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General introduction

General introduction

Hepatitis B Virus (HBV) infection in Human Immunodeficiency Virus (HIV) infected patients
is an increasing problem. Both viruses are blood-borne pathogens transmitted through
similar routes. With the development of highly active antiretroviral therapy (HAART) and
consequently with an improvement in survival rates, liver-related disease has become a lead-
ing cause of mortality in HIV-infected patients and liver-related death has become the most
frequent cause of non-AIDS related death [1-2].

HiV-infection

Infection with HIV and its end stage, acquired immunodeficiency syndrome (AIDS), is the
major public health challenge of modern times, with over 25 million persons already de-
ceased and worldwide an estimated 33 million people living with HIV/AIDS, the majority of
whom are without access to therapy [3]. HIV is a member of the retrovirus family and can
only replicate inside human cells. The first step in the infection of the cell by HIV is its bind-
ing to the target cell receptor, CD4* T-cell. After binding to a cell, HIV enters the target cell
by a fusion process. At this stage, the virus loses its envelope-coat and RNA is released into
the cytoplasm. Retroviruses use as a replication strategy the transcription of viral RNA into
linear double-stranded DNA. The characteristic enzyme used for this process is called reverse
transcriptase. The viral DNA is transported to the nucleus, where it is spliced into the host ge-
nome by the HIV enzyme integrase. After converting to messenger RNA (mRNA), the mRNA
is transported outside the nucleus. Among these produced strands of mRNA are complete
copies of HIV genetic material. This forms new viral particles together with HIV proteins and
enzymes and are then released from the cell. The protease enzyme plays an important role
at this stage of the HIV life cycle by cutting long protein strands into smaller parts, which are
used to form mature viral particles.

During acute infection, viral replication occurs at an extremely rapid rate, producing the
highest level of circulating virus observed at any time during infection [4]. According to
the Centers of Disease Control and Prevention (CDC) classification HIV infection is divided
into the following stages: viral transmission, primary HIV infection or acute HIV infection,
seroconversion, clinical latent period, early symptomatic HIV infection, AIDS and advanced
HIV infection characterized by a CD4*-cell count < 50 cells/mm?.

Antiretroviral drugs were introduced in 1987. Development of antiviral therapy has con-
centrated on inhibition of viral specific enzymes. The first enzyme targeted was HIV reverse
transcriptase and both nucleoside analogs and non-nucleoside compounds have been
found to block the enzyme. In 1987 the first nucleoside reverse transcriptase inhibitor (NRTI),
zidovudine (AZT) was approved by the FDA and introduced as treatment for HIV. This was fol-
lowed by duo therapy with 2 NRTI's for example Combivir, consisting of AZT and lamivudine
(LAM). The second enzyme to be targeted was the HIV-specific protease. Protease inhibitors
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(PI) obstruct the cleavage of the HIV polyprotein and prohibit the virus to assembly. After
the introduction of PI, HAART was established as triple therapy including 2 NRTI's and 1 non-
nucleoside reverse transcriptase inhibitor (NNRTI) or PI. After introduction of HAART, mortal-
ity and morbidity due to HIV decreased substantially and the reported decline proved to be
consistent in developed countries [5] [6]. Research for new treatment modalities resulted in
the finding of other drug classes, fusion inhibitors, integrase inhibitors and CCR5-receptor
blockers.

Fusion inhibitors interact with components of the HIV envelope and prevent fusion of the
virus with the cell membrane of the host. The integrase enzyme is essential for viral replica-
tion. Integrase inserts viral DNA into the cellular genome. Integrase inhibitors disrupt the viral
life cycle and disturb viral replication. Final class of antiretroviral drugs is the CCR5-receptor
blocker. CCR5 antagonists apply their antiretroviral activity against HIV by blocking entry of
CCR5-tropic viruses into the CD4* T-cell.

HBV-infection

HBV infection is a global public health problem. It is estimated that there are more than 350
million HBV carriers in the world [7] of whom approximately 1 million die annually from HBV-
related liver disease. Blumberg et al. discovered in the blood of an Australian aboriginal a
previously unknown antigen (Australia antigen) and after several years this was found to be
related to the parentally transmitted type B hepatitis [8]. HBV is one of the smallest human
viruses known and belongs to the hepadnaviridae family. The life cycle of HBV is complex and
is believed to occur preferentially in the hepatocyte. The HBV genome is a circular partially
double-stranded DNA. After entry into the hepatocyte, the HBV-DNA is transported to the
nucleus and converted to covalently closed circular DNA (cccDNA), which serves as the tem-
plate for transcription of mRNA. The mRNA is transported to the cytoplasm where it codes
for production of viral proteins. Out of these viral proteins and viral DNA in the cytoplasm of
the hepatocyte new HBV-particles are assembled, that subsequently leave the cell into the
circulation.

During the acute phase in adults the clinical manifestations range from subclinical or
anicteric hepatitis (approximately 70%) to icteric hepatitis in 30% of the cases. During the
chronic phase, manifestations range from an inactive carrier state to chronic hepatitis, cir-
rhosis and hepatocellular carcinoma. Acute infection will resolve spontaneously in 90% of
the immunocompetent adults. The risk of a chronic HBV infection is highly dependent on the
age at infection and the immune status of the patient. The infection rate among infants born
to hepatitis B e antigen (HBeAg)-positive mothers is as high as 90% [9]. The initial phase in
perinatally acquired HBV infection is characterized by high levels of HBV replication but no
evidence of active liver disease is presented. The lack of liver disease despite high levels of
HBV replication is believed to be due to immune tolerance to HBV. This immune tolerance
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phase usually lasts 10 to 30 years. Transition to the immune clearance phase occurs during
the second and third decade of life.

Two major types of antiviral drugs are being used for the treatment of chronic HBV mono-
infection: drugs that modulate the HBV-specific immune response and drugs that directly
interfere with virus replication (NRTI). Immunomodulatory drugs are interferon (IFN) and
pegylated interferon (PEG-IFN). IFN was licensed for treatment in the early 1990s and in 2001
PEG-IFN was available, which resulted in simplification of the treatment regimen. In 1995
NRTI's were introduced, at first LAM, followed by adefovir (ADV) in 2002, entecavir (ETV) in
2005 and tenofovir (TDF) in 2008.

HIV/HBV co-infection

Among the estimated 33 million persons infected with HIV worldwide, an estimated 2-4 mil-
lion are chronically infected with HBV [10]. Several factors influence co-infection, including
geographic differences in the prevalence of chronic infection by age, the transmission route
and the prevalence of persons at high risk for infection. For example, in sub-Saharan Africa
high prevalence of chronic HBV is found among the adolescent and adult population at risk
for sexually-acquired HIV, because of high HBV transmission perinatal and in early childhood.
In the Western world low prevalence of chronic HBV is found because acute infections are
acquired by adults who are less likely to develop chronic HBV infection. In contrast, in men
having sex with men (MSM) the prevalence of chronic HBV infection is high, resulting in
an estimated prevalence of HIV/HBV co-infection of 6-14% [11-15]. In the Netherlands the
overall hepatitis B surface antigen (HBsAg) prevalence is estimated to be 0.3-0.5% [16] and in
MSM between 1.9-6.3% [17-19]. In 2009 the prevalence of HBV among HIV-infected patients
was estimated to be 8% in the Netherlands [20].

HIV infection is associated with a reduced clearance of HBsAg and HBeAg and a higher
level of HBV replication [21-23]. In HIV/HBV co-infected patients the course of chronic liver
disease is accelerated and patients show an up to 14-fold greater liver-related mortality, due
to liver cirrhosis and hepatocellular carcinoma than patients infected with HBV alone [15,
21-22, 24-25].

The most prescribed NRTI combination from 1995-2001 was Combivir. This combination
(including LAM) was very effective for HIV, but less for HBV treatment. Prolonged LAM-
therapy, suppressing both HIV and HBV replication, has been identified as the major risk for
the development of HBV resistance. Mutations typically occur in the tyrosine-methionine-
aspartate-aspartate (YMDD) motif of the catalytic domain of the polymerase gene of the
hepatitis B virus. HIV/HBV co-infected individuals develop this YMDD mutation at a rate of
20% annually, with rates of 90% after 4 years of treatment. These rates are higher compared
to resistance rates in mono-infected HBV patients [26-27]. In 2001 TDF, an acyclic nucleotide
analogue reverse transcriptase inhibitor was licensed for treatment of HIV infection and in
2004 Combivir was largely replaced by Truvada, consisting of emtricitabine and TDF. The zid-
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ovudine in Combivir had several side effects, such as anemia and lipodystrophy and a short
half-life, requiring a twice daily dosing regimen. Both components of Truvada have a long
half-life, which allows a once daily dosing schedule. In HIV/HBV co-infected patients the most
important feature of TDF is activity in in vitro and in vivo studies against both wild type and
LAM resistant HBV [28-29]. Moreover, TDF has a good resistance profile, and no convincing
proof of HBV-resistant mutants to TDF has been presented so far [30].

As stated before liver complications and liver-related mortality due to chronic HBV in HIV-
infected patients are high. Furthermore, among several HIV-infected risk groups the preva-
lence of acute and chronic HBV is high. Primary prevention of hepatitis B can be pursued by
vaccination and is of great importance in HIV-infected individuals. However, compared to
immunocompetent individuals a large proportion of HIV-infected patients (40-76% versus
<10%) fail to respond to standard dose HBV vaccination schedules [31-33].

The aims of this thesis are:

Prevention of HBV infection in HIV-infected patients:

To compare the feasibility, compliance and effectiveness of an accelerated hepatitis B vac-
cination schedule compared to the standard vaccination regimen in a heterogeneous HIV-
infected population.

To assess influenza immunization and hepatitis B vaccination responses in a cohort of HIV-
infected patients.

Treatment of HBV infection in HIV-infected patients:

To investigate viral kinetics, long-term efficacy and safety of tenofovir based treatment as

part of antiretroviral therapy in a large cohort of co-infected patients.
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Abstract

Background. In HIV-infected patients the immunogenicity of hepatitis B vaccines
is impaired. The primary and secondary aims of our study were to investigate the
effectiveness and compliance of an accelerated versus standard vaccination regimen
in a HIV-infected population.

Methods. A non-inferiority trial with a response margin of 10% was designed.
Included were patients =18 years old, with negative HBsAg and anti-HBc serology
and not previously vaccinated against hepatitis B. Patients were stratified accord-
ing to CD4*-cell count: <200,200-500,>500. Participants received 10 ug HBvaxPRO®
intramuscularly according to a 0-1-3 weeks schedule or the standard 0-4-24 weeks
schedule. Anti-HBs levels were measured at week 28, considered protective =10I1U/L.

Results. Modified intention to treat analysis in 761 patients was performed. Overall
response difference was 50% (standard arm) versus 38.7% (accelerated arm) =11.3%
(95%Cl [4.3-18.3]), close to the response margin of 10%. However, the response differ-
ence in patients with a CD4*-cell count > 500 cells/mm? was -1.8% (95%ClI [-13.4-9.7]).
Compliance was significantly superior with the accelerated schedule, 91.8% versus
82.7% (p <0.001).

Conclusion. In HIV-infected patients compliance with an accelerated hepatitis B
vaccination schedule is significantly better. The efficacy of an accelerated schedule
proved to be non-inferior in patients with a CD4*-cell count > 500 cells/mm?.



Accelerated versus standard HBV vaccination

Introduction

Safe and effective hepatitis B vaccines have been commercially available since 1982. Human
immunodeficiency virus (HIV)-infected patients carry a high risk of contracting hepatitis B vi-
rus (HBV). The response to hepatitis B vaccines in HIV-infected patients is however impaired.
Trials in HIV-infected patients in the pre- and post highly active antiretroviral therapy (HAART)
era have yielded response rates between 17% and 72% [1-8]. Response rate depended on
various factors including CD4*-cell count, HIV viral load and dosing schedule.

Optimal compliance to the vaccination schedule is essential to achieve effective sero-
protection against HBV. However, poor adherence to the standard immunization schedule
(0, 1, 6 months) is a matter of concern [9-12]. In healthy volunteers accelerated hepatitis B
vaccination has proven to be effective [13-14]. We tested the hypothesis that in unselected
HIV-infected individuals an accelerated immunization schedule could have a positive impact
on both the patient’s compliance and outcome of vaccination.

The present study was designed to evaluate the protective efficacy by measuring the anti-
body response to hepatitis B vaccine administered according to an accelerated immunization

schedule in comparison to a standard schedule.

Patients and Methods

Patients

We performed a large Dutch multi-centre, parallel group, open label, randomized non-
inferiority study. Participants were randomized to either an accelerated schedule (t=0, 1 and
3 weeks) or the standard schedule (t=0, 4 and 24 weeks). The primary endpoint was response
measured by anti-hepatitis B surface antigen (anti-HBs) titer with a response margin of 10%
difference. The secondary endpoint was comparison of the compliance between the two study
arms. We offered HBV vaccination to all HIV positive patients treated in 12 hospitals in the
Netherlands specialized in HIV treatment (Erasmus MC, Rotterdam; Haga Hospital, The Hague;
Medical Center Haaglanden, The Hague; University Medical Center Utrecht, Utrecht; OLVG,
Amsterdam; Maasstad Hospital, Rotterdam; St. Elisabeth Hospital, Tilburg; LUMC, Leiden; AZM,
Maastricht; Rijnstate Hospital, Arnhem; VUMC, Amsterdam; Radboud Hospital, Nijmegen).
Patients were included if they were = 18 years old, with negative hepatitis B surface antigen
(HBsAg) and anti-hepatitis B core (anti-HBc) serology, without active opportunistic infection,
not pregnant at time of inclusion, and had not been previously vaccinated against hepatitis B.
A randomization sequence was generated at the Erasmus MC by an independent investigator.
Patients were stratified according to centre and their CD4*-cell count, assessed within the last
6 months, into three groups, < 200, 200-500, and > 500 cells/mm?. Patients were randomized

in various block sizes. At each centre sequentially numbered, opaque, sealed envelopes with
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the randomization arm were stored securely. Enrollment and assignment of participants were
done by the trial nurse at each site during the medical visit at the outpatient ward.

Each patient received a total of three dosages of 10 ug of HBvaxPro® (Aventis Pasteur MSD)
intramuscularly in the deltoid region. Patients in the accelerated group received a reminder
for anti-HBs testing in the month prior to week 28. In the standard group patients received
a reminder for the last vaccination in the month prior to week 24. During this visit they were
notified of the anti-HBs testing 4 weeks later.

When patients discontinued the vaccination schedule and response was not measured they
were excluded from the modified intention to treat (MITT) and the per protocol (PP) analyses.

The study protocol was approved by the local Medical Ethical Committee of all participating
hospitals and written informed consent was obtained from all subjects prior to study entry.

Assessments

Anti-HBs levels were measured on week 5 (initial response) and 28 (long-term response) in
the accelerated schedule and on week 28 in the standard schedule. Quantitative anti-HBs
testing were performed by AxSym Ausab (Abbott Diagnostic Division, Wiesbaden Germany)
and the protective level of anti-HBs was defined as a titer = 10 IU/L. At the time of vaccina-
tion we collected data on age, gender, transmission route of HIV infection, country of birth,
weight, nadir CD4*-cell count, CD4*-cell count, plasma HIV-RNA level and use of antiretroviral
therapy. Undetectable viral load was defined as an HIV-RNA less than 50 copies/ml.

Statistics

Based on previous studies we expected 50% protection against hepatitis B after initial vaccina-
tion in HIV positive patients [1-8]. Sample size was calculated as 400 patients in each study arm
to have a power of 80%, considering the accelerated group to be clinically non-inferior to the
standard group if the difference in response rate between the two groups was less than 10%.

The differences in response at week 28 between groups were calculated together with
the 95% confidence interval. Subgroup analyses were pre-specified for the CD4*-cell count
stratification groups. The results are reported and interpreted according to the CONSORT
statement on non-inferiority trials [15]. In addition, multivariate analysis of the treatment
outcome was performed with logistic regression analysis. The data analysis was performed
using SPSS for Windows, release 15 and SAS 9.2.

The analysis was performed in the MITT population and repeated in the PP population. In
the MITT population patients with 3 vaccinations and an anti-HBs titer as endpoint beyond
the stringent protocol time frame were included. The PP population included patients from
the accelerated arm with the three vaccinations at the scheduled time points: vaccination 2
+/- four days, vaccination 3 +/- seven days, anti-HBs titer week 28 +/- 28 days. The standard
arm included patients with 3 vaccinations at the three time points: vaccination 2 +/- 7 days,
vaccination 3 +/- 28 days, anti-HBs titer week 28 +/- 28 days.

22
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Results

Patients

Between March 2004 and October 2007, 841 patients were randomized for the study and
allocated to intervention into one of the study arms. Thirty patients were excluded from
participation due to reasons depicted in Figure 1. Of the 811 patients receiving allocated
intervention, 50 patients did not complete the study for various reasons and were excluded
from analysis (Figure 1). In the MITT, 761 patients were analyzed and data of 569 patients
were available for the PP analysis.

| Randomized n=841

Accelerated arm Standard arm
Allocated to intervention n=407 Allocated to intervention n=434
eReceived allocated intervention n=388 eReceived allocated intervention n=423
eNot meeting inclusion criteria n=13# eNot meeting inclusion criteria n=6#
eDid not receive allocated intervention n=6"" eDid not receive allocated intervention n=5"
Lost to folllow up (LTFU) n=20 Lost to follow up (LTFU) n=26
oL TFU after 1 vacc n=4 o TFU after 1 vacc n=4
oL TFU after 2 vacc n=6 oL TFU after 2 vacc n=10/ 11+
oL TFU after 3 vacc (no anti-HBs) n=8 oL TFU after 3 vacc (no-anti-HBs) n=10/11*
o LTFU after unknown number vacc n=2 o L TFU after unknown number vacc n=2
Discontinued study n=1A Discontinued study n=3A
Analyzed modified intention to treat n=367 Analyzed modified intention to treat n=394
Analyzed per protocol n=279 Analyzed per protocol n=290

Figure 1. Flow chart patients included in study

*HBV serology of baseline sample performed at first vaccination proved positive (n = 13 in accelerated arm and n = 6 in standard arm)
“patients received no study medication (n = 4in both study arms); patients withdrawal in n = 2 in accelerated armenn =1
(pregnant) in standard arm

*t = died

"acute hepatitis B infection (n = 1in accelerated arm and n = 2 in standard arm); allergic reaction (n = 1in standard arm)

In the accelerated arm 407 patients were allocated to intervention and 388 patients re-
ceived allocated intervention. In the standard arm 434 patients were allocated and 423
received the intervention. Patient characteristics in both groups were similar at baseline.
Table 1 reports the distribution of age, gender, region of birth, body mass index, HIV risk,

23

(o]
S
(]
-
Q.
(]
=
v




Chapter 2

start CD4*-cell count, nadir CD4*-cell count, HIV-RNA, usage and duration of HAART, Hepa-
titis A antibodies or Hepatitis C co-infection. The variation in body mass index was small
and within the normal range.

Table 1. Baseline characteristics of study subjects with received allocated intervention

Variable All Accelerated schedule Standard schedule

N=811 N =388 N=423
Age median (range) 40.0 yrs (19-77) 40.0yrs (19-77) 40.0 yrs (19-73)
Male N (%) 547 (67.4) 252 (64.9) 295 (69.7)
Region® N (%)

1 453(55.9) 216 (55.7) 237 (56.0)

2 137 (16.9) 66 (17.0) 71(16.8)

3 37 (4.6) 18 (4.6) 19 (4.5)

4 164 (20.2) 76 (19.6) 88(20.8)

5 20(2.5) 12(3.1) 8(1.9)
Body Mass Index N; median 725;24.0 343;23.8 382;24.1
(25%-75% percentile) (21.7-27.7) (21.7-27.7) (21.7-27.7)
HIV risk® N (%)

1 322(39.7) 157 (40.5) 165 (39.0)

2 447 (55.1) 212(54.6) 235(55.6)

3 12(1.5) 6(1.5) 6(1.4)

4 9(1.1) 4(1.0) 5(1.2)

5 2(0.2) 0(0.0) 2(0.5)

7 19(2.3) 9(23) 10 (2.4)
Start CD4*-cell count ; median 440 430 440
(25%-75% percentile) (290-610) (290-610) (290-623)
Start CD4*-cell count by category N (%)

<200 cells/mm? 98(12.1) 48(12.4) 50(11.8)

200-500 cells/mm? 399 (49.2) 185 (47.7) 214 (50.6)

> 500 cells/mm? 314(38.7) 155 (39.9) 159 (37.6)
Nadir CD4*-cell count N; median 807; 200 385; 190 422:200
(25%-75% percentile) (60-315) (60-299) (78-331)
HIV-RNA < 50 ¢/mL N (%) 475/811(58.6) 231/388(59.5) 244 /423 (57.7)
On HAART N (%) 577 (71.1) 280(72.2) 297(70.2)
HAART duration N; median 577;3.1yrs 280;3.3yrs 297;3.0yrs
(25'-75" percentile) (1.0-7.0yrs) (1.1-6.8 yrs) (1.0-7.2 yrs)
HAV positive antibodies N (%) 379 (46.7) 177 (45.6) 202 (47.8)
HCV-RNA positive N (%) 17 (2.1) 9(2.3) 8(1.9)

“1=West and East Europe, USA
2=Sub-Sahara Africa

3=Mediterranean

4=South and Central America, Caribbean
5=Asian
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Treatment effect

Overall effect:

The overall response rate, defined as anti-HBs > 10 IU/L, at week 28 in the standard arm and
the accelerated arm was 50% and 38.7% respectively. The immunogenicity results of the two
vaccination schedules according to MITT and PP population analysis are depicted in figure
2.The response difference in the overall MITT and PP analyses was 11.3% (95% Cl [4.3-18.3])
and 12.3% (95% Cl [4.2-20.4]) respectively. The 95% Cl does not overlap 0; however the differ-
ence is small and compatible with the non-inferiority margin and therefore inferiority cannot

Accelerated schedule non-inferior Standard schedule better
R >
|——o—| n=761
Overallq
———————————{n=569
{n=295
CD4>5001 E
k in=234
| p——————e—————§n=370
CD4 200-5004 .
Ck in=263
n=96
CD4<200 '
t : in=72
T T T T T T
-20 -10 10 20 30 40

difference in response

Figure 2. Results MITT and PP analysis according to CD4*-cell count overall and by groups

Results MITT analysis shown in black

Results PP analysis shown in grey

SAS 9.2; results are reported and interpreted according to the CONSORT statement on non-inferiority trials

be concluded and the overall results were inconclusive. However, the treatment effect, i.e.
sufficiently high levels of anti-HBs in the accelerated versus standard vaccination schedule,
differed significantly in the CD4*-cell count > 500 cells/mm? group from that in the group

with CD4*-cell count 200-500 cells/mm? (p=0.0034 in the MITT analysis and p=0.003 in the
PP analysis) (Figure 2).
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Effect by (D4*-cell count stratum:

The results showed that the response rates in the higher CD4*-cell count groups (i.e. 200-500
cells/mm? and > 500 cells/mm?) in both schedules were 33.5% (accelerated) versus 54.3%
(standard) and 53.4% (accelerated) versus 51.7% (standard), respectively. In comparison, in
the low CD4*-cell count group these rates were 12.5% (accelerated) versus 27.1% (standard).
The response differences in this non-inferiority trial showed that the accelerated schedule
was non-inferior only in patients with CD4*-cell count > 500 cells/mm? (-1.8%; 95% Cl [-13.4
- 9.7]). In patients with CD4*-cell count 200-500 cells/mm? the vaccination efficacy in the
accelerated arm was inferior and in patients with CD4*-cell count < 200 cells/mm?the result

was inconclusive probably due to low patient numbers (Figure 2).

Effect by baseline characteristics:

The following variables were associated with an overall better response (independent of
treatment arm): high CD4*-cell count, HAART use, female gender, undetectable HIV-RNA load
(p< 0.001) and longer duration of HAART (=4 years) (p=0.03). CD4*-cell count as a continuous
variable showed a better response in favor of high CD4*-cell count, the odds ratio (OR)__ ,
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Figure 3. Vaccination results in all participants by clinical baseline characteristics.
Response accelerated arm shown in black

Response standard arm shown in white
Multivariate analysis of the treatment outcome was performed with logistic regression analysis. Significant effect differences were

found for (D4*-cell count (> 500 versus 200-500p, . =0.0034, > 500 versus < 200p, . =0.10, < 200 versus 200-500
=0.51). For all other clinical baseline characteristics no significant differences were found: HAART P teacion=0-30, HAART
=0.07, HIV-RNA p =0.99, gender p =0.19,age p. =0.60.

interaction

pimemmon

duration P veraction interaction interaction
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=1.05 (95% CI [1.01-1.10]) (p=0.008) per increase of 50 CD4*-cells; the OR =1.13 (95%

accelerated

ClI[1.08-1.18]) (p<0.001) per increase of 50 CD4*-cells. The p between the OR and

interaction standard
OR___.iratea = 0.03.Age as continuous variable also showed a better response in favor of younger
age (p=0.008). After comparing patients younger than 40 years to those 40 years or older a
similar pattern in overall response was seen (p=0.02). The effect of treatment by baseline
characteristics on the vaccination response is shown in Figure 3.

In the CD4*-cell count > 500 cells/mm?3group, where non-inferiority was found, the effect
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Figure 3a. Vaccination results in participants with a (D4*-cell count >500 cells/mm?by clinical baseline characteristics.
Response accelerated arm shown in black

Response standard arm shown in white

Multivariate analysis of the treatment outcome was performed with logistic regression analysis.

No significant effect differences were found (HAART p =0.60, HAART duration p =0.09, HIV-RNA p
=0.83,age p =0.94).

=0.21, gender

interaction interaction interaction

p'mleratlmn interaction

of HAART use, female gender, undetectable HIV-RNA load, younger age and longer dura-
tion of HAART remained significantly associated with an overall better response (Figure 3a).
After correction for these factors in multivariable analysis the non-inferiority between the
treatment arms in the CD4*-cell count > 500 cells/mm? group was retained. The difference
between accelerated and standard arm in this CD4*-cell count group was 4.81% (95% Cl
[-05.6%-14.91%]); p=0.36 after correction for age, gender and HIV-RNA load. HAART use is
highly correlated to HIV-RNA load and could therefore not be entered into the same model.
Correcting for HAART use instead of HIV-RNA load gave similar results.
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Five-week time point in accelerated schedule:

At week five samples from 332 of the 367 MITT patients in the accelerated arm were avail-
able for testing. In 53, 24 and 255 patients anti-HBs titers were = 10 IU/I (positive responder),
3.0-9.9 IU/I (partial responder) and < 3.0 IU/I (non-responder) respectively. From the positive
responders at week five, 47 (88.7%) patients subsequently had a protective titer at week 28.
In the 255 non-responders at week 5, 189 (74.1%) patients were still non-responders at week
28. Nineteen out of twenty-four patients (79.2%) with a partial response at week 5 developed
protective anti-HBs levels at week 28.

Compliance:

Compliance was defined as receiving three vaccinations according to the per protocol
definition with or without a measured anti-HBs titer as end-point. The compliance with both
vaccination schedules was significantly higher in the accelerated arm, 91.8% (n=356/388)
versus 82.7% (n=350/423) in the standard arm (p=< 0.001). Of the 105 non-compliant patients
10 patients stopped after the first vaccination; 16 patients stopped after two vaccinations
and 79 persons received three vaccinations but not within the time interval definition of the
per protocol analysis. Younger patients were significantly more non-compliant (p=0.006). All
other baseline variables were not significantly different between the groups.

Adverse events:

No serious adverse events were observed. One patient was advised to discontinue the vac-
cination schedule because of an allergic reaction (urticaria and dyspnoe) possibly related to
the vaccination, a known side effect in < 0.01% according to the manufacturer manual. Local

reaction in the deltoid region was incidental present, but was not scored.

Discussion

To our knowledge this is the first large prospective randomized study on efficacy of differ-
ent hepatitis B vaccination schedules in adult HIV positive patients. The results of our study
show that the compliance with an accelerated schedule is significantly better to that with
a standard schedule. Its efficacy is only non-inferior in patients with CD4*-cell count > 500
cells/mm?3. This finding supports the use of an accelerated HBV vaccination schedule in HIV-
infected patients with CD4*-cell count > 500 cells/mm?3. The observation that response to
different hepatitis B vaccination schedules varies by CD4*-cell count is a unique finding.
According to the present Dutch national guidelines on the management of HIV infection
HBV vaccination is offered according to a standard vaccination schedule (0, 1, 6 months)
to all asymptomatic HIV-infected patients in several risk groups. This guideline includes all
patients irrespective of the presence of several negative predictive factors of response, such
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as low CD4*-cell count or HIV-RNA load. The response rate to HBV vaccination in HIV-infected
patients is known to be diminished [1-2]. However, the efficacy could be improved by proper
timing of vaccine administration. In our study undetectable HIV-RNA was found to predict
a better response irrespective of the vaccination schedule. This is in agreement with prior
results showing that undetectable plasma HIV-RNA at first HBV vaccination was found to
predict success (OR 3.47,95% Cl, 1.5-7.6) in 194 HIV-infected patients [1]. Furthermore, an
increased likelihood of developing a response was associated with a CD4*-cell count = 350
cells/mm? (p=0.008) in a previous study in 112 HIV infected patients [2]. This is in line with our
own findings. A high CD4*-cell count was associated with higher response rates.

Unlike most studies on HBV vaccination with a preponderance of males and MSM (men
having sex with men), the majority of our study population consisted of heterosexuals and
one third of the population were female. This allowed us to analyze the influence of gender
and risk group. Female gender turned out to be a predictor of better response. This confirms
earlier published results [16-17]. In contrast to previous published studies, membership of
the MSM risk group was not a negative predictor for response. This could be explained by the
composition of our population. Most study populations comprise a majority of males (MSM).
Our population included 54% heterosexuals and 32 % women. Younger age was found to be
associated with a better response (p=0.008), this was also documented in non HIV-infected
patients. However, younger patients are less compliant. It has been suggested that humoral
and cellular immune function may decrease over years and result in diminished vaccine ef-
fectiveness in older individuals [18-19].

Finally, usage of HAART was associated with development of a protective anti-HBs titer (p<
0.001). Moreover, longer duration of HAART showed a positive effect on response (p=0.03).
This may be explained by restoration of cellular immunity induced by antiretroviral therapy,
resulting in reducing polyclonal B cell activation [20]. Untreated HIV infection is characterized
by an immunologic dysfunction and a reduced ability to respond appropriately to antigens.
Ongoing HAART probably results in qualitative improvement of cellular immunity, next to
the increase in T-cell count [21].

Despite identifying positive predictors of responding to vaccination, the overall response
within both immunization schemes remains diminished. Poor results of HBV vaccination
seen in different vaccination programs suggest the need for alternative strategies to prevent
vaccination failure. Fonseca et al. studied the effect of double dosing HBV vaccination [2].
They found a statistically significant higher seroconversion rate associated with double dose
compared with standard dose in 36/56 patients with CD4*-cell count = 350 cells/mm? (64.3%
X 39.3%; p = 0.008). Rey et al. tested the hypothesis that doubling the number of hepatitis
B vaccine injections might increase anti-HBs response rate. They assessed an increase in
overall response from 55% after 3 vaccinations to 90% after 6 vaccinations (18/20 patients)
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[7]. In the study of Sasaki et al. 80 patients received double dose of recombinant HBV vaccine
and received either GM-CSF or placebo with the first vaccine dose. They found a significant
increase in the seroconversion rate in the GM-CSF group. In our study we tested an acceler-
ated schedule versus the standard schedule and found a better overall response in favor of
the standard schedule, except for the higher CD4*-cell count group where non-inferiority
was found between the two treatment schemes with a better compliance in the accelerated
schedule. The inferiority of the accelerated schedule in the lower CD4*-cell count groups
cannot be explained by a difference in HAART usage or the percentage of patients with
undetectable HIV-RNA as they were equal in both groups. This is the first observation that
response to different hepatitis B vaccination schedules varies by CD4*-cell count. The under-
lying mechanism needs to be addressed in future studies. Perhaps the impaired immunity
requires more time and longer intervals to benefit from repeated antigen stimulations.

Apart from the decreased response to HBV vaccination in HIV-infected patients, compliance
to vaccination programs is poor irrespective of risk group. In our study overall compliance
proved to be significantly better in the accelerated schedule (p< 0.001). Completing a vac-
cination schedule contributes to providing protective antibody levels in those individuals
at high risk of exposure to HBV, due to sexual behavior or travelling to HBV endemic areas.

The strength of our study is the prospective randomized design and the large number of
patients included. The population is heterogeneous reflecting day-to-day practice, and apart
from a large number of MSM also comprises heterosexual patients and women. The high rate
of HAART usage reflects a present-day HIV population and enables us to appreciate its value
on the response to vaccination. The lowest CD4*-cell count group represented only 12 % of
the study population.

In conclusion, patients with CD4*-cell count > 500 cells/mm? can be vaccinated against HBV
according to an accelerated HBV schedule. As compliance is significantly better in the ac-
celerated vaccination arm this schedule is preferable.

In all HIV-infected patients a better response rate is provided in patients on HAART with
undetectable HIV-RNA load, longer duration of HAART use, female gender and younger age.
Delaying hepatitis B vaccination in HIV-infected high-risk groups under all circumstances
according to the above-mentioned predictors of success may not be warranted, but our find-

ings suggest a more optimized and individualized timing can be applied.
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Abstract

Double-dose hepatitis B virus revaccination of human immunodeficiency virus
(HIV)-infected patients proved to be effective in 50.7 % of 144 patients who had
previously failed to respond to standard doses. In the multivariate analysis, female
patients were found to have a significantly better response (p=0.03). The effect of age
on the response depended on the viral load at time of revaccination. For patients with
a detectable HIV-RNA load the effect of age was stronger (odds ratio (OR), 0.34 per
10 years older (95% confidence interval (Cl), [0.16-0.72])); (p=0.005) than for patients
with an undetectable HIV-RNA load (OR, 0.74 per 10 years older (95% Cl, [0.50-1.09]));
(p=0.12).
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Introduction

Hepatitis B virus (HBV) infection in patients infected with HIV is an increasing problem in the
western world. HIV and HBV have similar risk factors and routes of transmission. The preva-
lence of HIV/HBV co-infection among men having sex with men (MSM) is 6-10 % [1]. With the
development of highly active antiretroviral therapy (HAART) and with better survival rates,
liver disease has become a leading cause of mortality in patients with HIV infection [2]. Co-
infection with HIV and HBV is associated with an 8-fold increase in mortality compared with
HIV mono-infection and a 19-fold increase in mortality compared with HBV mono-infection
[3]. In addition, HIV infection is associated with a reduced clearance of hepatitis B surface
antigen (HBsAg) and hepatitis B e antigen (HBeAg) [4-5] and a higher level of HBV replication,
increasing its potential for transmission. Progression to cirrhosis and flare-ups of hepatitis
occur more often [6-7].

Prevention of HBV infection is of great importance for HIV-infected patients. However,
compared with immunocompetent individuals, a large proportion of HIV-infected patients
(40-76% versus < 10%) fail to respond to standard dose HBV vaccination [8-10]. Several
groups have recently shown improved response rates when higher doses of HBV vaccine are
used in the initial vaccination of HIV-infected patients. [9, 11-12].

HBV vaccination is offered to all asymptomatic HIV-infected individuals as recommended
by the Dutch national guidelines. Approximately 50% of our HIV-infected cohort did not
have an antibody response to the initial HBV vaccination with three dosages of 10 ug of
HBvaxPRO’. In an attempt to achieve a higher response rate we prospectively revaccinated
all non-responders (anti-hepatitis B surface antigen (anti-HBs) titers of 0 IU/L) three times at
monthly intervals with a double dose of HBV vaccine.

Patients and Methods

The infectious diseases outpatient clinic of the Erasmus Medical Center offers HBV vaccination
to all HIV-positive patients who are = 18 years old, have negative HBsAg and anti-hepatitis
B core (anti-HBc) serological results, do not have an active opportunistic infection, are not
pregnant, and have not been vaccinated previously. The initial vaccination schedule consists
of three dosages of 10 ug of HBvaxPRO®. Non-responders, defined as having an anti-HBs
titer of 0 1U/L, were offered revaccination. A double dose (20 ug of HBvaxPRO®) was injected
intramuscularly in the deltoid region at 0, 1 and 2 months, starting at a median of 5 weeks
(25™"-75% percentile 3-10 weeks) after completing the initial vaccination. One month after
the last double dose, a blood sample was taken for quantitative anti-HBs testing (Axsym;
Abbott). Age, gender, route of exposure for HIV infection, nadir CD4*-cell count before and
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CD4*-cell count at the time of the initial vaccine administration, plasma HIV-RNA load, and
antiretroviral therapy received at the time of revaccination were recorded.

HIV-RNA was quantitated using the Cobas Amplicor (Roche Molecular Systems, Penzberg,
Germany). The detection limit was 50 copies/ml.

Univariate and multivariate logistic regression analysis were used to determine factors
that predicted success for HBV revaccination. The data analysis was performed using SPSS for
Windows, release 11.0.1.

In the multivariate logistic regression analysis age, gender, risk group, body mass index
(BMI), CD4*-cell count at the start of the initial vaccination schedule (<200, 200-500, =500
cells/mm?), HAART (yes/no) and HIV-RNA load (detectable/undetectable), at the time of
revaccination were included. The Medical Ethics Committee of the Erasmus Medical Center
approved the study.

Results

One hundred forty-four HIV-infected patients who had an anti HBs titer of 0 IU/L after their
initial HBV vaccination schedule were offered revaccination. The study population consisted
of 108 males (75%) with a mean age 43.4 years (SD, 11.5 years). The mean BMI was 25.3 (SD,
4.6). HIV risk factors were male homosexual activity for 64 individuals (44.4%), heterosexual
contacts for 72 individuals (50.0%), and miscellaneous for 8 patients (5.6%). At revaccination,
96 patients (66.7%) were receiving HAART, and 89 patients (61.8%) had a HIV-RNA load < 50
copies/ml. The median nadir CD4*-cell count was 205 cells/mm? (25"-75% percentile, 90-330
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Figure 1: Results of univariate logistic regression analysis of factors predicting successful HBV vaccination (SPSS).
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cells/mm?). The median CD4*-cell count at initial vaccination schedule was 360 cells/mm?
(25"-75™ percentile, 240-540 cells/mm?3); the distribution by CD4*-cell count category of
<200, 200-500 and =500 cells/mm? was, respectively, 26 (18.1%), 73 (50.7%), and 45 (31.3%).
The CD4*-cell count at the time of revaccination was known in 100 of 144 patients. They were
similar to those at the time of the primary vaccination (340 cells/mm?3; 25%-75" percentile,
250-510 cells/mm?). No side effects were reported during revaccination. Seventy-three of 144
patients developed anti-HBs titers = 10 IU/L, giving a response rate of 50.7%. The median and
mean time between anti-HBs titer determined in the initial schedule and the first vaccine
dose in the revaccinating schedule was, respectively, 5 and 8 weeks (25™-75™ percentile, 3-10
weeks). The median anti-HBs titer of the responder group was 107.9 IU/L (25"-75% percentile,
43.7-426 1U/L).

Univariate analysis showed that only female gender (OR, 2.8 female/male, [95%Cl, 1.3-6.3];
p=0.009) and younger age (OR, 0.63 per 10 years older, [95%Cl, 0.46-0.86]; p=0.002) were
predictors of a successful response (Figure 1). Changes in HIV-RNA load or CD4*-cell count
between the initial and rechallenge vaccination schedule were not found to have an influ-
ence on outcome. However, we could not exclude an effect of changes in HIV-RNA load or
CD4*-cell count, given the limited numbers of patients available in this study.

Inthe multivariate analysis, female patients were found to have a significant better response
(p=0.03), whereas the effect of age depended on the viral load at the time of revaccination
(i.e., viral load is an effect modifier, p=0.05). For patients with a detectable HIV-RNA load (not

Prediction of response (%)

20 30 40 50 60 70 80

Age at revaccination, years

Figure 2: Multivariate logistic regression analysis (SPSS) of the relationship between age and the probability of success for HBV
vaccination. Females have a significant better response rate than males. The effect of age depends on HIV-RNA load at revaccination.
Shown are results for females with a detectable HIV-RNA load (e), females with an undetectable HIV-RNA load (o), males with a
detectable HIV-RNA load (m), and males with an undetectable HIV-RNA load (o).
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receiving HAART), the effect of age was stronger (OR, 0.34 per 10 years older, [95%Cl, 0.16-
0.72]; p=0.005) than it was for patients with an undetectable HIV-RNA load, all of whom were
receiving HAART except for 2 HIV-2-infected patients (OR, 0.74 per 10 years older, [95%Cl,
0.50-1.00]; p=0.12) (Figure 2). In conclusion, a response to revaccination with a double dose
of HBV vaccine was more likely in patients < 40 years old irrespective of viral load (Figure 2). In
patients > 40 years old, a better response rate was observed in patients with an undetectable
HIV-RNA load than in patients with a detectable HIV-RNA load. In the latter group, prediction
of response decreased rapidly with age.

Discussion

To our knowledge, this is the first study describing the results of double-dose HBV rechal-
lenge vaccination at monthly intervals in HIV-infected patients not responding to their initial
vaccination. We revaccinated 144 patients who had failed to have an antibody response after
standard vaccination and found a 50.7% response rate. Female gender was an independent
predictor for an adequate response. This was not associated with a difference in BMI between
men and women.

Our study shows that an undetectable HIV-RNA load is associated with a better response
only in patients > 40 years old. In patients < 40 years of age, the chance of a response is high,
irrespective of HIV-RNA load. One possible explanation for this is a shorter duration of HIV
infection and a limited depletion of specific memory T cells in the younger age group. The
effect of undetectable HIV-RNA load on response in the older age group probably reflects
long usage of HAART and partial recovery of immune system.

Overton et al. found that an undetectable HIV-RNA load was the only predictor of suc-
cessful HBV vaccination in a multivariate analysis [13]. Because the outcome of their study
group concerned the results of initial vaccination, this may not be in conflict with our results
concerning revaccination of non-responders after initial vaccination. These patients probably
are an immunological disadvantaged group.

The optimal HBV vaccination schedule in HIV-infected individuals is still a matter of debate.
Whether the results of revaccination in our study are due to the double dose or to the increas-
ing number of monthly immunizations in initially non-responding individuals remains to be
elucidated. Studies comparing standard and double doses in primary vaccination schedules
are not conclusive. Cornejo-Judrez et al. compared 10 ug and 40 ug of HBV vaccine as the
initial vaccination scheme in HIV-infected patients and found no significant difference [10].
Fonseca et al. enrolled HIV-infected patients in a primary vaccination serial study using a
standard dose and a double-dose group. The double dose improved seroconversion only in
those with CD4*-cell counts = 350 cells/mm 3 and low HIV viremia (p=0.008) [11]. In patients
with predialysis chronic renal failure, McNulty et al. compared 20 ug and 40 ug doses as the
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initial vaccination scheme and found 10 % more seroconversions in the higher dose group,
but this difference was not statistically significant. A fourth dose increased the seroconversion
rate in 4 of 31 non-responders [14]. The conflicting results may be due to small numbers of
included individuals and different patient populations. According to Rey et al. rechallenging
of non-responders to standard primary vaccination with HBV vaccination given at monthly
intervals is very effective. In his study, 8 of 9 revaccinated patients responded [15]. Given that
the response rate of the initial standard dose vaccination schedule at our institution is about
50 % and revaccinating contributed another 50 %, we achieved an overall response rate of
75 % among our HIV-infected patients.

In conclusion, double-dose HBV revaccination in HIV-infected non-responders produced
a 50.7 % additional success rate, justifying post-vaccination anti-HBs screening. Future
prospective studies are required to determine whether increasing the number of immunu-
nizations is as effective as double-dose revaccination in non-responders to a standard initial

vaccination schedule.
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Abstract

We studied the possible relationship between hepatitis B and influenza vaccination in
HIV-infected patients. From a hepatitis B vaccination study in a HIV-infected cohort, we
retrieved data on the history of influenza immunizations and stored serum samples
were used to determine response to influenza vaccination. Outcome was defined as
an influenza response rate, an influenza protection rate and an influenza geometric
mean titer (GMT) of all 3 seasonal antigens. The outcome could be analyzed in 73
patients. In conclusion, a trend for higher GMT both in pre- and post- vaccination
titers was observed in HBV vaccination responders compared to HBV non-responders.
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Introduction

To reduce the risk of hepatitis B virus (HBV) infection it is currently recommended vaccinating
all HIV-infected individuals against hepatitis B. Trials in HIV-infected patients in the pre- and
post highly active antiretroviral therapy (HAART) era have yielded response rates between
17% and 72% respectively [1-8]. Response rates depend on various factors like CD4*-cell
count, HIV viral load and dosing schedule. A CD4*-cell count = 350 cells/mm? is associated
with a higher likelihood of developing a protective immune response [4].

To reduce serious influenza-associated complications, influenza immunization is widely
recommended for individuals withimmune suppression. Like in HBV vaccination, HIV-infected
patients approved to have an impaired response upon influenza immunization as compared
to healthy controls [9-10].

Hepatitis B and influenza vaccines contain T-cell dependent antigens. The level of protec-
tion is associated with antibody levels. Failing to achieve an adequate vaccination response
even in HIV-infected patients with a CD4*-cell count > 500 cells/mm?, suggests a persistent
functional defect of the adaptive immune response.

To assess whether an impaired response to HBV and influenza immunization is related to
the immune competence of the host or dependent on the vaccine used, we studied the pos-
sible relationship between both vaccinations in a group of HIV-infected patients.

Methods

Patients

From a cohort of 385 HIV-infected patients that participated in a HBV vaccination study
(period 2004-2007) in our clinic, Erasmus MC, Rotterdam, the Netherlands, we gathered data
on the history of influenza immunizations administered during the study period. We sent a
questionnaire to the general practitioners of all patients. Data on age, gender, Body Mass
Index (BMI), nadir CD4*-cell counts, baseline CD4*-cell counts, HAART usage, baseline HIV-
RNA levels, number of influenza immunizations prior to HBV vaccination and response to
HBV vaccination were available.

Vaccine and Antibody assays
Quantitative anti-hepatitis B surface antigen (anti-HBs) testing was performed by AxSym
Ausab (Abbott Diagnostic Division, Wiesbaden Germany).

Available repository serum samples collected during the HBV vaccination study period
and frozen at -20°C, were identified. We selected samples prior to and 2-3 months with a

maximum of 6 months after influenza immunization. Inactivated influenza vaccines contain
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the immunologically relevant envelope protein haemagglutinin (HA) of viral strains, as the
presence of serum antibodies directed against HA is associated with clinical protection from
disease. The standard assay to detect anti-HA antibodies is the haemagglutination inhibition
(HI) test. Serial two-fold dilutions of serum were incubated with four haemagglutinating units
of the respective vaccine strain and the reciprocal serum dilution that still inhibited the ag-
glutination of turkey erythrocytes was determined as described previously [11]. Ferret sera
raised against the test antigens were used as positive controls. All sera of each individual
study subject were tested simultaneously. For statistical analysis a titer of 5 was arbitrarily
assigned to sera with a titer < 10.

Serum samples were tested for antibodies against three influenza vaccine antigens cor-
responding to the vaccine composition of the season in which the vaccine was used. Season
2003/2004:H1N1 IVR-116 = A/New Caledonia/20/99, H3N2 ResVir-17 = A/Panama/2007/99, B/
Shangdon/7/97; season 2004/2005: HIN1 IVR-116 = A/New Caledonia/20/99, H3N2 X-147 = A/
Wyoming/3/03, B/Jiangsu/10/03; season 2005/2006: HIN1 IVR-116 = A/New Caledonia/20/99,
H3N2 X-157 = A/New York/55/04, B/Jiangsu/10/03; season 2006/2007: HIN1 IVR-116 = A/New
Caledonia/20/99, H3N2 IVR-142 = A/Hiroshima/52/05, B/Malaysia/2506/04.

When a patient was immunized more than once in the above mentioned seasons results
of first influenza immunization were used for analysis. In the different seasons the A/H1N1
vaccine strain remained unchanged during the study period and therefore results were
pooled. For influenza A/H3N2 and B viruses different vaccine strains were used in subsequent
years, but since the HA antigens are variants of the same virus (sub)type and antibodies
were detected against the homologous vaccine strains, results obtained with these different
antigens were pooled as well to obtain more statistical power for analysis of the data.

Definitions and statistics

The following parameters for efficacy of vaccination were evaluated: seroconversion or re-
sponse rate was defined as the percentage of patients with a fourfold titer increase and those
with a titer of < 10 at baseline achieving a titer of > 40; seroprotection or protection rate was
defined as the percentage of patients with a HI titer > 40, which is considered to be a clinically
relevant titer, known to be associated with protection against severe influenza in healthy
controls, after vaccination [11-12]. Besides response rate and protection rate, titers were
transformed to a logarithmic scale and geometric means were used for further calculations.
Geometric mean titers (GMT) are the strongest markers of the immunological capability of a
group to respond to an antigen.

In the HBV vaccination study the protective level of anti-HBs was defined as a titer = 10
IU/L. According to the response to HBV vaccination patients were grouped into HBV respond-
ers and HBV non-responders. The variables age, gender, BMI, nadir CD4*-cell count, baseline
CD4*-cell counts, HAART use, baseline HIV-RNA levels and number of influenza vaccinations

prior to the analyzed influenza immunization were studied. Continuous variables were
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compared using the one-way ANOVA or Mann-Whitney U test; categorical variables were
compared using the Chi-square test, where appropriate. GMT results were analyzed by one-
way ANOVA. Calculations were performed using SPSS for Windows, version 17.0.

Results

We received information on influenza immunization for 302/385 (78.4%) participants of the
HBV vaccination study. More than 50% of our HBV vaccinated cohort (n=175) were not im-
munized against influenza. One or more influenza immunizations were administered to 127
(42.1%) patients. The response to influenza immunization could be analyzed in 73 patients.
The remaining 54 patients were not available for analysis due to various reasons: in 36 cases
serum monsters were not available within the above-mentioned defined period, in 10 cases
samples were retrospectively retrieved not according to the definition, 8 patients’ samples
had an insufficient volume.

Baseline characteristics of the HBV vaccine non-responders and responders are shown in
Table 1. The median nadir CD4*-cell count was < 200 cells/mm? in both groups and was

significantly lower in the HBV responder group (p=0.04). The median CD4*-cell count at 1¢

Table 1. Baseline characteristics in HBV non-responders and HBV responders

HBV non-responders HBV responders

N=41 N=32
Ageinyrs, median 42 43
(25%-75% percentile) (37.5-53.5) (38.3-55)
Male (%) 29(70.7) 15 (46.9)
BMI, median 245 246
(25%-75% percentile) (22.5-27.9) (22.5-27.3)
Nadir CD4*-cell count cells/mm?, 180 70
median (25"-75" percentile) (70-280) (10-175)
CD4*-cell count cells/mm? at 1t HBV 500 385
vaccination, median (25"-75" percentile) (300-665) (290-630)
CD4*-cell count cells/mm? at infl 480 425
immunization, median (25-75" percentile) (300-645) (293-678)
HAART use, N (%) 33(80.5) 29(90.6)
Undetectable HIV-RNA at 1< HBV 30 27
vaccination, N (%) (73.2) (84.4)
Undetectable HIV-RNA at infl immunization, 32 29
N (%) (78) (90.6)
No infl immunizations prior to analyzed infl 1 2
immunization, median (25%-75" percentile) (0-5) (0-3.8)
Time between sample analysis and infhl h 36 26
immunization in months, median (25%-75" (22:50) (2044)

percentile)
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HBV vaccination and influenza immunization was > 385 cells/mm? in both groups. There was
a high percentage of HAART use with a corresponding rate of undetectable HIV-RNA that did
not differ between the groups.

No differences in the other variables were found between the groups, besides the male/

female ratio. In the HBV responders group significantly less male were present (p=0.04).
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Figure 1a. Figure 1b.
Percentage response rate in three influenza antigens (H1, H3 and B) Percentage protection rate in pre- and post-influenza
in HBV non-responders and responders vaccination in three antigens (H1, H3 and B) in HBV vaccine
White bar = HBV vaccine non-responders non-responders and responders
Black bar = HBV vaccine responders White bar = pre-vaccination in HBV vaccine non-responders
White dotted bar = post-vaccination in HBV vaccine non-
responders

Black bar = pre-vaccination in HBV vaccine responders
Black dotted bar = post-vaccination in HBV vaccine
responder

The response rate, representing a fourfold titer increase after vaccination, was significantly
higher in the HBV responder group only for A/H3N2 (p=0.01) (Figure 1a). The protection rate
after vaccination was approximately 75 % and was not significantly different in HBV both groups
for all three strains (Figure 1b). Pre-vaccination titers were already protective for a considerable
percentage (50%) (Figure 1b). In Figure 2 the results are depicted for the mean GMT, with the 95%
Cl for the pre-vaccination titers and for the post-vaccination titers. For all three vaccine strains
the pre-vaccination mean GMTs were higher in the HBV responders compared to the HBV non-
responders although this difference was not statistically significant, p=0.09 for H1 antigen, p=0.7
for H3 antigen and p=0.3 for B antigen. Also the mean GMTs post-vaccination were higher in the
HBV responders, again not statistically significant, p=0.3 for H1 antigen, p=0.3 for H3 antigen
and p=0.2 for B antigen. The difference between HBV non-responders and HBV responders in
post-vaccination titer, corrected for pre-vaccination titer, were again not statistically significant
for all three strains, p=0.6 for H1 antigen, p=0.4 for H3 antigen and p=0.8 for B antigen.

After correction for male gender and nadir CD4*-cell count in multivariate analysis the

results for both HBV response groups remained comparable.
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Figure 2. Mean GMT and 95% Cl in pre- and post-influenza vaccination titers per antigen (H1, H3 and B) for HBV vaccine non-
responders and responders

Black dots = pre-vaccination

Open dots = post-vaccination

Discussion

In a cohort of known HBV vaccine responders and non-responders we found merely a trend
for higher post-vaccination titers (GMT) for all three influenza strains in the group of HBV

responders.

The low response rate for all strains in both groups could be explained by high pre-vaccina-
tion titers, which can be caused by either natural exposure or previous vaccination. As the
pre-vaccination protection rate in our study groups is approximately 55% the outcome of
the response rate represents mostly a booster effect. Since the response rate is defined as a
fourfold titer increase this may be difficult to achieve with high pre-vaccination titers.

The GMT was the only marker which showed a trend for higher immunological capability for
response to all three strains in the HBV responder group compared to HBV non-responders.

51

<
P
[}
L
[-%
(]
=
(%)




Chapter 4

Although most patients approved to have regained immune competence (as judged by a
normal CD4*-cell count and undetectable HIV-RNA load) at the time of vaccination, the im-
mune restoration appears not to be complete. Peripheral blood CD4* T-cells, comprise only
a minority of total T-cells during the chronic phase of the infection and are only a gross and
aspecific measure for antigen specific T-cell dependent immunity. Mehandru et al. hypoth-
esized that immune reconstitution in the peripheral blood does not coincide with immune
reconstitution in the gastrointestinal mucosa [13]. Furthermore, in chronic HIV infection the
architecture and function of the lymphoid tissue is disrupted by immune activation [14-15].
After vaccination the antigens are transported by antigen presenting cells to the lymph
nodes where the dendritic cells present the antigen to the antigen-specific B-cells. The im-
mune response upon vaccination should take place in these hyperplastic lymph nodes. This
may partly explain the positive trend in HBV vaccine responders to achieve a higher GMT to
influenza immunization irrespective of CD4*-cell count and HIV-RNA.

Alimitation of our study is the retrospective design. We prospectively vaccinated HIV-infected
patients in a HBV vaccination trial. All influenza data from these patients were retrospectively
collected. After retrieving stored samples, the material was tested for antibodies against
three influenza vaccine antigens corresponding to the vaccine composition of the season in
which the vaccine was used. The number of patient samples that was available was limited. In
the seasons in which our study was conducted (2004-2007) the A/HTN1 vaccine component
remained unchanged and therefore the data of different seasons could be pooled. For A/
H3N2 and influenza B the vaccine strains were updated during the subsequent influenza
seasons, but we considered the antigens as variant of the same virus type and therefore also
pooled these data. The protection rate pre-vaccination was relatively high.

Strength of our study is that we had the disposal of prospective data on HBV vaccination
response in our HIV-infected population. Future research needs to address why some patients
with normalized CD4*-cell counts and undetectable HIV-RNA do not respond to influenza
vaccination.

In conclusion, a trend for a higher GMT, both in pre- and post- influenza vaccination titers
was observed in HBV vaccine responders compared to HBV non-responders. The differences
in response to HBV and influenza vaccination in HIV-infected patients are probably related to
defects in the host immune system, not represented by the CD4*-cell count, and not to the
vaccine itself. Underlying mechanisms tested by functional antigen specific T-cell assays may
elucidate this defect.
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Abstract

Prolonged lamivudine therapy has been identified as the major risk for the devel-
opment of resistance in HBV, with rates of 90% after 4 years of treatment. Tenofovir
disoproxil fumarate showed activity against both wild type and lamivudine resistant
HBV in HIV/HBV co-infected patients. In order to compare the efficacy of lamivudine/
tenofovir treatment we investigated detailed HBV kinetics in 13 HIV/HBV co-infected
patients with either wild type HBV or lamivudine resistant HBV.

The viral strains in both patient groups showed a biphasic viral decline pattern.
Only in the first phase of viral decay, which reflects the clearance rate of the free
virus from plasma, there was a statistically significant response in favor of the wild
type group. After the first phase we observed a similar viral decline till 24 weeks of
both groups. This is reassuring for many pretreated co-infected patients harbouring

mutant viruses.



Viral kinetics on LAM/TDF therapy in HIV/HBV

Introduction

Chronic hepatitis B virus (HBV) infection has become an important source of co morbidity in
human immunodeficiency virus (HIV)-infected individuals. HIV-1 infection is associated with
reduced frequency of spontaneous clearance of hepatitis B s antigen (HBsAg) and hepatitis B
e antigen (HBeAg) and is associated with higher HBV-DNA levels, lower serum alanine amino-
transferase (ALT) levels, and milder histological necro-inflammatory activity [1]. Despite this,
progression to cirrhosis is more common [2].

Prolonged lamivudine therapy, suppressing both HIV and HBV replication, has been identi-
fied as the major risk for the development of HBV resistance. Mutations typically occur in
the tyrosine-methionine-aspartate-aspartate (YMDD) motif of the catalytic domain of the
polymerase gene of HBV. HIV/HBV co-infected individuals develop resistance at a rate of 20%
annually, with rates of 90% after 4 years of treatment. These rates are higher compared to
resistance rates in HBV patients not infected with HIV [3-4]. Tenofovir disoproxil fumarate
(TDF), an acyclic nucleotide analogue reverse transcriptase inhibitor, showed activity in in
vitro and in vivo studies against both wild type and lamivudine resistant HBV in HIV/HBV
co-infected patients [5-6]. Assessing the speed and variability in patterns of viral decay of
both viral strains may be valuable in the design of future treatment strategies.

Therefore, we investigated HBV kinetics in 13 HIV/HBV co-infected patients treated with
lamivudine/TDF combination therapy by using mathematical modeling [7-10]. We compared
the efficacy of lamivudine/TDF for wild type infected patients versus patients harbouring an
YMDD variant.

Patients and Methods

Patients

Thirteen HIV-1/HBV co-infected patients were included in this study after informed consent
was obtained. Eight patients were pre-treated with highly active antiretroviral therapy
(HAART) containing lamivudine for a median of 293 weeks (range 91-382 weeks) and had
a mutation in the YMDD motif. Five patients were treatment naive and had wild type virus.
One patient was treated with lamivudine for a period of 178 weeks but stopped treatment 3
years prior to start of the study and no mutant virus was detectable. The HAART regimen of all
13 patients included lamivudine 300 mg daily and TDF 245 mg daily. All patients were male,
suffered from HIV-1/HBV co-infection and were anti-HCV negative. All patients were treated
with a combination of lamivudine and TDF and followed for a period of 24 weeks. Sequential
sera, taken at day 1 (at t=0 and 8 h), days 2, 4, 7, 10, 14, 21, 28 and every 4 weeks thereafter
until 24 weeks, were quantitatively assessed for HBV-DNA. The presence of YMDD mutants
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was determined at t=0 and 24 weeks. Liver tests were performed on day 1 at t=0, days 7 and
28 and weeks 12 and 24.

Concurrent antiretroviral regimens in addition to TDF and lamivudine consisted of: (i) a
non-nucleoside reverse transcriptase inhibitor (NNRTI) in eight patients (62%); (i) a NNRTI
and one nucleoside reverse transcriptase (NRTI) in three patients (23%); (iii) a boosted pro-
tease inhibitor (PI) in one patient (8%); (iv) a NRTl and an unboosted Pl in one patient (8%).

Methods

HBV-DNA was isolated using the MagnaPure LC isolation station (Roche Applied Science,
Penzberg, Germany) with a modified protocol HBV-02 in which the proteinase K digestion
occurred first [11]. HBV-DNA serum levels were quantitatively assessed using the HBV-DNA
TagMan assay and calibrated using EUROHEP HBV-DNA standards [12]. The Tagman assay
enabled accurate quantitative determination to levels of 1000 copies/ml [11].

At day 1 HBV polymerase mutant analysis was performed on HBV-DNA using a Line Probe
assay (INNO-LiPA HBV DR; Innogenetics N.V., Gent, Belgium) [13]. Where the INNO-LiPA assay
was indeterminate, sequence analysis was done. A selected genome region of the polymerase
gene was amplified and sequenced with particular primers described earlier [14].

HIV-RNA was quantitatively assessed with the Cobas Amplicor (Roche Molecular Systems,
Penzberg, Germany).

Mathematical modeling of viral decline was performed according to the model of Neu-
mann as recently applied and described by van der Eijk et al [15].

Results

Thirteen patients participated in the study. Baseline characteristics are shown in Table 1. Nine
patients were Caucasian, two patients were Black and two patients were Asian. In the YMDD
variant group HIV-1 RNA was suppressed below detection level of 50 copies/ml. In the wild
type group HIV-1 RNA varied from 1,3x10* copies/ml to > 10° copies/ml.

There was no statistical significant difference in baseline HBV-DNA level between the wild
type and YMDD variant group (p=0.28). The absolute viral decay of HBV-DNA in both groups
was significant during the first four weeks of therapy. The median decline was 2.3 log (range
1.3-3.8) (p=0.02) in the YMDD variant group and 2.9 log (range 1.2-4.7) (p=0.04) in the wild
type group. Between the two groups the difference was not significant (p=0.42).

Both the patient groups showed a very similar biphasic viral decline pattern of HBV-DNA in
the first 28 days. Remarkably, during the first phase of viral decay, there was a faster decline of
the wild type virus, (p=0.006) (Figure 1a), while during the second phase, until day 28, there was
no statistically significant difference in viral decline between the two groups (p=0.98). The slope
of the viral decay during the first phase was strongly correlated with baseline HBV-DNA level
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Table 1. Baseline characteristics
patient Age (yrs)  Duration of HBV-DNA log,, HBeAg YMDD variant CD4start  ALT*U/I

lamivudine copies/ml status x10%/1

(weeks)
GROUP YMDD VARIANT
1 36 313 6.78 Pos YVDD/YIDD 0.3 46
2 46 326 8.96 Pos YVDD 0.42 79
3 34 304 9.40 Pos YVDD 0.47 235
4 49 183 9.45 Pos YVDD/YIDD 0.46 80
5 53 382 8.68 Pos YVDD 0.12 165
6 39 282 9.76 Pos YVDD 037 98
7 36 166 6.48 Pos YVDD 0.70 53
8 40 91 9.68 Pos YVDD 048 46
Median 9.18 0.44 80
GROUP WILD TYPE
9 37 178 9.92 Pos - 0.32 402
10 55 - 10.32 Pos - 0.28 114
Il 41 - 9.36 Pos - 0.2 363
12 36 - 8.11 Pos - 0.1 1454
13 26 - 9.65 Pos - 0.12 74
Median 9.65 0.20 363

*ALT upper limit of normal = 40 1U/L

n
-
[]
-
[-%
(]
=
()

HBV DNA (log10)
HBV DNA (log10)

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 0 2 4 6 8 10 12 14 16 18 20 22 24
day week
Figure 1 (a and b). Viral decline from baseline to week 24
Closed dots (®) represent observed HBV-DNA (copies/ml) data of the wild type virus group
Open dots (o) represent observed HBV-DNA (copies/ml) data of YMDD variant group
Solid line represents fitted HBV-DNA (copies/ml) data of the wild type virus group
Dotted line represents fitted HBV-DNA (copies/ml) data of YMDD variant group

within the wild type group (R=0.92), while for the YMDD variant group this correlation was weak
(R=0.13).The median estimated time for first phase to become second phase was 3.7 days (range
2.6-7.6) and 2.8 days (range 1.9-4.8) in YMDD variant and wild type group respectively, (p=0.17).
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From day 28 until week 24 a linear decline was observed (Figure 1b). Again there was no
significant difference between the two groups (p=0.63). The median of the estimated effec-
tiveness of TDF in blocking virus production in infected cells was 90% (range 82-99) for n =
0 and 85% (range 78-97) for n = 1 in the YMDD variant group and 96% (range 90-99) for n =
0 and 95% (range 89-99) for n = 1 in the wild type group. The median of the estimated death
rate of virus producing infected cells was 14% (range 6-21) for n =0 and 13% (range 5-20) for
n=1inthe YMDD variant group and 13% (range 3-21) for n =0 and 12% (range 3-21) forn =
1 in the wild type group.

The median of the estimated half-life of free virus was 26.7 hours (range 26.2-27.0) and
13.7 hours (range 13.6-13.7) in the YMDD variant and wild type group respectively, (p=0.002).
The median of the estimated half-life of infected hepatocytes was 4.8 days (range 3.4-10.8)
and 5.4 days (range 3.2-20.5) in the YMDD variant and wild type group respectively, (p=0.72).
Follow-up for 24 weeks was available for 12/13 patients. HBV-DNA became undetectable (=<
10% copies/ml) in 5 patients and < 10° copies/ml in 10 patients. Moderate elevated baseline
ALT (3 x upper limit of normal) was no predictor for early HBV decline in the first phase and up
to 28 days (p=0.5). In the majority of patients (12/13) data were available on HBeAg and anti-
HBe at start of treatment. At 12 weeks 3 out of 6 patients and at 24 weeks 6 out of 12 patients
lost HBeAg. Seroconversion to anti-HBe occurred in three, two patients seroconverted to
borderline anti-HBe and one patient had loss of HBeAg without seroconversion to anti-HBe.
Two patients lost HBsAg. No side effects were reported and treatment was well tolerated and
not interrupted.

YMDD sequencing was performed in 8 out of 13 patients at week 24. In three out of four
patients with initially an YMDD variant, this variant persisted after week 24. In one patient
sequencing could not be performed because of a negative HBV-PCR at week 24. At week 24
the wild type group showed no development of HBV mutations in two out of five patients,
two patients had a negative HBV-PCR and could not be sequenced, one sample was missing.

Discussion

This study provides intensive viral kinetic data following lamivudine/TDF combination treat-
ment of HIV/HBV co-infected patients with drug-resistant HBV mutants and wild type virus.
The viral decay of HBV-DNA in both patients groups was overall the same.

Previous modeling studies in chronic infected HBV patients have demonstrated that a
biphasic pattern of viral response occurs during the first 4 weeks of antiviral treatment with
nucleoside analogues [10]. The decline of viral load during treatment with adefovir (ADV), an
acyclic nucleoside reverse transcriptase inhibitor, also displayed a biphasic kinetic profile [9].
Efficacy of ADV in the treatment of wild type and YMDD variant hepatitis B virus is described
and ADV is approved for the treatment of chronic HBV infection [16-17]. ADV as treatment
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of HIV needs much higher doses than the approved dose used in HBV mono-infection and is
associated with unacceptable risk for nephrotoxicity at these higher doses. TDF is capable of
effectively blocking viral replication in patients with lamivudine-induced mutant viruses in
HBV mono-infected patients as well as in HIV/HBV co-infected patients [15].

At this moment TDF seems a better treatment for HIV/HBV co-infected patients than
lamivudine, although there is little known about selection of mutations against TDF during
long term follow-up. From the limited data on TDF in HIV/HBV co-infection [18], there are no
reports of resistance, as opposed to the annual 20% lamivudine resistance against HBV.

In the study reported here, the viral decay of HBV-DNA in both patients groups was overall
the same. This could be explained by increased sensitivity of the YMDD variant to TDF [19-
20]. In the recently published study of Lacombe et al. our results were confirmed in their
long-term kinetics [21]. They concluded that YMDD mutations did not impact the long-term
effect (517 days) of either TDF monotherapy or lamivudine/TDF combination therapy on HBV
replication. In our study all patients received combination therapy, although in the YMDD
mutant group TDF is probably the only effective drug in this combination. We cannot confirm
nor contradict the results of the for mentioned study in which they conclude that the viral
decline is influenced by initial HBV-DNA, as in our study no statistical difference between
the two groups at baseline HBV-DNA existed. Only during the initial phase in our study,
which lasted less than 7 days, we found a strong correlation with baseline HBV-DNA and viral
decline in the wild type group.

The second phase decline in HBV-DNA levels reflects the death rate of virus producing
infected cells. The death of these cells requires a cellularimmune response of the host. In HBV
mono-infection a possible marker of the strength of hostimmune response is the level of ALT,
which is an indicator of the level of cell death. The results of studies concerning the predic-
tive value of pretreatment ALT levels among chronic HBV mono-infected and co-infected
patients who were treated with antiviral therapy are in disagreement [8, 15, 21-23]. In our
study baseline ALT in wild type was higher than in YMDD mutant without any correlation
with HBV decline which is in agreement with van der Eijk et al [15]. This may be explained by
HIV/HBV co-infection, resulting in less immunocompetence and therefore pretreatment ALT
levels too low to produce a detectable association with the slope of viral decay. Also small
numbers of patients and wide ranges may explain this phenomenon.

In conclusion, it is reassuring for many lamivudine pretreated co-infected patients har-
bouring YMDD variant virus that adding TDF to a HAART regimen showed a viral decline of
HBV-DNA similar to wild type virus patients. Future studies with larger numbers of patients
and longer periods of follow-up are relevant to document long-term outcome of lamivudine/
TDF combination therapy in chronic HBV patients, with or without HIV co-infection.
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Abstract

Background and aims. We investigated the long-term efficacy and renal safety of
tenofovir disoproxil fumarate (TDF), administered to patients co-infected with HIV
and hepatitis B virus (HBV) as a part of antiretroviral therapy.

Methods. We performed a multicenter, prospective cohort study of 102 patients co-
infected with HIV and HBV who were treated with TDF.

Results. At baseline, 80% of patients had a detectable viral load (HBV-DNA > 20 U/
mL). Among patients positive for hepatitis B e antigen (HBeAg, n=67), 92% had a VR
(HBV-DNA < 20 IU/mL) after 5 years of treatment. There was no difference between
patients with or without lamivudine-resistance at baseline (p=0.39). Loss rates of
HBeAg and hepatitis B s antigen (HBsAg) were 46% and 12%, respectively. Among
HBeAg-negative patients (n=15), 100% had a virologic response after 4 years of
treatment and 2 (13%) lost HBsAg. Twenty subjects (20%, all HBeAg-negative) had
undetectable HBV-DNA at baseline; during a median follow-up of 52 months (41-63
months), 19 (95%) maintained a virologic response and 2 (10%) lost HBsAg. Overall,
one patient acquired a combination of resistance mutations for anti-HBV drugs and
experienced a virologic breakthrough. Three (3%) patients discontinued TDF because
of increased serum levels of creatinin. The estimated decrease in renal function after
5 years of TDF therapy was 9.8 mL/min/1.73m? which was most pronounced shortly
after TDF therapy was initiated.

Conclusions. TDF, administered as part of antiretroviral therapy, is a potent anti-HBV
agent with a good resistance profile throughout 5 years of therapy. Only small, non-

progressive decreases in renal function were observed.
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Introduction

Tenofovir disoproxil fumarate (TDF) was licensed for the treatment of human immunodefi-
ciency virus (HIV) infection in 2001, and plays since then a pivotal role in HIV management.
Currently, the combination of TDF and emtricitabine is the most widely prescribed nucleos(t)
ide analogue reverse transcriptase inhibitor (NRTI) backbone in Europe. Because HIV and HBV
share similar routes of transmission, prevalence of HBsAg-carriership is more than five-fold
higher among HIV-infected patients compared to the general population [1-2]. Furthermore,
HIV/HBV co-infected patients are at increased risk for development of cirrhosis and hepato-
cellular carcinoma, and have higher overall mortality rates compared to HIV mono-infected
patients [3-6].

The efficacy of TDF in HBV therapy was first described in studies including mainly patients
with HIV-1 co-infection [7-11]. Recent data showed the efficacy of TDF in the treatment of
chronically HBV mono-infected patients as well [12]. TDF was superior to adefovir dipivoxil in
both nucleos(t)ide-naive HBeAg-positive and HBeAg-negative HBV patients, and appeared
to be one of the most potent anti-HBV agents so far. Several reports showed that TDF was
also effective in the nucleos(t)ide-experienced population, although conflicting results have
been presented concerning patients with genotypic resistance to adefovir dipivoxil [13-16].
Moreover, TDF has a good resistance profile, and no convincing proof of HBV-resistant mu-
tants to TDF has been presented so far [17]. Long-term therapy is indicated for all HIV/HBV
co-infected and most HBV mono-infected patients treated with oral nucleos(t)ide analogues,
as a sustained response after cessation of therapy is rare [18-19]. However, follow-up in stud-
ies investigating the efficacy of TDF in HIV/HBV co-infected and HBV mono-infected patients
is limited to only two years. In addition, there are concerns about the risk of renal toxicity with
TDF [20-25]. We investigated the long-term efficacy and renal safety of TDF administered as a
part of antiretroviral therapy in a large cohort of HIV/HBV co-infected patients.

Materials and Methods

Study populations

Six Dutch centers specialized in HIV management participated in this multicenter cohort
study. From 2001 to July 2006 all consecutive adult HIV-infected patients positive for hepa-
titis B surface antigen (HBsAg) for more than six months, and treated with TDF as a part of
antiretroviral therapy for at least six months were included. Patients were excluded if they
had hepatitis C or hepatitis delta co-infections, or received concomitant treatment with
(pegylated) interferon during the on-treatment follow-up period. Patients were categorized
to those with or without the presence of detectable HBV-DNA at baseline.
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Follow-up of participants

Virologic, haematological and biochemical parameters were recorded at least at 6-month
intervals in the first two years of follow-up and at yearly intervals thereafter. At every visit
routine examination with measurement of serum alanine aminotransferase (ALT), creatinin,
CD4*-cell count, serum HIV-RNA, serum HBV-DNA, HBeAg, and anti-HBe took place. HBsAg
status was measured in case of the combined presence of undetectable HBV-DNA and nega-
tive HBeAg. A mutation analysis was done (a) at baseline in all lamivudine (LAM)-experienced
HBV patients, (b) in case of virologic breakthrough, defined as an increase in serum HBV-DNA
level > 1 log,  (10-fold) above nadir on at least two occasions after initial virologic response,
or () in case of serum HBV-DNA > 200 IU/mL at the end of follow-up. HBV genotype was
determined at baseline. At baseline, the diagnosis of cirrhosis was based on the treating
physician’s judgment. Abdominal ultrasound was performed if there was clinical suspicion
of progression to cirrhosis, development of decompensated liver disease or hepatocellular

carcinoma.

Endpoints

The primary outcome was virologic response (VR), defined as serum HBV-DNA levels < 20 U/
mL during the on-treatment follow-up period. Secondary endpoints were HBsAg loss, HBeAg
loss for HBeAg-positive patients, ALT normalization, and emergence of antiviral resistant mu-
tations. Progression to cirrhosis was defined on clinical grounds, that is, albumin level < 3,5 g/
dL, platelet count < 100,000 mm?, clinical decompensation, and ultrasound demonstration of
surface nodularity, splenomegaly, and > 15-mm portal vein diameter. Clinical decompensa-
tion was defined as development of ascites, encephalopathy, jaundice, or gastro-intestinal
bleeding, defined to internationally agreed criteria [26]. Renal function was assessed by
monitoring the estimated glomerular filtration rate (eGFR) in mL/min/1.73 m? which was
calculated using the Modification in Diet in Renal Disease (MDRD) equation, based on the

serum creatinin, age, sex and race.

Laboratory tests

ALT and creatinin levels were measured using automated techniques. Absolute numbers of
CD4 T lymphocytes were assessed on whole blood by flowcytometry. HBsAg, HBeAg, and
antibody against HBeAg (anti-HBe) were determined using commercially available enzyme
immunoassays. HIV-RNA was quantitatively assessed with the Cobas Ampliprep/Cobas
Amplicor version 1.5 (Lower limit of detection: 50 copies/mL; Roche Molecular Systems,
Penzberg, Germany). HBV-DNA was quantified in serum as previously described [27-28]. The
lower limit of this assay was recently determined at 20 IU/mL by probit analysis (M. Schut-
ten, unpublished results). HBV genotype was determined by Sanger sequencing on a 752
basepair fragment in the S gene as previously described [29]. Antiviral resistance associated
mutations were determined using the Inno-LIPA HBV DR v2 (Innogenetics NV, Zwijnaarde,
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Belgium) for highly sensitive detection of mutant species and by Sanger sequencing of the
HBV reverse transcriptase gene to detect mutations not present on the Inno-LIPA HBV DR v2
(rtT184, rtA194, rtS202, rtl233, rtM250).

Data analysis

Continuous variables are expressed as means + standard deviation or median (interquartile
range) where appropriate. Continuous variables were compared using the t-test or the Mann-
Whitney test. Categorical variables were compared using the Chi-square or Fisher’s exact
test. Follow-up times were calculated from the date of TDF treatment initiation to the date of
event or censorship. The cumulative probabilities of VR, HBeAg loss and HBsAg loss during
treatment were calculated by the Kaplan-Meier method. Survival analysis with Cox regres-
sion model was used to analyze which baseline factors were associated with VR in patients
with a detectable HBV-DNA at baseline (n=82). Changes in creatinin during treatment were
analyzed with a repeated measurement model estimating an overall smooth quadratic de-
cline while allowing for a random intercept and a decline per patient. Differences in decline
between baseline characteristics like the use of ritonavir-boosted protease inhibitors were
tested adding an interaction term with time in the model. All statistical tests are two-sided,
and a p-value < 0.05 was considered to be statistically significant. SPSS version 15.0 (SPSS
Inc., Chicago, IL, USA) and SAS version 9.2 (SAS Institute Inc., Cary, NC, USA) were used for all
statistical analysis.

Results

Baseline characteristics of the study population are presented in Table 1. A total of 102
patients were included in this analysis. Ninety-two (90%) subjects were men and the mean
age was 42+8.9 years. The treatment regimens that were used in addition to TDF were for
most patients either a NRTI and a non-NRTI regimen (64%) or a NRTI and ritonavir boosted
protease inhibitor regimen (24%). During the on-treatment follow-up all patients received
concomitant treatment with either LAM or emtricitabine. Median follow-up of the whole
study population was 55 (42-64) months.

Virologic response in patients with detectable HBV-DNA at baseline

Of 82 patients with detectable HBV-DNA at baseline, 67 (82%) subjects were HBeAg-
positive at the initiation of TDF, and the mean HBV-DNA was 7.0+2.1 log, , IU/mL. Fifty (61%)
patients were previously treated with LAM for a median duration of 42 (22-74) months.
TDF was added to LAM therapy as a second anti-HBV drug in 45 (90%) of 50 patients and
in 5 patients LAM was reintroduced in combination with TDF. In 33 (66%) subjects LAM-
resistant mutations could be detected at the initiation of TDF. During a median follow-up of
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Table 1. Baseline characteristics

Detectable HBV-DNA  Undetectable HBV-DNA P -value

N=82 N=20
Age (years) 42487 43+10 0.68
Gender (male %) 77 (94%) 15 (75%) 0.02
Race 0.04
Caucasian 54 (66%) 8 (40%)
Black 18 (22%) 10 (50%)
Other 10 (12%) 2 (10%)
BMI 23+5.2 25434 0.31
ALT (xULN) 1.6 (1.0-2.7) 0.7 (0.4-1.0) <0.001
HBV-DNA (Log, IU/ml) 7.0£2.1 uD* <0.001
HBeAg-positive 67 (82%) 0 (0%) <0.001
Genotype (N=81) 0.15
A 47 (62%) 5(100%)
other 29 (38%) 0 (0%)
Presence cirrhosis 12 (15%) 2 (10%) 0.66
CD4*-cell count 285 (120-473) 320 (155-460) 0.68
HIV-RNA (Logmcopies/mL) 3.1+16 2.0+1.3 0.002
Creatinin (mg/dL) 0.86+0.17 0.88+0.19 0.66
eGFR (mL/minute) 106+31 102430 0.62
Treatment regimen 041
2 NRTI+ 1 NNRTI 50 (61%) 15 (75%)
2 NRTI +PI/r 20 (24%) 4(20%)
Other 12 (16%) 1 (5%)
Concomitant anti-HBV therapy 0.26
Lamivudine 77 (94%) 20 (100%)
Emtricitabine 5 (6%) 0 (0%)
Previous anti-HBV therapy
LAM-experienced 50 (61%) 18 (90%) 0.02
LAM-resistance at baseline 33 (40%) 0(0%) <0.001
Duration of LAM therapy# 42 (22-74) 45 (24-64) 0.73
*Undetectable; # Months

56 (43-64) months, 72 (88%) patients achieved VR. For HBeAg-positive patients (n=67), the
cumulative probability of achieving VR at 1, 2, 3, 4 and 5 years of treatment was 31%, 70%,
83%, 88%, and 92%, respectively (Figure 1). There was no significant difference between
patients with or without LAM-resistance at baseline (p = 0.39) (Figure 2). In univariate
analysis only HBeAg negativity at baseline demonstrated a trend towards a higher chance
of achieving undetectable HBV-DNA (p = 0.09). HBeAg loss and HBsAg loss rates increased
to 46% and 12% after 5 years of TDF therapy. For HBeAg-negative patients (n=15), the
cumulative probability of achieving VR at 1, 2, 3 and 4 years of treatment was 47%, 85%,
85% and 100%, respectively (Figure 1). During follow-up 2 (13%) of 15 HBeAg-negative
patients achieved HBsAg loss. Of 59 patients with elevated ALT levels at baseline, 46 (78%)
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Figure 1 Kaplan-Meier curve for the cumulative probabilities of achieving VR, defined as HBV-DNA < 20 IU/mL, for HBeAg-positive
(n=167) and HBeAg-negative (n = 15) HIV/HBV with patients with detectable HBV-DNA at baseline (n = 82).
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Figure 2 Kaplan-Meier curve for the cumulative probabilities of achieving VR, defined as HBV-DNA < 20 IU/mL, for HIV/HBV patients
with detectable HBV-DNA at baseline (n = 82) with lamivudine-resistant (n = 33) or no lamivudine-resistant mutations (n = 49) at the
initiation of TDF.

demonstrated ALT normalization at the end of follow-up. Three (4%) patients experienced
a virologic breakthrough during the observation period. In two subjects no genotypic re-
sistance could be detected; one patient demonstrated the combined presence of rtM204l,
rtL80I, rtL180M, and rtA181V in the HBV polymerase gene (Figure 3B).
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Virologic response in patients with undetectable HBV-DNA at baseline

Twenty patients (100% HBeAg-negative) had undetectable HBV-DNA at baseline: Two pa-
tients were treatment-naive; 18 patients were pretreated with LAM for a median duration
of 38 (24-64) months. In all patients TDF was added as a second anti-HBV drug per internal
protocol. During a median follow-up of 52 (41-63) months 19 (95%) subjects maintained VR,
and two (10%) patients showed HBsAg loss. One (5%) subject experienced a virologic break-
through after which a hepatocellular carcinoma was diagnosed. No genotypic resistance
could be detected.

HBV resistance surveillance

During a median follow-up of 55 (42-64) months nine of 67 (13%) HBeAg-positive and one
of 15 (7%) HBeAg-negative patients with a detectable HBV-DNA at baseline did not achieve
VR. Of these ten subjects, three experienced a virologic breakthrough as well. One of 20
patients with undetectable HBV-DNA at baseline demonstrated a virologic breakthrough.
None of the subjects with a virologic breakthrough demonstrated LAM-resistant mutations
at baseline. In two patients non-adherence was suspected, as a simultaneous rebound HIV-
RNA was observed. A hepatocellular carcinoma was diagnosed in the other two patients, of
whom one subject also demonstrated multiple anti-HBV drug-resistant mutations (rtM204l,
rtL80I, rtL180M, and rtA181V). Of the patients with a detectable viral load at the end of
follow-up without fulfilling the criteria of virologic breakthrough (n=7), four subjects showed
LAM-resistance at baseline, and in one patient these substitutions persisted throughout the
observation period. No therapy-resistant mutations were observed in the other patients at
the end of follow-up.

Progression of hepatitis B and survival

Of the 14 cirrhotic patients at baseline, 3 developed de novo hepatocellular carcinoma
after 10-32 months (Figure 3), and two subjects decompensated liver disease after 42 and
48 months of follow-up, respectively. In total, four patients died due to hepatocellular
carcinoma progression (n=3) or complications related to end-stage liver disease (n=1). Of
the 88 non-cirrhotic patients, none progressed clinically to cirrhosis or developed de novo
hepatocellular carcinoma. Three patients died because of HBV-unrelated causes.

Entecavir as rescue therapy in patients with persisting HBV replication

In four patients who demonstrated persistent HBV replication during antiviral therapy,
entecavir (ETV) (dosed at 1 mg once daily) was added to the treatment regimen as rescue
therapy (Table 2). Patients were compliant with the treatment regimen, which is supported
by the undetectable HIV-RNA levels in these four patients at the moment ETV was added.
The addition of ETV resulted in undetectable HBV-DNA in all subjects after 3-15 months of
follow-up; one patient also achieved HBeAg loss.
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virologic breakthrough as well.

=— = HBV-DNA

A-----=HIV-RNA

A.#: MRl abdomen demonstrated diffuse hepatocellular carcinoma in segment 4-8, with infiltration of the portal vein. In addition, there
was a focal lesion in segment 2 with a diameter of 8mm, suspicious for hepatocellular carcinoma. *: Mutation analysis demonstrated
wild-type hepatitis B virus

B. #: MRl abdomen demonstrated a focal lesion in segment 4a, suspicious for hepatocellular carcinoma with a diameter of 3.3 cm, for
which he received treatment with radio-frequent ablation. After 36 months recurrent hepatocellular carcinoma was diagnosed.

C. #: MRI abdomen demonstrated a focal lesion in segment 8, suspicious for hepatocellular carcinoma, with a diameter of 13 cm. Two other
focal lesions, suspicious for hepatocellular carcinoma were observed in segment 2 and 3, with a diameter of 1.cm
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Table 2. Summary of patients with persistent HBV replication in whom entecavir was added as rescue therapy

Patient 1 Patient 2 Patient 3 Patient 4
Age (years) 26 43 41 37
Gender male male male male
Previous therapy with LAM no yes yes no
At start of tenofovir
HBeAg status positive positive positive positive
HBV-DNA (log,, IU/mL) 89 73 78 82
HIV-RNA (log,, copies/mL) 46 35 ub 35
HBV Genotype A A A A
Concomitant anti-HBV therapy LAM LAM LAM FTC
Virologic breakthrough no no no no
At time of initiation of entecavir
Month of follow-up 42 48 48 15
HBV-DNA (log, , 1U/ml) 53 33 4.2 4.2
HBeAg status positive positive positive positive
HIV-RNA (log,, copies/mL) ub ub ub ub
Mutation analysis wild-type wild-type wild-type wild-type
Non-compliance no no no no
Response to salvage therapy
Salvage therapy Addition of ETV  Addition of ETV  Addition of ETV  Addition of ETV
Follow-up (months) 15 27 15 12
HBV-DNA (log,,IU/mL) at last F/U ub ub ub ub
HBeAg status at last F/U positive negative positive positive

UD = Undetectable; F/U = Follow-up

HIV-RNA and (D4+-cell count changes

At the initiation of TDF, the mean HIV-RNA was 2.9+1.6 log,, copies/mL, and 51 patients
(50%) demonstrated serum HIV-RNA < 50 copies/mL. At the end of follow up a significantly
increased proportion of patients (84%; p < 0.001) demonstrated undetectable HIV-RNA. The
median CD4*-cell count increased from 293 (138-470) cells/mm?3at baseline to 455 (340-643)
cells/mm?3at the end of follow-up (p < 0.001).

Renal safety

Two patients (2%) experienced an increase in serum creatinin > 0.5 mg/dL after 5 (peak
creatinin level: 1.5 mg/dL; eGFR: 54 mL/min) and 16 (peak creatinin level: 2.2 mg/dL; eGFR:
32 mL/min) months of follow-up, respectively. In both patients TDF was stopped, after which
serum creatinin levels stabilized, but did not return to normal in both patients. In one of these
patients this can also be explained by polyarteritis nodosa related to HBV with associated
renal insufficiency. One additional subject TDF was discontinued after 45 months because
of an increase in serum creatinin of 0.38 mg/dL from baseline. The mean eGFR at baseline
was 10530 mL/min/1.73m2. The estimated decrease after five years of TDF therapy was 9.8
(95%Cl: [5.4 - 14.2]) mL/min/1.73m2. The major part of decline in renal function occurred
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shortly after initiation of TDF therapy (p = 0.02), and was observed especially in those sub-
jects with a baseline eGFR > 100 mL/min/1.73m? (p < 0.001). The use of ritonavir-boosted
protease inhibitors was not related to decline in eGFR (p = 0.60).

Discussion

This is the first study to assess the long-term efficacy of TDF administered as part of anti-
retroviral therapy in a large cohort of HIV/HBV co-infected patients. Previous studies on the
efficacy of TDF in both HIV/HBV co-infected and HBV-mono-infected patients were limited
by a relatively short follow-up period for up to two years [7-8, 12, 14]. In our study, there is a
median follow-up of almost five years, and, moreover, it presents the largest cohort of HIV/
HBV co-infected patients treated with TDF so far. It is shown that after five years of follow-up,
approximately 90% of patients achieved undetectable HBV-DNA (< 20 IU/mL), almost 50%
of HBeAg-positive patients demonstrated HBeAg loss, and HBsAg loss was even observed in
approximately 10% of subjects. There was no significant difference between patients with
or without LAM-resistance at baseline. More importantly, only one patient demonstrated
a combination of known anti-HBV drug-resistant mutations, and experienced a virologic
breakthrough thereafter. In three patients TDF was discontinued because of increases of
serum creatinin levels. The estimated decrease in renal function after at five years of TDF
therapy was approximately 10 mL/min/1.73m2, and was most pronounced directly after
initiation of TDF therapy.

The widespread use of highly active antiretroviral therapy (HAART) has significantly
increased the life expectancy of HIV-infected patients, and liver disease has now emerged
as a significant cause of non-AlDS-related death [3, 5]. A large prospective cohort study
demonstrated active HBV infection to be strongly associated with liver-related mortality [3].
Current guidelines recommend, therefore, inclusion of HBV-active agents within the HAART
regimen, and to initiate HAART early if an indication to treat HBV infection exists [30]. How-
ever, the benefits of long-term treatment may be negated by the development of anti-HBV
drug resistance, which can lead to reversion of virologic and histological improvement.
In two recently performed randomized clinical trials in HBV mono-infected patients, TDF
resulted in HBV-DNA levels lower than 400 copies/mL in 76% and 93% of HBeAg-positive
and HBeAg-negative patients, respectively [12]. Continued therapy produced additional viral
suppression, HBeAg- and HBsAg-loss at week 72 and 96 [31-32]. Our study now shows TDF,
combined with either LAM or emtricitabine, to be an effective anti-HBV agent through five
years of therapy with 90% of HIV/HBV co-infected subjects achieving undetectable HBV-DNA.

In the phase Il trials in HBV mono-infected patients no evidence of TDF-resistance was
shown up to 72 weeks of treatment despite extensive resistance surveillance [17]. Until now
TDF resistance has only been described in two HIV/HBV co-infected patients demonstrating
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the A194T mutation in addition to LAM-resistance [33], yet the association between this mu-
tation and TDF resistance was not confirmed in another study [34]. In our study, four subjects
experienced a virologic breakthrough. In two patients this was explained by non-compliance
and only one patient demonstrated a combination of LAM- and adefovir (ADV)-resistant
mutations in the HBV polymerase gene. The rtA194T mutation was not observed. An inter-
esting phenomenon was that two virologic breakthroughs occurred in association with the
development of hepatocellular carcinoma. A satisfactory explanation for this relation could
not be found. There are many reports which demonstrate an association between develop-
ment of resistance and the risk of hepatocellular carcinoma, which is largely explained by the
recurrence of viral replication; only one report noted that significantly more hepatocellular
carcinomas were observed shortly after development of LAM resistance [35].

The recently published EASL guidelines on the management of hepatitis B state that “in
patients receiving entecavir or tenofovir with a partial virologic response at week 48, some
experts would suggest adding the other drug in order to prevent resistance in the long
term”[36]. In agreement with the follow-up data of the two large phase lll trials in HBVY mono-
infected patients [12], our study shows that most patients are still able to achieve undetect-
able HBV-DNA in the second year without changing the treatment regimen. Moreover, this
is also the first report which demonstrates that adding ETV to existing TDF therapy is still
effective after at least 15 months of treatment, and resulted in undetectable HBV-DNA in all
patients. Our study, therefore, suggests that one can probably wait at least 24 months before
adding ETV in patients who are viremic on a TDF-containing treatment regimen.

There have been concerns about the risk of renal toxicity with TDF due to an association
between related compounds such as ADV and nephrotoxicity [37-38]. In our study, a small
but significant increase in serum creatinin levels was observed after five years of treatment.
Yet, only 3% of patients developed serum creatinin elevations which necessitated the dis-
continuation of TDF. Furthermore, serum creatinin elevations usually occurred early, which
suggests that frequent monitoring of renal function is necessary shortly after initiation of
TDF treatment, but that thereafter, monitoring can probably decreased [22]. Overall, this
study supports the renal safety of TDF as a part of antiretroviral therapy through five years
of treatment.

To date, no confirmed genotypic substitutions in the HBV polymerase gene associated with
decreased sensitivity to TDF have been identified. Although direct sequencing does allow
for all mutations to be identified, in vitro phenotypic confirmatory assays are mandatory
to detect new substitutions. A limitation of our study is therefore, that we were only able
to search for known anti-HBV drug-resistant mutations. In addition, no liver biopsies were
available during follow-up in all our patients, and abdominal ultrasound was only performed
if there was clinical suspicion of progression to cirrhosis, decompensated liver disease, or he-
patocellular carcinoma. The frequency of progression of hepatitis B, and more specifically, the
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development of cirrhosis and hepatocellular carcinoma, may therefore be underestimated
in our study.

In conclusion, TDF administered as part of antiretroviral therapy, demonstrated to be a
potent anti-HBV agent with a good resistance profile throughout five years of therapy. The
antiviral efficacy of TDF was not influenced by presence of LAM resistance. Furthermore, this
study supports the renal safety of TDF through five years of treatment, as only a small, non-
progressive decline in renal function was observed. Nevertheless, close monitoring of renal
function is still indicated. Adding ETV to the treatment regimen resulted in achievement of
undetectable HBV-DNA in patients who demonstrate persistent HBV replication during a
TDF-containing treatment regimen.
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Summary, recommendations and future challenges

Summary

The widespread use of HAART decreased the death rate by 80% among HIV-infected patients.
Due to the increased survival liver diseases, such as chronic HBV infection have now emerged
as a significant cause of non-AlDS-related death (15%). The objectives of this thesis are to de-
scribe different approaches to the prevention and treatment of HBV infection in HIV-infected
individuals.

HBV vaccination in HIV-infected patients is a challenging opportunity for several reasons.
First of all, the prevalence of HBV infection among men having sex with men (MSM) is high.
This may lead to contracting the disease in unprotected MSM. Secondly, adherence to
the standard hepatitis B vaccination schedule is a matter of concern and has proven to be
difficult in daily practice both for doctors and patients. Thirdly, HIV-infected patients have
an impaired response to HBV vaccination. In chapter 2 we describe in a large prospective
randomized, non-inferiority study the feasibility and effectiveness of an accelerated hepatitis
B vaccination schedule (0, 1, 3 weeks) compared to the standard regimen (0, 4, 24 weeks).
The results show that the compliance with an accelerated schedule is significantly better
than that with a standard schedule, although its efficacy is only non-inferior in patients with
a CD4*-cell count > 500 cells/mm?. In all HIV-infected patients a better response rate is pro-
vided in patients on HAART with undetectable HIV-RNA load, longer duration of HAART use,
female gender and younger age.

We suggest to use these data by implementing an accelerated vaccination schedule in
selected patients with a CD4*-cell count > 500 cells/mm3. As the number of vaccine non-
response in this unselected population is high we recommend that HBV vaccination of
HIV-infected patients should be followed by checking anti-HBs levels. Around 50 % of our
HIV-infected patient cohort responded on initial HBV vaccination. In an attempt to achieve
a higher response rate we prospectively revaccinated all non-responders (anti-HBs titer =
0 IU/L) three times at monthly intervals with a double dose HBV vaccine. In chapter 3 we
describe the outcome of this revaccination study. The results show that HBV double dose
revaccination in HIV-infected non-responders produces a 51 % additional success rate. Our
study shows that reponse to revaccination with a double dose of HBV vaccine is more likely in
patients younger than 40 years of age, irrespective of viral load, while in patients older than
40 years an undetectable HIV-RNA load is associated with a better response rate. Eventu-
ally, we achieved an overall response rate to HBV vaccination of 75 % among HIV-infected
patients.

In chapter 4 we study the possible relationship between HBV and influenza vaccination
in HIV-infected patients. A trend for higher geometric mean titers, both in pre- and post-
influenza immunization was found in HBV vaccination responders compared to HBV non-
responders. The differences in response to HBV and influenza vaccination in HIV-infected
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patients are probably related to defects in the host immune system, not represented by the
CD4*-cell count, and not to the vaccine itself.

A HBV vaccination program targeting behavioral high risk groups such as MSM is in place
nationwide since November 2002. Despite this program the HBV prevalence in HIV-infected
patients in the Netherlands is 8%. HIV/HBV co-infected patients can be successfully treated
with tenofovir/lamivudine as part of their HAART regimen. In chapter 5 we describe the
viral kinetics on tenofovir/lamivudine therapy in the first 24 weeks in co-infected patients
with either wild type or lamivudine resistant HBV. We demonstrated that the viral response
showed a biphasic pattern, with only during the first phase, which lasted less than 7 days, a
statistical significant difference between wild type and mutant HBV-strains. After 24 weeks
the viral decline in the YMDD variant group and the wild type group was similar. This was
reassuring as many lamivudine pretreated co-infected patients harbor YMDD variant virus
and this study showed that adding tenofovir to a HAART regimen resulted in a viral decline
of HBV-DNA which is similar in both groups. These results raise the question whether the
long-term outcome of antiviral therapy is as favorable as the short-term results. In chapter
6 we describe the long-term efficacy of tenofovir administered as a part of antiretroviral
therapy in a large cohort of HIV/HBV co-infected patients. It is shown that after five years of
follow-up, approximately 90% of patients achieved undetectable HBV-DNA load. There was
no significant difference between patients with or without lamivudine resistance at baseline.
Furthermore, no confirmed genotypic substitutions in the HBV polymerase gene associated
with decreased sensitivity to tenofovir have been identified in our cohort.

In conclusion: screening for HBV in HIV-infected patients is important. In patients with
negative HBV serology prevention through individualized vaccination schedules with high
compliance should be pursued. In HIV/HBV co-infected patients the HAART regime should
include tenofovir/lamivudine (or emtricitabine) as the long-term efficacy, the resistance
profile and the safety were excellent.

Recommendations and future challenges

The findings in chapter 2 support the use of an accelerated HBV vaccination schedule in
HIV-infected patients with a CD4*-cell count > 500 cells/mm?. Delaying HBV vaccination in
HIV-infected high-risk groups under all circumstances according to the predictors of success
(on HAART with undetectable HIV-RNA load and longer duration of HAART use) may not be
warranted. Our findings suggest a more optimized and individualized timing can be applied
increasing compliance and offering protection as fast as possible to those likely to respond
to vaccination.

Landrum et al. assessed the risk of HBV infection, defined as HBsAg, anti-HBc or anti-HBs
positive on at least two separate occasions, among vaccinated HIV-infected patients [1]. In
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this observational cohort study 11.2% of non-responders to HBV vaccination developed a
serological HBV infection compared with 5.1% in the responder group. In none of the re-
sponders with initial anti-HBs above 10 IU/L a chronic HBV infection developed as opposed
to 35% in the non-responders. Furthermore a distinction was made between persistent and
waning response after an initial positive response. The risk of HBV infection was not different
between these groups suggesting that natural HBV infection will boost low titers of anti-HBs.
It will be interesting to follow-up our large vaccination cohort with both HBV serology and
anti-HBs levels over time. Several new research questions are worthwhile to be answered.
For example: do hypo responders in our cohort (anti-HBs = 3-10 IU/L) have an equal risk of
developing HBV infection compared to non-responders (anti-HBs = 0 IU/L)? Are respond-
ers independent of the height of their anti-HBs titer still at risk for developing signs and
symptoms of chronic HBV infection? Is there a need for booster vaccination in HIV-infected
patients after anti-HBs levels reached levels < 10 IU/L on the analogy of dialysis patients?
Can successful implementation of HBV vaccination in this cohort influence the liver related
mortality?

As described in chapter 3 in our unselected cohort of HIV-infected patients we eventually
achieved an overall response rate to HBV vaccination of 75 % after the combination of the
initial and revaccination schedule. This finding justifies the policy to fulfill post-vaccination
anti-HBs screening. In contrast, 25% of HIV-infected patients did not reach adequate anti-HBs
levels and are still supposed to be at risk for contracting HBV infection. For these selected
patients it will be interesting to study whether alternative vaccines with more powerful
adjuvants, alternative vaccination schedules or vaccination routes are accessible to augment
the response to HBV vaccination.

In chapter 4 we conclude that the lack of response to HBV and influenza vaccination is
probably related to the host immune system. Underlying mechanisms such as functional T
cell assays may further elucidate this defect and will be useful to investigate in the future.

In chapter 6 the long-term efficacy of tenofovir/lamivudine administered as part of a HAART
regimen in HIV/HBV co-infected patients is documented. Since august 2008 tenofovir is also
approved for treatment of chronic HBV mono-infection. Recent data have shown the efficacy
of tenofovir in the treatment of this patient group [2]. In this study 76% of HBeAg-positive
patients had an undetectable HBV-DNA load at week 48 and almost 50% achieved this level
already at week 24. There was no difference observed in patients with or without lamivudine
pre-treatment. An important different finding in treatment of HBV mono- and HIV/HBV co-
infected patients is the time frame in which HBV-DNA load achieves undetectable levels. We
showed that in 5 years time 90% of HIV/HBV co-infected patients had undetectable HBV-DNA
loads and that a good resistance profile was demonstrated. According to the EASL guidelines
adding entecavir in patients with a partial virological response at week 48 (detectable HBV-
DNA) must be considered in order to prevent polymerase resistance in long term. This follows
the paradigm of no replication equals no resistance. However this statement is based on
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Chapter 7

expert-opinion because long term studies in non-HIV-infected patients addressing this topic
are lacking. In our study we successfully added entecavir to the treatment regimen in four
patients with persistent detectable HBV-DNA load. However, our data suggest that one could
wait 24 months (where the curve slope is steep) before adding entecavir. In fact, in our study
entecavir was added in viremic patients at least 15 months later and still HBV-DNA levels
became undetectable afterwards. Our data question the EASL recommendation with regard
to the time point of adding a new drug. In fact, is their a need for adding a new drug at all?

We tried to identify the long-term detectable HIV/HBV co-infected patient. However, after
prolonged follow-up and the introduction of a more sensitive quantitative HBV-DNA test in
our laboratory no patients could be classified to fulfill the criteria of “long-term detectable”
HBV-DNA. Based upon the above mentioned findings together with the finding that no
tenofovir resistance was observed until now, it would be justified to follow a “wait and see”
policy in HIV/HBV co-infected patients on a HAART regimen including tenofovir/lamivudine
(or emtricitabine).
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Nederlandse samenvatting






Samenvatting

Samenvatting

Door het wereldwijd gebruik van HAART is de kans op overlijden van HIV geinfecteerde
patiénten met 80% verminderd. Wanneer patiénten tevens lijden aan een chronische HBV
infectie openbaren nu ook vaker de lange termijn complicaties van deze infectie zich. Lever-
ziekten zijn op dit moment bij HIV geinfecteerde patiénten een belangrijke oorzaak gewor-
den van niet aan AIDS gerelateerde sterfte. De doelstellingen van dit proefschrift zijn om de
klinische implicaties van de preventie en behandeling van HBV infecties bij HIV geinfecteerde
patiénten te beschrijven.

Om diverse redenen is het een uitdagende gebeurtenis om HBV vaccinatie te verstrekken
aan HIV geinfecteerde patiénten. In verband met de hoge prevalentie onder mannen die
seks hebben met mannen (MSM) vormt HBV infectie een voortdurend aandachtspunt en is
primaire preventie in deze groep van groot belang. Ten tweede blijkt het volgen van het
standaard hepatitis B vaccinatieschema in de praktijk lastig en moeilijk te volbrengen met als
gevolg onvolledige vaccinatie en verminderde bescherming tegen HBV infectie. Ten derde
is uit eerder onderzoek gebleken dat HIV geinfecteerde patiénten een verminderde respons
op HBV vaccinatie laten zien ten opzichte van individuen met een ongestoorde afweer. In
hoofdstuk 2 beschrijven we de resultaten van een grote prospectief gerandomiseerde studie
waarin we de toepasbaarheid en effectiviteit van een versneld hepatitis B vaccinatieschema
(0, 1 en 3 weken) vergelijken met het standaard vaccinatieschema (0, 4 en 24 weken). De
resultaten laten zien dat de compliantie van het versnelde schema significant beter is dan
van het standaard schema. De effectiviteit is echter alleen vergelijkbaar bij de patiénten met
een CD4*-celgetal > 500 cellen/mm?. Voor alle HIV geinfecteerde patiénten geldt dat een
betere respons wordt bereikt indien patiénten HAART gebruiken, een ondetecteerbare HIV-
RNA load hebben en gedurende langere tijd ingesteld zijn op HAART. Bovendien hebben
vrouwen en jongere patiénten een betere respons. Totdat meer duidelijkheid is verkregen
over de effectiviteit van HBV vaccinatie bij HIV geinfecteerde patiénten, is het van groot
belang om de respons in deze populatie te documenteren middels een anti-HBs titer. Dit in
tegenstelling tot de algemene populatie waarbij dit niet noodzakelijk is. Ongeveer 50% van
ons HIV geinfecteerde patiénten cohort respondeerde op de initiéle HBV vaccinatie serie. In
een poging om een hogere respons te bereiken hebben we alle non-responders (anti-HBs
titer = 0 IU/L) nogmaals 3 keer gevaccineerd met een maandelijks interval en met een dub-
bele dosis vaccin. In hoofdstuk 3 beschrijven wij de resultaten van deze revaccinatie studie.
Een additionele 51 % respons werd bereikt in de HIV geinfecteerde non-responders groep.
Een respons met dubbele dosis hepatitis B vaccin werd vaker gevonden bij patiénten jonger
dan 40 jaar oud. Deze respons was onafhankelijk van de virale load, terwijl bij patiénten ouder
dan 40 jaar de respons geassocieerd was met een ondetecteerbare HIV-RNA load. Uiteindelijk
bereikten wij een totale respons van 75% op HBV vaccinatie in HIV geinfecteerde patiénten.
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Chapter 8

In hoofdstuk 4 hebben wij de relatie onderzocht tussen de respons op HBV en influenza
vaccinatie bij HIV geinfecteerde patiénten. We vonden een trend tot een hogere titer in de
HBV vaccinatie responders vergeleken met de HBV non-responders. Dit gold zowel voor
de pre- als voor de postinfluenza vaccinatie bepalingen. Het verschil in respons op HBV en
influenza vaccinatie bij HIV geinfecteerde patiénten wordt waarschijnlijk veroorzaakt door
een defect in het immuunsysteem van de gastheer, wat niet weergegeven wordt door de
hoogte van het CD4*-celgetal, en niet door het vaccin zelf.

Sinds november 2002 is in Nederland een HBV vaccinatie programma gericht op hoog
risicogedrag groepen, zoals MSM, gestart. Ondanks dit programma is de prevalentie van HBV
onder HIV geinfecteerde patiénten nog steeds 8%. Bij HIV/HBV gecoinfecteerde patiénten
bestaat de mogelijkheid om een behandeling te geven met tenofovir en lamivudine als
onderdeel van hun HAART regime. Beide middelen zijn werkzaam tegen zowel HIV als HBV.
In hoofdstuk 5 beschrijven wij de virale kinetiek van de tenofovir en lamivudine combinatie-
behandeling gedurende de eerste 24 weken bij gecoinfecteerde patiénten met een wild type
HBV en een virus met al resistentie tegen lamivudine. Wij toonden in deze studie aan dat de
virale daling een bifasisch patroon vertoont. Alleen gedurende de eerste fase, die minder dan
7 dagen in beslag neemt, was er een statistisch verschil in respons tussen het wild type en
het resistente HBV. Na 24 weken therapie was de daling van het virus in beide groepen ver-
gelijkbaar. Dit is een belangrijke observatie aangezien veel met lamivudine voorbehandelde
HIV/HBV gecoinfecteerde patiénten deze YMDD variant bij zich dragen. Deze studie toonde
aan dat toevoegen van tenofovir aan het HAART regime een vergelijkbare daling van het HBV
in beide groepen gaf. De volgende vraag die zich opdrong was of deze gunstige resultaten
op korte termijn ook voor de lange termijn gelden. In hoofdstuk 6 beschrijven we in een
groot HIV/HBV gecoinfecteerd patiénten cohort de lange termijn effectiviteit van tenofovir
als onderdeel van de antiretrovirale behandeling. Uit deze retrospectieve studie bleek dat
ongeveer 90% van de patiénten een ondetecteerbare HBV-DNA load bereikt heeft na 5 jaar
follow-up. Er was geen verschil tussen patiénten met of zonder lamivudine resistentie op
baseline. Bovendien hebben wij geen resistentie kunnen aantonen tegen tenofovir in ons
cohort.

Concluderend: screenen op HBV infectie is erg belangrijk bij HIV geinfecteerde patiénten.
In patiénten die een negatieve HBV serologie hebben, moet preventie middels vaccinatie
word