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ABSTRACT

Context: Characteristics and factors influencing viral decay under TDF and ADV
need to be determined in HIV-HBV co-infected patients.

Patients and methods: This non-randomized, open label study compared the
HBV DNA decay in 85 HIV-HBV co-infected patients initiating a combined antiret-
roviral regimen either including TDF or associated with ADV. The first 6 month-
change in viral load was analyzed using mixed-linear models. The adjusted haz-
ards rate ratio, comparing the rates of undetectable HBV-DNA between treat-
ments, was calculated using Cox proportional hazard model.

Results: The HBV-DNA decay, adjusted for baseline HBV viral load, was more
pronounced in patients treated with TDF than with ADV (-66% versus -53% at 12
months, p=0.0001). Patients in the TDF group presented a steeper slope of de-
cline, estimated at 1.1 (95% CI: 0.9, 1.3) compared to 0.8 (95% CI: 0.6, 1.0) in
the ADV group (p=0.036). The mean time to HBV-DNA undetectability was 19.3
months (95% CI: 16.7 — 22.0) with TDF and 25.9 months (95% CI. 21.1 — 30.7)
with ADV. When adjusted for HBe Ag, HBV-DNA and ALT levels at baseline, the
influence of treatment on time to HBV-DNA undetectability re-mained in favor of
TDF versus ADV (HR = 2.79; 95 % ClI : 1.05-7.40, p=0.039)

Conclusion: The early-phase HBV-DNA decay is more strongly influenced by
TDF than by ADV. This is associated with a sustained antiviral activity in the TDF
group, in which patients reach the threshold of HBV undetectability at a faster

rate and at a larger proportion than those taking ADV.



INTRODUCTION

Chronic hepatitis B virus (HBV) infection is a leading cause of liver dis-
ease, affecting almost 400 million people worldwide and accounting for 80% of
hepatocellular carcinoma cases [1]. The prevalence of chronic HBV is high
among HIV-infected patients (from 5 to 10 % in the Western world to 20 - 30% in
Africa and Asia) because both viruses share similar modes of transmission and
immunodeficiency has been shown to be a risk-factor for chronic HBV infection
[2],[3]. Chronic liver disease significantly contributes to morbidity and mortality
among such patients and complicates their therapeutic management. Interferon
alpha (IFN) and Pegylated IFN have been efficiently used in HBV-monoinfected
patients [4],[5],[6]. However, the use of the former treatment has been questioned
by its side effects and a low response-rate among HIV-infected patients, while
the latter, although expressing a higher efficacy and tolerance profile, has not yet
been evaluated in HIV-HBV co-infected individuals. Significant progress has
been recently made by the development of nucleoside or nucleotide analogs of
reverse transcriptase that are potent inhibitors of HBV replication. The antiretrovi-
ral agent Lamivudine (LAM) was the first nucleoside analog licensed against
HBV, but its long-term use has been precluded by the rapid appearance of resis-
tance mutations in the pol gene of HBV, especially in HIV-coinfected patients [7].
Adefovir divipoxil (ADV) is a nucleotide analog more recently licensed for the
treatment of HBV, which is active against both wild type and LAM resistant
strains of HBV [8],[9]. Tenofovir disoproxil fumarate (TDF), a new nucleotide ana-

logue licensed in 2001 for HIV infection [10], also exhibits an efficacious activity



against wild type and LAM-resistant HBV, both in vitro [11] and in vivo [12],[13].
This dual activity against HBV and HIV may provide a more optimal treatment to
be included in combined antiretroviral regimens (cCART) of HIV-HBV coinfected
patients, compared to ADV, which only displays an anti-HBV activity at the dose
used to treat chronic HBV infection. Moreover, two recent studies, one non-
randomized [14] and one randomized, double-blinded, placebo-controlled trial
[15], have suggested that the antiviral activity of TDF may not be inferior to that of
ADV. However, the characteristics of HBV dynamics under TDF and ADV have
not been established and the factors influencing viral decay need to be deter-
mined. In the context of HIV-HBV co-infection, mathematical modeling of dynam-
ics of HBV decay under therapy may bring useful insights on the biology of HBV
as well as on the potency of the evaluated therapy and the parameters that might

impact its efficacy [13].

We present here a non-randomized, open label study comparing the HBV
DNA dynamics in 85 HIV-HBV co-infected patients initiating a combined antiret-

roviral regimen either including TDF or associated with ADV.

PATIENTS AND METHODS

From May 2002 to May 2003, 308 co-infected patients were enrolled in a
French multi-centre prospective cohort to analyze the determinants of liver fibro-
sis progression during HIV-HBV co-infection [16]. A subset of 85 patients, naive

or pre-treated, who initiated a CART containing tenofovir 300mg daily (n=56), or
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adefovir 10mg daily (n=29) (both concomitantly with or without lamivudine), was
included in the present study. Inclusion criteria were as follows: positive HIV en-
zyme-linked immunosorbent assay (ELISA) confirmed by a complete Western
Blot pattern, HBs antigen seropositivity confirmed by two positive concordant se-
rologies 6 months prior to and at inclusion, available pre-TDF and pre-ADV se-
rum, and a baseline HBV DNA load of at least 1000 copies per mL. All but two
patients, treated with ADV as a single drug, started or were already under cART
at inclusion. Informed patient consent was obtained from all patients and the
study was approved by the Pitié-Salpétriere hospital ethics committee (Paris,

France).

HBV DNA was measured within 10 months prior to inclusion and every 3 months
thereafter using a commercial quantitative polymerase chain reaction (PCR) as-
say (PCR-Amplicor; Roche Diagnostic Systems Meylan, France; detection
threshold 200 copies/mL). The DNA chip technology was used to detect HBV

DNA polymerase gene mutations and for genotyping [17].

At each HBV DNA assay, transaminases and immunovirological status
were determined prospectively: HIV viral load was measured with the branched-
DNA technique (b-DNA Quantiplex 3.0 Bayer Diagnostics, Cergy Pontoise,
France, detection limit 50 copies/mL), CD4+ and CD8+ cells were counted by
flow cytometry, and levels of alanine amino transferase (ALT) and aspartate
amino transferase (AST) were measured using standard methods. Markers of

hepatitis C virus and hepatitis delta virus were regularly tested during follow up



by means of commercial ELISA techniques as recommended by the manufactur-
ers. Demographic characteristics (including evaluation of alcohol consumption)
were collected at inclusion, as well as the history of HIV and HBYV infections (date
of first positive serology, routes of contamination, history of AIDS-defining
events). Liver biopsies were performed between 2002 and 2006 according peer-
reviewed guidelines determined in 2006 [18]. Liver fibrosis and activity were
scored by means of METAVIR (FO no portal fibrosis, F1 portal fibrosis without
septa, F2 portal fibrosis with few septa, F3 portal fibrosis with many septa but no
cirrhosis, F4 cirrhosis; A0 no activity, A1 mild activity, A2 moderate activity, A3

severe activity respectively) [19].

Demographic, HIV and HBV infection, and baseline and 12-month biologi-
cal characteristics were summarized using means (SD) or medians (IQR) for con-
tinuous variables and counts (frequencies) for categorical variables. The co-
treatment associated with either ADV or TDF was described at inclusion by the
following ARV classes: protease inhibitor (PIl), nucleoside reverse trancriptase
inihibitor (NRTI), nucleoside reverse trancriptase inihibitor (NNRTI). Comparisons
were made between treatment groups using Student’s t-test, Fisher's Exact Test,
Pearson 2, or Kruskall-Wallis test, as appropriate. Differences between baseline
and 12-months were compared within treatment groups using Fisher's Exact
Test, Paired t-test, or Wilcoxon signed-rank test, and between treatment groups
using the percent change from baseline for each group and Student’s t-test. Us-
ing the time to HBV-DNA undetectability (<200 copies/mL) as the virological end-

point, treatments were compared by Kaplan-Meier curves. The hazards rate ra-



tio, comparing the rates of undetectable HBV-DNA between treatments, was cal-
culated using Cox proportional hazard model, and subsequently adjusted for the
following co-variates: HBeAg positivity, log HBV DNA and ALT levels at baseline.
The proportional hazards-assumption was assessed by testing the interaction
term between the time-dependent follow-up and treatment status using a Wald X?
Test. Using mixed-linear models, we focused on the first 6 months after treatment
initiation in order to analyze the early decline of the bi-phasic viral decay. We
used a simple model implementing a linear treatment-dependent decrease in
logio viral load (VL) throughout time. More specifically, the model for the log viral

load in treatment group i, individual j and at time ty was as follows:

log(VLik) = o + Bi ti + & + bj tic + Eijk

where a; and G; are the treatment-dependent, population-averaged intercept and
slope of viral load decrease, a;, b; are random subject-dependent intercept and
slope, with joint binormal distribution, and € is the error term. In order to exam-
ine the influence of baseline HBV-DNA and ALT / AST levels on HBV dynamics,
an interaction term including time, slope of viral decline, and respective baseline
parameters was added. We also took into account censoring due to viral load be-
low the detection threshold. A global test was performed to determining the dif-
ference in intercept and slope due to treatment. Analyses were carried out using
the following software: SAS (version 9.1), STATA (version 9.2) and R (version
1.9.1). All statistical significances were determined by a p-value of less than

0.05.



RESULTS

Characteristics of the study population

Data on demographics and virological data are summarized in Table 1. The study
population was predominantly male (sex ratio: 27), pretreated (97.7%, median
number of molecules = 6, IQR 4), with a mean age of 42.0 years (SD 7.3) and a
mean estimated duration of HIV infection of 10.7 years (SD 4.8). Immunodefi-
ciency was mild (mean CD4 T-cell count before ADV or TDF treatment =
465/mm?, SD 265) and HIV replication was controlled (viral load below 50 cop-
ies/mL) in 39 (45.9%) patients. Drugs associated with either TDF or ADV at in-
clusion were as follows: 2 NRTIs, n=6; 1 NRTI + 1 NNRTI, n=9; 1 NRTI+ 1PI,
n=31; 1 NRTI + 1 NNRTI + 1 PI, n=37. Two patients with no indication for HIV
treatment were treated with ADV as a single drug. The characteristics of HBV in-
fection were similar in both groups, with a mean estimated duration of HBV infec-
tion of 7.9 years (SD 4.8) and more than 80% of the patients having a history of
treatment with lamivudine (median duration 58 months, range 0 - 116). The mean
baseline HBV viral load differed between treatment groups (p = 0.02), and the
rates of pre-core and other mutations conferring resistance to Lamivudine were
balanced between groups. However, in patients with a histologic assessment of
liver fibrosis and necro-inflammatory activity (n=59), advanced fibrosis and cir-
rhosis were more prevalent in the ADV group (56.5% v. 33.3% in the TDF group,
p=0.02), whereas activity was equally distributed between groups (A2-A3 =

47.6% in the ADV group v. 38.9% in the TDF group).
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12-month changes in biological parameters

The figure 1 displays the smooth estimates of mean HBV viral load at each time
point according to treatment, and table 2 summarizes virological and biochemical
changes between baseline and at 12-months. The HBV-DNA decay was more
pronounced in patients treated with TDF than with ADV (-66% versus -53% at 12
months, p=0.0001), even after adjustment for baseline HBV viral load (p < 0.001).
A higher number of patients had a substantially consistent profile of HBV-DNA
levels in the ADV group compared to that in the TDF group: 7 (24.1%) and 4
(7.1%) patients in the respective groups presented a change of less than -2 logio
copies/mL over 12 months (p=0.03). Undetectability (HBV-DNA < 200 copies/mL)
was reached by 37/56 (66%) and 8/29 (28%) patients treated with TDF and ADV,
respectively (p=0.04). Among patients with detectable HBe antigen at baseline,
a similar and significant rate of HBe Ag loss was found (p=0.02) in both groups
[4/21 (19%) in ADV and 8/47 (17.0 % in TDF treated patients]. Seroconversion to
antiHBe antibodies was noted in 2 (3.9%) and 1 (4.6%) patients treated with TDF
or ADV, respectively (p=0.5), whereas no seroconversion for anti-HBs antibodies
was observed.

ADV-treated patients were more likely to have a baseline ALT/AST level > 100
IU/mL [13 (46%) / 7 (25%)] vs. TDF [7 (26%) vs. 5 (19%)] (p=0.03 / p=0.05).
However,a decrease in liver enzymes from baseline to 12 months was noted in
both the ADV (AST: -38%, p=0.1 and ALT: -28%, p=0.05) and TDF group (AST: -
49% and ALT: -50%, p<0.0001). Creatinine clearance remained high (> 95

ml/min) and stable throughout treatment in both groups.
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The evolution of the immuno-virological status was also different according to
treatment groups. There was an increase in CD4 T-cells of 44 /mm?® (+8.8%) in
patients treated with TDF compared to 6 /mm? (+1.2%) with ADV (p=0.01), where
45 (81.8%) and 16 (55.2%) patients in the respective groups obtained an unde-

tectable HIV viral load (< 50 copies/mL) (p=0.009).

Comparison of HBV DNA kinetics between treatment gr ~ oups

Mixed linear models were adjusted to the observed data in order to model the
HBV-DNA dynamics and analyze the impact of treatment on the early viral de-
crease (Figure 2). During the first 6 months, there was an overall decrease of
HBV load by 1.0 logio copies/ml (Cl 95%: 0.9, 1.2) per month. Individuals in the
TDF group presented a significantly more rapid decline, with a slope of decline
estimated at 1.1 (95% CI: 0.9, 1.3) compared to 0.8 (95% CI: 0.6, 1.0) in the ADV
group (p=0.036). No changes were observed between treatment-dependent
slopes when adjusted for baseline HBV-DNA as well as baseline ALT and AST

(data not shown).

Factors influencing the time to undetectability (HB V-DNA <200 copies/mL)

The median duration of treatment was 775 days (IQR 396 — 1008) for ADV and
1050 days (IQR 797 — 1196) for TDF. In each group, the mean time to HBV-DNA
undetectability was 19.3 months (95% CI: 16.7 — 22.0) in presence of TDF and
25.9 months (95% CI. 21.1 — 30.7) in presence of ADV. Success curves repre-
senting time-to-undetectability (figure 3) were significantly in favor of TDF v. ADV

treatment [log-rank test: p=0.04, HR : 2.22 (95% CI: 0.99 — 4.94)]. In univariate
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analysis, TDF vs ADV therapy, HBeAg status, HBV-DNA level and ALT at base-
line had an impact on HBV time-to-undetectability, whereas no influence was
noted for mutations in the YMDD motif, CD4+ cell count, fibrosis score, co-
treatment with Lamivudine, and alcohol consumption (Table 3). When adjusted
for the presence of HBe Ag, HBV-DNA at baseline and ALT levels, the influence
of treatment on time to HBV-DNA undetectability remained in favor of TDF versus

ADV (HR = 2.79; 95 % CI : 1.05-7.40, p=0.039) (Table 4).

DISCUSSION

The rapid emergence of Lamivudine-resistant HBV strains in HIV-HBV co-
infected patients [7], in whom Interferon does not exhibit a sufficient antiviral effi-
cacy [20], has required the development of alternative therapeutic strategies.
Two nucleotide reverse transcriptase inhibitors, Adefovir dipivoxil (ADV) and
Tenofovir disoproxil fumarate (TDF), exhibit a strong in vivo and in vitro anti-HBV
activity on both wild and lamivudine resistant strains [11]. The HBV dynamics
study presented herein establishes a greater efficacy of TDF over ADV in terms
of early and optimal control of HBV replication, coupled with a greater impact on
transaminases levels. Both molecules were well tolerated and no acute renal in-

sufficiency was noted during the clinical follow-up.

The antiviral efficacy of TDF has been recently demonstrated to be non inferior to

that of ADV in a randomized controlled trial involving 52 HIV-HBV co-infected pa-
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tients [15]. Despite this primary endpoint, Peters et al. extended similar findings
obtained in the HBV-monoinfected patient population to HIV coinfection, suggest-
ing a stronger anti-HBV activity in TDF-treated patients after an initial period of 48
weeks [14]. We confirm the data presented and demonstrate with mixed linear
models that the early-phase HBV-DNA kinetics is more strongly influenced by
TDF than by ADV, with a decrease of 1.1 logio copies/month compared to 0.8
logio copies/month, respectively. This early difference is associated with a sus-
tained antiviral activity in the TDF group over time, in which patients reach the
threshold of HBV undetectability at a faster rate and at a larger proportion than
those taking ADV. A recently published case-series of HBV mono-infected pa-

tients reported in vivo concordant results on a greater TDF anti-HBV activity [21].

A crucial goal of anti-HBV therapy is to obtain an undetectable viral load at a
faster rate in order to limit the emergence of viral resistance and predict an opti-
mal long-term viral efficacy [22]. A sustained antiviral response is also essential
to reverse the prognostic indicators of liver disease, such as the progression of
liver inflammation and fibrosis [23].The concomitancy of HIV disease further em-
phasizes the crucial nature and difficulty in attaining these goals. Indeed, al-
though lamivudine induces an early decline of HBV replication in HBV mono-
infected patients [24], the duration of its efficacy is undermined in HIV co-infected
patients because of the rapid emergence of resistant HBV strains [7]. During the
course of ADV treatment, the viral suppression is progressive, reaching a plateau
with few HIV-infected patients presenting an undetectable viral profile [25]. This

may help to explain why some case-series studies have reported the occurrence
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of newly diagnosed HBYV strains resistant to ADV in both HBV mono-infected [26]
and HIV-HBV co-infected patients [27]. Conversely, HIV-infected patients treated
with TDF reached undetectable HBV viral loads after a median of less than one
year with a rapid initial phase and a steady second phase of viral decline [13],
[28], [29]. Moreover, the description of newly acquired resistance mutations to
TDF has been scarce [30] and controversial [31] even though TDF has been
used in HIV-HBV co-infected patients since 2003. As a result, recent guidelines
recommend TDF containing therapy as the first line ARV regimen for HIV-HBV
infected individuals who requires HIV treatment (EACS guidelines 2007). How-
ever, ADV remains a therapeutic option for co-infected individuals without need
for ARV treatment, since it does not seem to select HIV reverse transcriptase
mutations, even at the doses used for its anti-HBV activity [32], [33].

The positive impact of a sustained viral suppression on liver fibrosis is well de-
scribed in HBV mono-infected patients and is associated with the eventual de-
crease in the incidence of end stage liver disease [34], [35]. The decrease of the
necrotico-inflammatory activity within the liver may subsequently reduce the pro-
gression of fibrosis and even induce a reverse-effect on liver fibrosis, which has
been reported after treatment with lamivudine and adefovir [24],[8],[9],[36]. Simi-
lar data in treated HIV-HBYV co-infected patients are currently scarce [37], never-
theless, histologic evaluation of TDF on liver fibrosis will become available
through phase Il and Ill trials designed at analysing the efficacy of TDF in HBV
mono-infected patients [38],[39]. The suppressive effect of TDF or ADV on HBV
replication could in turn enhance the antifibrotic process by affecting known de-

terminants of fibrosis progression, such as hepatic flares and high levels of
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transaminases [40],[41]. In our study, a higher decrease of transaminase levels in
patients treated with TDF was found compared to ADV. In co-infected patients,
immunosuppression likely plays an additional role in fibrosis genesis through the
persistent expression of pro-inflammatory cytokines, combined with the aberrant
activity of stellate liver cells [42]. The restoration of the immune system, as illus-
trated in our study by the significant increase in CD4 cell count in patients receiv-
ing TDF, may help reverse the rate of liver fibrosis due to the anti-HIV-HBV activ-
ity of TDF. Furthermore, a superior control of HIV RNA, added to the enhanced
CD4 reconstitution, was achieved in patients treated with TDF compared to ADV
at doses recommended for HBV infection. However, it is unknown whether the
strong, previously-described antiretroviral activity of TDF [10] might in turn act as

a mediator in the increase of HBV specific immunity.

In conclusion, the clinical, virological and histological background supporting the
use of TDF in HIV-HBV co-infected patients compared to ADV is widening. Re-
cent phase Il trials conducted in HBV mono-infected patients showed promising
results when using TDF in patients considered difficult to treat (i.e. lamivudine-
resistant and precore mutants) [39],[38], whose features are commonly shared
with chronic hepatitis B in HIV-infected patients. ADV treatment can remain an
indication for HIV-infected patients to whom no antiretroviral therapy is prescribed
(absence of AIDS-defining events and CD4 lymphocytes cell count more than
350/mm?®), considering that TDF cannot be administered as a single molecule

due to its potential to select for HIV resistance mutations.

16



There is now growing evidence to support an earlier introduction of antiretroviral
therapy in HIV-hepatitis co-infected patients. Indeed, recent data suggests the
importance of HIV in the fibrogenic process through the binding of HIV-gp120 to
CCR5-receptors of hepatic stellate cells, thus triggering an increased expression
of collagen and pro-inflammatory chemokines [43]. This would imply a need for
an early combined treatment of HIV and hepatitis including TDF, in order to in-
duce a rapid suppression of HBV replication and abate liver disease progression.
In any case, the results of recent studies suggest that early viral suppression is a
major predictor of treatment success and of prevention of HBV drug resistance
[23],[44]. This should be coupled with a close virological monitoring in order to
rapidly adapt therapeutic strategies and prevent the emergence of viral resis-

tance.
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Figures and tables:

Table 1: Description of the study population according to treatment group

Table 2: 12 month evolution of biochemical and virological parameters according
to treatment groups

Table 3: Factors influencing the time to undectability (HBV-DNA < 200 copies /
mL), univariate analysis.

Table 4: Multivariate analysis of factors influencing the time to HBV-DNA unde-
tectability (<200copies/mL)

Figure 1: Time course of HBV-DNA during the first 12 months of treatment with
TDF (blue line) or ADV (red line)

Figure 2: Modelling of HBV-DNA dynamics between inclusion and month 6 ac-
cording to treatment.

Figure 3: Success curves representing time-to-undetectability (HBV-DNA < 200
copies/mL) according to treatment group.
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