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Background. Previous studies suggest that nonnucleoside reverse-transcriptase inhibitors (NNRTIs) cause faster virologic sup-
pression, while ritonavir-boosted protease inhibitors (PI/r) recover more CD4 cells. However, individual trials have not been powered
to compare clinical outcomes.

Methods. We searched databases to identify randomized trials that compared NNRTI- vs PI/r-based initial therapy. A metaa-
nalysis calculated risk ratios (RRs) or mean differences (MDs), as appropriate. Primary outcome was death or progression to AIDS.
Secondary outcomes were death, progression to AIDS, and treatment discontinuation. We calculated RR of virologic suppression and
MD for an increase in CD4 cells at week 48.

Results. We included 29 trials with 9047 participants. Death or progression to AIDS occurred in 226 participants in the
NNRTI arm and in 221 in the PI/r arm (RR, 1.03; 95% confidence interval, .87–1.22; 12 trials; n = 3825), death in 205 participants
in the NNRTI arm vs 198 in the PI/r arm (1.04; 0.86–1.25; 22 trials; n = 8311), and progression to AIDS in 140 participants in the
NNRTI arm vs 144 in the PI/r arm (1.00; 0.80–1.25; 13 trials; n = 4740). Overall treatment discontinuation (1.12; 0.93–1.35; 24
trials; n = 8249) and from toxicity (1.21; 0.87–1.68; 21 trials; n = 6195) were comparable, but discontinuation due to virologic
failure was more common with NNRTI (1.58; 0.91–2.74; 17 trials; n = 5371). At week 48, there was no difference between
NNRTI and PI/r in virologic suppression (RR, 1.03; 0.98–1.09) or CD4+ recovery (MD, −4.7 cells; −14.2 to 4.8).

Conclusions. We found no difference in clinical and viro-immunologic outcomes between NNRTI- and PI/r-based therapy.
Keywords. HIV; antiretroviral therapy; protease inhibitor; nonnucleoside reverse transcriptase inhibitor; metaanalysis.

The advent of combination antiretroviral therapy (cART) was a
major breakthrough for human immunodeficiency virus–
positive (HIV+) persons, leading to a dramatic reduction in

morbidity and mortality [1, 2]. Standard cART regimens consist
of 3 or more medications from at least 2 drug classes. In re-
source-rich settings, guidelines for initial therapy recommend
2 nucleoside reverse-transcriptase inhibitors (NRTI) with a
non-NRTI (NNRTI), ritonavir-boosted protease inhibitor (PI/r)
or integrase inhibitor for adults [3–5]. Treatment options are
limited in resource-constrained settings, with generic NNRTI-
based regimens being the preferred choice [6].

As current cART regimens are effective and well tolerated,
clinical outcomes such as death and AIDS can only be assessed
in randomized clinical trials (RCTs) with very large sample
sizes and many years of follow-up. As a result, the majority of
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RCTs that compared NNRTI- to PI/r-based regimens used vi-
rologic suppression and CD4+ count recovery as surrogate out-
comes [7–9], lacking statistical power to detect differences in
clinical outcomes. The surrogacy of HIV RNA suppression as
a proxy to demonstrate clinical benefit following cART initia-
tion was established in 1996/1997 [10] and accepted by regula-
tors thereafter. However, this is not the case for changes in
CD4+ counts whose impact on clinical outcomes is less clear.
On the one hand, some studies [11, 12], but not all [13], dem-
onstrated a faster CD4+ count recovery in participants who re-
ceived PI/r. On the other hand, individuals treated with NNRTI
as the third drug were shown to be less likely to suffer virologic
failure [11, 14] and more rapidly suppress HIV RNA to unde-
tectable levels in some studies [12,15]. However, it remains un-
clear whether reported differences in viro-immunologic
outcomes do translate into clinical benefit.

Results of several RCTs were reported in the last 2 decades
[7–9, 11–13]. A systematic review to summarize results using
metaanalysis could help to elucidate if NNRTI-based cART reg-
imens are associated with different clinical viro-immunologic
outcomes among treatment-naive individuals when compared
with PI/r-based regimens.

METHODS

Search
We searched the Cochrane Central Register of Controlled
Trials, MEDLINE, and EMBASE for eligible trials (up to Febru-
ary 2016). A combination of free text words and indexing terms
was combined with the sensitivity- and precision-maximizing
version of the Cochrane search filter for identifying RCTs
[16] (see Supplementary Appendix). We searched relevant re-
view articles and reference lists of included articles for addi-
tional trials. Web of Science (February 2016) was searched for
any articles that cited the included articles. To identify ongo-
ing or unpublished trials, we searched the National Institutes
of Health and World Health Organization (WHO) trial regis-
tries (February 2013) and proceedings of relevant conferences
held in the past 5 years (Conference on Retroviruses and Oppor-
tunistic Infections, International AIDS Conference European
Congress of Clinical Microbiology and Infectious Diseases, and
Interscience Conference on Antimicrobial Agents and Chemo-
therapy; through March 2013).

Eligibility
We included RCTs, in any language, published or unpublished,
involving treatment-naive HIV+ participants who were ran-
domized to receive an NRTI backbone with either NNRTI or
PI/r. Treatment naive was defined as absent or limited previous
exposure to cART. We excluded trials that were restricted to pe-
diatric participants; included older medications no longer rec-
ommended as the third drug, namely, unboosted protease
inhibitors, soft gel saquinavir capsules, and delavirdine; and

whose primary aim was to reduce mother-to-child transmission
in pregnant women by using intermittent regimens.

Study Selection
Two investigators (AHB, AL) independently assessed articles
for study inclusion. Titles and abstracts were first screened for
includable articles. Full text versions of potential articles were
then screened for final inclusion. Disagreement was resolved
by discussion.

Data Extraction
Two investigators independently extracted data from included
trials. We collected data on trial characteristics (corresponding
author, publication year, journal, setting, inclusion and exclu-
sion criteria, length of follow-up, and funding source), partici-
pants (number, country, age, gender, race, HIV transmission
risk, proportion with AIDS, CD4+ counts, HIV RNA levels), in-
terventions (name and dosage of drugs), and outcomes (event
data, outcome assessor, timing of outcomes). To access unpub-
lished data and resolve queries concerning reporting of data,
corresponding authors of included trials were contacted and in-
vited to participate as members of the writing group.

Risk of Bias Assessment
Two investigators independently assessed each trial and outcome
for risk of bias using the Cochrane Risk of Bias tool [16]. We as-
sessed the following domains: sequence generation, allocation
concealment, blinding of participants and personnel, blinding
of outcome assessors-objective outcomes (eg, CD4+ cell counts),
blinding of outcome assessors-subjective outcomes (eg, discontin-
uation due to toxicity), incomplete outcome data, and selective
outcome reporting. We contacted authors for clarifications.

Outcomes
The primary outcome was a composite outcome comprised of
death or progression to AIDS. Progression to AIDS was defined
as the occurrence of a new or recurrent Centers for Disease con-
trol and Prevention stage B or C event [17]or WHO stage 3 or 4
condition [18]. Secondary outcomes were all-cause death, pro-
gression to AIDS, treatment discontinuation, CD4+ counts, and
HIV RNA levels. We defined treatment discontinuation as the
proportion of participants who discontinued the cART regimen
they were randomized to, irrespective of cause (ie, this included
participants lost to follow-up and withdrawals). To broadly as-
sess differences in adverse events and potency, we reported
treatment discontinuations due to cART toxicity and study-
defined virologic failure, respectively.

Outcomes were assessed until the end of study follow-up or
until a predefined time point at which a switch from triple ther-
apy to a simplified regimen with no NRTI backbone [19, 20] was
allowed by study protocol. In factorial [12, 21, 22] and multiarm
trials, we assessed outcomes combining trial arms on the basis of
whether the third drug was an NNRTI [12, 23–25]or PI/r [12, 26,
27] irrespective of the NRTI backbone. We excluded trial arms in
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Table 1. Included Randomised Controlled Trials Involving Treatment-Naive Human Immunodeficiency Virus–Positive Persons

Trial Name and
Referencesa No. Participants Country

Mean (SD) or
Median (IQR) CD4+

Cell Count at
Baseline

(cells/mm3)

Age (y)-Mean
(SD) or Median

(IQR) Male Gender (%) Race (%)
Length of
Follow-up NRTI Backbone

NNRTI
Initiated Boosted PI Initiated

ACTG A5202
[3, 21, 22,
S1–3]

1857 randomized (8
did not receive
medication)

United States and
Puerto Rico

230 (90–334) overall 38 (31–45)
overall

83 40 white
33 black
23 Hispanic
2 Asian
2 other

Median: 138 (106–
169) wk

Abacavir/
lamivudine or
Tenofovir/
emtricitabine

Efavirenz Atazanavir/ritonavir

ACTG A5142
[11, S4]

503 Unclear, at least 1
South African
site

191 overall 38 overall 80 36 white
42 black
19 Latino
2 Asian
1 unknown

112 wk Lamivudine+
42% Zidovudine
24% Stavudine
34% Tenofovir

Efavirenz Lopinavir/ritonavir

Advanz [S5] 65 Spain 41 (25–67) overall 43 (28–66)
NNRTI arm

43 (29–75) PI/r
arm

76 NNRTI arm
84 PI/r arm

Not reported 144 wk Zidovudine/
lamivudine

Efavirenz Indinavir/ritonavir

Advanz-3
[27, S6]

89 Spain 32 (20–59) overall 38 (22–69)
overall

82 Not reported 48 wk Tenofovir/
emtricitabine

Efavirenz Atazanavir/ritonavir
Lopinavir/ritonavir

ALTAIRb

[29, S7]
219c Argentina,

Australia,
Canada, Chile,
France,
Germany, Hong
Kong, Ireland,
Malaysia, Israel,
Singapore,
Mexico,
Thailand,
Taiwan, United
Kingdom

227(95) NNRTI arm
235 (114) PI/r arm

37 (9) NNRTI arm
37 (9) PI/r arm

79 NNRTI arm
71 PI/r arm

NNRTI:
40 white;
31 Asian;
22 Latino
PI/r arm:
41 white;
35 Asian;
19 Latino

48 wk Tenofovir/
lamivudine

Efavirenz Atazanavir/ritonavir

ARTENd

[25, S8]
569 Argentina,

Germany, Italy,
Mexico, Poland,
Portugal,
Romania, Spain,
Switzerland,
United Kingdom

184 (96) overall 39 (10) overall 84 80 white
12 Asian
8 black

48 wk Tenofovir/
emtricitabine

Nevirapine
200 mg
twice daily
or 400 mg
once daily
(1:1 ratio)d

Atazanavir/ritonavir

Camerone

[19, S9]
155 United States,

Canada, Europe
225 (127–333)

overallf
38 (31–46)

overallf
79 66 24–48 wke Zidovudine/

lamivudine
Efavirenz Lopinavir/ritonavir

CLASSb

[28, S10]
193 United States,

Canada,
Europe, Japan

307 (184) NNRTI
arm

306 (192) PI/r arm

37 (18–59)
NNRTI arm

36 (21–61) PI/r

83 NNRTI arm
87 PI/r arm

NNRTI arm
28 white;
35 black;
37 Latino;
PI/r arm
27 white;
29 black;
40 Latino;
2 Asian

96 wk Abacavir/
lamivudine

Efavirenz Amprenavir/ritonavir
initially;
participants
switched to
fosamprenavir/
ritonavir when the
new drug became
available
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Table 1 continued.

Trial Name and
Referencesa No. Participants Country

Mean (SD) or
Median (IQR) CD4+

Cell Count at
Baseline

(cells/mm3)

Age (y)-Mean
(SD) or Median

(IQR) Male Gender (%) Race (%)
Length of
Follow-up NRTI Backbone

NNRTI
Initiated Boosted PI Initiated

FIRSTg

[13, S11]
168g United States 159 (34–292) overall 39 (32–46)

overall
77 55 black

27 white
14 Latino
4 other

240 wk 66% Zidovudine/
lamivudine

23% Stavudine/
lamivudine

5%Abacavir/
lamivudine

4% other

79% efavirenz
21%

nevirapine

49% Indinavir/
ritonavir

36% Lopinavir/
ritonavir

8% Saquinavir/
ritonavir

8% other

Hippocampe-
ANRS 121h

[30, S12]

57h France 216 (119–278)
overallf

39 (32–49)
overallf

75 39 black
58 white
4 otherf

48 wk 90% Lamivudine/
didanosine

7% Lamivudine/
didanosine

4% Tenofovir/
lamivudine

79% Efavirenz
21%

Nevirapine

52% lopinavir/
ritonavir

48% indinavir/
ritonavir

Honda [S13] 71 Japan 220 (121–323)
NNRTI arm

226 (103–324) PI/r
arm

36 NNRTI arm
35 PI/r arm

100 100 Asian 96 wk Abacavir/
lamivudine

Efavirenz Atazanavir/ritonavir

INCA [S14] 91 Italy 284 (119) overall 44 (12) overall 79 99 white
1 black
overall

48 wk Tenofovir/ritonavir Efavirenz Atazanavir/ritonavir

KISSd

[24, S15]
187 Italy 211 (72–300)

overallf
40 (34–47)

overallf
84 Not reported 96 wk 68% Didanosine/

lamivudine
32% Tenofovir/

zidovudine

Efavirenz Atazanavir/ ritonavir

LAKE [7, S16] 126 Spain and Italy 193 (122) NNRTI
arm

191 (127) PI/r arm

39 (8) NNRTI arm
37 (9) PI/r arm

86 NNRTI arm
87 PI/r arm

Not reported 48 wk Abacavir/
lamivudine

Efavirenz Atazanavir/ ritonavir

Lapadula [S17] 14 Italy 190 (101–252)
NNRTI arm

132(64–313) PI/r
arm

36 (28–44)
NNRTI arm

43 (33–75) PI/r
arm

79 Not reported 12 wk Tenofovir/
emtricitabine

Nevirapine Atazanavir/ritonavir

LIPOTAR
[S18, S19]

19 Spain 337 overall 39 overall 100 90 white 48 wk Tenofovir/
emtricitabine

Efavirenz Lopinavir/ritonavir

Lubumbashi
[33, S20,
S21]

425 Congo DR 182 (1–711) in
males

163 (1–516) in
females

42(19–72) in
males

36 (22–67) in
females

23 100 black 96 wk Tenofovir/
emtricitabine or
Zidovudine/
lamivudine

Nevirapine Lopinavir/Ritonavir

Martin [S22] 224 Uganda 119 overall 34 overall 62 NNRTI
50 PI/r arm

100 black 48 wk Tenofovir/
emtricitabine

Efavirenz Lopinavir/ritonavir

NEWART
[S23]

152 United States 185 overall 37 (18–66)
overall

90 68 white
31 black
1 Asian

48 wk Tenofovir/
emtricitabine

Nevirapine Atazanavir/ritonavir
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Table 1 continued.

Trial Name and
Referencesa No. Participants Country

Mean (SD) or
Median (IQR) CD4+

Cell Count at
Baseline

(cells/mm3)

Age (y)-Mean
(SD) or Median

(IQR) Male Gender (%) Race (%)
Length of
Follow-up NRTI Backbone

NNRTI
Initiated Boosted PI Initiated

NORTHivi

[26, S24,
S25]

239 Norway and
Sweden

150 (80–200) NNRTI
arm

150 (80–200)
atazanavir/r arm

150 (90–216)
lopinavir/r arm

37 (31–46)
NNRTI arm

39 (34–51)
atazanavir/r
arm

37 (32–45)
lopinavir/r arm

63 NNRTI arm
67 PI/r arms

combined

Not reported 144 wk 73% of participants
in the NNRTI
received
tenofovir/
emtricitabine;

67% of participants
in the atazanavir
arm received
tenofovir/
emtricitabine;

89% of participants
in the lopinavir
arm received
zidovudine/
lamivudine

Efavirenz 50% Atazanavir/
ritonavir

50% Lopinavir/
ritonaviri

OCTANE1
[34, S26]

243 (2 did not initiate
medication)

7 African countries 139 (48–208) overall 31 (34–37)
overall

0 100 black 48 wk Tenofovir/
emtricitabine

Nevirapine Lopinavir/ritonavir

OCTANE2
[9, S27]

502 (2 withdrew
consent)

7 African countries 121 (38–204) overall 34 (26–45)
overall

0 100 black 48 wk Tenofovir/
emtricitabine

Nevirapine Lopinavir/ritonavir

Phidisa II
[12, S28]

1771 South Africa 107 (48–156)
EFV+ZDV+ddI

102 (38–155)
EFV+d4t+3TC

104 (43–151)
LPV/r+ZDV+ddI

112 (51–154)
LPV/r+d4T+3TC:

35 (5)
EFV+ZDV+ddI
36 (6)

EFV+d4t+3TC
35 (6)
LPV/r+ZDV+ddI
36 (6) LPV/

r+d4T+3TC

67%
EFV+ZDV+ddI

69%EFV+d4t+3TC
68% LPV/

r+ZDV+ddI
68%
LPV/r+d4T++3TC

Not reported Median 192 wk;
study halted

prematurely

Zidovudine/
didanosine

odds ratio
Stavudine/

lamivudine
(factorial design)

Efavirenz Lopinavir/ritonavir

PROMOTE
[S29–31]

391 Uganda 374 (270–485)
NNRTI arm

368 (282–506) PI/r
arm

30 (5) NNRTI arm
29 (5) PI/r arm

0 100 black 52 wk postpartum Zidovudine/
lamivudine

Efavirenz Lopinavir/ritonavir

RIFART [S32] 64 (32 of the 96
eligible
participants were
treatment
experienced)f

Italy (24 centers) 127 (157) NNRTI
arm

100 (76) PI/r armf

41 (13) NNRTI
arm

42 (11) PI/r armf

73 NNRTI arm
61 PI/r armf

NNRTI arm:
24.2 white
PI/r arm:
23 whitef

24–36 wk (while
receiving
tuberculosis
treatment)
extending to 96
wk in those
successfully
treated

Tenofovir/
emtricitabine

Efavirenz Lopinavir/ritonavir

Sierra-Madero
[S33]

189 Mexico 64 (50–79) NNRTI
arm

52 (37–67) NNRTI
arm

37 (35–39)
NNRTI arm

36 (34–38) PI/r
arm

83 NNRTI arm
87 PI/r

100 Latino 48 wk Zidovudine/
lamivudine

Efavirenz Lopinavir/ritonavir
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Table 1 continued.

Trial Name and
Referencesa No. Participants Country

Mean (SD) or
Median (IQR) CD4+

Cell Count at
Baseline

(cells/mm3)

Age (y)-Mean
(SD) or Median

(IQR) Male Gender (%) Race (%)
Length of
Follow-up NRTI Backbone

NNRTI
Initiated Boosted PI Initiated

SISTHER
[23, S34–
36]

185 enrolled
(including the
prematurely
discontinued arm
of 11 patients
originally enrolled
to receive
TDF+ddI+EFV)

Italy Not reported Not reported Not reported Not reported 52 wk Tenofovir/
lamivudine
(NNRTI arm)

Zidovudine/
lamivudine (PI/r)

Efavirenz Lopinavir/ritonavir

SUPPORT
[S37, S38]

101 United States 272 (19–699) NNRTI
arm

237 (19–1061) PI/r
arm

Not reported 68 NNRTI arm
57 PI/r arm

NNRTI arm:
66 black
26 Hispanic
8 other
PI/r arm
57 black
35 Hispanic
8 other

96 wk Abacavir/
lamivudine

Efavirenz Fosamprenavir/
ritonavir

Trizefale

[20, S39]
209 Spain 202 (104–297)

overall
38 (32–43)

overall
80 Not reported 24–36 wke Zidovudine/

lamivudine/
abacavir

Efavirenz Lopinavir/ritonavir

Abbreviations: 3TC, lamivudine; d4T, stavudine; ddI, didanosine; EFV, efavirenz; IQR, interquartile range; LPV/r, ritonavir boosted lopinavir; NNRTI, nonnucleoside reverse-transcriptase inhibitor; NRTI, nucleoside reverse-transcriptase inhibitor; PI/r, ritonavir-
boosted protease inhibitors; SD, standard deviation; ZDV, zidovudine.
a References to included trials are found in Supplementary Appendix.
b One arm receiving NRTI only was not included in the analyses.
c Three randomized participants withdrew consent and never received combination antiretroviral therapy (cART).
d The 2 NNRTI arms were analyzed combined.
e Outcomes assessed until a predefined time point at which a switch from PI/r- or NNRTI-based cART triple therapy to a simplified regimen with no NRTI backbone was allowed.
f Data informed by the corresponding author, trial statistician, or trial sponsor.
g Includes only the subset of participants in whom the decision to treat with either PI/r or NNRTI was made as part of the randomization. Data informed by the corresponding author.
h One arm sparing NRTI backbone was not included in the analyses.
i The 2 PI/r arms were analyzed combined.
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which NNRTI and PI/r were not prescribed [28, 29]or prescribed
in combination [11, 30]. In one trial where participants could re-
ceive unboosted and boosted PI [13], we included data for a sub-
set of participants who received boosted PI because the decision
to treat this subset with either NNRTI- or PI/r-based cART was
made as part of the randomization.

Data on HIV RNA levels and CD4+ changes were reported 48
weeks after cART initiation in most trials. Therefore, we reported
percentage of participants reaching virologic suppression and the
changes in CD4+ counts at this time point. When more than 1
HIV RNA threshold was reported to define virologic suppression
in a trial, the lowest was used. In some cases we estimated virologic
suppression from Kaplan–Meier curves in published papers. Be-
cause most of the trials did not report distributions of changes in
CD4+ counts, we contacted corresponding authors for clarifica-
tions. We used data on mean changes preferentially and medians
if means were unavailable. Data on standard deviation of mean
CD4+ count changes could be obtained in 5 trials only; therefore,
we imputed standard deviations similar to methods used by the
Cochrane HIV/AIDS group [31].

Statistical Analyses
For dichotomous outcomes (death, disease progression, treat-
ment discontinuation, and virologic suppression at week 48),
we calculated pooled risk ratios (RRs; NNRTI/PI/r) with 95%
confidence intervals (CIs) using the random-effects model with
the Mantel–Haenszel method [16].For CD4+ changes at week 48,
we calculated pooled mean differences (NNRTI – PI/r) with 95%
CI using the random-effects model with the inverse variance
method [16]. We assumed that individual trials did not all esti-
mate the same intervention effect; therefore, we used a random-
effects model to estimate RRs and mean differences. Data were
analyzed according to the intention-to-treat principle. Denomi-
nators consisted of all randomized participants who received at
least 1 dose of medication irrespective of treatment adherence,
protocol violation, arm crossover, or length of follow-up.

Heterogeneity was assessed using I2 [16]; substantial hetero-
geneity was defined as I2 above 60%. A funnel plot for the pri-
mary outcome was used to detect publication bias.

All statistical analyses were performed using Review Manager
5.3.5., the Nordic Cochrane Centre, Copenhagen 2014.

Secondary Analyses
To compare the effect of NNRTI- and PI/r-based regimens on
non-AIDS–defining conditions, we estimated RRs with 95% CIs
of non-AIDS death in trials with reliable information on causes
of death. Furthermore, we estimated RRs of death and progres-
sion to AIDS in preplanned secondary analyses restricted to the
following: (1) trials using abacavir or tenofovir in combination
with lamivudine or emtricitabine as the NRTI backbone; (2) tri-
als conducted in low- and middle-income countries; (3) trials in
which the mean/median CD4+ cell count was 200 cells/mm3 or
less at study entry.

Analysis 1 was done to exclude the potential effect of toxic
and less potent NRTI drugs, such as didanosine, stavudine,
and zidovudine, on our primary outcome. Analysis 2 was
done to determine whether results from trials were consistent
when restricted to trials from poorer regions that bear the high-
est burden of HIV. Analysis 3 was performed to assess whether
results were consistent when restricted to study participants
who initiated cART with severe immunosuppression.

RESULTS

Our literature search identified 7470 citations, leading to the in-
clusion of 33 articles. We included 6 articles from other sources,
leading to the inclusion of 39 articles related to 29 individual
trials, with a total of 9047 participants (Table 1; Supplementary
Appendix and Figure 1).

Of 4569 participants assigned to an NNRTI-based regimen,
3510 received efavirenz and 1059 received nevirapine. Of 4478
participants assigned to a PI/r-based regimen, 2600 received
lopinavir/r, 1627 received atazanavir/r, and 251 received anoth-
er PI/r (Table 1 and Supplementary Appendix Figure 1).

Risk of Bias
All trials had low risk of selection bias due to sequence gener-
ation and allocation concealment, except 2 where it was judged
as unclear (Supplementary Appendix Figure 2). All trials used
an open label design, leading to high risk of performance bias
from lack of blinding of participants and personnel. For objec-
tive outcomes, such as CD4+ counts, we judged the lack of
blinded outcome assessment as leading to low risk of bias.
For subjective outcomes, such as discontinuation due to toxic-
ity, we judged the lack of blinded outcome assessment as lead-
ing to high risk of bias. However, 2 trials [12, 13] used a blinded
endpoint committee for the assessment of disease progression,
leading to low risk of bias for this outcome. The majority of tri-
als had low risk of bias due to incomplete outcome data and se-
lective outcome reporting.

Table 2 summarizes the quality rating of the evidence as pro-
posed by the Grading of Recommendations, Assessment, Devel-
opment and Evaluation Working Group.

Primary and Secondary Outcomes
Of the 29 included trials, the primary outcome of death or
progression to AIDS was reported in 12 trials involving 3825
participants. There was no difference between the 2 treatment
regimens: 226 participants assigned to NNRTI-based cART
and 221 participants assigned to PI/r-based cART died or pro-
gressed to AIDS (RR, 1.03; 95% CI, .87–1.22; I2, 0%; Figure 1).
A funnel plot (Supplementary Appendix Figure 3) for our prima-
ry outcome showed no evidence of publication bias. Data on all-
cause death was reported by 22 trials involving 8311 participants.
We found no difference between NNRTI- and PI/r-based cART.
A total of 205 participants in the NNRTI arm and 198 partici-
pants in the PI/r arm died during follow-up (RR, 1.04; 95% CI,
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.86–1.25; I2, 0%; Figure 2). Data on progression to AIDS was re-
ported in 13 trials with 4740 participants. Both regimens were as-
sociated with comparable outcomes. A total of 140 participants

in the NNRTI arm and 144 participants in the PI/r arm devel-
oped an AIDS-defining condition during follow-up (RR, 1.00;
95% CI, .80–1.25; I2, 0%; Figure 3).

Table 2. Nonnucleoside Reverse-Transcriptase Inhibitor– Compared to Ritonavir-Boosted Protease Inhibitor–Based Combination Antiretroviral Therapy
for Initial Treatment of Human Immunodeficiency Virus Infection

Patient or Population: Treatment-Naive Human Immunodeficiency Virus–Positive Persons Enrolled in Randomized Controlled Trials
Settings: Worldwide
Intervention: NNRTI-based cART
Comparator: PI/r-based cART

Outcomes (Time Frame of
Absolute Effect)

Absolute Effects From Studiesa (95% CI)

Relative Effect
95% CI

No. of
Participants
(Studies),
Follow-up

Quality
of the

Evidence
GRADE) CommentsPI/r NNRTI Difference with NNRTI

Death or disease progression 115 per 1000 118 per 1000 3 more per 1000
(15 fewer-25 more)

RR 1.03 (.87–1.22) 3825 (12) High

Death 48 per 1000 50 per 1000 2 more per 1000
(7 fewer - 12 more)

RR 1.04 (.86–1.25) 8311 (22) High

Progression to AIDS 60 per 1000 60 per 1000 0 fewer per 1000
(12 fewer- 15 more)

RR 1.00 (.80–1.25) 4740 (13) High

Treatment discontinuation
overall

265 per 1000 297 per 1000 32 more per 1000
(19 fewer- 93 more)

RR 1.12 (.93–1.35) 8249 (24) Moderate Heterogeneity 80%

Treatment discontinuation
due to toxicity

77 per 1000 93 per 1000 16 more per 1000
(10 fewer- 52 more)

RR 1.21 (.87–1.68) 6195 (21) Low Lack of blinding, wide 95%
CI and heterogeneity 60%

Treatment discontinuation
due to virologic failure

59 per 1000 93 per 1000 34 more per 1000
(5 more - 103 more)

RR 1.58 (.91–2.74) 5371 (17) Moderate Heterogeneity 69%

Virologic suppression at
week 48

658 per 1000 678 per 1000 20 more per 1000
(13 fewer- 59 more)

RR 1.03 (.98–1.09) 6526 (18) Moderate Heterogeneity 68%

Mean CD4 increase at
week 48

Mean Mean Mean difference 4.7
cells lower (14.2
lower - 5.8 higher)

6040 (17) High

Non-AIDS death 15 per 1000 11 per 1000 4 fewer per 1000 (10
fewer - 8 more)

RR 0.71 (.33–1.55) 2205 (12) Moderate <30 events

GRADEWorking Group grades of evidence as follows: 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 andmay 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 estimate. Very low quality: we are very uncertain about the estimate.

Abbreviations: cART, combination antiretroviral therapy; CI, confidence interval; GRADE, Grading of Recommendations, Assessment, Development and Evaluation; NNRTI, nonnucleoside
reverse-transcriptase inhibitor; PI/r, ritonavir-boosted protease inhibitors; RR, risk ratio.
a The basis for the control group absolute risks from the studies is mean risk across study(ies) unless otherwise stated in comments. The intervention absolute risk and difference is based on
the risk in the comparison group and the relative effect of the intervention (and its 95% CI).

Figure 1. Death or progression to AIDS. Abbreviations: CI, confidence interval; df, degrees of freedom; M-H, Mantel-Haenszel; NNRTI, nonnucleoside reverse-transcriptase
inhibitor; PI, protease inhibitor.
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We obtained data on overall treatment discontinuation from
24 trials with 8249 participants. Overall treatment discontinua-
tion, including switches, was commonly reported; 2321 of 8249
trial participants (28.1%) discontinued medication during

follow-up. No statistically significant difference was observed
between NNRTI- and PI/r-based cART with respect to treat-
ment discontinuation (RR, 1.12; 95% CI, .93–1.35; I2, 80%; Sup-
plementary Appendix Figure 4). However, there was substantial

Figure 2. All-cause deaths. Abbreviations: CI, confidence interval; df, degrees of freedom; M-H, Mantel-Haenszel; NNRTI, nonnucleoside reverse-transcriptase inhibitor; PI,
protease inhibitor.

Figure 3. Progression to AIDS. Abbreviations: CI, confidence interval; df, degrees of freedom; M-H, Mantel-Haenszel; NNRTI, nonnucleoside reverse-transcriptase inhibitor;
PI, protease inhibitor.
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heterogeneity in results between trials. Twenty-one trials with
6195 participants reported on discontinuation due to toxicity
and gave similar results (RR, 1.21; 95% CI, .87–1.68; I, 60%;
Supplementary Appendix Figure 5). For the risk of treatment
discontinuation due to virologic failure, data were reported
in 17 trials with 5371 participants, and discontinuation was
more common among those assigned to NNRTI than among

those assigned to PI/r (RR, 1.58; 95% CI, .91–2.74; P = .11;
I2, 69%; Supplementary Appendix Figure 6). Substantial heteroge-
neity was also observed for discontinuation due to virologic failure.

Eighteen trials with 6626 participants reported on virologic
suppression at 48weeks after treatment initiation. The numberof
participants who reached virologic suppression was simi-
lar between NNRTI- and PI/r-based cART (RR, 1.03; 95%:

Figure 4. Virologic suppression 48 weeks after treatment initiation. Abbreviations: CI, confidence interval; df, degrees of freedom; M-H, Mantel-Haenszel; NNRTI,
nonnucleoside reverse-transcriptase inhibitor; PI, protease inhibitor.

Figure 5. Mean CD4+ count difference 48 weeks after treatment initiation. Abbreviations: CI, confidence interval; df, degrees of freedom; IV, inverse variance; NNRTI,
nonnucleoside reverse-transcriptase inhibitor; PI, protease inhibitor; SD, standard deviation.
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0.98–1.09; I2, 58%; Figure 4) with moderate heterogeneity. Data
from 17 trials with 6040 participants at 48 weeks showed that
NNRTI-based cART was associated with a similar mean in-
crease in CD4+ cell counts compared with PI/r-based cART
(MD, −4.7 cells/mm3; 95% CI, −14.2 to 4.8; I2, 48%; Figure 5)
with moderate heterogeneity.

Secondary Analyses
Information on causes of death was reported for 12 trials with
2205 participants. Eleven participants in the NNRTI arm and
17 participants in the PI/r arm died of causes other than
AIDS-defining conditions (RR, 0.71; 95% CI, .33–1.55; I2, 0%;
Supplementary Appendix Figure 7).

With respect to the primary outcome of death or disease progres-
sion, we found consistent results in all preplanned subgroup anal-
yses. No differences were observed between NNRTI- and PI/r-
based cART when we restricted our analyses to trials with abacavir
or tenofovir associated with lamivudine or emtricitabine as NRTI
backbone (RR, 0.90; 95% CI, .56–1.43; I2, 0%; 6 trials; 1004 partic-
ipants; Supplementary Appendix Figure 8); in trials conducted in
low- and middle-income countries (RR, 1.00; 95% CI, .83–1.20;
I2, 0%; 4 trials; 2901 participants; Supplementary Appendix Fig-
ure 9); and in trials involving participants with severe immunosup-
pression, as demonstrated by a baseline median/mean CD4+ count
below 200 cells/mm3 (RR, 1.02; 95% CI, .85–1.21; I2, 0%; 7 trials;
2846 participants; Supplementary Appendix Figure 10).

DISCUSSION

In this comprehensive systematic review and metaanalysis of
RCTs involving treatment-naive HIV+ persons, we found no dif-
ference in clinical outcomes between NNRTI- and PI/r-based
cART. This was a robust finding consistently observed in analyses
restricted to participants who received NRTI backbones recom-
mended as first line and in trials conducted in low- and middle-
income countries or enrolling severely immunosuppressed
participants. Furthermore, we found that HIV+ persons who
initiated either regimen had comparable viro-immunologic out-
comes at week 48. Systematic reviews and metaanalyses pooling
data from eligible studies increase the sample size and generally
produce more precise estimates of effects of interventions than a
single randomized trial [16]. This may be the reason why previ-
ously reported differences in virologic suppression [11, 12] and
immunologic recovery [11, 12] between NNRTI- and PI/r-
based cART were not observed in our study.

In resource-rich settings where multiple drugs are available,
the choice of the initial cART regimen is determined by the cli-
nician’s preferences and participant characteristics. It has been
shown that PI/r-based cART may be prescribed preferentially
for participants with lower CD4+ counts, high viral load, and
AIDS-defining conditions [32]. This is most likely based on a
misconception that PI/r-based regimens are more potent than
NNRTI-based regimens, which is unsupported by our findings.

We found that treatment discontinuation due to study-
defined virologic failure was more common among participants
who initiated NNRTI-based cART. This effect was mainly driv-
en by trials that compared nevirapine-based cART to PI/r-based
cART [9, 25, 33, 34], one of which recruited HIV+ women pre-
viously exposed to single-dose nevirapine to reduce the risk of
mother-to-child transmission of HIV [9]. In analysis restricted
to trials with efavirenz as the third drug, NNRTI-based cART
seemed to be associated with a marginally lower risk of discon-
tinuation due to virologic failure (RR, 0.77; 95% CI, 0.60–1.00;
10 trials; 3302 participants).

The risk of emergence of viral resistance is lower for PI/r than
for NNRTI due to higher genetic barrier. However, our results
suggest that this does not translate into an immediate excess risk
of clinical outcomes. This strengthens the mainWHO recommen-
dation to use efavirenz-based cART as first-line therapy [6]. It is
possible that accumulated viral resistance against NNRTI may
translate into poorer outcomes during life-long treatment, which
calls for continued follow-up of participants in RCTs to better un-
derstand this. This is particularly the case for settings where cART
is used without HIV RNA monitoring. In such settings, virologic
failure will not be readily captured as part of routine care since it
rarely leads to immediate clinical disease or decline in CD4+ count.

In an attempt to overcome shortcomings of individual trials
and to provide evidence to guide treatment decisions, a number
of metaanalyses that compared NNRTI- to PI/r-based cART
regimens have been performed [14, 35–37]. However, all of
these metaanalyses have important limitations, namely, indirect
comparisons [35]; pooling of observational and randomized
data [37]; inclusion of participants with previous exposure to
cART [35]; low numbers of clinical events [14]; limited data
from resource-constrained settings [14, 37]; lack of information
regarding changes in CD4+ counts [14, 36]; exclusion of unpub-
lished trials [35]; inclusion of trials with old-fashioned regimens
that contained delavirdine, saquinavir hard gel, or unboosted PI
[14]; and poor representation of new antiretrovirals currently
recommended as first-line treatment.

We tried to overcome these limitations, but our study does
have other limitations that need to be acknowledged. First, we
have no data on ritonavir-boosted darunavir, which is currently
recommended as first-line therapy in most guidelines [3–5] and
with superior tolerability compared with ritonavir-boosted ata-
zanavir [38]. To our knowledge, however, there has been no
head-to-head comparison between darunavir and NNRTI-
based cART that could have been included in our metaanalysis.
Second, we have no data on emergence of drug resistance after
treatment initiation. Third, pooling results from different clin-
ical settings with different regimes and risks of bias may risk
oversimplification [16], and heterogeneity was substantial for
the outcomes of treatment discontinuation and virologic sup-
pression. The large differences in participant characteristics,
trial conduct, loss to follow-up, and handling of missing data
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between trials are likely the causes of this heterogeneity. We
found no single factor that could explain this heterogeneity,
and use of a random-effects model was our best approach to
summarize data to inform clinical care. Due to the way data
were reported, it was not possible to assess differences in covar-
iates on outcomes. However, one approach could be to perform
an individual patient data metaanalysis where the influence of
covariates, such as specific drug regimes, on individual out-
comes could be investigated [16]. In addition, we did not inves-
tigate integrase inhibitor–based regimens, which have been
shown to be noninferior or, in the case of dolutegavir, superior
to NNRTI- and PI/r-based cART in individual trials [39, 40].
Whether this superior virologic suppression will translate into
clinical benefit, as demonstrated by a lower incidence of clinical
outcomes, warrants further investigation.

To conclude, we found no difference in clinical and viro-
immunologic outcomes between treatment-naive HIV+ persons
randomized to NNRTI- or PI/r-based cART. Treatment discon-
tinuation due to virologic failure was more common in those who
received NNRTI, an effect mainly driven by nevirapine-based
regimens. Our findings indicate that NNRTI- and PI/r-based
cART are equivalent and support current recommendations to
use either regimen for the initial therapy of HIV infection [3–5].
An individual patient data metaanalysis is warranted to further
investigate the different adverse event profiles and the dynamics
of CD4+ count recovery and virologic suppression after the
initiation of NNRTI- or PI/r-based regimens.

Supplementary Data
Supplementary materials are available at http://cid.oxfordjournals.org.
Consisting of data provided by the author to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the author, so
questions or comments should be addressed to the author.
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