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Abstract
CCR5 antagonists are a newly developed class of  anti-
retroviral drugs which inhibit viral entry into the host
cell by binding to the predominant HIV coreceptor.
Data on the use of  these new drugs in treatment-expe-
rienced HIV patients are emerging. Clinical trials on
maraviroc and vicriviroc in pretreated patients recruit-
ed more than 1300 individuals. Interim results of  these
studies indicate that pretreated patients infected with
CCR5-tropic viruses benefit from their use in opti-
mized combination regimens. Maraviroc reduces the
HIV-1 viral load in patients with previous triple-class
failure by 1.96 log10 copies/ml versus 0.99 log10
copies/ml in placebo; vicriviroc shows potency by
dose depending viral decrease of  1.51 – 1.68 log10
copies/ml compared to 0.29 log10 in placebo. As ex-
pected, CCR5 antagonists do not reduce viral load in
patients harbouring CXCR4-tropic or dual/mixed
tropic viruses. Nevertheless, since a considerable per-
centage of  late-stage HIV patients still bear CCR5-
tropic viruses, the use of  CCR5 antagonists appears
promising in properly selected treatment-experienced
patients.

Key words: CCR5 inhibitor, HIV infection, treatment-
experienced patients, tropism

INTRODUCTION

Within the last decade, antiretroviral therapy for in-
fection with human immunodeficiency virus Type 1
(HIV-1) has made rapid progress predominantly
through the development and approval of  new 
reverse transcriptase and protease inhibitors. In addi-
tion, the concept of  entry inhibition entered routine
therapy in 2003, when enfuvirtide, the first HIV fu-
sion inhibitor, was licensed. However, resistance to
drugs of  these classes may emerge on treatment,
compromising therapeutic efficacy. Patients may carry
viruses with loss of  susceptibility to agents from all
currently available antiretroviral classes. Drugs ex-
ploiting novel mechanisms of  action are obviously
needed to expand the therapeutic options for treat-
ment-experienced patients. Therefore, the advent of
CCR5 antagonists, agents blocking the interaction of
HIV with its predominantly used coreceptor on the
surface of  CD4 cells, raises great hope in the
HIV/AIDS community. Current clinical studies show

promising virological activity of  agents from this new
class, although the optimal timing of  their use in the
continuum of  antiretroviral therapy remains to be de-
termined. 

Epidemiological studies revealed that HIV-1 strains
in antiretroviral therapy-naïve patients predominantly
exhibit CCR5 tropism (R5 viral variants) [1-3]: More
than 80% of  treatment-naive HIV-1 infected individu-
als carry R5 viruses. In the treatment-experienced
population, R5 viruses still account for 48–62% of
isolates; dual or mixed-tropic viruses capable of  using
both CCR5 and/or CXCR4 coreceptors (R5/X4 vari-
ants) are found in 34–50% of  these patients, while
viruses that exclusively use the CXCR4 coreceptor for
cell entry (X4 variants) are seen in only 2–4% of  the
pretreated population [4-6]. 

At first glance, these observations may favour the
use of  CCR5 antagonists in treatment-naive patients
or at least in early stages of  antiretroviral therapy.
However, as mentioned above, a large percentage of
treatment-experienced patients harbour CCR5-using
viruses and may thus benefit from the inclusion of  a
CCR5 antagonist in an antiretroviral combination reg-
imen. 

Clinical trials on the use of  CCR5 antagonists in
treatment-experienced patients are ongoing. Table 1
shows an overview of  studies with published data in
pretreated patients. Current substances in clinical de-
velopment are maraviroc, vicriviroc and INCB9472.
Additionally, another small-molecule CCR5 antagonist,
TAK-652, is in preclinical phase. 

MARAVIROC

The most advanced candidate, maraviroc (MVC) man-
ufactured by Pfizer Inc., has recently been licensed. 

Two randomized placebo-controlled phase 2a dose-
finding studies (A4001007 and A4001015) investigated
the antiviral efficacy of  MVC in short-term monother-
apy of  patients who where either treatment-naive or
off  treatment for >8 weeks. Inclusion criteria were of
viral load >5,000 HIV-1 RNA copies/ml, CD4 count
>250 cells/mm3 plus confirmed CCR5-tropism; 82
patients were randomized. No significant difference
between treatment-naive or pretreated patients was ob -
served. One accidentally enrolled patient infected with
a R5/X4 virus experienced only a marginal change of
viral load at day 11 (–0.33 log10 copies/ml) [7]. 

October 15, 2007

Eur J Med Res (2007) 12: 419-425                                                                                                                       © I. Holzapfel Publishers 2007

CCR5 ANTAGONISTS IN THE TREATMENT OF TREATMENT-EXPERIENCED

PATIENTS INFECTED WITH CCR5 TROPIC HIV-1

Thore Lorenzen, Albrecht Stoehr, Irene Walther, Andreas Plettenberg

ifi – Institute of interdisciplinary medicine, Hamburg, Germany



EUROPEAN JOURNAL OF MEDICAL RESEARCH420 October 15, 2007

T
ab

le
 1

.O
ve

rv
ie

w
 o

f s
tu

di
es

 o
n 

C
C

R
5 

an
ta

go
ni

st
s 

in
 tr

ea
tm

en
t-

ex
pe

rie
nc

ed
 p

at
ie

nt
s.

St
ud

y
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
 A

40
01

02
7 

(M
ot

iv
at

e-
1)

   
   

   
A

40
01

02
8 

(M
ot

iv
at

e-
2)

   
   

  A
40

01
02

9
   

   
   

   
   

   
   

   
   

A
C

T
G

 5
21

1
   

   
   

   
   

   
   

   
  G

W
87

31
40

Su
bs

ta
nc

e
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  M
ar

av
ir

oc
 (

M
V

C
)

   
   

   
   

   
 M

ar
av

ir
oc

 (
M

V
C

) 
   

   
   

   
   

M
ar

av
ir

oc
 (

M
V

C
)

   
   

   
   

V
ic

ri
vi

ro
c 

(V
V

C
) 

   
   

   
   

   
 A

pl
av

ir
oc

 (
A

P
L

)
V

ir
al

 tr
op

is
m

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

C
C

R
5

   
   

   
   

   
   

   
   

   
   

   
   

 C
C

R
5 

   
   

   
   

   
   

   
   

   
   

   
   

du
al

/m
ix

ed
-t

ro
pi

c,
  

   
   

   
  C

C
R

5
   

   
   

   
   

   
   

   
   

   
   

   
C

C
R

5
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

C
X

C
R

4-
tr

op
ic

St
ud

y 
P

ha
se

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  P
ha

se
 3

   
   

   
   

   
   

   
   

   
   

   
  P

ha
se

 3
   

   
   

   
   

   
   

   
   

   
   

 P
ha

se
 2

   
   

   
   

   
   

   
   

   
   

 P
ha

se
 2

   
   

   
   

   
   

   
   

   
   

   
Ph

as
e 

2
N

o.
 o

f p
at

ie
nt

s
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

60
1

   
   

   
   

   
   

   
   

   
   

   
   

   
  4

75
   

   
   

   
   

   
   

   
   

   
   

   
   

  1
90

   
   

   
   

   
   

   
   

   
   

   
   

 1
18

   
   

   
   

   
   

   
   

   
   

   
   

   
 4

0
ra

nd
om

iz
ed

T
re

at
m

en
t a

rm
s

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

 P
la

ce
bo

 +
 O

B
T

   
   

   
   

   
   

   
 P

la
ce

bo
 +

 O
B

T
   

   
   

   
   

   
   

Pl
ac

eb
o 

+
 O

B
T

   
   

   
   

   
   

Pl
ac

eb
o 

+
 O

B
T

* 
   

   
   

   
   

   
Pl

ac
eb

o
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  M
V

C
 Q

D
 +

 O
B

T
   

   
   

   
   

   
M

V
C

 Q
D

 +
 O

B
T

   
   

   
   

   
   

M
V

C
 Q

D
 +

 O
B

T
   

   
   

   
  V

V
C

   
5 

m
g 

Q
D

 +
 O

B
T

* 
   

 A
PL

 2
00

 m
g 

Q
D

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  M

V
C

 B
ID

 +
 O

B
T

   
   

   
   

   
  M

V
C

 B
ID

 +
 O

B
T

   
   

   
   

   
  M

V
C

 B
ID

 +
 O

B
T

   
   

   
   

 V
V

C
 1

0 
m

g 
Q

D
 +

 O
B

T
* 

   
 A

PL
 2

00
 m

g 
B

ID
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  V
V

C
 1

5 
m

g 
Q

D
 +

 O
B

T
* 

   
 A

PL
 4

00
 m

g 
Q

D
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

 
   

   
   

   
   

  
A

PL
 6

00
 m

g 
Q

D
In

cl
us

io
n 

C
ri

te
ri

a 
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

 tr
ip

le
-c

la
ss

-e
xp

er
ie

nc
ed

  
   

   
  t

rip
le

-c
la

ss
-e

xp
er

ie
nc

ed
  

   
   

 tr
ip

le
-c

la
ss

-e
xp

er
ie

nc
ed

  
   

 >
1 

vi
ro

lo
gi

ca
l f

ai
lu

re
s 

   
   

   
 N

aï
ve

 o
r 

tr
ea

tm
en

t-
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  a
nd

/o
r 

do
cu

m
en

te
d 

re
si

st
- 

   
an

d/
or

 d
oc

um
en

te
d 

re
si

st
- 

   
an

d/
or

 d
oc

um
en

te
d 

re
si

st
- 

cu
rr

en
t r

ito
na

vi
r-

co
nt

ai
ni

ng
  e

xp
er

ie
nc

ed
 a

nd
 9

0d
ay

s 
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  a
nc

e 
to

 3
 a

nt
ire

tr
ov

ira
l 

   
   

   
 a

nc
e 

to
 3

 a
nt

ire
tr

ov
ira

l 
   

   
   

an
ce

 to
 2

 a
nt

ire
tr

ov
ira

l 
   

   
re

gi
m

en
   

   
   

   
   

   
   

   
   

   
   

of
f t

re
at

m
en

t
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  d
ru

g 
cl

as
se

s 
   

   
   

   
   

   
   

   
   

dr
ug

 c
la

ss
es

   
   

   
   

   
   

   
   

   
 d

ru
g 

cl
as

se
s 

   
   

   
   

   
   

   
  H

IV
-1

 R
N

A
 ≥

 5
00

0 
   

   
   

   
C

D
4 

ce
ll 

na
di

r 
>

 2
00

 
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  H
IV

-1
 R

N
A

 ≥
 5

00
0 

   
   

   
   

  H
IV

-1
 R

N
A

 ≥
 5

00
0 

   
   

   
   

 H
IV

-1
 R

N
A

 ≥
 5

00
0 

   
   

   
 c

op
ie

s/
m

l 
   

   
   

   
   

   
   

   
   

 c
el

ls
/µ

l
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  c
op

ie
s/

m
l  

   
   

   
   

   
   

   
   

   
  c

op
ie

s/
m

l 
   

   
   

   
   

   
   

   
   

  c
op

ie
s/

m
l 

   
   

   
   

   
   

   
   

  C
D

4 
ce

ll 
co

un
ts

 ≥
 5

0 
   

   
   

  H
IV

-1
 R

N
A

 >
50

00
 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  c

el
ls

/m
m

3
   

   
   

   
   

   
   

   
   

  c
op

ie
s/

m
l

B
as

el
in

e 
ch

ar
ac

te
ri

st
ic

s 
   

H
IV

-1
 R

N
A

 le
ve

l, 
m

ea
n,

   
  4

.8
4/

4.
85

/4
.8

6 
lo

g1
0

   
   

   
   

 4
.8

9/
4.

87
/4

.8
4 

lo
g1

0
   

   
   

   
 5

.0
1/

5.
03

/5
.1

0 
lo

g1
0

   
   

   
 4

.5
6 

lo
g1

0
(M

ed
ia

n)
   

   
   

   
 4

.2
8/

4.
26

/4
.4

2/
4.

46
/4

.3
7

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  c
op

ie
s/

m
l 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

 lo
g1

0
(M

ed
ia

n)
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  C

D
4 

ce
ll 

co
un

t, 
m

ed
ia

n 
   

   
16

3.
3/

16
7.

5/
15

0.
0 

ce
lls

/µ
l  

   
17

4.
3/

17
4.

3/
18

2.
0 

ce
lls

/µ
l 

   
41

.4
/3

9.
5/

43
.1

 c
el

ls
/µ

l  
   

  1
61

/1
55

/1
18

/1
28

 c
el

ls
/µ

l 
   

29
7/

34
4/

29
9/

37
2/

40
4 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
 

   
   

   
   

   
  

ce
lls

/µ
l

V
ir

ol
og

ic
al

 a
nd

  
   

   
   

   
   

 H
IV

-1
 R

N
A

: c
ha

ng
e 

fr
om

  
 P

la
ce

bo
: -

1.
03

   
   

   
   

   
   

   
   

 P
la

ce
bo

: -
0.

93
   

   
   

   
   

   
   

   
Pl

ac
eb

o:
 -0

.9
7 

   
   

   
   

   
   

  P
la

ce
bo

: -
0.

29
   

   
   

   
   

   
   

  P
la

ce
bo

: -
0.

12
im

m
un

ol
og

ic
al

 r
es

po
ns

e
  b

as
el

in
e,

 m
ea

n,
 lo

g 1
0

   
   

   
 M

V
C

 Q
D

: -
1.

82
   

   
   

   
   

   
   

M
V

C
 Q

D
: -

1.
95

   
   

   
   

   
   

   
M

V
C

 Q
D

: -
0.

91
   

   
   

   
   

  5
 m

g 
V

V
C

: -
1.

51
   

   
   

   
   

   
 2

00
 m

g 
Q

D
: -

0.
46

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  c
op

ie
s/

m
l 

   
   

   
   

   
   

   
   

   
M

V
C

 B
ID

: -
1.

95
   

   
   

   
   

   
  M

V
C

 B
ID

: -
1.

97
   

   
   

   
   

   
  M

V
C

 B
ID

: -
1.

20
   

   
   

   
   

 1
0 

m
g 

V
V

C
: -

1.
86

   
   

   
   

   
  2

00
 m

g 
B

ID
: -

1.
23

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  1

5 
m

g 
V

V
C

: -
1.

68
   

   
   

   
   

  4
00

 m
g 

Q
D

: -
1.

03
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

 
   

   
   

   
   

  
60

0 
m

g 
Q

D
: -

1.
66

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  H
IV

-1
 R

N
A

: <
 4

00
  

   
   

   
  P

la
ce

bo
: 3

1.
4 

%
   

   
   

   
   

   
   

 P
la

ce
bo

: 2
3.

1 
%

   
   

   
   

   
   

   
Pl

ac
eb

o:
 2

4.
1 

%
   

   
   

   
   

   
Pl

ac
eb

o:
 1

1 
%

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  c
op

ie
s/

m
l 

   
   

   
   

   
   

   
   

   
M

V
C

 Q
D

: 5
4.

7 
%

   
   

   
   

   
   

M
V

C
 Q

D
: 5

5.
5 

%
   

   
   

   
   

  M
V

C
 Q

D
: 2

4.
6 

%
   

   
   

   
  5

 m
g 

V
V

C
: 4

3 
%

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  M

V
C

 B
ID

: 6
0.

4 
%

   
   

   
   

   
  M

V
C

 B
ID

: 6
1.

3 
%

   
   

   
   

   
  M

V
C

 B
ID

: 3
0.

8 
%

   
   

   
   

 1
0 

m
g 

V
V

C
: 5

3 
%

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  1

5 
m

g 
V

V
C

: 4
7 

%
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  H
IV

-1
 R

N
A

: <
 5

0 
   

   
   

   
  P

la
ce

bo
: 2

4.
6 

%
   

   
   

   
   

   
   

 P
la

ce
bo

: 2
0.

9 
%

   
   

   
   

   
   

   
Pl

ac
eb

o:
 1

5.
5 

%
   

   
   

   
   

   
Pl

ac
eb

o:
 7

 %
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  c

op
ie

s/
m

l 
   

   
   

   
   

   
   

   
   

M
V

C
 Q

D
: 4

2.
2 

%
   

   
   

   
   

   
M

V
C

 Q
D

: 4
5.

6 
%

   
   

   
   

   
  M

V
C

 Q
D

: 2
1.

1 
%

   
   

   
   

  5
 m

g 
V

V
C

: 2
6 

%
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  M
V

C
 B

ID
: 4

8.
5 

%
   

   
   

   
   

  M
V

C
 B

ID
: 4

0.
8 

%
   

   
   

   
   

  M
V

C
 B

ID
: 2

6.
9 

%
   

   
   

   
 1

0 
m

g 
V

V
C

: 4
0 

%
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  1
5 

m
g 

V
V

C
: 2

7 
%

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  C
D

4 
ce

ll 
co

un
t c

ha
ng

e 
   

   
 P

la
ce

bo
: +

52
   

   
   

   
   

   
   

   
  P

la
ce

bo
: +

64
   

   
   

   
   

   
   

   
 P

la
ce

bo
: +

36
   

   
   

   
   

   
   

 P
la

ce
bo

: -
9

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  f
ro

m
 b

as
el

in
e,

 m
ea

n,
  

   
   

   
M

V
C

 Q
D

: +
10

7 
   

   
   

   
   

   
  M

V
C

 Q
D

: +
11

2
   

   
   

   
   

   
  M

V
C

 Q
D

: +
60

   
   

   
   

   
   

 5
 m

g 
V

V
C

: +
84

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  c
el

ls
/m

m
3  

   
   

   
   

   
   

   
   

   
M

V
C

 B
ID

: +
11

   
   

   
   

   
   

   
 M

V
C

 B
ID

: +
10

2
   

   
   

   
   

   
 M

V
C

 B
ID

: +
62

   
   

   
   

   
   

10
 m

g 
V

V
C

: +
14

2
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  1
5 

m
g 

V
V

C
: +

14
2

* 
O

B
T

 in
 A

C
T

G
 h

ad
 to

 c
on

ta
in

 R
ito

na
vi

r



Two randomized trials (A4001027 and A4001028,
or MOTIVATE-1 and -2) explored MVC in treatment-
experienced HIV-infected patients harbouring CCR5-
tropic strains. Twenty-four week interim data of  both
studies were presented at the 2007 Conference on
Retroviruses and Opportunistic Infections (CROI)
[8,9]. Meanwhile, these trials are completed and final
data are expected to be presented at one of  the infec-
tious disease conferences later in 2007. 

Both trials were double-blind placebo-controlled
multicenter phase 2b/3 studies investigating the effica-
cy and safety of  MVC plus optimized background
therapy (OBT) vs. placebo plus OBT in viraemic pa-
tients carrying CCR5-tropic virus. MOTIVATE-1 was
conducted in the US and Canada, while the identically-
designed MOTIVATE-2 trial enrolled patients in Eu-
rope, Australia and North America. The primary end-
point of  both studies was the mean change in HIV-1
RNA from baseline at week 48. 

According to the published data of  the preplanned
24-weeks interim analyses [8,9], patients included in
these studies were triple-class-experienced. The com-
bined population of  both trials had a median of  6 re-
sistance mutations (range 0-13) relevant to nucleoside
reverse transcriptase inhibitors (NRTI), 1 (0-5) affect-
ing non-nucleoside reverse transcriptase inhibitors
(NNRTI) and 10 (0-18) responsible for resistance
against protease inhibitors (PI). Enfuvirtide resistance
mutations were found in 20% of  the population. [10].
Genotypic and phenotypic resistance analyses revealed
that 44% of  the study population had an overall sus-
ceptibility score (OSS; derived from combined geno-
typic and phenotypic data) of  <2 antiretroviral drugs.
Patients were randomized in a 2 : 2 : 1 fashion to three
treatment arms: MVC once daily (qd) plus OBT, MVC
twice daily (bid) plus OBT or placebo plus OBT.

The 24-week results indicate significantly better ef-
ficacy in patients treated with MVC (qd or bid) +
OBT vs. placebo + OBT [8, 9]. Further analysis de -
monstrated that a higher proportion of  patients
achieved HIV viral loads <400 and <50 copies/ml
when MVC was administered twice vs. once daily [11]. 

An additional analysis of  treatment response by
drugs used in the OBT revealed that combining mar-
aviroc with enfuvirtide or lopinavir/r (in absence of
respective resistance mutations) increased the proba-
bility of  achieving a viral load below the threshold of
detection if  these drugs were given for the first-time
to a patient [12]. 

Another double-blind randomized placebo-con-
trolled trial (A4001029) investigated the effects of
maraviroc in treatment-experienced patients carrying
X4 or R5/X4 dual/mixed-tropic viruses. This study
focussed on safety parameters of  MVC when used in
patients expected to have no relevant viral load re-
sponse to a CCR5 antagonist. The 190 enrolled pa-
tients were randomised in a 1:1:1 fashion to three
treatment arms of  MVC bid, MVC qd or placebo,
each plus OBT. Baseline patient characteristics were
similar to the MOTIVATE trials except for a lower
CD4 cell count (median <50 cells/mm3 in all three
treatment arms) and a lower proportion of  patients
with an OSS <2 (26,9% in this trial). Analysis of  treat-
ment results did not show statistically significant dif-

ferences between study arms regarding the change of
viral load at week 24 versus baseline. Interestingly, the
MVC bid + OBT group showed a larger increase of
CD4 cell counts vs. baseline than the OBT + placebo
arm (+62 vs. +36 cells/mm3), the difference being
significant with a p-value of  0.04 [10, 13].

To summarize these studies, MVC exhibits favour -
able virological and immunological effects in pretreat-
ed HIV-infected patients with triple-class failure and
CCR5 tropic viruses. As expected from the mechanism
of  action, a significant effect of  MVC on viral load was
not seen in patients with X4 or dual/mixed-tropic
viruses. However, increased CD4 cell counts were ob-
served in these patients while on MVC. MVC was well
tolerated in treatment-experienced HIV patients.

Potential mechanisms of  therapeutic failure are a
relevant issue to be considered in antiretroviral therapy
of  treatment-experienced patients. In the case of
CCR5 antagonists failure may occur due to i) a shift in
the pre dominant viral coreceptor use from CCR5 to
CXCR4, and ii) the development of  “true” resistance
involving mutations in the viral gp120 surface glyco-
protein. 

Approximately 55% of  patients (63 of  115) with vi-
rological failure of  a MVC-based regimen in the MO-
TIVATE trials showed a shift in the viral tropism from
R5 to X4 or R5/X4, compared to 4.5% in the placebo
+ OBT arms [10]. Clonal analysis of  viruses from pa-
tients who failed a MVC-regimen in these trials did
not reveal evidence of  a true tropism switch, in terms
of  R5 viral clones mutating to acquire the capacity to
use X4 or both coreceptors  [14, 15]. Rather, the in-
vestigators observed a tropism shift induced by selec-
tion of  preexisting CXCR4-using clones which were
detected post hoc at low numbers in the pre-treatment
virus population [16]. 

Additionally, there is some evidence that “true” re-
sistance to MVC can emerge on therapy. MVC is a
non-competitive inhibitor of  HIV´s binding to CCR5.
By attaching itself  to a specific pocket in the trans-
membrane region of  CCR5, MVC induces a confor-
mational change in the CCR5 protein structure, there-
by preventing a productive interaction of  the virus
with its coreceptor. Resistance may emerge through
substitution or deletion of  amino acids in the V3 loop
of  the HIV-1 envelope glycoprotein gp120. Viruses
with relevant mutations in the V3 loop are able to rec-
ognize CCR5 in the altered conformation induced by
MVC and bind to the coreceptor with MVC attached
to it [17]. In the MOTIVATE studies, viruses from 5
patients failing a MVC-containing regimen had devel-
oped mutations in the V3 loop sequences while re-
maining CCR5-tropic. Further genetic analyses in viral
isolates from 4 of  the 5 patients were performed, but
a genetic resistance algorithm could not be derived
from these data [10]. The MVC-resistant phenotype
was not associated with a consistent pattern of
changes in the viral gp120 amino acid sequence be-
tween different patients. Further investigations should
be conducted on these issues.

VICRIVIROC

Besides MVC, several other promising CCR5 inhi -
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bitors are currently being developed. The second most
advanced agent is vicriviroc (VVC; Schering-Plough).
Vicriviroc exhibited antiviral efficacy in patients in-
fected with R5 viruses in an early phase 2 trial examin-
ing the effects of  VVC monotherapy over 14 days
[18]. 

The subsequent clinical trial investigating VVC in
therapy-naive patients was stopped due to potential in-
feriority of  the VVC-containing regimen versus the
control group [19]. In contrast, ACTG 5211, a 24-
week randomized double-blind placebo-controlled
phase 2 study in treatment-experienced patients carry-
ing R5 viruses, has been completed. Results were
promising, as the viral load decline seen after 24 weeks
was –1.51, –1.86 and –1.68 log10 copies/ml in the
three VVC dosing arms of  5 mg, 10 mg and 15 mg, re-
spectively. The viral load in the placebo arm changed
by only –0.29 log10 [20]. The explanation for the suc-
cess is the boosting effect of  ritonavir. The study de-
sign of  ACTG 5211 required a ritonavir-containing
regimen which boosted the VVC into efficient plasma
levels. Consequently, in June 2007, a phase 3 trial
sponsored by Schering-Plough was started in several
centers in the US. Patients eligible for this study are
treatment-experienced, exhibit resistances in at least
two classes of  drugs (NRTI, NNRTI and/or PI) and
carry CCR5-tropic HIV-1 viruses. Results will not be
available before mid-year 2008. 

OTHER CCR5 ANTAGONISTS

The third candidate CCR5 inhibitor was aplaviroc, dis-
covered and investigated by GlaxoSmithKline [21].
Unfortunately, however, aplaviroc was associated with
some severe liver toxicity in early trials and all studies
including a phase 3 trial in treatment-experienced pa-
tients were discontinued. 

Further new agents in this class include TAK-652
and INCB9471. TAK-652 is a derivative of  TAK-779,
the first CCR-5 inhibitor discovered by Takeda Phar-
maceuticals, Japan [22]. This drug is still in preclinical
development and there are no data available on its use
in patients including pretreated individuals [23]. For
INCB9472 developed by Incyte Corp., USA, recently
published data of  a small phase 2a monotherapy trial
show good antiviral activity in patients harbouring R5
viruses [24]. More advanced clinical trials are planned. 

CONCLUSION

Various other CCR5 inhibitors are currently being de-
veloped. As of  today, none of  them has reached the
stage of  clinical trials in treatment-experienced HIV-
infected patients. 

Most antiretroviral agents exhibit drug interactions
that deserve attention to avoid inappropriate drug ex-
posure. All small-molecule CCR5 antagonists are sub-
strates of  the hepatic CYP450 metabolic system which
is of  crucial importance for HIV therapy with respect
to the boosting of  protease inhibitors. Ritonavir as
well as other PIs inhibit the CYP450 isoenzyme
CYP3A4, while efavirenz induces its expression. Being
substrates of  CYP3A4, CCR5 antagonists are affected
by these drugs, therefore requiring appropriate dose

adjustments [10, 25, 26]. Furthermore, treatment-ex-
perienced patients with advanced stages of  HIV-dis-
ease frequently receive additional comedications. Their
potential interference with the pharmacokinetics of
CCR5 antagonists must be kept in mind. 

In conclusion, the new class of  CCR5 antagonists
that inhibit viral cell entry by blocking the CCR5 core-
ceptor will likely represent an important addition to
the armamentarium of  antiretroviral drugs. They will
provide new treatment opportunities for patients with
multiple-class failure carrying CCR5-tropic viruses. Pa-
tients with X4 or dual/mixed-tropic viral populations
will not be treated with this class of  agents, but may
benefit from other newly developed agents such as in-
tegrase inhibitors or novel members of  the established
antiretroviral classes.
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