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Abstract

Int roduct ion:  The obj ect ive of  t his study is t o analyse t he available evidence regarding t he 
ef fect iveness of the st rategy of induct ion maintenance with boosted protease inhibitors with 
ritonavir in adult  HIV pat ients as compared to convent ional t reatment .
Met hods:  We performed a met a-analysis of  randomised cont rol led t rials in HIV pat ient s t o 
compare the eficacy of a monotherapy strategy of boosted protease inhibitors as compared 
wit h convent ional ant iret roviral  t herapy.  The l i t erat ure search was conduct ed in PubMed, 
EMBASE (September 1999-September 2009) and in conference abst racts of the last  5 years. The 
Odds Ratio of treatment failure and their 95% conidence intervals were calculated. To combine 
the results of individual studies selected, a ixed effects model based on the Mantel-Haenszel 
met hod or  random ef f ect s was used,  depending on whet her  or  not  t he resul t s were 
heterogeneous. 
Result s: 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 conidence 
interval close to the limits of statistical non-signiicance. 
Conclusion: The result s of  the combined effect iveness analysis in the meta-analysis found no 
signiicant differences between the conventional strategy and monotherapy. This strategy is 
considered recommended (level A evidence) in pat ients with no history of  previous failure of 
protease inhibitor,  with undetectable plasma viral load and signs or symptoms of nucleoside/
nucleotide toxicity.
© 2009 SEFH. Published by Elsevier España, S.L. All rights reserved.
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Introduction

After over 20 years of  cl inical studies using ant iret roviral 
drugs at  every stage of human immunodeficiency virus (VIH) 
infect ion, either as monotherapy or in combinat ions of 2, 3 
or more drugs, it  has been clearly established that  ant iret -
roviral  (ART) t reat ment  wit h combinat ions of  at  least  3 
drugs is the t reatment  of choice for HIV infect ion. There is 
solid evidence that  this t reatment  st rategy delays clinical 
progression, reduces hospital admissions and it s associated 
costs, and signif icant ly increases survival.1

Nevertheless, despite these unquest ionable advantages, 
indef init e ant iret roviral combinat ion t reatment  creates a 
rigid therapeut ic scenario with it s own inherent  problems. 
First ly, adherence to ART plays a key role in the degree and 
durat ion of the ant iviral response.2 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 t hat  fai l  t o suppress viral  repl icat ion. 3,4 Last ly,  t he 
toxicity of antiretroviral drugs in the medium and long term 
is also a limit ing factor which obliges us to seek new thera-
peut ic opt ions that  maintain the same ant iviral potency. 5

The current  situat ion, therefore, is that  a high percent -
age of  pat ients who init iate ant iret roviral t reatment  face 
t he prospect  of  t herapeut ic failure (virological,  immuno-

logical or clinical), which demands a rapid change of t reat -
ment  in order to avoid mutat ions and an increase in plasma 
viral load. The goal of therapy is to reattain maximum viral 
supression by instat ing a new ant iviral combinat ion of  two 
or three fully act ive drugs, in conj unct ion with other drugs 
which have already been used in the pat ient  but  which con-
t inue to show act ivity (resistance studies) and are well tol-
erated.  This process of  cl inical evolut ion means that  cur-
rent ly,  despit e having nearly 25 di f ferent  ant iret roviral 
drugs,  each wit h a dif ferent  mechanism of  act ion (at  t he 
level of the viral replicat ion cycle), at  our disposal, there is 
st i l l  an overriding need to cont inue to look for new drugs 
that  permit  last ing viral replicat ion cont rol.  

In cont rast  to this convent ional way of using ant iret roviral 
drugs, other st rategies which are dif ferent ,  more dynamic 
and enable bet ter adaptat ion of  ART to the immunological 
status of the pat ient , achieving added advantages in terms 
of toxicity and ART adherence, have been tried. 

One of the st rategies which at tempts to employ ant iret ro-
viral  drugs in a dif ferent  way is t he so-cal led induct ion-
maintenance st rategy,  which we can def ine as t he use of 
ant iret roviral  medicat ions in two dif ferent  st ages,  which 
are applied sequent ially: 1) an induct ion phase, which coin-
cides with the start  of ART and the aim of which is to obtain 
a virological  response (undet ect able plasma viral  load), 

Meta-análisis sobre la eicacia de la estrategia de monoterapia con inhibidores de la 
proteasa potenciados en pacientes VIH+

Resumen

Int roducción: El objetivo del presente trabajo es analizar la evidencia disponible sobre la eica-
cia de la est rategia de inducción mantenimiento con inhibidores de proteasa potenciados con 
ritonavir en pacientes adultos VIH respecto al t ratamiento convencional.
Mét odos: Se realizó un meta-análisis de ensayos aleatorizados y cont rolados en pacientes VIH 
para comparar la eicacia de una estrategia de monoterapia con inhibidores de proteasa poten-
ciados frente al tratamiento antirretroviral convencional. La búsqueda bibliográica se realizó 
en PubMed, EMBASE (sept iembre 1999-sept iembre 2009) y en resúmenes de congresos de los 
últimos 5 años. Se calcularon los Odds Ratio del fracaso terapéutico y sus intervalos de conian-
za del 95%. Para combinar los resultados de los estudios individuales seleccionados, se empleó 
un modelo de efectos ijos basado en el método de Mantel-Haenszel o de efectos aleatorios, en 
función de que exista o no heterogeneidad en los resultados.
Result ados: Se localizaron inicialmente un total de 1.510 publicaciones, de las que solo 8 estu-
dios cumplieron los criterios de inclusión en el meta-análisis.  El Odds Rat io 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 conianza cercano a los límites de la no signi-
icación estadística.
Conclusión: Los resultados del análisis de eicacia combinado en el meta-análisis no encuentran 
diferencias signiicativas entre la estrategia convencional y la monoterapia. Esta estrategia se 
considera recomendable (nivel A de evidencia) en pacientes sin historia de fracaso previo a in-
hibidores de la proteasa, con carga viral plasmática indetectable y signos o síntomas de toxici-
dad por análogos de nucleósidos/ nucleót idos.
© 2009 SEFH. Publicado por Elsevier España, S.L. Todos los derechos reservados.
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minimizing the risk of resistance and encouraging rapid im-
mune reconst itut ion and 2) a maintenance phase, in which, 
af t er achieving t he induct ion phase obj ect ive,  t he ART is 
modif ied and simplif ied, 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  ant iret roviral t reatment ,  the f irst  clini-
cal t rials to invest igate the possible ef f icacy of  this st rate-
gies were patent  failures6-8 and they demonst rated that  an 
induct ion-maint enance st rat egy cannot  be appl ied using 
drugs with a low genet ic (lamivudine) and/ or pharmacoki-
net ic barrier (nelf inavir and indinavir).  The subsequent  de-
velopment  of  rit onavir-boosted protease inhibitors (PI) re-
vived the hypothesis t hat  monotherapy wit h one of  t hese 
drugs (maintenance) could be enough to maintain cont rol 
of  viral repl icat ion ef fect ively and safely,  once such con-
t rol had been achieved with a classic combinat ion ART (in-
duct ion). 

Out  of  al l  t he boost ed PI,  r i t onavir-boost ed lopinavir 
(LPV/ r), with its high potency and high genet ic and pharma-
cokinet ic barriers, is the benchmark drug. Consequent ly, it  
was the best option for experimentally testing the mono-
t herapy st rat egy.  The recent  incorporat ion of  r i t onavir-
boosted darunavir (DRV/ r) into clinical pract ice and the in-
vest igat ion of it s use in the abovement ioned st rategy have 
also made it  a suitable candidate for research purposes. The 
result s of  t he cl inical st udies and t rials which have been 
conducted to date have meant  that , in the current  ant iret -
roviral t reatment  recommendat ions of the GESIDA group of 
experts and the National AIDS Plan,1 simplif icat ion to lopina-
vir/ ritonavir or darunavir/ ritonavir monotherapy is consid-
ered a viable opt ion in pat ients with no previous history of 
PI failure,  an undetectable viral plasma load for 6 months 
and signs and symptoms of nucleoside/ nucleot ide analogue 
toxicity [level A recommendation (based on data from rand-
omized and cont rolled studies)].

The success of  t his st rategy and it s inclusion as a t reat -
ment  recommendat ion mean it  is current ly regarded as the 
only new t reatment  st rategy which offers an alternat ive to 
indefinite, rigid ART, which can only be modif ied in cases of 
toxicity or therapeutic failure. 

Consequent ly, the aim of this systemat ic review and me-
ta-analysis is to analyze the available evidence on the eff i-
cacy of  t he PI-boosted monotherapy based st rategy com-
pared to convent ional ant iret roviral t reatment  in t he HIV 
pat ient . 

Methods

Selection criteria

A bibliographical search was made of randomized and con-
t rol led studies,  in which a PI-boosted monotherapy st rat -
egy was compared with convent ional ART. Studies in which 
informat ion related t o ef f icacy was available in t he form 
of a publicat ion or presentat ion at  a congress were includ-
ed in the analysis.  The study select ion criteria were as fol-
lows: 

1) A randomized and cont rolled design 
2) Minimum duration of the trial of 48 weeks

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

Information sources and search strategy

To ident ify relevant  studies the PubMed and EMBASE data-
bases were searched,  using ‘ HIV prot ease inhibi t ors or 

r i t onavir  boost ed and (HIV or HIV inf ect ions) and (mono-

t herapy or single agent  or single drug or alone or simpl i -

f ied) and humans’ as descriptors. The bibliographical search 
was conducted from September 1999 to September 2009. 

In addit ion,  t he congress report s of  t he Conf erence on 

Ret roviruses and Opport unist ic Infect ions (CROI), the Euro-
pean AIDS Clinical Society and the Internat ional AIDS Society 
issued in the last  5 years were reviewed. A search was also 
made of  informat ion sources about  t he result s of  ongoing 
cl inical t rials which were available on the internet  (www.
cliniclat rials.gov). 

Furthermore, relevant  reviews and editorial art icles pub-
lished in maj or medical j ournals (AIDS, JAIDS, J Infect  Dis, N 
Engl J Med, the Lancet ) in the last  year were ident if ied and 
their content was examined to identify possible information 
about  t rials which might  be of  int erest .  In st udies which 
were the subj ect  of various publicat ions, we used the data 
corresponding to the longest  period of t reatment . 

We only selected art icles which were published in English 
and Spanish. 

Selection of studies

Three reviewers (SFJ, SDA and SGC) independent ly reviewed 
the informat ion sources that  were available, select ing 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 evaluat ing ef f icacy in the combined 
analysis was therapeut ic failure.  Ef f icacy was assessed by 
intent ion to t reat  (ITT) analysis and it  included all t he pa-
t ients in each t reatment  regime who received at  least  one 
dose. Therapeut ic failure was defined as cases with a VL>50 
copies/ ml and pat ient s who abandoned the study for any 
reason or whose t reatment  was changed. 

The target  populat ion for t he study consisted of  HIV-in-
fect ed pat ient s wit hout  any init ial  l imit at ion t hat  might  
compromise their inclusion in t he meta-analysis,  t he only 
dif ference which was taken into account , in the sensit ivit y 
analysis,  being whether pat ients were t reatment -naive or 
had been previously t reated. The convent ional ART group, 
which received 2 or 3 ant iret roviral drugs in combinat ion, 
served as the cont rol.  

Statistical analysis

Odds Rat ios (OR) and their 95% confidence intervals (CI) 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 stat ist ically signif i-
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cant  heterogeneity (P<0.1) in the results, was employed. To 
est imate and quant ify heterogeneity amongst  the dif ferent  
st udies Cochran’s Q stat ist ic and t he I st at ist ic were em-
ployed,2 so that  25%, 50% and 75% corresponded to low, mod-
erate and high levels of heterogeneity, respect ively.9 The pos-
sible existence of publication bias10 was evaluated visually by 
means of a funnel graph to contrast  the effect  of studies (OR) 
with their standard errors.11 Finally, three sensit ivity analyses 
were performed, repeat ing the combined analysis,  f irst ly 
without  studies with different  inclusion criteria for pat ients, 
secondly eliminat ing the studies with the smallest  sample 
sizes and f inal ly separat ing st udies,  depending on t he PI 
which was used. The stat ist ical analysis was performed using 
the SPSS stat ist ics® software (version 17.0) and the Review 
Manager software (version 5.0) (Cochrane Collaborat ion). 

Results

Selection of studies and main characteristics 

Init ially a total of 1,510 publicat ions were located but  only 
8 studies12-19 met  t he met a-analysis inclusion crit eria,  as 
shown in Figure 1. A total of  1,071 pat ients, 577 (53.9%) in 
t he monotherapy t reatment  group and 494 (46.1%) in t he 
combinat ion ART group, part icipated in the randomized and 
cont rol led t rials (RCT) included in t he meta-analysis.  The 
data from the t rial by Pulido et  al12 are included in the study 
by Arribas et  al13 because they are part  of the same research 
study, which was published after 48 and then 96 weeks. The 
PI used in monotherapy during the maintenance phase was 
lopinavir/ritonavir in six12-17 and darunavir/  ritonavir in two 
of the studies.18,19

The main characterist ics and inclusion criteria for these 
t rials are summarized in t able 1.  The chief  dif ferences in 
study design are: dif ferent  durat ion of the t reatment , rang-
ing from 48 to 96 weeks, different baseline characteristics 
of pat ients when they were included in the t rial and, f inally, 
whether or not  there was an ART induct ion t reatment  phase, 
and it s durat ion, prior to pat ients being randomized to re-
ceive monotherapy. If  the induct ion period is taken into ac-
count , only Delfraissy et  al’s study14 includes t reatment -na-
ive pat ients with no previous ART induct ion t reatment . 

Analysis of eficacy

The t herapeut ic fai lure ORs for t he dif ferent  st udies are 
shown in Figure 2. Stat ist ical signif icance is not  reached in 

any of the studies, there being a wide dispersion in the con-
f idence interval in the studies by Arribas et  al15 and Nunes et  
al,16 owing to their small sample size. The stat ist ical analy-
sis of  heterogeneit y was not  signif icant  (Figure 2),  so t he 
Mantel-Haenszel method was used.  The combined OR for 
the 8 studies is 1.39 (CI 95% 1.02-1.90) and it is biased in 
favour of the convent ional ART t reatment  group, but  with a 
conf idence int erval close t o t he l imit s of  st at ist ical  non-
signif icance.

Sensitivity analysis

Three sensit ivity analyses were performed to evaluate the 
validity of the results.

i  In t he f irst  analysis t he st udy by Delf raissy et  al 14 was 
ruled out , as it  was the only one which included pat ients 
who had received no previous t reatment .  The weighted 
OR is 1.37 (CI 95% 0.98-1.92), which falls outside of the 
l imit  of  st at ist ical  signif icance and t he het erogeneit y 
analysis is not  signif icant . 

i  In t he second sensit ivit y analysis t he st udies wit h t he 
smallest  sample sizes were ruled out . 15,16 The weighted 
OR is 1.32 (CI 95% 0.96-1.83) and the analysis of hetero-
geneity between samples is not  signif icant . 

i  Finally,  t he studies were separated according to t he PI 
which was used in monotherapy. A weighted OR of  1.27 
(CI 95% 0.74-2.17) was obtained for darunavir/ rit onavir 
and an OR of 1.46 (CI 95% 0.99-2.14) for lopinavir/ ritona-
vir, the heterogeneity analyses proving non-signif icant  in 
both cases.

Publication bias

The publ icat ion bias resul t s in t he funnel  graph show a 
sl ight ly asymmet rical dist ribut ion.  This seems to indicate 
the possible existence of what is known as the ‘small studies 
effect ’ ,  which ref lects a variat ion between the effect  found 
in smal l  st udies in comparison t o big st udies (Figure 3). 
These studies with a smaller sample size,15,16 which are dis-
persed throughout  the graph, are the ones which were elim-
inated in the second sensit ivity analysis.

Discussion

The combined eff icacy analysis results in the meta-analysis 
failed to pick up signif icant  dif ferences between the con-

Publications downloaded:

– Reviews: 475
– Discussion papers: 135
– Languages: 15 (other than English or Spanish)
– Studies which failed to meet criteria: 876

– Boosted PI monotherapy
– Minimum duration of 48 weeks
– Randomized controlled trial
– VL cut-off point 50 copies/ml

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

Studies included: 8

Figure 1 Select ion of studies. PI indicates protease inhibitor; VL, viral load (copies/ ml).
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vent ional st rategy and monotherapy. The only dif ference is 
t hat  t he weighted OR is sl ight ly higher,  with a 95% CI,  ap-
proximating the limits of non-significance, which became 
insignif icant  when the sensit ivity analysis ment ioned above 
was performed.  The result s of  t he analysis establ ish t hat  
both t he st rategy of  simplif icat ion t o LPV/ r and t o DRV/ r 
manage t o keep t he PVL suppressed in a considerable 
number of pat ients and, in the case of LOP/ r, for a long pe-
riod of t ime. 

This form of simplif icat ion has advantages in aspects re-
lat ed t o cl inical ef f icacy and safet y,  and also in t erms of 
eff iciency (cost / eff icacy rat ios). 

Wit h respect  t o ef f icacy,  t he only l imit at ion wort hy of 
ment ion is t he great er incidence of  low-grade viraemia 
(50-500 copies/ ml) and this is only found in the studies us-
ing LOP/ r.  Therefore, this st rategy is only recommended at  
present as an alternative for cases where there is toxicity 
or int olerance t o adj unct ive drugs. 1 Al l  t he st udies show 
t hat  t he increase in CD4 lymphocyt es is no lower in pa-
t ient s receiving LOP/ r monotherapy t han in pat ient s who 
are maint ained on st andard t r iple t herapy,  so,  in any 
event ,  t his low-grade viraemia does not  appear t o af fect  
t he immunological  recovery of  t hese pat ient s.  Furt her-
more,  in t he maj orit y of  cases,  t his low level of  viraemia 
was not  associated with the appearance of  resistance mu-
t at ions.  In t he case of  LOP/ r,  i t  does not  seem t hat  t his 
low-grade viraemia is related to an insuff icient  pharmaco-
logical potency. It s origin is not  ent irely understood, but  it  
appears t hat  inadequate adherence could play an impor-
tant  role,  more so than in pat ients receiving standard t ri-
ple therapy, as the short  half -l ife of  LPV/ r means that  the 
fai lure t o t ake a dose of  medicat ion in monot herapy pa-
t ient s poses a higher risk of  viral  rebound.  What ever t he 
case, the validit y of  this st rategy has also been conf irmed 
in ef f icacy studies in clinical pract ice. 20 

The boosted PI monotherapy st rategy has been crit icized, 
owing to the fact  that  it  may be responsible for a possible 
increase in the incidence of PI resistance found in the sub-
group analysis of Delfraissy et  al’s study. 14,21 As we have al-
ready said above, this study is dif ferent  to the rest  in that  it  
recruited naive pat ients,  so it s result s cannot  be regarded 
as equivalent  to those of the other t rials. Other analyses of 
subgroups in dif ferent  studies show adherence to t reatment  
to be the best  predictor of virological response, followed by 
CD4 nadir levels below 100 cells/ µl.22,23 In our study we were 
unable to analyze PI resistance as a result  of mutat ions, ow-
ing to t he variat ions in t he data presented in t he studies, 
depending on their methodology. Some studies performed 
an analysis of resistance on all the patients who experienced 
t herapeut ic failure,  while others only analysed an incom-

Arribas et al 200515

Nunes et al 200716

Delfralssy et al 200814

Cameron et al 200817

Pulido et al 2008-912-13

Katlama* et al 200919

Arribas* et al 200918
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*Trials with darunavir
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I2 = 0%

4/21

6/30

27/83

54/104

23/100

14/112

20/127

148/577

1/21

3/29

13/53

20/51

22/98

9/113

19/129

87/494

ARTPI monotherapyTrial

OR (95% CI)

4.71 (0.48-46.22)

2.17 (0.49-9.64)

1.65 (0.68-3.99)

1.48 (0.68-3.22)

1.08 (0.55-2.14)

1.67 (0.85-3.31)

1.03 (0.53-2.01)

1.39 (1.02-1.90)** 

1 2 4 6 8 10

Favourable M-IP

OR (logarithmic scale)

Favourable TAR **MH weighting

Number of episodes/total number of patients

Figure 2 ITT analysis of the therapeutic failure variable. 95% CI indicates conidence interval 95%; ART,conventional antiretroviral 
t reatment ; M-PI, protease inhibitor monotherapy; MH, Mantel-Haenszel; OR, odds rat io; PI, protease inhibitor.
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plete sample of  cases of  failure or t hey only analysed pa-
t ients receiving monotherapy (Table). 

With respect  t o safet y,  t he studies have conf irmed that  
t he pat ient s t reat ed wit h LPV/ r monot herapy improved 
their qualit y of  l ife and had fewer adverse ef fects,  one of 
which was lipodyst rophy.17,24

Wit h regard t o ef f iciency,  t here are t wo advant ages, 
which are unquest ionably related in terms of costs:  1) the 
f irst  is t hat ,  as the risk of  t he adverse ef fect s of  NRTI are 
reduced in the medium or long term, their associated costs 
are reduced and 2) the second is the reduct ion in the direct  
costs associated with ART. With respect  to the former, in the 
study by Libre Codina et  al, 25 calculat ing what  the equiva-
lent  cost  would be for our service, we quant if ied the total 
average costs due to adverse events associated with NRTI, 
over a period of  12 mont hs,  as 2,223 euros/ year.  Those 
which have t he greatest  economic impact  are associated 
with lipoatrophy, mixed lipodystrophy and peripheral neu-
ropathy. The supression of  nucleoside analogues in an ART 
regime, in conj unct ion with viral replicat ion cont rol, would 
cont ribute to lowering these costs which are related to their 
toxicity. As far as the reduction of total direct costs is con-
cerned, it  is evident  that  a reduct ion in the number of drugs 
used for ART wil l  result  in a reduct ion in t he f inal cost  of 
t reatment  and the magnitude of the dif ference in both the 
pilot  study and one or two cl inical t rials has been quant i-
f ied.26,27

The limitat ions of the present  study are the small number 
of  RCT which have current ly been publ ished,  t he lack of 
homogeneit y of  t heir protocols,  and the lack of  data pro-
vided by the studies for resistance analysis, and other fac-
tors which facil itate the select ion of subgroups of pat ients 
who would benefit  most  from this st rategy. 

To summarize, simplif icat ion to monotherapy, reint roduc-
ing drugs which are used in conj unt ion with LPV/ r in cases 
of  viral  rebound,  has demonst rat ed a similar ef f icacy t o 
combined t reatment  in clinical t rials and in normal clinical 
pract ice. Lack of adherence is the factor which has the most  
inf luence on t he virological  fai lures t hat  occur wit h t his 
t reatment  regime. Should the same st rategy be employed 
wit h DRV/ r,  it s val idit y has been demonst rated in cl inical 
t rials,  but  specif ic studies which show it s possible l imit a-
t ions, should there be any, and how to maintain its eff icacy 
in the long term are needed. 
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