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INTRODUCTION

The introduction of highly active antiretroviral
therapy (HAART) has made the most substantial
change in the natural history of HIV-infected in-
dividuals thus far (Palella et al. 1998; Mocroft et
al. 1998, Palella et al. 2006). 
The aim of HAART is to suppress HIV replication
and allow for immune restoration, which secures
patients from acquiring opportunistic infections
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(Mellors et al., 1997; Egger et al., 2002; Phillips et
al., 2007). Thanks to the large number of avail-
able antiretroviral compounds, virologic success
is now generally attainable also in patients with
previous failures and drug resistance (Hicks et al.
2006; Clotet et al., 2007; Lazzarin et al., 2007;
Steigbigel et al., 2008; Pichenot et al. 2012). The
issue of drug resistance is, however, of increas-
ing concern especially in individuals with long-
standing HIV infection who have often been ex-
posed to suboptimal treatment and sequential
monotherapies in the past. These previous treat-
ments often resulted in the accumulation of re-
sistance mutations that might have jeopardized
the effectiveness of subsequent HAART regimens
(Yamashita et al., 2001). Perhaps even more im-
portantly extensive resistance to the three origi-

Resistance of Human Immunodeficiency Virus (HIV) to antiretrovirals is a clinically important issue despite the avail-
ability of five antiretroviral drug classes. Although the incidence of HIV resistance might have stabilized or even de-
creased in patients starting their first Highly Active Antiretroviral Therapy (HAART) regimen in recent years, the
prevalence of failure to the three original antiretroviral classes is estimated to range from 2.1% to 16% after HAART
initiation. International guidelines recommend the use of at least two active drugs in constructing a new antiretrovi-
ral regimen to obtain virologic success, and adding a compound with a different mechanism of action often increas-
es the chances of virologic response. With the introduction of new drug classes and new-generation compounds of old-
er classes in the antiretroviral armamentarium, the chances of achieving virologic success in patients with resistance
to all three original antiretroviral classes are certainly higher than in the past. Patients who experience virologic fail-
ure and show resistance to new antiretrovirals are, however, described both in randomized trials and clinical settings. 
Although HAART regimens using various associations of the newest antiretrovirals led to very high rates of virologic
success in patients with previous failure to all three original drug classes, there are circumstances in which patients
cannot benefit from two fully active drugs, especially after prior exposure to several suboptimal therapies or functional
monotherapies. These patients often need a holding regimen while awaiting new and effective antiretrovirals. 
This article reviews strategies that might be effective options to obtain virologic success in patients with triple class
failure, and treatment strategies for patients who do not have two active drugs to construct a new effective antiretro-
viral regimen after virologic failure. 
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nal antiretroviral classes (triple class resistance)
has been associated with a higher risk of disease
progression and death (Zaccarelli et al., 2005;
Grover et al., 2008; Di Giambenedetto et al., 2008;
Cozzi-Lepri et al., 2008). 
Thanks to the recent availability of several new
drug classes and new generation compounds
within the three original classes, the issue of triple
class failure and resistance might seem less ur-
gent than in the past. However, failure with these
new drugs has been reported both in randomized
trials and in clinical settings (de Meyer et al.,
2008; Cooper et al., 2008; Canducci et al. 2009;
Hatano et al., 2010). The management of such pa-
tients is extremely challenging even for the most
experienced HIV physicians. 
This article will review the possible management
strategies for these patients. Published articles
(either original data or review articles) were
searched for in PubMed using the terms of inter-
est: “HIV”, “resistance”, “virologic failure”, “class
failure”, “triple class failure”, “mortality”, “sur-
vival”, “progression”. Single antiretroviral names
were also searched for as terms of interest to pres-
ent updates on the newest treatment options.
Abstracts presented at recent international con-
ferences were also included for the latest update.
Data from randomized clinical trials and obser-
vational studies were used for this article. 

Epidemiology and risk factors for triple
class failure
Data on the prevalence of triple class failure
(TCF) might change depending on the definition
of triple class failure itself. Older studies tended
to use a looser definition, which defined TCF as
having failed at least one compound of each of
the three original antiretroviral classes. This def-
inition also allowed for inclusion in this catego-
ry patients who had failed a single unboosted pro-
tease inhibitor (PI) or only one nucleoside reverse
transcriptase inhibitor (NRTI). According to this
definition, an overall prevalence of TCF was re-
ported as high as 16% in a large collaborative co-
hort study in the early 2000s (Ledergerber et al.
2004). Similar results were obtained by the
EuroSIDA Study Group: TCF prevalence was
measured in patients starting a HAART regimen
from 1997 to 2003 and an overall prevalence of
13% was observed (Mocroft et al., 2004). A study
from North Carolina University enrolling patients

from 2000 onwards reported an overall preva-
lence of triple class resistance - TCR - (defined as
the presence of at least one resistance mutation
to the three original antiretroviral drug classes) of
7.6% (Napravnik et al., 2007). When TCR preva-
lence was estimated only considering patients
with available genotype, results ranged from 6.6%
prevalence in the UK Collaborative HIV Cohort
(Jones et al., 2008), to 13% in an American co-
hort in the late 1990s (Richman et al., 2004), to
20% in the North Carolina University Study, and
was reported as high as 27% in a recent CDC re-
port (Buchacz et al., 2012).
Using a more stringent definition of TCF (having
failed at least one ritonavir boosted PI, one NNR-
TI and one compound of each subclasses of
NRTIs: zidovudine and stavidine; lamivudine and
emtricitabine; didanosine, tenofovir and aba-
cavir) Phillips and colleagues found an overall
prevalence of TCF as high as 2.1% (Phillips et al.,
2007). In this and the previous studies, the rate of
TCF was higher in patients with previous evi-
dence of virologic failure than in those who had
not experienced failure previously. 
Recently, the Pursuing Later Treatment Options
II Project (PLATO II) from the CHOERE Group
examined the risk of TCF in previously naïve pa-
tients who started HAART starting from 1998 and
found an overall TCF prevalence of 3.0% over a
follow-up period of 4 years (Pursuing Later
Treatment Options II (PLATO II) project team et
al., 2012). A British Columbia Study evaluated
TCR in previously naïve patients starting their
first HAART regimen from January 2000 on and
found a 1.9% prevalence in patients with avail-
able genotypes (Lima et al., 2010). 
As for the incidence of TCF over time, The
EuroSIDA Study Group estimated an incidence
of TCF of 1.6 cases/100 person years of follow-up
(PYFU) and of 3.9 cases/100 PYFU in treatment-
naïve and treatment-experienced patients re-
spectively (Mocroft et al., 2004). The authors
found a constant increased risk of TCF over time
for treatment-naïve patients and a more dynam-
ic evolution for treatment-experienced patients.
In this group of patients there was an increase in
the incidence of TCF in the first three years after
HAART initiation with a peak in the 2 to 3 year
period. After that time the incidence remained
substantially stable. 
Conversely, a Danish cohort study found a peak
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in the incidence rate of TCF during the fourth
year of HAART, and declined thereafter during
the study period (Lohse et al., 2005). They also
observed a decline in the prevalence of TCF after
2001, which is in contrast to the EuroSIDA Study
Group finding of a constant increase in the preva-
lence of TCF up to 2003. More recently, the PLA-
TO II group observed an increase in the incidence
rate of TCF in the first 5 years of HAART treat-
ment, rising from 3.9 cases/1000 PYFU in 2000
to 8.8 cases/1000 PYFU in 2005, declining there-
after to an incidence of 5.8 cases/1000 PYFU in
2009 (Pursuing Later Treatment Options II (PLA-
TO II) project team et al., 2012). These results are
consistent with those reported in the North
Carolina University Study considering patients
who developed genotypic resistance to all three
original antiretroviral drug classes. In previously
naïve patients starting an HAART regimen the in-
cidence rate of TCR was 8 cases per 1000 PYFU
(Napravnik et al., 2007). The UK Collaborative
HIV Cohort reported a somewhat higher inci-
dence of TCR at 17% (Jones et al., 2008). In the
smaller British Columbia Cohort the incidence
rate for developing TCR was estimated as 0.9 per
1000 person-months during a median time of fol-
low-up of 23 months (Lima et al., 2010). 
Although not always consistent, mainly due to
differences in measurement methods, these data
collectively suggest that the incidence of TCF
might have plateaued, if not decreased in recent
years, at least in patients starting their first line
treatment as an HAART regimen. This trend is
certainly reassuring for the future evolution of
TCF and TCR, considering that virtually every
HIV-infected patient starts treatment with a
HAART regimen. 
Some of these cohort studies also investigated the
factors associated with a higher risk of develop-
ing TCF: in the EuroSIDA study, higher baseline
HIV-RNA levels and IVDU route of transmission
were associated with a higher risk of TCF in pre-
viously treatment-experienced patients while
higher baseline CD4+ cell count and the number
of new NRTIs in the new HAART regimen were
protective against TCF (Mocroft et al., 2004). In
the same study only higher baseline HIV-RNA
was a risk factor for TCF in previously naïve pa-
tients. 
In the PLATO II Study, which considered only
previously naïve patients, higher baseline HIV-

RNA and lower baseline CD4+ cell count were as-
sociated with a higher risk of TCF. Conversely,
MSM route of transmission and older age at the
time of HAART initiation were associated with a
protective effect. In this study no difference in the
risk of TCF was found according to the drug class
used in the initial HAART regimen (Pursuing
Later Treatment Options II (PLATO II) Project
Team for the Collaboration of Observational HIV
Epidemiological Research Europe (COHERE) et
al. 2010). In the North Carolina University Study,
factors associated with an increased risk for TCR
in previously naïve patients starting a HAART reg-
imen were a higher peak HIV-RNA level, a greater
number of antiretrovirals received and the use of
an unboosted single-PI regimen. In the same
study factors associated with a greater risk of
TCR in previously experienced patients were
again a greater number of antiretrovirals received
and having started treatment with a non-HAART
regimen (Napravnik et al., 2007). The most con-
sistent trend across all these studies seems to be
the higher risk for TCF/TCR in patients who have
high levels of viral replication prior to starting
treatment. Close monitoring to avoid the rapid
selection for resistance mutations should be con-
sidered in patients starting antiretroviral treat-
ment with high HIV-RNA levels. 

Consequences of triple class failure on HIV
disease progression
Since the main mechanism by which HAART had
such great effect on the survival of HIV-infected
patients is suppression of plasma HIV replica-
tion, it is easily predictable that loss of viral sup-
pression in plasma (virologic failure) might have
clinical consequences. Taken to the extreme, the
lack of a chance to obtain virologic suppression
(triple class failure) might have a deep clinical
impact. The clinical consequences of triple class
failure with respect to disease progression and
survival were investigated in a number of stud-
ies and results have not always been consistent. 
The Johns Hopkins cohort did not find any in-
creased risk of death or disease progression in
patients showing extensive antiretroviral drug re-
sistance (identified by the number of mutations)
(Lucas et al., 2004). 
Using a slightly different approach, Recsky and
colleagues examined the prevalence of drug re-
sistance in HIV-infected patients followed at the
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British Columbia HIV/AIDS Drug Treatment
Program. They compared the prevalence of drug
resistance in patients with plasma HIV-RNA >500
copies/ml who died between 1997 and 2001 and
living patients who had a genotype done over the
same period of time. A much higher prevalence of
drug resistance was found in the virologic failure
group (76%) compared to patients who died
(44%). Similarly, the prevalence of triple class re-
sistance was higher in the virologic failure group
compared to patients who died (11% vs 6%)
(Recsky et al., 2004). 
In a study by Zaccarelli et al. the proportions of
patients progressing to death, AIDS-related death
and new AIDS event or death were 27.1%, 21.5%
and 35.9% for patients with three class-wide re-
sistance compared to 8.9%, 6.1% and 16% of pa-
tients with no class-wide resistance. At multi-
variable analysis three class-wide resistance, as
well as HIV-RNA levels prior to resistance test-
ing, were associated with a higher risk of death by
any cause, AIDS-related death and new AIDS
event or death (Zaccarelli et al., 2005). 
Consistent with these data, the Danish HIV
Cohort Study reported a higher risk of mortality
for patients found to have a greater number of
genotypic mutations: the mortality rate ration
was 2.3 (95% CI: 2.1-4.8) for patients harboring
≥9 mutations compared to those who showed <8
mutations in their HIV genotype (Lohse et al.,
2007).
Grover et al. analysed treatment strategies after vi-
rologic failure possibly influencing the outcome.
They studied 692 patients with evidence of mul-
ti-drug-resistance in the UK between 1997 and
2004 and they estimated a mortality rate of 3.7
death/100 PYFU in this population. Changing
therapy with a higher GSS at treatment failure
compared to staying on the same treatment had
a protective effect on subsequent virologic suc-
cess, but not on overall survival (Grover et al.,
2008). 
Although not always consistent in terms of de-
sign, population studied, outcome measure and
follow-up, these data indicate that virologic fail-
ure and drug resistance are associated with poor
clinical outcome and need to be addressed care-
fully. 
Recent data from the PLATO II group show a
more encouraging perspective on the virologic
and clinical outcome of patients experiencing

TCF. They studied 2476 patients who started an-
tiretroviral therapy after 1998 and experienced
TCF. They found a steady increase in the propor-
tion of patients with virologic response after TCF,
rising from 19.5% in 2000 to 57.9% in 2009
(p<0.0001). They also found a significant decrease
in the proportion of new AIDS diagnosis after
TCF over time, and a marked decrease in mor-
tality (Pursuing Later Treatment Option II (PLA-
TO II) project team et al., 2012). 
While earlier data reported no impact of triple
class failure on clinical outcomes, more recent
studies showed how having fewer treatment op-
tions can impact the development of AIDS events
and mortality. On the other hand, the recent avail-
ability of new antiretrovirals has also allowed the
achievement of viral suppression in multi-drug
experienced patients, leading to a decrease in the
incidence of AIDS events and mortality. These da-
ta should reassure clinicians on the good out-
comes such patients can aim for when virologic
suppression is attained. 

Goals and treatment options for triple 
class-experienced patients
Achieving viral suppression 
Until a few years ago sustained virologic sup-
pression was not considered an attainable goal
for treatment-experienced patients. Causes of the
low success rate in experienced patients were the
presence of resistant viral strains, often due to
previous suboptimal therapies; the complexity of
HAART regimens for experienced patients, which
often consisted of a high pill burden at least twice
daily; the lack of new drug classes with different
mechanisms of action or new compounds of old-
er classes with activity against resistant viral
strains. These factors certainly compromised the
efficacy of salvage regimens in the early years of
HAART when PIs were often administered with-
out the ritonavir booster, thereby reducing their
efficacy. 
Nevertheless in past years several new com-
pounds targeting different steps in the life cycle
of HIV besides reverse transcription and proteins
excision became available. In addition, new gen-
eration PIs and NNRTIs retaining activity against
PI and NNRTI-resistant viral strains were recently
approved. 
Phase-III trials of these new compounds showed
a high proportion of virologic success in experi-
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TABLE 1 - Summary of randomized clinical trials evaluating the efficacy and safety of most recent
antiretrovirals in treatment-experienced HIV�infected patients.

Study Number of patients and study design Inclusion criteria Primary endpoint Primary outcome

Resist 1 N = 1529 HIV‐RNA>1000 cp/ml HIV‐RNA reduction ≥1 Study Arm: 34%
and 2 Open‐Label, 1:1 randomization on failing PI‐based ART Log cp/ml at week 48 Control Arm: 15%

Study Arm: TPV/r + OBR, n= 775 Previous treatment p<0.0001
Control Arm: PI/r + OBR, n=754 with ≥1 NRTIs,

NNRTIs and ≥2 PIs

Power 1 N = 255 (pooled analysis for HIV‐RNA>1000 cp/ml Original: HIV‐RNA At week 48
and 2 patients receiving DRV/r on failing PI‐based ART reduction ≥1 Study Arm: 61%

New compounds 600/100 mg BID vs Placebo) Previous failure to ≥1 Log cp/ml at week 24 Control Arm: 15%
of older drug Open‐Label, Randomized NRTIs, NNRTIs and PIs Pooled analysis: p<0.0001
classes Study Arm: DRV/r + OBR, n= 131 ≥1 PI resistance mutations HIV‐RNA reduction ≥1 

Control Arm: PI/r + OBR, n= 124 Log cp/ml at week 48

Duet 1 N= 1203 HIV‐RNA>5000 cp/ml HIV‐RNA<50 Overall Study Arm: 58%
and 2 Double‐blinded, 1:1 randomization on failing ART copies/ml at week 24 Overall Control 

Study Arm: ETV + DRV/r + OBR, n=599 ≥1 NNRTIs and ≥3 Arm: 41%
Control Arm: Placebo + OBR, n=604 major PI resistance p<0.05 in both 

mutations Duet 1 and 2

Toro 1 N= 1013 HIV‐RNA>1000 cp/ml Mean plasma HIV‐RNA Toro 1 Study Arm:
and 2 Open‐Label, 2:1 randomization on failing PI‐based ART change from baseline ‐1.7 Log cp/ml

Study Arm: ENF + OBR, n= 661 Previous treatment at week 24 Control Arm: 
Control Arm: OBR alone, n= 334 with ≥1 NRTIs, ‐0.8 Log cp/ml

NNRTIs and ≥2 PIs Toro 2 Study Arm: 
‐1.4 Log cps/ml
Control Arm: 
‐0.8 Logcp/ml
p<0.001 for 
both studies

Benchmark N = 699 HIV‐RNA>1000 cp/ml HIV‐RNA Overall Study Arm: 72%
1 and 2 Double‐blinded, 2:1 randomization on failing ART <400 copies/ml Overall Control Arm: 37%

Study Arm: RAL + OBR, n= 462 Documented genotypic or at week 16 p<0.001 for both studies
Control Arm: Placebo + OBR, n = 237 phenotipic resistance individually and for the

to ≥1 NRTIs, NNRTIs, PIs combined analysis

New Motivate N = 1049 HIV‐RNA>5000 cp/ml Mean plasma HIV‐RNA Study Arm A: 
antiretroviral 1 and 2 Double‐blinded, 1:1:1 randomization on failing ART change from baseline ‐1.84 Log cp/ml
classes Study Arm A: MVC BID + OBR, n= 426 Treatment experience at week 48 Study Arm B: 

Study Arm B: MVC QD + OBR, n= 414 and documented ‐1.68 Log cp/ml
Control Arm: Placebo + OBR, n= 209 genotypic or Control Arm: 

phenotipic resistance ‐0.79 Log cp/ml 
to at least 3 ARV classes p<0.001 for each
(NRTIs, NNRTIs, PIs, comparison of a MVC
Fusion Inhibitors) Group compared to 

Control Group, both in 
individual stidies and in 
the combined analysis.

Elvitegravir N = 724 HIV‐RNA>1000 cp/ml HIV‐RNA<50 copies/ml Study Arm: 59%
Molina JM, Double‐blinded 1:1 randomization on failing ART ≥6 months at week 48 Control Arm: 58%
2012 Study Arm: ELV + OBR, n= 361 experience or documented p=0.001 for non 

Control Arm: RAL + OBR, n= 363 resistance to ≥ 2 ARV classes inferiority
In both arms, OBR consisted of a PI/r
+ 1 other agent

Abbreviations: TPV/r: Tipranavir/ritonavir; DRV/r: Darunavir/ritonavir; ETV: Etravirine; ENF: Enfuvirtide; RAL: Raltegravir; MVC: Maraviroc; ELV: Elvitegravir; OBR: Opimized Background Regimen; cp/ml:
copies/milliliter; NRTI: Nucleoside Reverse Transcriptase Inhibitor; NNRTI: Non‐Nucleoside Reverse Transcriptase Inhibitor; PI: Protease Inhibitor; PI/r: ritonavir‐boosted PI.



enced patients. Table 1 summarizes the results of
the Phase-III trials for the newest antiretrovirals
approved for treatment-experienced patients.
Consistently in all these studies, higher propor-
tions of virologic success were observed when
two or more active antiretrovirals were part of
the new regimen and when at least one of them
belonged to a new drug class (Hicks et al., 2006;
Clotet et al., 2007; Lazzarin et al., 2007; Steigbigel
et al., 2008; Pichenot et al., 2012). 
The availability of such new drugs increased the
possibility of sustained virologic suppression in
experienced patients to a great extent and HIV-
RNA<50 copies/ml is now the recommended goal
for treatment-experienced patients as well as for
naïve patients (Panel on Antiretroviral Guidelines
for Adults and Adolescents. Department of Health
and Human Services. 2012). 
As an example of such sustained virologic suc-
cess, Eron et al. recently presented the 5-year ef-
ficacy results of raltegravir for treatment-experi-
enced patients. Overall, in the ITT analysis, 42%
of the 462 patients randomized to raltegravir had
HIV-RNA<50 copies/ml, compared to 16% of the
237 patients in the control arm and 80% of the
199 patients in the raltegravir arm, who achieved
HIV-RNA<50 copies/ml at week 16, continued to
show virological suppression after 5 years of
treatment (Eron et al., 2012).
Data on the feasibility of achieving sustainable
viral suppression in drug-experienced patients do
not only come from randomized clinical trials,
but also from observational studies of clinical
practice. A study at the University of Alabama an-
alyzed the effectiveness of the introduction of a
novel antiretroviral treatment for three-class ex-
perienced patients. Patients treated with
darunavir/ritonavir were 4.24 times more likely
to achieve virologic suppression compared to oth-
er non-PIs strategies (McKinnell et al., 2009). 
Efficacy of raltegravir plus OBT in multidrug-ex-
perienced patients has been assessed in clinical
practice as well. A study from the French ANRS
CO3 Aquitaine Cohort showed a 78% virologic
response frequency and a median 57 cells/mm3

CD4+ Tcells increase after 24 weeks of treatment
(Wittkop et al., 2009). 
Similar promising results were also shown re-
cently from an HIV Swiss Cohort Study, where
the authors studied 123 multi-experienced pa-
tients starting raltregravir treatment as either part

of a new suppressive regimen or for treatment
simplification reasons. 72% and 96% of patients
in whom raltegravir was included in a new sup-
pressive regimen or for simplification strategy
had virologic success after 24 weeks of treatment
respectively (Scherrer et al., 2009). 
A study form Spain recently evaluated the effica-
cy of etravirine in drug-experienced patients re-
porting a 73% treatment response (HIV-RNA <50
copies/ml) at week 48 (Santos et al., 2011). Data
from the Etravirine Early Access Program in the
United States also showed the efficacy of
etravirine in drug-experienced patients. The re-
sponse rate in patients who received etravirine
without either raltegravir or darunavir/ritonavir
was 62.3 % at week 48 (Towner et al., 2010).
High rates of virologc success were also reported
in clinical practice for maraviroc. In a Study from
the University of Düsseldorf, 80% of drug-expe-
rienced patients failing their current regimen and
harboring an R5-tropic virus, achieved HIV-RNA
<50 copies/ml after 6 months of a new maravi-
roc-including HAART (Reuter et al. 2010). A
Spanish sudy evaluating 46 patients failing their
current regimen and harboring and R5-tropic
virus reported a proportion of virologic success of
96% after 48 weeks of treatment (Genebat et al.,
2010). 
Despite the wide availability of new drugs in the
recent past, only few additional new antiretrovi-
rals are currently in clinical trials for multi-expe-
rienced HIV-infected patients. 
Dolutegravir is a second generation integrase in-
hibitor which showed a potentially higher genet-
ic barrier to resistance in vitro compared to ral-
tegravir or elvitegravir (Kobayashi et al., 2011;
Canducci et al., 2011). Dolutegravir is currently
being studied in clinical trials for efficacy and
safety. In a phase 2 international study which en-
rolled 205 treatment-naïve patients, all dolute-
gravir once-daily dose groups showed a similar
efficacy in the primary analysis at week 16 (van
Lunzen et al., 2012). The VIKING trial is an on-
going study evaluating the efficacy and safety of
dolutegravir in integrase inhibitor-resistant, mul-
tidrug-experienced patients. Preliminary results
suggest that dolutegravir maintains its efficacy
against viral strains with major integrase in-
hibitors resistance mutations. 183 subjects with
current (n=124) or historical (n=59) resistance to
raltegravir and documented resistance to ≥2 oth-
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er ART classes were enrolled in the study. The pri-
mary endpoint was antiviral efficacy measured
as mean HIV-RNA decline at day 8 (patients op-
timized their OBR at that time point) and as the
proportion of patients with HIV-RNA <50
copies/ml at week 24. Mean HIV-RNA declined
by 1.4 log10 c/mL (95% CI: 1.3, 1.5; p<0.001) at
day 8, with 82% of patients showing >1 log HIV-
RNA decline or <50c/mL at the same time point.
Of the 114 subjects who completed 24 weeks on
study or discontinued before data cutoff, 72
(63%) had <50 c/mL RNA at week 24. Although
results varied according to the number and type
of resistance mutations in the integrase gene at
baseline and the overall susceptibility score, do-
lutegravir represents a promising second line in-
tegrase inhibitor (Nichols et al., 2012).

Combining new antiretrovirals
All the phase III trials testing the efficacy and
safety of new antiretrovirals usually add the in-
vestigational compound to an OBT based on the
resistance testing. Having a single active agent in
a new regimen is not generally recommended be-
cause it leads to rapid selection of resistance mu-
tations. However, in recent phase III trials 15%
to 28% of patients had the investigational agent
as the only active compound in the regimen as
measured by either genotypic or phenotypic sen-
sitivity score. These patients had a consistently
lower rate of response across all trials (Hicks et al.
2006; Clotet et al., 2007; Lazzarin et al., 2007;
Steigbigel et al., 2008; Pichenot et al., 2012). 
Patients who still have active agents among PIs
and NNRTIs may benefit from adding a recently
approved compound to an OBT containing older
PIs, NRTIS or NNRTIs (Panel on Antiretroviral
Guidelines for Adults and Adolescents.
Department of Health and Human Services.
2012). 
For example, in the UTILIZE study Baxter and
colleagues showed that 59% of treatment-experi-
enced patients failing a PI-based regimen had vi-
ral strains harboring PI resistance and the ma-
jority of these patients’ viruses remained sensi-
tive to the newer PIs, either tipranavir or
darunavir (Baxter et al., 2010). 
Furthermore, due to the potential overlap in mu-
tations conferring resistance to tipranavir and
darunavir, the question as to whether a
darunavir/ritonavir-based regimen is effective af-

ter tipranavir/ritonavir failure is of clinical sig-
nificance. Our group studied patients failing a
tipranavir/ritonavir-based regimen and found that
only 19.2% of patients showed an increase in the
darunavir resistance score. A 54% response rate
was observed at week 24 in patients subsequent-
ly starting a darunavir/ritonavir based-HAART
(Spagnuolo et al., 2009).
For patients who do not have active compounds
in the three original antiretroviral classes, recent
data from our and other groups showed the effi-
cacy and safety of combining new compounds
only in a fully active regimen. 
In the TRIO trial (Yazdanpanah et al., 2009),
Yazdanpanah and colleagues studied 103 treat-
ment-experienced patients who started a new
HAART regimen based on darunavir/ritonavir,
etravirine and raltegravir. Patients were heavily
pretreated and 43% were classified as CDC stage
C. The efficacy of the new regimen was shown
both at weeks 24, 48 and recently 96 of treatment
(Fagard et al., 2012): 90%, 86% and 88% of pa-
tients had HIV-RNA <50 copies/ml at each time
point. Although they did not have a specific con-
trol group for this study, the authors argued that
such efficacy results are higher than the results
obtained in other studies of treatment-experi-
enced patients and approach results obtained
with naïve patients. 
Similar results were obtained by Imaz and col-
leagues (Imaz et al., 2009). The authors followed
32 three class-experienced patients with a medi-
an of nine previous HAART regimens and across
thirteen years of therapy starting darunavir/ri-
tonavir, raltegravir and etravirine. At week 24
HIV-RNA was less than 50 copies/ml in 94% of
patients. The same group also reported data on
an extended cohort of multi-experienced patients
starting a new HAART regimen with a combina-
tion including at least three drugs among the
most recently approved (darunavir/r, etravirine,
raltegravir, maraviroc) reporting an overall viro-
logical suppression rate of 78% at week 48 (Imaz
et al., 2011). The association of these three new
compounds was also tested in a group of twelve
adolescents with perinatal HIV infection and a
multidrug-resistant viral strain (Thuret et al.,
2009). At week 48 a less robust percentage of vi-
rologic success was observed: 50% of patients had
HIV-RNA <50 copies/ml. Nonetheless, 92% had
HIV-RNA <400 copies/ml. 
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Florence et al. reported data on the efficacy of
new antiretroviral combination strategies from
the Etravirine Early Access Program in Europe.
70% of patients who were prescribed etravirine in
association with darunavir/ritonavir and ralte-
gravir, with or without background NRTIs,
achieved virological success at week 24 (Florence
et al. 2010). Similarly, Towner and colleagues re-
ported data from the Etravirine Early Access
Program in the United States. In the subgroup of
patients who started a new HAART with
etravirine, darunavir/ritonavir and raltegravir the
proportion of virologic success at week 48 was
64% (Towner et al., 2010).
Our group recently reported the results on effica-
cy and safety of the combination of raltegravir,
etravirine and maraviroc in heavily pretreated pa-
tients harboring R5 tropic virus (Nozza et al.
2010). Patients had been HIV-infected for a me-
dian of 17 years and had been on antiretrovirals

for a median of 14. At week 48, 93% of patients
had HIV-RNA<50 copies/ml and all of them had
HIV-RNA<400 copies/ml. These results were con-
firmed in the recently published extended 96-week
follow-up of this cohort of patients (Nozza et al.
2011). Figure 1 summarizes the efficacy results of
these new antiretroviral combination studies.
Concerns regarding the potential pharmacokinetic
(PK) interactions when combining new anti-
retrovirals might arise, given the common meta-
bolic pathway of most of them. Both darunvir/ri-
tonavir, etravirine and maraviroc are substrates
of the cytochrome P-450 isoenzyme, with
etravirine being an inducer and darunavir/riton-
avir being a inhibitor. Raltegravir is metabolized
via hepatic glucuronidation, nonetheless interac-
tions with cytochrome P-450 substrates have been
reported (Fabbiani et al., 2011; Goldwirt et al.,
2011; Anderson et al., 2008). In addition, the coad-
ministration of raltegravir and maraviroc led to a
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33% decrease in the Cmax and 37% of AUC for
raltegravir and a 20% decrease in the Cmax and
14% of AUC for maraviroc when compared to the
separate administration of these two compounds
(Andrews et al. 2010). Nonetheless a PK study of
plasma samples from ten HIV-infected, drug-ex-
perienced patients treated with darunavir/riton-
avir, raltegravir and etravirine failed to reveal detri-
mental drug-drug interactions (Barrail-Tran et al.,
2010). A collaboration between our group and the
University of Turin evaluated the PK profiles of
32 patients treated with the NRTIs- and PIs-spar-
ing regimen consisting of raltegravir, etravirine
and maraviroc. Results showed no significant
change in the PK parameters for either drug was
observed over 48 weeks of treatment, nor any cor-
relation between antiretroviral Ctrough concentra-
tion and any efficacy or safety parameter
(Calcagno et al., 2011). These PK data and the
promising results in terms of virological efficacy,
immunological recovery and safety profiles,
should reassure practising physicians on the fea-
sibility of new antiretroviral combination strate-
gies.

Holding regimens for patients without effective
drug options
Patients harboring viral strains resistant to all or
almost all antiretrovirals are an existing, although
small, subset of patients in the majority of clini-
cal settings. However, failure and resistance to
newer compounds is shown in all the most re-
cent phase-III trials as well as in clinical settings
and there is a subset of patients who do not cur-
rently have valid treatment options to be re-sup-
pressed. Management of such patients is not easy.
Whenever investigational compounds are in de-
velopment, these patients might benefit from be-
ing enrolled in clinical trials. However, this op-
tion is not available in all clinical settings and
very few new antiretrovirals are reasonably ex-
pected on the market in the very near future
(Pozniak 2009). In addition, such heavily pre-
treated patients might already have a virus that is
not susceptible to these new compounds.
Maturation inhibitors, for instance, showed re-
duced activity against PI-resistant viruses
(Lalezari et al. 2008; McCallister et al., 2008) and
elvitegravir is unlikely to be effective in patients
harboring raltegravir-resistant viruses (Shimura
et al., 2008). 

In patients with no effective treatment options,
guidelines consider continuing treatment to pre-
vent CD4+ T cell loss and disease progression.
Cohort studies even suggest that continuing treat-
ment in the absence of an CD4+ cell increase
might decrease the risk of disease progression
(Ledergerber et al., 2004; Raffanti et al., 2004).
However, maintaining treatment in the presence
of viral replication is the main factor responsible
for the emergence of resistance mutations po-
tentially compromising future treatment options
(Kantor et al., 2004; Goetz et al., 2006; Delaugerre
et al., 2012).
This group of patients needs a bridge from their
current failing HAART to the next effective treat-
ment. The following strategies have been investi-
gated as holding regimens which these patients
may be candidates for: 
- using a greater number of antiretrovirals to

achieve a tighter HIV replication control;
- recycling previously used drugs to which the

virus might have reverted resistance mutations
- partial treatment interruption aiming at pre-

venting too great a CD4+ T cells drop.
Using a greater number of antiretrovirals (Mega-
HAART, double PI strategies) was fairly common
in the late 1990s and early 2000s for patients fail-
ing first-generation HAART and showing resist-
ance mutations (Miller et al., 2000; Montaner et
al., 2001; Hammer et al., 2002; Ruiz et al., 2003;
Katlama et al., 2004; Staszewski et al., 2006). Such
strategies, however, became less common over
time because of their numerous side-effects and
thanks to the great efficacy of boosted-PI regi-
mens and second generation compounds. 
The concept of including a high number of anti-
retrovirals in patients with limited therapeutic
options is currently limited usually only to cer-
tain NRTIs which have proved tolerability en-
hancing practicing physicians’ confidence to-
wards their use. In multiclass-experienced pa-
tients, however, it is very rare to have fully active
NRTIs available to build a new HAART regimen,
and the use of additional NRTIs in the salvage
regimen usually revolves into recycling older
compounds. This practice is fairly widespread
among clinicians and the rationale relies on da-
ta suggesting the possibility of a residual antivi-
ral activity despite the presence of resistance mu-
tations, reduced viral fitness when maintaining
certain mutations, or the hypersensitivization ef-
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fect towards other compounds (Miller et al., 2002;
Campbell et al., 2005; Stebbing et al., 2004; Llibre
et al., 2008). With the availability of new ex-
tremely effective antiretrovirals, however, recy-
cling of NRTIs might not be necessary. This was
shown in a recent work by Imaz et al. who re-
ported very similar proportions of virologic sup-
pression in patients who received a new regimen
with two to three fully active drugs regardless of
whether it included partially active NRTIs or not
(Imaz et al., 2011).
Other antiretroviral classes have been investigat-
ed in terms of their potential recycling role. Our
group studied the reintroduction of enfuvirtide
with an OBT in patients with a previous failure to
this compound, and clinical outcomes in mul-
tidrug-resistant patients receiving fewer than
three active drugs who reintroduced ENF com-
pared to those who did not. We observed a high-
er survival probability associated with the recy-
cling of enfuvirtide. We also showed a significant
virologic and immunologic benefit during each
cycle, even in the absence of complete virolgic
suppression (Cossarini et al., 2009).
Very recently, Zhao and colleagues reported on
the outcome of reintroducing raltegravir despite
previous failure of this drug. The proportion of
patients achieving HIV-RNA<50 copies/ml at
week 48 after raltegravir reintroduction was 23%
in patients harboring the H155N mutation only,
similar to what observed in patients showing no
raltegravir signature mutations (22%), and much
higher than patients harboring the Q148H/K/R
only: 4%. The authors concluded suggesting the
possibility for certain subsets of patients to rein-
troduce raltegravir in a new optimized regimen
after a previous failure (Zhao et al. 2010). This
option might be considered a last resort in the
light of the availability of a second generation in-
tegrase inhibitor (dolutegravir) whose efficacy
can be hampered by accumulation mutations due
to raltegravir failure.
Our group and others have explored the possi-
bility of a partial treatment interruption with the
goal of resuming wild-type virus preventing CD4+
cells drop. Taking advantage of the reduced repli-
cation capacity of HIV viral strains carrying the
M184V mutation (Wei et al. 2002; Eron et al.
2004), we compared the clinical and immuno-
logical outcome of lamivudine monotherapy and
treatment interruption in patients experiencing

virologic failure (Castagna et al., 2006). Our pilot
study showed a longer time to clinical or im-
munological failure for the lamivudine monother-
apy group compared to the treatment interrup-
tion group. In addition, over 48 weeks of study,
patients receiving lamivudine monotherapy had
a lower reduction in the percentage of CD4+ cells
and lower HIV-RNA levels. Further, patients in
the lamivudine monotherapy group had similar
responses to 24 weeks of HAART as patients in
the treatment interruption group suggesting that
lamivudine monotherapy is safer than complete
treatment interruption for patients harboring the
M184V. 
We also wanted to investigate whether the small-
er loss in the percentage of CD4+ cells was due to
lamivudine residual activity or to the reduced vi-
ral fitness thanks to the maintenance of the
M184V. We randomized patients to receive either
lamuvudine once daily, emtricitabine once daily
or emtricitabine once a week. Emtricitabine once
daily was chosen to test for any beneficial effect
from a cytidine analogue with a longer half life
and the once a week arm was designed to test the
least amount of drug that would be necessary to
maintain the M184V without having any sub-
stantial antiviral activity. We showed that patients
treated with emtricitabine once weekly had a sim-
ilar reduction in the percentage of CD4+ cells to
patients receiving 3TC (Soria et al. 2010). 
The role of lamivudine monotherapy was also re-
cently studied in the Swiss HIV Cohort. Results
from this study suggested some caution in ap-
plying this strategy to all patients harboring the
M184V mutation. The authors reported a high
rate of immunological failure in 26 patients un-
dergoing lamivudine monotherapy. A greater pro-
portion of patients who had failed a PI-based reg-
imen before monotherpay was introduced expe-
rienced immunologic failure compared to pa-
tients who had failed an NRTIs-based regimen.
The authors therefore recommend such strategy
only as a transient possibility for limited periods
of time and their conclusions stress how it should
not be offered to patients failing a PI-based regi-
men. (Opravil et al. 2009). 
Preventing immunological deterioration with a
holding regimen was also the purpose of Llibre
and colleagues who studied multiexperienced pa-
tients failing an antiretroviral regimen and start-
ing a nucleoside-only holding regimen. 24 weeks
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after starting an zidovudine/lamivudine/aba-
cavir/tenofovir-containing regimen the median
CD4+ T Cell drop was -53 cells/mm3. The authors
also observed an overall 0.71 Log10 decrease in
HIV-RNA, proving the residual antiviral activity of
these compounds. No change in the number of
resistance mutations was observed at week 24
compared to baseline, showing the safety of such
strategy in preventing the accumulation of addi-
tional resistance mutations (Llibre et al. 2008). 

CONCLUSION

Patients with failure of all three original classes of
antiretrovirals are a sizable - although small - sub-
set of patients in most clinical settings. There is

currently no consensus on the best treatment
strategies for such patients. The past few years
represented a unique occasion to achieve sus-
tained viral suppression for multidrug-resistant
patients thanks to the concomitant availability of
several new antiretroviral agents. Different com-
binations of such compounds with - or in some
cases even without - older drugs represent an ef-
fective treatment option for triple class-experi-
enced patients. Results from independent stud-
ies are extremely encouraging with proportions of
virologic success comparable to those observed
in trials on naïve patients. Since the recom-
mended goal of salvage therapy is to achieve vi-
ral suppression, this approach should be the first
used whenever possible. For patients with no op-
tions even considering the new drug classes, no
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consensus treatment is available and only few
management strategies have been studied. Figure
2 represents a possible algorithm for the man-
agement of virological failure in patients with
multi-class drug experience. 
Stopping current antiretrovirals with low genet-
ic barrier and potential cross-resistance with next
generation compounds in the same class seems a
mandatory recommendation for all patients. In
addition, enrolling patients in investigational tri-
als with new compounds should be considered
the first possibility in order to achieve virologic
suppression. There are, however, settings in
which investigational compounds are not imme-
diately available and few holding regimen strate-
gies have been investigated for such patients wait-
ing for a new effective regimen to be initiated.
These holding regimens include recycling previ-
ously used drugs, a short course of partial treat-
ment interruption and maintaining the patients
on their current treatment. Clinicians should con-
sider each patient’s history and clinical charac-
teristics and the antiretroviral toxicity profile and
interactions to tailor the most appropriate strat-
egy on an individual basis. Results from studies
evaluating these strategies should reassure clini-
cians in terms of their feasibility for a limited
time frame without risk for patient safety, but
they should always be considered a temporary
bridge between virologically successful regimes.
Given the complexity of the management of such
patients and the chronic nature of HIV disease,
there is a great need for new strategies aiming at
finding a better outcome for multidrug-experi-
enced patients. 
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