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Fig, 7. Glycoalbumin percentage (solid bars) and serum albumin level
(open bars) meesured by immunoassay and classified by severity (Child’s
classification) in 78 cirrbotic patients without diabetes. In these patis=nts,
the glycoalbumin percentage by Child class increased with progression of
the disease. Vertical bars show the standard deviation Glycoalbumin
percentage: control ‘versus liver cirthosis (Child A, B, and C), #P < 0.05;
Child A versus Child B and C, #4P < 0.05. Albumin level (see Figure 5
for dets from control subjects): control versus liver cirrhosis (Child A, B,
and C), ¥*P < 0.05; Child A versus Child B and C, **P < 0.05.

was 27.1%, resulting in 2 markedly increased percentage indepen-
dent of the Child class (data not shown).

In cirrhotic patients without disbetes, the oxidized albumin
percentage demonstrated a correlation with the glycoslbumin per-
centage, as shown in Figure 8.

DISCUSSION

The BCP method was first reported by Pinnell et al, in 197829; at
that time, it attractsd much interest as a good method highly
specific for albumin. Subsequently, however, it wes pointed out
that the BCP method has various disadvantages,?1-® such 25 neg-
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Fig. 8. Correlation between the glycoalbumin pereentage and the oxidized
albumin percentage in 78 cirrhotic patients without dizbetes (sclid circles),
The glycoaloumin percentage comrelated with the oxidized albumin per-
cenlage it cirhotic paients without diebetss, Solid line, regression equa-
dor: y = 23.65x + 832 (B = 0.13).
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ative error dus to &-bilirubin,®? reaction with serum in patients
undergoing hemodialysis?¢ and e difference in reaction between
reduced zlbwmin and oxidized albumin.?® Our study also showed
that some serum albumin levels measured by the BCP methed
differ markedly from the levels detected by immunoessay and that
this difference increased ag the oxidized albumin ratio increassd.
Therefore, the BCP method is not idzal as 2 method for determi-
nation of serum albumin in cirrhotic patients. To solve these
problems, Muramoto et al.2¢ endeavored to eliminate the differ-
ence in Teaction between reduced albumin and oxidized zlbumin
by prefreating serum semples. As a result, 2 modified BCP method
using en autozmalyzer (Akus-zuto Kainos Albumin Test Kit,
Kainos Leboratories, Inc., Tokyo, Japan; lipid-free humen serum is
used as the reference standard, with CRM470 as the primary
‘standard) is now availzble.?? Thus, this modified BCP method
(CRM 470) will be more suitable in the foture for determination of
serum albumin in clinical situations because the method is simple,
inexpensive, and reliable.

The serum albumin level decreases by 0.1 10 0.2 g/dL annually
in most cirthotic serum, Treatment with BCAA preparations can
increase the albumin level by 0.1 to 0.2 g/dL.28 It is expected that
determination of serum albumin will be performed more fre-
quently to assess the prognosis of cirrhotic patients, to decide the
timing of liver transplantation or the start of treatment for hy-
poalbuminemis, and to assess the therapeutic efficacy. Therefors,
{mprovement of methods for albumin determination is strongly
desired to minirnize varistion in the measured values among in-
stitutions and to ensure more accwrate determination of the albu-
min Jevel as an important index for deciding when to start freat-
ment, assessing the efficacy of treatment, and predicting the
prognosis.

Patients with liver cirrhosis were stratified by serum albumin
level in increments of 0.1 g/dL over the range of 2.9 to 4.1 g/dL.
There was z significant difference in the survival rate between any
two adjacent classes.?® Because po deaths wers observed at serum
albumin levels of 3.8 g/dL or higher, this is likely 2n important
threshold. In this study, cirrhotic patients in whom the serum
albumin level measured by the BCG method was 3.8 g/dL or
higher had complications at 2 lower frequency than did patients
with 2 serum albumin level below 3.8 g/dL. It is unclear whether
a serumn albumin level of 3.8 g/dL by the BCG method corresponds
to 2 value of 3.5 g/dl. measured around 1964 when Child's
classification was developed, However, it is currently appropriate
1o consider cirrhotic patients with a serum albumin Jevel of 3.8
g/dL as hypoalbuminemic. When the method for scrum albumin
determination is standardized in the future using the international
protein standard CRM 470 supplied by the International Federa-
tion of Clinicel Chemistry, the definition of hypoalbuminemia
should be reconsidered

The prognosts of cirrhotic patients depends on the serum 2lbu-
min Jevel.3® The clinical implicetions of the serum elbumin level
have been investigated by many researchers. However, there have
been only a fow studies on the properties of albumin micrchetero-
geneity on a molecular basis. In cirrhotic patients, the percentage
of oxidized albumin increases with a decrease in total albumin
concentration, independently of concurrence of diabetes. Further,
we found that the increase in the oxidized albumin percentage may
cause an incrzase in the serum albumin level when measursd by
the BCP method, The absolute levels of oxidized zlbumin and
reduced albumin mzy decrease with the progression of liver dis-
ease. However, the oxidized albumin percentage is thought to
increase because the dsgres of the decrease in the oxidized albu-
min levs] is Jess than that of reduced albumin, In reduced zlbumin,
the cysteine residue at the 34th position from the N-terminal is
preserved. In oxidized albumin, this cysteine residue is oxidized or
forms & reactive S-S bond with a sulfurous zmino acid (~SOH,
—SO,H, znd ~SO,H ere also formed). Because this S-S bond is
formed by 2 reversibls reaction within a shott time,®? both molec-
ular species are in dynamic squilibrium in the blood. Accerdingly,
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oxidized elbumin and reduced albumin closely refiect the oxida-
tion reduction state in vive. Oxidative stress due to aging, ne-
phrotic syndrome, hemodialysis, and diabetes increases the oxi-
dized albumin percentage.’2* Human serum albumin preparations
that are often used for treatrnent of hypoalbuminemia in cirrhotic
patients include preparations whose major ingredient is oxidized
albumin.?¢ Effective procedures for converting oxidized albumin
‘to reduced albumin remein unclear. An increased percentage of
oxidized elbumin may reflect increased scavenging of reactive
oxygen spscies by albumin, indicative of oxidative stress and/or
jecreased albumin turnover with conssquent accumulation of al-
bumin damaged oxidatively.53¢ The clinical implications of re-
duced albumin:oxidized albumin ratic in liver disezse should be
clarified while investigating the pathophysiology and treatment of
the disease.

It has been reported that the glycoalbumin level is increaszd in
diabetic patients.>” However, the method of glycated albumin by 2
mess spectrometric technique called matrix-assisted laser desorp-
tion jonization®® is based on the assumption that all changes in the
molecular mass of albumin in diabstes are due to glycation by
glucose. Therefore, the samples determined by a high-pscformance
liquid chromatographic method in our study should be determined
simultaneously by the recent new methods.?® In cirhotic patients,
the percentage of glycated albumin increases with a decrease in
total albumin concentration. Glycation of albumin is ap imrevers-
ible reaction, different from the reversible oxidation reduction
reaction of albumin. ¢ Unlike oxidized:reduced albumin, glycation
of albumin causzs an irreversible change in the molecular struc-
ture. Glycation of albumin reduces the binding capability of bili-
rubin to albumin to about half and that of long-chain fatty acids to
about one-twentieth.! This means that the native function of
albumin is attenuated. Therefore, glycated albumin can be consid-
ered to be deteriorated albumin. ‘Glycation of albumin in diabetic
patients is caused by hyperglycemic stimulation. Interestingly, in
this study, the glycoalbumin percentage also was increased in
cirrhotic patients without diabetes. Perhaps the hypoalbuminemic
status in cirrhotic patients reduces the destruction rate of albumin,
which is shown by prolongation of the half-life of albumin,®
resulting in prolonged stimulation by glucose. This study suggests
that this hyperglycemic stirnulation is an additional factor because
the glycozlbumin percentage in cirhotic patients accompanied by
diabetes was definitely higher than that in patiznts without diabe-
tes. Reducing sugars, including glucose, bind amino acid residues
in protein and form Schiff bases and Amadori products (hemoglo-
bin A, is a well-known product). These products are gradually
changed to ieversible derivatives, called advanced glycation (gly-
cosylation) endproducts (AGEs), over several weeks or several
months.%3 However, recent studies*»4% have suggested that AGEs
can form in days by the reaction of a-oxaldehydes such as glyoxal,
methylglyoxal, and 3-deoxyglucosone with proteins, Fruc-
tosamines also cannot degrads ovar a few days, 2lthough they form
over 10 to 15 d, depending on the proteins. Plasma AGE levsl
(Ne-carboxymethyllysine) in cirthotic patients (not accompanied
by renal disorder and/or diabetes) has been reported to incrsase
with the progression of diseese and to retum to normal afier Hver
transplantation.*® Increased Ne-carboxymethyllysine levels in cir-
thotics may reflect increased oxidative. degradation of fructosyl-
lysine to Ne-carboxymethyllysines? and decreased turnover of
albumin. AGEs produced from glycoalbumin have been consid-
ered to be attributeble 1o development of various complicetions in
diabetic patients.*®~*% The increased AGEs in patients with liver
disease acivate various cells in the liver, such as sinusoidzl en-
dothelial celis and Kupifer cells, through AGE receptors and
stimulate production of cytokines, including transforming growth
factor-B,, resulting in liver fibrosis and development of complica-
tions. Further investigation of the clinjcal implications of gly-
cozlburmin in the pathophysiology of liver discase is required, as
ere studizs of fhe kinstics of reduced zlbumin and oxidized
albumin.
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Background: An increase in the incidence of hepatocellular carcinoma {HCC) in Japan since the 1980s
suggests an imminent outbreak in other countries where viral spread occurred more recently. Interferon
therapy for chronic hepatitis C, in general, has been shown to prevent HCC.

Aims: To determine the scale of benefit in individual patients.

Subjects: Histologically proven chronic hepatitis C patients in the Inhibition of Hepatocarcinogenesis by
interferon Therapy {IHIT) cohort {Ann Infern Med 1999;131:174), as updated in March 2003.

Methods: The lifefime risk for HCC was calcvlated based on HCC incidence rates, stratified by sex, age,
fibrosis stage, and outcome of interferon therapy. The gain in HCC free survival was defined as the
difference between expected HCC free survival with sustained virological response and that without.
Results: The gain in HCC free survival was greater when a patient was younger and fibrosis was more
advanced. For example, o 30 year old male with F3 fibrosis gained 12.4 years by attaining sustained
response while a patient with F1 fibrosis older than 60 years gained less than one year. For a freatment
protocol with a given sustained response rate, prior estimation of the gain can be obtained by mulfiplying
the calculated HCC free survival for responders by the response rate.

Conclusions: The gain in HCC free survival may serve as an indicator of the benefit of interferon therapy in
terms of HCC prevention and be useful in the consideration of indication and selection of treatment
protocol for individual patients.

of hepatitis C virus (HCV) took place in Japan in the

1950s and 1960s.' * As a result, there has been a rapid
increase in hepatocellular carcinoma (HCC) incidence since
1980, now claiming more than 30 000 deaths each year.
Simultaneously, there was a decline in the number of deaths
assigned to cirrhosis. The decline may be partly due 1o
advances in HCC diagnosis but the major cause seems 1o lie
in the increasing risk of HCC as patients are getting older. The
time lag of 30 years between the peaks of infection spread
and HCC incidence corresponds to the observed interval
between the time of blood transfusion and carcinogenesis in
typical HCC patients.” These data strongly suggest an
imminent outbreak of HCC incidence in other countries,
including the USA, where HCV infection is thought to have
been spread more recently.**

Shortly after the discovery of HCV in 1989, interferon
therapy was confirmed to be effective against HCV infec-
tion.~"® We and other groups have shown that interferon
therapy significantly reduces the risk of HCC development
among chronic hepatitis C patients."** In our previous study,
50% relative risk reduction, compared with untreated
patients, was observed for conventional interferon mono-
therapy that showed an overall sustained virological response
(SVR) rate of 33%, and a relative risk reduction to 20% was
revealed among patients who achieved SVR."” As the antiviral
efficacy of interferon therapy has been improved by recent
advances such as combination with ribavirin’*"® and intro-
duction of pegylated interferons,' = we can expect that the
efficacy on HCC prevention has also been strengthened.

We have also shown that cirrhosis gradually resolves once
SVR is achieved, suggesting that interferon therapy will also
prevent death due to liver failure or variceal rupture.
However, HCC is clearly the dominant cause of death in
patients with chronic hepatitis C, at least among our cohort

Various studies have indicated that a nationwide spread

in Japan where the average age is over 50 years and most
patients abstain from heavy alcoho] consumption.* Thus we
have focused on HCC prevention as the primary object of
interferon therapy.

Considering the current status of therapeutics, interferon
therapy is clearly recommended only in a selected group of
patients.” Since the benefit of antiviral therapy differs among
individual patients, the indication as well as the choice of
regimen should be decided based on the expected benefit for
each patient. Quantification of benefit requires reasonable
assessment of the lifetime risk of HCC and the expected
reduction in it with treatment. In this study, we propose an
indicator, the gain in HCC free survival, to quantify the
benefit specific to individual patients. The value is calculated
based on both life expectancy and individualised risk of HCC,
and applicable to distinct protocols with varying efficacy. It
may serve as the gold standard for the benefit of antiviral
therapy in terms of HCC prevention.

MATERIALS AND METHODS

Incidence rates of HCC

Crude data were obtained from the IHIT (Inhibition of
Hepatocarcinogenesis by Interferon Therapy) database,'” * *
as updated on 31 March 2003. Every patient underwent liver
biopsy in 1990 or later, and liver fibrosis was staged according
to the classification system of Desmet and colleagues’
Patients had no history of HCC, and were positive for HCV
antibody and negative for hepatitis B surface antigen. We
excluded those who developed HCC or dropped out of
surveillance within one year after liver biopsy, and the start

Abbreviations: HCV, hepatitis C virus; HCC, hepatoceliular carcinoma;
SVR, sustained virological response; NNT, number needed to treat
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of observation was set at exactly one vear after liver biopsy.
Entry into the cohort was closed in 1999. The cohort
population analysed in this study consisted of 2392 patients
who received interferon monotherapy within one year of liver
biopsy, and 395 patients who did not. Among 2392 interferon
treated patients, 836 {34.9%) showed SVR, as determined six
months after cessation of interferon administration. After
undergoing liver biopsy, 90% of patients abstained from
alcohol except for infrequent social occasions, and only 2%
continued drinking alcohol (>80 g daily).

Patients underwent abdominal ultrasonography every
3-6 months, and contrast enhanced computed tomography
was also performed every 6-12 months in patients with
advanced fibrosis. A final diagnosis was made based on
haemodynamic patterns on contrast enhanced computed
tomography, abdominal angiography, or computed tomogra-
phy during angiography. Ultrasound guided tumour biopsy
was performed in ambiguous cases. The SVR group showed
27 events of HCC development during an observation period
of 4767 person years; in the non-SVR group, 214 events in
9922 person years; and in the untreated group, 67 events in
2168 person years.

HCC incidence rates, stratified by age, sex, and fibrosis
stage at entry, were calculated in each group by the person
year method. Risk ratios were analysed using Cox propor-
tonal hazard regression. Age, as ranked by 10 years, and
fibrosis stage were represented by dummy variables in the
analysis. Adjusted HCC incidence rates were calculated so
that the sum of squares of differences between the adjusted
and observed values, weighted by the number of patients in
each category, was minimised while conserving the risk ratios
obtained by proportional hazard regression.

HCC free survival
The probability that a patient remains free of HCC at nith year
of observation was calculated as:

(1-QI)(1—P1)x(1—Q2)(1—P2) x(1—Q3) %
(1=P3)x ... x{1—Qn)(1—Pn)

where Qi is the age and sex specific death rate in the general
population and Pi is the annual incidence of HCC specific to
the patient in the ith year. Age and sex specific death rates
were those published by the Ministry of Health, Welfare, and
Labour of Japan for the vital statistics surveyed in 2000.7 The
gain in HCC free survival by interferon therapy was defined
as the area between the cumulative HCC free survival curves.
This model is based on an assumption that fibrosis stage
remains constant with time (see model limitations in the
results section).

Statistics

Values are expressed as mean (SD) unless otherwise
specified. All statistical analyses were performed with SAS
Software version 6.12. We used an original program coded in
Object Pascal 10 calculate cumnulative HCC free survival.

Yoshida, Tateishi, Arakawa, et al

RESULTS

incidence rates of HCC

Demographic data of the patients analysed in the current
study are summarised in table 1, and observed HCC
development and deaths are shown in table 2, illustrating
that HCC was the major sequela among the cohort. Crude
incidences of HCC did not differ between the untreated group
and the non-SVR group in the corresponding category (data
not shown). Patients with advanced fibrosis (stages F3 or F4)
in the non-SVR group or in the untreated group showed a
very high incidence rate. In fact, values obtained were greater
than those found in 1999, suggesting that the risk of HCC
has increased with time. Fibrosis stage was determined at the
time of liver biopsy and had possibly progressed during the
observation period. As previously described. HCC incidence
rates were substantially lower in the SVR group.

Cox proportional hazard regression analysis revealed that
male sex, older age, and advanced fibrosis were associated
with a higher risk of HCC, both in the non-SVR groups
(table 3) and in the untreated group (data not shown).
Multivariate analysis showed that the risk ratio of non-SVR
to no treatment was 0.835 (95% confidence interval (CI)
0.625-1.1125; p=0.2214). We previously showed that the
risk of HCC was decreased in patients who showed normal-
ised serum alanine aminotransferase levels in spite of
continued viraemia after interferon therapy.* However,
active hepatitis recrudesces not infrequently in a short
period™ and the effect on HCC prevention in those patients
appears to decline in the long run. Thus we assumed that
interferon therapy without attaining SVR had no effect on
HCC prevention. Table 4 shows the incidence rates of HCC, as
fitted to the crude data by the least squares method. These
values were used in modelling of the estimated HCC free
survival of individual patients.

HCC free survival

Using the fitted HCC incidence rates and the age and sex
specific death rates, we estimated the lifetime cumularive
HCC free survival with or without SVR. Figure 1 shows an
example of a 30 year old male patient with chronic hepatitis
C with stage F3 fibrosis. The area under the curve indicates
the expected HCC free survival and the area between the two
curves is the gain in HCC free survival when the patient
achieves SVR. The gain, or the area, was calculated to be
12.4 years in this case.

We similarly calculated the gain in HCC free survival under
various conditions (see fig 2, table 5). By definition, these
values are applicable only after SVR has been achieved. The
gain in HCC free survival that can be expected before the

. virological outcome is known is the product of the value in

table 5 and the prior probability of achieving SVR.

The gain in HCC free survival was greater when a patient
was younger or fibrosis was more advanced. Judging by the
expected gain, indications for treatment are questionable’in
patients with fibrosis stage FO or F1 and older than 60 years
because they would gain less than one vear even if they

Table 1 Demographic data for the patients analysed in the current study

i A ntredted
No of patients 395
Age ty) 55.0 (107)
Sex {M/F) 204/191
Fibrosis stage
{FO-1/F2/F3/F4)} (n) 128/141/42/84
{FO-1/F2/F3/F4) (%) 32/36/11/21

836 1556
477 11.9) 50.5 (6.4)
583/253 D42/614
278/331/173/54 440/568/381/167
33/40/21/6 28/37/24/11

SVR, sustained virological response.
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“Table'2 ’vh.}c'iaén'ce“;Sf.»'hepcfocéﬂUlaracardihdhiu {HCC) und death inthe studly.cohort

on-hepatic.deaths {n) =

“5VR, sustdined virological responss. -

- "'lndudes deaths not direclly relared- fo HCC in pahenis who hud dwe‘oped {'he concer. .

attained SVR. On the other hand, patients with fibrosis stage
F3 or F4 and vounger than 50 years will gain more than
10 years with SVR, and more than five years even if the
probability of attaining SVR is 50%.

Recently, the efficacy of interferon therapy has been
improved by the introduction of peginterferon and ribavirin.
However, more effective protocols will be accompanied by an
increase in cost and incidence of untoward effects. These
must be counterbalanced by an increase in expected benefit.
While the increase in cost is the same, that in benefit is
directly proportional to the values shown in table 5 and
differs in each patient. The SVR rate for type 1b genotype
high viral load infection was approximately 7% among the
current cohort where six months of interferon monotherapy
was the main protocol. The combination of peginterferon and
ribavirin for 48 weeks, which is still under clinjcal trials in
Japan, is expected to show a response rate of 40% or better
for those patients. This difference (33%) corresponds to five
years of the gain in HCC free survival in 40 year old patients
with fibrosis stage F4 and to approximately one year in
60 year olds with fibrosis stage F2 (one third of the values
given in table 5). Although these values are a hypothetical
extrapolation, they may be clinically useful in choosing
treatment protocols.

Model limitations
The model described in this article is based on several
assumptions. Firstly, we assumed that interferon therapy

that failed to achieve SVR had no beneficial effect, as
described above, and this may result in underestimation of
the benefit. However, the difference cannot be large: a
30 year old male with fibrosis stage F4 has a gain of
16.59 years instead of 15.98 years, and an 80 year old male
with fibrosis stage FO/1 has a gain of 0.18 years instead of
0.15 years if we based the calculations on the incidence
observed in the untreated group.

Secondly, we assumed that the benefit of interferon
therapy was limited 1o HCC prevention. This is certainly an
underestimation: successful interferon therapy improves liver
function and may prevent death from liver failure. Several
studies, failing to find an effect on HCC incidence, still
indicated improvement in liver function with interferon
therapy.® * However, hepatic death without developing HCC
was rare in the current cohort; one patient in the SVR group
(variceal rupture (n = 1)), eight in the non-SVR group (liver
failure (n=4), variceal rupture (n=3), not specified
(n=1)), and four in the untreated group (liver failure
(n = 2), variceal rupture (n = 2)} died of a liver related cause
without developing HCC, indicating annual mortality rates of
0.02%, 0.08%, and 0.18%, respectively (table 2). These values
were small relative to the observed incidence of HCC.

Thirdly, we assumed that fibrosis stage remained constant,
with the risk of HCC unchanged except for the increment due
to aging. This may not be true: in fact, we previously
indicated fibrosis progression in untreated patients and
amelioration in interferon responders.” However, we did

“Table 3 * Annual hepatocellular carcinoma (HCC) incidence rates according to age and
SeX. ’ , S ' o ’
“iAgefyl:t ST B
SVR, male R ) -
<39 0.05% {0/65) -0.09% {0/59) ~0.16% (0/14) 0:24% {0/ 4}
4049 0.05%(0/57) 0.09% {0/66) 0.16% [1/29) 0.24% {0/9)
5059 0.39% {0/38) 0.69% {3/62) 1.21% (5/51) 1.86% {1/18)
60+ 0.70%{3/29) 1.18% {3/38) 2.01% {4/35) 3.20% (1/9)
SVR, female
<39 0.02%{0/32) 0.05% {0/38) 0.10% {0/7) 0.15% (0/1)
4049 0.03% {0/25) 0.05% {0/23) 0.10% {0/3) 0.15% (1/1)
50-59 0.23% {0/20) 0.41% (1/33) 0.73% {1/20) 1.12%(1/6)
60+ 0.40% {0/6} 0.71% {1/18) 1.25%(0/14) 1.93% {1/6)
Non-SVR, male
<39 0.05% {0/83) 0.13%{0/72) 0.28% (2/29) 0.56% (0/6)
4049 0.35% {2/85) 1.00% {4/101) 2.16% (7/46) 4.26% (10/32)
50-59 0.82% (6/82) 2.33% {19/111) 5.06% (26/74) 10.0%{17/33)
&0+ 1.03% {4/36) 2.93% (13/59) 6.35% [17/64) 12.5% {15/29)
Non-SVR, female
<39 0.02% {0/37) 0.07% {0/21) 0.14% (0/10) 0.29% (0/2)
4049 0.18% {0/41) 0.51% (2/44) 1.10% {3/18} 2.17% (0/6)
50-59 0.42% {1/53) 9% {8/96) 2.57% {19/80) 5.08% {5/32)
60+ 0.52% (1/23) 1.49% (11/64) 3.23% {10/60) 6.37% (12/27)
The percentages indicate the annual incidence rofes fitted by fhe least squares method using the risk rafios shown in
table 4. Numbers in parentheses are the observed events/number at risk in each category.
SVR, sustgined virological response; FO-F4, fibrosis stage.
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" Table 4 - Risk of hepatocellular caréinoma {HCC) development

-‘Mole:-v-female
CAgely)
S
T
09 7:67
Cosor o hoaa
. “Fibrosis stage R
Ol
L2
g
ra -

1.7610.87-6.67) ¢
0'{0.86-11.26)

A78(113:2018) T

7:61(1:81-31:93)
7.B4.14.35-72.49)
22.36 15.48-91.26)

2861159513
619 {3:50-1095)
*12.23 {6:81-21.95)

_Relaitive risks were.cdlculated by Cox proporfiond! hezard regression separately in each gi"ouvp:‘ -

not have enough samples to calculate age stratified rates of
fibrosis progression. The long term changes in HCC risk in
interferon responders have not yet been clearly elucidated.
Thus using the incidence rates observed in the seven year
observation period was a compromise. All of the assumptions
listed here may have underestimated, but not overestimated,
the benefit of interferon therapy.

Lastly, we did not analyse the effect of alcohol consump-
tion as there were very few heavy drinkers among the cohort.
Alcohol is one of the major risk factors for HCC development
and liver failure. The merit of successful interferon therapy
may be greater in drinkers if they wish 1o continue alcohol.
However, we recommend abstention io chronic hepatitis C
patients whether or not they receive antiviral therapy.

DISCUSSION
To date, large scale cohort studies conducted in Japan,
including ours, have unanimously indicated that by far the
most important sequela of chronic hepatitis C is HCC
development, and that interferon therapy significantly
reduces its incidence. In contrast, several studies performed
in Western countries found that HCC was less common, and
interferon therapy did not have significant effects. The reason
for this discrepancy has not been clarified. In this study, we
showed that the risk of HCC substantially increased with age
when patients of the same sex and fibrosis stage were
compared (table 2). The prevalence of HCV infection in Japan
is highly skewed to the older generations, and this may partly
explain the high incidence of HCC in Japan. 1f this is the case,
HCC incidence will increase substantially in Western coun-
tries in the near future, as it did in Japan in the 1980s.

The clinical importance of interferon therapy should be
measured in terms of its efficacy in HCC prevention, at least
in countries where HCC is the predominant complication of

P
2 0.8~
g 1 — SVR
2 T NonsvR
© 04 O
O l Gain in
% 0‘2!_ HCC free survival
9 : : :
30 40 50 60 70 80 90 100

Age (years)

Figure 1 Gain in hepatocellular carcinoma (HCC) free survival by
interferon therapy. The case of a 30 year old male patient with fibrosis
stage F3. Cumulative HCC free survival curves were determined based
on the patient specific HCC incidence rates and age and sex specific
death rates in case of sustained virological response {SVR} and non-SVR.
The area surrounded by the two curves indicates the gain in HCC free
survival obiained by achieving SVR.
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HCV infection. A popular indicator of efficacy of therapy in
preventing a disease is the number (of patients) needed to
reat (NNT), which is identical to the inverse of absolute risk
reduction. Mathematically, NNT for one decrement in HCC
development during a lifetime is equivalent 1o the life
expectancy divided by the gain in HCC free survival.
Supposing that the SVR rate is 100%, NNT is 3.92 (48.7/
12.4; table 5) for a Japanese 30 year old male patient with
fibrosis stage F3. This value should be divided by the
expected SVR rate if the outcome is not known. As NNT is
directly proportional to life expectancy, older patients have
smaller values for NNT, indicating “‘higher efficacy”, if the
gain in HCC free survival is the same. This may not be
intuitive for individualised consideration of indications for
treatment.

Several authors have performed cost effective analyses of
interferon therapy for chronic hepatitis C based on the
Markov model» In fact, our current model can be
considered as a simplified Markov model where a chronic
hepatitis C patient either achieves or does not achieve SVR
with interferon therapy, and has the corresponding risk of
HCC thereafter. Also, the HCC free survival is equivalent to
the gain in quality adjusted life year, where a year before HCC
development scores 1 and one after it scores 0. Owing to
those simplifications, the model is not dependent on
assumptive parameters but on observed data.

in conclusion, by using data obtained in a real cohort, we
established an indicator of the benefit of interferon therapy—
the gain in HCC free survival. This indicator may be useful in
assessing the indications for interferon therapy and in
selecting the best treatment protocol for individual patients.

survival {years)

Gain in HCC free

30 40 50 60 70 80 90 100

Age (years)

B Females
20~
. F4
15=
, F3
10+
5: F2
©FR-Y

¢] - y !
30 40 50 60 70 80 90 100
Age {years)

Goin in HCC free
survival {years)

Figure 2 Gain in hepatocellular carcinomo [HCC) free survival by
sustained virological response as a function of age and fibrosis stage.



Benefit of interferon therapy

429

Table 5 . Gaiin iﬁ':hépdfo:ellullg‘r?c_cvn;c'inbmu {HCC) Fr'éelsuwivd] ib)_"A.Susfaihed virological
" response ‘as a function .of-age and fibrosis stage ' G g

L iMales

230

EDREE”. (o SER S
60
B0

. Females "

hract

S8 3600 -0.93 -
80 289 0.44
U700 282 T.022
. BO o106 “0.08

. C . 240 :
768 12.41 1596
o575 945 1204
338 5.95 B4,
70 326 4.98
067 - 1.40 238
5.60 10.52 1573
561 10.51 1569
424 - 817 1244
2.52 517 B39
130 2.81 495
052 108 2.24

7.66 1598

. virologicadl response,

Expressed in yecfg,'iife upecmncy was et in-the Japanese ;general population i 2000. The gainin HCC Free
‘survival sas the difference in expected cumilafive HCC free survivalwith and without affairing a sustained
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of Hepatocellular Carcinoma in Women
With Viral Cirrhosis of the Liver
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E PREVIOUSLY REPORTED

a 2-year study showing

that vitamin K, (mena-

quinone) helps to pre-
vent bone loss in women with viral cir-
rhosis of the liver.! Most of the women
agreed to participate in a longer study
to clarify the Jong-term effects of vita-
min K, on bone loss associated with cir-
rhosis. The incidence of hepatocellu-
lar carcinoma was found to differ
between women who received vita-
min K, and those who did not.

METHODS

The participants in this study were 50
women with viral liver cirrhosis who
were admitted to a university hospital be-
tween 1996 and 1998. When the re-
sults of abdominal dynamic computed
tomography and abdominal ultrasonog-
raphy suggested the presence of hepa-
tocellular carcinoma, abdominal angi-
ography or needle biopsy was performed
to confirm the diagnosis. The diagnosis
of cirrhosis was based on histological ex-
amination of liver specimens obtained by
laparoscopy or needle biopsy per-
formed under ultrasonic guidance.

358 JAMA, July 21. 2004—Vol 262, No. 3 (Reprinted)

Context Previous findings indicate that vitamin K, (menaquinone) may play a role
in controlling cell growth.

Obijective To determine whether vitamin K, has preventive effects on the develop-
ment of hepatocellular carcinoma in women with viral cirrhosis of the liver.

Design, Setting, and Participants Forty women diagnosed as having viral liver
cirrhosis were admitted to a university hospital between 1996 and 1998 and were ran-
domly assigned to the treatment or control group. The original goal of the trial was to
assess the long-term effects of vitamin K, on bone loss in women with viral fiver cir-
rhosis. However, study participants also satisfied criteria required for examination of
the effects of such treatment on the development of hepatocellular carcinoma.

Interventions The treatment group received 45 mg/d of vitamin K, (n=21). Par-
ticipants in the treatment and control groups received symptomatic therapy to treat
ascites, if necessary, and dietary advice.

Main Outcome Measure Cumulative proportion of patients with hepatocellular
carcinoma.

Results Hepatoceliular carcinoma was detected in 2 of the 21 women given vitamin K,
and 9 of the 19 women in the control group. The cumulative proportion of patients with
hepatocellular carcinoma was smaller in the treatment group (log-rank test, P=.02). On
univariate analysis, the risk ratio for the development of hepatocellular carcinoma in the
treatment group compared with the control group was 0.20 (95% confidence interval
[CI], 0.04-0.91; P=.04). On multivariate analysis with adjustment for age, alanine ami-
notransferase activity, serum albumin, total bilirubin, platelet count, a-fetoprotein, and
history of treatment with interferon alfa, the risk ratio for the development of hepato-
cellular carcinoma in patients given vitamin K; was 0.13 (95% Cl, 0.02-0.99, P=.05).

Conclusion There is a possible role for vitamin K; in the prevention of hepatocellu-
lar carcinoma in women with viral cirrhosis.

JAMA. 2004,292:358-361 www . jama.com

Hepatocellular carcinoma was co-

in the control group consented to par-
firmed in 3 women in the treatment

ticipate in a longer trial. All but 1

group and 4 in the control group. These
7 women were excluded from further
study. The remaining 43 women were
randomly assigned using sealed enve-
lopes to a treatment or control group.
The treatment group received 45 mg/d
of vitamin K, (Glakay, Eisai Co, Tokyo,
Japan). At the end of the first study, 21
women in the treatment group and 19

woman in each group had hepatitis C
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virus infection; the other 2 women had
hepatitis B infection. Seven women, 4
in the control group and 3 in the treated
group, had previously received inter-
feron alfa for their hepatids C virus in-
fections, but hepatitis C virus was not
eradicated. No one was given inter-
feron therapy after study entry.

Surveillance for hepatocellular carci-
noma was performed according to de-
tailed procedures recommended {or fol-
low-up of patients with liver cirrhosis
in Japan.? Abdominal ultrasonography
or abdominal dynamic computed to-
mography was performed and serum
a-fetoprotein levels measured tumors at
3-month intervals. Any abnormality was
followed up by tumor biopsy or abdomi-
nal angiography to confirm a diagnosis
of hepatocellular carcinoma.

Diagnosed cases of hepatocellular
carcinoma were classified according to
the primary tumor, regional lymph
nodes, and distant metastasis (TNM)
system of the International Union
Against Cancer.’> Histopathologic di-
agnosis of hepatocellular carcinoma was
performed according to the criteria pro-
posed by Edmondson and Steiner.*
Compliance with vitamin K, in the
treatment group was good; no patient
had adverse reactions or dropped out
of the study. This trial was conducted
in accordance with the Declaration of
Helsinki and was approved by the eth-
ics committee at the Osaka City Uni-
versity Medical School. Written in-
formed consent was obtained from each
participant.

Statistical analysis was performed us-
ing SAS statistical software (version
8.12, SAS Institute Inc, Cary, NC). The
x? test was used Lo assess homogene-
ity between the groups. Cumulative in-
cidences were plotted using the Kaplan-
Meier method and the statistical
significance of differences was ana-
lyzed using the log-rank test. Cox re-
gression analysis was used for univari-
ate and multivariate analyses. P<<.05
was considered significant.

RESULTS

The 2 groups were similar with re-
spect to age, virus type, platelets, ala-

©2004 American Medical Association. All rights reserved.

VITAMIN K; AND LIVER CANCER AMONG WOMEN

Table 1. Baseline Characteristics™

Treatment Group Control Group P
(n=21) (n=19) Value

Age.y 59.8(8.7) £1.4(7.1) 5et
Hepatitis virus. No. (%)

B 1(4) 1(5) J 94+

C 20 (85} 18 (85)
Albumin, g/dl 3.8 (0.3) 3903 87t
Platelets, X 10%/mL 147 (54) 121 (52} 13t
Total bilirubin, mg/dL C.8(0.2) 0.9 (0.4 47t
Alanine aminotransferase, U/L 81.7 (42.7) 70.4 (33.4} 361
«a-Fetoprotein, mg/mL 13.4{17.7) 13.3(8.7) .99t
interferon, No. (%)

Prior 10 enroliment§ 4(19) 3(16) ] 79t

At enroliment 17 (81) 16 (84)

Sl conversion units: To convert bilirubin to umol/L., multiply by 17.1.
*Values expressed as mean {SD} unless otherwise indicated.

1Values calculated using the Mann-Whitnay U test.
tValues caiculated using the x? test.

§Hepatocelular carcinoma developed in 3 of 4 patients in the treatment groun and 1 of 3 patients in the control group
g

who received interferon prior to enroliment.

L
Figure 1. Flow of Participants Through Trial
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nine aminotransferase, a-fetoprotein,
and other clinical findings (TABLE 1).
Risk factors for hepatocellular carcino-
ma®® were also similar between the
groups. After the first study com-
menced, hepatocellular carcinoma was
detected in 2 of the 21 patients given
vitamin K, and in 9 of the 19 patients
in the control group (FIGURE 1). The
cumulative proportion of women with
hepatocellular carcinoma was smaller
in the treatment group compared with
the control group (log-rank test, P=.02;
FIGURE 2). The clinical characteristics

R N e AR ER TR
Figure 2. Cumulative incidence of
Hepatocellular Carcinoma Diagnosed in
Women Treated With Vitamin K,

50 Log-Rank P=.02
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of the women in whom hepatocellular
carcinoma was detected during surveil-
lance are shown in TABLE 2. All newly
diagnosed cases of hepatocellular car-
cinoma were stage 1 or 1l according to
the International Union Against Can-
cer classification and were given ag-
gressive anticancer therapy. On uni-
variate analysis, the risk ratio for the
development of hepatocellular carci-
noma in the treatment group com-
pared with the control group was 0.20
(95% confidence interval, 0.04-0.91;
P=.04: TABLE 3). On multivariate analy-
sis with adjustment for age, alanine ami-
notransferase activity, serum albu-
min, total bilirubin, platelet count,
w-fetoprotein, and history of treat-

(Reprinted) JAMA, July 21, 2004—Vol 292 No. 3 359
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e e 5 S i i i i e
Table 2. Profiles of Women With Hepatocellular Carcinoma

Type of No. of Days Diameter of UICC

Case No./ Hepatitis Diagnosis Occurred No. of Largest Cancer Method of Histological Type of

Age, y Group Virus After Enroliment Tumors Tumor, mm Stage Diagnosis Grade Therapy
1/70 Control C 200 1 15 1 Biopsy 1* PEIT
5/62 Control C 2333 2 20 2 AAG Unknown TAE
6/59 Control C 282 1 9 1 Biopsy 1* PEIT
9/70 Control o) 91 1 13 1 Biopsy 1* PEIT
21/43 Control C 1516 1 30 2 Biopsy 2* MCT
25/58 Control C 1568 2 18 2 AAG Unknown TAE
26/67 Controt B 849 1 32 2 AAG Unknown TAE
33/57 Control C 2800 1 30 2 AAG Unknown TAE

40/68 Control C 1002 1 21 2 Biopsy 3* Operation
4/64 Vitamin K, C 807 1 30 2 AAG Unknown TAE
27/68 Vitamin K; C 1054 1 11 1 Biopsy 1* PET

Abbreviations: AAG, abdominal angiography. MCT, microwave coagulation therapy: PEMT. percutaneous ethano! mjection therapy; TAE, transcatheter hepatic arlenial embolizatior;

UICC, International Union Against Cancer.

*Based on Edmondson and Steiner classification system (scale of 1-4).¢

[ ]
Table 3. Crude Odds Ratios for
Development of Hepatocellular Carcinoma

Odds Ratio
(85% Confidence P

interval) Value
Group* 0.20 (0.04-0.91) .04
Total bilirubin 1.23(0.33-4.64) .78
Alburmin 3.80 {0.80-18.08) .08
Platelets 1.55 (0.46-5.19) .48
Alanine 0.62 {0.17-2.36) 49

aminotransferase

e-Fetoprotein 1.67 {0.36-7.79) .51
Interferon 1.00(0.22-4865 >.99

*Vitamin K, group compared with control group.

o ]
Table 4. Adjusted Odds Ratios for
Development of Hepatocellular Carcinoma®

Odds Ratio
(95% Confidence P
Interval) Value
Groupt 0.13(0.02-0.89) .05
Total bilirubin £.29 (0.04-2.04) .22
Albumin 33.43 (2.36-473.35) .009
Platelets 2.24 (0.46-10.90) .32
Alanine 0.38{0.07-2.16) .28
aminotransierase
e-Fetoprotein 1.681(0.31-9.34) .55
Interferon 1.26(0.20-7.80) .81

*Values are adjusted for age ang all other variables in this
table.
+Vitamin K, group compared with control group.

ment with interferon alfa, the risk ra-
tio for the development of hepatocel-
lular carcinoma in women given
vitamin K; was 0.13 (95% confidence
interval, 0.02-0.99; P=.05; TABLE 4).

COMMENT

Vitamin K is a cofacior for the enzyme
y-glutamyl-carboxylase. which con-

360 JAMA, July 21, 2004—Vol 292

No. 3 (Reprinted)

verts glutamate residues into y-carboxy-
glutamate. Vitamin K—dependent pro-
teins include prothrombin II and the
coagulation factors VII, 1X, X, pro-
teins C and S, osteocalcin, surfactant-
associated proteins, and bone matrix
protein. The vitamin K family of mol-
ecules comprises the natural forms
vitamin K; (phylloquinone) and vita-
min K, (menaquinones) and the
synthetic form of vitamin K;-(mena-
dione). These naphthoquinone-
containing molecules inhibit tumor cell
growth in culture, with vitamin K; being
more potent than either vitamin K, or
K,. Vitamin K, inhibits growth of
human cancer cell lines and induction
of differentiation in various human
myeloid leukemia cell lines.”® Clini-
cally. vitamin X, has successfully treated
myelodysplastic syndrome.*

A number of findings indicate that
vitamin K may play a role in control-
ling cell growth. Underlying mecha-
nisms possibly involve (1) cycling of
oxidation and reduction (as known for
vitamin K3), (2) proteins with growth-
inhibitory properties induced by vita-
min K, such as prothrombin,*® (3) pre-
viously unidentified pathways involving
arylation,' (4) or growth arrest genes
such as gas 6. Geranylgeraniol, which
is a side chain of vitamin K,, strongly
induces apoptosis of tumor cells, sug-
gesting that geranylgeraniol might play
an important role in inhibiting cell
growth.”> The mechanisms respon-

sible for the inhibition of cell growth
mediated by vitamin K, remain unex-
plained. These or other hypothetical
mechanisms may have contributed to
the reduced hepatocellular carcinoma
incidence among patients receiving vi-
tamin K,. Indeed, the annual inci-
dence of hepatocellular carcinoma in
the control group was 8.8%, which is
similar to the incidence of hepatocel-
lular carcinoma (7.9%; 32/107) in cir-
rhotic patients in Japan® compared with
1.6% in the treatment group.

As shown in Table 4, the albumin
level showed the highest odds ratio for
the development of hepatocellular car-
cinoma. The serum albumin level is
considered an important prognostic fac-
tor in liver cirrhosis.***” Low serum al-
bumin levels in patients with liver cir-
rhosis are associated with disease
progression, poor nutritional status, and
compromised immunity, which in-
creases the risk of carcinogenesis. The
importance of low serum albumin lev-
els as a risk factor for hepatocellular car-
cinoma should be confirmed in larger
studies.

The original goal of our trial was to
assess the long-term effects of vitamin
K, on bone loss in women with viral liver
cirrhosts. Our trial had several impor-
tant limitations when the data were used
10 assess the value of vitamin K, for the
primary prevention of hepatocellular
carcinoma in patients with liver cirrho-
sis, resulting from the small study group,

©2004 American Mcdical Association. All rights reserved.



the inclusion of only women, and the
participation of only 1 center. How-
ever, similar to previously reported ran-
domized controlled studies of cirrhosis
in which the primary end point was the
development of hepatocellular carci-
noma, patients with evidence of hepa-
tocellular carcinoma on highly sensi-
tive imaging studies were exchuded, and
the 2 study groups were similar with re-
spect to risk factors for hepatoceltular
carcinoma, such as age, severity of cir-
rhosis, history of interferon therapy, and
type of hepatitis virus infection. The pro-
cedures used for the surveillance and di-
agnosis of hepatocellular carcinoma were
also similar to those used in our study.
The sensitivity of these procedures for
the detection of hepatocellular carci-
noma was underscored by the fact that
all of the detected cases of hepatocellu-

VITAMIN K, AND LIVER CANCER AMONG WOMEN

lar carcinoma were stage I or stage 11
Our results must also be tempered by the
fact that 3 cases of hepatocellular car-
cinoma were diagnosed in the control
group within a year of enrollment. These
patients may have harbored occult dis-
ease at the time of enrollment. None-
theless, despite its small size, our study
indicates that vitamin K, decreases the
risk of hepatocellular carcinoma to about
20% compared with the control group,
suggesting that vitamin K, may delay the
onset of hepatocarcinogenesis. More-
over, the safety, relatively low cost, and
ease of use of vitamin K; led 1o good
compliance with treatment. The re-
sults of this preliminary trial are intrigu-
ing and suggest that a potential role for
vitamin K; to prevent hepatocarcino-
genesis in patients with liver cirrhosis.
These results must be confirmed by mul-

ticenter randomized controlled studies
with the prevention of hepatocellular
carcinoma by vitamin K; as the pri-
mary end point.
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LETTERS TO THE EDITOR

Adefovir Dipivoxil to Prevent
Exacerbation of Lamivudine-resistant
Hepatitis B Infection during
Chemotherapy for Non-Hodgkin’s
Lymphoma

TO THE EDITOR: Lamivudine is a potent inhibitor of hep-
atitis B virus (HBV) replication and is widely used for the
treatment of chronic hepatitis B (1). In HBV carriers re-
ceiving cytotoxic or immunosuppressive chemotherapy for
hematological malignancies, acute exacerbation of hepati-
tis following viral reactivation is well documented; there-
fore, prophylactic or therapeutic use of lamivudine is highly
recommended (2, 3). However, prolonged treatment may in-
duce the emergence of lamivudine-resistant variants with
mutations in the reverse transcriptase (rt) domain of the
HBYV polymerase gene. There is currently no consensus on
the management of exacerbations of chronic HBV infec-
tion in patients with lamivudine-resistant variants during
chemotherapy. Adefovir dipivoxil, another nucleotide ana-
logue, has recently demonstrated potency against HBY, in-
cluding lamivudine-resistant strains (4—6). We hereby reporta
patient with lamivudine-resistant HBV who was treated with
adefovir dipivoxil during chemotherapy for non-Hodgkin’s
lymphoma.

A 44-yr-old woman with malaise and generalized lym-
phadenopathy was admitted to our hospital in December

2002. About 5 yr previously, chronic hepatitis B had been
diagnosed. Her mother and all four siblings were also car-
riers of HBV. Treatment with lamivudine was started at a
daily dose of 100 mg in June 2001. The subsequent clin-
ical course is shown in Figure 1. Shortly after the start of
therapy, the serum HBV DNA level declined, and transam-
inase activity normalized by wk 20. At wk 40 of therapy,
viral DNA became undetectable by transcription-mediated
amplification assay (< 3.7 logp copies/ml). At wk 64, how-
ever, lamivudine-resistant HBV variants emerged, and viral
DNA became detectable again in serum. On admission (at wk
70), alanine aminotransferase (ALT) activity was 21 1U/L,
aspartate aminotransferase (AST) activity 45 IU/L, lactate
dehydrogenase activity 872 [U/L, and y-glutamyltransferase
activity 28 IU/L. The hepatitis B e (HBe) antigen was positive
and the anti-HBe negative, with an HBV DNA level of 6.7
logyp copies/ml. The genotype of the HBV was type C. The
stop codon mutation at nucleotide (nt) 1,896 in the precore
region of HBV DNA was not found, but mutations were found
at nt1762 and nt1764 in the basal core promoter. Mutations
related to lamivudine resistance were detected from leucine
to methionine at amino acid rt180 and from methionine to
valine at rt204,

On the basis of the findings of lymph node biopsy, ultra-
sonography, computed tomography, and gallium scintigraphy,
diffuse Jarge-B-cell non-Hodgkin’s lymphoma (stage TIT) was
diagnosed. Five courses of chemotherapy with adriamycin,
cyclophosphamide, and vincristine were administered
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. Figure 1. ALT and HBV DNA levels during the climcal course of the patient from the time of initiation of lamivudine treatment. CHO,
adriamycin, cvclophosphamide, and vincristine; AraC, cyiarabine; CBDCA, carboplatin: EPOCH-R, rituximab plus etoposide, prednisone,
vincristineg, cyclophosphamide, and doxorubicin; FND, fludarabine, mitoxantrone, and dexamethasone. Broken line shows the detection
Jimit of the transcription-mediated amplification assay (3.7 logy, copies/mi of HBV DNA).
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between December 2002 and April 2003. After three courses
of chemotherapy, lymph nodes regressed considerably in size.
However, lymphoma recurred after the fifth course; involve-
ment of the liver and spleen were found on gallium scintig-
raphy. The patient did not respond to subsequent intensive
chemotherapy with a combination of cytarabine and carbo-
platin in May 2003, two courses of rituximab plus etoposide,
prednisone, vincristine, cyclophosphamide, and doxorubicin
between June and July 2003, or two courses of fludara-
bine, mitoxantrone, and dexamethasone in August 2003. On
September 25, the patient died suddenly of rupture of splenic
lesions.

At the start of antineoplastic chemotherapy, the ALT activ-
ity was 58 TU/L, and the AST activity 71 [U/L with an HBV
DNA level of 8.3 log, copies/ml. To prevent chemotherapy-
induced exacerbation of lamivudine-resistant HBV infection,
treatment with adefovir dipivoxil at 10 mg daily was added to
the lamivudine. The serum HBV DNA level fell immediately
after the commencement of adefovir dipivoxil and became un-
detectable at wk 20 of therapy. HBe antigen did not serocon-
vert to anti-HBe. ALT activity was 170 IU/L at wk 8 of ther-
apy, decreased thereafier, and normalized at wk 16 of therapy.
During 36 wk of therapy with adefovir dipivoxil, suppression
of HBV replication was sustained, allowing chemotherapy to
proceed without delay or modification. albeit the response
to chernotherapy was not favorable. There were no clinically
significant adverse events related to adefovir dipivoxil, such
as nephrotoxicity, which has been reported with higher doses
(= 30 mg daily).

Ohmoto er al. described a case of lamivudine-resistant
HBYV reactivation that was successfully treated with a combi-
nation of lamivudine and interferon-a during chemotherapy
for non-Hodgkin’s lymphoma (7). However, randomized con-
trolled trials have not shown long-term beneficial effects of
this combination (8, 9). Interferon-a sometimes causes seri-
ous adverse effects, including hemopoietic toxicity. Adefovir
dipivoxil is generally well tolerated. Resistance to adefovir
dipivoxil was not found in large, placebo-controlled 48-wk
studies (5, 6), although a novel mutation associated with re-
sistance has more recently been identified in the HBV poly-
merase gene (10).

There remain two unsolved issues related to the treatment
schedule. First, should adefovir dipivoxil be initiated as pro-
phylaxis in patients with lamivudine-resistant HBV at the
start of chemotherapy? Second, how long should lamivu-
dine be continued after the initiation of adefovir dipivoxil?
Delayed treatment due to acute exacerbation of HBV may
preclude the subsequent completion of chemotherapy proto-
cols. Withdrawal of lamivudine can cause breakthrough of
wild-type HBV strains. We believe that prophylactic use of
adefovir dipivoxil with continued use of lamivudine (at least
for the first few wk) is indicated in the management of hema-
tological malignancies by chemotherapy.

In conclusion, adefovir dipivoxil should be considered to
prevent viral reactivation in patients who carry lamivudine-

resistant HBV variants during intensive chemotherapy. Fur-
ther studies are needed to establish optimal treatment
regimens.
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Abstract

Purpose. We investigated the clinical and virologic
findings in hepatitis B surface antigen (HBsAg)-
negative and anti-hepatitis C virus antibody (anti-
HCV)-negative patients with hepatocellular carcinoma
(HCC) 1o investigate the role of previous or occult
hepatitis B virus (HBV) infections in the development
of HCC.

Merhods. We examined sera and HCC samples from 40
HBsAg-negative and anti-HCV-negalive patients. Sera
were lested for some viral markers. and genomic DNA
was extracted from the HCC samples. HBx RNA
was also extracted from the HCC and amplified by a
polymerase chain reaclion with reverse transcription
(RT-PCR).

Results. Hepatocellular carcinomas from five patients
with anu-HBc (group 1. 25 patients) and nine patients
without anti-HBc (group 2. 15 patients) were examined
for HBx RNA. HBx RNA was detected in four of the
five HCC samples from group I and in four of the nine
HCC samples from group 2.

Conclusion. These findings suggested that previous
or occult hepatitis B virus infection is common in
HBsAg-negative and anti-HCV-negative patients with
HCC.

Kev words Hepatocellular carcinoma - Hepalitis B
virus - Hepatitis C virus - Occult infection - Hepatitis Bx
RNA

Infroduction

The major causes of hepatocellular carcinoma (HCC)
are hepatiiis B virus (JIBV) and hepatitis C virus
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(HCV). In fact. in Japan. HB surface antigen (HBsAg)
or anti-HCV antibody (anti-HCV) is delecied in the
sera of about 90% of patients with HCC.}? In the other
10%. the cause of carcinogenesis and the relationship
between viral hepatitis and HCC remain unclear. In
patients infected with HBV. integration of the HBV
genome and the production of HBx protein in the liver
play important roles in the development of HCC.? HBV
sequences have been found in HCC samples from
patients without HBsAg*'* possibly indicating an
occult HBV infection.’* Other studies have shown that
HBV DNA is still present in blood or lissue afler
seroconversion to HBsAg-negativity in patients with
chronic hepatitis B or transient HBV infection.””= The
role of occult HBV infection in chronic liver diseasc was
recently clarified.’® In Japan, the anti-HB core antibody
(anti-HBc). which indicates present or past HBV infec-
tion. is detected in about 60% of HBsAg-negative and
anti-HCV-negative patients with HCC.!=* However.
the clinical features related to HBV infection in such
patients have not been clarified.

The hepatitis G virus (HGV)/GB virus C and the TT
virus (TTV). a novel DNA virus. were recently reported
10 cause liver disease.’** However. few studies have
investigated the prevalence of HGV and TTV in
HBsAg-negative and anti-HCV-negative palients with
HCC. and the role of these viruses in the development
of HCC is sull unclear.!=*% We studied the clinical and
virologic findings of HBsAg-negative and anti-1{CV-
negative patients with HCC 1o investigate the role of
previous or occult HBV. HGV. and TTV infections in
the development of HCC.

Patients and Methods

Patients

Berween April 1990 and December 1999, 391 patients
underwent liver resection for HCC at the Second
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Department of Surgery. Osaka Citv University Medical
School. Sera from 40 of these patients were negative
for both 1BsAg and anti-HCV. We investigated the
clinicopathologic findings and hepatitis markers in
these 40 patients, comprised of 33 men and 7 women,
with a mean age of 61 years (range 29-80). Clinico-
pathologic findings and hepatitis markers in these 40
patients were investigated. The medical and family his-
tory of chronic hepatitis B. and alcohol intake were
established by interviews with the patients and their
families. Clinical records were also reviewed if possible.
Alcohol abuse was defined as the consumption of an
estimated mean of 86 g or more of ethanol per day for at
least 10 vears. according to the Liver Cancer Study
Group of Japan.®!

We were able to use unfixed frozen sections of
resected tissue specimens to detect HBx RNA, from
five anu-HBc positive patients (group 1) and nine
anti-HBc negative patients (group 2). There were no
remarkable differences in clinicopathologic findings
between the subjects of this study and other patients in
either group.

This study was conducted in accordance with the
Helsinki Declaration. adhering to the guidelines of the
Ethics Committee of our institution. Informed consent
was obtained from each patient.

Viral Markers in Serim and Tissue

Serum was obtained before surgery and frozen at
~80°C until assayed. Sera was tested for anti-HCV by
an enzyme-linked immunosorbent assay (Ortho Diag-
nostic Svstems, Tokvo, Japan). Serum HCV RNA was
examined by a polymerase chain reaction with reverse
transcription (RT-PCR) using primers derived from a
conserved 5'-untranslated region of the viral genome??
and by a branched DNA probe method (>1.0 X 108
copy/ml. Quantiplex HCV-RNA. Chiron. Emervville,
CA. USA). Sera were also tested for HBsAg. anti-HBe
antibody (anti-HBe). anu-HBs antibody (anti-HBs).
and anti-HBc using an enzvme immunoassay (Interna-
tional Reagents. Kobe. Japan). A titer for anti-HBc¢
with >70% inhibition was scored as positive. and was
defined as high when there was greater than 70% inhibi-
tion after a 200-fold diluiion of the test serum. We mea-
sured serum HBV DNA as described previously (4.0
> 107 copy/ml).> Sera were tested for anti-hepatitis D
virus by an enzyme immunoassay (Abbott Laboralo-
ries. North Chicago. IL. USA).

Hepatitis G virus/GB virus-C RNA was tested by a
nested RT-PCR as described previoushv.! TT virus was
tesied by PCR using second- and third-generation
primers as described previoushv. 3 For z semi-nested
PCR assav (second generalion). we used primers
NGO39 (outer. sense. 3-ACAGACAGAGGAGAA
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(58]

GGCAACATG-3"). NGO61 (inner, sense. 5'-GGCA
ACATGTTATGGATAGACTGG-3), and NGO63

{antisense. 5-CTGGCATTTTACCATITCCAAAG
TT-3"). We also performed a single-round PCR

assay (third generation) using primers T801 (sense.
5'-GCTACGTCACTAACCACG-3") and T935 (anti-
sense. 5'-CTBCGGTGTGTAAACTCACC-3: B =
mixture of G, C. and T).

Resected samples of HCC were {rozen and stored
at —80°C. Genomic DNA was extracied from both
tissues by standard proteinase-K digestion, followed
by phenol-chloroform extraction. RNA was also
extracted from 100mg of tissue by the acid guanidinium
thiocyanate-phenol-chloroform method® followed by
treatment with ribonuclease-free DNase (Stratagene
Cloning Systems. La Jolla. CA. USA) at 37°C for
13min. After inactivation of the DNase. the samples
were incubated with reverse transcriptase (Gibco BRL.
Gaithersburg. MD. USA) and 50pmol} of the down-
stream primer specific for HBx (1818-1799).%" For the
negative control, 10l of the cDNA and RNA samples
(equivalent to 1pg) were amplified in 50l of a reaction
buffer containing 25pmol of the two appropriate
primers. deoxvnucleotides. each at a concentration of
0.2mmol/l. PCR buffer. and 2.5 units of Gold Taq poly-
merase (Roche Molecular Systems. Branchburg. NJ.
USA). Thirty-five cycles of amplification were done
(95°C for 30s. 55°C for 60s, and 72°C for 90s) for the
first PCR. With 2 ul of the {irst PCR product. a second
PCR was done to detect HBx RNA.M Gel electro-
phoreasis was done in 1.3% agarose and direct sequenc-
ing of the HBx gene was done with a DNA sequencing
system (373A. Applied Biosystems, Tokvo. Japan) as
described previously .

Puathologic Examination

Resected specimens were cut into serial slices Smm
thick. then fixed in 10% formalin. and stained with
hematoxylin and eosin. The severity of active hepatitis
{grade) and the degree of fibrosis (stage) in the noncan-
cerous hepatic lissue was determined according to the
definition of Desmet et al.* Grade 0 indicated no activ-
ity: grade 1. minimal activitv: grade 2. a low leve]
of activity: grade 3. a moderate level of activity: and
grade 4. a high level of activity. Stage 0 indicated no
fibrosis: stage 1. portal fibrous expansion (mild fibrosis}):
stage 2. portal-portal septa withourt architectural distor-
tion (moderate fibrosis): stage 3. portocentral septa with
architectural distortion (severe {ibrosis): and stage 4.
cirrhosis.
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Table 1. Clinical features and serologic markers for hepatitis in HBsAg-negative and

anti-HCV-negative patients with hepatocellular carcinoma

Anti-HBc-positive
(group 1. n = 25)

Anti-HBc-negative
{group 2.1 = i5)

Age (mean = SD} 61.0 = 8.3
Sex (Male: Female) 22:3
History of 15
chronic hepatitis B
Family history of 8
chronic hepatitis B
History of blood transfusion 4
Alcohol abuse 9
Anti-HBe 12
Anti-HBs 15
HBV DNA 2
Apti-HDV 0
HCV RNA 0
HGV (GBV-C) RNA 2
TT virus DNA
Second-generation primers 8
Third-generation primers 18
Associated liver disease
Autoimmune hepalitis 1

Budd-Chiari syndrome

604 £ 138

e

oo oo

N>}

.

Anti-HBe. anti-hepatitis B ¢ antibody: anti-HBs. anti-hepatitis B surface antibody: anti-HDV,
anti-hepatitis D virus antibody: HGV. hepatitis G virus: GBV-C. GB virus C

Results

Sera from 40 of the total 391 patients were negative for
HBsAg and anti-HCV (Table 1). The sera {rom 23 of
these 40 patients were positive for anti-11Bc (group 1).
In group 1. the sera from 12 patients were posilive
for anti-HBe and the sera from 15 patients were positive
for ant-HBs. The sera {rom the other 15 patienis
were negative for anti-HBe. anti-HBs, and anti-19Bc
(group 2). The sera from all 40 palients were negative
for HCV RNA and anti-hepatitis D virus antibody.
HGV RNA was detected in the sera {rom two patients
in group 1 but none in ecroup 2. TT virus DNA was
detected in 10 of the 40 pauents by second-generation
primers. and in 27 ol the 40 patients by third-generation
primers.

Sera {from rwo patients in group 1 were positive {or
HBY DNA and the iers for anui-HBc in these 2
patiemis were high. In group 1. eight patients had a
family history of chronic hepatitis B. and 15 patients.

including the 2 with HBV DNA and high titers of

anti-HBc. had been trealted for chronic hepatilis B
{Table 1). These findings suggest strongly that HCC was
detected after seroconversion 1o HBsAg-negativity dur-
ing chronic hepatitis B in at least 15 patients in group 1.
Figure | shows the tvpical clinical course of one patient
in whom HMCC was detected after seroconversion to
HBsAg-negativity. In group 2. HBV DNA was not de-
tected in the sera of any patients. None of the group 2

| |
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Fig. 1. Tvpical clinical course of one patient in whom HCC
was detected after seroconversion of hepatitis B surface anti-
gen. HBeAg. hepatitis B ¢ antigen: HBsAg. hepatitis B surface
antigen: BEsAb. hepatitis B surfuce antibody: AFP. u-feto-
protein: ALT. alanine aminotransferase. Arrow indicates the
diagnosis of HCC. HBsAg disappeared with the remission of
ALT fluctuations. HCC was detected afier seroconversion of
HBsAg

patients had a history of chronic hepatitis B. and
onlyv one patient had a {amily history of chronic hepati-
us B. Nine patients in group 1 and seven patients in
group 2 had a history of alcohol abuse. Four patients in
group 1 tiwo of whom had signs of chronic hepatiiis B)
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Table 2. Laboratory test results and histologic findings of noncancerous hepatic tissue
from HBsAg-negative and anti-HCV-pegative patients with hepatocellular carcinoma

Anti-HBc-positive
(group 1. n = 23)

Anti-HBc-negative
(group 2. n = 15)

AFP (>20ng/ml)
PIVKA 11 (>40ng/ml)
Albumin {grdl)

AST (TUN)

ALT (TUA)

JCGR; (%)

7

15 (26/70)
11.0 (8.3/19.0)

HAT score
Grade (23, i 3
Stage (23 13 6
Tumor differentiation
Well differentiated 2 2
Other 23 13

Laboratory test results are expressed as the median with 10th and 90th percentiles

AFP. a-fetoprotein: PTVKA 1 protein-induced vitamin K absence or antagonist II: AST. aspar-
tate aminotransferase: ALT. alanine aminotransferase: ICGR .. indocyanine green retention rate
at L3min: HAI score. histologic activity index score. defined by Desmet et al.™ Grade. the severity
of active hepatitis in the noncanceraus hepatic tissue: Stage. the degree of fibrosis in the noncan-

cerous hepatic fissue

Table 3. HBx RNA in hepatocellular carcinoma and noncancerous hepatic tissue

Hepatocellular carcinoma
HBx RNA

Patient no.

Noncancerous hepatic tissue

HBx RNA

Group !
5 o
i0 -
20 -

4 -
4 :

25 ~

Group 2
ol

RN o R RN SRRV
t

L) OO

and one patient in group 2 had a history of blood trans-
fusion. One patient in group 1 and one patient in group
2 had autoimmune hepatilis. and one patient in group
I had Budd-Chiari svndrome. Although the serum
albumin concentration was significantly higher in group
2 than in group 1 (P = 0.002). there were no differences
in olher laboratory tesl resulls or histologic findings
of the cancerous and poncancerous hepatic Llissues
{Table 2).

Resected specimens {rom five patients in group | and
nine patients in group 2 were tested for HBx RNA

(Table 2 and Fig. 2). HBx RNA was detecied in four of

the five group 1 samples of HCC and in four of the nine
group 2 samples of HCC.

HBx RNA was also detected in two of six patients in
group 2 with severe fibrosis or cirrhosis. The other four
of these six paticnts were heavy drinkers.

Discussion

The clinical significance of previous HBV infection in
HCC development. especially in patients with HCV-
related HCC. has been the subject of many recent stud-
ies.*=% However. there have been few reports on the
clinical features and significance of previous or occult
HBV infection in HBsAg-negative and anti-HCV-
negative patients with HCC. Negative HBsAg and
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Fig. 2A-C. Nucleotides from HCC samples (€} and noncan-
cerous hepatic tissues (N). A HBx DNA amplification by
nested polvmerase chain reaction (PCR). B p-Actin mRNA
amplification as the housekeeping gene. C HBx mRNA ampli-
fication by nested reverse transcription (RT})-PCR. The ex-

positive anu-HBc usually indicates seroconversion in
chronic hepalitis B or previous transient HBV infection.
In this study. 15 of 235 patients with anti-HBc (group 1)
had a history of chronichepatius B. and the sera from 2
of these 15 patients were positive for HBV DNA and
the titer of anti-HBc was high. These findings indicate
that HBsAg seroconversion occurred before HCC was
detected in at least 15 patients. In facl. the detection of
HCC after seroconversion has been reported before.™
In patients with chronic hepatitis B. screening for signs
of HCC 1s necessary even afler the disappearance of
serum HBsAg. Although four patients in group 1 and
one patient in group 2 had a history of blood transfu-
sion. the route of HBV infection could not be identified
in most paticnls.

Occult HBV and its oncogenic potential are consid-
ered a consequence of the potential of this virus to be
integrated into the host genome. 1IBx RNA was de-
tected in the HCC samples from four of the five group 1
patients and four of the nine group 2 patients. which
suggests thal many. if not most HBsAg-negative and
anti-HCV-negative patients with HCC have been in-
fected with HBV. Free episomal HBV genomes or viral
particles may persist in the liver during occult infection.
Other investigators have reported that Southern hyv-
bridization of genomic DNA in HCC ussues enabled
the detection of HBYV DNA in some HBsAg-ncgative
and anti-FICV-positive patients.?" BV DNA might
have been integrated in the early stage of hepatocar-
cinogenesis. bul then lost during clonal evolution.” On
the other hand. HBx-coding plasmids can transform
NIH 3T3 cells* and HBx protein induces the ransfor-
mation of liver cells in Lransgenic mice.* HBx protein
binds to and inactivates wild-tvpe p33 protein** HBx
protein also transactivates viral and cellular genes
through transcription regulatory {aciors such as AP-1
AP-2. NF-xB. and CREB.®* Hepatitis B virus DNA
was not detected in normal liver tissue without serum
markers for viral hepatius and liver cancer. in donor for

=) (4) 1~} l‘) [l I*) §--) (‘)
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tracted RNA was treated with reverse transcriptase [RT (—)
ornot RT {(—)]. Only samples treated with RT were amplified.
The expected molecular weights of the PCR products are
given as base pairs (bp). on the left. P. cloned HBx gene as the
positive control: M. size marker

living-related liver transplants.™ These findings indicate
that HBx RNA expression. which is necessary for pro-
ducing the protein, is critical in the development of
HCC in patients with occult HBV infection. although
the reason that HBx RNA is present in HCC tissue is
still unclear. In six of our group 2 patients with severe
fibrosis or cirrhosis. HBx RN A was detected in two. and
the other four were heavy drinkers. passively contribut-
ing 1o their hepatocarcinogenesis.”

Several investigators have reported a poor or weak
association between HGV/GBV-C infection and
HCC.!»** Accordingly. we detected HGV RNA in only
2 of the 40 patients. Thus, HGV did not contribute
strongly 1o the development of HCC in patients without
HBsAg and anti-lICV. TT virus was recently cloned
from patients with post-transfusion hepatitis of un-
known etiology:™ however. TTV DNA is detected com-
monly in the adult population of Japan. indicating that it
is an unlikely causative agent of chronic liver disease -+
In this study. TTV was detecled in 10 patients by
second-generation primers and in 27 patients by third
gencration primers. Moreover. the prevalence of
TTV was similar to that in patients with chronic liver
disease without HCC and in the healthy population.™*
These findings indicate that TTV is not related 1o
hepatocarcinogenesis.

In conclusion. HBx RNA was often detected in HCC
samples from HBsAg-negative and ani-HCV-negative
patents. suggesting that previous or occult HBV
infection may be critical in the development of HCC.
Hepatitis G virus and TTV are not causalive agents
for HCC in HBsAg-negative and anti-HCV-negative
patients.
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