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Dolutegravir versus raltegravir in antiretroviral-experienced, 
integrase-inhibitor-naive adults with HIV: week 48 results 
from the randomised, double-blind, non-inferiority 
SAILING study
Pedro Cahn, Anton L Pozniak, Horacio Mingrone, Andrey Shuldyakov, Carlos Brites, Jaime F Andrade-Villanueva, Gary Richmond, 
Carlos Beltran Buendia, Jan Fourie, Moti Ramgopal, Debbie Hagins, Franco Felizarta, Jose Madruga, Tania Reuter, Tamara Newman, 
Catherine B Small, John Lombaard, Beatriz Grinsztejn, David Dorey, Mark Underwood, Sandy Griffi  th, Sherene Min, on behalf of the extended 
SAILING Study Team

Summary
Background Dolutegravir (GSK1349572), a once-daily HIV integrase inhibitor, has shown potent antiviral response 
and a favourable safety profi le. We evaluated safety, effi  cacy, and emergent resistance in antiretroviral-experienced, 
integrase-inhibitor-naive adults with HIV-1 with at least two-class drug resistance.

Methods ING111762 (SAILING) is a 48 week, phase 3, randomised, double-blind, active-controlled, non-inferiority 
study that began in October, 2010. Eligible patients had two consecutive plasma HIV-1 RNA assessments of 400 copies 
per mL or higher (unless >1000 copies per mL at screening), resistance to two or more classes of antiretroviral drugs, 
and had one to two fully active drugs for background therapy. Participants were randomly assigned (1:1) to once-daily 
dolutegravir 50 mg or twice-daily raltegravir 400 mg, with investigator-selected background therapy. Matching placebo 
was given, and study sites were masked to treatment assignment. The primary endpoint was the proportion of 
patients with plasma HIV-1 RNA less than 50 copies per mL at week 48, evaluated in all participants randomly 
assigned to treatment groups who received at least one dose of study drug, excluding participants at one site with 
violations of good clinical practice. Non-inferiority was prespecifi ed with a 12% margin; if non-inferiority was 
established, then superiority would be tested per a prespecifi ed sequential testing procedure. A key prespecifi ed 
secondary endpoint was the proportion of patients with treatment-emergent integrase-inhibitor resistance. The trial 
is registered at ClinicalTrials.gov, NCT01231516.

Findings Analysis included 715 patients (354 dolutegravir; 361 raltegravir). At week 48, 251 (71%) patients on 
dolutegravir had HIV-1 RNA less than 50 copies per mL versus 230 (64%) patients on raltegravir (adjusted diff er-
ence 7·4%, 95% CI 0·7 to 14·2); superiority of dolutegravir versus raltegravir was then concluded (p=0·03). 
Signifi cantly fewer patients had virological failure with treatment-emergent integrase-inhibitor resistance on 
dolutegravir (four vs 17 patients; adjusted diff erence –3·7%, 95% CI –6·1 to –1·2; p=0·003). Adverse event frequencies 
were similar across groups; the most commonly reported events for dolutegravir versus raltegravir were diarrhoea 
(71 [20%] vs 64 [18%] patients), upper respiratory tract infection (38 [11%] vs 29 [8%]), and headache (33 [9%] vs 31 [9%]). 
Safety events leading to discontinuation were infrequent in both groups (nine [3%] dolutegravir, 14 [4%] raltegravir).

Interpretation Once-daily dolutegravir, in combination with up to two other antiretroviral drugs, is well tolerated with 
greater virological eff ect compared with twice-daily raltegravir in this treatment-experienced patient group.

Funding ViiV Healthcare.

Introduction
Although the fi rst-generation integrase inhibitors ralte-
gravir and elvitegravir are potent and well tolerated 
in treatment-naive and treatment-experienced adults 
with HIV,1–4 improved integrase inhibitor-based therapy 
options would benefi t these patients. Raltegravir 
requires twice-daily dosing5 and has variable pharma-
cokinetic characteristics. Elvitegravir must be taken 
with food and requires coadministration with a pharma-
cokinetic boosting agent, creating the potential for 
clinically signifi cant drug interactions.6 Additionally, 
treatment-experienced patients who fail raltegravir-based 

or elvitegravir-based regimens commonly develop inte-
grase inhibitor resistance; cross-resistance between 
ralte gravir and elvitegravir has been reported.4,7–11 Thus, 
the development of new unboosted integrase inhibitors 
with once-daily dosing and an improved resistance pro-
fi le is desirable.

Dolutegravir (GSK1349572) is a next-generation inte-
grase inhibitor in clinical development. Dolutegravir dis-
sociates slowly from integrase-DNA complexes (t½=71 h, 
wildtype integrase) in vitro,12 and has a 14-h plasma half-life 
in patients, supporting once-daily dosing without pharma-
cokinetic boosters.13 It has the potential for a high barrier 
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to resistance and has shown potent effi  cacy in 
antiretroviral-naive patients and patients with multiclass 
resistance.14–16 No signifi cant food eff ect or signifi cant 
cytochrome P450 inhibition or induction has been 
observed, suggesting a low potential for interactions.13,17

We report results from ING111762 (SAILING), com-
paring clinical effi  cacy, safety, and virology outcomes in 
treatment-experienced, integrase-inhibitor-naive patients 
who received dolutegravir 50 mg once daily or raltegravir 
400 mg twice a day, plus investigator-selected back-
ground therapy.

Methods
Study design and patients
SAILING is an ongoing phase 3, randomised, double-
blind, active-controlled, double-placebo, multi centre, 
parallel-group, non-inferiority study in treatment-
experienced, integrase-inhibitor-naive, adults with HIV-1 
at 156 centres in Australia, Canada, Europe, Latin America, 
Taiwan, South Africa, and the USA (appendix). The 
screening period was Oct 26, 2010, to Jan 20, 2012. 
Eligible participants had two consecutive plasma 
HIV-1 RNA assessments of 400 copies per mL or higher 
(unless >1000 copies per mL at screening), resistance to 
two or more classes of antiretroviral drugs, and had one to 

two fully active agents for background therapy. Exclusions 
included active US Centers for Disease Control and 
Prevention category C disease18 (except Kaposi’s sarcoma), 
defi ned laboratory values, preg  nancy, moderate or severe 
hepatic impairment, expected need for hepatitis C virus 
therapy, malignancy, or recent treatment with HIV-1 
vaccines, radiation therapy, cytotoxic chemotherapy, or 
immunomodulators (full eligibility criteria in appendix).

Patients randomly assigned to treatment groups received 
dolutegravir 50 mg once a day or raltegravir 400 mg twice a 
day plus investigator-selected background therapy (at least 
one fully active agent with or without a second agent, with 
or without full activity). Planned use of darunavir-ritonavir 
without primary protease inhibitor resistance on screening 
genotype was a stratifi cation factor (see below), and was to 
be capped at 170 to help to delineate dolutegravir con-
tributions to virological suppression.

Ethics committee approval was obtained at all 
participating centres in accordance with the principles 
of the 2008 Declaration of Helsinki. Each patient pro-
vided written informed consent before undergoing 
study procedures.

Randomisation and masking
Central, computer-generated randomisation (1:1) 
included stratifi cation by HIV-1 RNA (≤50 000 vs 
>50 000 copies per mL); darunavir-ritonavir use without 
primary protease inhibitor resistance versus no use or 
use with primary protease inhibitor mutations; and two 
versus fewer than two fully active background agents. Up 
to week 48, matching placebo was given with masked 
dolutegravir or raltegravir, and all study sites remained 
masked. A week 24 interim analysis was done to enable 
regulatory submission of dolutegravir; sponsor staff  had 
access to data from this point forward.

Procedures
Clinical and laboratory analyses occurred at baseline and 
weeks 2, 4, 8, 12, 16, 24, 32, 40, and 48. After successful 
completion of week 48, patients randomly assigned to 
dolutegravir have open-label access to dolutegravir and 
are followed up every 12 weeks thereafter.

Central laboratory facilities (Quest Diagnostics, 
Valencia, CA, USA) provided haematology, clinical 
chemistry, urinalysis, and plasma HIV-1 RNA testing 
(with the RealTime HIV-1 PCR assay [Abbott Molecular, 
Des Plaines, IL, USA]). CD4+ cell count and percentage 
were measured at each visit (except week 2). Monogram 
Biosciences (San Francisco, CA, USA) did integrase 
inhibitor resistance testing for day 1 and protocol-defi ned 
virological failure samples using PhenoSense Integrase 
and Geneseq Integrase, and used PhenoSense GT, 
PhenoSense Entry, and Trofi le assays for other classes.

The primary endpoint was the proportion of patients 
with plasma HIV-1 RNA less than 50 copies per mL at 
week 48. A key secondary endpoint was the proportion of 
patients with treatment-emergent integrase inhibitor 

See Online for appendix

Figure 1: Trial profi le
Of the 299 completed patients on dolutegravir, 295 entered the open-label phase of the study, and 282 (96%) of 
295 were ongoing in the open-label phase at the time of the cutoff  for the week 48 analyses.

1441 patients screened

717 not randomised

3 not treated

724 randomised

360 assigned to dolutegravir
 50 mg once daily

357 treated

3 excluded at site

354 included in primary analysis
 299 (84%) completed at week 48
 55 (16%) withdrawn at week 48
 4 adverse event
 20 lack of efficacy
 9 protocol deviation
 5 stopping criteria
 5 lost to follow-up
 1 investigator discretion
 11 withdrew consent

2 not treated

362 treated

1 excluded at site

361 included in primary analysis
 283 (78%) completed at week 48
 78 (22%) withdrawn at week 48
 11 adverse event
 42 lack of efficacy
 6 protocol deviation
 3 stopping criteria
 10 lost to follow-up
 1 investigator discretion
 5 withdrew consent

364 assigned to raltegravir
 400 mg twice daily
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resistance. Other prespecifi ed effi  cacy endpoints included 
the proportion of patients with evidence of treatment-
emergent resistance to the background regimen, changes 
from baseline in CD4 cell counts, the incidence of HIV-
associated conditions, and incidence of disease pro-
gressions (HIV-associated conditions, AIDS, and death). 
The main safety endpoints were the incidence and severity 
of adverse events and changes in laboratory parameters. 
Other secondary endpoints were utility and visual analogue 
scale measures of quality of life using the EQ-5D health 
questionnaire (EuroQol, Rotterdam, Netherlands), dolute-
gravir pharmaco kinetic charac ter istics, and pharmaco-
kinetic and pharmaco dynamic rela tions (data not shown). 
Adverse events were evaluated and graded according to the 
Division of AIDS toxicity scales.19 Liver chemistry threshold 
stopping criteria were implemented to assure patient 
safety and evaluate cause of liver infl ammation.

Genotypic and phenotypic susceptibility scores were 
established with selected background drugs together 
with resistance results. Genotypic susceptibility score 
was calculated with the Stanford HIVdb algorithm, 
July 2012 version20 (appendix). Phenotypic susceptibility 
score was based on Monogram Biosciences phenotypic 
resistance testing on the baseline sample; a score of 1 was 
assigned if fold change was above the lower clinical 
cutoff  or biological cutoff , and a score of 1 was assigned 
for maraviroc when CXCR4-tropic HIV-1 was not 
detected. For the purpose of statistical analysis, if no 
resistance results were available at baseline to confi rm 
the activity of a background drug, then a susceptibility 
score of 0 was assumed. Integrase inhibitor resistance 
testing was not routinely done on baseline samples in the 
absence of protocol-defi ned virological failure because of 
the low prevalence of transmitted integrase inhibitor 
resistance in patients who are naive to these drugs.

Resistance testing (genotype and phenotype) was done 
on samples for which the following conditions were met 
and confi rmed for protocol-defi ned virological failure: 
virological non-response (plasma HIV-1 RNA decrease 
<1 log10 copies per mL unless <400 copies per mL by 
week 16 or HIV-1 RNA ≥400 copies per mL on or after 
week 24) or virological rebound (plasma HIV-1 RNA 
≥400 copies per mL after confi rmed HIV-1 RNA 
<400 copies per mL or >1 log10 copies per mL increase 
above any nadir of ≥400 copies per mL). Patients with 
confi rmed protocol-defi ned virological failure were 
with—drawn from the study.

Statistical analysis
The primary effi  cacy hypothesis was that dolutegravir 
would have non-inferior antiviral activity to that of 
raltegravir at week 48, when both are given with back-
ground therapy. Non-inferiority would be concluded if 
the lower bound of a two-sided 95% CI for the diff er-
ence in proportions (dolutegravir minus raltegravir) of 
patients with plasma HIV-1 RNA less than 50 copies 
per mL at week 48 was greater than –12%. This 

prespecifi ed non-inferiority margin was based on the 
observed benefi t of raltegravir versus placebo for patients 
with background regimen phenotypic suscept ibility 
scores of 1 and 2 in the BENCHMRK studies,3,9 and on 
applicable HIV-specifi c21 and statistical guidelines.22

On the assumption of a 65% response rate in the 
raltegravir group, the study needed 333 evaluable par tici-
pants per group to have 90% power with a one-sided 2·5% 

Dolutegravir 
(n=354)

Raltegravir 
(n=361)

Total
(n=715)

Age (years) 42·0 (35–49) 43·0 (36–49) 43·0 (35–49)

Sex 

Male 247 (70%) 238 (66%) 485 (68%)

Female 107 (30%) 123 (34%) 230 (32%)

Ethnicity

Hispanic or Latino 135 (38%) 119 (33%) 254 (36%)

Not Hispanic or Latino 219 (62%) 242 (67%) 461 (64%)

Race 

African American or African heritage 143 (40%) 160 (44%) 303 (42%)

American Indian or Alaska Native 10 (3%) 17 (5%) 27 (4%)

Asian 9 (3%) 6 (2%) 15 (2%)

Native Hawaiian or other Pacifi c 
Islander 

1 (<1%) 0 1 (<1%)

White (white/Caucasian/European 
heritage)

175 (49%) 172 (48%) 347 (49%)

Other or mixed race 12 (3%) 2 (1%) 14 (2%)

Region

Europe 48 (14%) 51 (14%) 99 (14%)

North America 132 (37%) 140 (39%) 272 (38%)

Rest of world 174 (49%) 170 (47%) 344 (48%)

Baseline plasma HIV-1 RNA (log10 copies 
per mL)

4·17 (3·46–4·83) 4·21 (3·43–4·85) 4·18 (3·45–4·84)

CD4+ cell count (cells per μL) 204·5 (88–368) 193·0 (96–365) 200 (95–366)

History of AIDS 173 (49%) 158 (44%) 331 (46%)

Hepatitis co-infection

Hepatitis B only 17 (5%) 16 (4%) 33 (5%)

Hepatitis C only 31 (9%) 48 (13%) 79 (11%)

Hepatitis B and C 1 (<1%) 1 (<1%) 2 (<1%)

Neither 288 (81%) 271 (75%) 559 (78%)

Missing 17 (5%) 25 (7%) 42 (6%)

Baseline randomisation stratum

HIV-1 RNA ≤50 000 copies per mL 249 (70%) 254 (70%) 503 (70%)

HIV-1 RNA >50 000 copies per mL 105 (30%) 107 (30%) 212 (30%)

Phenotypic sensitivity score=2* 248 (70%) 267 (74%) 515 (72%)

Phenotypic sensitivity score <2 104 (29%) 94 (26%) 198 (28%)

No darunavir-ritonavir use, or use with 
primary protease inhibitor mutations

282 (80%) 284 (79%) 566 (79%)

Use of darunavir-ritonavir without 
primary protease inhibitor mutations

72 (20%) 77 (21%) 149 (21%)

Duration of previous ART (months) 80 (37–145) 72 (32–146) 77 (34–146)

Previous ART received 5 (3–8) 5 (3–8) 5 (3–8)

Three or more classes of ART resistance 168 (47%) 183 (51%) 351 (49%)

Background regimen containing protease 
inhibitor-ritonavir

300 (85%) 305 (84%) 605 (85%)

(Continues on next page)
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signifi cance level. The primary analysis included all 
participants randomly assigned to treatment groups who 
received at least one dose of study drug, excluding four 
participants at one site with violations of good clinical 
practice. Per-protocol analyses excluded patients with 
prespecifi ed protocol deviations. If non-inferiority was 
established in both primary and per-protocol analyses, 
then superiority would be tested at the nominal 5% 
signifi cance level.

For the primary analysis, antiviral response was assessed 
with the snapshot algorithm defi ned by the US Food and 

Drug Administration.23 Patients whose last HIV-1 RNA 
result was less than 50 copies per mL in the analysis 
window (week 48, within 6 weeks) were regarded as 
responders; non-responders were patients with unsup-
pressed viral load or who withdrew without viral load data 
at the analysis timepoint. The protocol allowed one within-
class switch to the background regimen for management 
of toxic eff ects; patients who switched antiretroviral 
therapy (ART) after week 4 were regarded as non-
responders according to the snapshot algorithm. The 
diff er ence in the proportions was adjusted for random-
isation stratifi cation factors (using baseline values).

Secondary effi  cacy analyses done to support the 
primary analyses included Kaplan-Meier estimates for 
the proportion of patients without virological failure by 
week 48, using treatment-related discontinuation equal 
failure analysis as previously described.14

The secondary endpoint (prespecifi ed and α-controlled) 
of proportion of patients with evidence of treatment-
emergent genotypic or phenotypic integrase inhibitor 
resistance at the time of protocol-defi ned viro logical 
failure was compared with a Cochran-Mantel-Haenszel 
analysis. The type I error rate was controlled for this 
secondary endpoint with a prespecifi ed fi xed-sequence 
testing procedure that allowed for secondary endpoint 
testing at the nominal 5% level if non-inferiority was 
shown for the primary endpoint. To assess treatment-
emergent resistance to the background regimen during 
protocol-defi ned virological failure, the propor tions of 
patients with evidence of a decrease in background 
regimen genotypic and phenotypic susceptibility scores 
from baseline to protocol-defi ned virological failure were 
compared with Cochran-Mantel-Haenszel statistics in a 
prespecifi ed analysis.

This study is registered at ClinicalTrials.gov, 
NCT01231516.

Role of the funding source
The study was sponsored by ViiV Healthcare. All 
opera tional aspects of the study, including monitoring, 
data collection, and statistical analyses, were managed by 
GlaxoSmithKline. All authors had full access to all the 
study data and are responsible for the veracity and 
completeness of the data reported. The corresponding 
author had fi nal responsibility for the decision to submit 
for publication.

Results
Of 1441 patients screened, 724 were randomly assigned to 
treatment groups and 719 received at least one dose of 
study drug (dolutegravir, 357; raltegravir, 362; fi gure 1). 
Baseline demographics, disease characteristics, treat-
ment history, and background drugs and their activity 
were balanced across treatment groups (table 1). Because 
of broad geographical participation, the SAILING popu-
lation was diverse in ethnicity, sex, and HIV-1 subtype 
(B [487 patients, 68%], C [103, 14%], and complex [42, 6%]), 

Figure 2: Snapshot analysis of proportion of patients with plasma HIV-1 RNA lower than 50 copies per mL, by visit 
Error bars show 95% CIs, derived using the normal approximation. Analysis included all participants randomly 
assigned to treatment groups who received at least one dose of study drug, excluding participants at one site with 
violations of good clinical practice.
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(Continued from previous page)

Most common background regimens

Darunavir-ritonavir, tenofovir 62 (18%) 73 (20%) 135 (19%)

Lopinavir-ritonavir, tenofovir 40 (11%) 40 (11%) 80 (11%)

Darunavir-ritonavir, etravirine 33 (9%) 40 (11%) 73 (10%)

Lopinavir-ritonavir 36 (10%) 35 (10%) 71 (10%)

Atazanavir-ritonavir, tenofovir 37 (10%) 33 (9%) 69 (10%)

Darunavir-ritonavir, maraviroc 23 (6%) 19 (5%) 42 (6%)

Phenotypic sensitivity score*

0 8 (2%) 3 (1%) 11 (2%)

1 97 (27%) 91 (25%) 187 (26%)

2 248 (70%) 267 (74%) 515 (72%)

>2 2 (1%) 0 2 (<1%)

Genotypic sensitivity score

0 to <1 27 (8%) 18 (5%) 45 (6%)

1 to <2 189 (53%) 174 (48%) 363 (51%)

2 137 (39%) 169 (47%) 306 (43%)

>2 1 (<1%) 0 1 (<1%)

Data are median (IQR) or n (%). ART=antiretroviral therapy. *For the effi  cacy analyses, patients with sensitivity scores 
greater than 2 were included in the score=2 category.

Table 1: Baseline characteristics



Articles

www.thelancet.com   Published online July 3, 2013   http://dx.doi.org/10.1016/S0140-6736(13)61221-0 5

and generally had more advanced disease (almost half 
had a history of AIDS), plus nearly half with resistance to 
at least one drug in each of three or more antiretroviral 
drug classes (table 1).

In both treatment groups, the proportion of patients 
with plasma HIV-1 RNA less than 50 copies per mL 
increased sharply from baseline to week 4, then generally 
remained stable from week 8 onward (fi gure 2). 
At week 48, 251 (71%) of 354 patients receiving 
dolutegravir and 230 (64%) of 361 patients receiving 
raltegravir had plasma HIV-1 RNA lower than 
50 copies per mL (table 2). Because the adjusted 
treatment diff erence (7·4%, 95% CI 0·7–14·2) was 
greater than –12%, dolutegravir was concluded to be 
non-inferior to raltegravir. Statistical superiority 
(p=0·03) was subsequently shown as part of a pre-
specifi ed testing procedure. The diff erence in response 
rates between the two groups was mainly driven by 
virological outcomes.

Consistent with the primary analysis, per-protocol 
analyses and Kaplan-Meier estimates of the proportion of 
patients without treatment-related failure by week 48 

indicated signifi cant diff erences in favour of dolutegravir 
(table 2). For the subgroup of patients without primary 
protease inhibitor mutations taking darunavir-ritonavir, 
dolutegravir and raltegravir response rates were similar. 
Treatment diff erences within other subgroups (by 
base  line stratifi cation) were generally supportive of the 
primary result (table 2).

CD4+ cell counts increased from baseline to week 48 in 
both groups (mean change 162 [SD 151] cells per μL in 
the dolutegravir group; 153 [144] cells per μL on ralte-
gravir). Protocol-defi ned virological failure occurred 
earlier and more frequently in the raltegravir group 
(45 [12%] patients vs 21 [6%] in the dolutegravir group by 
week 48). 19 (42%) of the 45 patients on raltegravir with 
virological failure were virological non-responders 
(as opposed to virological rebounders) compared with 
two (10%) of 21 patients on dolutegravir.

Signifi cantly fewer patients in the dolutegravir group 
had treatment-emergent genotypic or phenotypic 
evidence of integrase inhibitor resistance by week 48 
(four [1%] of 354 vs 17 [5%] of 361 patients, p=0·003; 
adjusted diff erence –3·7%, 95% CI –6·1 to –1·2, 

Dolutegravir
(n=354)

Raltegravir
(n=361)

Diff erence (95% CI; p value)

Week 24 interim analysis 281 (79%) 252 (70%) 9·7% (3·4 to 15·9; p=0·003)*

Per-protocol population 263/323 (81%) 245/339 (72%) 9·3% (3·0 to 15·7)*

Week 48

Virological success 251 (71%) 230 (64%) 7·4% (0·7 to 14·2; p=0·030)*

Virological non-response 71 (20%) 100 (28%) ··

Data in window not <50 copies per mL 35 (10%) 48 (13%) ··

Discontinued for lack of effi  cacy 19 (5%) 35 (10%) ··

Discontinued for other reason while not <50 copies per mL 7 (2%) 7 (2%) ··

Change in ART 10 (3%) 10 (3%) ··

No virological data at week 48 32 (9%) 31 (9%) ··

Discontinued due to adverse event or death 9 (3%) 13 (4%) ··

Discontinued for other reason 16 (5%) 14 (4%) ··

Missing data during window but on study 7 (2%) 4 (1%) ··

Per-protocol population 238/325 (73%) 225/340 (66%) 7·5% (0·6 to 14·3)*

Response by baseline stratifi cation

Phenotypic susceptibility score=2† 181/250 (72%) 169/267 (63%) 9·1% (1·1 to 17·1)

Phenotypic susceptibility score <2 70/104 (67%) 61/94 (65%) 2·4% (–10·8 to 15·6)

HIV-1 RNA ≤50 000 copies per mL 186/249 (75%) 180/254 (71%) 3·8% (–3·9 to 11·6)

HIV-1 RNA >50 000 copies per mL 65/105 (62%) 50/107 (47%) 15·2% (1·9 to 28·4)

No darunavir-ritonavir use or use with primary protease inhibitor mutations 201/282 (71%) 176/284 (62%) 9·3% (1·6 to 17·0)

Darunavir-ritonavir use without primary protease inhibitor mutations 50/72 (69%) 54/77 (70%) –0·7% (–15·4 to 14·1)

Kaplan-Meier proportion without failure

Treatment-related discontinuation equals failure‡ (%) 92·0% (88·5 to 94·4) 85·1 (80·8 to 88·4) 6·9% (2·1 to 11·7)

Data are n (%), n/N (%), or % (95% CI) by US Food and Drug Administration snapshot analysis based on all participants randomly assigned to treatment groups who received 
at least one dose of study drug, excluding four participants at one site with violations of good clinical practice, unless otherwise indicated. ART=antiretroviral therapy. 
*Adjusted diff erence based on Cochran-Mantel-Haenszel stratifi ed analysis adjusting for baseline HIV-1 RNA (≤50 000 copies per mL vs >50 000 copies per mL), 
darunavir-ritonavir use without primary protease inhibitor mutations (yes vs no), and baseline phenotypic susceptibility score (2 vs <2) to background regimen. †Phenotypic 
susceptibility score=2 category includes two patients with a score of 3. ‡Protocol-defi ned virological failure or withdrawal because of drug-related adverse event, safety 
stopping criteria, or lack of effi  cacy; HIV-1 RNA greater than 50 copies per mL was not regarded as a failure unless criteria for protocol-defi ned virological failure were met .

Table 2: Proportion of patients with plasma HIV-1 RNA less than 50 copies per mL at week 24 or week 48, or both
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p=0·003); of these, one patient in each group had 
raltegravir primary resistance at baseline (dolutegravir, 
Gln148His/Gly140Ser pathway; raltegravir, Tyr143 
pathway). A unique integrase substitution (Arg263Lys or 
Arg263Arg/Lys mixture) was noted in two patients on 
dolutegravir (one clade B and one clade C virus) with 
protocol-defi ned virological failure that conferred a less 
than two fold-change in susceptibility to dolutegravir and 
raltegravir; one patient on dolutegravir with HIV-1 RNA 
greater than 90 000 copies per mL at all timepoints 
through virological failure developed a polymorphic 
Val151Val/Ile change that conferred no dolutegravir 
or raltegravir fold-change increase (appendix). Thus, 
treatment-emergent phenotypic resistance to dolutegravir 
or raltegravir was not reported in any patients on 
dolutegravir. Raltegravir-associated genotypic resistance9,11 

was recorded in 16 (42%) of 38 patients with protocol-
defi ned virological failure in the raltegravir group, with 
high fold-change to raltegravir but limited cross-
resistance to dolutegravir (appendix). 12 (3%) of 
361 patients on raltegravir versus four (1%) of 354 on 
dolutegravir had treatment-emergent resistance to 
their background regimen at week 48 (appendix), a 
signifi  cant diff erence that was not included in our 
multiplicity-controlled testing procedure.

The safety profi les for dolutegravir and raltegravir were 
comparable, with similar rates of adverse events (table 3) 
and most events in both treatment groups were of mild 
to moderate intensity. The most commonly reported 
clinical adverse events for dolutegravir versus raltegravir 
groups were diarrhoea, upper respiratory tract infection, 
and headache (table 3). Safety events leading to dis-
continuation (adverse events or stopping criteria) were 
infrequent for both treatment groups (table 3). The rates 
and nature of serious adverse events were also similar, 
and few patients developed a drug-related serious adverse 
event (table 3). No deaths occurred in the dolutegravir 
group; three deaths occurred in the raltegravir group 
(metastatic adenocarcinoma, multi organ failure, and 
cervical carcinoma; all judged unrelated to study drug).

The distribution and number of graded treatment-
emergent laboratory toxicities were similar between 
groups (table 3). Small increases in serum creatinine 
were evident in both groups at week 2 and remained 
stable to week 48 (fi gure 3). Few patients had grade 2 
(dolutegravir, fi ve; raltegravir, six) or grade 3 (one each) 
serum creatinine increases; these were mainly attributable 
to pre-existing renal conditions, hyper tension, diabetes, 
drugs, or infectious complications (except one patient per 
group had transient grade 2 increases not attributable to 
other causes, though both continued on study drug). A 
small median reduction from baseline for urine 
albumin:creatinine ratios was noted in both groups 
(dolutegravir, –0·10 mg/mmol, IQR –0·85 to 0·20; 
raltegravir, –0·10 mg/mmol, –1·00 to 0·20).

Each group had a similar proportion of treatment-
emergent increases in alanine aminotransferase (ALT) 
fi ve or more times the upper limit of normal (nine [3%] of 
357 patients on dolutegravir; seven [2%] of 362 on 
raltegravir). Seven patients on dolutegravir and four on 
raltegravir met protocol-defi ned stopping criteria for liver 
chemistry; causative diagnoses were adjudicated by the 
independent data monitoring committee (appendix). 
Patients with hepatitis B or C viruses were more likely to 
have immune reconstitution infl ammatory syndrome 
(IRIS) or hepatic fl ares on dolutegravir in conjunction 
with improved virological and immunological responses, 
particularly when hepatitis B therapy was withdrawn at 
the start of the study or not coadministered. Five patients 
on dolutegravir and one patient on raltegravir were 
identifi ed by the data monitoring committee as having 
hepatitis B or hepatitis C (or both) IRIS (one patient on 
dolutegravir and two on raltegravir had other IRIS events); 

Dolutegravir 
(n=357)

Raltegravir 
(n=362)

Adverse events in ≥5% of patients in 
either group

28 (8%) 32 (9%)

Diarrhoea 71 (20%) 64 (18%)

Upper respiratory tract infection 38 (11%) 29 (8%)

Headache 33 (9%) 31 (9%)

Nausea 29 (8%) 29 (8%)

Cough 33 (9%) 24 (7%)

Infl uenza 24 (7%) 26 (7%)

Nasopharyngitis 23 (6%) 22 (6%)

Urinary tract infection 26 (7%) 18 (5%)

Vomiting 20 (6%) 20 (6%)

Fatigue 15 (4%) 24 (7%)

Rash 19 (5%) 18 (5%)

Arthralgia 10 (3%) 18 (5%)

Upper abdominal pain 17 (5%) 5 (1%)

Serious adverse events 33 (9%) 42 (12%)

Drug-related serious adverse events 2 (1%) 4 (1%)

Deaths 0 3 (1%)

Safety events leading to discontinuation 
(primary reason)

9 (3%) 14 (4%)

Adverse event 4 (1%) 11 (3%)

Met liver chemistry stopping criteria* 5 (1%) 3 (1%)

Select grade 3–4 laboratory abnormalities

Alanine aminotransferase (IU/L) 9 (3%) 7 (2%)

Cholesterol (mmol/L) 6 (2%) 14 (4%)

Creatinine (μmol/L) 1 (<1%) 1 (<1%)

Hyperglycaemia (mmol/L) 4 (1%) 7 (2%)

Lipase (U/L) 4 (1%) 7 (2%)

Total bilirubin (μmol/L)† 21 (6%) 14 (4%)

Creatine phosphokinase 7 (2%) 4 (1%)

Data are n (%) for all patients who received at least one dose of study drug. 
*Numbers diff er from in-text discussion of patients meeting protocol-defi ned 
liver stopping criteria because sites might not have recorded this as the primary 
reason for discontinuation. †16/21 patients on dolutegravir and 11/14 on 
raltegravir receiving atazanavir.

Table 3: Clinical adverse events and laboratory abnormalities at week 48
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other hepatitis diagnoses included alcohol intoxication, 
drug-induced liver injury (one related to raltegravir, one 
related to tipranavir-ritonavir for a patient on dolutegravir), 
acute infection, and gallstones. One patient on dolute-
gravir with active therapy for hepatitis B was withdrawn 
at day 1, having met liver stopping criteria because of 
hepatitis B virus IRIS, and was allowed to restart 
dolutegravir after addition of entecavir and hepatitis 
resolution. Liver enzyme increases did not recur after 
restart of dolutegravir. Similar low rates of post-baseline 
HIV-associated conditions (20 [6%] patients on dolute-
gravir, 19 [5%] on raltegravir, excluding recurrences) and 
post-baseline disease progression (progression to CDC 
class C or death; ten [3%] patients on dolutegravir, eight 
[2%] on raltegravir) were observed in both treatment 
groups up to week 48 (detailed data not shown). Similar 
minor improvements in utility values and modest gains 
in perceived health status (visual analogue score) occurred 
for both groups (data not shown).

Discussion
SAILING is the fi rst study to show superior virological 
effi  cacy of any antiretroviral drug over raltegravir (panel, 
fi gure 2). This diff erence was driven by fewer virological 
non-responders in the dolutegravir group compared with 
the raltegravir group. Additionally, there was signifi cantly 
less treatment-emergent integrase inhibitor or back-
ground therapy resistance at failure.

Data from SAILING show that dolutegravir in com-
bination with up to two additional ARTs has higher 
virological effi  cacy and a higher barrier to resistance 
compared with raltegravir, as supported by two pre-
specifi ed analyses. The proportion of patients harbouring 
virus with evidence of treatment-emergent genotypic or 
phenotypic integrase inhibitor resistance was greater for 
raltegravir versus dolutegravir; the proportion of patients 
with resistance to the background regimen was also 
greater for the raltegravir group. There was no emergence 
of primary or secondary raltegravir resistance mutations in 
the dolutegravir group. Instead, one patient developed the 
polymorphic integrase substitution Val151Val/Ile with no 
increased dolutegravir or raltegravir fold change, and two 
patients developed unique Arg263Lys or Arg263Arg/Lys 
substitutions (one clade B and one clade C virus), both 
with dolutegravir or raltegravir fold change of less than 
two, suggesting no high-level resistance to either drug is 
conferred by the Arg263Lys substitution. Of note, the 
Arg263Lys substitution has been selected during in-vitro 
passage with elvitegravir and dolutegravir.24,25 The emer-
gent mutations in the raltegravir group of this study were 
commonly observed, clinically relevant integrase inhibitor 
resistance mutations.9 These data add to results from the 
SINGLE and SPRING-2 studies,14,15 wherein no patients 
randomly assigned to dolutegravir have developed 
treatment-emergent resistance to dolutegravir or the 
nucleoside reverse transcriptase inhibitor (NRTI) back-
bone, while patients on efavirenz-tenofovir-emtricitabine 

Figure 3: Mean change in serum creatinine over time 
Error bars show SD.
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Panel: Research in context

Systematic review
We did a systematic search to address a clearly defi ned question: “Has any drug been shown 
superior to raltegravir in phase 3 clinical studies?” Search terms included “raltegravir AND 
Phase 3”, “raltegravir AND versus phase 3”. 30 articles were retrieved and hand-searched; of 
these, only two compared raltegravir with another drug in non-inferiority trials, indicating 
that the present study is the fi rst to show superiority. Regimens that provide 
treatment-experienced individuals with HIV-1 with more convenient once-daily options with 
fewer treatment-limiting side-eff ects are important to improve adherence and re-establish 
virological suppression. Guideline experts have suggested that although virological failure in a 
patient can occur for many reasons, much virological failure on fi rst-line regimens is due to 
suboptimum adherence. Current treatment guidelines for antiretroviral-experienced patients 
recommend that a failing regimen should be stopped as soon as possible to avoid progressive 
accumulation of resistance mutations. The guidelines also recommend that the new regimen 
should be optimised to contain at least two, and preferably three, fully active drugs. A fully 
active drug is one that is likely to have antiretroviral activity on the basis of the patient’s 
treatment history, drug-resistance testing, or a novel mechanism of action. The integrase 
class has provided the opportunity to construct potent and well tolerated regimens.

Interpretation
This double-blind, active-controlled, phase 3 study compared the two integrase strand 
transfer inhibitors raltegravir and dolutegravir in combination with up to two background 
antiretroviral drugs in antiretroviral therapy-experienced, integrase-inhibitor-naive adults 
with at least two-class drug resistance. This study is the fi rst to show higher virological 
potency of any antiretroviral drug over raltegravir. Both integrase-inhibitor-containing 
regimens were well tolerated with infrequent discontinuations related to adverse events. The 
emergent mutations in the raltegravir group of this study were, as previously reported, 
commonly observed, clinically relevant integrase inhibitor resistance mutations with 
associated decreases in raltegravir susceptibility. For dolutegravir, only two patients had 
unique integrase substitutions that were previously only identifi ed in in-vitro passage studies 
with dolutegravir or elvitegravir but were not associated with clinically relevant decreased 
susceptibility to dolutegravir. Additionally, more patients on raltegravir developed resistance 
to background antiretroviral drugs. Taken together, the results of this head-to-head phase 3 
study suggest that once-daily dolutegravir 50 mg, in combination with up to two other 
antiretroviral drugs, is well tolerated and eff ective as therapy for antiretroviral treatment-
experienced, integrase-inhibitor-naive adults and is an alternative to twice-daily raltegravir.
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