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Abstract

In 2008, the goal of antiretroviral therapy is the suppression of viral load to undetectable levels 
(< 50 HIV-RNA copies/ml) even in heavily pretreated patients harboring multidrug-resistant viruses. 
This ambitious goal can be achieved by combining at least two fully active antiretroviral drugs with 
an optimized background regimen according to genotypic and phenotypic resistance testing. This 
favorable situation has been accomplished by the advent of new compounds in already known drug 
classes (e.g. second-generation protease inhibitors and nonnucleoside reverse transcriptase inhibi-
tors) as well as thanks to the development of new drug classes with a different mode of action (e.g. 
fusion inhibitors, integrase inhibitors, and coreceptor antagonists). Moreover, new diagnostic tools 
have been developed to better predict virologic response and tolerability of a given regimen in the 
individual patient, such as weighted mutation scores, virtual phenotypes, viral tropism assays, phar-
macogenetics and pharmacokinetic analyses. This new array of therapeutic and diagnostic tools 
requires a highly specialized training of the treating physician to achieve the ultimate goal of halting 
disease progression. The purpose of this review is to introduce the new drugs and drug classes, 
and discuss their safety and use in combination therapy of multidrug-resistant viruses, guided by 
new diagnostic tools. (AIDS Rev. 2007;9:246-53)
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Introduction

Current guidelines recommend that the goal of anti-
retroviral therapy, even in highly treatment-experienced 
HIV-1-infected patients, is the suppression of viral load to 
undetectable levels (< 50 copies/ml)1,2. Maintaining unde-
tectable viral load minimizes the risk of virologic failure 
and the development of additional resistance mutations, 

AIDS progression, and death3-7. This goal is attainable by 
adding at least two or more fully active agents, as deter-
mined by resistance testing and prior treatment history, to 
an optimized background regimen2.

New substances from known drug classes (protease 
inhibitors, PI, and nonnucleoside reverse transcriptase inhibi-
tors, NNRTI) have been developed and licensed, such as 
second-generation PI (tipranavir, darunavir), or are awaiting 
approval shortly, such as the second-generation NNRTI 
etravirine (TMC-125). Moreover, the antiretroviral arma-
mentarium has been expanded by the development of 
innovative drugs with distinct mode of action, targeting 
events in the viral replication cycle which are not influenced 
by current drug classes. Here, the introduction of chemo-
kine receptor-5 (CCR5) antagonists, integrase inhibitors, 
and fusion inhibitors into clinical practice has clearly proven 
superior efficacy in heavily pretreated patients. 

These developments have been accompanied by the 
introduction of new diagnostic and predictive tools, which 
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further enhance the likelihood of achieving maximal viral 
suppression in this hitherto difficult to treat patient popula-
tion. This review will focus on the most relevant clinical 
issues of these new options with respect to their optimal use 
as evidenced in recently published clinical trials. 

Second-generation PI and NNRTI

Two so-called second-generation PI have been approved 
so far for the treatment of antiretroviral-experienced pa-
tients: tipranavir and darunavir. Both drugs have been 
developed for the treatment of PI-experienced patients 
and show little cross-resistance to classical PI. However, 
each drug has a distinct mutational profile with some 
overlap, which deserves special attention and directs their 
differentiated use (see below). In addition, etravirine was 
developed as a second-generation NNRTI with retained 
activity against HIV with broad cross-class resistance 
against “classical” NNRTI.

Tipranavir

Tipranavir is a non-peptidomimetic PI with a reasonable 
pharmacokinetic profile when boosted with ritonavir (2 x 
200 mg)8. Two pivotal clinical trials in treatment-experi-
enced patients (RESIST-1 and -2) have lead to the licens-
ing of the drug in this patient population. The RESIST-1 
and -2 studies demonstrate that in highly treatment-expe-
rienced patients, ritonavir-boosted tipranavir is superior to 
a comparator PI. When given in combination with a sec-
ond fully active drug (e.g. enfuvirtide), the virologic re-
sponse (achieving viral load < 50 copies/ml) can be 
maximized substantially8-13. Durable treatment responses 
to tipranavir/ritonavir are maintained through 156 weeks, 
with a similar adverse event profile to ritonavir-boosted 
comparator PI8,13. In addition, the majority of highly treat-
ment-experienced recipients of tipranavir/ritonavir 500/200 
mg twice daily did not develop grade 3/4 transaminase 
elevations; those who did were mostly asymptomatic and 
manageable, with very few discontinuations of study drug 
due to hepatotoxicity14. Among treatment-experienced 
patients receiving the approved standard dose of tiprana-
vir/ritonavir 500/200 mg twice daily in phase IIb and III 
trials through 96 weeks (n = 1299), the large majority did 
not develop grade 3/4 transaminase elevations (88.9%). 
Most patients who developed grade 3/4 transaminase el-
evations were able to continue treatment uninterrupted or 
resume treatment after temporary discontinuation, with 
transaminase levels returning to grade ≤ 2 during the 
treatment period. Clinical hepatic serious adverse events 
were infrequent (1.1%)14.

Darunavir

Darunavir (TMC114) with low-dose ritonavir at a dose of 
600/100 mg twice daily has demonstrated sustained effi-
cacy and favorable safety in patients with a broad range 
of treatment experience15-17. The results of the POWER 1 
and 2 studies in treatment-experienced patients suggested 
that darunavir/ritonavir at all doses provided a safety pro-
file comparable to that seen with control PI18,19. It has been 
shown that darunavir plasma concentrations are above 
the EC50 target concentration of 55 ng/ml (wild-type virus), 
and darunavir/ritonavir has a long half-life in the absence 
of a clear dose/response relationship for safety and toler-
ability. The data presented in the POWER 1 and 2 studies 
support the use of darunavir/ritonavir 600/100 mg twice 
daily in treatment-experienced patients19. Here, favorable 
outcome and superior activity could be demonstrated in 
patients with previous multiple treatment failures up to 48 
weeks. In these randomized, multinational, phase IIB studies, 
efficacy and safety of darunavir in combination with low-
dose ritonavir was evaluated in treatment-experienced 
HIV-1-infected patients. A pooled subgroup analysis to 
update results at week 48 for patients receiving daruna-
vir/ritonavir 600/100 mg twice daily compared with those 
receiving other PI was presented this year15. At week 48, 
67 of 110 (61%) darunavir/ritonavir patients compared 
with 18 of 120 (15%) of control PI patients had viral load 
reductions of ≥ 1 log10 copies/ml from baseline (primary 
endpoint: difference in response rates 46%; 95% CI: 35-57%; 
p < 0.0001). Based on a logistic regression model includ-
ing stratification factors (baseline number of primary PI 
mutations, use of enfuvirtide, baseline viral load) and 
study as covariates, the difference in response was 50% 
(OR: 11.72; 95% CI: 5.75-23.89). In the darunavir/ritonavir 
group, rates of adverse events were mostly lower than or 
similar to those in the control group when corrected for 
treatment exposure. No unexpected safety concerns were 
identified. 

Etravirine (TMC-125)

Etravirine (TMC-125) is a NNRTI with retained activity 
against NNRTI-resistant HIV-1 in phase IIb trials. Thus, a 
randomized, double-blind, placebo-controlled, phase III 
trial (Duet-2) was initiated and first results were published 
in 200720. In this trial, HIV-1-infected patients on failing 
antiretroviral therapy with evidence of resistance to cur-
rently available NNRTI and at least three primary PI 
mutations were eligible for enrolment if on stable (eight 
weeks unchanged) antiretroviral therapy with plasma HIV-1 
RNA > 5000 copies/ml. Patients were randomly assigned 

No part of this publication may be 

reproduced or photocopying 

�without the prior written permission 

�of the publisher

© Permanyer Publications 2010



AIDS Reviews 2007;9

248

to receive either TMC-125 (200 mg) or placebo, each 
given twice daily with darunavir/ritonavir, investigator-se-
lected nucleoside/nucleotide reverse transcriptase inhibitors, 
and optional enfuvirtide. The primary endpoint was the 
proportion of patients with confirmed viral load < 50 copies/ml 
at week 24. By week 24, 51 of 295 (17%) patients in the 
TMC-125 group and 73 of 296 (25%) in the placebo group 
had discontinued, mainly because of virologic failure; 
183 (62%) patients in the TMC-125 group and 129 
(44%) in the placebo group achieved confirmed viral load 
< 50 copies/ml at week 24 (difference 18%; 95% CI: 11-26; 
p = 0.0003). The type and frequency of adverse events 
were much the same in the two groups. It was concluded 
that the combination of darunavir/ritonavir and etravirine 
is an attractive future option for heavily pretreated patients 
with multiple-drug failure20. 

Approval for this combination is awaited in 2008 in this 
patient population. It should be pointed out that the response 
rate of patients achieving an undetectable viral load was 
clearly the best if any of the abovementioned substances 
was combined with at least one other fully active drug in 
the combination regimen. In most cases this fully active 
drug was enfuvirtide, as outlined by the superior responses 
of patients receiving one of the abovementioned investi-
gational drugs with new enfuvirtide.

Coreceptor antagonists

Maraviroc

Maraviroc is a selective and slowly reversible CCR5 
antagonist that is active in vitro against a wide range of 
clinical isolates, including those resistant to existing drug 
classes. In healthy volunteers and asymptomatic HIV-1-
infected patients, monotherapy with maraviroc at doses 
up to 300 mg twice daily 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 ap-
proximately 2 log10 in HIV-infected patients21. Pharmaco-
kinetic studies suggested that both once and twice daily 
dosing might be possible. Consequently, this drug was 
further developed into later clinical stages.

In two phase III studies, MOTIVATE 1 and MOTIVATE 2, 
it has been demonstrated that a 300 mg dose equivalent 
of maraviroc, given once or twice daily, when dosed in 
combination with optimized background therapy in treat-
ment-experienced patients infected with CCR5-tropic HIV-
1, leads to a greater and clinically relevant decline in viral 
load than optimized background therapy alone (placebo), 
with a mean reduction in HIV RNA from baseline to week 
24 of at least 1.8 log10 copies/ml compared to approxi-

mately 1.0 log10 copies/ml with optimized background 
therapy alone21. This translated to approximately a twofold 
increased likelihood of achieving a viral load < 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, enfuvirtide and 
tipranavir were available for the optimized background 
therapy, 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 virologic responses. 

The placebo response of > 1.0 log10 copies/ml provides 
evidence that the optimized background therapy selec-
tions for these studies were appropriate, providing these 
patients with a clinically relevant reduction in HIV-1 RNA 
from baseline, which was comparable or greater than 
previous registration trials for approved antiretroviral 
agents22-25. The addition of maraviroc to this optimized 
background therapy, however, resulted in approximately 
1.0 log10 copies/ml reduction in HIV-1 RNA above that of 
the placebo response. 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/ml 
or > 100,000 copies/ml) or CD4 cell count at baseline. The 
dose adjustment implemented for patients receiving a PI 
(except for tipranavir/ritonavir) or delavirdine in their opti-
mized background therapy was appropriate and did not 
adversely affect the efficacy outcome.

The mean change in CD4 cell count (cells/μl) was greater 
for the maraviroc treatment groups than placebo. The ad-
justed mean CD4 cell count increases observed in patients 
receiving maraviroc once and twice daily were 109 and 
106 cells/μl, respectively, compared with placebo where 
an increase of 57.4 cells/μl 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 differ-
ence between maraviroc once and twice daily across the 
whole population studied, based on the primary and key 
secondary efficacy endpoints measured following 24 weeks 
of therapy. However, certain subgroups, notably patients 
with lower CD4 count, higher viral loads and fewer poten-
tially active drugs in their optimized background therapy, 
seem to receive greater benefit from maraviroc twice 
daily.
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These studies also demonstrated an acceptable safety 
and tolerability profile with no significant effect on the 
corrected QT interval or an increase in the incidence of 
hepatotoxicity, infections, or malignancies, relative to pla-
cebo. Nasopharyngitis and bronchitis were the most com-
mon side effects, which were thought to be related to 
maraviroc treatment. No other infections were reported 
more often for maraviroc compared to placebo. The 
maraviroc treatment arms also showed a favorable lipid 
profile.

Vicriviroc 

The clinical development of another CCR5 antagonist, 
vicriviroc, is not that advanced yet. Here, data from a 
phase II dose-finding study in treatment-experienced 
patients indicate an overall good antiviral efficacy of the 
10 mg and 15 mg dose groups. In these patients, viral 
load dropped by 2 log10 after 48 weeks, which was su-
perior to the placebo plus optimized background therapy 
control arm26. The exact optimum dosage of this drug 
remains to be defined and little is known about interac-
tions with the other substances frequently used in heav-
ily pretreated patients. Moreover, the development of 
vicriviroc was delayed by some safety issues in the past, 
which did not appear to be of clinical significance in the 
abovementioned phase II trial, but these data need fur-
ther confirmation from ongoing studies with larger patient 
numbers.

Integrase inhibitors

Raltegravir (MK-0518)

After a long and troublesome time of development, an-
other new class of substances has entered the clinic: the 
integrase inhibitors. They function through the inhibition of 
proviral DNA strand transfer, which is an essential step in 
the integration of viral DNA into the host genome cata-
lyzed by the enzyme integrase. Two substances have 
currently entered later-phase clinical trials and one of 
them, raltegravir, is expected to be approved for the treat-
ment of experienced patients in the beginning of 2008. 

Raltegravir is being studied in two large, phase III, 
double-blind, placebo-controlled studies (BENCHMRK 1 
and 2) that are evaluating the efficacy and safety of ralte-
gravir plus an optimized background regimen in patients 
with triple class-resistant HIV-1 virus27,28. Eligible participants 
were those failing antiretroviral therapy with triple-antiret-
roviral class resistance and documented genotypic or 
phenotypic resistance to at least one NNRTI, one NRTI, 

and one PI, with a viral load > 1000 copies/ml. These were 
randomized 2:1 to raltegravir 400 mg twice daily or pla-
cebo. Optimized background therapy was selected by the 
treating physicians based on genotypic resistance analysis. 
Select investigational drugs (e.g. darunavir) were permitted 
to be part of optimized background therapy.

The primary endpoint was the proportion of patients that 
achieved HIV-1 RNA < 400 copies/ml at week 16. Addi-
tional efficacy endpoints included the percentage of 
patients with HIV RNA < 50 copies/ml as well as change 
from baseline in HIV-1 RNA levels and CD4 cell counts. 
At 16 weeks, the raltegravir arm was found to be superior 
in its antiretroviral effect compared to the placebo arm. 
About 77% of patients treated with raltegravir achieved the 
primary endpoint (viral load < 400 copies/ml) compared to 
42% in the placebo group (61 vs. 34% for viral load < 50 
copies/ml). The mean change in viral load was –1.88 log10 
for raltegravir compared to –0.92 log10 in placebo recipi-
ents by week 16. This translated into a significantly better 
CD4 count increase in the raltegravir arm (84 vs. 36 cells/µl). 
Superior efficacy of the raltegravir arms over placebo was 
maintained regardless of baseline CD4 count, HIV RNA 
values, as well as genotypic and phenotypic scores in the 
optimized background therapy. Adverse events were 
similar between groups. These impressive antiviral results 
were underlined by a very rapid initial viral decay in a 
phase II study in antiretroviral-naive patients, which was 
superior to an efavirenz-based regimen29.

Elvitegravir (GS-9137)

The second integrase inhibitor which has entered clinical 
studies is Gilead’s compound elvitegravir, which has shown 
promising activity in treatment-experienced patients30, but 
is somewhat later in development compared to raltegravir. 
In contrast to raltegravir, it needs boosting with ritonavir, 
but then can be applied once daily. Unfortunately, both 
integrase inhibitors are likely to select for the same resis-
tance mutations. Thus development of cross-resistance is 
highly likely in patients failing either raltegravir or elvite-
gravir due to integrase inhibitor mutations. Integrase in-
hibitors have a rather low genetic resistance barrier and 
should thus be applied only in the context of other fully 
active drugs.

Combinations of new drugs  
and new drug classes 

Tipranavir/ritonavir can be combined with new drug 
classes without any need for dose adjustment and with no 
clinically relevant drug-drug interactions31-36.
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Data from RESIST-1 and -2 (n = 1438) demonstrate that 
in comparison to ritonavir-boosted comparator PI plus new 
enfuvirtide patients, more than twice as many tipranavir/
ritonavir plus new enfuvirtide patients achieved viral load 
< 50 copies/ml at 96 weeks (34.7 vs. 14.4%; p = 0.0002)8,12. 
Tipranavir/ritonavir plus enfuvirtide recipients maintained 
a durable response to treatment, which is superior to ritona-
vir-boosted comparator PI recipients through 156 weeks; 
twice as many patients (21.8 vs. 9.3%, respectively) 
achieved viral load < 50 copies/ml. The same positive 
effect of adding enfuvirtide to a second-generation PI has 
been demonstrated for darunavir/ritonavir in the POWER 
studies. 

In addition to enfuvirtide, new drugs that seem likely to 
contribute to future treatment success include the inte-
grase inhibitors raltegravir (MK-0518) and elvitegravir 
(GS-9137), and the CCR5 antagonist, maraviroc. Recently 
presented data show that tipranavir/ritonavir can be effec-
tively combined with both maraviroc and raltegravir, without 
dose adjustment, to achieve undetectable viral load. In the 
MOTIVATE-1 and -2 studies, 59.4% of patients who received 
a combination of sensitive tipranavir/ritonavir and maraviroc, 
plus an optimized background regimen, achieved viral 
load < 50 copies/ml at 24 weeks37,38. Similarly, data from 
the BENCHMRK-1 and -2 studies showed good virologic 
responses at week 24 when tipranavir/ritonavir was com-
bined with raltegravir; 70% of patients achieved viral load 
< 50 copies/ml38,39.

As mentioned above, integrase inhibitors have a low 
genetic barrier to resistance, but supporting their use with 
other active drugs in the regimen, such as tipranavir/rito-
navir or darunavir/ritonavir (which have a high genetic barrier 
to resistance), should decrease the likelihood of rapid 
emergence of drug resistance to these new classes38,40.

In later lines of therapy failure, maraviroc has already 
proven its superiority over standard salvage therapies. 
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)22-25. The com-
bination of both drugs will be highly interesting in this 
context in order to even increase the percentage of pa-
tients with complete control of viral replication to an extent 
that 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 second-generation PI (darunavir, 

tipranavir), remains to be elucidated. Certainly, there is a 
great potential for maraviroc to enter these earlier stages 
of salvage therapy. 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 re-
maining. Here, enfuvirtide use will be delayed until mara-
viroc-based regimens fail. Moreover, in deeper salvage 
situations, maraviroc can be very efficiently combined with 
enfuvirtide, enhancing the potential armamentarium in 
late-stage disease. The combination with integrase inhibi-
tors will be also of special interest in this setting and might 
even further delay enfuvirtide use56. 

New diagnostic tools

Early virologic response  
as a predictor of treatment outcome

The ability to determine in advance whether a patient is 
likely to respond to a particular therapy is a valuable tool 
for any treating physician. In the RESIST trial, tipranavir/
ritonavir recipients with a viral load reduction ≥ 1.5 log10 
copies/ml from baseline at week 8 were ten-times more 
likely to achieve undetectable viral load at week 48. Also, 
the recently developed tipranavir-weighted mutation score 
can be used to predict sensitivity to a tipranavir/ritonavir-
based regimen. These new predictive tools, along with 
data demonstrating improved virologic responses when new 
drugs are used in combination, should encourage the use 
of these new diagnostic algorithms in the clinical setting. 

Moreover, predictors of long-term treatment response 
can prevent the accumulation of drug-resistance associated 
mutations and the development of drug-related adverse 
events by avoiding unnecessary exposure to ineffective 
regimens41. As mentioned previously, resistance testing 
should be used to determine whether an agent is suitable 
for inclusion in a patient’s treatment regimen.

There is evidence that early virologic responses in highly 
treatment-experienced patients are predictive of long-term 
virologic success42. In tipranavir/ritonavir recipients, a viral 
load reduction ≥ 1.5 log10 copies/ml from baseline at 
week 8 was predictive of achieving undetectable viral load 
(< 50 copies/ml) at week 48 (OR: 17.15; 95% CI: 9.83, 
29.91; p < 0.001)43. Nearly half of all tipranavir/ritonavir 
plus new enfuvirtide patients with viral load reduction 
≥ 1.5 log10 copies/ml from baseline at week 8 also achieved 
a viral load < 50 copies/ml at week 48. In comparison, 
only 7.4% of tipranavir/ritonavir plus new enfuvirtide re-
cipients who did not have an early virologic response 
at week 8 went on to achieve viral load < 50 copies/ml at 
week 48. The same phenomenon can be observed in 
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patients treated with enfuvirtide; here, the week 4 viral 
response can be used to predict the later treatment outcome 
and thus help to guide antiviral therapy. Indeed, patients 
who do not show an adequate response to enfuvirtide 
after four weeks of therapy are unlikely to achieve viral 
suppression at a later time point; therefore it is recom-
mended to stop the drug already in nonresponding pa-
tients at this early point in time57.

This early virologic response criterion for long-term 
treatment outcome is already well established in the treat-
ment of chronic hepatitis C and is used as a predictive tool 
to guide antiviral therapy. Whether early virologic responses 
at week 4 in HIV-infected patients can be generally used 
in analogy is likely, but remains to be proven in clinical 
studies. 

A very rapid viral decay was demonstrated in antiretro-
viral-naive patients who received raltegravir, which was 
more pronounced compared to efavirenz, both used in 
combination with Combivir® (GlaxoSmithKline) for the first 
12 weeks of the respective study. Corresponding studies 
in treatment-experienced patients are missing so far; thus, 
the clinical impact of this finding in advanced patients 
remains to be elucidated.

Virtual phenotypes  
and weighted mutation scores

Virologic response to tipranavir/ritonavir can be pre-
dicted by using the tipranavir-weighted mutation score, 
developed using data from the RESIST trials44. Patients 
who had a baseline phenotype were randomized and 
received at least one dose of tipranavir/ritonavir and were 
included in a base dataset. This group was divided further 
into score-development and evaluation datasets. Score 
development consisted of identifying mutations believed 
to increase sensitivity to tipranavir, applying models which 
related these mutations to different response variables, 
cross-validating the models, determining weighting for 
each mutation, and determining clinical cut-offs. The 
tipranavir-weighted mutation score was tested on an 
independent dataset against other commonly used 
scores and compared favorably, showing a better pre-
diction than the unweighted-tipranavir, Stanford, and 
REGA Institute scores, while showing similar results to 
Virco’s Virtual Phenotype. The tipranavir-weighted mutation 
score can be used to determine the course of a patient’s 
HIV treatment44.

Similar approaches have been undertaken, comparing 
virologic outcomes with known genotypes in large clinical 
databases and allowing for the assessment of the potential 
susceptibility of a given drug based on a virtual phenotype. 

These algorithms have further helped to individualize the 
choice of the right combination therapy in all lines of 
salvage therapies. 

Viral tropism 

Both preclinical selection experiments and exploratory 
in vitro studies conducted on pre- and post-treatment vi-
ruses from patients enrolled in the phase IIa and phase 
IIb/III maraviroc clinical program have found that maravi-
roc acts as a highly selective and potent inhibitor of CCR5-
tropic viruses. Thus, an assay testing viral tropism (CCR5 
versus CXCR4 coreceptor usage) will be mandatory be-
fore starting therapy with CCR5 antagonists45. Results from 
clinical phase III trials showed that approximately half of 
the treatment-experienced patient population screened in 
these trials harbored CCR5-tropic viral strains, with an 
unknown percentage of minority quasispecies showing 
CXCR4-tropic viruses46. A background change in tropism 
result from CCR5 to dual/mixed tropic between screening 
and baseline occurred in approximately 8% of patients. 
The clinical outcome in these patients was similar to that 
of patients with non-CCR5-tropic virus in one of these 
studies47. In patients with a CCR5 tropism result at screen-
ing/baseline who failed a maraviroc-containing regimen, 
emergence of CXCR4-using virus was seen in the majority 
of cases. However, the clinical relevance of this finding re-
mains to be elucidated, since patients failing on a maraviroc-
containing regimen had a larger mean increase in CD4 
from baseline compared 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 circulating 
virus from patients on maraviroc-containing regimens, are 
caused by mutation of a CCR5-tropic virus to a CXCR4-
using virus (i.e. no evidence of tropism switch)48.

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 stages of immuno-
deficiency and CXCR4-tropic strains will predominate in 
full-blown AIDS, with a mixed population intermediately47. 
No easy to use surrogate marker for tropism switch exists, 
leaving phenotypic tests as the ultimate choice for assess-
ment of coreceptor usage49. This would argue for the use 
of CCR5 antagonists in patient populations in less-advanced 
stages of immunodeficiency, with a high likelihood of the 
presence of CCR5-tropic strains predominating50.

Pharmacogenetic testing

Pharmacogenetic assays will play an increasing role in 
the treatment of HIV-infected patients in order to facilitate 
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a safer or more effective future use of complex drug 
regimens. So far, the only test with proven value in the 
clinical setting is the screening for HLA-B*5701 in order 
to prevent abacavir-associated hypersensitivity reactions. 
Here, the screening on this particular HLA haplotype and 
exclusion of corresponding patients from abacavir treatment 
has resulted in a significant reduction of hypersensitivity 
reactions against this drug, with a high predictive value of 
this test51. The same association has been reported for 
HLA-DRB1*0101 and nevirapine hypersensitivity. Other 
potential possibilities to apply pharmacogenetics in treat-
ment guidance include the prediction of certain toxicities 
or pharmacokinetic profiles of a given drug. In this regard, 
the magnitude of hyperbilirubinemia induced by atazanavir 
or indinavir is associated with distinct polymorphisms in 
the UGT-1A1 enzyme52. Likewise, efavirenz-induced central 
nervous system toxicities are dose related and occur more 
frequently in patients with CYP2B6 allelic variants who 
display extensively high plasma drug levels due to altered 
metabolization kinetics of the drug53. Numerous other can-
didate genes are currently under study, which may allow 
a better prediction of drug safety and efficacy guided by 
pharmacogenetics in the near future54,55. 

Conclusions

In 2008, treatment of heavily antiretroviral-experienced 
patients should aim to achieve undetectable viral loads in 
these patients. This can be accomplished by combining 
at least two or more active drugs with an optimized back-
ground therapy based on phenotypic and/or genotypic 
resistance testing. New substances from known drug 
classes as well as new drug classes with distinct mode of 
action can be combined to allow for the creation of a 
maximally suppressive antiretroviral combination, even in 
those patients with multidrug-resistant viruses. This can 
be further optimized by including new diagnostic tools 
such as resistance scores, early virologic response kinet-
ics, tropism assays, and pharmacogenetic assays into the 
decision-making process when starting a new treatment. 
This will lead to an increased proportion of treatment-ex-
perienced patients who can be treated with sustained 
antiviral potency and acceptable toxicity, minimizing the 
risk of virologic failure and the development of further 
resistance mutations.
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