterized in HBV e antigen-negative people (26). This alteration
affects the expression of both the hepatitis B e antigen since the
mutation lies in the basal core promoter (BCP) and the HBV X gene
(27). The HBV e antigen modulates the biology of inflammation and
cirrhosis; however, the mechanism is still unclear, but there are
substantial data that point to alteration of the immune surveillance
system and immune tolerance in the presence and absence of this
protein (27–29). The effects of this mutation on the protein produced
by the X gene is also important since this protein has multiple
functions in the cell including impact on cell cycle, apoptosis and
DNA repair (30). Experimentally, the downstream effects of the
formation of the double mutation at nucleotides 1762 and 1764
are being explored in model systems and recent data have shown
that this alteration affects the binding of several transcription factors
(HNF1 and HNF4) that are liver specific (31). The 1762T/1764A

double mutation has also been demonstrated to increase the rate of
HBV genome synthesis in cellular models by at least 2-fold
(11,12,29). Furthermore, the X protein impacts autophagy in the
hepatocyte and this may serve as another biological basis for viral
selection and growth in the liver (32). Thus, the formation of the
1762T/1764A mutation has a significant potential to accelerate the
development of HCC.

In a number of epidemiologic studies, the 1762T/1764A double
mutation was found to occur more frequently in tumors of individ-
uals infected with the genotype C strains of HBV, which is the most
common genotype found in East Asian patients (33–35). Current
studies in China have reported that the presence of this HBV muta-
tion in HCC is strongly associated with the HBV subgroup genotype,
C2 (36). This double mutation tracks in clinical studies of people
infected by genotype C with an increased inflammatory response
that becomes stronger as the progression of liver damage transits
through chronic hepatitis and into a cirrhosis stage (28).

The underlying mechanism for the formation and selection of the
HBV 1762T/1764A double mutation in vivo is unknown at this time.
Clearly inflammatory responses in cells produce large quantities of
reactive oxygen species that are known to modify DNA and induce
mutations (37). Inflammatory responses also lead to the activation of a
group of cytidine deaminases of the APOBEC3 family; this activation
process induces hypermutations in this part of the HBV genome-cod-
ing region (38). Furthermore, HBV genome replication has been
shown to be a very error prone process leading to increased guanine
to adenine transition mutations (39). Future studies will be needed to
decipher how formation of these changes in the HBV sequence
occurs.

The design of new intervention paradigms should be accelerated
by the validation of biomarkers for predicting an individual’s risk for
HCC following HBV infection, a process which in turn is predicated
upon an understanding of the molecular pathways through which the
virus mediates its effects (10,40–42). A recent meta-analysis of
forty-three case–control and cohort studies compiled and compared
the data on the relation of HBV PreS, enhancer II (EnhII), (BCP) and
precore mutations to the risk of HCC; this meta-analysis study found
that the 1762T/1764A mutation investigated here had an overall OR
of 3.79 (95% CI 5 2.71–5.29) (16). Several studies published since

this meta-analysis provide additional substantiation of the impact of
the HBV 1762T/1764A mutation on HCC risk (43,44). Furthermore,
we have expanded upon our earlier observations in a cohort study in
Shanghai characterizing the greater than multiplicative interaction
between HBV and aflatoxin for development of HCC (45) by focus-
ing on those people in that cohort, who developed HCC and were
HBsAg positive at baseline. When these high-risk subjects were
examined for the presence of the 1762T/1764A mutation at baseline,
the adjusted OR for the 1762T/1764A mutation was 2.5 (95%
CI 5 1.1, 9.2) (46). The substantial fraction of HBsAg carriers
who apparently develop these mutations early in the carcinogenic
process have also been independently reported (44,47,48). Collec-
tively, these data point to the probable biological relevance of the
1762T/1764A mutation affecting viral protein function that in turn
heightens carcinogenic risk.

In this current investigation, we continue to build upon our studies
of the high-risk HBsAg carrier cohort in Qidong, China. A prior case
study within this cohort demonstrated the increased hazard for HCC
in subjects with measurable HBV 1762T/1764A mutation in plasma
at baseline (23). In addition, these data showed that this mutation
was detected up to 15 years prior to HCC diagnosis, indicating that
this alteration could be an early biomarker for HCC risk. Since the
prior study demonstrated that the stored plasma samples could yield
DNA that could be assessed for HBV mutations; this follow-up
investigation was designed to rigorously explore this impact by de-
vising a matched case–control study from within this cohort. Since a
number of published studies have established that total HBV DNA
copy number reflecting viral load is a statistically significant risk
factor for HCC (43,49), it was our goal to determine if quantitative
plasma levels of the specific 1762T/1764A mutation at baseline, us-
ing real-time PCR analysis, were also predictive of HCC develop-
ment. To our knowledge, this quantitative question had heretofore
not been addressed. Using our matched nested case–control study
design within the high-risk HBsAg carrier cohort, we found that
matched controls of HCC cases with the HBV 1762T/1764A muta-
tion at baseline had a 6.72 times higher risk for HCC (95% CI: 4.66–
9.68) than matched controls of HCC cases without the double muta-
tion. This matched case–control OR analysis was generated only on
the basis of a detectable compared with non-detectable measure for
1762T/1764A mutation, as defined in the methods section. The real-
time PCR analysis strategy permitted a quantitative comparison of
the matched cases and controls for levels of the HBV 1762T/1764A

mutation within this high-risk cohort of HBsAg carriers for the first
time. There were 278 HCC cases and 250 matched controls with
informative data for HBV mutations and the results showed that the
level in plasma of the HBV mutation at baseline was 15-fold greater
at the 50th percentile in HCC cases than in controls (P , 0.001).
Since the controls selected from this high-risk cohort were already at
heightened risk for HCC, it was not surprising that a substantial
number (40%) were positive for the HBV mutation and this was
consistent with prior observations (50). Furthermore, nearly a third
of these subjects had very high levels of mutation at baseline (Figure
2). Twenty (6%) of the 250 controls were found to subsequently
develop HCC and at the 50th percentile a 275-fold greater level of
the HBV 1762T/1764A mutation in plasma at baseline was found.
Thus, within this high-risk cohort by virtue of being an HBsAg
carrier, there was a statistically significant higher fraction of people
positive for the HBV 1762T/1764A mutation at baseline that subse-
quently developed HCC. Since, the HBV virus is thought to initially
infect a small number of hepatocytes and following replication and
virion production continue to infect neighboring liver cells, it is
reasonable to assume that the entire liver cell population can become
infected and eventually harbor the 1762T/1764A mutation (40). In
such a scenario, the level of these HBV mutations in plasma may
reflect the proportion of the liver cells that are progressing along the
pathway to HCC. The level of this quantitative biomarker can then
be used to identify high-risk people for prioritized enrollment in and
continued evaluation of screening and preventive interventions in
populations at risk for HCC.

A.Muñoz et al.

864



Funding

National Institute of Environmental Health Sciences (P01 ES006052
and P30 ES003819).

Conflict of Interest Statement: None declared.

References

1.Wang,X.W. et al. (2002) Molecular pathogenesis of human hepatocellular
carcinoma. Toxicology, 181–182, 43–47.

2.Ferlay,J. et al. (2010) GLOBOCAN 2008, Cancer Incidence and Mortality
Worldwide, IARC CancerBase No. 10 [Internet]. Lyon, International Agency
for Research on Cancer. http://globocan.iarc.fr.

3.Kensler,T.W. et al. (2003) Translational strategies for cancer prevention in
liver. Nat. Rev., 3, 321–329.

4.Block,T.M. et al. (2003) Molecular viral oncology of hepatocellular carci-
noma. Oncogene, 22, 5093–5107.

5.Kensler,T.W. et al. (2004) Chemoprevention of hepatocellular carcinoma in
aflatoxin endemic areas. Gastroenterology, 127, S310–S318.

6.Kew,M.C. (2002) Epidemiology of hepatocellular carcinoma. Toxicology,
181–182, 35–38.

7.Lee,W.M. (1997) Hepatitis B virus infection. N. Engl. J. Med., 337, 1733–
1745.

8.Ming,L. et al. (2002) Dominant role of hepatitis B virus and cofactor role of
aflatoxin in hepatocarcinogenesis in Qidong, China. Hepatology, 36, 1214–
1220.

9.Kirk,G.D. et al. (2006) Molecular epidemiology of human liver cancer:
insights into etiology, pathogenesis and prevention from The Gambia, West
Africa. Carcinogenesis, 27, 2070–2082.

10.Neuveut,C. et al. (2010) Mechanisms of HBV-related hepatocarcinogene-
sis. J. Hepatol., 52, 594–604.

11.Tong,S. et al. (2005) Hepatitis B virus e antigen variants. Int. J. Med. Sci., 2,
2–7.

12.Tong,S. (2005) Mechanism of HBV genome variability and replication of
HBV mutants. J. Clin. Virol., 34 (suppl. 1), S134–S138.

13.Kuang,S.Y. et al. (2004) Specific mutations of hepatitis B virus in plasma
predict liver cancer development. Proc Natl Acad Sci USA, 101, 3575–3580.

14.Baptista,M. et al. (1999) High prevalence of 1762 T 1764 A mutations in
the basic core promoter of hepatitis B virus isolated from black Africans
with hepatocellular carcinoma compared with asymptomatic carriers. Hep-
atology, 29, 946–953.

15.Yuan,J.-M. et al. (2009) Prospective evaluation of hepatitis B 1762T/
1764A mutations on hepatocellular carcinoma development in Shanghai,
China. Cancer Epidemiol. Biomarkers Prev., 18, 590–594.

16.Liu,S. et al. (2009) Associations between hepatitis B virus mutations and
the risk of hepatocellular carcinoma: a meta-analysis. J. Natl Cancer Inst.,
101, 1066–1082.

17.Hsia,C.C. et al. (1996) Hot-spot mutations in hepatitis B virus X gene in
hepatocellular carcinoma. Lancet, 348, 625–626.

18.Hou,J. et al. (1999) T1762/A1764 variants of the basal core promoter of
hepatitis B virus: serological and clinical correlations in Chinese patients.
Liver, 19, 411–417.

19.Sidransky,D. (2002) Emerging molecular markers of cancer. Nature, 2,
210–219.

20. Jackson,P.E. et al. (2001) Specific p.53 mutations detected in plasma and
tumors of hepatocellular carcinoma patients by electrospray ionization
mass spectrometry. Cancer Res., 61, 33–35.

21. Jen,J. et al. (2000) An overview on the isolation and analysis of circulating
tumor DNA in plasma and serum. Ann. N. Y. Acad. Sci., 906, 8–12.

22.Anker,P. et al. (1999) Detection of circulating tumour DNA in the blood
(plasma/serum) of cancer patients. Cancer Metastasis Rev., 18, 65–73.

23.Chen,J.G. et al. (2007) Acceleration to death from liver cancer in people
with hepatitis B viral mutations detected in plasma by mass spectrometry.
Cancer Epidemiol. Biomarkers Prev., 16, 1213–1218.

24.Chen,J.G. et al. (2003) Screening for liver cancer: results of a randomised
controlled trial in Qidong, China. J. Med. Screen., 10, 204–209.

25.Esty,W. et al. (2003) The box-percentile Plot. J. Stat. Softw., 8, 1–14.
26.Okamoto,H. et al. (1994) Hepatitis B virus with mutations in the core

promoter for an e antigen-negative phenotype in carriers with antibody to
e antigen. J. Virol., 68, 8102–8110.

27.Hadziyannis,S.J. et al. (2001) Hepatitis B e antigen-negative chronic hep-
atitis B. Hepatology, 34, 617–624.

28.Yotsuyanagi,H. et al. (2002) Precore and core promoter mutations, hepatitis
B virus DNA levels and progressive liver injury in chronic hepatitis B. J.
Hepatol., 37, 355–363.

29.Parekh,S. et al. (2003) Genome replication, virion secretion and e antigen
expression of naturally occurring hepatitis B virus core promoter mutants.
J. Virol., 77, 6601–6612.

30.Tang,H. et al. (2006) Molecular functions and biological roles of hepatitis
B virus x protein. Cancer Sci., 97, 977–983.

31.Zheng,Y. et al. (2004) Regulation of hepatitis B virus core promoter by
transcription factors HNF1 and HNF4 and the viral X protein. J. Virol., 78,
6908–6914.

32.Su,S.C. et al. (2010) Spatial analyses identify the geographic source of
patients at a National Cancer Institute Comprehensive Cancer Center The
impact of insurance on access to cancer clinical trials at a comprehensive
cancer center. Clin. Cancer Res., 16, 1065–1072.

33.Yuen,M.F. et al. (2003) Significance of hepatitis B genotype in acute ex-
acerbation, HBeAg seroconversion, cirrhosis-related complications, and
hepatocellular carcinoma. Hepatology, 37, 562–567.

34.Lindh,M. et al. (1999) Core promoter mutations and genotypes in relation
to viral replication and liver damage in East Asian hepatitis B virus carriers.
J. Infect. Dis., 179, 775–782.

35.Cho,S.W. et al. (1999) Analysis of the precore and core promoter DNA
sequence in liver tissues from patients with hepatocellular carcinoma. J.
Korean Med. Sci., 14, 424–430.

36.Yin,J. et al. (2010) Distribution and hepatocellular carcinoma-related viral
properties of hepatitis B virus genotypes in Mainland China: a community-
based study. Cancer Epidemiol. Biomarkers Prev., 19, 777–786.

37.Cooke,M.S. et al. (2003) Oxidative DNA damage: mechanisms, mutation,
and disease. FASEB J., 17, 1195–1214.

38.Suspene,R. et al. (2005) Extensive editing of both hepatitis B virus DNA
strands by APOBEC3 cytidine deaminases in vitro and in vivo. Proc. Natl
Acad. Sci. USA, 102, 8321–8326.

39.Noguchi,C. et al. (2005) G to A hypermutation of hepatitis B virus. Hep-
atology, 41, 626–633.

40.Brechot,C. et al. (2010) Hepatitis B virus (HBV)-related hepatocellular
carcinoma (HCC): molecular mechanisms and novel paradigms. Pathol.
Biol. (Paris), 58, 278–287.

41.McMahon,B.J. (2010) Natural history of chronic hepatitis B. Clin. Liver
Dis., 14, 381–396.

42.Tsai,W.L. et al. (2010) Viral hepatocarcinogenesis. Oncogene, 29, 2309–
2324.

43.Yang,H.-I. et al. (2008) Associations between hepatitis B virus genotype
and mutants and the risk of hepatocellular carcinoma. J. Natl Cancer Inst.,
100, 1134–1143.

44.Su,S.C. et al. (2010) Spatial analyses identify the geographic source of
patients at a National Cancer Institute Comprehensive Cancer Center. Clin.
Cancer Res., 16, 1065–1072.

45.Qian,G.S. et al. (1994) A follow-up study of urinary markers of aflatoxin
exposure and liver cancer risk in Shanghai, People’s Republic of China.
Cancer Epidemiol. Biomarkers Prev., 3, 3–10.

46.Liu,S. et al. (2011) A matched case-control study of hepatitis B virus
mutations in the preS and core promoter regions associated independently
with hepatocellular carcinoma. J. Med. Virol., 83, 45–53.

47.Qu,L.S. et al. (2010) Combined pre-S deletion and core promoter mutations
related to hepatocellular carcinoma: a nested case-control study in China
Liver Cancer Epidemic in China: Past; Present and Future Comparison
study on the complete sequence of hepatitis B virus identifies new muta-
tions in core gene associated with hepatocellular carcinoma [The associa-
tion of hepatitis B virus genotype and the basal core promoter mutation in
Qidong, China]. Hepatol. Res., 25, 6.

48.Cornblatt,B.S. et al. (2007) Preclinical and clinical evaluation of sulfora-
phane for chemoprevention in the breast. Carcinogenesis, 28, 1485–1490.

49.Yuen,M.F. et al. (2008) Risk for hepatocellular carcinoma with respect to
hepatitis B virus genotypes B/C, specific mutations of enhancer II/core
promoter/precore regions and HBV DNA levels. Gut, 57, 98–102.

50.Zhu,Y. et al. (2010) Comparison study on the complete sequence of hep-
atitis B virus identifies new mutations in core gene associated with hepa-
tocellular carcinoma. Cancer Epidemiol. Biomarkers Prev., 19, 2623–2630.

Received February 5, 2011; accepted March 13, 2011

HCC risk in Qidong, China

865

http://globocan.iarc.fr

