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Double-Boosted Protease Inhibitor

Antiretroviral Regimens
What Role?
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Abstract Despite the clinical benefit observed with early highly active antiretroviral
therapy, its toxicity and inconvenience, and the strategy of sequentially adding
newly available drugs to failing regimens meant that for many patients, it was
difficult to build an effective regimen soon after starting therapy. In this setting,
the idea of using double-boosted protease inhibitors (PIs) to build a potent
regimen emerged. The rationale for the simultaneous use of two PIs is (i) to
provide synergistic or additive activity against HIV; (ii) to achieve higher plasma
concentrations of both PIs with only one booster; (iii) to increase the genetic
barrier to resistance; and/or (iv) to avoid toxicity with nucleoside reverse trans-
criptase inhibitor-sparing regimens.

Double-boosted PI strategies are not recommended in treatment-naive patients
because of their low success rate and the availability of more convenient and
effective regimens.

There are no adequate trials in treatment-experienced patients to establish the
clinical efficacy of double-boosted PI regimens; however, the published non-
comparative studies suggest considerable efficacy with certain combinations (e.g.
lopinavir/ritonavir plus atazanavir, lopinavir/ritonavir plus saquinavir and others)
in patients in whom a conventional regimen with one boosted PI could have little
chance of success.

New drugs of old and new classes that are better tolerated and have different
resistance profiles have become available in recent years. These drugs have
demonstrated their efficacy in randomized clinical trials, even in patients with
extensive treatment experience and high drug resistance. Nowadays, in almost all
patients, it is possible to elaborate a regimen with three active drugs, achieving
success rates similar to those obtained in treatment-naive patients with recommen-
ded regimens. In this context, it is unthinkable that double-boosted PIs could play
any role.

Double-boosted PIs may be an alternative for those patients with limited
therapeutic options in resource-poor settings, where new expensive drugs are not
currently available. The fixed combination of lopinavir/ritonavir tablets makes it
easier to boost with another PI at the same time, without requiring ritonavir
refrigeration, and this may be particularly useful in this setting.

Since the widespread use of highly active lated morbidity and mortality has declined sharply.
antiretroviral therapy (HAART) in 1996, AIDS-re-  Despite this clinical benefit of HAART, toxicity and
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inconvenience meant that treatment failed in about
40-50% of patients a year after starting therapy, and
treatment success in subsequent regimens was even
lower.l''?) The then current practice of adding se-
quentially new drugs to failing regimens played an
important part in producing this low success rate in
treatment-experienced patients. Thus, in clinical
practice, clinicians were faced with a significant
number of patients who had experienced several
treatment failures after several years of therapy,
accumulating multiple resistance mutations to the
three available antiretroviral classes. The efficacy of
nucleoside reverse transcriptase inhibitors (NRTIs)
was notably decreased as a result of thymidine ana-
logues, M 184V and other mutation selections. The
virus became fully resistant to non-nucleoside re-
verse transcriptase inhibitors (NNRTIs) in many
patients. Moreover, some protease inhibitor (PI)
mutations were selected, mainly due to virological
failure with non-boosted PIs. With the widespread
use of subtherapeutic doses of ritonavir as a booster,
higher concentrations of the PIs were achieved, re-
sulting in increased efficacy and more convenient
regimens.’ However, in those patients with primary
mutations to PIs, resistant to NNRTI and with low
activity of NRTIs, success rates with rescue boosted
PI regimens remained low. It was in this context that
the possibility of using a double-boosted PI to build
a potent regimen was developed, with ritonavir at
low doses boosting the two PIs simultaneously.

Moreover, after several years of HAART use,
clinicians achieved better knowledge of NRTI in-
volvement in some long-term dose- and duration-
dependent adverse events, mainly mitochondrial
toxicity and lipoatrophy. These toxicities, or the fear
of developing them, prompted investigation of NR-
TI-sparing strategies, one of which was the use of
double-boosted PI regimens.

In this article, we focus on the rationale of dou-
ble-boosted PI strategies and their potential role in
the current management of HIV-infected patients.

1. Rationale for the Use of
Double-Boosted Protease Inhibitor
(PI) Regimens

The theoretical bases that sustain the combina-
tion of full doses of two PIs are as follows:
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synergistic or additive activity against HIV;
high plasma concentrations of both PIs with only
one booster;

o different resistance patterns to PIs and the exis-
tence of different viral subpopulations; and

e to avoid toxicity with NRTI-sparing regimens.

1.1 Synergistic or Additive Activity
Against HIV

In vitro data of various PI combinations that
included lopinavir boosted with ritonavir showed a
significant synergy with saquinavir at all concentra-
tions tested, and additive activity with amprenavir,
atazanavir, indinavir, nelfinavir and tipranavir, with-
out cellular toxicity.! A different in vitro study
combined atazanavir with the five PIs approved at
that time. Atazanavir showed modest synergy with
saquinavir, and overall additive response with am-
prenavir, nelfinavir, indinavir and ritonavir. No
antiviral antagonistic effects or increased cytotoxici-
ty resulted from any combination.”] In another
study, the in vitro synergism between lopinavir or
atazanavir and saquinavir was demonstrated only in
Pl-resistant virus.!®

1.2 High Plasma Levels of Both Pls with Only
One Booster

The main metabolic pathway of PIs is via the
cytochrome P450 (CYP) enzymes, especially the
isoenzyme CYP3A4 in the liver and, to a lesser
extent, in the intestinal wall and other tissues, and
also efflux proteins such as P-glycoprotein (P-gp)
and other transporter proteins such as multidrug
resistance-associated proteins. Inhibition or induc-
tion of these systems results in increased or de-
creased plasma drug concentrations, respectively.
Ritonavir is a potent CYP3A4 and P-gp inhibitor,
and, even at low doses (e.g. 100 mg), increases
exposure to other PIs. Atazanavir also has a clinical-
ly significant activity inhibiting both systems, but
this is modest when compared with ritonavir. Phar-
macokinetic interactions using double-boosted PIs
are complex and are still not fully understood. Some
PIs, apart from the inhibitory activity of ritonavir,
also have a variable inducing or inhibitory effect on
CYP3A4 or P-gp, the final result of the combination
being unpredictable. Thus, some combinations,
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such as lopinavir/ritonavir plus saquinavirl”!!l or
atazanavir with ritonavir plus saquinavir,!'>"'¥ have
shown a favourable pharmacokinetic profile with
high exposures of both PIs. In the five pharmacokin-
etic studies published with the lopinavir/ritonavir
plus atazanavir combination,!>-1%! conflicting results
have been seen, ranging from non-significant de-
creases to increases of both PI concentrations. On
the other hand, the coadministration of fosampre-
navir with ritonavir plus saquinavir resulted in a
slight decrease in saquinavir concentrations,?®! and
some combinations, such as lopinavir/ritonavir plus
amprenavir?!23! or lopinavir/ritonavir plus fosam-
prenavir,?#261 have shown decreases in one or both
PI levels, entailing dose adjustments or contraindi-
cating the combination.

Because of the complex interactions when using
these non-conventional regimens, it would be advis-
able to perform therapeutic drug monitoring (TDM)
of plasma PI concentrations. Although therapeutic
levels of PIs have not been established for all drugs,
most clinical guidelines'?’-*! recommend TDM and
give at least minimum target concentrations to avoid
excessively high drug concentrations (that could
increase toxicity) or low concentrations (with risk of
virological failure and selection of resistance muta-
tions). These plasma concentrations should be inter-
preted together with resistance testing and inhibitory
quotients, to take into account the sensitivity of the
virus.3%

1.3 Different Resistance Patterns to Pls and
Existence of Different Viral Subpopulations

Some mutations confer cross-resistance to all
PIs, and others are specific for certain PIs. Thus, in
treatment-experienced patients, the virus shows va-
riable degrees of genotypic and phenotypic resis-
tance to the different PIs.®' If the virus resistance
patterns for two drugs are overlapping but not iden-
tical, the antiviral activity of both drugs will be
diminished; however, if we combine them, especial-
ly at high concentrations, we might increase the
genetic barrier.?? Therefore, it is preferable to com-
bine two PIs with resistance patterns as different as
possible in order to increase the resistance barrier
and thus the rate of therapy success.

Although the global viral population may show
resistance to multiple drugs, viral subpopulations
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might have different resistance profiles. When giv-
ing a double-boosted PI combination, some ‘quasis-
pecies’ may remain sensitive to one PI and others to
the second PI, diminishing the risk of failure.
Some PI combinations have non-compatible re-
sistance mutations, such as the ISOL mutation that
confers resistance to atazanavir and the IS0V muta-
tion that confers resistance to amprenavir and lopi-
navir. A single virus cannot have both mutations, so
it cannot be resistant to both drugs by using this
pathway. Furthermore, the acquisition of the ISOL
mutation confers hypersensitivity to other PIs.[?%

1.4 Avoid Toxicity with
NRTI-Sparing Regimens

As aresult of the high and stigmatizing long-term
toxicity of the first NRTIs, several NRTI-sparing
regimens have been investigated. A double PI com-
bination could be an option to build sufficiently
potent NRTI-sparing therapies, especially in those
patients who are not able to take NNRTTs because of
intolerance or resistance. Despite the availability of
new and better tolerated NRTIs, some patients can-
not take them for several reasons and these NRTI-
sparing strategies still remain useful.

With the NRTI-sparing double-boosted PI regi-
mens, NRTI toxicity is avoided, but often at the
expense of an increased pill burden and a higher rate
of adverse events than with single-boosted PI regi-
mens, mainly gastrointestinal disturbances and met-
abolic alterations.

The consequences of using only PIs for viral
eradication in some reservoirs, such as the CNS,
where drug penetration is not the same as in plasma,
remain to be determined. In a study with lopinavir/
ritonavir monotherapy, failure to eradicate the virus
from the CNS was seen.’4!

2. Efficacy of Double-Boosted PI
Regimens in Clinical Trials

Three randomized pilot studies evaluating the
efficacy of different NRTI-sparing double-boosted
PI regimens in treatment-naive patients have been
presented or published. The first study analysed
Thai patients receiving the following doses of lopi-
navir/ritonavir plus saquinavir twice daily: (i) 400/
100/1000 mg (n = 11); (ii) 400/100/600 mg (n = 9);
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(iii) 266/66/1000 mg (n = 10); or (iv) 266/66/600 mg
(n = 13). After 24 weeks, 39%, 63%, 55% and 69%
of patients, respectively, had an HIV viral load
<50 copies/mL.3 Recently, preliminary results
from the other two studies have been presented. The
French National Agency for AIDS Research 2IP
ANRS 127 study!*®! compared fosamprenavir plus
atazanavir with ritonavir (700 mg twice daily/
300 mg once daily/100 mg twice daily [n = 30]) with
saquinavir plus atazanavir with ritonavir (1500/300/
100 mg once daily [n = 31]). The primary endpoint
was virological success at week 16; if not reached,
treatment was changed. Efficacy was low in both the
fosamprenavir and saquinavir groups: only 40% and
41.9% of patients, respectively, achieved the end-
point. The LORAN trial®” compared lopinavir/rito-
navir plus atazanavir with zidovudine/lamivudine
plus lopinavir/ritonavir. After 24 weeks, the NRTI-
sparing arm had significantly lower efficacy (HIV
RNA <50 copies/mL 49% vs 75%, respectively) and
recruitment was stopped. Thus, because of the low
success rate and the availability of more convenient
and effective regimens, double-boosted PI strategies
are not recommended in treatment-naive patients.

There are no published randomized studies in
treatment-experienced patients comparing a double-
boosted PI based regimen with a single-boosted PI
conventional regimen, and it is unlikely that there
will be any in the future. Because only appropriate
comparative clinical trials can determine the utility
of a therapeutic strategy, we will therefore not be in
a position to know with certainty if two boosted PIs
are better than one in these patients.

In a recent, retrospective, cohort study in treat-
ment-experienced patients comparing single-boo-
sted PI (n = 805) with double-boosted PI (n = 183)
regimens, Petersen et al.’®! found no differences in
virological outcome between the groups. However,
the groups were not comparable because the patients
included in the double-boosted PI group had more
extensive treatment history, more resistance muta-
tions and lower nadir CD4+ cell counts. Apart from
the retrospective nature of the study, the authors
only classified the treatment into single- or double-
boosted PI regimens, and they did not analyse spe-
cific combinations of PIs or the dosages of each
drug. We now have a better knowledge of the nega-
tive interactions between some PIs, making it neces-
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sary to increase doses or contraindicating the combi-
nation. Thus, it is difficult to draw too many conclu-
sions from this study and we cannot state that there
are no differences between regimens with one or
two boosted PIs.

The majority of studies where the efficacy of
double-boosted PI regimens is assessed were obser-
vational, non comparative and included a small
number of patients with different levels of treatment
experience, with or without NRTI backbones. Most
of the studies were carried out with the old PI
formulations (saquinavir hard or soft gel capsules,
ten pills per day; lopinavir/ritonavir capsules, six
pills per day; amprenavir capsules, ten pills per day;
atazanavir 150 mg capsules, two pills per day). It is
likely that treatment convenience has improved con-
siderably with the new formulations (saquinavir
500 mg tablets, four pills per day; lopinavir/ritonavir
tablets, four pills per day; fosamprenavir tablets, two
pills per day; atazanavir 300 mg capsules, one pill
per day), possibly increasing overall efficacy. Ta-
bles I and II summarize published studies includ-
ing more than 15 treatment-experienced pa-
tients.[10:1415.39-431 Although most of these studies
were not designed to assess efficacy, they suggest a
considerable efficacy with certain double-boosted
PI combinations (e.g. lopinavir/ritonavir plus
atazanavir or lopinavir/ritonavir plus saquinavir) in
patients in whom a conventional regimen with one
boosted PI would have little chance of success,
either as a result of viral resistance or drug toxicity.

3. The Current Role of Double-Boosted
Pl Regimens

In developed countries, there are currently more
than 20 available antiretroviral drugs, within six
classes with different mechanisms of action, which
can be combined to design HAART regimens.
These six classes include NRTIs, NNRTIs, PIs, fu-
sion inhibitors, CCRS antagonists and integrase in-
hibitors. The drugs of new antiretroviral families
(e.g. raltegravir, maraviroc) have an excellent toler-
ability profile and completely different resistance
patterns to each other. The new drugs of old classes
(e.g. etravirine, tipranavir and darunavir) have resis-
tance profiles that are very different from the old
drugs of the same classes, which had important
cross-resistance.

Drugs 2008; 68 (16)
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Table Il. Summary of studies with double-boosted protease inhibitor (PI) regimens without lopinavir/ritonavir (RTV) assessing efficacy in

treatment-experienced patients (pts)?

Parameter Manosuthi et al.[*3 Winston et al.l'¥l
ART regimen
Pls ATV/RTV/SQV ATV//RTV/SQV

Dosage (mg)
Accompanying drugs
No. of pts

Follow-up (wk)
Baseline characteristics
ART experience

Time receiving ART (y)
Previous ART

CD4+ (cells/uL)

VL (log)

Median Pl mut.
Median NRTI mut.

Pharmacokinetics

Efficacy and tolerability
VL <50 copies/mL (% ITT)
VL <400 copies/mL (% ITT)
CD4+ change (cells/ulL)
Total withdrawal (n/N)
Withdrawal due to AE (n/N)

Limitations and comments

Author conclusions

(300/100/1600 od)
No backbone

24
60

Failure of NRTI + NNRTI
0.6
NR
179
4.6
NR
NR

95.8% of pts adequate ATV and SQV Cmin

58

75

210

NR

0

Wide range of ATV and SQV Cmin; low no. of

pts; 100% NRTI mut. (92% TAM + M184V; 8%
TAM + Q151M); 100% NNRTI mut.

Effective, safe and well tolerated od salvage
regimen

(300/100/1500 od)
No backbone

25
48

Pretreated (switch)

8

<4 (81% pts)

511

Undetectable

<2

NR

Favourable PK profile; similar SQV AUC with

200 or 500 mg; less interpatient variability with
500 mg

87.5

NR

+63

1/25 (HBsAg+)
0/25

Switch study in pts with undetectable VL

Sustained virological efficacy with favourable
lipid and tolerability profile; significant T in CD4+
cell count

a Only studies including more than 15 pts have been summarized. Those Pl combinations with notable negative pharmacokinetic
interactions have also been excluded.

AE = adverse event; ART = antiretroviral treatment; ATV = atazanavir; AUC = area under the concentration-time curve; Cmin = minimum
concentration; HBsAg+ = hepatitis B surface antigen positive; ITT = intention-to-treat analysis; mut. = mutation; NNRTI = non-nucleoside

reverse ftranscriptase inhibitors; NR = not reported; NRTI

nucleoside reverse transcriptase inhibitor; od = once daily;

PK = pharmacokinetics; SQV = saquinavir; TAM = thymidine-associated mutations; VL = viral load (HIV RNA); T indicates increase.

shown an amazing clinical efficacy in large random-
ized studies.'*>-3"1 When analysing subgroups of pa-
tients, the investigators saw that with each extra
active drug available, the outcomes improved. In
addition, when three entirely active drugs were com-
bined (e.g. raltegravir, darunavir plus ritonavir and
enfuvirtide,®! or etravirine, darunavir plus ritonavir
and another drugl*®#9), therapeutic efficacy was
very high, similar to that obtained in treatment-naive
patients with recommended regimens. Thus, physi-
cians now find themselves in a state of euphoria
thanks to the potency and efficacy of new drugs and
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it is difficult to conceive that any patient will need
double-boosted PI regimens.

However, the new drugs also have drawbacks.
Raltegravir has a low genetic barrier and shows
cross-resistance with elvitegravir (an investigational
integrase inhibitor). Maraviroc and vicriviroc (an
investigational CCRS5 antagonist), only work in pa-
tients infected with R5-tropic HIV-1 (which ac-
counts for 50-80% of patients). Enfuvirtide has a
low genetic barrier and requires subcutaneous ad-
ministration that is associated with local reactions at
the site of injection, which can limit its use in many

Drugs 2008; 68 (16)
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patients. Darunavir, tipranavir and etravirine ac-
tivity can be diminished depending on previously
existing mutations, and some adverse events can
also limit their use. However, it is unlikely that in
the near future we will have insufficient drugs to
build an effective regimen in any patient. It is crucial
that these new drugs are used properly, so that
several active drugs are always given (three if poss-
ible), especially with those drugs with low genetic
barrier, in order to avoid selecting resistance muta-
tions that could invalidate these new drugs.

Even before the latest drugs (maraviroc, ralte-
gravir and etravirine) were available, the use of
double-boosted PI regimens was significantly re-
duced with the advent of the new the PIs tipranavir
and darunavir. Usually, one of these new PIs, to-
gether with several well tolerated NRTIs with varia-
ble residual activity, with or without enfuvirtide,
were given. These regimens were probably more
effective than two previously existing boosted PIs
combined, as seen in the POWER (Performance of
TMCl114/ritonavir When Evaluated in Treatment-
Experienced Patients with PI Resistance) trials,*”!
where as much as 23% of the comparator PIs were
double-boosted and did not perform better than sin-
gle-boosted PIs, far behind the darunavir plus rito-
navir efficacy. Furthermore, it seems unlikely that
these new PIs will be given together with older PIs
in double-boosted regimens. The pharmacokinetic
studies suggest that tipranavir and other PIs should
not be combined as a result of marked decreases in
plasma concentrations of the latter (amprenavir, lo-
pinavir, saquinavir minimum concentrations [Cmin]
decreased 51%, 45% and 84%, respectively).?!
With darunavir, decreases in plasma concentrations
(about 40%) were observed when given together
with lopinavir/ritonavir®3! or saquinavir plus ritona-
vir,® and investigators advised not to combine
them, while administration with atazanavir resulted
in increases in atazanavir levels (Cmin increased
52%), probably due to the ritonavir 200 mg dose.!>!
All of these are pharmacokinetic studies, without
data on clinical efficacy. On the other hand, given
the potency, high genetic barrier (greater than other
PIs) and resistance profile of darunavir that is wide-
ly different from other PIs, it is unlikely that adding
a second PI will provide additional clinical benefit.
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Double-boosted PIs might become a good option
in resource-poor settings, where very expensive new
drugs are not currently available and are unlikely to
be available in the near future. In these settings, the
fixed-dose combination of stavudine, lamivudine
and nevirapine is widely used as initial therapy.¢!
As viral load testing is not accessible in most devel-
oping countries, patients may stay on a failing regi-
men for months or years, and with, in most patients,
the development of resistance to NNRTIs and selec-
tion of some resistance mutations to NRTIs.7!
Thus, after one or more treatment failures, it be-
comes very difficult to build an effective regimen,
given that, unfortunately, the new therapeutic op-
tions are not available in these settings. Some PIs are
obtained at a low price in many limited-resource
countries. The fixed combination of lopinavit/rito-
navir makes it easier to boost another PI at the same
time, preferably atazanavir or saquinavir. The tablet
formulation of lopinavir/ritonavir also has the ad-
vantage of not needing refrigeration, and this could
be particularly useful in these settings, allowing
relatively convenient rescue regimens to be de-
signed. Many HIV-infected patients in these coun-
tries are children. Recently, the HIV Netherlands,
Australia, Thailand research collaboration HIV-
NAT 017 study team have published 48-week effi-
cacy, safety, pharmacokinetic and resistance data
with the lopinavir/ritonavir plus saquinavir combi-
nation in 50 Thai children whose NRTI/NNRTI
regimen had previously failed. The study showed
64% efficacy (viral load <50 copies/mL), a rise in
CD4+ cell counts, no major PI mutation selection in
those patients whose treatment had failed, and high
plasma PI concentrations, but also high hyper-
lipidaemia incidence.38

4. Summary and Conclusions

Double-boosted PI regimens play no role in treat-
ment-naive patients. Three studies including a
small number of patients showed low success rates
(HIV RNA <50 copies/mL about 40-50% at 16 or
24 weeks), notoriously lower than those achieved
with standard regimens.

There are no randomized studies assessing the
clinical efficacy of double-boosted PI regimens in
treatment-experienced patients. Several non-com-
parative studies suggest that the efficacy of some
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double-boosted PI combinations with favourable
pharmacokinetic profiles, such as lopinavir/ritonavir
plus saquinavir, lopinavir/ritonavir plus atazanavir
or atazanavir plus ritonavir with saquinavir, could
be relatively high in patients where single-boosted
PI based regimens would probably fail, although
there is not enough evidence to support this percep-
tion.

Several novel agents have been approved in re-
cent years for treatment-experienced patients, hav-
ing demonstrated their clinical efficacy even against
highly resistant virus. The new PIs, tipranavir and
especially darunavir, probably provide a higher
threshold to resistant virus than double-boosted
standard PIs. Combining one of them with two other
fully active drugs such as raltegravir, maraviroc,
etravirine, enfuvirtide or others, allows us to build
an effective regimen for almost all patients. Thus, in
the developed world, double-boosted PI strategies
are no longer an option. However, we must use these
new drugs appropriately to avoid the selection of
resistance, as we could find ourselves in a few years
with patients who have no therapeutic alternatives,
forcing clinicians to go back to using non-conven-
tional strategies such as double-boosted PIs.

The main setting in which double-boosted PI
regimens may have a role is in resource-poor coun-
tries, where new drugs may not be available. Al-
though it would be desirable that all patients could
have at their disposal all currently available drugs,
the truth is that many patients will not have thera-
peutic options after several antiretroviral treatment
failures. The combination of lopinavir/ritonavir tab-
lets and another PI, such as atazanavir or saquinavir,
may provide a potentially useful, relatively conve-
nient and tolerable regimen that does not require
refrigeration.

Acknowledgements

Dr A. Curran has a grant from Red de Investigacion en
SIDA (RIS, ISCIII-RETIC RD06/006). The authors have no
conflicts of interest that are directly relevant to the content of
this review.

References
1. Bartlett JA, Demas R, Quinn J, et al. Overview of the effective-
ness of triple combination therapy in antiretroviral-naive
HIV-1 infected adults. AIDS 2001 Jul 27; 15 (11): 1369-77
2. Fitkenheuer G, Theisen A, Rockstroh J, et al. Virological treat-
ment failure of protease inhibitor therapy in an unselected

© 2008 Adis Data Information BV. All rights reserved.

10.

14.

15.

16.

17.

18.

19.

cohort of HIV-infected patients. AIDS 1997 Nov 15; 11 (14):
F113-6

. Zeldin RK, Petruschke RA. Pharmacological and therapeutic

properties of ritonavir-boosted protease inhibitor therapy in
HIV-infected patients. J Antimicrob Chemother 2004 Jan; 53
(1): 49

. Molla A, Mo H, Vasavanonda S, et al. In vitro antiviral inter-

action of lopinavir with other protease inhibitors. Antimicrob
Agents Chemother 2002 Jul; 46 (7): 2249-53

. Robinson BS, Riccardi KA, Gong YF, et al. BMS-232632, a

highly potent human immunodeficiency virus protease inhibi-
tor that can be used in combination with other available
antiretroviral agents. Antimicrob Agents Chemother 2000
Aug; 44 (8): 2093-9

. Dam E, Lebel-Binay S, Rochas S, et al. Synergistic inhibition of

protease-inhibitor-resistant HIV type 1 by saquinavir in com-
bination with atazanavir or lopinavir. Antivir Ther 2007; 12
(3): 371-80

. la Porte CJ, Wasmuth JC, Schneider K, et al. Lopinavir/ritonavir

plus saquinavir in salvage therapy; pharmacokinetics, tolera-
bility and efficacy. AIDS 2003 Jul 25; 17 (11): 1700-2

. Stephan C, Hentig N, Kourbeti I, et al. Saquinavir drug exposure

is not impaired by the boosted double protease inhibitor com-
bination of lopinavir/ritonavir. AIDS 2004 Feb 20; 18 (3):
503-8

. Ribera E, Lopez RM, Diaz M, et al. Steady-state pharmaco-

kinetics of a double-boosting regimen of saquinavir soft gel
plus lopinavir plus minidose ritonavir in human immuno-
deficiency virus-infected adults. Antimicrob Agents Chemoth-
er 2004 Nov; 48 (11): 4256-62

Hellinger J, Cohen C, Morris AB, et al. Pilot study of saquinavir
and lopinavir/ritonavir twice daily in protease inhibitor-naive
HIV-positive individuals. HIV Clin Trials 2005; 6 (2): 107-17

. Bertz R, Ashbrenner E, Foit C, et al. Assessment of steady-state

pharmacokinetics (PK) of three dosing regimens of saquinavir
administered as hard gelatin capsules (HGC) in combination
with lopinavir/ritonavir (LPV/r) to HIV-infected adults [ab-
stract no. 4.6]. 5th International Workshop on Clinical Phar-
macology of HIV Therapy; 2004 Apr 1-3; Rome

. Boffito M, Kurowski M, Kruse G, et al. Atazanavir enhances

saquinavir hard-gel concentrations in a ritonavir-boosted once-
daily regimen. AIDS 2004 Jun 18; 18 (9): 1291-7

. von Hentig N, Miiller A, Rottmann C, et al. Pharmacokinetics of

saquinavir, atazanavir, and ritonavir in a twice-daily boosted
double-protease inhibitor regimen. Antimicrob Agents
Chemother 2007 Apr; 51 (4): 1431-9

Winston A, Mallon PW, Satchell C, et al. The safety, efficacy,
and pharmacokinetic profile of a switch in antiretroviral ther-
apy to saquinavir, ritonavir, and atazanavir alone for 48 weeks
and a switch in the saquinavir formulation. Clin Infect Dis
2007 Jun 1; 44 (11): 1475-83

Ribera E, Azuaje C, Lopez RM, et al. Atazanavir and lopinavir/
ritonavir: pharmacokinetics, safety and efficacy of a promising
double-boosted protease inhibitor regimen. AIDS 2006 May
12; 20 (8): 1131-9

Pham PA, Flexner C, Parsons T, et al. Beneficial pharmacokine-
tic interaction between atazanavir and lopinavir/ritonavir.
J Acquir Immune Defic Syndr 2007 Jun 1; 45 (2): 201-5

Colombo S, Buclin T, Franc C, et al. Ritonavir-boosted
atazanavir-lopinavir combination: a pharmacokinetic inter-
action study of total, unbound plasma and cellular exposures.
Antivir Ther 2006; 11 (1): 53-62

Di Giambenedetto S, De Luca A, Villani P, et al. Atazanavir and
lopinavir with ritonavir alone or in combination: analysis of
pharmacokinetic interaction and predictors of drug exposure.
HIV Med 2008 Apr; 9 (4): 239-45

von Hentig N, Kaykhin P, Stephan C, et al. Decrease of
atazanavir and lopinavir plasma concentrations in a boosted

Drugs 2008; 68 (16)



2266

Ribera & Curran

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

double human immunodeficiency virus protease inhibitor sal-
vage regimen. Antimicrob Agents Chemother 2008 Jun; 52
(6): 2273-5

Boffito M, Dickinson L, Hill A, et al. Steady-State pharmaco-
kinetics of saquinavir hard-gel/ritonavir/fosamprenavir in
HIV-1-infected patients. J Acquir Immune Defic Syndr 2004
Nov 1; 37 (3): 1376-84

Basso S, Solas C, Quinson AM, et al. Pharmacokinetic inter-
action between lopinavir/r and amprenavir in salvage therapy.
J Acquir Immune Defic Syndr 2002 Sep 1; 31 (1): 115-7

De Luca A, Baldini F, Cingolani A, et al. Deep salvage with
amprenavir and lopinavir/ritonavir: correlation of pharmaco-
kinetics and drug resistance with pharmacodynamics. J Acquir
Immune Defic Syndr 2004 Apr 1; 35 (4): 359-66

Taburet AM, Raguin G, Le Tiec C, et al. Interactions between
amprenavir and the lopinavir-ritonavir combination in heavily
pretreated patients infected with human immunodeficiency
virus. Clin Pharmacol Ther 2004 Apr; 75 (4): 310-23

Kashuba AD, Tierney C, Downey GF, et al. Combining fosam-
prenavir with lopinavir/ritonavir substantially reduces am-
prenavir and lopinavir exposure: ACTG protocol A5143 re-
sults. AIDS 2005 Jan 28; 19 (2): 145-52

Corbett AH, Patterson KB, Tien HC, et al. Dose separation does
not overcome the pharmacokinetic interaction between fosam-
prenavir and lopinavir/ritonavir. Antimicrob Agents Chemoth-
er 2006 Aug; 50 (8): 2756-61

Pham PA, Hendrix CW, Barditch-Crovo P, et al. Amprenavir
and lopinavir pharmacokinetics following coadministration of
amprenavir or fosamprenavir with lopinavir/ritonavir, with or
without efavirenz. Antivir Ther 2007; 12 (6): 963-9

Recomendaciones de GESIDA/Plan Nacional sobre el SIDA
respecto al tratamiento antirretroviral en adultos infectados por
el virus de la inmunodeficiencia humana. Actualizacién Enero
2008 [online]. Available from URL: http://www.gesida.
seimc.org/index.asp [Accessed 2008 Apr 10]

European AIDS Clinical Society (EACS). Guidelines for the
clinical management and treatment of HIV infected adults in
Europe [online]. Available from URL: http://www.eacs.eu/
guide/index.htm [Accessed 2008 Apr 10]

Panel on Antiretroviral Guidelines for Adult and Adolescents.
Guidelines for the use of antiretroviral agents in HIV-1-infect-
ed adults and adolescents. Department of Health and Human
Services, 2008 Jan 29: 1-128 [online]. Available from URL:
http://www.aidsinfo.nih.gov/ContentFiles/AdultandAdole
scentGL.pdf [Accessed 2008 Apr 10]

la Porte CJL, Back D, Blaschke T, et al. Updated guidelines to
perform therapeutic drug monitoring for antiretroviral agents.
Rev Antivir Ther 2006; 3: 4-14

. Schnell T, Schmidt B, Moschik G, et al. Distinct cross-resis-

tance profiles of the new protease inhibitors amprenavir, lopi-
navir, and atazanavir in a panel of clinical samples. AIDS 2003
May 23; 17 (8): 1258-61

Schapiro JM. Understanding protease inhibitor potency: the
intersection of exposure, efficacy, and resistance. AIDS Read
2001 Jun; 11: 311-5

Weinheimer S, Discotto L, Friborg J, et al. Atazanavir signature
I50L resistance substitution accounts for unique phenotype of
increased susceptibility to other protease inhibitors in a variety
of human immunodeficiency virus type 1 genetic backbones.
Antimicrob Agents Chemother 2005 Sep; 49 (9): 3816-24

Vernazza P, Daneel S, Schiffer V, et al. The role of compart-
ment penetration in PI-monotherapy: the Atazanavir-Ritonavir
Monomaintenance (ATARITMO) Trial. AIDS 2007 Jun 19;
21 (10): 1309-15

van der Lugt J, Autar RS, Ubolyam S, et al. Pharmacokinetics
and short-term efficacy of a double-boosted protease inhibitor
regimen in treatment-naive HIV-l-infected adults. J An-
timicrob Chemother 2008 May; 61 (5): 1145-53

© 2008 Adis Data Information BV. All rights reserved.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Landman R, Chazallon C, Descamps D, et al. Efficacy and
safety of dual-PI regimens for the treatment of ART-naive
HIV-1 subjects: 2IP ANRS 127, a randomized pilot study
[abstract no. 779]. 15th Conference on Retroviruses and Op-
portunistic Infections; 2008 Feb 3-6; Boston (MA)

Ulbricht K, Stoll M, Behrens G, et al. Double protease inhibitor,
RTI-sparing therapy regimen in naive HIV-1-infected patients:
24-week virologic response analysis of the LORAN trial [ab-
stract no. 780]. 15th Conference on Retroviruses and Opportu-
nistic Infections; 2008 Feb 3-6; Boston (MA)

Petersen ML, Wang Y, van der Laan MIJ, et al. Virologic
efficacy of boosted double versus boosted single protease
inhibitor therapy. AIDS 2007 Jul 1; 21 (12): 1547-54

Ruiz L, Ribera E, Bonjoch A, et al. Role of structured treatment
interruption before a 5-drug salvage antiretroviral regimen: the
Retrogene Study. J Infect Dis 2003 Oct 1; 188 (7): 977-85

Staszewski S, Babacan E, Stephan C, et al. The LOPSAQ study:
48 week analysis of a boosted double protease inhibitor regi-
men containing lopinavir/ritonavir plus saquinavir without ad-
ditional antiretroviral therapy. J Antimicrob Chemother 2006
Nov; 58 (5): 1024-30

Chetchotisakd P, Anunnatsiri S, Mootsikapun P, et al. Efficacy
and tolerability of a double boosted protease inhibitor (lopina-
vir + saquinavir/ritonavir) regimen in HIV-infected patients
who failed treatment with nonnucleoside reverse transcriptase
inhibitors. HIV Med 2007 Nov; 8 (8): 529-35

Gilliam BL, Chan-Tack KM, Qaqgish RB, et al. Successful
treatment with atazanavir and lopinavir/ritonavir combination
therapy in protease inhibitor-susceptible and protease inhibi-
tor-resistant HIV-infected patients. AIDS Patient Care STDS
2006 Nov; 20 (11): 745-59

Manosuthi W, Sungkanuparph S, Ruxrungtham K, et al. Plasma
levels, safety, and 60-week efficacy of a once-daily double-
boosted protease inhibitor regimen of atazanavir, saquinavir,
and ritonavir. J Acquir Immune Defic Syndr 2008 Jan 1; 47
(1): 127-9

Madruga JV, Berger D, McMurchie M, et al. Efficacy and safety
of darunavir-ritonavir compared with that of lopinavir-ritona-
vir at 48 weeks in treatment-experienced, HIV-infected pa-
tients in TITAN: a randomised controlled phase III trial. Lan-
cet 2007 Jul 7; 370 (9581): 49-58

Nelson M, Arastéh K, Clotet B, et al. Durable efficacy of
enfuvirtide over 48 weeks in heavily treatment-experienced
HIV-1-infected patients in the T-20 versus optimized back-
ground regimen only 1 and 2 clinical trials. J Acquir Immune
Defic Syndr 2005 Dec 1; 40: 404-12

Hicks CB, Cahn P, Cooper DA, et al. Durable efficacy of
tipranavir-ritonavir in combination with an optimised back-
ground regimen of antiretroviral drugs for treatment-experi-
enced HIV-1-infected patients at 48 weeks in the Randomized
Evaluation of Strategic Intervention in multi-drug reSistant
patients with Tipranavir (RESIST) studies: an analysis of
combined data from two randomised open-label trials. Lancet
2006 Aug 5; 368: 466-75

Clotet B, Bellos N, Molina JM, et al. Efficacy and safety of
darunavir-ritonavir at week 48 in treatment-experienced pa-
tients with HIV-1 infection in POWER 1 and 2: a pooled
subgroup analysis of data from two randomised trials. Lancet
2007 Apr 7; 369 (9568): 1169-78

Lazzarin A, Campbell T, Clotet B, et al. Efficacy and safety of
TMCI125 (etravirine) in treatment-experienced HIV-1-infected
patients in DUET-2: 24-week results from a randomised,
double-blind, placebo-controlled trial. Lancet 2007 Jul 7; 370
(9581): 39-48

Madruga JV, Cahn P, Grinsztejn B, et al. Efficacy and safety of
TMC125 (etravirine) in treatment-experienced HIV-1-infected
patients in DUET-1: 24-week results from a randomised,

Drugs 2008; 68 (16)



Double-Boosted Protease Inhibitor Antiretroviral Regimens

2267

50.

51.

52.

53.

54.

double-blind, placebo-controlled trial. Lancet 2007 Jul 7; 370
(9581): 29-38

Hardy D, Reynes J, Konourina I, et al. Efficacy and safety of
maraviroc plus optimized background therapy in treatment-
experienced patients infected with CCRS5-tropic HIV-1: 48-
week combined analysis of the MOTIVATE studies [abstract
no. 792]. 15th Conference on Retroviruses and Opportunistic
Infections; 2008 Feb 3-6; Boston (MA)

Steigbigel RT, Cooper DA, Kumar PN, et al. Raltegravir with
optimized background therapy for resistant HIV-1 infection.
N Engl J Med 2008 Jul 24; 359 (4): 339-54

Walmsley SL, Katlama C, Lazzarin A, et al. Pharmacokinetics,
safety, and efficacy of tipranavir boosted with ritonavir alone
or in combination with other boosted protease inhibitors as part
of optimized combination antiretroviral therapy in highly treat-
ment-experienced patients (BI Study 1182.51). J Acquir
Immune Defic Syndr 2008 Apr 1; 47 (4): 429-40

Sekar VJ, Lefebvre E, Spinosa-Guzman S, et al. Pharmacokine-
tic interaction between the HIV protease inhibitors TMC114
and lopinavir/ritonavir [abstract no. 0367]. 46th Interscience
Conference on Antimicrobial Agents and Chemotherapy; 2006
Sep 27-30; San Francisco (CA)

Sekar VJ, Lefebvre E, Marién K, et al. Pharmacokinetic inter-
action between darunavir and saquinavir in HIV-negative vol-
unteers. Ther Drug Monit 2007 Dec; 29 (6): 795-801

© 2008 Adis Data Information BV. All rights reserved.

55. Sekar V], Lefebvre E, De Marez T, et al. Pharmacokinetics of
darunavir (TMC114) and atazanavir during coadministration
in HIV-negative, healthy volunteers. Drugs R D 2007; 8 (4):
241-8

56. Laurent C, Kouanfack C, Koulla-Shiro S, et al. Long-term
safety, effectiveness and quality of a generic fixed-dose com-
bination of nevirapine, stavudine and lamivudine. AIDS 2007
Mar 30; 21 (6): 768-71

57. Martinez-Cajas JL, Wainberg MA. Antiretroviral therapy: opti-
mal sequencing of therapy to avoid resistance. Drugs 2008; 68
(1): 43-72

58. Kosalaraksa P, Bunupuradah T, Engchanil C, et al. Double
boosted protease inhibitors, saquinavir, and lopinavir/ritona-
vir, in nucleoside pretreated children at 48 weeks. Pediatr
Infect Dis J 2008 Jul; 27 (7): 623-8

Correspondence: Dr Esteban Ribera, Servicio de En-

fermedades Infecciosas, Hospital Universitari Vall
d’Hebron, Paseo Vall d’"Hebron 119-129, Barcelona, 08035,
Spain.

E-mail: eribera@vhebron.net

Drugs 2008; 68 (16)



	Abstract 2257
	1. Rationale for the Use of Double-Boosted Protease Inhibitor (PI) Regimens 2258
	1.1 Synergistic or Additive Activity Against HIV 2258
	1.2 High Plasma Levels of Both PIs with Only One Booster 2258
	1.3 Different Resistance Patterns to PIs and Existence of Different Viral Subpopulations 2259
	1.4 Avoid Toxicity with NRTI-Sparing Regimens 2259

	2. Efficacy of Double-Boosted PI Regimens in Clinical Trials 2259
	3. The Current Role of Double-Boosted PI Regimens 2260
	4. Summary and Conclusions 2264
	Acknowledgements 2265
	References 2265
	Correspondence 2267
	Email 2267

