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A systematic review and meta-analysis SRl

assessing antiretroviral therapy

for treatment-experienced HIV adult
patients using an optimized background
therapy approach: is there evidence enough
for a standardized third-line strategy?
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Abstract

Background: The World Health Organization (WHO) has identified the need for evidence on third-line antiretroviral
therapy (ART) for adults living with HIV/AIDS, given that some controversy remains as to the best combinations of ART
for experienced HIV-1-infected patients. Therefore, we conducted a systematic review and meta-analysis to (i) assess
the efficacy of third-line therapy for adults with HIV/AIDS based on randomized controlled trials (RCT) that adopted
the "new antiretroviral (ARV) 4+ optimized background therapy (OBT)"approach and (i) address the key issues identi-
fied in WHO's guidelines on the use of third-line therapy.

Methods: MEDLINE, EMBASE, LILACS, ISI Web of Science, SCOPUS, and Cochrane Central Register of Controlled
Trials were searched for RCTs assessing third-line ARV therapy that used an OBT approach between 1966 and 2015.
Data was extracted using an Excel-structured datasheet based on the Consolidated Standards of Reporting Trials
(CONSORT) recommendations. The primary outcome of this meta-analysis was the proportion of patients reaching
undetectable HIV RNA levels (< 50 copies/mL) at 48 weeks of follow-up. Included studies were evaluated using the
Cochrane’s Risk of Bias assessment tool. Summarized evidence was rated according to the GRADE approach.

Results: Eighteen trials assessing 9 new ARV + OBT combinations defined as third-line HIV therapy provided the
efficacy data: 7 phase llb trials and 11 phase Il trials. Four of the 18 trials provided extension data, thus resulting in
14 trials providing 48-week efficacy data. In the meta-analysis, considering the outcome regarding the proportion of
patients with a viral load below 50 copies/ml at 48 weeks, 9 out of 14 trials demonstrated the superiority of the new
combination being studied (risk difference =0.18, 95% CI 0.13-0.23). The same analysis stratified by the number of
fully active ARVs demonstrated a risk difference of 0.29 (95% Cl 0.12-0.46), 0.28 (95% Cl 0.17-0.38) and 0.17 (95% Cl
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have a high risk of bias.

review and meta-analysis

0.10-0.24) respectively from zero, one, and two or more active drugs strata. Nine of the 18 trials were considered to

Conclusions: Efficacy results demonstrated that the groups of HIV-experienced patients receiving the new
ARV + OBT were more likely to achieve viral suppression when compared to the control groups. However, most of
these trials may be at a high risk of bias. Thus, there is still not enough evidence to stipulate which combinations are
the most effective for therapeutic regimens that are to be used sequentially due to documented multi-resistance.

Keywords: HIV, Antiretroviral therapy, Multi-experienced HIV-1-infected patients, Third-line therapy, Systematic

Introduction

Since 2010, the World Health Organization’s public
health approach for the use of antiretroviral therapy
(ART) to treat and prevent HIV infection has included
the recommendation that national programs should
develop policies for first-, second-, and third-line ART
combinations [1]. The rationale of such approaches
includes that of maximizing HIV treatment efficacy and
safety by reducing the range of different ART combina-
tions. However, clinical trials usually prioritize combi-
nations of antiretroviral drugs to optimize individual
treatment strategies for patients, without necessarily
evaluating regimens that allow combinations with some
capacity for generalization, allowing the definition of sec-
ond and third-line regimens, despite efforts looking for
alternatives like these [2, 3].

While antiretroviral (ARV) drugs have significantly
reduced the number of people who present with resist-
ance-related virological failure, a substantial number of
individuals require combinations according to the viral
resistance profile acquired during previous treatments,
a condition that poses a challenge to the evaluation and
recommendation of standardized second- and third-line
regimens. The Joint United Nations Programme on HIV/
AIDS (UNAIDS) has predicted 28.5 million PLHIV on
ART worldwide in 2025, corresponding to 24.3 million on
first-line therapy, 3.5 million on second-line therapy, and
0.6 million on third-line therapy [4]. And yet, 23 years
after the introduction of the highly active antiretroviral
therapy (HAART), third-line ART still entails consider-
able uncertainty due to the limited number of options
available for these cases [5], especially given that there
are few studies addressing the best ART combinations
and the treatment impact on the progression of the dis-
ease and on AIDS-related mortality.

Hence, from a public health perspective, some con-
troversy remains as to the best ART combinations for
experienced HIV-1-infected patients [6-8]. Current
guidelines simply recommend that previously failed
regimens should be changed to new combined ART
(cART) according to the results of past and current
resistance tests. New cART should include a minimum

of 2 and “preferably” [6, 7] or “ideally” 3 fully active
drugs [8] chosen by genotype—phenotype assessment
to be used in combination with optimized background
therapy (OBT). It is worth emphasizing that the clini-
cal recommendations of “preferably”, or “ideally” 3
fully active drugs chosen by genotype-phenotype
assessment to be used in combination with OBT have
remained unchanged in British and North American
antiretroviral treatment guidelines for almost a decade
[9-11]. Again, these recommendations, although based
on the best available evidence, are still general guide-
lines, without, however, providing guidelines that can
be characterized as combinations of second or third
lines [9-11]. Another additional challenge is limited
access to tests to assess HIV resistance to antiretroviral
treatment. WHO does not currently endorse HIV drug
resistance testing for individual patient management,
a condition that reinforces the need for expansion of
optional second and third-line regimens, such as those
based on dolutegravir, for example, known to be asso-
ciated with a greater barrier to the emergence of viral
resistance such as way of enabling the public health
approach to HIV treatment [12]. Salvage regimens are
recommended with drugs such as darunavir/ritonavir
(DRV/r), etravirine (ETV), dolutegravir (DTG), and
raltegravir (RAL), containing regimens with or with-
out previously used ARV [13]. Nevertheless, the WHO
Guidelines characterized those recommendations as
“conditional” (i.e., desirable effects of adherence to a
recommendation probably outweigh the undesirable
effects, but is low confident), and as having been based
on studies that provided low-quality evidence. The
WHO also pointed out that most of the studies used as
the foundation for the guidelines had been conducted
in limited settings, that is to say middle-to-high and
high-income, and therefore, the transferability of this
knowledge to lower-resourced settings is unclear [13].
Despite the lack of a clearly delineated statement of
how third-line therapy should be implemented, WHO’s
Guidelines recommend that national programs should
develop policies for third-line therapies and that the cor-
responding approaches should optimize regimens using
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genotype profiles and the addition of new drugs with
minimal risk of cross-resistance to previously used regi-
mens [13].

In our search through the current guidelines for ART
and through the latest publications of the Conference on
Antiretroviral Drug Optimization, we found only one sys-
tematic review that assessed the efficacy of ART in treat-
ment-experienced HIV-infected adults [14]. The study
included all randomized clinical trials (RCT) published
from 2003 to 2010 that assessed the efficacy of adding
a new ART (vs placebo) to OBT for treatment-experi-
enced HIV-infected subjects [14]. The new ARV + OBT
approach vs placebo was first proposed by the TORO
clinical trial [15]. Since then, this new ARV -+ OBT
approach has been the most used rationale for evaluat-
ing new drugs for individuals with triple-class virological
resistance [15-19]. However, the combinations stud-
ied have often not allowed direct comparisons between
ARVs and have thus resulted in little evidence not only as
to which the best combinations of two or three drugs are,
but also as to which drug with a novel mechanism is to be
chosen. In addition, this systematic review did not assess
DTG trials, nor did it address the methodological quality
and any research gaps of the RCTs included.

The objective of our systematic review and meta-anal-
ysis was twofold: (a) to assess the efficacy of third-line
therapy for adults with HIV/AIDS based on RCTs that
adopted the “new ARV +OBT” approach and (b) to
assess the scientific evidence related to treatment strate-
gies for multi-experienced patients under the WHO pro-
posal of third-line therapeutic approaches.

Methods
The PICOS criteria for inclusion are reported in Addi-
tional file 2:Table S1.

Data sources and searches

Our systematic review comprised a search of the follow-
ing electronic databases spanning January 1, 1966, to
December 31, 2015: MEDLINE (accessed by PubMed),
EMBASE, LILACS, ISI Web of Science, SCOPUS, and
Cochrane Central Register of Controlled Trials. In addi-
tion, we searched the references of studies published in
the following international scientific meetings: Interna-
tional AIDS Conference (2001 to 2015); Conference on
Retroviruses and Opportunistic Infections (CROI) (1997
to 2015); Interscience Conference on Antimicrobial
Agents and Chemotherapy (ICAAC) (2003 to 2015); and
International Congress on Drug Therapy in HIV Infec-
tion (2004 to 2015).
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The reason the search for publications only spanned
until December 31, 2015, was because this study only
aimed to assess third-line therapy in RCTs that used the
OBT approach, and the last RCT known in scientific lit-
erature that used this strategy was published on March
13, 2013. The search strategy used is shown in the Addi-
tional file 4. No language restrictions were established
for published studies. The present systematic review
is reported in accordance with the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement [20].

Inclusion criteria

We included all RCTs that were published or presented in
their complete versions. Eligible studies were those which
enrolled third-line therapy patients, aged 16 or older, who
received OBT plus new ARVs, or OBT plus placebo/com-
parison ARVs. Given that there is no standardized third-
line therapy in the scientific literature or in international
guidelines, we used the best definition so far to charac-
terize treatment-experienced HIV-1-infected patients,
which is patients with a documented genotypic and/or
phenotypic resistance to at least one ARV of each of the
three following classes: nucleoside reverse transcriptase
inhibitors (NRTI), non-nucleoside reverse transcriptase
inhibitors (NNRTI), and protease inhibitors (PI). New
drugs included enfuvirtide (ENF), tipranavir (TPV), DRV,
RAL, ETV, maraviroc (MVC), vicriviroc (VIC), amdoxo-
vir (DAPD), and DTG.

Exclusion criteria

The following exclusion criteria were established: stud-
ies that (a) were not randomized and/or did not have a
control group for comparison, (b) did not adopt an OBT
strategy for comparison, (c) did not provide efficacy and
safety data, (d) assessed switch therapy and/or simplify-
ing treatments, (e) included naive patients, (f) included
pregnant and breastfeeding women, and (g) included
subjects under 16 years of age.

Study selection

Two investigators (LPM and RSK) screened the titles and
abstracts independently and revised the full text of eligi-
ble studies. Reviewers were not blinded to the authors’
identities nor to the institutions that published the man-
uscripts. They evaluated the full-text articles, determined
study eligibility, and conducted data extraction indepen-
dently, solving disagreements by consensus whenever
necessary.
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Data extraction

Data from included studies was extracted using a struc-
tured data collection tool developed by the researchers,
which was based on the recommendations of the Consol-
idated Standards of Reporting Trials (CONSORT) [21],
the Cochrane Collaboration’s tool for assessing risk of
bias in randomized trials [22], and the literature address-
ing the most important issues regarding the critical
appraisal of randomized clinical trials [23—25]. The syn-
thesized information was assessed using the Grading of
Recommendations Assessment, Development and Evalu-
ation (GRADE) [26].

Data analysis

The data extracted from the RCTs assessed the charac-
terization of primary and secondary outcomes, as well
as efficacy, safety, subgroup analyses, and the results of
said studies. The primary outcome assessed in the meta-
analysis was the proportion of patients that reached
undetectable HIV RNA levels (defined as<50 copies/
mL) at 48 weeks of follow-up. This outcome was based on
clinical and statistical criteria and was chosen because it
represents long-term cART effectivity and because most
of the trials presented results for this outcome. None-
theless, the referred definition was also an approach to
reduce the heterogeneity among the studies. Trials that
did not present data for the referred outcome at week 48
were considered in the analysis under another follow-up
time (i.e., 16, 24, 96 weeks).

The primary outcome was also analyzed according to
the number of fully active ARVs at 48 weeks of follow-up
(i.e., OBT with zero, 1 or 2+active drugs) and the risk
of bias. The stratification regarding the risk of bias was
implemented based on the Cochrane Collaboration’s tool
for assessing risk of bias [22] and resulted in three cat-
egories: (a) high risk: 2 or more high-risk criteria or 1 cri-
terion with high risk and 2 or more criteria with unclear
risks; (b) moderate risk: 1 criterion with high risk and
only one criterion with an unclear risk or no criteria with
high risks and 1 or more criteria with unclear risks; and
(c) low risk: all criteria with low risks.

Secondary outcomes, including any increases in
CD4+cell count and any other outcome related to a
decrease in viral load, were analyzed using descriptive
statistics only.

Assessment of risk of bias

The risk assessment of the retrieved studies included ran-
dom sequence generation, allocation concealment, blind-
ing of participants and personnel, outcome assessment,
incomplete outcome data, selective reporting, and other
potential sources of bias [22]. Risk of bias in the RCTs
was assessed using Cochrane’s Risk of Bias assessment
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tool [22], and the quality of the evidence available was
assessed according to the GRADE [26] criteria.

Statistical analysis

The summary measure was the risk difference between
intervention and control groups considering the outcome
“proportion of patients reaching undetectable HIV RNA
levels (defined as <50 copies/mL) at 48 weeks of follow-
up” Study estimates were aggregated using the random-
effects model with the DerSimonian-Laird estimator and
the Mantel-Haenzel method. Heterogeneity among stud-
ies was assessed through the I* statistics and Cochran’s
Q test. I* values greater than 50% were considered likely
to indicate substantive heterogeneity. To investigate the
presence of heterogeneity among studies, an expected
sub-group meta-analysis was planned according to the
number of fully active drugs in the OBT (zero, 1, or 2
fully active drugs) and the study’s risk of bias (high, mod-
erate, or low risk of bias). Risk of publication bias was
assessed by a funnel plot. Analyses were performed using
the Review Manager software (RevMan version 5.1) and
the GRADEpro GDT software was used to synthesize the
information assessed in accordance with the GRADE cri-
teria [26].

Results

Study selection

Eighteen randomized controlled trials (totaling 7963
patients) comprising 47 ART comparison groups were
retrieved [15-19, 27-39] (Fig. 1 and Table 1). We also
identified another 10 publications reporting extension
results (referring to the previously selected RCTs that
presented results in more advanced follow-up periods
in time, i.e., 48 and 96 weeks) and 15 studies reporting
subgroup analyses (Additional file 3: Table S2). Although
some studies reporting extension results were included in
the meta-analysis, only the 18 original studies were con-
sidered in the final analysis that we developed.

Study characteristics

The 18 RCTs assessed the efficacy and safety of nine new
ARVs:ENF [15, 39], TPV [16, 28], DAPD [36], DRV [17,
29, 37], ETV [30-32], RAL [18, 38], MVC [19, 33], VIC
[27, 34], and DTG [35] (Table 1). Eleven of those stud-
ies (61%) were characterized as phase III trials and seven
as phase IIb studies. No post-commercialization study
was retrieved. Length of follow-up varied among the
studies: one study lasted 16 weeks [18], twelve studies
lasted 24 weeks [15-17, 28-33, 36, 38, 39], and five stud-
ies assessed patients after 48 weeks of follow-up [19, 27,
34, 35, 37]. All but two studies were superiority trials [35,
37]. A substantial variation was observed regarding the
definition of the primary outcomes of the studies.
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87 Articles selected for full-text review
Excluded articles
24 were non-randomized clinical trials
1 did not evaluate treatment-experienced patients
o 5 did not use optimized background therapy (OBT)
S »> 7 had no comparison group
S0 .
= 1 was a dose comparison study (phase Ila)
5 did not assess efficacy as a primary objective
1 evaluated the primary objective in under 16 weeks
of follow-up
A4
43 Articles met inclusion criteria
3 15 Studies reporting subgroup analysis
] >
-§ 10 Studies reporting extension results#
=
~
v
18 Original studies included
Fig. 1 Flow chart of systematic review and study selection. *We identified 57 abstracts, including 25 whose articles were not published, 28 already
identified in our peer-reviewed literature, and 4 containing exclusion criteria. Only 2 articles were selected. *Some studies reporting extension
results were considered in the meta-analysis instead of their original studies

Treatment efficacy

It is important to note that some trials reporting exten-
sion results were also considered in our meta-analy-
sis—as long as their findings were of 48 weeks [40—43].
Therefore, it is worth clarifying that the number of stud-
ies analyzed reduced from 18 to 14 because some pub-
lications aggregated the results of two original studies
into a single trial reporting extension results [40-43].
Efficacy results are shown based on the proportion of
patients that achieved HIV RNA viral load results below
50 copies/ml at 48 weeks of follow-up (Fig. 2). Of the
14 trials [18, 19, 27, 32-38, 40—43], nine trials demon-
strated the superiority of the new ARVs plus the studied

combination in comparison to OBT control groups, thus
demonstrating the efficacy of said ARVs [18, 19, 34, 37,
38, 40—-43]. The other 5 trials did not demonstrate the
efficacy of the new ARVs+OBT in comparison to the
control group [27, 32, 33, 35, 36]. The pooled measure
showed that individuals who received the new investiga-
tional drug containing an ARV combination were more
likely (18%) to achieve viral undetectability in compari-
son to control groups: risk difference was 0.18 (95% CI
0.13-0.23) (I>=84%, P<0.00001).

When analyzing the outcome “proportion of patients
that achieved HIV RNA viral load results below 50
copies/ml at 48 weeks of follow-up” stratified by the
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Risk Difference

Risk Difference

Test for overall effect: Z=6.78 (P = 0.00001)

96-week follow-up

Study or Subgroup  Weight M-H, Random, 95% Cl Year M-H, Random, 95% Cl
TORO1e2 9.4% 0.11 [0.06,0.15] 2005 -

As118% 1.7% 0.22 015,059 2006

RESIST1e2 9.5% 0.13[0.09, 016] 2006 -
TMC125-C223% 6.7% 010[0.02, 0.22] 2007 T
Grinsztejn™ et al 4.7% 0.42[0.25, 0.60] 2007 —_—
POWER 1 e 2 7A4% 0.28[0.19,0.38) 2007 I
TITAMN 8.3% 0.11[0.03,018] 2007 —_
BEMCHMRK 1 e 2 8.3% 0.29[0.22,0.37] 2008 —
MOTIWATE 1 e 2 8.5% 0.29[0.22, 0.36) 2008 -
DUET1e2 9.0% 0.21[0.15,0.26) 2008 -
Ad4001025*% 5.4% 0.11 [-0.04, 0.27] 2009 T
YICTOR-E1 4.2% 0.42[0.23,062] 2010 —_—
VICTOR-E3 and E4 8.3% 0.03 [-0.05, 0100 2012 T

SAILING 8.5% 0.07 [0.00,0.14] 2013 —

Total (95% Cl) 100.0% 0.18 [0.13, 0.23] &

Total events

Heterogeneity: Tau®=0.01; Chi*=81.50, df=13 (P = 0.00001); F= 84% -Ell.ﬁ _0.-25 b IZI.'25 Elfﬁ

Favours control Favours experimental

Fig. 2 Meta-analysis comparing treatment and control groups. *Studies presenting data at week 24. Outcome: proportion of patients with <200
HIV-1 RNA copies/mL. Outcome: proportion of patients with <50 HIV-1 RNA copies/mL at week 48. Obs. BENCHMRK studies present data in a

number of fully active ARVs (OBT with zero, 1 or
2+ active drugs), only 8 studies were considered [18,
19, 35, 37, 38, 40, 42, 43], because these were the only
ones that provided data results according to such strati-
fication (Fig. 3). Some studies only presented these
results in the extension follow-up [44] or in the sub-
group analysis [45]. The SAILING study [35] presented
results stratified by active drugs in OBT in 2 categories
only (<2 and > 2 active drugs in OBT). Therefore, data
of category<2 active drugs in OBT were presented
in the subgroup “1 active drug in OBT, and data was
not estimable in the subgroup “0 active drugs in OBT”
Risk difference among strata with zero, one, and two or
more fully active drugs was 0.29 (95% CI 0.12-0.46),
0.28 (95% CI 0.17-0.38), and 0.17 (95% CI 0.10-0.24),
respectively. That means that the difference between
the proportion of patients who reached an RNA viral
load below 50 copies/ml decreased from zero/one to
two/more fully active drugs, yet this difference was not
statistically significant. The pooled risk difference con-
sidering the three strata (i.e., OBT with zero, 1, and 2 or
more active drugs) was 0.24 (95% CI 0.18-0.30).

Over the period analyzed, we observed a linear ris-
ing tendency in viral suppression rates in both trial and
control groups, starting from the TORO and RESIST
trials [40, 41], with respectively 18% vs 8% and 23% vs
10%, to the SAILING trial [35], with rates of 71% vs
64% (Fig. 4). However, in this same outcome, we identi-
fied a smaller difference over the entire period (space

between the dotted lines) when comparing the trial and
control groups.

Two studies [16, 28] adopted genotypic sensitivity
scores, six used phenotypic scores [15, 30, 31, 37-39],
and five studies used both methods, which resulted in an
overall sensitivity score [18, 19, 27, 33, 35]. The remaining
studies did not provide data on the method chosen for
the detection of viral resistance [17, 29, 32, 34, 36].

All RCTs assessed CD4 cell count as a secondary out-
come. The maximum and minimum increase in CD4 cell
count when intervention groups were compared with
control groups at week 24 were 19 and 108 cells/mm3,
respectively [15-17, 28-33, 36, 38, 39], and 7 and 67
cells/mma3 respectively at week 48 [19, 27, 34, 35, 37]. The
increase in CD4 cell count at week 16 was 64 cells/mm3
[18] (Table 1). The average increase in CD4 cell count was
not calculated due to the large heterogeneity in the fol-
low-up time of the studies that presented such data.

Furthermore, only seven studies analyzed disease pro-
gression outcomes [16, 18, 28, 30, 31, 35, 37]. Fourteen
trials presented results related to mortality [16-19, 27—
35, 37].

Risk of bias

The studies were analyzed in relation to the outcome
“proportion of patients with<50 HIV-1 RNA copies/
mL at week 48” stratified by study risk of bias accord-
ing to the Cochrane Collaboration’s tool [22]. The
results presented three categories: (a) high risk [15-17,
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Risk Difference
Study or Subgroup  Weight M-H, Random, 95% Cl Year

Risk Difference
M-H, Random, 95% CI

1.3.1 0 active drugs in OBT

TORO1e2 57% 0.09[0.05 013 2005
POWER1e 2 3.9% 0.20[0.03,0.37] 2007
TITAN 28% 011 [0.13,0.36] 2007
Grinsztejn™ et al 26% 0.53[0.26,0.81] 2007
BENCHMRK 1 e 2 4.5% 0.45[0.36, 0.61] 2008
MOTIVATE 1 & 2 4.5% 0.24[0.11,0.37] 2008
DUET1e?2 4.7% 0.40[0.28,0.52] 2009
SAILING Mot estimahble 2013
Subtotal (95% Cl) 28.T% 0.29[0.12, 0.46]

Total events

Test for overall effect: 2= 3.28 (P =0.001)

1.3.2 1 active drug in OBT

TORO1e2 5.3% 0.12[0.05, 0200 2005
POWER1e 2 38% 0.47[0.30,0.65] 2007
TITAN 11% 0.23[0.07, 038 2007
Grinsztejn™ et al 27% 0.45[0.22, 075 2007
BEMCHMRIK 12 4.4% 0.32[0.18,0.45] 2008
MOTIVATE 1 & 2 4.9% 0.38[0.27,0.458] 2008
DUET1e2 51% 0.31[0.21,0.400 2009
SAILING 4.5% 0.02[F011,016] 2013
Subtotal (95% CI) 34.9% 0.28 [0.17, 0.38]

Total events

Testfor overall effect Z= 516 (P = 0.00001}

1.3.3 >= 2 active drugs in OBT

TORO1e2 5.4% 010[0.03,017] 2005
POWER1e2 3.9% 0.40[0.23,0.56] 2007
TITAN 51% 0.07 [-0.02,017] 2007
Grinsztejn™ et al 1.8% 0.28[-0.09, 0.64] 2007
BENCHMRK 1 e 2 48% 0.23[0.12,034] 2008
MOTIVATE 1 & 2 4.9% 0.27[0.17,0.38] 2008
DUET1e?2 5.3% 0.11[0.03,0.19] 2009
SAILING 5.3% 0.09[0.01,017] 2013
Subtotal (95% Cl) 36.4% 0.17 [0.10, 0.24]

Total events
Test for overall effect: 2= 4.84 (P = 0.00001)

Total {95% CI) 100.0% 0.24 [0.18, 0.30]
Total events

Test for overall effect: Z=8.15 (P = 0.00001)

subgroup “1 active drug in OBT"

Heterogeneity; Tau®= 0.05; Chi*= 81.46, df= 6 (P = 0.00001); F= 83%

Heterogeneity; Tau?= 0.02; Chi*= 38.95, df= 7 (F = 0.00001); F= 52%

Heterogeneity: Tau®=0.01; Chi*=23.82, df=7 (P =0.001); F=70%

Heterogeneity: Tau®= 0.02; Chi*=138.57, df=22 (P = 0.00001); F= 84%

Testfor subaroup differences: Chi®=3.82, df=2{P=015), F=47.7%
Fig. 3 Meta-analysis comparing treatment and control groups stratified by the number of active drugs in OBT. RD, risk difference; Cl, confidence
interval. *Studies presenting data at week 24. 'Outcome: proportion of patients with < 200 HIV-1 RNA copies/mL. Outcome: proportion of patients
with <50 HIV-1 RNA copies/mL at week 48. Obs.1: BENCHMRK studies present data in a 96-week follow-up. Obs.2: SAILING study presented results
stratified by active drugs in OBT only in 2 categories (< 2 and > 2 active drugs in OBT). Data of category < 2 active drugs in OBT were presented in

—-—
—_—
—_—
JR—
R —
—_—
—_—

—_—

—_—
—_—
S —
—_

B ——

—_—
B

—_—
—_—
—_—

——

.05 -025 0 028 05
Favours control Favours experimental

27-29, 32, 33, 39]; (b) moderate risk [19, 30, 31, 34—
37]; and (c) low risk [18, 38] (Fig. 5). Pooled risk dif-
ference between intervention and control groups
varied significantly (p-value<0.001 in the overall test)

among subgroups according to the risk of bias, with
0.12 (95% CI 0.07-0.18), 0.20 (95% CI 0.11-0.29), and
0.33 (95% CI 0.21-0.45) for high, moderate, and low
risk of bias respectively. Pairwise comparisons using
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Fig. 4 Time evaluation of the proportion of patients with <50 HIV-1 RNA copies/mL at week 48

the Wald test showed a significant difference between
high and low risk of bias subgroups (p-value =0.0045).
Although not significant for the high vs. moderate risk
(p-value=0.1602) and for the moderate vs. low risk
(p-value=0.0630), a tendency was observed among
the subgroups, showing that the lower the risk of bias
in the studies, the greater the risk difference between
intervention and control group.

Ten out of the 18 studies (55.5%) did not provide
enough information for us to assess the method used to
generate the sequence of randomization [16, 17, 19, 28,
29, 32-34, 36, 39] (Fig. 6A, B). Fifteen studies (83.3%) did
not clarify the procedures adopted for allocation conceal-
ment [15-17, 19, 27-36, 39]. High risk of performance
bias due to lack of participant and researcher blinding
was found in eight (44.4%) studies [15-17, 28, 29, 32, 37,
39].

Risk of publication assessment

Despite the relatively small number of retrieved RCTs,
the funnel plot (Additional file 1: Figure) does not suggest
publication bias.

Quality of evidence

We assessed the recommendation levels and quality of
evidence findings according to the GRADE criteria [26]
(Table 2). We observed that the subjects who received
new investigational drugs were more likely (47.8%) to

achieve the outcome (i.e., less than 50 copies/ml) when
compared to control subjects (RR 1.5; 95% CI 1.4-1.6),
thus resulting in moderate quality of evidence.

New investigational ARV groups were associated with
an average increase of 40.2 cells/mm? in CD4 count in
comparison to the control group. The evaluation of evi-
dence quality was rated as very low. Consequently, the
corresponding effect estimates of those findings are very
imprecise.

Discussion

The efficacy results demonstrated that the groups that
received the new ARV 4 OBT were more likely to achieve
viral suppression when compared to the control groups.
Nine trials established such superiority [18, 19, 34, 37,
38, 40-43] and the pooled measure confirms this find-
ing (risk difference 0.18, 95% CI 0.13-0.23) (Fig. 2). Indi-
viduals who received the ARV combination with the new
drugs were 18% more likely to achieve viral undetect-
ability when compared to control groups. In addition, the
studies showed that new drugs provide CD4 cell count
recovery, even though the magnitude of this increase was
notably modest (mean of 40 cell/pL).

All categories demonstrated statistical significance in
favor of the experimental group when considering the
achievement of an HIV RNA viral load below 50 cop-
ies/ml at 48 weeks of follow-up according to the number
of active drugs in the OBT regimen (i.e., zero, one, and
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Risk Difference Risk Difference
Study or Subgroup  Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
1.2.1 High risk of bias
TORO1e2 9.4% 0.11 [0.06,0.15] 2005 =
RESIST1e2 9.5% 0.131[0.09, 0.16] 2006 -
POWER1e2 7.4% 0.281[0.19,0.38) 2007 —_—
TMC125-C223% B.7% 010 [F0.02, 022] 2007 T
Ad001029* 5.4% 011 [-0.04,0.27] 2008 T
VICTOR-E3 and E4 8.3% 003 [F0.05 0107 2012 T
Subtotal (95% Cl) 46.7% 0.12 [0.07, 0.18] <
Total events
Heterogeneity: Tau®= 0.00; Chi*=17.43, df =5 (P=0.004); F=71%
Test for overall effect: 2= 4.46 (P = 0.00001)
1.2.2 moderate risk of bias
AS11a™ 1.7% 022015, 04549 2006
TITAMN 8.3% 0.11[0.03, 018 2007 I
MOTIVATE 1 2 2 2.5% 0.29[0.22, 0.36] 2008 -
DUET1e2 9.0% 0.21[0.14, 0.26] 2008 -
VICTOR-E1 4.2% 0.42[0.23, 062] 2010 e —
SAILING 8.5% 0.07 [0.00,0.14] 2013 —
Subtotal (95% CI) 40.2% 0.20 [0.11, 0.29] e
Total events
Heterogeneity: Tau®= 0.01; Chi®*= 29.69, df=5 (P = 0.0001), F=83%
Test for overall effect: £=4.35 (P = 0.0001)
1.2.3 low risk of bias
Grinsztejn® et al 47% 0.42[0.25, 0.60] 2007 R
BEMNCHMRK 1 e 2 8.3% 0.29[0.22, 037 2008 —
Subtotal (95% Cl) 13.0% 0.33 [0.21, 0.45] -
Total events
Heterogeneity: Tau®= 0.00; Chi*=1.80,df=1(P=0.18); F= 44%
Test for overall effect: £= 5.50 (P = 0.00001)
Total (95% Cl) 100.0% 0.18 [0.13, 0.23] L 2
Total events
eterogeneity: Tau*=0.01; Chi*=81.50, df=13 (P = 0.00001); F=84% } t 1 t
?est;ogoirf]erg:l efrect:z=1a'.?a P <uuunln1) ( R ) 05 -0.25 0 025 05
. ) Favours control Favours experimental
Testfor subgroup differences: Chi®=10.63, df=2 (P =0.008), F=81.2%
Fig. 5 Meta-analysis comparing treatment and control groups stratified by study risk of bias. RD, risk difference; Cl, confidence interval. *Studies
presenting data at week 24. 'Outcome: proportion of patients with < 200 HIV-1 RNA copies/mL. Outcome: proportion of patients with <50 HIV-1
RNA copies/mL at week 48. Risk of bias categories: high risk of bias (high risk of bias in 2 or more criteria, according to Cochrane Collaboration’s tool
for assessing risk of bias, or high risk of bias in 1 criterion and unclear risk of bias in 2 or more criteria), moderate risk of bias (high risk of bias in only 1
criterion and unclear risk of bias in only 1 criterion, or no criteria with high risk of bias and unclear risk of bias in 1 or more criteria), and low risk of bias
(all criteria with low risk of bias). Obs. BENCHMRK studies present data in a 96-week follow-up

two or more fully active drugs). However, although we
did find some risk differences, our meta-analysis did not
reach statistical significance among the different strata.
Even so, according to the tendency observed in Fig. 3, we
observed that adding a novel drug to the OBT might have
slightly less effect in achieving complete viremia sup-
pression when there are two or more active drugs in the
OBT. To the best of our knowledge, this is the first meta-
analysis that has made such a comparison. Besides, our
results support the evidence that the greater the number
of active drugs in the therapeutic regimen, the higher the

chance of viral suppression, no matter which drugs are
used in the OBT. Pichenot et al’s meta-analysis, which
assessed the efficacy of ART in treatment-experienced
HIV-infected adults, demonstrated that the most impor-
tant predictive factor for achieving undetectable HIV
RNA was the number of fully active drugs included in the
regimen [14], which is in agreement with our findings.
Among the 18 RCTs included in our study, only two
[18, 38] showed low risk of bias according to the 6 meth-
odological evaluation criteria used [22], a finding which
therefore demonstrates that most of the studies were
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New ARV + OBT compared to placebo or standard ARV + OBT for HIV-1-infected patients with resistance to 3 classes of ARV
Patient or population: patients with HIV-1 infected patients with resistance to 3 classes of ARV

Settings:

Intervention: new ARV +OBT
Comparison: placebo or standard ARV 4 OBT

Outcomes

proportion of
patients achieving
viral load < 50 copies/
ml

Follow-up: mean

48 weeks

CD4 cell count
increase
Follow-up: mean
48 weeks

lllustrative comparative risks® (95% Cl)

Assumed risk

Placebo or standard
ARV + OBT

315 per 1000

The mean cd4 cell
count increase in the
control groups was
57.21 mean change
in CD4 count from

Corresponding risk
New ARV + OBT

465 per 1000 (438 to
493)

The mean cd4 cell
count increase in the
intervention groups
was 40.22 higher
(38.54 to 41.89 higher)

baseline (cells/ul)
GRADE Working Group grades of evidence

Relative effect
(95% ClI)

No. of Participants
(studies)

Quality of the evidence
(GRADE)

RR 1.478 (1392 to ® ® ® ©moderate“?

1.568)

7709 (18 studies)

7689 (18 studies) ® © © Overy low®*

High quality: Further research is very unlikely to change our confidence in the estimate of effect
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the esti-

mate
Very low quality: We are very uncertain about the estimate

Cl confidence interval, RR risk ratio

2The basis for the assumed risk (e.g., the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl)

b Most studies have more than one item with high risk of bias or uncertain risk of bias. Only 2 of 16 studies evaluated have low risk of bias in all 6 criteria

“The studies evaluated different ARV and the comparison group varied between studies. The OBT design does not allow direct assessment of treatment effectiveness

at an individual level

9 Most studies present favorable results to experimental group

€ The difference in CD4 increase between the experimental and control groups varied widely from study to study

prone to bias (Fig. 6B). In addition, we observed that the
lower the risk of bias in the studies, the greater the risk
difference between the comparison groups (Fig. 5), thus
emphasizing the importance of assessing the risk of bias
in studies, as well as its influence on the efficacy results.

A study that conducted a bibliometric analysis of 103
HIV reviews found that further HIV trials are neces-
sary and that it is essential for future trials to incorpo-
rate strategies that reduce the risk of bias, since design
and methodological flaws have limited the usability of
the findings [46]. According to the GRADE criteria, fur-
ther research is needed to achieve more stable evidence
related to efficacy outcomes (Table 2). Besides, even the
recommendations of specific drugs [6—8] were consid-
ered a 1C grading of evidence, characterized as poten-
tially biased, thus stemming from trials with serious flaws
and with uncertain effect estimates.

One of the objectives of this systematic review was to
analyze the scope of existing evidence on third-line ther-
apy provided by the scientific literature, so as to produce

data to support guidelines that would recommend the
best antiretroviral schemes that patients should take
through a staggered approach. However, third-line ART
still lacks an operational definition. Some recent pub-
lications that used the term “third-line therapy” were
based on drugs with a high genetic barrier to resistance
[47-49]. One such publication is an observational study
developed in Southern Africa [48] while the others are
retrospective studies carried out in Johannesburg [47]
and in Latin America [49], and all of which defined third-
line regimens as being those that use newer generation
NNRTTs like etravirine and darunavir, as well as the inte-
grase inhibitor raltegravir. Consequently, due to this lack
of a single clear definition, there was a high heterogene-
ity related to the third-line drug scheme chosen for these
studies.

Nevertheless, the comparisons made by the trials
that we included do not allow for recommendations as
to which drugs the multi-experienced patients should
use, given that the 18 studies were essentially designed
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for regulatory purposes. Consequently, the evidence
summarized herein is not yet enough to answer which
antiretroviral combinations are more effective for ther-
apeutic regimens that are used sequentially—even more
so considering the individualized needs of patients with
documented multi-drug resistance. This does not mean
that future studies will not be able to demonstrate such
achievement, but rather that the RCTs analyzed did not
assess which antiretroviral combinations are the most
effective. Furthermore, a review developed by Vitoria
and coworkers concluded that sequencing first-line,
second-line, and third-line regimens will allow better
planning by providing a rationale for the choice and the
number of regimens that programs need to obtain [50].

Therefore, it is our understanding that further studies
should be carried out aiming specifically to define the
best ART combinations to be used for HIV-experienced
patients who require third-line therapy. Such findings
would provide essential information to improve pro-
curement and logistics, all the while providing much
needed evidence-based consistency of treatment that
would reduce the uncertainty that is experienced at this
stage of treatment.

This systematic review has some limitations. It presents
only efficacy data, as the analysis of the safety profile of
the antiretroviral combinations described here did not
present uniform definitions of adverse events, in addi-
tion to the fact that most clinical trials are of the phase
II and phase III type, therefore, not including a more
detailed assessment of the safety of the evaluated drugs.
Furthermore, it must be stated that the studies evaluating
new drugs in experienced patients are essentially based
on surrogate outcomes. We did not assess outcomes
related to viral resistance. Moreover, these trials were
developed mostly in high- and middle-to-high-income
countries. Most subgroup analyses evaluating multidrug-
resistance profiles in the existing studies presented post
hoc analyses and a small number of patients. Presumably,
the substantial heterogeneity found relies potentially on
the differences in the assessments of the primary out-
comes within the studies, as well as the aforementioned
differences in the length of the follow-up study period.
A high degree of heterogeneity between studies still
remained even though we used strategies to reduce it,
such as defining a primary outcome that is widely used,
as well as a defined follow-up time and the develop-
ment of effectiveness analyses according to the number
of fully active drugs in the OBT. This happened due to
the large number of cARTSs analyzed, a substantial vari-
ation in the definition of the resistance criteria for ART,
differences in the assessment of such resistance among
the different existing phenotypic and genotypic tests [23],
the risk of bias categories that each trial belongs to, and
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the distinct approaches to manage effectiveness data and
study design.

When compared to Pichenot et al’s meta-analysis [14],
the present study innovated in assessing the virologi-
cal success rate according to the number of fully active
drugs in OBT and added more relevant studies, such as
A5118 [36], TITAN [37], Grinsztejn et al. [38], and SAIL-
ING [35]. Also, unlike the 2012 publication [14], our
study assessed the risk of bias using Cochrane’s Risk of
Bias assessment tool and analyzed the recommendation
levels together with the quality of evidence according to
the GRADE criteria [26].

More than 15 years have elapsed since the first RCT
adopting an OBT approach for experienced HIV-infected
subjects was published [15, 39]. However, despite the
new ARV benefits shown in the studies in the “OBT-era,
the future of OBT-based RCTs evaluating new drugs is
controversial due to the growing difficulty to establish
superiority in a context of therapeutic combinations that
have become progressively more powerful [51]. Figure 3
shows an increasing tendency during the investigated
period for viral suppression rates to be higher in recent
studies than in older ones. This rising trend emerged in
both comparison groups, experimental and control, and
the differences between them have been decreasing over
time. Such a result is in accordance with the evidence
referred to above, indicating a scenario of limited use of
OBT strategies to demonstrate the efficacy of new ARVs.
There are, however, two recent studies that have used the
OBT approach: the first, a clinical trial developed across
23 countries that evaluated the efficacy of fostemsavir in
adults with multidrug-resistant HIV-1 infection [52], and
the second, a retrospective analysis using secondary data
to assess the efficacy of dolutegravir in antiretroviral-
experienced patients over a 5-year follow-up period [53].

Novel trial designs for new antiretroviral drugs
intended for use with treatment-experienced HIV-
infected patients on a failing regimen have been sug-
gested in the past [54], yet their benefits remain to be
better assessed, especially regarding efficacy and safety
data. Despite unequivocal advances related to thera-
peutic options for experienced patients, the findings
shown here suggest that such evidence has not been fully
assessed over the years. Though studies with treatment-
experienced HIV-infected patients are necessary and
must be developed, they should start from an operational
definition of what third-line therapy is in effect. Moreo-
ver, these trials must be performed in low- and middle-
income countries and must evaluate outcomes of disease
progression and mortality. After regulatory goals have
been accomplished, explanatory RCTs could be replaced
by pragmatic RCTs [55] that are capable of effectively
assessing which antiretroviral therapy combinations for
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experienced-patients allow for clinically relevant results
to be achieved.

Conclusion

Our findings demonstrated that the groups of multi-
experienced patients that received the new ARV + OBT
presented a better chance of achieving viral suppression
in comparison to control groups, even when the analysis
was stratified according to the number of active drugs in
the OBT regimen. Nevertheless, we found some risk dif-
ference among strata and a tendency supporting the evi-
dence that the greater the number of active drugs in the
therapeutic regimen, the higher the chance of viral sup-
pression, no matter what drugs are used in the OBT. Fur-
thermore, among the eighteen RCTs analyzed, only two
showed low risk of bias, a finding which demonstrates
how prone to bias the studies might be. As to the scope
of evidence on third-line ART, we found that third-line
schemes are highly heterogeneous.

Finally, once again, it is important to point out
that the RCTs included in this study were essentially
designed for regulatory purposes, thus resulting in
insufficient evidence to define which combinations
are the most effective, especially in a public health
approach through clinical recommendations for third-
line regimens. New studies with a clear operational
definition of third-line therapy and using a sequential
cART approach for treatment-experienced patients
should be developed in order to enable the creation of
better guidelines/schemes including the evaluation of
their efficacy and safety.

Abbreviations

AIDS: Acquired immune deficiency syndrome; ART: Antiretroviral therapy;
CART: Combined antiretroviral therapy; ARV: Antiretroviral; CONSORT: Con-
solidated Standards of Reporting Trials; CROI: Conference on Retroviruses and
Opportunistic Infections; DAPD: Amdoxovir; DRV: Darunavir; DRV/r: Darunavir/
ritonavir; DTG: Dolutegravir; ENF: Enfuvirtide; ETV: Etravirine; GRADE: Grading
of Recommendations Assessment, Development and Evaluation; HAART:
Highly active antiretroviral therapy; ICAAC: Interscience Conference on Anti-
microbial Agents and Chemotherapy; MVC: Maraviroc; NNRTI: Non-nucleoside
reverse transcriptase inhibitor; NRTI: Nucleoside reverse transcriptase inhibitor;
OBT: Optimized background therapy; PI: Protease inhibitor; PRISMA: Preferred
Reporting Items for Systematic Reviews and Meta-Analyses; RAL: Raltegravir;
RCT: Randomized clinical trial; RevMan: Review Manager; TPV: Tipranavir; TPV/r:
Tipranavir/ritonavir; UNAIDS: Joint United Nations Programme on HIV/AIDS;
VIC: Vicriviroc; WHO: World Health Organization.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513643-022-02102-3.

Additional file 1. Figure. Funnel plot of included articles in thisstudy
(squares).

Additional file 2. Table S1. PICOS table summarizingstudy rationale.

Page 150f 17

Additional file 3. Table S2. Studies that reported extension results or
subgroup analyses.

Additional file 4. Search strategy used.

Acknowledgements
We would like to express our deepest appreciation for Mrs. Mara Louise Bre-
dahl Ciria for revising the manuscript.

Authors’ contributions

Authors RSK and LPM made contributions to the conception and design of
the work; LPM and RSK participated in the data acquisition; LPM and PKZ
collaborated in data analysis; all authors helped in data interpretation; LPM
drafted the work and RSK and PKZ revised it. Moreover, all authors approved
the submitted version and have agreed to be personally accountable for the
authors’own contributions. Finally, the three authors ensured that ques-
tions related to the accuracy or integrity of any part of the work, even those
where the author was not personally involved, are appropriately investigated,
resolved, and the resolution is documented in the literature.

Funding
This study has no funding sources.

Availability of data and materials
All data generated or analyzed during this study are included in this published
article and its supplementary information files: [15-19, 27-43].

Declarations

Ethics approval and consent to participate

This research protocol was approved by the Research Ethics Committees of
the Hospital de Clinicas de Porto Alegre, the University hospital of the Federal
University of Rio Grande do Sul.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Universidade Federal do Pampa — Campus Uruguaiana, Administrative Build-
ing, Collective Room No. 2, BR 472, Km 592 — Caixa Postal 118, Uruguaiana, RS,
Brazil. *Statistics Department, Hospital de Clinicas de Porto Alegre, Univer-
sidade Federal Do Rio Grande Do Sul, Rua Ramiro Barcelos, Porto Alegre, RS
2350, Brazil. 3Programa de Pés-Graduagao Em Epidemiologia, Hospital de Clini-
cas de Porto Alegre, Universidade Federal Do Rio Grande Do Sul, Rua Ramiro
Barcelos, Porto Alegre, RS 2350, Brazil.

Received: 15 July 2020 Accepted: 16 October 2022
Published online: 17 November 2022

References

1. World Health Organization. Antiretroviral therapy for HIV infection in
adults and adolescents. Recommendations for a Public Health Approach:
2010 Revision. 2010. p. 156.

2. Grinsztejn B, Hughes MD, Ritz J, Salata R, Hogg E, Wieclaw L, et al. Third-
line antiretroviral therapy in low and middle income countries: ACTG
A5288, a prospective strategy study. Lancet HIV. 2019;6(9):e588-600.

3. Kanters S, Park JJH, Chan K, Socias ME, Ford N, Forrest JI, et al. Interven-
tions to improve adherence to antiretroviral therapy: a systematic review
and network meta-analysis. Lancet HIV. 2017;4(1):e31-40. Available from:
https://doi.org/10.1016/52352-3018(16)30206-5.

4. Joint United Nations Programme on HIV/AIDS (UNAIDS). Understand-
ing fast-track. Accelerating actions to end the aids epidemic by 2030.
Geneva: UNAIDS; 2015. p. 1-12. Available from: https://www.unaids.org/


https://doi.org/10.1186/s13643-022-02102-3
https://doi.org/10.1186/s13643-022-02102-3
https://doi.org/10.1016/S2352-3018(16)30206-5
https://www.unaids.org/sites/default/files/media_asset/201506_JC2743_Understanding_FastTrack_en.pdf

Mocellin et al. Systematic Reviews

20.

21

22.

(2022) 11:243

sites/default/files/media_asset/201506_JC2743_Understanding_FastT
rack_en.pdf.

Gupta A, Juneja S, Vitoria M, Habiyambere V, Dongmo Nguimfack B,
Doherty M, et al. Projected uptake of new antiretroviral (ARV) medi-
cines in adults in low- and middle-income countries: a forecast analysis
2015-2025. PLoS One. 2016;11(10):e0164619.

Waters L, Winston A, Reeves |, Boffito M, Churchill D, Cromarty B, et al.
BHIVA guidelines on antiretroviral treatment for adults living with HIV-1
2022. BHIVA.org. 2022. p. 1-149. Available from: https.//www.bhiva.org/
treatment-guidelines-consultation

Panel on Antiretroviral Guidelines for Adults and Adolescents. Guidelines
for the use of antiretroviral agents in adults and adolescents with HIV.
[Internet]. Department of Health and Human Services. Department of
Health and Human Services; 2022. p. 1-463. Available from: https://clini
calinfo.hiv.gov/sites/default/files/guidelines/documents/AdultandAd
olescentGL.pdf

Saag MS, Gandhi RT, Hoy JF, Landovitz RJ, Thompson MA, Sax PE, et al.
Antiretroviral drugs for treatment and prevention of HIV infection in
adults 2020 Recommendations of the International Antiviral Society-USA
Panel. JAMA. 2020;324(16):1651-69.

Waters L, Ahmed N, Angus B, Boffito M, Churchill D, Edwards S, et al. Brit-
ish HIV Association guidelines for the treatment of HIV-1-positive adults
with antiretroviral therapy 2015 (2016 interim update): BHIVA.org; 2016. p.
1-152.

Williams |, Churchill D, Anderson J, Boffito M, Bower M, Cairns G, et al. Brit-
ish HIV Association guidelines for the treatment of HIV-1-positive adults
with antiretroviral therapy 2012. HIV Med. 2014;15(S1):1-85.

. Panel on Antiretroviral Guidelines for Adults and Adolescents. Guidelines

for the use of antiretroviral agents in HIV-infected adults and adolescents:
Department of Health and Human Services; 2013. p. 1-267. Available
from: http://aidsinfo.nih.gov/ContentFiles/Adultand%0AAdolescentGL.
pdf.

. World Health Organization (WHO). Priorities for antiretroviral drug opti-

mization in adults and children: report of a CADO, PADO and HIVResNeT
joint meeting; 2021. p. 1-34. Available from: https://www.who.int/publi
cations/i/item/9789240053038.

World Health Organization. Consolidated guidelines on the use of
antiretroviral drugs for treating and preventing HIV infection. Recommen-
dations for a public health approach. 2016. p. 480. Available from: https://
www.who.int/hiv/pub/arv/arv-2016/en/

Pichenot M, Deuffic-Burban S, Cuzin L, Yazdanpanah Y. Efficacy of new
antiretroviral drugs in treatment-experienced HIV-infected patients: a
systematic review and meta-analysis of recent randomized controlled trials.
HIV Med. 2012;13(3):148-55.

Lalezari JP, Henry K, O'Hearn M, Montaner JS, Piliero PJ, Trottier B, et al. Enfu-
virtide, an HIV-1 fusion inhibitor, for drug-resistant HIV infection in North and
South America. N Engl J Med. 2003;348:2175-85.

Gathe J, Cooper DA, Farthing C, Jayaweera D, Norris D, Pierone G, et al.
Efficacy of the protease inhibitors tipranavir plus ritonavir in treatment-
experienced patients: 24-week analysis from the RESIST-1 trial. Clin Infect
Dis. 2006;43(10):1337-46.

Katlama C, Esposito R, Gatell JM, Goffard JC, Grinsztejn B, Pozniak A, et al.
Efficacy and safety of TMC114/ritonavir in treatment-experienced HIV
patients: 24-week results of POWER 1. AIDS. 2007;21(4):395-402.

Steigbigel RT, Cooper DA, Kumar PN, Eron JE, Schechter M, Markowitz M,

et al. Raltegravir with optimized background therapy for resistant HIV-1
infection. N Engl J Med. 2008;359:339-54.

Gulick RM, Lalezari J, Goodrich J, Clumeck N, DeJesus E, Horban A, et al.
Maraviroc for previously treated patients with R5 HIV-1 infection. N Engl J
Med. 2008;359:1429-41.

Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gatzsche PC, loannidis JP, et al.
The PRISMA statement for reporting systematic reviews and meta-analyses
of studies that evaluate health care interventions: explanation and elabora-
tion. J Clin Epidemiol. 2009,62(10):e1-34.

Moher D, Hopewell S, Schulz KF, Montori V, Gatzsche PC, Devereaux PJ, et al.
CONSORT 2010 Explanation and Elaboration: updated guidelines for report-
ing parallel group randomised trials. J Clin Epidemiol. 2010,63(8):e1-37.
Higgins JP, Altman DG, Ggtzsche PC, Jini P, Moher D, Oxman AD, et al. The
Cochrane Collaboration’s tool for assessing risk of bias in randomised trials.
BMJ. 2011,343:d5928.

23.

24.

25.

26.

27.

28.

29.

30.

3.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Page 16 of 17

Chan-Tack KM, Struble KA, Morgensztejn N, Murray JS, Gulick R, Cheng B,

et al. HIV clinical trial design for antiretroviral development: moving forward.
AIDS. 2008,22:2419-27.

Gilbert PB, Ribaudo HJ, Greenberg L, Yu G, Bosch RJ, Tierney C, et al.
Considerations in choosing a primary endpoint that measures durability of
virological suppression in an antiretroviral trial. AIDS. 2000;14:1961-72.
Wittkop L, Smith C, Fox Z, Sabin C, Richert L, Aboulker JP, et al. Methodologi-
cal issues in the use of composite endpoints in clinical trials: examples from
the HIV field. Clin Trials. 2010;7:19-35.

Atkins D, Best D, Briss PA, Eccles M, Falck-Ytter Y, Flottorp S, et al. Grad-

ing quality of evidence and strength of recommendations. BIVL.
2004;328(7454):1490.

Caseiro MM, Nelson M, Diaz RS, Gathe J, de Andrade Neto JL, Slim J, et al.
Vicriviroc plus optimized background therapy for treatment-experienced
subjects with CCR5 HIV-1 infection: final results of two randomized phase lll
trials. J Infect. 2012;65(4):326-35.

Cahn P, Villacian J, Lazzarin A, Katlama C, Grinsztejn B, Arasteh K, et al.
Ritonavir-boosted tipranavir demonstrates superior efficacy to ritonavir-
boosted protease inhibitors in treatment-experienced HIV-infected patients:
24-week results of the RESIST-2 trial. Clin Infect Dis. 2006;43(10):1347-56.
Haubrich R, Berger D, Chiliade P, Colson A, Conant M, Gallant J, et al. Week
24 efficacy and safety of TMC114/ritonavir in treatment-experienced HIV
patients. AIDS. 2007,21(6):F11-8.

Madruga JV, Cahn P, Grinsztejn B, Haubrich R, Lalezari J, Mills A, et al. Efficacy
and safety of TMC125 (etravirine) in treatment-experienced HIV-1-infected
patients in DUET-1: 24-week results from a randomised, double-blind,
placebo-controlled trial. Lancet. 2007;370(9581):29-38.

Lazzarin A, Campbell T, Clotet B, Johnson M, Katlama C, Moll A, et al. Efficacy
and safety of TMC125 (etravirine) in treatment-experienced HIV-1-infected
patients in DUET-2: 24-week results from a randomised, double-blind,
placebo-controlled trial. Lancet. 2007;370(9581):39-48.

Nadler JP, Berger DS, Blick G, Cimoch PJ, Cohen CJ, Greenberg RN, et al.
Efficacy and safety of etravirine (TMC125) in patients with highly resistant
HIV-1: primary 24-week analysis. AIDS. 2007;21(6):F1-10.

Saag M, Goodrich J, Fatkenheuer G, Clotet B, Clumeck N, Sullivan J,

et al. A double-blind, placebo-controlled trial of maraviroc in treat-
ment-experienced patients infected with non-R5 HIV-1. J Infect Dis.
2009;199(11):1638-47.

Suleiman J, Zingman BS, Diaz RS, Madruga JV, DeJesus E, Slim J, et al.
Vicriviroc in combination therapy with an optimized regimen for treatment-
experienced subjects: 48-week results of the VICTOR-E1 phase 2 trial. J Infect
Dis. 2010,201(4):590-9.

Cahn P, Pozniak AL, Mingrone H, Shuldyakov A, Brites C, Andrade-Villanueva
JF, et al. Dolutegravir versus raltegravir in antiretroviral-experienced, inte-
grase-inhibitor-naive adults with HIV: week 48 results from the randomised,
double-blind, non-inferiority SAILING study. Lancet. 2013;382(9893):700-8.
Gripshover BM, Ribaudo H, Santana J, Gerber JG, Campbell TB, Hogg E, et al.
Amdoxovir versus placebo with enfuvirtide plus optimized background
therapy for HIV-1-infected subjects failing current therapy (AACTG A5118).
Antivir Ther. 2006;11(5):619-23.

Madruga JV, Berger D, McMurchie M, Suter F, Banhegyi D, Ruxrungtham K,
et al. Efficacy and safety of darunavir-ritonavir compared with that of lopina-
vir-ritonavir at 48 weeks in treatment-experienced, HIV-infected patients in
TITAN: a randomised controlled phase lll trial. Lancet. 2007,370(9581):49-58.
Grinsztejn B, Nguyen BY, Katlama C, Gatell JM, Lazzarin A, Vittecoq D, et al.
Safety and efficacy of the HIV-1 integrase inhibitor raltegravir (MK-0518) in
treatment-experienced patients with multidrug-resistant virus: a phase Il
randomised controlled trial. Lancet. 2007;369(9569):1261-9.

Lazzarin A, Clotet B, Cooper D, Reynes J, Arastéh K, Nelson M, et al. Efficacy
of enfuvirtide in patients infected with drug-resistant HIV-1 in Europe and
Australia. N Engl J Med. 2003;348(22):2186-95.

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

Hicks CB, Cahn P, Cooper DA, Walmsley SL, Katlama C, Clotet B, et al.

Durable efficacy of tipranavir-ritonavir in combination with an optimised
background regimen of antiretroviral drugs for treatment-experienced HIV-
1-infected patients at 48 weeks in the Randomized Evaluation of Strategic
Intervention in multi-drug reSistant patients with Tipranavir (RESIST) studies:


https://www.unaids.org/sites/default/files/media_asset/201506_JC2743_Understanding_FastTrack_en.pdf
https://www.unaids.org/sites/default/files/media_asset/201506_JC2743_Understanding_FastTrack_en.pdf
https://www.bhiva.org/treatment-guidelines-consultation
https://www.bhiva.org/treatment-guidelines-consultation
https://clinicalinfo.hiv.gov/sites/default/files/guidelines/documents/AdultandAdolescentGL.pdf
https://clinicalinfo.hiv.gov/sites/default/files/guidelines/documents/AdultandAdolescentGL.pdf
https://clinicalinfo.hiv.gov/sites/default/files/guidelines/documents/AdultandAdolescentGL.pdf
http://aidsinfo.nih.gov/ContentFiles/Adultand%0AAdolescentGL.pdf
http://aidsinfo.nih.gov/ContentFiles/Adultand%0AAdolescentGL.pdf
https://www.who.int/publications/i/item/9789240053038
https://www.who.int/publications/i/item/9789240053038
https://www.who.int/hiv/pub/arv/arv-2016/en/
https://www.who.int/hiv/pub/arv/arv-2016/en/

Mocellin et al. Systematic Reviews

42.

43.

45.

46.

47.

48.

49.

50.
51

52.

53.

54.

55.

(2022) 11:243

an analysis of combined data from two randomised open-label trials.
Lancet. 2006,368(9534):466-75.

Clotet B, Bellos N, Molina JM, Cooper D, Goffard JC, Lazzarin A, et al. Efficacy
and safety of darunavir-ritonavir at week 48 in treatment-experienced
patients with HIV-1 infection in POWER 1 and 2: a pooled subgroup analysis
of data from two randomised trials. Lancet. 2007;369:1169-78.

Katlama C, Haubrich R, Lalezari J, Madruga V, Molina J, Lazzarin A, et al.
Efficacy and safety of etravirine in treatment- experienced, HIV-1 patients:
pooled 48 week analysis of two randomized, controlled trials. AIDS.
2009;23(17):2289-300.

Steigbigel RT, Cooper DA, Teppler H, Eron JJ, Gatell JM, Kumar PN, et al.
Long-term efficacy and safety of Raltegravir combined with optimized
background therapy in treatment-experienced patients with drug-resistant
HIV infection: week 96 results of the BENCHMRK 1 and 2 Phase Il trials. Clin
Infect Dis. 2010;50(4):605-12.

Fatkenheuer G, Nelson M, Lazzarin A, Konourina |, Hoepelman Al, Lampiris
H, et al. Subgroup analyses of maraviroc in previously treated R5 HIV-1 infec-
tion. N Engl J Med. 2008;359(14):1442-55.

Mbuagbaw L, Kredo T, Welch V, Mursleen S, Ross S, Zani B, et al. Critical
EPICOT items were absent in Cochrane human immunodeficiency virus
systematic reviews: a bibliometric analysis. J Clin Epidemiol. 2016;74:66-72.
Evans D, Hirasen K, Berhanu R, Malete G, Ive P, Spencer D, et al. Predictors
of switch to and early outcomes on third-line antiretroviral therapy at a
large public-sector clinic in Johannesburg, South Africa. AIDS Res Ther.
2018;15(1):1-12.

Meintjes G, Dunn L, Coetsee M, Hislop M, Leisegang R, Regensberg L, et al.
Third-line antiretroviral therapy in Africa: effectiveness in a Southern African
retrospective cohort study. AIDS Res Ther. 2015;12(1):1-7.

Cesar C, Shepherd BE, Jenkins CA, Ghidinelli M, Castro JL, Veloso VG,

et al. Use of third line antiretroviral therapy in Latin America. PLoS ONE.
2014,9(9):1-8.

Vitoria M, Rangaraj A, Ford N, Doherty M. Current and future priorities for the
development of optimal HIV drugs. Curr Opin HIV AIDS. 2019;14(2):143-9.
Hirsch MS, Kuritzkes DR. The future of HIV treatment. J Acquir Immune
Defic Syndr. 2012;60(Suppl 2):539-40.

Kozal M, Aberg J, Pialoux G, Cahn P, Thompson M, Molina J-M, et al. Fos-
temsavir in adults with multidrug-resistant HIV-1 infection. N Engl J Med.
2020;382:1232-43.

Castagna A, Ferrara M, Galli L, Comi L, Sterrantino G, Cenderello G, et al.
Long-term efficacy of dolutegravir in treatment-experienced subjects
failing therapy with HIV-1 integrase strand inhibitor-resistant virus. J
Antimicrob Chemother. 2018:73:177-82.

Mani N, Murray J, Gulick RM, Josephson F, Miller V, Miele P, et al. Novel
clinical trial designs for the development of new antiretroviral agents.
AIDS. 2012;26(8):899-907.

Zwarenstein M, Treweek S, Gagnier JJ, Altman DG, Tunis S, Haynes B,

et al. Improving the reporting of pragmatic trials: an extension of the
CONSORT statement. BMJ. 2008;337:a2390.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 17 of 17

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	A systematic review and meta-analysis assessing antiretroviral therapy for treatment-experienced HIV adult patients using an optimized background therapy approach: is there evidence enough for a standardized third-line strategy?
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Data sources and searches
	Inclusion criteria
	Exclusion criteria
	Study selection
	Data extraction
	Data analysis
	Assessment of risk of bias
	Statistical analysis

	Results
	Study selection
	Study characteristics
	Treatment efficacy
	Risk of bias
	Risk of publication assessment
	Quality of evidence

	Discussion
	Conclusion
	Acknowledgements
	References


