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Abstract

Introduction: The objective of this study isto analyse the available evidence regarding the
effectiveness of the strategy of induction maintenance with boosted protease inhibitors with
ritonavir in adult HIV patients as compared to conventional treatment.

Met hods: We performed a meta-analysis of randomised controlled trials in HIV patients to
compare the efficacy of a monotherapy strategy of boosted protease inhibitors as compared
with conventional antiretroviral therapy. The literature search was conducted in PubMed,
EMBASE (September 1999-September 2009) and in conference abstracts of the last 5 years. The
Odds Ratio of treatment failure and their 95% confidence intervals were calculated. To combine
the results of individual studies selected, a fixed effects model based on the Mantel-Haenszel
method or random effects was used, depending on whether or not the results were
heterogeneous.

Results: Initially a total of 1510 publications were found, of which just 8 studies met the criteria
for inclusion in the meta-analysis. The combined Odds Ratio of the 8 studies is 1.39 (95% CI 1.02-
1.90) for the treatment group with conventional antiretroviral treatment, but with a confidence
interval close to the limits of statistical non-significance.

Conclusion: The results of the combined effectiveness analysis in the meta-analysis found no
significant differences between the conventional strategy and monotherapy. This strategy is
considered recommended (level A evidence) in patients with no history of previous failure of
protease inhibitor, with undetectable plasma viral load and signs or symptoms of nucleoside/
nucleotide toxicity.
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Meta-analisis sobre la eficacia de la estrategia de monoterapia con inhibidores de la

Introduccidn: El objetivo del presente trabajo es analizar la evidencia disponible sobre la efica-
cia de la estrategia de induccién mantenimiento con inhibidores de proteasa potenciados con

Meétodos: Se realiz6 un meta-andlisis de ensayos aleatorizados y controlados en pacientes VIH
para comparar la eficacia de una estrategia de monoterapia con inhibidores de proteasa poten-
ciados frente al tratamiento antirretroviral convencional. La busqueda bibliografica se realizo
en PubMed, EMBASE (septiembre 1999-septiembre 2009) y en resimenes de congresos de 10os
Gltimos 5 afos. Se calcularon los Odds Ratio del fracaso terapéutico y sus intervalos de confian-
za del 95% Para combinar los resultados de los estudios individuales seleccionados, se empled
un modelo de efectos fijos basado en el método de Mantel-Haenszel o de efectos aleatorios, en

Resultados: Se localizaron inicialmente un total de 1.510 publicaciones, de las que solo 8 estu-
dios cumplieron los criterios de inclusion en el meta-andlisis. B Odds Ratio combinado de los
8 estudios es de 1,39 (IC 95% 1,02-1,90) a favor del grupo de tratamiento con tratamiento anti-
rretroviral convencional, pero con un intervalo de confianza cercano a los limites de la no signi-

Conclusién: Los resultados del analisis de eficacia combinado en el meta-analisis no encuentran
diferencias significativas entre la estrategia convencional y la monoterapia. Esta estrategia se
considera recomendable (nivel Ade evidencia) en pacientes sin historia de fracaso previo a in-
hibidores de la proteasa, con carga viral plasmatica indetectable y signos o sintomas de toxici-

© 2009 SEFH. Publicado por Hsevier Espafa, SL. Todos los derechos reservados.
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Introduction

After over 20 years of clinical studies using antiretroviral
drugs at every stage of human immunodeficiency virus (VIH)
infection, either as monotherapy or in combinations of 2, 3
or more drugs, it has been clearly established that antiret-
roviral (ART) treatment with combinations of at least 3
drugsisthe treatment of choice for HIV infection. There is
solid evidence that thistreatment strategy delays clinical
progression, reduces hospital admissions and its associated
costs, and significantly increases survival.’

Nevertheless, despite these unquestionable advantages,
indefinite antiretroviral combination treatment creates a
rigid therapeutic scenario with its own inherent problems.
Firstly, adherence to ART plays a key role in the degree and
duration of the antiviral response.? On the other hand, the
appearance of resistance is an inevitable phenomenon when
the HIV virus is exposed to the selective pressure exerted by
drugs that fail to suppress viral replication.®* Lastly, the
toxicity of antiretroviral drugs in the medium and long term
is also a limiting factor which obliges us to seek new thera-
peutic options that maintain the same antiviral potency.5

The current situation, therefore, isthat a high percent-
age of patients who initiate antiretroviral treatment face
the prospect of therapeutic failure (virological, immuno-

logical or clinical), which demands a rapid change of treat-
ment in order to avoid mutations and an increase in plasma
viral load. The goal of therapy is to reattain maximum viral
supression by instating a new antiviral combination of two
or three fully active drugs, in conjunction with other drugs
which have already been used in the patient but which con-
tinue to show activity (resistance studies) and are well tol-
erated. This process of clinical evolution means that cur-
rently, despite having nearly 25 different antiretroviral
drugs, each with a different mechanism of action (at the
level of the viral replication cycle), at our disposal, there is
still an overriding need to continue to look for new drugs
that permit lasting viral replication control.

In contrast to thisconventional way of using antiretroviral
drugs, other strategies which are different, more dynamic
and enable better adaptation of ART to the immunological
status of the patient, achieving added advantagesin terms
of toxicity and ART adherence, have been tried.

One of the strategies which attemptsto employ antiretro-
viral drugs in a different way is the so-called induction-
maintenance strategy, which we can define as the use of
antiretroviral medications in two different stages, which
are applied sequentially: 1) an induction phase, which coin-
cides with the start of ART and the aim of which isto obtain
a virological response (undetectable plasma viral load),
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minimizing the risk of resistance and encouraging rapid im-
mune reconstitution and 2) a maintenance phase, in which,
after achieving the induction phase objective, the ART is
modified and simplified, reducing it to two or, preferibly, a
single drug, but with the aim of maintaining the virological,
immunological and clinical response.

In the history of antiretroviral treatment, the first clini-
cal trialsto investigate the possible efficacy of this strate-
gies were patent failures®® and they demonstrated that an
induction-maintenance strategy cannot be applied using
drugs with a low genetic (lamivudine) and/ or pharmacoki-
netic barrier (nelfinavir and indinavir). The subsequent de-
velopment of ritonavir-boosted protease inhibitors (Pl) re-
vived the hypothesis that monotherapy with one of these
drugs (maintenance) could be enough to maintain control
of viral replication effectively and safely, once such con-
trol had been achieved with a classic combination ART (in-
duction).

Out of all the boosted PI, ritonavir-boosted lopinavir
(LPV/r), with its high potency and high genetic and pharma-
cokinetic barriers, isthe benchmark drug. Consequently, it
was the best option for experimentally testing the mono-
therapy strategy. The recent incorporation of ritonavir-
boosted darunavir (DRV/ r) into clinical practice and the in-
vestigation of its use in the abovementioned strategy have
also made it a suitable candidate for research purposes. The
results of the clinical studies and trials which have been
conducted to date have meant that, in the current antiret-
roviral treatment recommendations of the GESDA group of
experts and the National AIDS Plan, simplification to lopina-
vir/ ritonavir or darunavir/ ritonavir monotherapy is consid-
ered a viable option in patients with no previous history of
Pl failure, an undetectable viral plasma load for 6 months
and signs and symptoms of nucleoside/ nucleotide analogue
toxicity [level Arecommendation (based on data from rand-
omized and controlled studies)].

The success of this strategy and itsinclusion as a treat-
ment recommendation mean it is currently regarded as the
only new treatment strategy which offers an alternative to
indefinite, rigid ART, which can only be modified in cases of
toxicity or therapeutic failure.

Consequently, the aim of this systematic review and me-
ta-analysisisto analyze the available evidence on the effi-
cacy of the Pl-boosted monotherapy based strategy com-
pared to conventional antiretroviral treatment in the HIV
patient.

Methods

Selection criteria

Abibliographical search was made of randomized and con-
trolled studies, in which a Pl-boosted monotherapy strat-
egy was compared with conventional ART. Sudiesin which
information related to efficacy was available in the form
of a publication or presentation at a congress were includ-
ed in the analysis. The study selection criteria were as fol-
lows:

1) Arandomized and controlled design
2) Minimum duration of the trial of 48 weeks

3) Virological efficacy cut-off point: a viral load of less than
50 copies/ ml.

Information sources and search strategy

To identify relevant studies the PubMed and EMBASE dat a-
bases were searched, using ‘ HIV protease inhibitors or
ritonavir boosted and (HIV or HIV infections) and (mono-
therapy or single agent or single drug or alone or simpli-
fied) and humans’ as descriptors. The bibliographical search
was conducted from September 1999 to September 2009.

In addition, the congress reports of the Conference on
Retroviruses and Opportunistic Infections (CROI), the Euro-
pean AIDSClinical Society and the International AIDSSociety
issued in the last 5 years were reviewed. A search was also
made of information sources about the results of ongoing
clinical trials which were available on the internet (www.
cliniclatrials.gov).

Furthermore, relevant reviews and editorial articles pub-
lished in major medical journals (AIDS JAIDS J Infect Dis, N
Engl J Med, the Lancet) in the last year were identified and
their content was examined to identify possible information
about trials which might be of interest. In studies which
were the subject of various publications, we used the data
corresponding to the longest period of treatment.

We only selected articles which were published in English
and Spanish.

Selection of studies

Three reviewers (SFJ, SDAand SGC) independently reviewed
the information sourcesthat were available, selecting stud-
ies in accordance with our previously defined inclusion and
exclusion criteria. For the final selection the three review-
ers had to reach a full consensus.

Study variables and population

The main variable for evaluating efficacy in the combined
analysis was therapeutic failure. Efficacy was assessed by
intention to treat (ITT) analysis and it included all the pa-
tientsin each treatment regime who received at least one
dose. Therapeutic failure was defined as cases with a VL>50
copies/ ml and patients who abandoned the study for any
reason or whose treatment was changed.

The target population for the study consisted of HIV-in-
fected patients without any initial limitation that might
compromise their inclusion in the meta-analysis, the only
difference which was taken into account, in the sensitivity
analysis, being whether patients were treatment-naive or
had been previously treated. The conventional ART group,
which received 2 or 3 antiretroviral drugsin combination,
served asthe control.

Statistical analysis

Odds Ratios (OR) and their 95%confidence intervals (Cl) were
calculated from tabulated data. In order to combine the re-
sults of selected individual studies a fixed effects model
based on the Mantel-Haenszel or randomized effects method,
depending on whether or not there was statistically signifi-
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cant heterogeneity (P<0.1) in the results, was employed. To
estimate and quantify heterogeneity amongst the different
studies Cochran’s Q statistic and the | statistic were em-
ployed,? so that 25% 50%and 75%corresponded to low, mod-
erate and high levels of heterogeneity, respectively.® The pos-
sible existence of publication bias'® was evaluated visually by
means of a funnel graph to contrast the effect of studies (OR)
with their standard errors." Finally, three sensitivity analyses
were performed, repeating the combined analysis, firstly
without studies with different inclusion criteria for patients,
secondly eliminating the studies with the smallest sample
sizes and finally separating studies, depending on the Pl
which was used. The statistical analysis was performed using
the SPSSstatistics® software (version 17.0) and the Review
Manager software (version 5.0) (Cochrane Collaboration).

Results

Selection of studies and main characteristics

Initially a total of 1,510 publications were located but only
8 studies'®'® met the meta-analysis inclusion criteria, as
shown in Figure 1. Atotal of 1,071 patients, 577 (53.9% in
the monotherapy treatment group and 494 (46.19) in the
combination ART group, participated in the randomized and
controlled trials (RCT) included in the meta-analysis. The
data from the trial by Pulido et al2 are included in the study
by Arribas et al™® because they are part of the same research
study, which was published after 48 and then 96 weeks. The
Pl used in monotherapy during the maintenance phase was
lopinavir/ritonavir in six'>'7 and darunavir/ ritonavir in two
of the studies.™®"

The main characteristics and inclusion criteria for these
trials are summarized in table 1. The chief differencesin
study design are: different duration of the treatment, rang-
ing from 48 to 96 weeks, different baseline characteristics
of patientswhen they were included in the trial and, finally,
whether or not there was an ART induction treatment phase,
and its duration, prior to patients being randomized to re-
ceive monotherapy. If the induction period istaken into ac-
count, only Delfraissy et al’s study' includes treatment-na-
ive patients with no previous ART induction treatment.

Analysis of efficacy

The therapeutic failure ORs for the different studies are
shown in Figure 2. Satistical significance is not reached in

any of the studies, there being a wide dispersion in the con-
fidence interval in the studies by Arribas et al'® and Nunes et
al,"® owing to their small sample size. The statistical analy-
sis of heterogeneity was not significant (Figure 2), so the
Mant el-Haenszel method was used. The combined OR for
the 8 studies is 1.39 (Cl 95% 1.02-1.90) and it is biased in
favour of the conventional ART treatment group, but with a
confidence interval close to the limits of statistical non-
significance.

Sensitivity analysis

Three sensitivity analyses were performed to evaluate the
validity of the results.

e In the first analysis the study by Delfraissy et al'* was
ruled out, asit wasthe only one which included patients
who had received no previous treatment. The weighted
ORis 1.37 (Cl 95% 0.98-1.92), which falls outside of the
limit of statistical significance and the heterogeneity
analysisis not significant.

e In the second sensitivity analysis the studies with the
smallest sample sizes were ruled out.'>'® The weighted
ORis 1.32 (Cl 95% 0.96-1.83) and the analysis of hetero-
geneity between samplesis not significant.

e Finally, the studies were separated according to the Pl
which was used in monotherapy. Aweighted OR of 1.27
(Cl 95%0.74-2.17) was obtained for darunavir/ ritonavir
and an ORof 1.46 (Cl 95%0.99-2.14) for lopinavir/ ritona-
vir, the heterogeneity analyses proving non-significant in
both cases.

Publication bias

The publication bias results in the funnel graph show a
slightly asymmetrical distribution. This seemsto indicate
the possible existence of what is known as the ‘small studies
effect’, which reflectsa variation between the effect found
in small studies in comparison to big studies (Figure 3).
These studies with a smaller sample size, ¢ which are dis-
persed throughout the graph, are the ones which were elim-
inated in the second sensitivity analysis.

Discussion

The combined efficacy analysis results in the meta-analysis
failed to pick up significant differences between the con-

Identified: 1,510
(PubMed, EMBASE, congresses, www):

C

Studies included: 8

A

Publications downloaded:

— Reviews: 475

— Discussion papers: 135

— Languages: 15 (other than English or Spanish)
— Studies which failed to meet criteria: 876

— Boosted Pl monotherapy

— Minimum duration of 48 weeks
— Randomized controlled trial

— VL cut-off point 50 copies/ml

Figure 1

Selection of studies. Pl indicates protease inhibitor; VL, viral load (copies/ ml).
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Number of episodes/total number of patients OR (95% Cl)
Trial Pl monotherapy  ART
Arribas et al 2005 4/21 1/21 = » 4.71 (0.48-46.22)
Nunes et al 2007'® 6/30 3/29 = 2.17 (0.49-9.64)
Delfralssy et al 2008™ 27/83 13/53 1.65 (0.68-3.99)
Cameron et al 2008 54/104 20/51 = 1.48 (0.68-3.22)
Pulido et al 2008-9'2®  23/100 22/98 — 1.08 (0.55-2.14)
Katlama* et al 2009 14/112 9/113 = 1.67 (0.85-3.31)
Arribas* et al 2009'® 20127 19/129 1.03 (0.53-2.01)
TOTAL 148/577 87/494 1.39 (1.02-1.90)**
1 2 4 6 8 10
*Trials with darunavir Favourable M-IP Favourable TAR **MH weighting

P (heterogeneity) =.78
I>=0%

Figure 2

OR (logarithmic scale)

ITT analysis of the therapeutic failure variable. 95% Cl indicates confidence interval 95%; ART,conventional antiretroviral

treatment; M-Pl, protease inhibitor monotherapy; MH, Mantel-Haenszel; OR, oddsratio; Pl, protease inhibitor.

0.0 s
Pulido et al!#8 | Cameron et al'”
Arribé'; et |1s o5 Delfralssy et al**
= 0.57 Katlama et-al'
o
o o
S Nunes et al'®
S 10+ .
m o
n § Arribas et al'™®
1.5
20 T T T T T 1
0.1 0.2 0.5 1139 2 5 10
Weighted OR

Figure 3 Funnel graph. Evaluation of publication bias
representing the odds ratio of the different studies compared
to their standard error (SE). The central line represents the
adjusted OR and the lateral lines the 95% confidence interval.
ORindicates oddsratio.

ventional strategy and monotherapy. The only difference is
that the weighted ORis slightly higher, with a 95%Cl, ap-
proximating the limits of non-significance, which became
insignificant when the sensitivity analysis mentioned above
was performed. The results of the analysis establish that
both the strategy of simplification to LPV/r and to DRV/r
manage to keep the PVL suppressed in a considerable
number of patients and, in the case of LOP/r, for a long pe-
riod of time.

This form of simplification has advantages in aspects re-
lated to clinical efficacy and safety, and also in terms of
efficiency (cost/ efficacy ratios).

With respect to efficacy, the only limitation worthy of
mention is the greater incidence of low-grade viraemia
(50-500 copies/ ml) and thisis only found in the studies us-
ing LOP/ r. Therefore, thisstrategy is only recommended at
present as an alternative for cases where there is toxicity
or intolerance to adjunctive drugs.' All the studies show
that the increase in CD4 lymphocytes is no lower in pa-
tients receiving LOP/ r monotherapy than in patients who
are maintained on standard triple therapy, so, in any
event, thislow-grade viraemia does not appear to affect
the immunological recovery of these patients. Further-
more, in the majority of cases, thislow level of viraemia
was not associated with the appearance of resistance mu-
tations. In the case of LOP/r, it does not seem that this
low-grade viraemia isrelated to an insufficient pharmaco-
logical potency. Itsorigin is not entirely understood, but it
appears that inadequate adherence could play an impor-
tant role, more so than in patients receiving standard tri-
ple therapy, as the short half-life of LPV/r means that the
failure to take a dose of medication in monotherapy pa-
tients poses a higher risk of viral rebound. Whatever the
case, the validity of this strategy has also been confirmed
in efficacy studiesin clinical practice.?®

The boosted Pl monotherapy strategy has been criticized,
owing to the fact that it may be responsible for a possible
increase in the incidence of Pl resistance found in the sub-
group analysis of Delfraissy et al’s study.'*?' As we have al-
ready said above, thisstudy isdifferent totherest in that it
recruited naive patients, so itsresults cannot be regarded
as equivalent to those of the other trials. Other analyses of
subgroupsin different studies show adherence to treatment
to be the best predictor of virological response, followed by
CD4 nadir levels below 100 cells/ pl.222 In our study we were
unable to analyze Pl resistance as a result of mutations, ow-
ing to the variations in the data presented in the studies,
depending on their methodology. Some studies performed
an analysis of resistance on all the patients who experienced
therapeutic failure, while others only analysed an incom-



Meta-analysis of the effectiveness of the strategy of monotherapy with boosted protease inhibitorsin HIV+ patients 243

plete sample of cases of failure or they only analysed pa-
tients receiving monotherapy (Table).

With respect to safety, the studies have confirmed that
the patients treated with LPV/r monotherapy improved
their quality of life and had fewer adverse effects, one of
which was lipodystrophy. .24

With regard to efficiency, there are two advantages,
which are unquestionably related in terms of costs: 1) the
first isthat, asthe risk of the adverse effects of NRTI are
reduced in the medium or long term, their associated costs
are reduced and 2) the second is the reduction in the direct
costs associated with ART. With respect to the former, inthe
study by Libre Codina et al,® calculating what the equiva-
lent cost would be for our service, we quantified the total
average costs due to adverse events associated with NRTI,
over a period of 12 months, as 2,223 euros/ year. Those
which have the greatest economic impact are associated
with lipoatrophy, mixed lipodystrophy and peripheral neu-
ropathy. The supression of nucleoside analoguesin an ART
regime, in conjunction with viral replication control, would
contribute to lowering these costs which are related to their
toxicity. As far as the reduction of total direct costs is con-
cerned, it isevident that a reduction in the number of drugs
used for ART will result in a reduction in the final cost of
treatment and the magnitude of the difference in both the
pilot study and one or two clinical trials has been quanti-
fied.%%

The limitations of the present study are the small number
of RCT which have currently been published, the lack of
homogeneity of their protocols, and the lack of data pro-
vided by the studies for resistance analysis, and other fac-
tors which facilitate the selection of subgroups of patients
who would benefit most from this strategy.

To summarize, simplification to monotherapy, reintroduc-
ing drugs which are used in conjuntion with LPV/ r in cases
of viral rebound, has demonstrated a similar efficacy to
combined treatment in clinical trials and in normal clinical
practice. Lack of adherence isthe factor which hasthe most
influence on the virological failures that occur with this
treatment regime. Should the same strategy be employed
with DRV/r, its validity has been demonstrated in clinical
trials, but specific studies which show its possible limita-
tions, should there be any, and how to maintain its efficacy
in the long term are needed.
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