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Background: Dual therapy (DT) with a ritonavir-boosted PI (PI/r) plus lamivudine has proven non-inferior
(12% margin) to triple therapy (TT) with PI/r plus two nucleos(t)ide reverse transcriptase inhibitors [N(t)RTIs] in
four clinical trials. It remains unclear whether DT is non-inferior based on the US FDA endpoint (virological failure
with a margin of 4%) or in specific subgroups.

Methods: We performed a systematic search (January 1990 to March 2017) of randomized controlled trials that
compared switching of maintenance ART from TT to DT. The principal investigators were contacted and agreed
to share study databases. The primary endpoint was non-inferiority of DT to TT based on the current FDA
endpoint (4% non-inferiority margin for virological failure at week 48). We also analysed whether efficacy was
moadified by gender, active HCV infection and type of PI. Effect estimates and 95% Cls were calculated using gen-
eralized estimating equation-based models.

Results: We found 881 references that yielded eight articles corresponding to four clinical trials (1051 patients).
At week 48, 4% of patients on DT versus 3.04% on TT had experienced virological failure (difference 0.9%; 95%
CI-1.2% to 3.1%), and 84.7% of patients on DT versus 83.2% on TT had <50 copies of HIV RNA/mL (FDA snap-
shot algorithm) (difference 1.4%; 95% CI -2.8% to 5.8%). Gender, active HCV infection and type of PI had no ef-
fect on differences in treatment efficacy between DT and TT.

Conclusions: DT was non-inferior to TT using both current and past FDA endpoints. The efficacy of DT was not
influenced by gender, active HCV infection status, or type of PI.

Introduction

Since the mid-1990s, the standard of combination ART has been
two nucleos(t)ide reverse transcriptase inhibitors [N(t)RTIs] with
an anchor drug, namely, a ritonavir-boosted PI (PI/r), an NNRTI or
an integrase inhibitor. The goal of ART is to suppress replication of
HIV and thus improve the quality of life and life expectancy of
infected patients. However, besides requiring strict adherence, life-
long ART is associated with a series of disadvantages in the form of
adverse events, extensive exposure to drugs, and cost, all of which

may affect the long-term effectiveness of treatment and its sus-
tainability. Consequently, simplification strategies have been
sought to improve the convenience of ART while maintaining
effectiveness.

The combination of a boosted PI plus lamivudine (PI/r + 3TC)
has the potential to suppress some of the long-term adverse
events associated with some N(t)RTIs, preserve future treatment
options and reduce the cost of ART. This strategy has proven to
be efficacious and safe in several randomized clinical trials of
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switching ART in stable patients (atazanavir boosted with ritonavir
plus lamivudine,’~ lopinavir boosted with ritonavir plus lamivu-
dine,* and darunavir boosted with ritonavir plus lamivudine®).
Based on a non-inferiority margin of 12%, these trials showed the
non-inferiority of dual therapy (DT) with PI/r + 3TC to triple therapy
(TT) with the respective PI/r plus two N(t)RTIs, based on the per-
centage of participants with <50 copies of HIV RNA/mL of plasma
at week 48. Nevertheless, it remains unclear whether DT is effica-
cious in specific subgroups, such as women and HIV/HCV-
coinfected patients and whether PIs have same efficacy in the
context of DT. The limited sample size of these trials (<150
patients per group) prevented the performance of such subgroup
analyses.

In 2015, the US FDA updated its guideline for trials on switching
ART.® The current guideline focuses on the rates of virological
failure more than on the rates of treatment success, as was previ-
ously the case. This is because in switch trials patients start with
HIV RNA levels that are already below the assay limit of quantifica-
tion. Thus, the endpoint of major interest is the percentage of par-
ticipants with suppressed HIV RNA at baseline who lose virological
control after switching to a new drug or regimen. Since virological
failure is typically in the range of 1% to 3% in this type of trial, a
non-inferiority margin of 4% has been recommended and consid-
ered feasible from a drug development standpoint. With this new
margin of 4%, it is unknown whether DT with PI/r + 3TC meets this
non-inferiority criterion.

To overcome the limited sample size in prior trials, we per-
formed an individual patient data (IPD) meta-analysis.
Estimations made using this methodology result in more tightly
defined and precise estimates of treatment differences. Classic
meta-analysis is based on aggregate data extracted from publica-
tions or obtained from investigators. These aggregated data repre-
sent a summary of the individual participants for each study and
may therefore potentially limit the spectrum of possible analyses
and reduce power. In addition, results and conclusions apply to
the groups studied but not to individual patients. The centralized
collection of IPD is perhaps the most resource-intensive and time-
consuming approach for systematic reviews. However, it has
many advantages, such as the absence of reliance on aggregated
data (published trials), more balanced interpretation of the results
of the review, analysis based on the treatment allocated, the pos-
sibility of subgroup analysis (not feasible with aggregated data),
and wider endorsement.” Given their considerable advantages,
meta-analyses based on IPD have been called the ‘gold standard’
of systematic reviews.®

To our knowledge, this IPD meta-analysis is the first to be car-
ried out through collaboration of academic investigators in the
field of ART. We performed an IPD meta-analysis in order to obtain
better estimates of the efficacy and advantages of DT based on PI/
r+ 3TC, to apply the new FDA criteria for non-inferiority in switch
trials, and to analyse the effect of this simplification strategy on
specific subgroups of patients.

Methods

Search strategy and selection criteria

We performed a systematic search for the period January 1990 to March
2017 to identify potentially eligible trials for an IPD meta-analysis. Details

on review methods, including the search strategy, are described in the pub-
lished protocol. This study is registered in PROSPERO with the identifier
CRD42017058511.

Randomized controlled trials that evaluated switching TT based on PI/r
plus two N(t)RTIs to DT based on PI/r + 3TC in patients with HIV-1 infection
were eligible. The study population of interest included patients aged
>18years with HIV-1 infection, stable ART, viral suppression and hepatitis B
surface antigen-negative status.

We made a systematic search of Medline, Embase, Web of Science,
Lilacs and the Cochrane Central Register of Controlled Trials (CENTRAL) lim-
ited to articles published between 1 January 1990 and 31 March 2017, with
no language restrictions. We made a secondary search by consulting the
references of the articles included and the abstracts of the most important
scientific meetings in the field of HIV infection (Conference on Retroviruses
and Opportunistic Infections, International AIDS Society Conference on
HIV, HIV Drug Therapy Glasgow, and European AIDS Clinical Society
Congress). We used the search terms ‘nucleoside-sparing’, ‘NRTI-sparing’,
‘dual therapy’, ‘HIV’ and ‘AIDS’. We used a methodological filter to focus
only on randomized controlled trials. We examined ClinicalTrials.gov in
order toidentify unpublished trials.

Data extraction

We contacted the principal investigators of each trial identified to obtain
anonymized raw data after signing agreement forms. Detailed definitions
and diagnostic criteria of all study outcomes are provided in the study
protocol. The data obtained included patients’ demographic characteristics,
virological data at baseline and throughout the follow-up to 48 weeks,
blood lipid levels, CD4 cell count and renal function. Information about ad-
verse events, treatment discontinuation, viral mutations after virological
failure and change in concomitant medication were also obtained for all
participants.

The primary endpoint of our IPD meta-analysis was to demonstrate the
non-inferiority of DT to TT at 48 weeks, based on the proportion of patients
with virological failure according to the FDA snapshot algorithm. Virological
failure was defined as the proportion of patients with an HIV-1 viral load of
>50 copies/mL at 48 weeks (including patients who discontinued the study
drug or study before week 48 because of lack or loss of efficacy). The margin
for non-inferiority was fixed at 4%. Missing patients, lack of virological data
at 48 weeks, and changes in any study drug were not considered virological
failures in this analysis. Based on the FDA snapshot algorithm, the sec-
ondary endpoint of the study was the proportion of patients with un-
detectable viral load (<50 copies/mL) at week 48. For this secondary
endpoint patients without virological response were classified in the fol-
lowing categories: virological failure; missing patients; and changes in
any study drug.

Data synthesis and validation

Data from the original trials were extracted by an investigator who was fa-
miliar with the data. The coordinating statistician verified the data to iden-
tify inconsistencies, outliers and invalid data. Any data clarification queries
were forwarded to the investigators of the original trials. The primary ana-
lysis of the original trials was replicated before the IPD meta-analysis to en-
sure data robustness and consistency with original trial reports.

Assessment of risk of bias

Risk of bias was independently assessed by two investigators (J. A. P.-M.
and C. C.) using five of the seven criteria of the Cochrane Risk of Bias tool.
We did not consider the criterion ‘Selective reporting’, because any data
needed for this analysis would have been requested from the authors re-
gardless of whether or not they were reported in their publications. We did
not use the criterion ‘Other sources of bias’ because we did not have any
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Figure 1. Flow diagram for selected studies.

major concern about bias that was not already included in the Cochrane
Risk of Bias tool. The criteria were graded as low risk, high risk or unclear
consensus. When the information was not available in the published paper,
the trial’s lead author was contacted to provide clarification or additional
information.

Data analysis

Non-inferiority margins were established at 4% for the loss of efficacy out-
come (virological failure) and at 12% for the undetectable viral load out-
come. We used a generalized estimating equation (GEE) model in which
the four studies were considered as clusters within the analysis. Non-
inferiority of virological failure was considered demonstrated if the upper
limit of the 95% CI of the difference between DT and TT was lower than the
non-inferiority margin of 4%. Similarly, non-inferiority of undetectable viral
load was considered demonstrated if the lower limit of the 95% CI of the
difference between DT and TT was greater than the non-inferiority margin
of 12%.

The effect of switching therapy on both outcomes was estimated using
the absolute risk difference with its 95% CI. We assumed a binomial distri-
bution of the response variable, an identity link function between the re-
sponse variable and treatment, and an exchangeable correlation matrix.
Interactions between treatment and gender, active HCV infection and type

of PI were evaluated by including corresponding interaction terms in the
GEE models.

Differences in CD4 cell count, blood lipid values and renal function be-
tween treatment groups were evaluated from baseline to 48 weeks using
GEE models and assuming a Gaussian distribution for the response variable,
an identity link function between the variable and the treatment, and an
exchangeable correlation matrix.

We also analysed the total proportion of grade 3-4 adverse effects and
the proportion of discontinuations due to adverse events caused by treat-
ment in the dual and triple arms. Resistance mutations at virological failure
were also described.

All statistical analyses were based on a significance level of o =0.05
and were performed with STATA 14 IC.

Results

The systematic search revealed 881 articles (Figure 1). After check-
ing the title and abstract and eliminating duplicates, we ruled out
873 articles that did not meet our predefined criteria. After exam-
ining the full text of the remaining eight studies, we excluded four,
as they involved a one-arm cohort, had insufficient follow-up
(24 weeks), or the design/intervention did not reflect inclusion
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Figure 2. Assessment of the risk of bias. This figure appears in colour in the online version of JAC and in black and white in the print version of JAC.

criteria. We finally selected four clinical trials™**° comprising data

from 1051 patients for description and analysis. These four trials
compared a strategy based on switching from a standard TT regi-
men based on PI/r plus two N(t)RTIs to a DT regimen based on
PI/r+ 3TC: in the ATLAS-M' and SALT? trials atazanavir boosted
with ritonavir plus lamivudine was compared with atazanavir
boosted with ritonavir plus two N(t)RTIs; in the OLE* trial lopinavir
boosted with ritonavir plus lamivudine was compared with lopina-
vir boosted with ritonavir plus two N(t)RTIs; and in the DUAL? trial
darunavir boosted with ritonavir plus lamivudine was compared
with darunavir boosted with ritonavir plus two N(t)RTIs. All four
studies analysed were open-label, randomized clinical trials. The
risk of bias for the four studies was low overall, with the exception
of the blinding of participants and personnel because of the open-
label nature of their design (Figure 2).

The primary endpoint in these trials was non-inferiority of the
virological response between treatment groups, defined as the

proportion of patients with an HIV-1 viral load of <50 copies/mL at
week 48, using a non-inferiority margin of 12% in accordance with
the former recommendations of regulatory agencies. The popula-
tion comprised mainly male adults in their forties, with a preva-
lence of HCV infection of 22%, and a median of 2.5 years of HIV-1
viral load of <50 copies/mL prior to study entry; 75% of the popula-
tion were taking tenofovir disproxil fumarate and the median CD4
count of the population was 600 cells/mm? at baseline (Table 1).
At week 48, 21 patients on DT (4.0%) versus 16 patients on TT
(3.04%) had >50copies of HIV RNA/mL in the ITT population
(FDA snapshot algorithm). Non-inferiority was shown at the cur-
rent prespecified level of 4% for switch studies; the difference in
the pooled proportion of virological failure between dual and triple
regimens was 0.9% (95% CI -1.30 to 3.20) (Figure 3a). Subgroup
analysis showed that the treatment difference between DT and TT
was not affected by gender, HCV infection status or type of
PI (Figure 3b). Non-inferiority was also demonstrated when it was
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Figure 3. Primary endpoint. (a) Weighted estimation of the difference in the percentage of patients with HIV-1 viral load >50 copies/mL (DT versus
TT). The red dashed line shows a margin of 4%. (b) Impact of sex, HCV infection status and PI on the percentage of patients with HIV-1 viral load
>50 copies/mL. ATV/r, atazanavir boosted with ritonavir; DRV/r, darunavir boosted with ritonavir; LPV/r, lopinavir boosted with ritonavir. This figure
appears in colour in the online version of JAC and in black and white in the print version of JAC.

significant differences in HDL cholesterol or total cholesterol/HDL
ratio (Table 2). The glomerular filtration rate improved significantly
from baseline to week 48 in the DT group compared with the TT
group (Table 2). When we only analysed the 784 (74.6%) patients
who were receiving tenofovir disoproxil fumarate prior to study entry,
the mean changes from baseline between DT and TT were compar-
able to those previously described for the whole population (Table 2).
In this subgroup, only the difference in the total cholesterol/HDL
ratio changed significantly in patients on DT versus TT compared
with the whole population: 0.15 mg/dL (95% CI 0.01-0.29).

Discussion

In this IPD meta-analysis, we found that DT with a PI/r + 3TC was
virologically non-inferior to TT with a PI/r and two N(t)RTIs for
maintenance of HIV-1 viral suppression. We based our research on
the virological failure endpoint with a 4% non-inferiority margin
requested by the FDA for switch trials since 2015. This is the first
time that non-inferiority of DT with PI/r+ 3TC has been demon-
strated using this strict FDA endpoint.

Our IPD-based meta-analysis revealed two key secondary find-
ings that were not reported in the individual clinical trials owing to
their small sample size. First, the difference between DT and TT is
not affected by gender, active HCV coinfection status or type of PL.
Second, significantly more patients discontinued therapy owing to

safety events in the TT arms than in the DT arms after 48 weeks of
follow-up. The difference in discontinuation was mainly driven by
excess renal and bone adverse events in patients receiving TT.
Moreover, virological failure leading to development of drug resist-
ance was very infrequent, with just three patients (one receiving
DT and two receiving TT) who developed resistance mutations at
failure. Taken together, the findings provided by our IPD meta-
analysis strongly question the need to maintain a second N(t)RTI,
other than lamivudine, in patients who are virologically suppressed
while receiving a fully active PI/r and two N(t)RTIs.

Trials of PI/r monotherapy for maintenance of virological sup-
pression have shown that individuals switched to PI/r monother-
apy had a greater risk of losing suppression than those continuing
TT.Indeed, a meta-analysis of 2303 patients has reported that the
difference in suppression of plasma HIV-1 RNA in favour of TT is
8.3%.° Our meta-analysis shows that this difference in favour of TT
disappears when lamivudine is maintained along with the PI/r.
This result contrasts sharply with trials that could not demonstrate
non-inferiority after comparing DT with PI/r and maraviroc'®** or
atazanavir/r and raltegravir*? with TT. Possible explanations for the
better outcomes achieved with lamivudine include an increase in
forgiveness of the regimen, given its long intracellular half-life, lack
of any pharmacological interaction with PI/r and better penetra-
tion in tissues and reservoirs. At present, the only other dual ART
strategy that has proven non-inferior to TT for maintenance of
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(@) HIV-RNA <50 copies/mL at week 48 Absolute risk difference (95% CI)
Dual therapy - triple therapy (%) Non-inferiority margin: -12%
i
1
SALT i <+ 1.39 (-8.50, 11.30)
1
ATLAS-M i * 6.77 (-2.20, 15.70)
1
1
DUAL i * -3.79 (-10.90, 3.30)
1
1
OLE | * 1.19 (-7.10, 9.50)
1
1
Pooled 1-12% <> 1.47 (-2.90, 5.80)
1
1
T » Favours DT
0%
(b) HIV-RNA <50 copies/mL at week 48 Absolute risk difference, (95% CI) P value for interaction
Dual therapy - triple therapy (%)
Female *- > 4.90 (-4.20, 14.10) 0.37
Male 0.03 (-4.60, 5.30)
HCV+ +- -1.20 (-11.10, 8.70) 0.47
HCV- * -2.70 (-1.90, 7.50)
ATV/r (Reference) < 3.90 (-2.70, 10.60)
DRV/r * -3.70 (-10.90, 3.30) 0.12
LPV/r * 1.20 (-7.10, 9.40) 0.61
---------- -+ Favours DT
I I

0%

Figure 4. Secondary endpoint. (a) Weighted estimation of the difference in the percentage of patients with HIV-1 viral load <50 copies/mL (DT versus
TT). The red dashed line shows a margin of —12%. (b) Impact of sex, HCV infection status and PI on the percentage of patients with HIV-1 viral load
<50 copies/mL. ATV/r, atazanavir boosted with ritonavir; DRV/r, darunavir boosted with ritonavir; LPV/r: lopinavir boosted with ritonavir. This figure
appears in colour in the online version of JAC and in black and white in the print version of JAC.

Percentage of treatment discontinuation Absolute risk difference (95% CI)
SALT - -4.80 (-9.50, -0.30)
ATLAS-M - -2.20 (-6.00, 1.50)
DUAL R S -0.83 (-3.50, 1.80)
OLE > -2.30 (-5.60, 0.90)
Pooled <> ~2.70 (-4.50,-0.70)
Favours DT «------
T T

0%

Figure 5. Weighted estimation of the difference in the percentage of treatment discontinuation secondary to treatment-related adverse events
(DT versus TT). This figure appears in colour in the online version of JAC and in black and white in the print version of JAC.

virological suppression is the combination of dolutegravir and rilpi- We collected IPD in order to bring together the largest sample
virine.'® Given that dolutegravir also has a high barrier to resist-  to date in randomized trials of DT with a PI/r and lamivudine for
ance, we believe our data support ongoing clinical trials of DT with  maintenance of virological suppression. This increased sample size
dolutegravir and lamivudine. provided us with a considerably improved statistical power to
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Table 2. Average difference in CD4 cell count, blood lipid levels and renal function from baseline to week 48

Difference: DT minus TT (95% CI)

Variable DT group TT group all patients TDF only

CD4 count (cells/mm?) 29.6 (236.1) 13.8 (214.4) 15.8 (=12.7 to 44.3) 21.9(-9.3t053.1)
Total cholesterol (mg/dL) 11. 03 (34.4) —1.66 (28.0) 12 6(8.7-16.5) 18.4(14.3-22.6)
LDL (mg/dL) 9(28.2) -1.01(24.2) 8 (4.4-11.3) 10 3(6.7-14.1)
HDL (mg/dL) 248 (17.6) 1.21(19.2) 3(-1.08t03.6) 8(—1.2t04.8)
Triglycerides (mg/dL) 8.77 (98.9) —4.7 (82 2) 13 5(2.0-25.0) 22 4 (11.3-33.6)
Total cholesterol/HDL 0.017 (0.9) —0.06 (0. 0. 08 (—0.04 t0 0.20) 0. 15 (0.01-0.29)
GFR (mL/min) 3.32(19.1) -1.89 (17 9) 2(2.9-7.5) 7(3.0-8.5)

Variables are expressed as mean (SD).
TDF, tenofovir disoproxil fumarate; GFR, glomerular filtration rate.

precisely estimate treatment effects and test for interactions with
relevant clinical characteristics. The performance of interaction
tests in an IPD meta-analysis framework allows us to avoid the
ecological bias inherent in the exploration of sources of heterogen-
eity via metaregression of aggregate data on study-level
covariates.***

Our meta-analysis is limited by the open-label nature of the
four trials included, which could have led to bias. However, the fact
that the trials compare regimens with identical pill burdens
reduces the likelihood of participant bias. Investigator bias with re-
gard to discontinuations due to adverse events is also possible, but
the most frequent adverse events leading to treatment discon-
tinuation in the four individual trials (renal and bone adverse
events) are less prone to subjective interpretation. Another limita-
tion of these 48 week trials is that we did not demonstrate signifi-
cant benefits in terms of specific safety endpoints. There was a
statistically significant difference in estimated glomerular filtration
rate in favour of the DT group and non-significant differences in lip-
ids. It could be argued that the difference in estimated glomerular
filtration rate between the groups is currently non-relevant be-
cause, with the advent of tenofovir alafenamide, changes in esti-
mated glomerular filtration rate caused by a PI/r and tenofovir
alafenamide/emtricitabine would be comparable to those caused
by dual therapy with PI/r and lamivudine. Although triple therapy
combinations including tenofovir alafenamide have demonstrated
advantages in terms of bone and renal safety,'® *® we believe that
comparison of the safety of DT and TT combinations will not be de-
finitively resolved until we have studies that evaluate safety end-
points after much longer periods of follow-up. It is also important
to emphasize that our results do not apply to patients with prior
virological failures, a history of resistance mutations, or chronic
hepatitis B.

The main contribution of our meta-analysis is the highly precise
estimate of the efficacy of DT with PI/r + 3TC compared with TT for
maintenance of virological suppression. The sample size achieved
in this IPD meta-analysis made it possible to evaluate potential
interactions with gender, active HCV infection and type of PI, and
we did not find any significant modifier effect for efficacy. DT is as
efficacious as TT with a PI/r and two N(t)RTIs, even using the new
strict non-inferiority margin set by the FDA. The high efficacy and

improved safety of the DT combination gives clinicians a new
choice of maintenance therapy for control of HIV infection.
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