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ABSTRACT

BACKGROUND

Dolutegravir (S/GSK1349572), a once-daily, unboosted integrase inhibitor, was re-
cently approved in the United States for the treatment of human immunodeficiency
virus type 1 (HIV-1) infection in combination with other antiretroviral agents. Dolu-
tegravir, in combination with abacavir-lamivudine, may provide a simplified regimen.

METHODS

We conducted a randomized, double-blind, phase 3 study involving adult partici-
pants who had not received previous therapy for HIV-1 infection and who had an
HIV-1 RNA level of 1000 copies per milliliter or more. Participants were randomly
assigned to dolutegravir at a dose of 50 mg plus abacavir-lamivudine once daily
(DTG-ABC-3TC group) or combination therapy with efavirenz—tenofovir disoproxil
fumarate (DF)—emtricitabine once daily (EFV-TDF-FTC group). The primary end
point was the proportion of participants with an HIV-1 RNA level of less than 50 copies
per milliliter at week 48. Secondary end points included the time to viral suppres-
sion, the change from baseline in CD4+ T-cell count, safety, and viral resistance.

RESULTS

A total of 833 participants received at least one dose of study drug. At week 48, the
proportion of participants with an HIV-1 RNA level of less than 50 copies per millili-
ter was significantly higher in the DTG-ABC-3TC group than in the EFV-TDF-FTC
group (88% vs. 81%, P=0.003), thus meeting the criterion for superiority. The DTG—
ABC-3TC group had a shorter median time to viral suppression than did the EFV-
TDF-FTC group (28 vs. 84 days, P<0.001), as well as greater increases in CD4+ T-cell
count (267 vs. 208 per cubic millimeter, P<0.001). The proportion of participants
who discontinued therapy owing to adverse events was lower in the DTG-ABC—3TC
group than in the EFV-TDF-FTC group (2% vs. 10%); rash and neuropsychiatric
events (including abnormal dreams, anxiety, dizziness, and somnolence) were sig-
nificantly more common in the EFV-TDF-FTC group, whereas insomnia was re-
ported more frequently in the DTG-ABC—3TC group. No participants in the DTG-
ABC-3TC group had detectable antiviral resistance; one tenofovir DF-associated
mutation and four efavirenz-associated mutations were detected in participants
with virologic failure in the EFV-TDF-FTC group.

CONCLUSIONS
Dolutegravir plus abacavir-lamivudine had a better safety profile and was more effec-
tive through 48 weeks than the regimen with efavirenz—tenofovir DF—emtricitabine.
(Funded by ViiV Healthcare; SINGLE ClinicalTrials.gov number, NCT01263015.)
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HE INITIAL ANTIRETROVIRAL THERAPY
(ART) recommended in treatment guide-
lines for human immunodeficiency virus
(HIV) type 1 (HIV-1) infection consists of two
nucleoside reverse-transcriptase inhibitors (NRTIs)
and a third agent: a nonnucleoside reverse-tran-
scriptase inhibitor (NNRTT; e.g., efavirenz), a
ritonavir-boosted protease inhibitor (e.g., ata-
zanavir or darunavir), or an integrase inhibitor
(e.g., raltegravir). Integrase inhibitors are the
most recent drug class to be approved on the ba-
sis of their efficacy and safety profiles.k® Over
the past 15 years, combination products have
been developed, consisting initially of partial
regimens with two NRTIs and now available in
triple combinations.*> All the regimens that have
been compared with efavirenz—tenofovir diso-
proxil fumarate (DF)—emtricitabine or its compo-
nents have been shown to be noninferior.
Dolutegravir is an unboosted integrase inhibi-
tor with a long plasma half-life (approximately
14 hours) that supports once-daily dosing with-
out the need for pharmacokinetic boosting.°
Dolutegravir in combination with abacavir-lami-
vudine is being developed as a single-tablet
regimen for the treatment of HIV infection. Such
treatment could offer advantages over currently
available single-tablet regimens and regimens
containing alternate drug classes, owing to the
absence of effects related to the cytochrome
P-450 enzyme CYP3A4 (and thus fewer relevant
drug interactions), the absence of tenofovir DF
(possibly resulting in improved renal or bone
safety), and activity against transmitted viruses
that are resistant to NNRTIs.”® We designed
Study ING114467 (SINGLE) to assess the safety
and efficacy of dolutegravir at a dose of 50 mg
plus a fixed-dose combination of abacavir-lami-
vudine, as compared with fixed-dose efavirenz—
tenofovir DF—emtricitabine, which is the only
single-tablet regimen currently preferred in the
U.S. HIV treatment guidelines®? and one of two
currently recommended single-tablet regimens
in the European treatment guidelines.?

METHODS

STUDY OVERSIGHT

SINGLE is an ongoing, phase 3, randomized,
double-blind study involving participants with
HIV-1 infection who had not received therapy
previously. We enrolled participants in North
America, Europe, and Australia between February 1

and June 13, 2011; the last participant complet-
ed 48 weeks of treatment on May 14, 2012.

The sponsor, ViiV Healthcare, participated in
the design of the study and in the collection,
analysis, and interpretation of the data. All the
authors had full access to all the study data. All
the authors are responsible for the veracity and
completeness of the data reported and vouch for
the fidelity of the study to the protocol. An author
who was an employee of GlaxoSmithKline wrote
the first draft of the manuscript, all the authors
reviewed drafts of the manuscript, and the first
author had the final responsibility for the deci-
sion to submit the manuscript for publication.

Approval by the ethics committee was ob-
tained at each participating center in accordance
with the principles of the 2008 Declaration of
Helsinki and the Good Clinical Practice guide-
lines of the International Conference on Harmoni-
sation of Technical Requirements for Registra-
tion of Pharmaceuticals for Human Use.X° All
the participants provided written informed con-
sent before any study-specific procedures were
performed. An independent data and safety
monitoring committee performed five separate
reviews of unblinded efficacy and safety data
during the course of the study.

STUDY DESIGN AND PARTICIPANTS
Eligible participants were 18 years of age or older,
had HIV-1 infection, had not previously received
ART, had a plasma HIV-1 RNA level of at least
1000 copies per milliliter without genotypic evi-
dence of viral resistance at screening, and were
negative for the HLA-B*5701 allele. Resistance
screening at baseline ensured the activity of all
components of the study treatments, and HLA-
B*5701 screening, as recommended by treatment
guidelines,** minimized the potential of a hyper-
sensitivity reaction to abacavir. Women who were
pregnant or breast-feeding, persons with moderate
or severe hepatic impairment, and persons with
an estimated creatinine clearance of less than
50 ml per minute were excluded from the study
(Table S1 in the Supplementary Appendix, avail-
able with the full text of this article at NEJM.org).

Randomization was stratified according to the
plasma HIV-1 RNA level at the time of screening
(£100,000 copies per milliliter vs. >100,000 cop-
ies per milliliter) and the CD4+ T-cell count
(£200 per cubic millimeter vs. >200 per cubic
millimeter). Participants were randomly assigned,
in a 1:1 ratio, to the DTG-ABC—3TC group, in
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which participants received dolutegravir at a dose
of 50 mg as a separate tablet and abacavir-lami-
vudine in a fixed-dose combination of 600 mg
and 300 mg, respectively (Epzicom or Kivexa, ViiV
Healthcare), or to the EFV-TDF-FTC group, in
which participants received an efavirenz—teno-
fovir DF—emtricitabine tablet once daily at fixed
doses of 600 mg, 300 mg, and 200 mg, respec-
tively (Atripla, Bristol-Myers Squibb and Gilead
Sciences). Randomization was performed in block
sizes of six, with the use of a central procedure.
In addition, participants in the DTG-ABC-3TC
group received a placebo matching the efavi-
renz—tenofovir DF—emtricitabine tablet and those
in the EFV-TDF-FTC group received placebos
matching the dolutegravir and abacavir-lamivu-
dine tablets (i.e., all participants received three
tablets each day) (Table S2 in the Supplementary
Appendix).

STUDY END POINTS
The primary efficacy end point was the propor-
tion of participants with a plasma HIV-1 RNA
level of less than 50 copies per milliliter at week
48, as determined with the use of the Snapshot
algorithm from the Food and Drug Administra-
tion (described in the Statistical Analysis sec-
tion), which is now widely used in HIV trials.2-5
Secondary efficacy end points included the time
to viral suppression (i.e., an HIV-1 RNA level of
<50 copies per milliliter) and the change from
baseline in the CD4+ T-cell count. Other second-
ary end points included the safety profile, health
outcomes, and the incidence of the development
of genotypic and phenotypic resistance to dolu-
tegravir, efavirenz, and the respective backbone-
therapy components (abacavir-lamivudine and
tenofovir DF—emtricitabine) during the treatment
period. (For full details of the study design, see
the protocol and the statistical analysis plan,
available at NEJM.org.)

ASSESSMENTS
Study visits were scheduled at baseline and at
weeks 2, 4, 8, 12, 16, 24, 32, 40, and 48. After the
week 48 visit, participants continued to receive
blinded treatment until week 96, with visits sched-
uled every 12 weeks. On completion of the week
96 visit, all the participants were offered the op-
portunity to continue the treatment until week
144 in an open-label fashion. The Abbott Real-
Time HIV-1 assay was used to detect the plasma
level of HIV-1 RNA (lower limit of detection, 40
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copies per milliliter). CD4+ T-cell counts were
assessed by means of flow cytometry in a central
laboratory. Adverse events, serious adverse events,
and laboratory measurements (including hema-
tologic measurements, fasting lipid profile, and
blood-chemistry profile) were assessed at each visit
and graded according to the criteria of the Divi-
sion of the Acquired Immunodeficiency Syndrome
at the National Institute of Allergy and Infectious
Diseases of the National Institutes of Health.°

Viral genotype was analyzed (Quest Diagnos-
tics) at the screening visit. Samples for resistance
testing were obtained at baseline and at the time
of protocol-defined virologic failure (defined as
two consecutive HIV-1 RNA values of at least
50 copies per milliliter on or after week 24).
Participants were required to withdraw from the
study if protocol-defined virologic failure was
confirmed before week 48. Testing for resistance
in all participants with protocol-defined viro-
logic failure included determination of HIV-1
reverse-transcriptase and integrase genotype and
phenotype with the use of commercial assays
(Monogram Biosciences). Participant-reported
measures of health outcomes were assessed with
the use of the 20-item, self-reported Symptom
Distress Module at baseline and at weeks 4, 24,
48, and 90, as described previously.?”1#

STATISTICAL ANALYSIS
According to the protocol, we could conclude
that treatment with dolutegravir and abacavir—
lamivudine was noninferior to treatment with
efavirenz—tenofovir DF—emtricitabine if the low-
er boundary of a two-sided 95% confidence in-
terval for the difference in the primary end point
was less than 10 percentage points lower in the
DTG-ABC-3TC group than in the EFV-TDF-FTC
group. This margin is consistent with that in
other trials in this population.*® Assuming a 75%
response rate in the EFV-TDF-FTC group, we
calculated that 394 participants who could be
evaluated would need to be included in each
group for the study to have 90% power to deter-
mine the noninferiority of dolutegravir and aba-
cavir-lamivudine, at a one-sided significance
level of 2.5%. Efficacy and safety analyses were
performed in the intention-to-treat population
and safety population, respectively; both popula-
tions included all participants who underwent
randomization and received at least one dose of
study drug. The two populations were identical
in this study.
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A sensitivity analysis of the primary end point
was performed in the per-protocol population,
which comprised the intention-to-treat popula-
tion with the exclusion of participants with a
protocol deviation that met prespecified criteria
(Table S3 in the Supplementary Appendix). Tests
of homogeneity were assessed at 10% to ensure
that the treatment difference was maintained

1090 Persons were assessed for eligibility

246 Were excluded
165 Did not meet
inclusion criteria or
met exclusion criteria
1 Was excluded
because study was
closed or terminated

19 Were lost to
follow-up

31 Were withdrawn
by investigator

32 Withdrew consent

5 Were eligible but

enrollment target had
been reached

844 Underwent randomization

422 Were assigned to DTG-ABC-3TC
group
414 Received assigned intervention
8 Did not receive assigned inter-
vention
4 Withdrew consent
2 Were withdrawn by investi-
gator
2 Were lost to follow-up or had
protocol deviation

422 Were assigned to EFV-TDF-FTC
group
419 Received assigned intervention
3 Did not receive assigned inter-
vention owing to withdrawal
of consent

51 Were withdrawn from study early
10 Had adverse event
14 Had lack of efficacy
7 Had protocol deviation
14 Were lost to follow-up
5 Withdrew consent
1 Was withdrawn by investigator

84 Were withdrawn from study early
42 Had adverse event
13 Had lack of efficacy
7 Had protocol deviation
9 Were lost to follow-up
11 Withdrew consent
2 Were withdrawn by investigator

414 Were included in the analysis

419 Were included in the analysis

Figure 1. Study Enrollment and Randomization.

Participants may have had more than one reason for exclusion. DTG-ABC—
3TC denotes dolutegravir plus abacavir-lamivudine, and EFV-TDF-FTC
efavirenz—tenofovir disoproxil fumarate—emtricitabine.
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across the stratification subgroups: for the plas-
ma HIV-1 RNA level at baseline, the P value was
0.83 for the comparison of the treatment differ-
ence between participants with a high viral load
and those with a low viral load, and for the
CD4+ T-cell count at baseline, the P value was
0.41 for the comparison of participants with a
high CD4+ T-cell count and those with a low
CD4+ T-cell count.

In the Snapshot algorithm (Table S2 and Fig.
S1 in the Supplementary Appendix), participants
whose last available HIV-1 RNA value in the
analysis window (i.e., from week 42 through
week 54) was less than 50 copies per milliliter
were considered as having had a response; par-
ticipants whose HIV-1 RNA level was 50 copies
per milliliter or higher in the analysis window or
who did not have available data in the analysis
window were considered as not having had a
response.> Since the background regimen was
part of the blinded randomized treatment, no
changes in regimen were permitted in this trial.
The adjusted difference in the proportions of
participants with a response (the proportion in
the DTG-ABC—3TC group minus the proportion
in the EFV-TDF-FTC group) was based on a
stratified analysis that used Cochran-Mantel-
Haenszel weights for the HIV-1 RNA level and
CD4+ T-cell count at baseline.2°

If both the per-protocol and intention-to-treat
analyses showed the noninferiority of dolutegravir
and abacavir-lamivudine, testing for superiority
was to be conducted. In addition, if the intention-
to-treat analysis showed noninferiority, the follow-
ing two superiority comparisons were also pre-
specified to be tested, with the use of the fallback
procedure?!-22 to adjust for the risk of a false
positive result, at the 1% and 3% a priori levels,
respectively: the time to viral suppression (with
the use of the generalized Wilcoxon test) and the
change from baseline in the CD4+ T-cell count
at week 48 (with the use of a repeated-measures
model with adjustment for stratification factors).

RESULTS

PARTICIPANTS
Of the 844 participants who underwent random-
ization, 833 received at least one dose of study
medication (Fig. 1). Adherence to treatment was
similar in the two study groups; 3 participants
(2 participants in the DTG-ABC-3TC group and
1 in the EFV-TDF-FTC group) were excluded
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Figure 2. Efficacy Data through Week 48.

Panel A shows the proportion of participants with a human immunodeficiency virus type 1 (HIV-1) RNA level of less
than 50 copies per milliliter according to study visit, as calculated by the Snapshot algorithm of the Food and Drug
Administration. Panel B shows the absolute change from baseline in CD4+ T-cell count. I bars indicate 95% confi-
dence intervals. Data on the CD4+ T-cell counts were analyzed with the use of a repeated-measures mixed model
that included the following covariates: treatment, study visit, plasma HIV-1 RNA level at baseline, CD4+ T-cell count
at baseline, interaction between treatment and study visit, interaction between baseline HIV-1 RNA level and study
visit, and interaction between baseline CD4+ T-cell count and study visit. No assumptions were made about the corre-
lations among the various measurements of a participant’s CD4+ T-cell count (i.e., the correlation matrix for within-
participant errors is unstructured). Cl denotes confidence interval.

from the per-protocol population owing to an in-
terruption of the study drug for more than 10%
of the total time of treatment (Table S3 in the
Supplementary Appendix). Demographic and dis-
ease characteristics at baseline were well bal-
anced between the treatment groups.

The median age of the study participants was
35 years; 16% of the participants were women,
24% were black, and 4% were in class C of the
Centers for Disease Control and Prevention HIV
classification system (defined as the presence of
specific opportunistic infections) (Table S4 in
the Supplementary Appendix). The median HIV-1
RNA level at baseline was 4.68 log,, copies per
milliliter, and the median CD4+ T-cell count was
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338 per cubic millimeter. More participants in
the EFV-TDF-FTC group than in the DTG-ABC—
3TC group withdrew from the trial prematurely
(84 and 51 participants, respectively), most com-
monly owing to adverse events (Fig. 1).

EFFICACY
A rapid and sustained virologic response was ob-
served, with 88% of the participants in the DTG-
ABC-3TC group, as compared with 81% of those
in the EFV-TDF-FTC group, having the primary
end point of a plasma HIV-1 RNA level of less
than 50 copies per milliliter at week 48 (Fig. 2A).
The adjusted treatment difference between the
two groups was 7 percentage points (95% confi-
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dence interval [CI], 2 to 12), with dolutegravir
and abacavir-lamivudine meeting the noninferi-
ority criterion. In addition, the dolutegravir and
abacavir-lamivudine regimen was shown to be
statistically superior to the efavirenz—-tenofovir
DF-emtricitabine regimen (P=0.003). Overall dif-
ferences in response (intention-to-treat analysis)
were due primarily to discontinuations because
of adverse events (10 of 414 participants [2%] in
the DTG-ABC—3TC group and 42 of 419 [10%)] in
the EFV-TDF-FTC group) (Table 1).

Similar results were observed in the per-pro-
tocol population, from which 2% of the partici-
pants were excluded (11 of 414 participants [3%]
in the DTG-ABC-3TC group and 7 of 419 par-
ticipants [2%)] in the EFV-TDF-FTC group), ow-
ing to a number of reasons, including the use of
prohibited medication (in <1% of participants).
In this analysis, 90% of the participants in the

DTG-ABC-3TC group and 81% in the EFV-TDF—
FTC group had an HIV-1 RNA level of less than
50 copies per milliliter (Fig. 3). The adjusted
treatment difference between the two groups
was 9 percentage points (95% CI, 4 to 13), again
supporting the superiority of the dolutegravir
and abacavir-lamivudine regimen. If both the per-
protocol and intention-to-treat analyses showed
noninferiority, then testing for superiority was
to be conducted as described above. No P values
were derived for the test of superiority for the
per-protocol population; the confidence interval
was sufficient to conclude superiority because it
excluded 0. Data from the per-protocol popula-
tion are presented only to support the results in
intention-to-treat population.

The difference of 7 percentage points in the
treatment response (in the intention-to-treat
analysis) in favor of dolutegravir and abacavir—

Table 1. Selected Adverse Events and Laboratory Abnormalities That Developed during Treatment.*

Event

Adverse event leading to discontinuation of study drug
Psychiatric disorder
Nervous system disorder
Skin and subcutaneous-tissue disorder
Gastrointestinal disorder
General disorder or administration-site condition
Adverse event of grade 2—4
Bronchitis
Diarrhea
Nausea
Insomnia
Anxiety
Depression
Headache
Dizziness
Rash
Liver aminotransferase abnormality of grade 2—4
Elevated level of alanine aminotransferase

Elevated level of aspartate aminotransferase

Dolutegravir and Efavirenz—Tenofovir
Abacavir-Lamivudine DF—-Emtricitabine
(N=414) (N=419)
no. of participants (%)
10 (2) 42 (10)
2 (<1) 15 (4)
0 13 (3)
2 (<1) 3(2)
0 8 (2)
0 7(2)
8(2) 11 (3)
21 (5) 17 (4)
7Q2) 13 (3)
17 (4) 16 (4)
9(2) 12 (3)
7Q2) 14 (3)
12 (3) 13 (3)
2 (<1) 21 (5)
3(1) 19 (5)
10 (2) 22 (5)
7Q) 23 (5)

* Specific adverse events leading to discontinuation of the study drug are reported here if they occurred in at least 2% of the

participants in either group; overall numbers are presented for all participants, regardless of incidence. Adverse events
of grade 2, 3, or 4 and abnormalities of grade 2, 3, or 4 in the liver aminotransferase levels that developed during treat-
ment are reported if they occurred in at least 3% of the participants in either group. DF denotes disoproxil fumarate.

T Participants could have more than one adverse event as a reason for withdrawing.
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Il DTG-ABC-3TC

Participants with HIV-1 RNA Level <50 Copies/ml

W EFV-TDF-FTC

Percent Difference between Groups (95% Cl)

Participants (%)

Subgroup no. /total no.
Intention-to-Treat Population ;g;ﬁ :;; —
Per-Protocol Population ;gz :?; — .
Baseline HIV-1 RNA 253/280
<100,000 Copies/ml 238/288
Baseline HIV-1 RNA 111/134 —
. — - ————
>100,000 Copies/ml 100/131
Baseline CD4+ T-cell count 319/357
>200 Cells/mm? 290/357
Baseline CD4+ T-cell count 45/57 ) -
<200 Cells/mm? 48/62 ’
57/67
W k 1
omen 47/63 *
307/347
Men —a—
291/356
319/361
Age <50Y —a—
ge<>n 1r 302/375
Age =50 Yr 45/53 [ =
36/44
. 255/284
White |
238/285
Nonwhite 109/130 —a—
99/133
I T T T T T T T T T 1 T T T T 1
0 10 20 30 40 50 60 70 80 90 100 -20 -10 0 10 20 30

EFV-TDF-FTC Better DTG-ABC-3TC Better

parison in the intention-to-treat population.

Figure 3. Efficacy Data at Week 48, According to Strata and Subgroups.

The left side of the figure shows the proportion and number of participants with an HIV-1 RNA level of less than 50 copies per milliliter
at week 48 (according to the Snapshot algorithm). Data for strata and subgroups are from the intention-to-treat population. On the right
side of the figure, the differences between the groups are presented; all comparisons are represented as unadjusted differences in pro-
portion (DTG-ABC-3TC group minus EFV-TDF—FTC group) and 95% confidence intervals, except for the overall results in the intention-
to-treat and per-protocol populations, which show the adjusted difference and the 95% confidence interval. P=0.003 for the overall com-

lamivudine was observed among participants
with a high baseline HIV-1 RNA level (>100,000
copies per milliliter) and among those with a
low baseline HIV-1 RNA level (£100,000 copies
per milliliter); treatment differences were also
maintained across key demographic subgroups,
including subgroups defined according to race,
sex, and age (Fig. 3). The median time to viral
suppression (HIV-1 RNA level of <50 copies per

N ENGLJ MED 369;19 NEJM.ORG

milliliter) was 28 days among participants re-
ceiving dolutegravir and abacavir-lamivudine, as
compared with 84 days among those receiving
efavirenz—tenofovir DF—emtricitabine (nominal
P<0.001) (Fig. S2 in the Supplementary Appen-
dix). The adjusted mean change from baseline at
week 48 in the CD4+ T-cell count was greater
with dolutegravir and abacavir-lamivudine than
with efavirenz—tenofovir DF—emtricitabine (267 per
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Figure 4. Safety Profile over 48 Weeks.

Panel A shows the most common clinical adverse events (reported in =5% of participants in either group) and relative risks. Adverse
events with a relative-risk value of less than 1.0 occurred less frequently with dolutegravir and abacavir-lamivudine than with efavirenz—
tenofovir DF—emtricitabine, whereas those with a relative-risk value of more than 1.0 occurred more frequently with dolutegravir and
abacavir-lamivudine; a relative-risk value of 1.0 indicates that the risk was the same in the two groups. Confidence intervals (horizontal
bars) excluding 1.0 indicate a significant difference between the two groups. Panel B shows the mean change from baseline in serum
creatinine levels. I bars indicate 1 standard deviation. To convert the values for creatinine to milligrams per deciliter, divide by 88.4.

cubic millimeter vs. 208 per cubic millimeter;
nominal P<0.001) (Fig. 2B). There were no sig-
nificant changes from baseline in measures of

compared with that of efavirenz—tenofovir DF-
emtricitabine (Fig. 4, and Table S5 in the Sup-
plementary Appendix). During the 48-week

1814

health outcomes in either treatment group.

SAFETY

The 48-week safety profile of dolutegravir and
abacavir-lamivudine was generally favorable, as

N ENGL) MED 369;19 NEJM.ORG

observation period of this study, diarrhea, na-
sopharyngitis, nausea, headache, and fatigue
were among the most commonly reported clini-
cal adverse events (mainly mild to moderate in
severity). Overall, adverse events of grade 3 or 4
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were reported in 10% of the participants in the
DTG-ABC-3TC group and in 16% of those in the
EFV-TDF-FTC group. Rash and neuropsychiatric
events (including abnormal dreams, anxiety, diz-
ziness, and somnolence) were significantly more
common with efavirenz—tenofovir DF—-emtricita-
bine, whereas insomnia was reported more fre-
quently with dolutegravir and abacavir-lamivu-
dine (Fig. 4A). Insomnia events were typically
mild in intensity and led to the discontinuation
of the study drug in one participant in the DTG-
ABC-3TC group and in two in the EFV-TDF-FTC
group. No cases of myocardial infarction or other
ischemic coronary events were reported through
week 48.

Drug-related adverse events (as assessed by
the investigator) were reported more frequently
among participants who received efavirenz—teno-
fovir DF—emtricitabine than among those who
received dolutegravir and abacavir-lamivudine
(66% vs. 43%), as were adverse events leading to
discontinuation of the study drug. The most
frequent adverse events leading to the discon-
tinuation of efavirenz—tenofovir DF—emtricitabine
(i.e., those that occurred in >2% of the partici-
pants) were psychiatric and nervous system dis-
orders; in the DTG-ABC—-3TC group, adverse
events leading to discontinuation of the regimen
occurred in two or fewer participants (<1%) in
each of the various categories (Table 1).

Overall, nine participants were considered by
the investigator to have had a serious adverse
event that was related to the study drug: one
participant (<1%) in the DTG-ABC—3TC group
(with suspected drug hypersensitivity) and eight
(2%) in the EFV-TDF-FTC group (four partici-
pants with psychiatric events, two with drug
hypersensitivity, one with a cerebrovascular ac-
cident, and one with renal failure). The incidence
of serious adverse events was similar in the two
groups (Table S6 in the Supplementary Appen-
dix). Through week 48, two participants, both in
the EFV-TDF-FTC group, died; these deaths were
considered to be unrelated to the study drug
(sepsis with renal failure in one participant and
pneumonia in one), although the accompanying
renal failure in the one participant with sepsis
was considered to be possibly related to the
study medication.

Participants receiving dolutegravir and abaca-
vir-lamivudine had small mean increases in the
serum creatinine level, a finding consistent with
that in previous studies of dolutegravir.!23 In

N ENGL ) MED 369;19

NEJM.ORG

our study, the mean increases, which ranged
from 10.2 to 13.4 pmol per liter (0.12 to 0.15 mg
per deciliter), were evident by week 2 and subse-
quently remained stable through week 48 (Fig.
4B). No significant change from baseline was
observed in the urinary albumin-to-creatinine
ratio (with urinary albumin measured in milli-
grams per liter and creatinine in micromoles per
liter; the ratio value was multiplied by 1000 to
achieve a ratio of milligrams per millimoles).
The median ratio was 0.00 in the DTG-ABC-
3TC group (interquartile range, —0.30 to 0.30)
and 0.05 in the EFV-TDF-FTC group (interquar-
tile range, —0.20 to 0.30).

The distribution and number of graded clini-
cal biochemical and hematologic events that de-
veloped while the participants were receiving
treatment were similar in the two groups. Eleva-
tions in alanine aminotransferase, aspartate ami-
notransferase, bilirubin, and alkaline phospha-
tase levels of grade 2, 3, or 4 that developed
while the participants were receiving treatment
occurred in similar proportions in the two groups
(Table 1). None of the participants had concur-
rent increases in alanine aminotransferase and
bilirubin levels.

VIROLOGY
Through week 48, a total of 4% of the partici-
pants in each group met the criteria for protocol-
defined virologic failure and had resistance test-
ing performed (Table S7 in the Supplementary
Appendix). The majority of these participants
had low-level viremia, with 16 of 18 participants
who received dolutegravir and abacavir-lamivu-
dine and 11 of 17 who received efavirenz—tenofo-
vir DF—emtricitabine having an HIV-1 RNA level
of less than 200 copies per milliliter at the time
of virologic failure. Among the participants in
the DTG-ABC—-3TC group, no major NRTI or in-
tegrase-inhibitor resistance mutations were de-
tected with the use of commercial testing. In the
EFV-TDF-FTC group, 1 participant had the teno-
fovir DF—associated resistance mutation K65K/R,
and 4 had NNRTI resistance mutations (Table S7
in the Supplementary Appendix).

DISCUSSION

The efficacy of dolutegravir plus abacavir-lami-
vudine was superior to that of the combination
therapy of efavirenz—tenofovir DF—emtricitabine,
which is a recommended therapy in guidelines
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for persons with HIV infection.*> The superior
responses were driven primarily by a lower rate
of discontinuation due to adverse events in the
DTG-ABC-3TC group than in the EFV-TDF-FTC
group. The treatment differences favoring do-
lutegravir plus abacavir-lamivudine were similar
in participants with HIV-1 RNA levels of up to
100,000 copies per milliliter and in those with
HIV-1 RNA levels above 100,000 copies per mil-
liliter and were also maintained across key de-
mographic subgroups, including subgroups de-
fined according to race, sex, and age. Finally,
statistically superior responses in favor of dolu-
tegravir plus abacavir-lamivudine were also ob-
served with respect to the change from baseline
in CD4+ T-cell counts at week 48.

The response rates at week 48 were consistent
with rates reported in several studies involving
participants who had not previously received ART
in which integrase-inhibitor regimens, efavirenz
regimens, or both were used,*?>'324 including
one study showing that dolutegravir was nonin-
ferior to raltegravir with respect to virologic
success (88% and 85% of the participants with a
response to treatment [HIV-1 RNA level, <50 cop-
ies per millimeter], respectively).'? In the current
study, the 81% response rate with efavirenz—
tenofovir DF—emtricitabine was similar to the
rate seen in two pivotal studies that used this
regimen as the comparator.*>?* In the current
study, the percentage of participants receiving
efavirenz—tenofovir DF—emtricitabine who had
adverse events leading to withdrawal (10% of the
participants in the group) was less than that
observed in a recent cohort study, in which 89 of
472 participants (19%) discontinued efavirenz—
tenofovir DF—emtricitabine during the first year
of therapy, owing primarily to neuropsychiatric
toxic events.?

In this HLA-B*5701-negative population, the
safety profile of dolutegravir plus abacavir-lami-
vudine was generally favorable, as compared
with the safety profile of efavirenz—tenofovir
DF-emtricitabine. Dolutegravir was associated
with significantly lower reported rates of neuro-
psychiatric and rash events than have been de-
scribed previously with efavirenz.2>2¢ No episodes
of serious rash (e.g., the Stevens—Johnson syn-
drome, toxic epidermal necrolysis, and erythema
multiforme) were reported in either treatment
group. The rate of insomnia (15%) was higher
than in previous studies of dolutegravir (5% of

the participants in two other phase 3 trials®!?
and 2% of those in a phase 2b trial”23). SINGLE
was the only randomized study of dolutegravir
that included a targeted questionnaire, including
specific questions on insomnia. Insomnia events
were generally mild and led to discontinuation
of the study drug in only one participant in the
DTG-ABC-3TC group.

Mild, nonprogressive increases in the serum
creatinine level were observed with dolutegravir,
as have been described in previous phase 2b and
3 studies.”*1223 In vitro work has identified the
likely mechanism as the blockade of creatinine
secretion by means of inhibition of the renal
transporter organic cation transporter 2, with no
effect on the actual glomerular filtration rate as
measured by the clearance of iohexol.?” A similar
effect has been reported with use of trimetho-
prim,2#® cobicistat,'32%2° and the NNRTI rilpivi-
rine.3%3 The effect of dolutegravir on the serum
creatinine level occurs early and plateaus quickly
(within approximately 2 weeks after the initia-
tion of therapy). Given the effect of dolutegravir
on creatinine secretion, a small increase in se-
rum creatinine is anticipated when treatment with
the drug is initiated; this change is not clini-
cally meaningful, because it does not reflect
changes in the actual glomerular filtration rate.
Progressive changes in the creatinine level over
time (or changes that emerge after the first
month of therapy) are likely to be associated
with other causes that require investigation (e.g.,
nephrotoxic drugs, HIV-associated nephropathy,
or obstruction).

Resistance did not develop during treatment
to any of the regimen components in any of the
participants in the DTG-ABC-3TC group — a
finding similar to that in a pivotal phase 3 study
of dolutegravir versus raltegravir.*? By contrast,
in the latter study, resistance to integrase devel-
oped in 5% of participants and resistance to
NRTI developed in 20% of the participants with
protocol-defined virologic failure who received
the raltegravir-containing regimen.*? Further-
more, in SINGLE, four participants with viro-
logic failure in the EFV-TDF-FTC group had
NNRTI resistance mutations that developed dur-
ing treatment, and one additional participant in
the EFV-TDF-FTC group had a tenofovir DF-
associated resistance mutation. The accumulat-
ing clinical data from this study and others
(along with in vitro tests including viral passage
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and integrase binding assays) suggest that
there may be a higher barrier to resistance with
dolutegravir than with other integrase inhibi-
tOtS.8’12'14’32>33

This study has some limitations. First, only
16% of the participants were women, which re-
flects the difficulties in recruiting women in
long-term studies with strict requirements regard-
ing birth control and the exclusion of pregnant
women. Second, the proportion of participants
with a CD4+ T-cell count of less than 200 per
cubic millimeter was relatively low (but reflec-
tive of evolving guidelines for starting therapy).
Two studies involving participants who had pre-
viously received treatment are currently being con-
ducted (SAILING33 and VIKING-3 [ClinicalTrials
.gov number, NCT01328041]3%); these two ongo-
ing studies will provide data on the effectiveness
of dolutegravir in persons with baseline immu-
nodeficiency that is more severe than that in the
participants in our study. Long-term follow-up
will be useful to further define any differences
between treatments with respect to the emer-

gence of resistance as well as the efficacy and
safety profiles.

We are continuing to follow participants in
the two treatment groups through 144 weeks of
therapy. In the SPRING-2 study, the data at 96
weeks showed continued efficacy with no new
issues regarding safety or toxic events.3> Moni-
toring of efficacy and safety in the ongoing
SINGLE trial, through more than 96 weeks, has
shown similar persistence of efficacy and no
new safety signals. The primary results from
these studies suggest that dolutegravir may pro-
vide people living with HIV infection with an
additional initial treatment option.
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Antimicrobial Agents and Chemotherapy, San Francisco, Sep-
tember 9-12, 2012.
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