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 Ritonavir-boosted lopinavir plus nucleoside or nucleotide 
reverse transcriptase inhibitors versus ritonavir-boosted 
lopinavir plus raltegravir for treatment of HIV-1 infection in 
adults with virological failure of a standard fi rst-line ART 
regimen (SECOND-LINE): a randomised, open-label, 
non-inferiority study
SECOND-LINE Study Group*

Summary
Background Uncertainty exists about the best treatment for people with HIV-1 who have virological failure with 
fi rst-line combination antiretroviral therapy of a non-nucleoside analogue (NNRTI) plus two nucleoside or nucleotide 
analogue reverse transcriptase inhibitors (NtRTI). We compared a second-line regimen combining two new classes of 
drug with a WHO-recommended regimen.

Methods We did this 96-week, phase 3b/4, randomised, open-label non-inferiority trial at 37 sites worldwide. Adults 
with HIV-1 who had confi rmed virological failure (plasma viral load >500 copies per mL) after 24 weeks or more of 
fi rst-line treatment were randomly assigned (1:1) to receive ritonavir-boosted lopinavir plus two or three NtRTIs 
(control group) or ritonavir-boosted lopinavir plus raltegravir (raltegravir group). The randomisation sequence was 
computer generated with block randomisation (block size four). Neither participants nor investigators were masked 
to allocation. The primary endpoint was the proportion of participants with plasma viral load less than 200 copies 
per mL at 48 weeks in the modifi ed intention-to-treat population, with a non-inferiority margin of 12%. This study is 
registered with ClinicalTrials.gov, number NCT00931463.

Findings We enrolled 558 patients, of whom 541 (271 in the control group, 270 in the raltegravir group) were included 
in the primary analysis. At 48 weeks, 219 (81%) patients in the control group compared with 223 (83%) in the 
raltegravir group met the primary endpoint (diff erence 1·8%, 95% CI –4·7 to 8·3), fulfi lling the criterion for 
non-inferiority. 993 adverse events occurred in 271 participants in the control group versus 895 in 270 participants in 
the raltegravir group, the most common being gastrointestinal.

Interpretation The raltegravir regimen was no less effi  cacious than the standard of care and was safe and well tolerated. 
This simple NtRTI-free treatment strategy might extend the successful public health approach to management of HIV 
by providing simple, easy to administer, eff ective, safe, and tolerable second-line combination antiretroviral therapy.

Funding University of New South Wales, Merck, AbbVie, the Foundation for AIDS Research.

Introduction
High-quality evidence is needed to support treatment 
guidelines for people with HIV-1 who have virological 
failure with fi rst-line combination antiretroviral therapy.1–6 
Almost all people with HIV in low-income and middle-
income countries access combination antiretroviral 
therapy through publicly funded pro grammes focused on 
the provision of fi rst-line treatment. These pro grammes 
follow WHO recommen dations to use a non-nucleoside 
reverse transcriptase inhibitor (NNRTI) combined with 
two nucleoside or nucleotide reverse trans criptase inhib-
itors (NtRTIs). If treatment failure occurs, WHO 
guidelines recommend second-line com bin ation anti-
retroviral therapy with a ritonavir-boosted protease 
inhibitor (either lopinavir or atazanavir) combined with at 
least two NtRTIs.6

In 2012, roughly 30 million people worldwide were 
estimated to be infected with HIV-1, most of whom lived 
in low-income and middle-income countries. Almost 
70% of people with HIV live in sub-Saharan Africa and 
much of the remainder are in Asia. Around 8 million 
people received fi rst-line combination antiretroviral 
therapy in 2012.7 Roughly 1 million people are estimated 
to have had virological failure in 2012, requiring a switch 
to second-line treatment to prevent selection of drug-
resistant HIV, disease progression, HIV trans mission, 
and death.8 The public health approach recom men ded 
by WHO has provided treatment to millions of people 
in low-income and middle-income countries in which 
health systems are weak.6 This approach emphasises 
the importance of simple, eff ective, safe, and tolerable 
treatment that can be delivered by trained, non-medical 
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health-care workers following simple protocols. 
Simplicity also reduces the need to estab lish and 
maintain inventories of multiple drugs in 
various formulations.

In this study (SECOND-LINE) we compared the 
effi  cacy, safety, and tolerability of a new treatment 
regimen (ritonavir-boosted lopinavir plus raltegravir) 
with current WHO-recommended standard of care 
(ritonavir-boosted lopinavir plus NtRTIs). We postulated 
that the raltegravir regimen would provide no worse 
suppression of HIV replication than the standard of care.

Methods
Study design and participants
We did this randomised, parallel, open-label 96-week 
non-inferiority study at 37 sites in Argentina, Australia, 
Chile, UK, France, Hong Kong, India, Israel, Malaysia, 
Mexico, Peru, Nigeria, Singapore, South Africa, and 
Thailand. To be eligible to participate, the sites had to be 
clinical facilities with a cohort of suitable patients and 
able to do protocol-mandated clinical and monitoring 
procedures. The study was approved by central and 
local ethics committees. All participants gave written 
informed consent.

Eligible participants were adults (aged ≥16 years), 
positive for HIV-1 antibody, who had received fi rst-line 
combination antiretroviral therapy consisting of an 
NNRTI and two NtRTIs for 24 weeks or more, with no 
change within 12 weeks before screening, evidence 
of virological failure—defi ned by two consecutive 
(≥7 days apart) plasma HIV viral loads of more than 
500 copies per mL—and no previous exposure to protease 
inhibitors or integrase strand transfer inhibitors. We 
excluded patients with active viral hepatitis B infection as 
assessed by positive serum viral hepatitis B surface 
antigen (appendix).

Randomisation and masking
Eligible participants were randomly assigned (1:1) and 
stratifi ed by clinical site and screening plasma viral 
load (≤100 000 copies per mL or >100 000 copies per mL) 
to receive ritonavir-boosted lopinavir plus two or three 
NtRTIs (control group) or ritonavir-boosted lopinavir 
plus raltegravir 400 mg twice daily (raltegravir group). 
The randomisation sequence was computer generated 
with blocked randomisation (block size of four) and 
triggered by the investigator entering all participant 
consent, screening, and eligibility data. Allocation was 
concealed until interventions were assigned, after 
which participants and investigators were not masked 
to treatment.

Procedures
Ritonavir-boosted lopinavir (ritonavir 50 mg, lopinavir 
200 mg) could be taken as two tablets twice daily or four 
tablets once daily at the discretion of the local treating 
physician, as was selection of the NtRTI component of the 

control regimen. All NtRTIs had to be originator, WHO 
pre-qualifi ed or US FDA tentatively approved products.

We allowed local genotypic antiretroviral resistance 
testing before randomisation to guide the choice of 
NtRTIs. Sites that used resistance testing had to do so for 
all participants. At sites not using resistance testing, the 
protocol included a simple algorithm to assist with 
selection of NtRTIs (appendix). Participants attended 
protocol-specifi ed visits at weeks 0 (randomisation), 4, 12, 
24, 36, and 48. Each visit included assessment of vital signs 
and adverse events, physical examination and collection of 
blood samples for complete blood cell counts, serum 
chemistry, liver function tests, T-cell subset counts, and 
plasma viral load measurements. Fasting serum lipid, 
glucose, and insulin concentrations were measured at all 
visits except week 36. Quality of life was assessed by SF-12 
questionnaire at weeks 0 and 48.9 Esti mated glomerular 
fi ltration rate was calculated by the modifi cation of diet in 
renal disease equation.10 Homeostasis Model Assessment 
was automatically calculated by the electronic case report 
form. A validated adherence questionnaire was given at 
weeks 4 and 48.11

Patients were managed according to locally generated 
test results including viral load, but study analyses of 
plasma viral load and genotypic antiretroviral resistance 
testing (at baseline and proximal to treatment failure) 
were done from results generated from stored samples 
analysed at a single central laboratory (HIV Immuno-
virology Laboratory, St Vincent’s Hospital Centre for 
Applied Medical Research, Sydney, Australia).

An independent data safety monitoring board reviewed 
study data on three occasions. Two were protocol-specifi ed 
interim analyses. An additional review was done before 
these reviews, prompted by data from another trial.12 The 
board recommended that the study proceed without 
change after each review.

Patients who developed tuberculosis during the study 
were managed according to local treatment guidelines 
with rifabutin (either 150 mg daily or once every 2 days at 
the discretion of the local investigator) substituted for 
rifampicin.

The primary endpoint was the proportion of partici-
pants with plasma viral load of less than 200 copies per mL 
at 48 weeks after randomisation in the modifi ed intention-
to-treat population. The secondary endpoints were pro-
portions of patients with plasma viral load less than 
50 copies per mL and less than 400 copies per mL at 
week 48, maintenance of suppressed viral replication 
(time to plasma viral load <200 copies per mL, time to loss 
of virological response, and time to treatment failure), 
change in CD4 cell count from baseline to week 48, and 
adverse and serious adverse events. Virological failure was 
defi ned as plasma viral load of 200 copies per mL or more, 
death, or loss to follow-up at week 48.

Exploratory endpoints were clinical events (AIDS-
associated events, death, and serious non-AIDS-
associated events), metabolic changes, adherence to study 

See Online for appendix
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medication, and quality of life. AIDS-associated events 
and mortality were assessed by local investigators. 
Diagnosis of serious non-AIDS-associated events was 
reviewed by an independent doctor at the Kirby Institute 
(Darlinghurst, Australia) using criteria developed by the 
INSIGHT network.13

Statistical analysis
Under the assumption of no diff erence between treat-
ment regimens and a predicted effi  cacy of 80%, we 
calculated that 248 participants per group would be 
needed to provide 90% power to show non-inferiority in 
the intention-to-treat analysis using a 12% margin 
(two-sided α of 5%). To ensure that the per-protocol 
analysis also had 90% power to show non-inferiority, the 
sample size was increased to a total of 546 participants to 
account for participants who might switch treatment 
because of toxic eff ects in the fi rst 48 weeks (estimated to 
be no more than 10% of participants).

All virological binary endpoints evaluated at week 48 
were assessed in three populations: a modifi ed intention-
to-treat population—defi ned as all participants who 
received at least one dose of study drug and attended at 
least one study visit after enrolment—a per-protocol 
population, and a non-completer classed as failure 
population (equivalent to the FDA snapshot analysis). 
In the analysis of the modifi ed intention-to-treat 
population, deaths, losses to follow-up, and treatment 

changes because of virological failure were classifi ed as 
failures. During follow-up some patients changed parts 
of their assigned regimen because of adverse events. 
In these patients the study protocol recommended 
switches that would preserve the integrity of the ran-
domised comparison (appendix). These participants 
were included in the modifi ed intention-to-treat analysis 
as successes unless they otherwise met criteria for 
failure. The per-protocol analysis excluded patients who 
switched treatment whereas in the non-completer 
classed as failure analysis, participants with missing 
data or who had treatment changes were classed as 
having virological failure.

All analyses were pre-specifi ed. Virological and 
immuno  logical outcomes were analysed by baseline 
plasma viral load (≤100 000 or >100 000 copies per mL) and 
according to use of genotypic antiretroviral resistance 
testing. We tested the consistency of treatment com-
parisons across strata by a Cochran-Mantel-Haenszel test.

The proportion of participants with plasma viral loads 
of less than 200 copies per mL and less than 
50 copies per mL were assessed for non-inferiority with a 
two-sided 95% CI and a pre-specifi ed non-inferiority 
margin of 12%. All other endpoints were tested for 
superiority. We used a two-sided α of 0·05 to defi ne 
statistical signifi cance.

We analysed categorical variables with a χ² test, Fisher’s 
exact test, or logistic regression; continuous variables 

699 patients assessed for eligibility 141 excluded
113 did not meet inclusion criteria or met

exclusion criteria
22 withdrawn (by patient or physician decision)

1 died
2 lost to follow-up
2 genotype data not received
1 outside of window period

588 enrolled

14 excluded because of unverifiable data at one site

541 randomly assigned

3 dropped out before analysis, never received
study treatment

271 assigned to control group

254 reached week 48

232 still taking study drug reached 
week 48

22 discontinued study drug
14 had high viral load

8 had adverse event or
other reason

17 excluded
4 lost to follow-up
8 died
5 withdrew

241 still taking study drug reached 
week 48

265 reached week 48

270 assigned to raltegravir group

24 discontinued study drug
13 had high viral load
11 had adverse event or 

other reason

5 excluded
1 lost to follow-up
4 died

Figure 1: Trial profi le
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Figure 2: Proportion of participants with plasma HIV viral load less than 
200 copies per mL
In the modifi ed intention-to-treat population.
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(Continued from previous column)

NtRTI mutations

Number of thymidine analogue-associated mutations

One 30 (12·2%) 43 (17·4%)

Two 17 (6·9%) 24 (9·7%)

Three or more 43 (17·6%) 43 (17·4%)

Lys65Arg or Lys70Glu 45 (18·4%) 30 (12·1%)

69 insertion complex 23 (9·4%) 29 (11·7%)

151 insertion complex 8 (3·3%) 6 (2·4%)

Other major NtRTI 
mutation‡

82 (33·5%) 71 (28·7%)

Met184Val only 78 (31·8%) 71 (28·7%)

Met184Val with any other 
major NtRTI mutation

147 (60·0%) 154 (62·3%)

NNRTI mutations

No major NNRTI mutations 7 (2·9%) 9 (3·6%)

One major NNRTI mutation 52 (21·2%) 41 (16·6%)

Two or more major NNRTI 
mutations

186 (75·9%) 197 (79·8%)

Presence of major NNRTI 
mutations only (no NtRTI 
mutations)

14 (5·7%) 7 (2·8%)

Data are median (IQR) or n (%). eGFR=estimated glomerular fi ltration rate. 
NtRTI=nucleoside or nucleotide reverse transcriptase inhibitor. 
NNRTI=non-nucleoside reverse transcriptase inhibitor. *Based on samples tested at 
the central laboratory (Syndey, Australia). †Reasons include having a plasma viral 
load of less than 1000 copies per mL (the threshold at which the central laboratory 
did not attempt characterisation of resistance mutations; n=20), failure to amplify 
the sequence (n=14), an insuffi  cient sample (n=1), having no plasma or serum 
sample taken at baseline (n=8), and having no sample at all taken at baseline (n=6). 
‡Includes Ala62Ala or Ala62Val, Ala62Val, Asp67Gly, Phe77Phe or Phe77Leu, 
Phe77Leu, Phe116Phe or Phe116Tyr, Phe116Tyr, Lys65Asn, Lys70KThr, 
Lysine70Lysine or Lysine70Gln, Lys70Thr, Lys74Ile, Leu74Ile or Leu74Leu, Leu74Leu 
or Leu74Val, Lys74Val, Met184Ile, Val75Ala or Val75Val, Val75Ile, Val75Ile or Val75Leu 
or Val75Val, Val75Ile or Val75Met or Val75Val,Val75Ile or Val75Val, Val75Leu, 
Val75Met, V75MV, Val75Ser, Val75Thr, Tyr115Phe, Tyr115Phe or Tyr115Tyr.

Table 1: Baseline characteristics

Control group 
(n=271)

Raltegravir group 
(n=270)

Age (years) 38·5 (32·9–44·6) 38·4 (31·9–44·4)

Men 156 (57·6%) 142 (52·6%)

Bodyweight (kg) 62·0 (55·0–73·0) 63·0 (55·0–71·5)

Ethnic origin

White 18 (6·6%) 23 (8·5%)

Asian 117 (43·2%) 112 (41·5%)

Hispanic 38 (14·0%) 37 (13·7%)

African 98 (36·2%) 97 (35·9%)

Unknown 0 (0·0%) 1 (0·4%)

Mode of transmission

Homosexual sex 35 (12·9%) 35 (13·0%)

Heterosexual sex 200 (73·8%) 194 (71·9%)

Injecting drug use 0 (0·0%) 6 (2·2%)

Blood or blood product 
receipt

6 (2·2%) 7 (2·6%)

Other 30 (11·1%) 28 (10·4%)

Estimated duration of infection 
(years)

5·8 (3·4–8·6) 6·1 (3·7–8·9)

Positive for hepatitis C virus 
antibody

14 (5·2%) 13 (4·8%)

HIV disease stage

Asymptomatic (stage A) 99 (36·5%) 95 (35·2%)

Symptomatic (stage B) 46 (17·0%) 47 (17·4%)

AIDS (stage C) 126 (46·5%) 128 (47·4%)

Log 10 plasma viral load 
(copies per mL)

4·3 (3·7–4·9) 4·2 (3·6–4·8)

Plasma viral load (copies per mL)*

≤100 000 216 (79·7%) 217 (80·4%)

>100 000 55 (20·3%) 53 (19·6%)

CD4 cell concentration 
(cells per μL)

189·0
(80·0–289·0)

190·0
(104·0–307·0)

CD4 cell concentration 
(cells per μL)

<100 78 (28·8%) 61 (22·6%)

100–199 61 (22·5%) 78 (28·9%)

200–349 97 (35·8%) 79 (29·3%)

≥350 35 (12·9%) 52 (19·3%)

Haemoglobin concentration 
(g/L)

129·0
(117·0–141·0)

129·0
(117·0–142·0)

Neutrophil concentration 
(cells per mL)

2·3 (1·6–3·0) 2·2 (1·5–2·9)

eGFR (mL/min) 116·9
(100·3–129·8)

117·6
(101·5–131·3)

Total cholesterol:HDL 
cholesterol ratio

4·1 (3·2–4·9) 3·9 (3·1–4·9)

Glucose concentration 
(mmol/L)

4·8 (4·4–5·2) 4·8 (4·4–5·3)

Duration of fi rst antiretroviral 
regimen (years)

3·3 (1·8–5·4) 3·5 (2·0–5·7)

Resistance mutations

No data available† 26 (9·6%) 23 (8·5%)

Data available 245 (90·4%) 247 (91·5%)

At least one major NtRTI or 
NNRTI mutation

239 (97·6%) 240 (97·2%)

(Continues in next column)
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were analysed by ANOVA or non-parametric equivalents 
(SAS, version 9.2). We used Kaplan-Meier plots, log-rank 
test, and proportional hazards models to compare groups 
for time-to-event outcomes (STATA; version 12.1). We 
used a negative binomial regression model to compare 
the number of adverse events over time. We used multi-
variate logistic regression with backward elimination to 
identify variables associated with virological failure and 
adherence. Variables with a probability of less than 0·2 
were chosen for the multivariate analyses.

This study is registered with ClinicalTrials.gov, number 
NCT00931463.

Role of the funding source
The sponsor participated in study design, data collection, 
data analysis, data interpretation, and review and 
approval of the report, and supplied study drug. All 
authors had full access to the study data and all agreed to 
submit for publication.

Results
We screened 699 people between March, 2010, and 
August, 2011, of whom 141 were ineligible (fi gure 1; 
appendix). During the trial, one study site was deemed 
to have unverifi able data and the 14 participants 
enrolled there were excluded from the analysis. 
The modifi ed intention-to-treat population contained 
541 participants (fi gure 1). 23 participants in the control 
group and ten in the raltegravir group were deemed to 
have violated the protocol in a manner that might have 
aff ected the primary endpoint. We did sensitivity analy-
ses for the primary endpoint that excluded data from 
these patients (appendix).

Baseline demographics and disease characteristics 
were well balanced between groups (table 1). Most 
patients were taking thymidine analogue-based backbone 
components in their fi rst-line regimen (46% zidovudine 
and lamivudine, 31% stavudine and lamivudine). 21% 
were taking an NtRTI backbone based on tenofovir.

Genotypic antiretroviral resistance testing was used to 
select the NtRTIs for 198 (73%) patients in the control 
group. Of the 541 patients in the modifi ed intention-to-
treat population, 492 (91%) had a successfully amplifi ed 
central laboratory genotypic antiretroviral resistance 
testing for analysis. Of those 492, 479 (97%) had at least 
one major resistance mutation conferring resistance to 
NtRTIs or NNRTIs. The most commonly prescribed 
backbone NtRTIs in the control group were tenofovir 
(n=220, 81%), emtrici tabine or lamivudine (n=236, 87%), 
and zidovudine (n=123, 45%). 208 (77%) partici pants in 
the control group received two NtRTIs and 63 (23%) 
received three (appendix).

Plasma viral load <200 copies/mL

Modified intention-to-treat (primary outcome)

Baseline viral load ≤100 000 copies per mL*

Baseline viral load >100 000 copies per mL*

Per protocol

Non-completer classed as failure†

Plasma viral load <50 copies per mL

Modified intention to treat

Per protocol

Non-completer classed as failure†

Raltegravir group

 223/270 (82·6%)

 184/210 (87·6%)

 39/60 (65·0%)

 211/246 (85·8%)

 210/270 (77·8%)

 192/270 (71·1%)

 185/246 (75·2%)

 184/270 (68·1%)

Control group

 219/271 (80·8%)

 188/219 (85·8%)

 31/52 (59·6%)

 211/249 (84·7%)

 208/271 (76·8%)

 191/271 (70·5%)

 183/249 (73·5%)

 180/271 (66·4%)

0–16 161284–4–8–12

Difference (95% CI)

1·8 (–4·7 to 8·3)

1·8 (–4·6 to 8·2)

5·4 (–12·6 to 23·4)

1·0 (–5·2 to 7·3)

1·0 (–6·0 to 8·1)

0·6 (–7·0 to 8·3)

1·7 (–6·0 to 9·4)

1·7 (–6·2 to 9·6)

Favours control Favours raltegravir 
Difference between groups (%)

Figure 3: Virological response at week 48, stratifi ed by baseline viral load and analytical population
The non-inferiority margin is –12. *Based on samples tested locally. †Equivalent to the FDA snapshot analysis

Control group Raltegravir group

Participants analysed for genotyping 55 49

Participants with data

Protease and reverse transcriptase* 43 42

Integrase† 46 47

No new resistance mutations in protease, reverse transcriptase, 
or integrase

37/43 (86·0%) 39/47 (83·0%)

NtRTI-associated mutations 6/43 (14·0%) 0/42 (0·0%)

Met184Val 2/43 (4·7%) 0/42 (0·0%)

Thymidine analogue mutation 2/43 (4·7%)‡ 0/42 (0·0%)

Lys65Arg or Lys70Glu 0/43 (0·0%) 0/42 (0·0%)

69 insertion complex 2/43 (4·7%) 0/42 (0·0%)

151 insertion complex 1/43 (2·3%) 0/42 (0·0%)

Protease inhibitor-associated mutations 0/43 (0·0%) 0/47 (0·0%)

Integrase strand transfer inhibitor-associated mutations 0/46 (0·0%) 7/47 (14·9%)

Thr66Ala 0/46 (0·0%) 1/47 (2·1%)

Tyr143Arg or Tyr143Cys or Tyr143His 0/46 (0·0%) 1/47 (2·1%)

Asn155His 0/46 (0·0%) 5/47 (10·6%)

Data are n (%). Participants must have a confi rmed plasma viral load of less than 200 copies per mL followed by a viral load 
200 copies per mL or more to be deemed as having virological failure. We excluded participants who either did not have a 
viral load of more than 500 copies per mL or who withdrew consent. 104 participants were assessed for mutations at 
virological failure, of whom 85 had a successfully amplifi ed and sequenced sample. *19 participants missing data for failure 
to amplify. †11 participants missing data for failure to amplify. ‡Both participants previously had none, now have one.

Table 2: Emergent mutations in participants who had virological failure
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At 48 weeks, 219 of 271 (81%) patients in the control 
group had a viral load of less than 200 copies per mL 
compared with 223 of 270 (83%) in the raltegravir group 
(diff erence 1·8%, 95% CI –4·7 to 8·3), fulfi lling criteria 
for non-inferiority (fi gure 2). A sensitivity analysis 
excluding participants who violated the protocol gave a 
consistent result (diff erence –0·5%, 95% CI –7·0 to 6·0; 
p=0·87; appendix). Analysis of the primary endpoint in 
the per-protocol and non-completer classed as failure 
populations gave results consistent with the primary 
analysis: both fulfi lled criteria for non-inferiority 
(fi gure 3, appendix).

In the subgroup analysis of the primary endpoint 
stratifi ed by baseline plasma load, for participants with 
more than 100 000 copies per mL at baseline, treatment 
with raltegravir was not non-inferior to the control group 
(fi gure 3). Analyses of a virological threshold of 
50 copies per mL in all three populations were consistent 
with the fi ndings for the primary endpoint (fi gure 3).

Median time to reaching the primary endpoint was 
12·0 weeks (IQR 4·0–23·1) in the control group 
and 4·1 weeks (4·0–7·6) in the raltegravir group (hazard 
ratio [HR] 1·41, 95% CI 1·2–1·7; p=0·0001). Time to loss 
of virological response (HR 0·86, 95% CI 0·63–1·18; 
p=0·35) or time to treatment failure (HR 0·81, 95% CI 
0·58–1·13; p=0·21) did not diff er signifi cantly between 
groups (data not shown).

The primary endpoint did not diff er between patients 
whose NtRTI backbone was selected by genotypic anti-
retroviral resistance testing compared with those whose 
NtRTI was selected by the protocol-specifi ed algo rithm 
(appendix). Raltegravir was not non-inferior to the control 
regimen for participants whose NtRTI backbone was 
chosen by the algorithm (appendix). Mean change in CD4 
cell count (modifi ed intention-to-treat population) was 
132 cells per μL (SD 146) in the control group and 
167 cells per μL (142) in the raltegravir group (mean 
diff erence 35 cells per μL, SD 144; p=0·005).

55 participants in the control group and 49 in the 
raltegravir group had virological failure during the study. 
Virological failure was associated with the selection of 
well-known mutations associated with integrase strand 
transfer inhibi tor resistance in seven of 47 (14·9%) 
participants with data in the raltegravir group versus 
none of 46 in the control group. In the control group, 
virological failure occurred with emergent mutations in 
reverse tran scriptase in six of 43 (14·0%) of patients with 
data versus none of 42 in the raltegravir group. No 
emergent protease inhibitor mutations were recorded 
(table 2).

Serious adverse events were reported in 23 of 271 (8·5%) 
participants in the control group and 24 of 270 (8·9%) in 
the raltegravir group (diff erence –0·4%, 95% CI 
–5·2 to 4·3; p=0·87). The number of adverse events per 
100 person-years did not diff er signifi cantly between 
groups (table 3). The HR for having an adverse event in 
the raltegravir compared with the control group was 0·86 

Control group 
(n=271)

Raltegravir 
group (n=270)

Hazard ratio 
(95% CI)

p 
value

Deaths

Number (%) 8 (3·0%) 4 (1·5%) ·· ··

Death rate (deaths/100 person-years) 2·2 1·0 0·49 (0·15–1·63) 0·25

SAEs

Number of SAEs 32 28 ·· ··

Number of patients with one or more SAE (%) 23 (8·5%) 24 (8·9%) ·· 0·87

AEs*

Number of AEs 993 895 ·· ··

Number of grade 3 and 4 AEs 39 24 ·· ··

Number of epidermal and dermal AEs 
(any grade)

86 85 ·· ··

Number of non-invasive fungal AEs 
(any grade)

33 37 ·· ··

Number of gastrointestinal AEs (any grade) 259 165 ·· ··

Number of general system disorders NEC 
(any grade)

33 30 ·· ··

Number of infections, pathogen class 
unspecifi ed (any grade)

115 147 ·· ··

Musculoskeletal and connective tissue 
disorders NEC (any grade)

32 38 ·· ··

Respiratory disorders NEC (any grade) 55 59 ·· ··

Viral infections (any grade) 35 34 ·· ··

Rate (AEs per 100 patient-years) 411 363 0·86 (0·71–1·03) 0·09

NEC=not elsewhere classifi ed. SAE=serious adverse event. AE=adverse event. *AEs (using Medical Dictionary for Regulatory 
Activities high level group terms) reported are those that occurred in 10% or more of participants in either study group.

Table 3: Safety results: deaths, serious adverse events, and adverse events

Control group Raltegravir 
group

Diff erence (95% CI) p value

CD4 cell count (cells per μL) 132·5 (146·0) 167·4 (142·1) –34·9 (–59·3 to –10·6) 0·0050

Total lymphocyte count (cells per μL) 0·4 (0·7) 0·6 (0·7) –0·1 (–0·3 to 0·0) 0·0251

Haemoglobin concentration (g/L) 3·7 (15·7) 6·1 (14·8) –2·4 (–5·1 to 0·2) 0·07

Neutrophils (cells per mL) 0·7 (1·4) 0·9 (1·3) –0·2 (–0·5 to 0·0) 0·0464

eGFR (mL/min per 1·73 m2) –4·7 (16·5) –5·2 (16·7) 0·5 (–2·4 to 3·4) 0·71

Alanine aminotransferase 
concentration (U/L)

–11·2 (30·7) –10·1 (21·3) –1·1 (–5·6 to 3·5) 0·65

Creatinine kinase concentration (U/L) –0·5 (192·4) –0·02 (210·2) –0·5 (–35·6 to 34·6) 0·98

Glucose concentration (mmol/mL) –0·2 (1·2) –0·07 (1·2) –0·1 (–0·3 to 0·1) 0·32

Total cholesterol concentration 
(mmol/mL)

0·3 (1·1) 0·7 (1·2) –0·4 (–0·6 to –0·2) 0·0001

HDL cholesterol concentration 
(mmol/mL)

–0·02 (0·3) 0·05 (0·4) –0·07 (–0·13 to 0·007) 0·0295

Total:HDL cholesterol ratio 0·4 (1·4) 0·5 (1·4) –0·2 (–0·4 to 0·08) 0·19

LDL cholesterol concentration 
(mmol/mL)

0·1 (0·8) 0·4 (0·8) –0·3 (–0·4 to –0·1) 0·0001

Triglyceride concentration (mmol/mL) 0·8 (1·7) 1·0 (1·4) –0·2 (–0·4 to 0·1) 0·29

Insulin concentration (pmol/L) –4·15 (113·10) –0·78 (75·27) –3·37 (–20·23 to 13·48) 0·69

HOMA –0·3 (5·5) –0·04 (3·0) –0·3 (–1·1 to 0·5) 0·50

Data are mean (SD), unless otherwise stated. eGFR=estimated glomerular fi ltration rate. HOMA=Homeostasis 
Model Assessment.

Table 4: Changes in immunological, haematological, biochemical, and metabolic variables between 
baseline and week 48
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(95% CI 0·7 to 1·0; p=0·09). The most commonly 
reported adverse events were related to gastrointestinal 
intolerance (table 3). Of the patients who had an adverse 
event, 19 (7%) in the control group versus 11 (4%) in the 
raltegravir group stopped taking study drug (diff erence 
2·9%, 95% CI –0·9 to 6·8; p=0·14).

Quality of life improved in both groups over the 
48 weeks with no meaningful diff erences in the improve-
ment of quality of life between groups in either physical 
or mental domains (data not shown). Self-reported 
adherence suggested that more than 95% of participants 
in both groups took at least most of the study drug at 
weeks 4 and 48 with no signifi cant diff erences between 
groups (data not shown).

12 patients died during the study, eight (3·0%) in the 
control group and four (1·5%) in the raltegravir group 
(diff erence 1·5%, 95% CI –10·1 to 4·0; p=0·25). 
Two deaths—both in the control group— were judged to 
be either probably or possibly attributable to antiretroviral 
therapy (renal failure judged possibly related to tenofovir 
and acute liver failure judged probably related to ritonavir-
boosted lopinavir or possibly related to tenofovir or 
zidovudine or lamivudine; appen dix). 21 (7·8%) partici-
pants had an AIDS-associated event in the control group 
and 24 (8·9%) in the ralte gravir group (appendix). Three 
serious non-AIDS-associated events occurred during the 
study (two in the control group, one in the raltegravir 
group; p=0·56; data not shown).

We recorded statistically signifi cant diff erences between 
the control group versus the raltegravir group for mean 
change in neutrophil count and total lymphocyte count 
(table 4). Total cholesterol, LDL-cholesterol, and HDL-
cholesterol all increased signifi cantly more in the 
raltegravir group than in the control group, but the 
diff erence in total cholesterol:HDL cholesterol ratios was 
not signifi cant (table 4). Change in triglycerides, blood 
glucose, insulin, Homeostasis Model Assessment score, 
creatinine kinase, and estimated glomerular fi ltration 
rate did not diff er signifi cantly between groups (table 4).

Discussion
We have shown that ritonavir-boosted lopinavir plus 
raltegravir was no worse than standard second-line treat-
ment for patients with HIV-1 who have had virological 
failure. This fi nding is probably reliable; baseline charac-
teristics were balanced between groups, few patients 
were lost to follow-up, and fi ndings were consistent 
across several pre-planned analyses.

The trial was done at 37 sites in 15 high-income and 
middle-income countries. The results should therefore 
be broadly generalisable. Adherence was adequate both 
early and late during the study. Consistent with this 
fi nding, virological success was high in both groups with 
82% of all participants reaching the primary endpoint 
after 48 weeks.

Our results support WHO guidelines6 for selection of 
second-line antiretroviral therapy using ritonavir-boosted 

lopinavir plus two or three NtRTIs. The results also 
support an alternative strategy of switching to an 
NtRTI-free regimen of ritonavir-boosted lopinavir plus 
raltegravir. A cohort study12 of 112 treatment-naive 
participants given combined boosted darunavir and 
raltegravir reported a surprisingly poor result after 
48 weeks of treatment. Findings of a randomised pilot 
study14 that assessed boosted lopinavir combined with 
either raltegravir or tenofovir and emtricitabine in 
210 treatment-naive patients showed the raltegravir 
regimen to be non-inferior to control after 48 weeks, 
consistent with our results.

The raltegravir regimen was well tolerated in our study. 
Adverse events were commoner in the control group, but 
not statistically signifi cantly so. Gastrointestinal intoler-
ance was less frequent in the raltegravir group. The 
musculoskeletal tolerability was much the same for each 
regimen, as assessed by both clinical adverse events and 
laboratory measurement of creatine kinase.

Several results of laboratory measurements diff ered 
between groups, including changes in total lymphocyte, 
neutrophil, and CD4 cell counts. We believe that these 
diff erences might be explained by the use of zidovudine 
in the control regimen.15,16 A post-hoc analysis showed 
substantial attenuation of changes in haemoglobin, 
neutrophil, and CD4 cell count in participants in the 
control group who received zidovudine compared with 
those who did not (data not shown). This analysis was 
not randomised and so it should be interpreted with 
caution. An alternative explanation for the diff erence in 
CD4 cell count response is that raltegravir might be 

Panel: Research in context

Systematic review
The Cochrane Collaboration has done a systematic review of 
the evidence for management of virological failure of 
NNRTI+2NtRTI as fi rst-line treatment for HIV-1 infection, 
published in 2007,21 and updated in 2010.1 They reported 
that little evidence exists with which to select second-line 
treatment for patients with HIV who fail fi rst-line treatment 
with a WHO-recommended regimen. They concluded that 
recommendations were based on available resources and 
patient-level and public-health-level considerations.

Interpretation
We have shown that a novel antiretroviral therapy regimen of 
raltegravir combined with ritonavir-boosted lopinavir is 
non-inferior to a WHO-recommended second-line regimen 
(ritonavir-boosted lopinavir combined with two or three 
nucleoside or nucleotide reverse transcriptase inhibitors). Our 
study supports the current WHO-recommended approach for 
management of fi rst-line treatment failure. However, the 
simpler combination of an HIV integrase inhibitor combined 
with boosted lopinavir may extend the successful 
public health approach to the provision of second-line 
antiretroviral therapy.



Articles

2098 www.thelancet.com   Vol 381   June 15, 2013

associated with better recovery of CD4 cell count, which 
could be related to the faster fall in plasma viral load in 
patients taking regimens containing raltegravir.17 How-
ever, we did not note any signifi cant diff erences in 
clinical outcomes related to these biomarker diff erences.

Some NtRTI-free regimens have been associated with 
unfavourable metabolic profi les, which has precluded 
their recommendation for use in routine care.18,19 In our 
study, the raltegravir regimen was associated with 
signifi cantly greater rises in cholesterol than in the 
control group, but the resultant total cholesterol:HDL 
cholesterol ratio was much the same in each group. 
These results are consistent with the PROGRESS study.14

Only a small proportion of resistance mutations were 
newly selected mutations, consisting of emergent 
NtRTI-associated mutations in the control group and 
raltegravir-associated mutations in the raltegravir group. 
We did not record any protease inhibitor mutations at 
virological failure, consistent with clinical experience 
with boosted protease inhibitors in virologically 
monitored patients.

Our study has some limitations. The open-label design 
might have led to bias. However, centralisation of 
randomisation, concealment of allocation until after 
randomisation, hard primary endpoints, and little loss to 
follow-up that was equally distributed between groups 
should have reduced this possibility. The control 
regimens that were not selected by genotypic anti-
retroviral resistance testing might not have been the best 
regimens for that patient. Nevertheless, responses in 
those who did and did not have genotypic antiretroviral 
resistance testing did not diff er signifi cantly. In the 
analysis of participants who had a viral load of more than 
100 000 copies per mL at baseline, the raltegravir regimen 
was not non-inferior to the control regimen. Finally, at 
current prices, the NtRTI-free regimen is more expensive 
than the control regimen in low-income and middle-
income settings. We estimate that the raltegravir regimen 
would be cost eff ective in South Africa (an upper middle-
income country), but not in Nigeria (a lower middle-
income country).20 As new integrase inhibitors are 
approved, the resultant competition is likely to drive 
down prices.

Our results provide a good starting point from which to 
establish an evidence base for management of virological 
failure of fi rst-line antiretroviral therapy and ongoing 
studies will add to these fi ndings (NCT00988039 and 
NCT01352715). Trials that investigate the eff ects of 
experimental NtRTI-free regimens on outcomes such as 
body composition and bone mineral density will further 
elucidate the advantages and disadvantages of the two 
approaches assessed in our study. Economic modelling 
that takes into account potential savings of new regimens 
and the ease of its provision by trained non-medical health 
workers will also be important.

Our results provide both validation of the currently 
recommended WHO approach and robust evidence for 

an alternative NtRTI-sparing approach for treatment 
after fi rst-line virological failure (panel). The simplicity, 
absence of the need for resistance testing or to follow 
algorithms for selection of NtRTI backbones, and the 
tolerability of the raltegravir regimen suggest a means to 
extend the successful public-health approach to HIV 
treatment to provision of second-line combination anti-
retroviral therapy.
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