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Abstract

The new antiviral CCR5 antagonists have proven to be
highly efficient in treatment experienced patient popu-
lations with multiple drug failure. Maraviroc is the
most advanced compound in clinical development
representing this new class of entry inhibitors. The
favourable toxicity-, resistance- and pharmacokinetic
profile of the drug has been proven in phase 111 trials
in treatment naive and experienced patients. In the lat-
ter population, maraviroc had superior antiviral effica-
cy and immunological activity compared to OBT +
placebo alone in the control group. The antiviral re-
sponses after 48 weeks were comparable to results ob-
tained from phase 111 trials with raltegravir and other
previous salvage regimens including, darunavir,
tipranavir and enfuvirtide. Due to its unique mode of
action with exclusive activity against CCR5 tropic
strains, viral tropism testing will be mandatory before
using CCR5 antagonists in the clinic. The correspond-
ing tests are established and will be further validated.
Results from clinical trials indicate that approximately
half of the treatment experienced patients will pre-
dominantly harbour CCR5 tropic quasispecies and will
thus qualify for treatment with CCR5 antagonists.

In treatment naive patients maraviroc so far formal-
ly failed to prove its non-inferiority to a standard regi-
men consisting of AZT/3TC + efavitenz after 48
weeks. However, further 96 weeks data will be ana-
lysed from this study as well as antiviral efficacy in dis-
tinct patient subpopulations. Therefore, it is likely that
maraviroc will be recommended in early stages of sal-
vage therapy at present and might replace more incon-
venient drugs like enfuvirtide in later lines of therapy.
The drug class has also the potential to enter first line
therapy but this has to be proven in future trials. Spe-
cial patient populations like primary HIV infection
(PHI), pre- and post exposure prophylaxis, co-infec-
tion with tuberculosis and hepatitis B may show spe-
cial clinical benefit but this is also awaiting confirma-
tion from prospective trials.

INTRODUCTION

At present different antiretroviral drugs are in devel-
opment which interfere with the entry of HIV-1 into
the host cell. Currently, the fusion inhibitory peptide
enfuvirtide is the only licensed substance which acts at
this very early time point of the viral replication cycle.

Other entry inhibitors are CCR5 antagonists, attach-
ment inhibitors and monoclonal antibodies. Of those
the CCR 5 antagonists maraviroc and victiviroc are in
later stages of clinical development and maraviroc has
been approved for the treatment of HIV patients by
the FDA. The potential impact of CCR5 antagonists
on future treatment recommendations will be dis-
cussed in this review with a focus on maraviroc due to
its recent licensing. Most of the notions concerning
future treatment recommendations which are stated
here are based on data from clinical trials with maravi-
roc and from the preclinical development program but
remain purely speculative until final licensing and la-
belling has been performed by the responsible drug
agencies. To facilitate an educated guess on the poten-
tial role of maraviroc in the treatment of HIV-1 infec-
tion certain properties of the drug and results from
clinical trials will be highlighted in this article.

MODE OF ACTION AND PHASE I STUDIES

Maraviroc is a selective and slowly reversible CCR5
antagonist that has been shown to be active iz vitro
against a wide range of clinical isolates, including
those resistant to existing drug classes. In healthy vol-
unteers and asymptomatic HIV-1 infected patients,
monotherapy with maraviroc, at doses up to 300 mg
twice daily (BID) for up to 28 days, demonstrated a
safety and tolerability profile that was not significantly
different to placebo with a decrease of viral load of
approximately 2 log;, in HIV infected patients [6].
Pharmacokinetic studies suggested that both OD and
BID dosing might be possible.

VIRAL TROPISM

Both pre-clinical selection experiments and explorato-
ry in vitro studies conducted on pre- and post-treat-
ment viruses from patients enrolled in the Phase 2a
and Phase 2b/3 maraviroc clinical program have
found that maraviroc acts as a highly selective and po-
tent inhibitor of CCR5-tropic viruses. Thus an assay
testing viral tropism (CCR5 versus CXCR4 co-recep-
tor usage) will be mandatory before starting therapy
with CCR5-antagonists [14]. Specific descriptions of
the currently available genotypic and phenotypic tro-
pism assays will be given at another section of this
journal.
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Results from clinical phase III trials showed that ap-
proximately half of the treatment experienced patient
population screened in these trials harboured CCR5-
tropic viral strains with an unknown percentage of mi-
nority quasispecies showing CXCR4-tropism [12]. A
background change in tropism result from CCR5 to
dual/mixed tropic between screening and baseline oc-
curred in approximately 8% of patients. The clinical
outcome in these patients was similar to that of pa-
tients with non-CCR5 tropic virus in one of these
studies [21]. In patients with a CCR5 tropism result at
screening/baseline who fail a maraviroc containing
regimen, emergence of CXCR4-using virus was seen
in the majority of cases. However, the clinical rele-
vance of this finding remains to be elucidated since
patients failing on a maraviroc containing regimen had
a larger mean increase in CD4 from baseline com-
pared to placebo, irrespective of tropism result at time
of failure. There is no evidence to suggest that
changes in tropism result which occur in the circulat-
ing virus from patients on maraviroc-containing regi-
mens are caused by mutation of a CCR5-tropic virus
to a CXCR4-using virus (i.e. no evidence of tropism
switch) [18].

The presence of CCR5-tropic strains depends on
the stage of the disease: in general it is observed that
CCR5-tropic strains occur in less advanced stage of
immunodeficiency and CXCR4-tropic strains will pre-
dominate in full blown AIDS with a mixed population
intermediately [21]. No easy to use surrogate marker
for tropism switch does exist leaving phenotypic tests
as the ultimate choice for assessment of co-receptor
usage [20]. This would argue for the use of CCR5-an-
tagonists in patient populations in less advanced
stages of immunodeficiency with a high likelihood of
the presence of CCRb5-tropic strains predominating
[13].

RESISTANCE

Screening of large numbers of Env clones from base-
line samples identified a low frequency of CXCR4-us-
ing clones that pre-existed maraviroc treatment and
which were phylogenetically highly related to the on-
treatment CXCR4-using virus. Further phylogenetic
analyses suggested that emergence of a pre-treatment
CXCR4-using virus (present at baseline but not detect-
ed) was by far the most likely explanation [18]. The
pre-clinical studies of maraviroc resistance (with con-
tinued CCR5-tropism) were predictive of what was
seen in the clinic. Dose response inhibition curves
with plateaus in MPI are predictive of resistance to
maraviroc, consistent with its mechanism of action as
a non-competitive inhibitor of viral entry [3].

Preliminary sequence data of maraviroc-resistant
viruses from 5 patients failing maraviroc containing
regimens in the clinical program is consistent with the
pre-clinical findings; namely that the V3 loop plays an
important role in conferring resistance. In particular,
an 126V mutation in the V3 loop may be a key muta-
tion for some viruses, as may mutations that disturb
the structure of the ‘GPG’ crown.

Site directed mutagenesis studies on viruses from 4
patients confirmed the importance of V3 loop muta-
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tions in conferring resistance to maraviroc. In all cas-
es, specific mutations were necessary and/or suffi-
cient to confer resistance. However, it is not possible
to propose a genotypic (sequence) algorithm to identi-
fy maraviroc resistance. No consistent changes in
amino acid sequence between different patients were
associated with a maraviroc resistant phenotype [19].
Maraviroc resistant quasispecies are not cross-resis-
tant to vicriviroc in all cases, some viral strains will re-
tain sensitivity to the other CCR5-antagonist. Interest-
ingly, the development of a resistant phenotype does
not lead to a decrease in viral fitness, mutant viruses
show the same replicative capacity compared to wild-
type virus /n vitro. Thus, the resistant phenotype is
likely to persist after discontinuation of CCR5-antag-
onists.

There is no evidence that failure on a maraviroc-
containing regimen will lead to cross-resistance to en-
fuvirtide, and no rationale for cross-resistance be-
tween maraviroc and other drug classes. Similarly,
viruses with reduced susceptibility to enfuvirtide were
susceptible to maraviroc.

EFFECTS OF OTHER DRUGS ON MARAVIROC

Since maraviroc will be applied exclusively in combi-
nation with other antiretroviral agents and a significant
percentage of patients will receive other co-medica-
tions it is essential to know potential drug-drug inter-
actions in order to foresee the position of maraviroc
in different patient populations.

As maraviroc is a substrate for CYP3A4 and P-gp,
its pharmacokinetics is likely to be affected by co-ad-
ministration of inhibitors and inducers of these en-
zymes/ transporters. In addition, in clinical practice,
maraviroc will be co-administered with other anti-
retroviral drugs, many of which are known to affect
CYP3A4 and/or P-gp activity. Hence, the main focus
of the drug interaction studies has been to understand
the impact of CYP3A4 and P-gp modulation in the
complex dosing environment of OBT to be used in
Phase 2b/3 studies, with the aim of guiding dose ad-
justment recommendations for maraviroc. As maravi-
roc is also renally cleared (20.3% of total clearance),
with a significant contribution of active processes, the
effect of substrates and inhibitors of renal clearance
(tenofovir and co-trimoxazole) on the pharmacokinet-
ics of maraviroc have also been investigated.

INTERACTIONS WITH CYP3A4 INHIBITORS

Maraviroc pharmacokinetics in healthy volunteers
were evaluated in combination with saquinavir * ri-
tonavir, Kaletra™, atazanavir T ritonavir, tipranavit/
ritonavir and ritonavir alone as a boosting dose. Keto-
conazole was also studied as a reference CYP3A4 in-
hibitor. With the exception of tipranavir/ritonavir,
which had no net effect, all other drugs caused an in-
crease in maraviroc exposure with a range of AUC re-
sults increasing from 2.6 fold (ritonavir 100 mg BID)
to 8.3-9.7 fold with saquinavit/ritonavir (2 studies).
Thus once daily dosing of maraviroc in combination
with boosted protease inhibitors seems to be a feasible
option.
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INTERACTIONS WITH CYP3A4 INDUCERS

Efavirenz and rifampicin are inducers of CYP3A4 and
P-gp. The effect of both drugs on maraviroc pharma-
cokinetics was individually studied. They both reduced
maraviroc exposure by 45% or more. Doubling the
maraviroc dose restored exposure (AUC) to approxi-
mately 100%.

Because of the prevalence of tuberculosis in HIV-1
infected patients rifampicin is often a desirable compo-
nent of an anti-tuberculosis regimen, however its en-
zyme inducing effects make some concomitant HIV-1
medications difficult to use and not recommended
(e.g, efavirenz).

A simple doubling of maraviroc dosing corrects for
the induction, therefore maraviroc may be particularly
useful in HIV-1 patients co-infected with Mycobacteri-
um tuberculosis. This makes twice daily dosing of mar-
aviroc highly likely in both clinical scenarios described
above.

SELECTION OF PATIENT POPULATIONS FOR
TREATMENT EXPERIENCED STUDIES

Efficacy of maraviroc for the target indication, namely
the management of treatment experienced patients in-
fected with CCR5 tropic HIV-1, has been demonstrated
in two independent, randomised, double-blind, place-
bo-controlled superiority studies. These studies were
designed to reflect a heavily treatment-experienced HIV-
1-infected population who were failing their current an-
tiretroviral therapy or were infected with multi-drug re-
sistant virus. Patients had at least 6 months of prior
treatment with at least 1 agent (2 agents for PIs) from 3
of 4 antiretroviral drug classes and/or documented re-
sistance to 3 of the 4 antiretroviral drug classes and
plasma HIV-1 RNA 25000 copies/ml. Despite select-
ing patients with CCR5 tropic HIV-1 these 2 studies
demonstrated similar baseline viral loads and CD4 cell
counts to recent clinical studies of antiretroviral agents.

As in other salvage therapy trials patient randomiza-
tion was balanced between the OBT and maraviroc
groups. Moreover, the baseline characteristics of MO-
TIVATE 1 and 2 trials with maraviroc were strikingly
comparable with patients enrolled in previous salvage
trials like TORO 1 and 2, RESIST and POWER using
other newly developed agents as the comparator. Base-
line characteristics were also very similar to the patient
population enrolled in the recently reported
BENCHMRK 1 and 2 trials with raltegravir (Cooper
D & Steigbigel R et al.: Abstract #105, CROI Febru-
ary 2007). This allows for some cross-study compar-
isons between the different trials although these data
have to be viewed with caution.

PHASE III CLINICAL TRIALS IN TREATMENT
EXPERIENCED PATIENTS

In two Phase 3 studies, MOTIVATE 1 and MOTIVATE
2, it has been demonstrated that a 300 mg dose equiva-
lent of maraviroc, given once or twice daily, when
dosed in combination with optimised background ther-
apy (OBT) in treatment-experienced patients infected
with CCR5 tropic HIV-1, leads to a greater and clini-

EUROPEAN JOURNAL OF MEDICAL RESEARCH 437

cally relevant decline in viral load than OBT alone
(placebo), with a mean reduction in HIV-1 RNA from
baseline to Week 24 of at least 1.8 log;, copies/mL
compared to approximately 1.0 log;, copies/ml with
OBT alone. This translated to approximately a dou-
bled likelihood to achieve a viral load less than 50
copies/mL in patients receiving maraviroc compared
to placebo treated patients. This was achieved in about
half of the total heavily treatment experienced patient
population treated with maraviroc. In these studies en-
fuvirtide and tipranavir were available for the OBT,
but not darunavir and raltegravir. Again it was shown
that the substance performed best if combined with at
least two other active drugs as judged by sensitivity
scores. Especially the combination of maraviroc with
enfuvirtide, in patients who were previously naive to it,
yielded excellent virological responses.

The placebo response of >1.0 log,, copies/ml, pro-
vides evidence that the OBT selections for these stud-
ies were appropriate, providing these patients with a
clinically relevant reduction in HIV-1 RNA from base-
line, which was comparable or greater than previous
registrational trials for approved antiretroviral agents
2, 7, 9, 10]. The addition of maraviroc to this OBT,
however, resulted in approximately 1.0 log,, copies/mL
reduction in HIV-1 RNA above that of the placebo re-
sponse. The greater efficacy provided by maraviroc
compared with placebo in patients infected with CCR5
tropic HIV-1 was observed regardless of a patient’s
screening HIV-1 RNA level (<100,000 copies/mlL or
>100,000 copies/mL) or CD4 cell count at baseline.
The dose adjustment implemented for patients receiv-
ing a PI (except for tipranavir/ritonavir) or delavirdine
in their OBT was appropriate and did not adversely af-
fect the efficacy outcome.

The mean change in CD4 cell count (cells/pl) was
greater for the maraviroc treatment groups than place-
bo. The adjusted mean CD#4 cell count increases ob-
served in patients receiving maraviroc QD and BID
wete 108.6 cells/ul and 106.3 cells/pl, respectively,
compared with placebo where an increase of 57.4
cells/ul was demonstrated. Maraviroc administration
in patients infected with dual/mixed tropic or
CXCR4-using HIV-1, or in patients whose virus was
non-phenotypable, did not result in adverse effects on
viral load or CD4 count.

There was no indication of a clinically meaningful
difference between maraviroc QD and BID across the
whole population studied, based on the primary and
key secondary efficacy endpoints measured following
24 weeks of therapy. However, certain subgroups, no-
tably patients with lower CD4 count, higher viral loads
and fewer potentially active drugs in their OBT, seem
to receive greater benefit from maraviroc BID.

These studies also demonstrated an acceptable safe-
ty and tolerability profile with no significant effect on
QTec interval nor an increase in the incidence of hepa-
totoxicity, infections or malignancies, relative to place-
bo. Nasopharyngitis and bronchitis were the most
common side effects which were thought to be related
to maraviroc treatment. No other infections were re-
ported more often for maraviroc compared to place-
bo. The maraviroc treatment arms also showed a
favourable lipid profile.
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The clinical development of another CCR5 antago-
nist, vicriviroc, is not that advanced yet. Here, data
from a phase II dose finding study in treatment expe-
rienced patients indicate an overall good antiviral effi-
cacy of the 10mg and 15mg dose groups. In these pa-
tients viral load dropped by 2 log,, after 48 wecks
which was superior to the placebo + OBT control arm
[8]. Moreover, the development of vicriviroc was de-
layed by some safety issues in the past which did not
appear to be of clinical significance in the above men-
tioned phase II trial but these data need further confir-
mation from ongoing studies with larger patient num-
bers.

PHASE III CLINICAL TRIALS IN TREATMENT
NAIVE PATIENTS

Recently the preliminary 48 week results of a phase 111
clinical trial (MERIT) comparing maraviroc 600 mg
QD vs. 300 mg BID vs. efavirenz all combined with
AZT and 3TC as the nucleoside backbone were pre-
sented. The QD arm was prematurely stopped due to
inferior efficacy. The statistical design of the study was
a non-inferiority trial with a confidence interval not
worse than 10% compared to the control group (in
previous trials 12.5%). There was no difference be-
tween the groups concerning the primary endpoint of
a viral load reduction to <400 RNA copies/ml after
48 weeks. For the endpoint <50 RNA copies/ml,
however, maraviroc failed to show statistical non-infe-
riority in this statistical analysis. The difference was
modest in the intent to treat analysis with 69.3 % of
patients achieving this viral load reduction in the
efavirenz arm compared to 65.3% in the maraviroc
BID group [15]. The trial is extended to 96 weeks and
further analyses are ongoing. The increase of CD4
counts at week 48 from baseline was better in the mar-
aviroc group (169 cells/ul vs. 142 cells/pl) which is
consistent with the results obtained in treatment expe-
rienced patients showing favourable CD4 responses in
the maraviroc groups. This phenomenon which al-
ready occurs very early after initiation of maraviroc
therapy may be at least partially explained by a redistri-
bution of T helper cells to the periphery by blocking
CCR5 receptors on CD4+ T cells which serve as a
homing receptor to lymphatic tissues. Another inter-
esting finding was a striking difference in a post hoc
analysis of these data comparing recruiting centres
from northern and southern hemisphere. Here non-
inferiority was shown for maraviroc in the northern
hemisphere but not in the south [15]. The underlying
reason for this remains to be elucidated. Possible ex-
planations include different geographical distribution
of viral tropism, centre effects, less tolerability in non-
white populations or merely a random effect.

Maraviroc was again well tolerated in this study
with no different side effects than previously observed
in treatment experienced populations. Only minor ef-
fects on lipid metabolism were observed in the mar-
aviroc arm undetlining the favourable toxicity profile
of the drug.

In summary, at present maraviroc failed to demon-
strate non-inferiority to efavirenz after 48 weeks in
this trial. However, statistical differences were small

October 15, 2007

and further analyses are awaited as well as 96 week
data from the extension phase of this study. Hence, li-
censing of maraviroc in 2007 is limited to treatment
experienced patients.

SPECIAL PATIENT POPULATIONS

Due to its specific mode of action, CCR5 antagonists
might be of special interest in distinct patient subpop-
ulations and clinical settings. Since new HIV infections
occur almost exclusively after inoculation and dissemi-
nation of CCR5 tropic viral strains [23], CCR5 antago-
nists might be of special use in primary HIV infection
(PHI). At this earliest stage of the disease nearly all
virus offspring is generated by the replication of
CCRS5 tropic variants, although CXCR4 using viruses
may also be transmitted but do not replicate efficiently
at this point of time [1, 16]. Hence treatment of PHI
with CCR5 antagonists might be beneficial even with-
out prior testing of viral tropism. The same arguments
warrant further investigation of CCR5 antagonists as
pre- or post exposure prophylaxis (PrEP and PEP). If
these theoretical considerations might translate into a
clinical benefit needs to be studied in future clinical
trials.

The favourable pharmacokinetic profile of maravi-
roc when given in combination with inducers of the
CYP3A4 system makes it a very attractive antiretrovi-
ral agent in patients who are receiving concomitant
anti-tuberculosis combination therapy. In these pa-
tients who receive rifampicin in the vast majority of
cases, a simple doubling of the daily maraviroc dose
might correct for the decrease of plasma levels caused
by the CYP3A4 induction by rifampicin. This is po-
tentially of great benefit for patient populations in less
developed countries with a high butden of HIV/Tb
co-infection.

Another co-infection might be of interest when dis-
cussing the indication for the use of CCR5 antago-
nists, namely co-infection with hepatitis B. Data from
a recently published study indicate that genetic poly-
morphisms of the CCR5 receptor are associated with
less viral persistence in HBV infection [17]. Of note,
naturally acquired HBV infection failed to establish
chronic disease in nearly all subjects who were ho-
mozygous for the delta32-deletion of the CCR5 re-
ceptor and those who were heterozygous for this allele
still had a better clinical outcome indicating that CCR5
contributes to viral persistence in HBV infection. This
was also true for patients who were co-infected with
HIV. As a consequence one might speculate that
CCR5 antagonists might be of special interest in the
treatment of patients with HIV/HBV co-infection,
but this has to be proven by future clinical studies in
this distinct patient population which is of growing in-
terest worldwide.

CONCLUSIONS ON THE INFLUENCE OF CCR5
ANTAGONISTS ON TREATMENT
RECOMMENDATIONS

The above mentioned facts and speculations argue for
the use of maraviroc and potentially other future
CCR5 antagonists (vicriviroc) in treatment experi-
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enced patients first. In these patient populations both
drugs have shown high efficacy which is superior to
OBT + placebo alone, although existing clinical data
are more elaborated for maraviroc so far due to its lat-
er stage in clinical development. Therapy with maravi-
roc should possibly not be delayed until very advanced
stages of immunodeficiency are established since a
high proportion of these patients will predominantly
harbour dual or CXCR4 tropic variants [1]. The clini-
cal benefit of maraviroc was proven in patients with
failure of therapy to multiple classes of antiretrovirals
(up to three) with proven CCR5 tropism of circulating
viruses. Thus future guidelines will recommend the
use of maraviroc in third or later lines of therapy after
testing of viral tropism. As a consequence tropism as-
says will be mandatory prior to therapy and their avail-
ability and validity will have a large impact on the clini-
cal use of the compound [11]. Maraviroc has the po-
tential to be recommended even in earlier lines of
therapy in experienced patients due to its unique mode
of action, its lack of cross-resistance with other anti-
retroviral agents and its favourable toxicity and phar-
macokinetic profile. It may be recommended for sec-
ond line therapy of patients with resistance or intoler-
ability to NNRTI or boosted PI regimens after initial
treatment failure. Future studies will be needed to de-
fine the role of maraviroc in this setting and if it is su-
perior to the current treatment strategies after first
time failure. The potential for once daily dosing and a
good safety profile makes this approach very likely.

In later lines of therapy failure, maraviroc has al-
ready proven its superiority over standard salvage ther-
apies. Here the overall assessment shows comparable
benefit for maraviroc and raltegravir. Both drugs have
proven to lead to sustained reduction of viral load to
below the limit of detection in a high proportion of
patients which is comparable to earlier salvage trials
with darunavir (POWER), tipranavir (RESIST) and
enfuvirtide (TORO) [2, 7, 9, 10]. The combination of
both drugs will be highly interesting in this context in
order to even increase the percentage of patients with
complete control of viral replication to an extent
which is observed in treatment naive patients. Both
drugs may be recommended in treatment experienced
patients with multiple drug failure due to resistance or
intolerability in combination with two other active
drugs. Whether it will be advisable to use maraviroc or
raltegravir first, or one or the other even prior to sec-
ond generation PI's (darunavir, tipranavir) remains to
be elucidated. Certainly there is a great potential for
maraviroc to enter these earlier stages of salvage ther-
apy. In later stages of salvage therapy maraviroc will
have an influence on the use of enfuvirtide in patients
with the option of two other active drugs remaining,
Here enfuvirtide use will be delayed until maraviroc
based regimens will fail. Moreover, in deeper salvage
situations maraviroc can be very efficiently combined
with enfuvirtide enhancing the potential armamentari-
um in late stage disease. The combination with inte-
grase inhibitors will be also of special interest in this
setting and might even further delay enfuvirtide use.

For the moment it is very likely that maraviroc use
will be restricted to treatment experienced patients
since the drug formally failed to document that it is
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non-inferior to combivir + efavirenz after 48 weeks
[15]. However, the differences between the groups
were small and further statistical analyses are awaited
later this year. It will be of special interest to analyse
the difference between the results obtained from
northern compared to the southern hemisphere and
from distinct subgroups (e.g. high viral loads, low CD4
counts at study entry). This study will be extended to
96 weeks and might again change the recommenda-
tions including the treatment of antiretroviral naive
patients with maraviroc in the future, in case those
non-inferiority criteria are met at this time. In terms of
tolerability, pharmacokinetics and convenience maravi-
roc clearly has the potential to be used in treatment
naive patients in the near future. Moreover, special pa-
tient populations like co-infection with tuberculosis
and hepatitis B may show the greatest clinical benefit
from treatment with maraviroc due to the data dis-
cussed above. Finally, the clear predominance of
CCR5 tropic strains in newly transmitted infections
render CCR5 antagonists to be the drug of choice for
pre- and post-exposure prophylaxis which has to be
proven in prospective clinical trials [4, 5, 23].
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