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Abstract

In a pilot study of combination therapy with ribavirin and IFN� conducted in anti-HBe-positive individuals with
chronic hepatitis B, 21% of patients achieved a sustained ALT normalization and clearance of hepatitis B virus (HBV)
DNA as measured by PCR. The present work has assessed whether these sustained responses are lasting long-term.
In addition, IFN� levels were tested serially in serum as a measure of the immune system activation during treatment.
By extending the post-treatment follow-up period 2 years the occurrence of delayed HBV DNA relapses was
observed. A low serum level of IFN� was detected during and after treatment. IFN� demonstrated a multiphasic
time-course: the amount of IFN� increased in parallel with reductions in HBV DNA but also with ALT flare-ups. In
conclusion, the extended follow-up study of anti-HBe-positive patients after combined treatment with ribavirin and
IFN� has shown that sustained responses are lasting in 17% patients but also that a late onset HBV DNA relapse
may occur. © 2001 Published by Elsevier Science B.V.
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1. Introduction

Chronic hepatitis B anti-HBe and hepatitis B
virus (HBV) DNA-positive patients very rarely go
into remission spontaneously (Brunetto et al.,
1993) and thus have a high risk of liver disease
progression (Fattovich et al., 1995). There are few
reports about the efficacy of the retreatment of
anti-HBe-positive patients who did not respond to
initial interferon (IFN) � therapy. In general,
most of the patients relapse after treatment dis-

continuation (Oliveri et al., 1999).
In a pilot study conducted in anti-HBe-positive

patients (Cotonat et al., 2000), we investigated the
efficacy of the combination therapy with ribavirin
and IFN� for the retreatment of patients who had
failed previous IFN� therapy. Five (21%) of the
24 patients enrolled in the pilot study had
achieved a sustained ALT normalization and
clearance of HBV DNA as measured by PCR 2
years after initiation of therapy. The rate of sus-
tained response observed with ribavirin and IFN�
is within the range (15–25%) of the therapeutic
efficacy expected in this population of IFN-resis-
tant patients (Alberti et al., 1997). It is notewor-
thy that in the anti-HBe-positive setting the
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existence of the precore HBV mutant variant at
position 1896 is very frequent and that its increas-
ingly relative proportion diminishes the response
rate to therapy B (Brunetto et al., 1991). In the
present work, we have extended the follow-up
period of the retreated patients beyond 2 years
after the end of treatment in order to assess
whether the sustained responses already described
(Cotonat et al., 2000) are long-lasting. In addi-
tion, IFN� levels were tested serially in serum as a
measure of the immune system activation during
treatment with combination therapy with rib-
avirin and IFN�.

2. Patients and methods

2.1. Patients

Twenty-four anti-HBe and HBV DNA (PCR)-
positive patients with chronic hepatitis (Scheuer et
al., 1996) who had persisted with ALT elevation
after having failed previous interferon (IFN)
treatment received combination therapy with
daily oral ribavirin (1000–1200 mg according to
body weight) plus 5 million units IFN�2b (Intron-
A, Schering-Plough, Kenilworth, NJ) thrice
weekly for 12 months (Cotonat et al., 2000).
Serial blood samples were obtained prospectively

in 18 patients (Table 1) who have completed the
study period; blood was collected at the time of
each visit during treatment and until 24 months
after cessation of treatment (extended post-treat-
ment follow-up period). The study was conducted
in accordance with the declaration of Helsinki on
human experimentation. Informed consent was
obtained from the patients.

2.2. Laboratory tests

HBsAg, anti-HBe and anti-HBs were tested by
commercial assays (Abbott Labs, North Chicago,
IL). HBV DNA was quantitated by a PCR-based
assay according to the instructions of the supplier
(Amplicor HBV Monitor Test, Roche Diagnostic
Systems, Branchburg, NJ) with a detection limit
of 4.0×102 copies/ml (Gerken et al., 1998). Bio-
chemical and hematological parameters were mea-
sured by standard methods. Levels of IFN� were
measured by microplate ELISA using reagents
and protocols included in the duoset ELISA de-
velopment system provided by R&D Systems Inc.
(Minneapolis, MN). The detection limit of the
assay is 1.5 pg/ml.

2.3. Statistical analysis

The data were analysed using the SPSS pro-
gram (v 7.5) by the �2 or Fisher’s exact test and
Mann–Whitney’s or Wilcoxon’s signed rank tests
for independent or paired samples, respectively.
All P-values reported are two-tailed.

3. Results

3.1. HBV DNA response

Eighteen anti-HBe-positive patients had been
followed-up during 2 years after completion of
treatment with ribavirin and IFN�. At the end of
the first year of follow-up, 11/18 (61%) patients
tested negative for HBV DNA by quantitative
PCR. After the second year of follow-up, HBV
DNA continued to test negative in four patients,
whereas HBV DNA became undetectable in an-
other four patients. However, viremia reappeared

Table 1
Characteristics of the 18 patients at the start of the extended
follow-up

38 (23–53)Age (year)
17/1Gender (M/F)
8.8 (4.5–20)Duration of known HBsAg positivity

(year)
ALT (IU/l)a 92 (30–287)
HBV DNA in serum 3.28 (�2.60–7.75)

(log10 copies/ml)a

Li�er histology:
Grading (mild/moderate/severe/not 3/12/1/2

available)
3/7/6/2Staging (mild/moderate/severe/not

available)

Results are expressed as the mean (range) or the number of
cases.

a Normal ALT values: �43 IU/l; negative HBV DNA val-
ues: 400 copies/ml or �2.6 log10 units.
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Fig. 1. Changes in HBV DNA concentrations expressed as
log10 copies/ml (cut-off for negative values: 400 copies/ml or
2.6 log10 units) during the 2-years follow-up in 18 anti-HBe-
positive patients treated with ribavirin and IFN�.

3.3. HBsAg response

None of the patients had lost HBsAg 2 years
after cessation of treatment (extended follow-up
at the end of the study).

3.4. Serum le�els of IFN�

The levels of IFN� were longitudinally mea-
sured in the serum samples collected during the
period of treatment and follow-up. Serum IFN�
levels were low in general and there were no
significant differences in IFN� levels between re-
sponders and nonresponders to therapy during
the treatment period (data not shown). Serum
IFN� levels showed a multiphasic course through-
out the study period (Fig. 2). Thus, IFN� levels
increased initially during reductions in HBV
DNA concentrations but then started to decrease
in parallel with an augment in the rate of ALT
normalization until the end of the treatment pe-
riod. During the follow-up a rise in IFN� levels
was observed reaching a peak which coincided
with the maximum rate of HBV DNA clearance
(Fig. 2) but, at the same time, with ALT relapses.
Fig. 3 shows the time course of serum levels of
IFN� in a patient who demonstrated HBV DNA
clearance and ALT normalization at the end of
treatment but who subsequently relapsed the ALT
levels and ultimately HBV DNA reappeared de-
tectable. Because there were fluctuations in the
serum levels of IFN�, the total amount of IFN�

detectable in seven patients and HBV DNA had
persisted detectable all the time in the serum of
another three patients. Thus, 8/18 (44%) patients
were HBV DNA-negative at the end of the ex-
tended follow-up period after cessation of
treatment.

After completion of treatment with ribavirin
and IFN� in anti-HBe-positive patients HBV
DNA concentrations were significantly reduced
(mean log10�SD: 7.01�1.90 vs 3.80�1.88, P�
0.001). During the follow-up period there were
fluctuations in HBV DNA levels according to the
virological relapses observed in several patients
(Fig. 1), although HBV DNA concentrations re-
mained generally low in most of the patients.
Thus, viremia levels had been reduced by at least
3 log10 units at the end of treatment, they re-
mained low after 1 year of follow-up (3.28�1.33)
and persist reduced 2 years after stop of treatment
(3.30�0.88, P�0.001).

3.2. ALT response

ALT levels were within the normal range in five
patients after the first year of follow-up. At the
end of the extended follow-up period, four pa-
tients (22%) had normal ALT values. Of these
four patients, three also were HBV DNA-nega-
tive. Thus, 2 years after completion of therapy
with ribavirin and IFN� 3/18 (17%) patients con-
tinued to show a sustained response to
retreatment.

Fig. 2. Serum IFN� levels (mean�SD) in 18 patients treated
with ribavirin and IFN� in relation to the kinetics of HBV
DNA clearance and ALT normalization throughout the study
period.



V. Carreño et al. / Anti�iral Research 52 (2001) 147–152150

Fig. 3. Time course of serum levels of IFN� (�) in a patient
treated with ribavirin and IFN� who demonstrated HBV
DNA clearance and normalization of ALT levels (shaded area)
at the end of treatment but who subsequently relapsed the
ALT levels and ultimately HBV DNA reappeared detectable.
Vertical bars represent HBV DNA concentrations expressed as
copies/ml (cut-off for negative values: 400 copies/ml or
2.6 log10 units). Horizontal line refers to the upper limit (43
IU/l) of the normal range for ALT values.

when using their combinations with IFN� (Mu-
timer et al., 1998; Marques et al., 1998; Hadziyan-
nis et al., 2000). Nevertheless, in spite of the
virologic relapse, most of the patients have re-
mained with a low level of viremia.

Fluctuations in HBV DNA concentrations oc-
curred and thus viremia levels were up and down
the threshold for detection of HBV DNA by PCR
(Gerken et al., 1998). These changes were likely
associated with ALT flare-ups. It is suspected that
reappearance of HBV DNA in the serum means
virus release due to HBV persistence (Pichoud et
al., 2000) and replication in the liver (Cacciola et
al., 1999), albeit at a reduced level. Alternatively,
this event may reflect ongoing immune elimina-
tion of HBV and release from the infected cell
during hepatocytolysis (Tsai et al., 1992). How-
ever, none of the patients had lost HBsAg 2 years
after cessation of treatment. This finding does not
support eradication of HBV and cure. Instead, it
appears that variations in HBV DNA concentra-
tions and ALT values may correlate with the
outcome of the infection. As already reported in
the anti-HBe-positive population with chronic
hepatitis B (Brunetto et al., 1991), the course of
the disease is accompanied by persistently abnor-
mal ALT values in half of the patients but is
characterized by flare-ups interspersed with peri-
ods of normal ALT levels in the remaining pa-
tients. Thus, only three patients continued to
show a sustained response to treatment 2 years
after completion of therapy with ribavirin and
IFN�. Therefore, it remains to be confirmed that
such responses are long-lasting in a more ex-
tended survey.

Another finding of the study is the low level of
IFN� measured in the serum of anti-HBe-positive
chronic hepatitis B patients during and after treat-
ment, compared with the levels reported in
HBeAg-positive individuals (Kakumu et al., 1994;
Rossol et al., 1997). IFN� levels are a measure of
the immune system function and correlate with
T-cell function. Indeed, HBV-specific CD4+ T-
cell responses are rare among patients with anti-
HBe-positive chronic hepatitis B compared with
HBeAg-positive carriers (Ferrari et al., 1990).
Even though the amount was low in the sera of
the patients, IFN� demonstrated a multiphasic

detected in the three serum samples taken 6
months apart during the extended follow-up pe-
riod was analysed. Thus, IFN� levels were signifi-
cantly lower in eight patients who had been able
to clear HBV (including the three patients who
also entered in disease remission) compared with
the ten patients who remained viremic (mean pg/
ml IFN��SEM: 6.06�0.44 vs 13.53�0.84, P�
0.01 by Mann–Whitney’s test).

4. Discussion

In this work, we have investigated whether the
sustained response observed in anti-HBe-positive
patients to combined treatment with ribavirin and
IFN� is long-lasting by extending the post-treat-
ment follow-up period to 2 years and beyond.
Thus, besides ALT relapses which are found
within the first year of follow-up, the occurrence
of delayed HBV DNA relapses was now observed.
This finding may account for differences in the
virologic outcome following administration of rib-
avirin and other nucleoside analogues (Torresi
and Locarnini, 2000). For comparison, relapses in
viremia levels occur shortly after drug withdrawal
by using lamivudine (Tassopoulos et al., 1999;
Santantonio et al., 2000; Honkoop et al., 2000;
Liaw et al., 2000), ganciclovir (Hadziyannis et al.,
1999) or famciclovir (de Man et al., 2000), even
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time-course with levels rising and falling accord-
ing to viremia and ALT values. The amount of
IFN� appeared to increase timely with reductions
in HBV DNA but also in parallel with ALT
flare-ups.

Although the precise mechanism of HBV elimi-
nation is not completely known in the anti-HBe-
positive patients, it is tempting to speculate that
immune elimination plays an important role (Jung
et al., 1995). Both ribavirin and IFN� are drugs
with known immunomodulatory properties. In
fact, ribavirin treatment has the ability to increase
in vitro IFN� production in transgenic mice
(Hultgren et al., 1998). T-cell responsiveness may
be enhanced following significant reductions in
viremia levels by treating chronic hepatitis B with
IFN�, lamivudine, famciclovir or with combina-
tion therapy with lamivudine and IFN� (Lohr et
al., 1995; Marinos et al., 1996; Boni et al., 1998).
In this way, we have recently shown that com-
bined therapy with ribavirin and interferon-� for
chronic hepatitis B not only significantly reduces
viremia levels but also induces lasting CD4+ T-
cell responses and Th1 cytokine release at the site
of infection (Rico et al., 2001), which may lead to
sustained eradication of the HBV.

In summary, the extended follow-up study of
anti-HBe-positive patients after combined treat-
ment with ribavirin and IFN� has demonstrated
that sustained responses are long-lasting in some
patients but also that a late onset HBV DNA
relapse may occur in other cases. There is a need
to investigate novel drugs (Torresi and Locarnini,
2000) or different schedules of combination ther-
apy with more than one nucleoside analogue (Lau
et al., 2000) to achieve a long-term sustained
eradication of HBV in this difficult-to-treat popu-
lation of patients with chronic hepatitis B.
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