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Abstract
The concept of  CCR5 antagonists introduces an addi-
tional molecular target. Maraviroc (MVR) is approved
by the FDA for use in HIV-1 infected patients for
combination antiretroviral treatment of  adults infected
with only CCR5-tropic HIV-1 who have evidence of
viral replication and HIV-1 strains resistant to multiple
antiretroviral agents. Tropism and treatment history
should guide the use of  MVR. Data from clinical trials
show significant efficacy of  MVR for patients with
pre-treatment and multiple class failure. Additional
clinical data show a CD4 reconstitution that is more
pronounced than with comparator in treatment naïve
and in late stage patients even without CCR5-tropic
virus indicating patients in earlier stages and even pa-
tients without CCR5 testing will benefit from MVR.
MVR is not licensed for treatment naïve patients but it
has a high potential for further development in this
patient group. It shows better immunological reconsti-
tution than efavirenz.

Pooled safety data from all available trials shows
good short term tolerability. Caution is needed in he-
patitis co-infection with pre-existing liver damage and
in patients with heart failure. 

Isolates from different geographic regions differ in
coreceptor usage. Summarizing knowledge on HIV-1
subtypes and CCR5 tropism shows that in principle all
subtypes are susceptible to MVR. However, in sub-
types A and D dualtropic and alternative coreceptor
use were found. Clinical efficacy in patients from re-
gions with A and D predominance should be studied
in future trials.

In conclusion, MVR will be of  benefit for patients
in various treatment situations and regions.
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Abbreviations: ARV: antiretrovirals; NSI:  non-syn-
cytium-inducing; SI: syncytium-inducing; RH: rapid
replicating; SL: slow replicating; M-tropic: macrophage
tropic; T-tropic: T-cell-line tropic; MVR: Maraviroc;

CYP3A4: cytochrome P450 3A4; OBT: optimized
background therapy

INTRODUCTION

Therapy for Human Immunodeficiency Virus 1 (HIV-
1) has been significantly advanced by the development
of  reverse transcriptase - and protease inhibitors. Ear-
ly enthusiasm has however been tempered by long
term toxicity, side effects, the emergence of  cross re-
sistance as well as complex dosing regimes. There is
subsequently a growing need for well-tolerated and
conveniently administered agents with a new mecha-
nism of  action. 

The HIV-1 coreceptor chemokine receptor CCR5 is
an especially attractive target in antiretroviral therapy
as natural genetic absence and reduced expression of
CCR5 results in a high resistance against HIV-1 infec-
tion and in a slower rate of  disease progression re-
spectively [1, 2]. The receptors for chemokines com-
prise a subfamily within the seven transmembrane do-
main G protein–coupled receptors superfamily where
the two major classes are the CXC chemokines and
the CC chemokines. Chemokines are small proteins
with chemotactic activity for leukocytes. They play
prominent roles in leukocyte activation and trafficking
to sites of  inflammation [3]. Chemokine receptors
CCR5 and CXCR4, which are generally considered to
be the most important HIV-1 coreceptors [4], play a
crucial role in HIV-1 cell entry. The binding of  HIV-1
surface protein gp120 to CD4 induces subtle confor-
mational changes in gp120 which leads to exposure of
structural elements of  the V3 loop of  gp120. The in-
teraction between V3 loop and coreceptors in turn in-
duces a structural rearrangement of  gp41 which is
then able to insert fusion peptide region into the tar-
get cell membrane. This brings the virus and cell
membranes into close apposition in order to initiate
fusion and ultimately the entry of  the viral core into
the target cell [5] (Fig.1)

Prior to identification of  the critical role of
chemokine receptors as coreceptors in the cellular en-
try, three classification systems of  HIV tropism were
used simultaneously. They divided HIV-isolates in
macrophage (M)-tropic or T-cell-line (T)-tropic, in
syncytium-inducing (SI) or non-syncytium-inducing
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(NSI) and in slow (SL) or rapid/high (RH) replicating.
In 1998 Berger et al. suggested a new classification
which divides HIV-1 variants according to their core-
ceptor usage into those that exclusively use CCR5 
(R5 or CCR5-tropic viruses), those that exclusively
use CXCR4 (X4 or CXCR4-tropic viruses) and those
that can use either receptors (dualtropic or R5X4
viruses) [6]. R5 viruses are M-tropic and non-syn-
cytium-inducing, X4 viruses are T-tropic and syn-
cytium-inducing and R5X4 viruses are M- and T-trop-
ic and syncytium-inducing. In order to simplify the
nomenclature, coreceptors which were considered to
be used in a minor degree such as CCR2b, CCR3,
BOB/GPR15, CXCR6 (Bonzo) etc. were not included
in this classification [6].

Since the time of  discovery of  CCR5 as a potential
target of  antiretroviral therapy in 1996 [3], several
CCR5-blocking agents have progressed to phase III
clinical trials in less than ten years. In the present, one
of  them, Maraviroc, is the first to gain approval by the
FDA in August 2007. Approval was declared for
“treatment of  adults infected with CCR5-tropic HIV-1
strain”. 

While trials used as a base for approval were per-
formed in patients with advanced treatment (salvage)
the question arises whether benefit from this new
medication will be restricted to patients with treatment
experience. To give an answer to the question –“which
patient may have a benefit” the existing preclinical and
clinical data about safety, efficacy, side effects and long
term toxicity of  Maraviroc in therapy naïve and – ex-
perienced patients are reviewed in this manuscript. In
terms of  coreceptor usage, clinical efficacy and safety
issues the answer to this question will show that Mar-
aviroc is not only a new dimension in HIV therapy but
includes opportunities and questions deserving further
studies.

IS MARAVIROC A THERAPY FOR ALL HIV-IN-
FECTED INDIVIDUALS?

The antiviral effect of  Maraviroc depends on the pres-
ence of  exclusively CCR5-tropic HIV-1 strains in the
infected individual because they show no effect on vi-
ral load when dualtropic or CXCR4-monotropic virus-
es are present [7]. For this reason the impact of  Mar-
aviroc on antiretroviral therapy depends to a high de-
gree of  the prevalence of  R5 viruses in the total HIV-
1 positive population. Testing for HIV-1 tropism be-

fore starting Maraviroc therapy can guide therapy and
will select for patients with the “target” virus-type.

THE ROLE OF CORECEPTOR USAGE IN THE
MARAVIROC THERAPY

CCR5 TROPISM ASSAY

There are two phenotypic tropism assays commercially
available, both of  which are based on phenotypic drug
resistance assays [8, 9, 10]: Tropism Recombinant Test
(TRT) (VIRalliance, Paris, France) [11] and Trofile
(Monogram Biosciences, San Francisco, California,
USA) [12]. Both assays use patient plasma-derived vi-
ral envelope sequences to construct either replication-
competent or replication-defective viruses, respective-
ly. These viruses are then used to infect engineered
CD4+ target cell lines expressing either CXCR4 or
CCR5, which permits determination of  viral tropism
by the expression of  a reporter gene (β-galactosidase
in TRT, and luciferase in Trofile) [10, 11] (Fig 2).

In comparison with MT-2 cell assay and in vitro as-
says with reporter cell lines to determine viral corecep-
tor usage recombinant phenotypic tropism assays ap-
pear to be faster and less resource intensive [13]. The
recombinant phenotypic tropism assays remains to be
evaluated and several questions seem still to need clari-
fication: What is the effect of  different target cell
types and receptor/coreceptor expression levels on
the determination of  tropism? Is the test sensitive
enough to detect minor species within the viral popu-
lation? In one study recombinant phenotypic tropism
assay failed in 298 of  861 samples (35%) [13], which
leads to the question if  recombinant phenotypic tro-
pism assays will be an effective instrument to assess
tropism.  

PREVALENCE OF CCR5-TROPIC HIV-1 STRAINS

R5 strains are generally found at the time of  HIV-1 ac-
quisition and in the early stages of  infection. The
transmission of  CXCR4-tropic viruses appears to be
constrained [14]. The prevalence of  R5X4 virus or X4
virus increases with time after infection and is related
to low CD4 cell count, high RNA level and decreasing
natural killer cell count [13]. As an example, Hunt et
al. demonstrated that in therapy-naïve persons with
CD4 cell counts >300 cells/mm3 and HIV-1 RNA
loads <5000 copies/ml, 42 (89%) of  47 of  samples
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Fig. 1. Steps in HIV entry into target cells
(Adapted from Moore JP, et al. Proc Natl Acad
Sci U S A. 2003;100:10598-10602). 
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contained CCR5-using virus, whereas, for persons
with CD4 cell counts <50 cells/mm3 and HIV-1 RNA
loads >100,000 copies/ml, only 17 (55%) of  31 of
samples contained CCR5-using virus [13] (Fig. 3). 

Comparing tropism in studies including therapy-
naïve patients with those including HAART-experi-
enced individuals demonstrates a significantly higher
prevalence of  R5X4 viruses in HAART-experienced
individuals (34% to 50%) [15, 16] in contrast to the
prevalence of  dualtropic viruses in therapy naïve indi-
viduals (12 and 19%) [17, 18]. This enrichment of  du-
altropic and CXCR4-using viruses under antiretroviral
treatment appears to be explained by lower pre-treat-
ment nadir and not as an effect of  HAART itself  
[19].

Most of  the studies cited above were performed in
industrialized countries where HIV-1 subtype B pre-

vails. Little is known about coreceptor usage in HIV-1
subtypes other than subtype B. HIV-1 subtype C is
widespread in southern Africa as well as in India and is
the most extensive HIV-1 subtype globally [20] (Fig. 4). 

In a study of  Casper et al. evolution of  coreceptor
use in HIV-1 isolates of  24 vertically infected children
was analysed [21]. The mothers of  the children origi-
nated from numerous parts of  the world and the chil-
dren therefore carried five different env subtypes (nine
A, five B, four C, three D and one G) and one circulat-
ing recombinant form, CRF01_AE (n = 2). X4 virus
was mainly isolated from the children carrying sub-
types A, B, D, or CRF01_AE after increasing time of
infection but this was not the case from children in-
fected with subtype C. These findings are in agree-
ment with results from earlier studies which demon-
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            Study/Source                           Population                             N                         R5                         X4                      R5/X4

           Homer cohorta                              Naive                               979                      82%                      <1%                      18%

            C & W cohortb                              Naive                               402                      81%                      <1%                      19%

               Demarestc                                 Naive                               299                      88%                       0%                       12%

              TORO 1/2d                           Experienced                          612                      62%                       4%                       34%

               ViroLogice                            Experienced                        >2000                    48%                       2%                       50%

             ACTG 5211f                          Experienced                          391                      49%                       4%                       47%

Fig. 3. Data from a number of clinical cohort studies illustrates that HIV-1 (prevailing subtype B) is predominantly (>80%)
CCR5-tropic in treatment-naive patients with essentially no CXCR4-tropic and between 12% and 18% dualtropic virus. In treat-
ment-experienced patients prevalence of dualtropic virus increases. Pure X4 tropism remains rare (From: Pfizer: Full public
slide deck for external use).

Fig. 2. Schematic diagram of
a recombinant tropism assay.
Pseudovirus particles carry-
ing envelope glycoproteins
derived from the plasma
virus are produced by trans-
fecting producer cells with
the purified envelope expres-
sion vector library and an
HIV-1 genomic vector lack-
ing the envelope-encoding
region and containing a lu-
ciferase gene. Luciferase pro-
tein catalyzes luciferin oxida-
tion to generate light, and is
used to measure the ability of
the pseudoviruses to infect
target cells expressing CD4
and either CXCR4 or CCR5
(From: Whitcomb, J.M., et al.
Antimicrobial Agents and
Chemotherapy, Feb. 2007, p.
566-575).

aBrumme ZL, et al. J Infect Dis. 2006;192:466-474.
bMoyle GJ, et al. J Infect Dis. 2005;191:866-872.
cDemarest J, et al. ICAAC 2004; Abstract H-1138.

dWhitcomb JM, et al. CROI 2003; Abstract 557.
ePaxinos EE, et al. ICAAC 2002; Abstract 2040.
fWilkin T, et al. CROI 2006; Abstract 655.



strate an overwhelming predominance of  CCR5-tropic
viruses in subtype C at various stages of  disease, even
among AIDS patients [22, 23, 24]. Although a few
CXCR4-tropic viruses have been reported elsewhere
[25, 26], CXCR4-tropism among subtype C is less fre-
quent than among subtype B viruses. These observa-
tions have been made among untreated patients as
drug therapy is usually scarce in the areas where sub-
type C predominates. In a study of  Johnston et al. a
high frequency of  X4 viruses was identified in HIV-1
subtype C isolates of  individuals enrolled in a treat-
ment access program in Zimbabwe, all of  whom had
prolonged ART drug exposure [27]. The authors con-
clude from these findings that antiretroviral treatment
may create an environment for the emergence of
CXCR4 tropism in HIV-1 subtype C virus.

In contrast to this, several studies showed a consid-
erable dominance of  X4 and R5X4 viruses in individ-
uals infected with HIV-1 subtype D [22, 21]. In a study
of  Tscherning et al. out of  14 subtype D virus isolates,
6 were CCR5-tropic but 8 were exclusively CXCR4-
tropic and none showed dual tropism. In comparison
to the other subtypes analyzed in this study, X4 virus
was clearly overrepresented. Uni- and multivariate
analyses indicated that these subtype-specific differ-
ences in coreceptor usage were not due to differences
in clinical status, CD4 counts, or treatment [22]. In an-
other trial none of  33 subtype A or 10 A/D-recombi-
nant viruses used the CXCR4 coreceptor. On the con-
trary, nine (36%) of  25 subtype D viruses were dual-
tropic [28]. In the study of  Casper et al. cited above 4
children of  14 with subtype A, D, or CRF01_AE de-
veloped X4 virus in the course of  the infection,

whereas none of  10 children with subtype B, C, or G
developed X4 virus. These findings are in agreement
with the results of  a study from Uganda which com-
pared prevalence of  R5 virus in HIV-1 subtype A and
D in therapy-naive patients. In non-AIDS patients
with subtype A in 19 of  23 (83%) isolates R5 viruses
were present whereas only in 15 of  27 (56%) of  sub-
type D isolates R5 viruses were found [29]. On the
other hand, in one trial analyzing 10 isolates of  several
subtypes all but one of  subtype D isolates were non-
syncytium-inducing, R5 viruses [30].

Menu et al. analyzed the isolates of  18 individuals
infected with HIV-1 subtype E in Cambodia. R5 virus
was predominant in patients of  clinical stage B. Among
10 patients with AIDS five were carrying NSI virus.
Menu concluded that “the tropism of  Cambodian sub-
type E viruses isolated from patients at distinct stages
of  disease progression was similar to that reported for
subtype B isolates” [31]. In a study which characterized
coreceptor usage of  HIV-1 subtype E in Bangkok
none of  102 subtype E isolates used CXCR4 which
confirms the predominance of  R5 virus in HIV-1 sub-
type E, even when in this study the receptor usage was
not correlated to stage of  disease progression [32]. 

USAGE OF ALTERNATIVE CORECEPTORS IN HIV-1
SUBTYPES

As mentioned above, the two most important corecep-
tors in HIV-1 cell entry are CCR5 and CXCR4, and all
HIV-1 isolates tested to date use one or both [4].
Growing complexity results from the findings that
HIV-1 coreceptor activity is not limited to CXCR4 and
CCR5. Current knowledge of  the HIV-1 coreceptor
repertoire includes several other human chemokine re-
ceptors and related Orphans as CCR1, CCR2b, CCR3,
Bob/GPR15, CXCR6 (Bonzo), CCR8 and further still
unknown coreceptors [3, 33, 34].

Coreceptor usage of  HIV-1 other than CCR5 and
CXCR4 is today still thought to be seldom and is con-
tributed to mainly HIV-2 and simian immunodeficien-
cy virus (SIV) group [35, 36]. In the last years increas-
ing evidence is available which suggests that in partic-
ular the HIV-1 subtype A uses alternative coreceptors
such as CXCR6 (Bonzo) and BOB/GPR15 [37, 21, 38,
39, 40] even in the early stages of  infection [37, 38].

In a study in the Central African Republic viruses
of  17 patients, all belonging to env subtype A, were
isolated at various times after seroconversion and their
coreceptor usage was examined. All isolates obtained
soon after seroconversion used CCR5 and all but one
isolates maintained their CCR5 usage in the course of
infection. CXCR4 usage was limited to a few isolates
and appeared generally in the late stages of  the infec-
tion. Viruses of  13 patients were able to efficiently use
BOB and/or CXCR6 (Bonzo) to establish a produc-
tive infection. In three patients BOB and CXCR6
(Bonzo) tropic viruses could be detected in the first
isolates after seroconversion [37].

In another study coreceptor usage of isolated HIV-
1 viruses were examined in samples of  seropositive,
asymptomatic pregnant women in Cameroon. Viruses
were predominantly envelope subtype A and used
coreceptor CCR5. 4 of  28 (14.2%) subtype A isolates
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Fig. 4. A: Estimated incidence of HIV-1 env subtypes in the
year 2000. B: Estimated distribution of new HIV-1 infections
by env subtypes and regions in the year 2000. From: Osman-
ov: J Acquir Immune Defic Syndr, Volume 29(2).February 1,
2002. 184-190.



also used receptor CXCR6 (Bonzo) whereas none of
four non subtype A isolate used CXCR6 (Bonzo) [39].

As utilization of  BOB/GPR15 seemed to depend
largely on cell surface expression level it remains to be
elucidated if  relevant target cells express
BOB/GPR15 and CXCR6 (Bonzo) at levels that sup-
port virus replication. It has however been shown that
BOB/GPR15 is expressed in lymphoid tissue. Thus, it
cannot be excluded that usage of  BOB/GPR15 may
contribute to virus propagation [38].

IS MARAVIROC A THERAPY FOR ALL CCR5-TROPIC
HIV-1 SUBTYPES?

Dorr, Macartney et al. performed an in vitro study of
Maraviroc with 43 primary HIV isolates of  various
subtypes that were also exclusively CCR5-tropic [41].
These isolates were from various clades and diverse
geographic origin and showed a geometric mean 90%
inhibitory concentration of  2.1 nM. Moreover, Mar-
aviroc was active against 200 clinically derived HIV-1
envelope-recombinant pseudoviruses. One hundred
of  these were derived from isolates resistant to exist-
ing drug classes. The mechanism of  action of  Maravi-
roc was investigated by cell-based assays using inhibi-
tion of  binding of  viral envelope, gp120, to CCR5 in
order to prevent the membrane fusion events neces-
sary for viral entry. Maraviroc did not affect CCR5
cell surface levels or associated intracellular signalling,
confirming it as a functional antagonist of  CCR5. In
these studies Maraviroc did not show any detectable
cytotoxicity. It was highly selective for CCR5. This
was taken as a predictor of  good clinical tolerability in
humans. 

A figure in the publication of  Dorr and colleagues
shows the geometric mean IC90s (and 95% confi-
dence intervals) obtained for viruses grouped by dif-
ferent virus clades (Fig. 5): The overall geometric
mean in vitro IC90 (the concentration at which 90%
of  viral replication is inhibited) for all 43 viruses was
2.1 nM. The conclusion was that “no “standard” ex-
clusively CCR5-tropic subtype of  HIV-1 appeared to
have a significantly lower susceptibility to Maraviroc
than any other”. 

A hybrid subtype which was called subtype E
(CRF_01(AE)) showed a markedly greater susceptibili-
ty. This led to the question whether subtype E HIV
might show a hypersusceptibility that could be used as

a clinical advantage in patients with this subtype, e.g.
from Asia.

All together, comprehensive studies about CCR5/
CXCR4 prevalence and evolution in the course of  in-
fection were only conducted in the industrialized part
of  the world where env subtype B is predominant.
Those studies show that the presence of  R5 viruses,
the imperative condition for Maraviroc virological effi-
cacy, declines as time progresses after infection and
eventually under prolonged ART exposure. This leads
to the conclusion that it might be strategically better to
use Maraviroc before salvage therapy and before ad-
vanced immunodeficiency in individuals infected with
HIV-1 subtype B.

It has been widely accepted that coreceptor switch
is uncommon in HIV-1 subtype C even in advanced
stages of  disease [22, 23, 24, 42, 43]. In subtype B
contrarily up to 50% of  viral isolates use CXCR4 in
late stages of  disease (see Fig. 3). This implicates that
there are subtype specific differences in coreceptor us-
age. Coreceptor usage of  other subtypes has been
studied to a minor degree. HIV-1 subtype D appears
to show a high prevalence of  dualtropic and CXCR4
monotropic virus strains. 

According to two studies from Cambodia [31] and
Thailand [32] HIV-1 subtype E shows similar charac-
teristics in coreceptor usage as subtype B. 

Regarding subtype A, usage of  alternative corecep-
tors has been examined in various studies [37, 21, 38,
39, 40]. In one trial about 50% of  HIV-1 subtype A
isolates used BOB, CXCR6 (Bonzo) or BOB and
CXCR6 (Bonzo) in addition to CCR5 for cell entry.
Almost all of  them were able to efficiently use BOB
and/or CXCR6 (Bonzo) to establish a productive in-
fection [37]. Cilliers et al. demonstrated that viruses
using BOB and/or CXCR6 (Bonzo) may establish a
productive infection even when CCR5 and CXCR4 are
blocked [33]. Under this condition standard pre-treat-
ment tropism assay screening isolates only for CCR5-
and CXCR4-tropism could result in a high percentage
of  treatment failure in patients infected with subtype
A HIV-1 strains as tropism for BOB and CXCR6
(Bonzo) may remain undetected.  

On the other hand the trials of  coreceptor usage in
different HIV-1 subtypes are not extensive and some
are contradictory. Furthermore the studies were all
performed in vitro so additional studies will therefore
be required to evaluate the relevance of  alternative
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Fig. 5. Maraviroc potency against primary
HIV-1 isolates in PBMCs: possible hypersus-
ceptibility of HIV-1 subtype E (From: Pfizer:
Full public slide deck for external use)



coreceptors usage in vivo. There is only limited data
about F,G,H and J subtype available.

Nevertheless, CCR5-tropism presumed, Maraviroc
has proven its efficacy in all HIV-1 subtypes. Prelimi-
nary data show a hint at pronounced susceptibility of
subtype E.

Resulting from this data it can be said that Maravi-
roc might be of  a significant interest for those regions
where HIV-1 subtype B, C and E are the predominant
strain even if  its impact in regions with a pronounced
prevalence of  subtype A and D might be reduced.
Maraviroc might require adapted treatment strategies
according to the subtype prevalence in different re-
gions of  the world.

EFFICACY OF MARAVIROC IN CLINICAL STUDIES

VIROLOGICAL EFFICACY IN ASYMPTOMATIC HIV-IN-
FECTED PATIENTS

After Maraviroc had been tested in healthy individuals
without HIV infection (unpublished data, according
to the paper of  Fätkenheuer and colleagues) Fätken-
heuer and colleagues carried out a set of  two trials to
investigate the antiviral efficacy of  Maraviroc [44]. In
order to study the effect of  the drug alone, without
combination of  other antiretrovirals, they used a
study design of  monotherapy for 10 days. Both stud-
ies were placebo – controlled and randomized. 163
asymptomatic HIV-1 – infected patients were
screened. About 50% were enrolled. Important rea-
sons for exclusion were hepatic impairment, CD4
count below inclusion limit (250/µl), and a virus type
not phenotypeable. Notably, 94% of  the screened pa-
tients in this group (asymptomatic, Maraviroc- naïve)
had a CCR5 – tropic virus. Oral treatment was admin-
istered as daily doses of  50mg, 100mg, 300mg, and
600mg or placebo. The difference between once daily
dosing and two doses 12 hours apart was studied as
well as the influence of  food along with study med-
ication. Eight patients 
per dose group were randomized. As expected, place-
bo was less effective as all dose groups of  the study
drug. At doses of  100 mg BID and more all study
participants showed a more than one log10 virus load
reduction at the time of  VL nadir. The median time
to VL nadir was 11 days. The average viral load reduc-
tion among HIV-positive people taking at least 200mg
of  Maraviroc a day was between 1.6 and 1.84 log. Us-
ing the 150mg dose twice daily was as effective in VL
reduction as the 300mg once daily. At 150mg co-
administration of  food did reduce the AUC by rough-
ly 50%, however, the Cmin was not altered. The au-
thors interpreted their results in discussing that “taken
together, these results imply that Maraviroc is likely 
to be suitable for QD dosing without food restric-
tions”.

Because of  concerns that selection pressure exerted
by a CCR5 inhibitor towards emergence of  CXCR4
tropic virus in this study also follow up typing of  virus
receptor use were carried out. Changes in virus tro-
pism were found in two patients in a low dose group
(100mg QD). In one patient the change was not per-
sistent, whereas the X4 virus was detectable in the

other patient through day 433 after therapy. 
Tolerability of  Maraviroc was good in all doses in

these studies. There were only five side effects that
were observed in more than one individual: headache,
asthenia, dizziness, gingivitis, and nausea.

EFFICACY IN ANTIRETROVIRAL NAÏVE PATIENTS

Maraviroc was also tested in therapy naïve patients re-
garding its non-inferiority to Efavirenz both combined
with Zidovudine and Lamivudine (ZDV/3TC) (Study
1026). In this phase 2b/3 trial a total of  917 patients
was enrolled in three treatment arms: Maraviroc QD
plus ZDV/3TC, Maraviroc BID plus ZDV/3TC, and
Efavirenz plus ZDV/3TC. Patients with only R5 HIV-
1, HIV RNA of  more than 2000 copies/ml and exclu-
sion of  EFV, ZDV, or 3TC resistance were random-
ized. The primary endpoint was the percentage of  pa-
tients with viral load below 400 and below 50
copies/ml at week 24 and week 48. Due to an interim
analysis after 16 weeks of  treatment, the Maraviroc
QD arm has been stopped in January 2006 as prespec-
ified criteria of  non-inferiority between the Maraviroc
QD treatment group and Efavirenz treatment group
were not met. However, the data safety and monitor-
ing board of  the trial recommended a continuation of
the Maraviroc twice-daily arm. 

Data on 48 week efficacy were presented in 2007 at
the IAS conference in Sydney by Saag and colleagues
[45]: Baseline median CD4 count (241 and 254
cells/µl) and mean HIV-1 RNA (4.9 and 4.9 log10
copies/ml) were similar in the MVR-BID and EFV
groups. More patients discontinued MVR-BID be-
cause of  efficacy failure compared with EFV (11.9%
versus 4.2%). On the other hand, fewer patients dis-
continued MVR-BID due to adverse events (4.1% ver-
sus 13.6%). Results for the important efficacy end-
points were as follows: HIV RNA below 400
copies/ml was achieved in 70.6% (MVR) versus 73.1%
(EFV) of  patients and HIV RNA below 50 copies/ml
resulted in 65.3% (MVR) versus 69.3% (EFV). Im-
munological reconstitution was measured as a gain in
CD4 cells versus baseline. Mean Change from baseline
was 170/µl (MVR) versus 143/µl (EFV). The conclu-
sion from this analysis was that non-inferiority of
MVR-BID could be confirmed for the below 400
copies/ml but not the below 50 copies/ml endpoint.
CD4 cell count increase for MVR-BID was more pro-
nounced than for EFV. MVR-BID was better tolerated
than EFV with fewer discontinuations due to adverse
events, AIDS defining illnesses, and grade 3/4 adverse
events.

From a theoretical point of  view, the use of  Mar-
aviroc in a first line regimen can be regarded as a com-
pletely new concept in highly active ART. The utilisa-
tion of  new targets aiming at reduction of  the number
of  newly infected target cells should also be seen in
the context of  down – scaling the number of  latently
infected cells. 

At present, there is no trial investigating the combi-
nation of  Maraviroc with anything else than nucleo-
sides (NRTIs). The combination of  Maraviroc with
non-nucleosides (NNRTIs), protease inhibitors (PIs)
or even integrase- inhibitors would also be worth
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while being tested. The concept of  a nucleoside spar-
ing regimen with a low number of  pills could more
easily be achieved with Maraviroc plus a non-nucleo-
side “backbone”. This concept, however, is dependent
on further long term experience with Maraviroc: Inde-
pendently of  the results of  study 1026 the question re-
mains, whether non-inferiority of  Maraviroc against
Efavirenz for achieving less than 400 copies/ml will
lead to an approval for first line therapy without a sec-
ond trial. Even when Maraviroc appears to be general-
ly well tolerated it belongs still to a new class of  anti-
retroviral drugs without any long term experiences be-
ing available.

CLINICAL EFFICACY IN PATIENTS WITH PRIOR
THERAPY AND MULTIPLE VIRAL PRE-TREATMENTS

(SALVAGE)

Two clinical trials have been set up in patients pre-
treated with all three conventional drug classes. In this
situation the introduction of  a compound with no
cross–resistance is of  importance to overcome viro-
logical treatment failure. The two trials addressing this
situation are known under the encouraging name MO-
TIVATE 1 and MOTIVATE 2 (Trials 1027 and 1028,
MOTIVATE 1 was conducted in USA/Canada and
MOTIVATE 2 in Europe/Australia/USA). A total of
1075 patients were enrolled for these trials, 601 for
MOTIVATE 1 and 474 for MOTIVATE 2.

Both trials were conducted using the same study de-
sign: a phase 2b/3 trial, multicenter, randomised, dou-
ble blind study with randomisation in Maraviroc once
(QD) or twice daily (BID) versus placebo. The dosage
groups of  Maraviroc were 150mg QD versus 150mg
BID. Randomisation proportions were 2:2:1 (2 MVR
QD: 2 MVR BID : 1 Placebo) and all patients received
an optimized background therapy (OBT) according to
a resistance assay at screening. At the time before en-
rolment each patient was tested for the presence of
CCR5 – tropic virus. Only patients with CCR5 – trop-
ic virus were to be enrolled for the study. 

The results of  the two trials were analysed separate-
ly and in a combined manner. The major outcome pa-
rameter virus load showed significantly better results
in the MVR arms as compared to placebo. 

The 24 week data for this study were presented at
the 2007 IAS conference [46]. Roughly double as
many patients achieved a virus load below detection
limit as with MVR as compared to placebo. Overall vi-
rological response rates to a viral load less than 400
copies/ml were: 28% (Placebo + OBT), 55% (MVR
QD + OBT), and 61% (MVR BID + OBT). Virologi-
cal efficacy with response to less than 50 copies/ml
was: 23% (placebo + OBT), 44% (MVR QD + OBT),
and 45% (MVR BID + OBT). Patient numbers in this
analysis were n = 209 (placebo + OBT), n = 414
(MVR QD + OBT), and n = 426 (MVR BID + OBT).

In another combined analysis of  both studies, Ele-
na van der Ryst presented data on efficacy when it was
set in relation to genotypic, phenotypic and overall
susceptibility scores to the concomitant OBT, as well
as by first-time use of  selected background drugs [47].
As expected, more patients with higher susceptibility
scores reached an undetectable viral load as compared

to those with lower scores. Patients receiving Maravi-
roc whose virus had no enfuvirtide or Lopinavir/r re-
sistance mutations detected at screening, first-time use
of  enfuvirtide or Lopinavir/r increased the likelihood
of  achieving undetectable HIV-1 RNA. 53% of  pa-
tients naïve for enfuvirtide use who received MVR
BID achieved a viral load below 50 copies/ml at week
24 as compared to 36% in the placebo group.

This data clearly demonstrated that MVR use in a
salvage situation is also more effective when combined
with additional active drugs.

Another analysis of  the combined MOTIVATE –
data was conducted concerning patients with no active
OBT compounds and with a very poor baseline situa-
tion [48]. This was a planned 24-week analysis of
pooled data presented at the IAS Conference 2007.
Even in patients with no active drugs in OBT (based
on genotypic/phenotypic test results) the percentages
of  patients with a viral load of  <50 copies/ml was
achieved in 18% (MVR QD) and 29% (MVR BID) as
opposed to only 3% in the placebo arm.

Similar results were found for patients with less
than 50 CD4 cells/µl at baseline and for patients with
a viral load of  more than 100000 copies per ml: In the
MVR QD arm 11% of  patients with less than 50 CD4
cells/µl and in the MVR BID arm 29% hat a virus
suppression below 50 copies/ml after 24 weeks, while
in the placebo arm only 3% of  patients showed the
same efficacy. Overall, primary and secondary end-
point analyses in this trial demonstrated superior viro-
logic and immunologic efficacy of  each Maraviroc
group vs. placebo. A greater number of  patients in
subgroups with poor baseline parameters receiving
Maraviroc BID achieved virologic suppression .

SAFETY OF MARAVIROC

SIDE EFFECTS OF MARAVIROC

Pooled analyses from a total of  six phase 1/2a studies
comprised a total of  259 healthy volunteers and HIV
infected patients who had received Maraviroc [49].
The majority of  the adverse events were graded as
mild or moderate. Up to doses of  600mg per day the
pattern of  adverse events was similar to that of  place-
bo. Only headache, nausea and flatulence occurred
more frequently, but not statistically significantly more
frequently, in the Maraviroc 300 mg group than in
placebo.

Postural hypotension was a dose-limiting adverse
effect in phase 1 studies with MVR. McHale et al.
studied the dose – response relation regarding this
AE. The incidence of  postural hypotension at Maravi-
roc doses from <100 mg to 1200 mg was determined
from all available data. No postural hypotension was
seen at Maraviroc doses <600 mg (QD or BID). Thus,
doses used in subsequent clinical trials and the dose
for the upcoming approval of  the compound are in a
range where postural hypotension is no to be expected
as a frequent side effect.

In electrocardiographic studies referenced by
McHale et al. no evidence of  clinically relevant pro-
longation of  QTc F was reported. There is a substan-
tial body of  clinical and ECG data from all trials with
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MVR investigating this issue. 
In the same study the MVR effect on liver function

tests was reported: ALT elevations were sporadic and
not associated with Maraviroc dose or bilirubin eleva-
tions. All patients who experienced ALT elevations
also had concurrent illnesses potentially associated
with ALT elevations. Overall, elevations of  liver func-
tion tests were not more frequent than in placebo pa-
tients and those patients with elevations more than 3
times of  the upper limit of  normal were found to have
concomitant conditions which usually cause ALT ele-
vation (e.g. EBV infection, food poisoning).

In the trial with therapy naïve individuals (1026) the
grade 3 and grad 4 AE were more frequently reported
in the comparator arm with Efavirenz than with MVR.
Moreover, fewer malignancies occurred on MVR and
the incidence of  grade 3/4 transaminase abnormalities
was similar between the two groups [45].

Pooled analyses of  both MOTIVATE trials (studies
1027 and 1028) demonstrated similar safety profiles
for BID and QD groups versus placebo, with no in-
creased hepatotoxicity with Maraviroc compared to
placebo, including hepatitis B and C co-infected pa-
tients, and no imbalance in malignancies (either AIDS
or non-AIDS associated) .

SAFETY OF MARAVIROC IN PATIENTS WITH NON-R5
HIV-1

One pivotal study (study 1029) is underway to deter-
mine the safety and efficacy of  MVR when it was
added to an optimised regimen (OBT) in comparison
with OBT alone, especially in patients with dual/
mixed-tropic (D/M) infection [48]. 

Study 1029 is an ongoing, 48-week, randomized,
double-blind, multicentric, placebo-controlled Phase
2b study of  MVR in treatment-experienced (triple-
class experience and/or dual-class-resistant HIV-1) pa-
tients with HIV-1 RNA of  more than 5000 copies/ml
and non-R5-tropic HIV-1 infection. Eligible patients
were randomized 1:1:1 to one of  three arms:

OBT (comprising 3–6 open-label antiretrovirals of
which at least one is active and no more than one is an
NNRTI) and placebo, OBT plus MVR 150 mg QD, or
OBT plus MVR 150 mg BID.

Patients where OBT did not contain a PI or the
NNRTI delavirdine, received doses of  MVR 300 mg
QD or BID according to their original randomization.
Coreceptor tropism testing was performed in all pa-
tients with treatment failure and/or HIV-1 RNA of
more than 500 copies/ml at screening, and at weeks 4,
8 and every 8 weeks after the first 8 weeks.

The primary endpoint of  this analysis was the
change from baseline to 24/48 weeks in viral load for
patients with D/M-tropic HIV-1 at screening. Treat-
ment failure was defined as any one of: an increase 
to more than three times baseline plasma HIV-1 RNA
level at week 2 or thereafter, HIV-1 RNA decrease 
of  less than 0.5 log10 at week 8, HIV-1 RNA less than
1.0 log10 decrease from baseline starting at week 8, 
in a patient who had previously achieved a more 
than 2.0 log10 decrease from baseline, an increase in
HIV-1 RNA to more than 5,000 copies/ml in a pa-
tient previously confirmed to have undetectable levels

of  less than 400 copies/ml. These viral load criteria
had to be confirmed by two consecutive measure-
ments.

190 patients were randomized and 186 patients re-
ceived at least one dose of  study drug. 167 patients
had D/M-tropic HIV-1 at screening and represented
the primary study population.

At least 91% and 52% of  patients in each arm of
the study received a PI or enfuvirtide. The number of
active drugs in the OBT was slightly greater in the
MVR BID arm than in the other two arms. All pa-
tients who had more than four active drugs were in the
MVR BID arm.

Baseline characteristics of  the patients show that
this was a group of  patients with advanced HIV dis-
ease: the overall median baseline CD4 cell count was
less than 50 cells/µl and the baseline viral load was at
least 5 log10 HIV-1 RNA copies/ml for all three treat-
ment arms.

Reduction of  viral load from baseline to week 24
was similar for the MVR QD + OBT (–0.91 log10)
and placebo + OBT treatment arms (–0.97 log10). It
was more pronounced for the MVR BID arm (–1.20
log10) but this difference was not statistically signifi-
cant.

For the analyses of  the proportion of  patients who
achieved HIV-1 RNA below 400 copies/ml and HIV-1
RNA below 50 copies/ml, respectively, all patients
who discontinued prior to week 24 were included as
non-responders. 

Immunological recovery as measured by the mean
change in CD4 cells was greater for the MVR groups:
+60 and +62 cells/µl, for QD and BID, compared 
to +35 cells/µl for placebo. Maraviroc was well toler-
ated in this advanced population with documented
D/M HIV-1 infection. Superiority of  either MVR
dose added on to OBT, versus OBT alone, was not
achieved. However, a more pronounced CD4 increase
was found the MVR treated patients. 

Upcoming trials might be necessary to investigate
whether similar effects can also be achieved in patients
groups with less advanced HIV infection.

TROPISM CHANGE UNDER CCR-5 ANTAGONIST
TREATMENT

As CCR5/CXCR4 receptor tropism change is related
to the acceleration of  disease and to the advanced
stages of  disease during the natural evolution of  HIV-
1 infection, it was feared that the implementation of
CCR5 antagonists might induce tropism change and
therefore leading to an acceleration of  disease
progress. Indeed the phase III trial of  Maraviroc es-
tablished that more patients receiving Maraviroc than
those receiving placebo had a change in tropism to a
dualtropic or CXCR4-tropic virus at the time of  fail-
ure [50], indicating that viruses can switch coreceptor
preferences in patients on CCR5 antagonist treatment.
In a phase II trial 62 HIV-1 positive individuals were
treated with Maraviroc monotherapy for ten days. In
60 of  62 patients the circulating virus remained
CCR5-tropic, whereas viruses of  two patients demon-
strated a change of  tropism to CXCR4. The circulat-
ing virus did however revert to CCR5 tropism after
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cessation of  therapy. Furthermore the authors could
demonstrate by phylogentic analysis of  envelope
clones from pre- and posttreatment time points that
the CXCR4-using variants probably emerged by out-
growth of  a pre-treatment CXCR4-using reservoir,
rather than via coreceptor switch of  a CCR5-tropic
clone under selection pressure from Maraviroc [51].
Accordingly, Maraviroc did not select the X4 pheno-
type after lengthy serial passage through increasing
Maraviroc concentrations of  CCR5-tropic laboratory
strains or primary isolates in vitro [52]. Finally it has
not been possible to discern whether the appearance
of  new viral phenotypes precedes disease develop-
ment or results as a consequence of  it, even if  isolated
reports now suggest that CXCR4-using viruses may
emerge as a consequence of  developing immune defi-
ciency [21]. 

LONG TERM TOXICITY OF MARAVIROC

No data about long term toxicity over several years of
Maraviroc is available. A potentialy low long term toxi-
city of  Maraviroc might be derived from the fact that
the 32 base pair deletion in both copies of  the CCR5
gene, creating a non-functional receptor, appears not
to be associated with an important defect of  immune
function; individuals who are homozygous for CCR5
Δ32 deletion have no shortening of  life expectancy
[53]. 

There is nevertheless certain data available indicat-
ing that Δ32 deletion affects the course of  infectious
diseases. In CCR5 deficient mice infected with M. tu-
berculosis or Listeria a greater T-cell response was ob-
served compared to ccr5 +/+ mice [54]. One study
demonstrates an association of  CCR5 Δ32 deletion
with increased risk of  symptomatic West Nile virus in-
fection [55]. Thio et al. on the other hand demonstrat-
ed a protective effect of  CCR5 Δ32 deletion in recov-
ery from HBV infection. Amongst nine chronically in-
fected individuals which were homozygous for the
deletion, eight recovered from the infection [56]. The
effect thus far of  CCR5 inhibition on infectious dis-
ease is probably due to the diverse pathophysiological
reactions of  immune system to different pathogens
not predictable. 

WHICH PATIENT CHARACTERISTICS MAY
INFLUENCE PHARMACOLOGICAL USE OF

MARAVIROC?

There is a wide range of  pharmacokinetic studies with
Maraviroc investigating various types of  populations
and different situations ranging from therapy – naïve
patients to patients with the possibility of  many inter-
actions. Pharmacokinetic studies with Maraviroc have
shown a rapid absorption with a Tmax of  0.5-4.0
hours post-dose and a terminal half-life following in-
travenous dosing of  13 hours.

Pharmacokinetic and metabolism studies have been
performed in mouse, rat, dog, and human after single
and multiple administrations by oral and intravenous
routes. The compound is moderately lipophilic (log
D(7.4) 2.1) and basic (pK(a) 7.3). Maraviroc was in-
completely absorbed in rat (approximately 20-30%)

but well absorbed in dog (>70%). In mice AUC after
oral administration was 3-fold higher than in control
animals. In oral dose escalation studies in humans, the
Maraviroc showed nonlinear pharmacokinetics, with
increased dose-normalized exposure with increased
dose size, consistent with saturation of  P-glycopro-
tein. Metabolites were products of  oxidative metabo-
lism and showed a high degree of  structural consisten-
cy across species under investigation .

Several pharmacological studies in humans have
shown that that Maraviroc is metabolized primarily by
CYP3A4 but that it does not inhibit or induce any of
the P450 enzymes,  that 5-15% of  the dose is excreted
unchanged in urine, that pharmacokinetics are similar
between males and females, and that there is no signif-
icant difference in pharmacology between Asians and
Caucasians .

Thus, Maraviroc may be used in all patient popula-
tions including those who are treated with inhibitors
and inducers of  CYP3A4. However, since Maraviroc is
metabolized primarily by CYP3A4 and is P-gp sub-
strate, dose adjustments are required when it is com-
bined with potent CYP3A4 inhibitors or inducers.
With potent CYP3A4 inhibitors, such as protease in-
hibitors (PIs) or ketoconazole, the dose of  Maraviroc
should be halved to 150 mg. This level of  dose adjust-
ment is also used for efavirenz when it is dosed with a
booster dose of  ritonavir. 

With potent CYP3A4 inducers, such as efavirenz or
rifampin, the dose of  Maraviroc should be doubled to
600 mg. No dose adjustment is required when Maravi-
roc is dosed with renally excreted drugs, such as teno-
fovir or trimethoprim . 

In a study of  a pharmacokinetic-pharmacodynamic
model clinical data from a first monotherapy study
(study 1007) [57] was used to develop an optimal dose
of  Maraviroc. In a randomized, double-blind, placebo-
controlled fashion 44 asymptomatic HIV-1-infected
patients were enrolled. Patients received Maraviroc un-
der food restrictions at 25 mg once daily or 50, 100, or
300 mg twice daily, or placebo for 10 days. Antiviral
efficacy was assessed by measuring plasma HIV-1
RNA levels during screening, randomization, at base-
line, and daily during the 10 days of  treatment and at
days 11 to 15, 19, 22, 25, and 40. Parameters derived
from a viral dynamic model were used to calculate av-
erage viral inhibition fraction, decay rate of  actively in-
fected cells, and basic reproductive ratio for each treat-
ment group. The decline rate in the 300 mg twice daily
group was comparable to that induced by potent pro-
tease inhibitor monotherapy, but was significantly
slower than that in patients receiving combination
therapy including both protease inhibitor and reverse
transcriptase inhibitors. The efficacy of  inhibition in
vivo was estimated to range from 0.15 to 0.38 for the
25 mg once daily dose group and from 0.88 to 0.96 for
the 300 mg twice daily dose group. The model has aid-
ed the analysis and interpretation of  the clinical data.

SUMMARY

According to the results of  the MOTIVATE trials,
Maraviroc is of  significant and high virological effica-
cy for patients with treatment experience and multiple
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treatment failures. It shows superior virologic and im-
munologic efficacy compared to placebo regardless if
combined with additional active drugs or without ac-
tive drugs in OBT. In therapeutic dosing the side ef-
fects appear to be mild. Only headache, nausea and
flatulence occurred slightly and not notably more fre-
quently than in placebo control. There was no prolon-
gation of  QTc F and no increased hepatotoxicity re-
ported. In study 1029, treatment of  individuals with
dualtropic or CXCR4-tropic HIV-1 infection with
Maraviroc did not result in lowering HIV-RNA, but in
a pronounced CD4 elevation. 

Indeed Maraviroc therapy may induce tropism
change by selection pressure. It is more likely however
that CXCR-4 using variants emerge from a pre-exist-
ing reservoir then by coreceptor switch and circulating
viruses revert to CRR5-tropic strains after cessation of
therapy. It is still unclear today if  coreceptor switch
causes or if  it is a result of  disease acceleration. Fur-
ther studies will be needed to investigate if  coreceptor
switch under Maraviroc therapy leads to disease pro-
gression. As of  present knowledge, concerns about
tropism change should not prevent Maraviroc use. 

Several studies demonstrate that non-functional
CCR5 may alter immune system response in M. tuber-
culosis, Listeria, West Nile Virus and Hepatitis B in-
fection. At present, clinical use of  Maraviroc is not as-
sociated with similar effects. 

Maraviroc is metabolised by CYP3A4 but it does
not inhibit or induce any of  the P450 enzymes. The
dosing of  Maraviroc must be adjusted when co-ad-
ministrated with potent inducers or inhibitors of
CYP3A4.

Maraviroc is well tolerated, conveniently adminis-
tered, does not alternate pharmacokinetics of  co-ad-
ministrated drugs and appears to have low long term
toxicity. Its new mechanism of  action might result in
reducing the number of  latently infected cells. On the
basis of  these characteristics Maraviroc is a promising
candidate for first line therapy, especially because of
the declining prevalence of  CCR5-tropism in the
course of  HIV-1 infection. In the 1026 study however,
slightly fewer therapy-naïve patients reached HIV
RNA below 50 copies/ml when treated with Maravi-
roc plus ZDV/3TC compared to those patients treat-
ed with efavirenz plus ZDV/3TC. The 1026 study fur-
ther stated that immunologic reconstitution was supe-
rior in Maraviroc arm and that fewer patients discon-
tinued Maraviroc due to adverse events. The approval
for first line therapy without further trials, eventually
compromising also non-nucleoside backbones, subse-
quently remains uncertain. 

Most of  the results presented here are derived from
studies which were performed in industrialized coun-
tries where subtype B is predominant and where up to
88% of  viral isolates are CCR5-tropic during early time
of  infection. Dorr, Macartney et al. demonstrated that
susceptibility to Maraviroc in R5 viruses does not de-
pend on subtype. Viral isolates from different geo-
graphic regions do though differ in coreceptor usage. It
has been widely accepted that HIV-1 subtype C has a
high prevalence of  exclusively CCR5-tropic strains even
in the advanced stages of  disease. Subtype E appears to
be in possession of  similar characteristics in coreceptor

usage as sybtype B. Subtype D on the contrary appears
to have a high prevalence of  dualtropic and CXCR4
monotropic virus. Up to 50% of  HIV-1 isolates with
env subtype A were able to establish a productive infec-
tion by using the alternative coreceptors BOB/GPR15
and/or CXCR6 (Bonzo). While most HIV subtypes
seem to show good response to Maraviroc, in patients
with known infection by HIV subtypes A and D close
clinical monitoring will be necessary and clinical effica-
cy should be studied in additional trials.
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