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Objective: To assess efficacy and safety of dolutegravir (DTG)þ lamivudine (3TC) vs.
DTG þ tenofovir disoproxil fumarate/emtricitabine (TDF/FTC) in treatment-naive
adults with HIV-1 in the prespecified 144-week secondary analyses of GEMINI-1
and GEMINI-2.

Design: Identical, multicenter, phase III, randomized, non-inferiority studies (double-
blind through 96 weeks).

Methods: Participants with HIV-1 RNA �500 000 copies/ml and no major viral
resistance mutations to nucleoside reverse transcriptase inhibitors, nonnucleoside
reverse transcriptase inhibitors, or protease inhibitors were randomized 1:1 to once-
daily DTG þ 3TC or DTG þ TDF/FTC.

Results: At week 144, DTG þ 3TC (N¼716) was noninferior to DTG þ TDF/FTC
(N¼717) in proportion of participants achieving HIV-1 RNA <50 copies/ml (Snapshot
algorithm) in the pooled analysis (82% vs. 84%, respectively; adjusted treatment
difference [95% confidence interval (CI)], �1.8% [�5.8, 2.1]), GEMINI-1 (�3.6%
[�9.4, 2.1]), and GEMINI-2 (0.0% [�5.3, 5.3]). Twelve DTG þ 3TC participants and
nine DTG þ TDF/FTC participants met protocol-defined confirmed virologic with-
drawal (CVW) criteria; none developed treatment-emergent resistance. One DTG þ
3TC participant who did not meet CVW criteria developed M184V at week 132 and
R263R/K at week 144, conferring a 1.8-fold change in susceptibility to DTG; non-
adherence to therapy was reported. Significantly fewer drug-related adverse events
occurred with DTG þ 3TC vs. DTG þ TDF/FTC (20% vs. 27%; relative risk [95% CI],
0.76 [0.63–0.92]). Renal and bone biomarker changes favored DTG þ 3TC.
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Conclusions: Three-year durable efficacy, long-term tolerability, and high barrier to
resistance support first-line use of DTG þ 3TC for HIV-1 treatment (see Supplemental
Digital Content 1, http://links.lww.com/QAD/C297; video abstract).
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Introduction

As people with HIV (PWH) require lifelong therapy,
effective treatments with limited toxicity are needed [1].
Two-drug regimens (2DRs) reduce the number of
antiretroviral drugs PWH are exposed to and can
potentially decrease treatment-associated toxicity and
costs [1]. To ensure comparable efficacy with three-drug
regimens (3DRs), the optimal antiretroviral agents in a
2DR should have potent and durable antiviral activity and
a high barrier to resistance [1].

Dolutegravir (DTG) is a potent integrase strand transfer
inhibitor (INSTI) with a high barrier to resistance,
supporting its inclusion in a 2DR [2], especially with the
well tolerated nucleoside reverse transcriptase inhibitor
(NRTI) lamivudine (3TC) [3–5]. In the week 48,
primary analyses of the phase III GEMINI-1 and
GEMINI-2 studies in treatment-naive adults, the 2DR
DTG þ 3TC was noninferior to the 3DR DTG þ
tenofovir disoproxil fumarate/emtricitabine (TDF/FTC)
in achieving HIV-1 RNA <50 copies/ml [6]. The
subsequent week 96 analysis demonstrated the durable
efficacy of DTG þ 3TC, as evidenced by its sustained
noninferiority vs. DTG þ TDF/FTC [7]. Few
participants met confirmed virologic withdrawal
(CVW) criteria, and no treatment-emergent resistance
mutations were detected. As a result, the DTG/3TC
single-tablet, fixed-dose combination 2DR was approved
by the European Medicines Agency and US Food and
Drug Administration (FDA) in 2019 [8,9]. Additionally,
the US Department of Health and Human Services,
European AIDS Clinical Society, and International
Antiviral Society–USA 2020 guidelines classify DTG
þ 3TC as a recommended initial antiretroviral regimen
for most PWH, with exceptions for individuals with
HIV-1 RNA >500 000 copies/ml, hepatitis B virus
(HBV) co-infection, or in whom therapy is started before
the results of HIV genotypic resistance testing for reverse
transcriptase or HBV testing are available [10–12].

As 2DRs are an emerging and important treatment
option for PWH, it is critical to assess their long-term
durability and genetic barrier to resistance. Here, we
present efficacy and safety data from the prespecified 144-
week secondary analyses of the GEMINI studies.
Methods

GEMINI-1 (NCT02831673) and GEMINI-2
(NCT02831764) are identical, multicenter, phase III,
randomized, non-inferiority studies that were double-
blind through 96 weeks and conducted at 187 centers in 21
countries. Protocols for GEMINI-1 and GEMINI-2 are
available at https://www.viiv-clinicalstudyregister.com/
study/204861#ps and https://www.viiv-clinicalstudyre
gister.com/study/205543#ps, respectively. Methods,
including ethical compliance information, have previously
been published [6,7] and are described briefly below.

After screening, eligible participants aged �18 years
with HIV-1 infection, �10 days of prior antiretroviral
therapy (ART), and screening plasma HIV-1 RNA
1000–500 000 copies/ml were randomized 1:1 to
receive a once-daily 2DR of DTG 50 mg þ 3TC
300 mg or a once-daily 3DR of DTG 50 mg plus TDF
300 mg/FTC 200 mg. Participants were stratified by
screening HIV-1 RNA (�100 000 or>100 000 copies/
ml) and screening CD4þ cell count (�200 or
>200 cells/cells/ml) and treated in a double-blind
randomized phase from day 1 to week 96, followed by
an open-label randomized phase from week 96 to week
148. Adverse events (AEs) and laboratory assessments
were performed through week 148, whereas other
assessments were generally conducted through week
144; HIV-1 RNA was assessed at week 144, with re-
testing occurring at week 148 for participants with
HIV-1 RNA �50 copies/ml at the week 144 visit.

Plasma for HIV-1 RNA analysis was collected at baseline
and weeks 4, 8, 12, 16, 24, 36, 48, and every 12 weeks
thereafter until week 144 and quantitated using the
Abbott RealTime HIV-1 assay (Abbott Molecular, Des
Plaines, Illinois, USA). Participants met CVW criteria if a
second and consecutive HIV-1 RNA value met any of the
following: decrease from baseline in plasma HIV-1 RNA
<1 log10 copies/ml, unless HIV-1 RNA<200 copies/ml,
by week 12; confirmed plasma HIV-1 RNA �200 cop-
pies/ml at or after week 24; or plasma HIV-1 RNA
�200 copies/ml after previous confirmed suppression to
HIV-1 RNA <200 copies/ml. Participants who met
CVW criteria discontinued the study, and plasma samples
from day 1 and the initial elevated viral load sample were
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Table 1. Demographics and baseline characteristics in the pooled
ITT-E population from GEMINI-1 and GEMINI-2.

Demographic or characteristic DTG þ 3TC
(N¼716)

DTG þ TDF/
FTC (N¼717)

Age, median (range), years 32 (18–72) 33 (18–70)
Sex, n (%)

Female 113 (16) 98 (14)
Male 603 (84) 619 (86)

Ethnicity, n (%)
Hispanic or Latino 215 (30) 232 (32)
Not Hispanic or Latino 501 (70) 485 (68)

Race, n (%)
White 484 (68) 499 (70)
African American/
African heritage

90 (13) 71 (10)

Asian 71 (10) 72 (10)
Other 71 (10) 75 (10)

HIV-1 RNA, mean (SD),
(log10 copies/ml)

4.4 (0.7) 4.4 (0.6)

�100 000 copies/ml, n (%) 576 (80) 564 (79)
>100 000 copies/ml, n (%)a 140 (20) 153 (21)

CD4þ cell count, mean
(SD), (cells/ml)

462.0 (219.2) 461.3 (213.1)

�200, n (%) 63 (9) 55 (8)
>200, n (%) 653 (91) 662 (92)

3TC, lamivudine; DTG, dolutegravir; FTC, emtricitabine; ITT-E, inten-
tion-to-treat–exposed; TDF, tenofovir disoproxil fumarate.
aIncludes 28 participants with HIV-1 RNA�500 000 copies/ml: 13 in
the DTG þ 3TC group and 15 in the DTG þ TDF/FTC group.
used for genotypic and phenotypic resistance tests
(Monogram Biosciences, San Francisco, California,
USA).

Adverse events, concomitant medications, and physical
examinations were assessed at all study visits. Participants
who became pregnant were discontinued from the study.
Testing for fasting lipids and glucose, urinalysis, and renal
and bone biomarkers was conducted at baseline and up to
week 144. Patient-reported changes in health-related
quality of life were assessed at baseline and up to week 144
using the EuroQol-5 Dimensions-5 Levels (EQ-5D-5L)
questionnaire [13].

The primary endpoint of GEMINI-1 and GEMINI-2
was the proportion of participants with plasma HIV-1
RNA<50 copies/ml at week 48 using the FDA Snapshot
algorithm (missing, switch, or discontinuation¼ failure)
[14] in the intention-to-treat-exposed (ITT-E) popula-
tion. Endpoints for the week 144 secondary analysis
included proportion of participants with HIV-1 RNA
<50 copies/ml at week 144, change in CD4þ cell count
from baseline, incidence of emergent mutations confer-
ring genotypic and/or phenotypic resistance to study
treatments in participants meeting CVW criteria, and
proportion of participants with HIV-1 RNA<50 copies/
ml in participant subgroups. Safety outcomes included
incidence and severity of AEs and proportion of
participants who discontinued treatment because of
AEs. Changes from baseline in weight, renal and bone
biomarkers, lipids, and inflammatory (interleukin-6 and
high-sensitivity C-reactive protein) biomarkers were also
assessed at week 144.

All participants who were randomized and received �1
dose of study medication were included in the ITT-E and
safety populations. The per-protocol population con-
sisted of the ITT-E population but excluded participants
with significant protocol violations. The analyses reflect a
cutoff date based on an individual participant’s upper
bound of the analysis window for week 144 (or week 148,
depending on the assessment).

The proportion of participants with HIV-1 RNA
<50 copies/ml at week 144 was analyzed using a
Cochran–Mantel–Haenszel test stratified by baseline
plasma HIV-1 RNA, baseline CD4þ cell count, and
individual study. Sensitivity analyses were performed in
the per-protocol population. Baseline characteristics,
response rates by study visit or participant subgroup
(using Snapshot algorithm), and AEs were summarized
using descriptive statistics, with relative risk (95% CI)
reported for drug-related AEs. The proportion of
participants without treatment-related discontinuation
equals failure (TRDF) was estimated using the Kaplan–
Meier nonparametric method. Changes from baseline
in CD4þ cell count and lipids were analyzed using a
mixed-effect repeated-measures model.
Results

Study participants
Overall, 1433 participants in GEMINI-1 and GEMINI-2
were randomized and received �1 dose of study
medication (2DR, N¼ 716; 3DR, N¼ 717; Supple-
mental Digital Content [SDC] 2, http://links.lww.com/
QAD/C298, figure showing trial profile). At baseline
(day 1), 20% (n¼ 293) of participants had HIV-1 RNA
>100 000 copies/ml, and 8% (n¼ 118) had CD4þ cell
count �200 cells/ml (Table 1). There were 1266
participants who entered the open-label phase at week
96 (2DR, n¼ 620; 3DR, n¼ 646). Through week 148,
19% (n¼ 134) of the DTG þ 3TC group and 17%
(n¼ 123) of the DTG þ TDF/FTC group were
discontinued from the study. Reasons for discontinuation
are shown in SDC 2, http://links.lww.com/QAD/C298.

Efficacy
Analysis of virologic outcomes showed a similar
proportion of participants with HIV-1 RNA <50 cop-
copies/ml (Snapshot) in either treatment group at each
visit through week 144 (Fig. 1a). In the pooled ITT-E
analysis, 82% of participants in the DTG þ 3TC group
and 84% in the DTGþ TDF/FTC group achieved HIV-
1 RNA <50 copies/ml (adjusted treatment difference
[95% CI], �1.8% [�5.8, 2.1]; Fig. 1b). Using a 10%
noninferiority margin, DTG þ 3TC remained non-
inferior to DTG þ TDF/FTC at week 144. Non-
inferiority was also supported by the pooled per-protocol
sensitivity analysis, as 83% (575/689) of participants in the
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Fig. 1. Snapshot analysis of the proportion of participants with plasma HIV-1 RNA <50 copies/ml (a) by visit and (b) in the
GEMINI-1, GEMINI-2, and pooled ITT-E populations at week 144, with adjusted treatment differences (95% CI). CI, confidence
interval; DTG, dolutegravir; FTC, emtricitabine; ITT-E, intention-to-treat-exposed; 3TC, lamivudine; TDF, tenofovir disoproxil
fumarate. aBased on Cochran–Mantel–Haenszel stratified analysis adjusting for baseline plasma HIV-1 RNA (�100 000 vs.>100
000 copies/ml), baseline CD4þ cell count (�200 vs. >200 cells/ml), and study (GEMINI-1 vs. GEMINI-2).
DTG þ 3TC group and 85% (584/685) in the DTG þ
TDF/FTC group achieved HIV-1 RNA <50 copies/ml
(adjusted treatment difference [95% CI], �1.7% [�5.5,
2.1]. In GEMINI-1, 79% of participants in the DTG þ
3TC group and 83% in the DTG þ TDF/FTC group
achieved HIV-1 RNA <50 copies/ml at week 144; the
corresponding percentages in GEMINI-2 were 84% vs.
84%; Fig. 1b). In the pooled analysis, the proportion of
participants in the Snapshot HIV-1 RNA �50 copies/ml
category was 3% in both treatment groups (Fig. 1a). The
majority of Snapshot failures that occurred in both
treatment groups were due to non-treatment-related
reasons (SDC 3, http://links.lww.com/QAD/C299,
table showing Snapshot outcomes in individual and
pooled studies). In the prespecified TRDF analysis at
week 144, 5% of participants in each treatment group
discontinued for treatment-related reasons (treatment
difference [95% CI], 0.6% [�1.7, 2.9]). Adjusted mean
change from baseline to week 144 in CD4þ cell count was
301.9 cells/ml in the DTGþ 3TC group and 299.9 cells/
ml in the DTG þ TDF/FTC group.

Proportion of participants with HIV-1 RNA<50 copies/
ml in demographic and baseline characteristics subgroups
(Fig. 2) was generally comparable across treatment groups
and consistent with the overall week 144 results. Among
participants with baseline HIV-1 RNA >100 000 copies/
ml, 82% (115/140) and 84% (128/153) in the DTGþ 3TC
and DTG þ TDF/FTC groups, respectively, achieved
HIV-1 RNA <50 copies/ml (unadjusted treatment
difference [95% CI], �1.5 [�10.2, 7.1]); the correspond-
ing proportions were 81% (469/576) and 84% (471/564),
respectively, for those with baseline HIV-1 RNA
�100 000 copies/ml (unadjusted treatment difference
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Fig. 2. Snapshot analysis of the proportion of participants with plasma HIV-1 RNA <50 copies/ml by subgroup in the ITT-E
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proportion on DTG þ TDF/FTC. CI, confidence interval; 3TC, lamivudine; DTG, dolutegravir; FTC, emtricitabine; HCV, hepatitis
C virus; ITT-E, intention-to-treat-exposed; TDF, tenofovir disoproxil fumarate.
[95% CI],�2.1 [�6.5, 2.3]; Fig. 2). Among 28 participants
with HIV-1 RNA �500 000 copies/ml at baseline, the
majority in both treatment groups achieved HIV-1 RNA
<50 copies/ml (2DR, 77% [10/13]; 3DR, 80% [12/15]).
In the subgroup of participants with baseline CD4þ cell
count �200 cells/ml, 67% (42/63) in the DTG þ 3TC
group and 76% (42/55) in the DTG þ TDF/FTC group
achieved HIV-1 RNA <50 copies/ml (unadjusted treat-
ment difference [95% CI], �9.7 [�25.9, 6.5]), with 83%
(542/653) and 84% (557/662), respectively, achieving
HIV-1 RNA<50 copies/ml for thosewith baseline CD4þ

cell count >200 cells/ml (unadjusted treatment difference
[95% CI], �1.1 [�5.1, 2.9]). In the CD4þ �200 cells/ml
subgroup, most Snapshot failures were due to non-
treatment-related reasons in both treatment groups (SDC
4, http://links.lww.com/QAD/C300, table showing
reasons for virologic nonresponse in this subgroup).
Proportions of participants without treatment-related
discontinuations at week 144 (TRDF analysis) with
baseline CD4þ cell count �200 cells/ml were 91% in
the DTG þ 3TC group and 92% in the DTG þ TDF/
FTC group (SDC 5, http://links.lww.com/QAD/C301,
figure showing Snapshot and TRDF analyses).

Across both studies, 12 participants in the DTG þ 3TC
group (1 since week 96) and 9 in the DTG þ TDF/FTC
group (2 since week 96) met protocol-defined CVW
criteria through week 144 (SDC 6, http://links.lww.
com/QAD/C302, table showing all CVWs through
week 144); none had treatment-emergent INSTI or
NRTI resistance mutations. M184V was detected at week
132 and R263R/K was detected at week 144 in one
participant in the DTG þ 3TC group. The participant
achieved HIV-1 RNA <50 copies/ml at week 4, was
suppressed through week 120, had elevated viral load at
week 132 (considered due to nonadherence by investi-
gator) followed by re-suppression 4 weeks later, therefore
not meeting CVW criteria. Further low-level viral
load elevations occurred at week 144 and at withdrawal
from study for lack of efficacy at week 148 (SDC 7,
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Table 2. Summary of AEs in the pooled safety population from
GEMINI-1 and GEMINI-2 through week 144.

n (%)

DTG þ 3TC

(N¼716)

DTG þ TDF/FTC

(N¼717)

Any AE 613 (86) 625 (87)

AEs occurring in �7% of participants in either group through week 144

Diarrhea 99 (14) 106 (15)

Nasopharyngitis 93 (13) 127 (18)

Headache 84 (12) 91 (13)

Upper respiratory

tract infection

84 (12) 61 (9)

Syphilis 64 (9) 70 (10)

Pharyngitis 62 (9) 64 (9)

Vitamin D deficiency 53 (7) 42 (6)

Back pain 49 (7) 48 (7)

Insomnia 46 (6) 59 (8)

Nausea 29 (4) 63 (9)

Arthralgia 24 (3) 47 (7)

Drug-related AEs 146 (20) 192 (27)

Grade 2–5 drug-related AEs 58 (8) 69 (10)

Grade 2–5 drug-related AEs occurring in �1% of participants

Headache 8 (1) 8 (1)

Serious AEs 76 (11) 85 (12)

AEs leading to withdrawal

from study

31 (4) 33 (5)

AEs of interest leading to withdrawal from study

Psychiatric 11 (2) 8 (1)

Renal-relateda 2 (<1) 12 (2)

Osteoporosis 0 2 (<1)

3TC, lamivudine; AE, adverse event; DTG, dolutegravir; FTC, emtri-
citabine; TDF, tenofovir disoproxil fumarate.
aIncludes events of renal impairment, renal failure, chronic kidney
disease, renal tubular disorder, glomerular filtration rate decreased,
blood creatinine increased, and creatinine renal clearance decreased.
http://links.lww.com/QAD/C303, figure showing viral
load and resistance profile). After week 144, the sponsor
was notified that a local laboratory had performed
genotypic resistance testing at the investigator’s discre-
tion using samples collected�1 week after the week 132
visit, revealing the NRTI resistance mutation M184V.
The central laboratory initiated resistance testing using
samples from the week 132 and 144 visits: M184V at
week 132 (SVW criteria time point) was confirmed; at
week 144, both M184V and the DTG resistance-
associated mutation mixture R263R/K were detected,
the latter conferring a 1.8-fold change in susceptibility to
DTG. After study withdrawal, the participant started
once-daily DTGþ cobicistat-boosted darunavir and re-
suppressed.

Changes from baseline to week 144 in EQ-5D-5L Health
State Utility score were similar between groups (adjusted
treatment difference [95% CI], 0.004 [�0.003, 0.012];
P¼ 0.273; SDC 8, http://links.lww.com/QAD/C304,
table showing health outcomes results). Adjusted mean
change from baseline EQ-5D visual analog scale was
greater with DTGþ 3TC compared with DTGþ TDF/
FTC (adjusted treatment difference [95% CI], 1.2 [0.3–
2.2]; P¼ 0.012). However, this difference is unlikely to be
clinically relevant.

Safety
Through week 144, overall AE profiles were similar
between treatment groups. Consistent with previous
results [6,7], diarrhea, nasopharyngitis, and headache
were among the most common AEs in the pooled safety
population (Table 2). In the DTG þ 3TC group, the
proportion of participants with drug-related AEs (146/
716; 20%) was significantly lower compared with the
DTG þ TDF/FTC group (192/717; 27%; relative risk
[95% CI], 0.76 [0.63–0.92]). These differences were due
to more participants with grade 1 events such as nausea in
the DTG þ TDF/FTC group vs. the DTG þ 3TC
group. Proportions of participants with serious AEs were
similar between groups: DTG þ 3TC, 11%; DTG þ
TDF/FTC, 12%. Overall, 10 participants experienced
drug-related serious AEs (2DR: suicidal ideation, n¼ 2;
psychotic disorder, n¼ 1; substance-induced psychotic
disorder, n¼ 1; hepatotoxicity, n¼ 1; 3DR: suicidal
ideation, n¼ 2; suicide attempt, n¼ 1; cholelithiasis,
n¼ 1; rhabdomyolysis, n¼ 1). Three fatal AEs occurred
in the DTG þ 3TC group (acute myocardial infarction,
n¼ 1; Burkitt’s lymphoma, n¼ 1; coronary artery disease,
n¼ 1); one fatal AE of unknown cause occurred in the
DTG þ TDF/FTC group. None of these events were
considered drug related by the investigator. Adverse
events leading to withdrawal were reported in 4% of
participants in the DTG þ 3TC group (31/716) and 5%
in the DTG þ TDF/FTC group (33/717; Table 2).
During the open-label phase (week 96 to week 144),
proportions of participants with any AEs (2DR, 59%;
3DR, 58%), drug-related AEs (2DR, 2%; 3DR, 3%),
serious AEs (2DR, 2%; 3DR, 4%), and AEs leading to
discontinuation (2DR, 1%; 3DR, 2%) were similar
between groups. Overall, 11 pregnancies were reported,
with three resulting in live births of healthy infants, three
resulting in spontaneous abortions within the first
trimester (no congenital anomalies reported), and four
resulting in elective abortions. The pregnancy outcome
for one participant was unknown.

Increased weight was reported as an AE in 2% of
participants in both treatment groups (2DR, n¼ 16
[grade 1, n¼ 10; grade 2, n¼ 5; grade 3, n¼ 1]; 3DR,
n¼ 12 [grade 1, n¼ 8; grade 2, n¼ 4]) and led to
discontinuation in one participant in the DTG þ 3TC
group. Obesity was reported as an AE in four participants
in the DTGþ 3TC group (grade 1, n¼ 2; grade 2, n¼ 2)
and five in the DTG þ TDF/FTC (grade 1, n¼ 2; grade
2, n¼ 2; grade 3, n¼ 1). Overall mean (SD) change in
weight from baseline to week 144 was 3.7 (6.8) kg in the
DTGþ 3TC group and 2.4 (7.6) kg in the DTGþTDF/
FTC group, and mean (SD) change in body mass index
was 1.2 (2.3) kg/m2 and 0.8 (2.8) kg/m2, respectively
(SDC 9, http://links.lww.com/QAD/C305, figure
showing weeks 96 and 144 change from baseline in

http://links.lww.com/QAD/C303
http://links.lww.com/QAD/C304
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weight and BMI overall and week 144 by sex). Within
each treatment group, mean (SD) change in weight from
baseline was higher in men (2DR, 3.8 [6.8] kg; 3DR, 2.5
[7.8] kg) than women (2DR, 2.7 [6.7] kg; 3DR, 1.8 [6.6];
SDC 9, http://links.lww.com/QAD/C305).
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Biomarkers and adverse events of special interest
At week 144, changes in renal biomarkers significantly
favored DTGþ 3TC vs. DTGþTDF/FTC (Fig. 3a and
b), with fewer renal function–related AEs leading to
discontinuation (2DR, n¼ 2; 3DR, n¼ 12; Table 2).
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Significant changes in bone turnover biomarkers
favoring DTG þ 3TC vs. DTG þ TDF/FTC were
observed at week 144 (Fig. 3c). There were no
osteoporosis AEs with DTG þ 3TC and 5 grade 2
osteoporosis AEs with DTG þ TDF/FTC, 2 of which
were considered drug related and led to treatment
discontinuation. Significant differences between treat-
ment groups in adjusted mean change from baseline
were observed for all lipid parameters. Changes in lipid
parameters at week 144 generally favored DTGþTDF/
FTC (Fig. 3d). However, increases in high-density
lipoprotein (HDL) cholesterol with resultant decreases
in total cholesterol/HDL cholesterol ratio were
observed in both groups. There were minimal or no
changes from baseline at week 144 in inflammatory
biomarkers in both treatment groups (interleukin-6
[median (interquartile range) for both groups: 0.0 (0.0,
0.0) ng/l) and high-sensitivity C-reactive protein
[median (interquartile range): DTG þ 3TC, 0.0
(�0.9, 0.8) mg/l; DTG þ TDF/FTC, �0.2 (�0.9,
0.5) mg/l).
Discussion

Among contemporary HIV treatment options, DTG-
based 2DRs are potentially beneficial for PWH as they
offer noninferior efficacy and exposure to fewer
antiretroviral drugs. The continued noninferiority of
DTG þ 3TC vs. DTG þ TDF/FTC observed through
144 weeks in the present studies further supports the
durable virologic efficacy of the 2DR DTG þ 3TC as
initial therapy for PWH. High proportions of participants
(>80%) achieved HIV-1 RNA <50 copies/ml in both
treatment groups, and response rates were similar between
groups regardless of baseline viral load or CD4þ cell
count. Data through week 96 from the TANGO study, in
which participants switched to the 2DR of DTG/3TC,
provide further evidence of long-term efficacy of this
2DR [15]. Additionally, through week 144 of the
GEMINI studies, DTGþ 3TC was well tolerated, with a
significantly lower rate of drug-related AEs vs. DTG þ
TDF/FTC.

Importantly, consistent with previous studies of DTG-
based 3DRs (e.g., SINGLE) [16], DTGþ 3TC sustained
a high barrier to resistance, with low numbers of
participants meeting protocol-defined CVW criteria in
this treatment group (n¼ 12; only one additional since
week 96), none of whom had treatment-emergent
resistance to INSTIs or NRTIs. Notably, in the single-
group, phase II pilot study ACTG A5353 assessing DTG
þ 3TC in treatment-naive participants with HIV-1, three
participants met virologic failure criteria, one of whom
developed M184V and R263R/K mutations. All three
had no detectable DTG levels at multiple time points
while on treatment (3TC-triphosphate levels not
measured); viral rebound was temporally linked to lapses
in adherence [5]. In these larger, fully powered,
randomized GEMINI-1 and GEMINI-2 studies, 1
participant with transiently increased HIV-1 RNA levels
late in the study period (week 132; did not meet CVW
criteria) developed the M184Vand R263R/K mutations.
While not possible to fully determine the cause of
emergent resistance in this case, especially in the absence
of drug concentrations, the transient HIV-1 RNA
elevation to >60 000 copies/ml followed by re-suppres-
sion is consistent with adherence difficulties, and the
investigator agreed this was a probable scenario. In
addition, selective nonadherence to the individual
components of the treatment regimen cannot be ruled
out since DTG and 3TC were administered as separate
tablets in the GEMINI studies; this would not be a risk
with the fixed-dose combination tablet of DTG/3TC.
Overall, these results demonstrate the high barrier to
resistance with the 2DR of DTGþ 3TC, which is critical
to preserving treatment options for PWH who currently
need to maintain lifelong therapy.

Safetyoutcomes at week 144 were consistent with week 48
and week 96 results, and no new signals emerged [6,7];
proportions of participants with any AEs, SAEs, drug-
related AEs, and AEs leading to discontinuation during the
open-label phase were comparable between treatment
groups.Therewere few treatment-relateddiscontinuations
and a lower proportion of participants with drug-related
AEs with DTG þ 3TC vs. DTG þ TDF/FTC. Mean
weight increased from baseline in both groups, as would be
expected in treatment-naive individuals. An AE of
increased weight led to discontinuation in one DTG þ
3TC participant. In both groups, mean changes in weight
from week 96 to week 144 (2DR, 0.5 kg; 3DR, 0.3 kg)
were consistent with expected values in the background
population [7,17]. The favorable effects on renal and bone
health observed for DTG þ 3TC vs. DTG þ TDF/FTC
were sustained through week 144, as evidenced by fewer
renal and osteoporosis clinical events. Of note, changes in
renal and bone biomarkers from baseline to week 144 were
generally consistent with patterns observed from baseline
to week 48 and week 96 [6,7]. Within treatment groups,
changes from baseline to week 96 were generally similar to
changes from baseline to week 144, favoring the DTG þ
3TC group [7]. In the GEMINI studies, the use of TDF/
FTC as a backbone in the 3DR group was in line with
standard of care and availability in participating countries at
the time of study initiation; tenofovir alafenamide may
have fewer renal and bone toxicities than TDF, which can
be a consideration for some regions [18]. Changes in lipid
parameters at week 144 relative to baseline generally
favored the 3DR group, as observed at week 96, while
favorable decreases in total cholesterol/HDL cholesterol
ratio were observed in both treatment groups [7].

Numerically lower rates of Snapshot virologic response
(HIV-1 RNA <50 copies/ml) were observed in DTG þ
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3TC participants in the female subgroup (2DR, n¼ 113;
3DR, n¼ 98), African American/African heritage
subgroup (2DR, n¼ 90; 3DR, n¼ 71), and baseline
CD4þ cell count �200 cells/ml subgroup (2DR, n¼ 63;
3DR, n¼ 55). The small number of participants in these
subgroups limits the generalizability of the results in these
populations. Of note, the majority of Snapshot failures
were due to non-virologic reasons, which for the CD4þ

cell count �200 cells/ml subgroup is also reflected in the
TRDF analysis. Likewise, only a small number of
participants (n¼ 28) had HIV-1 RNA �500 000 cop-
ies/ml at treatment initiation since screening HIV-1
RNA >500 000 copies/ml was exclusionary, though
most participants (22/28; 79%) in this subgroup achieved
HIV-1 RNA <50 copies/ml, and response rates were
similar between treatment groups. Additionally, findings
from the STAT study demonstrating efficacy of first-line
treatment with DTG/3TC in treatment-naive partici-
pants in a test-and-treat setting, including those with low
CD4þ cell counts and high viral loads, are consistent with
those from the GEMINI studies [19].

Conclusion
GEMINI-1 and GEMINI-2 are the largest phase III trials
of a 2DR in treatment-naive adults with HIV-1 infection.
Results through 144 weeks reinforce the durable efficacy,
high barrier to treatment-emergent resistance, and good
tolerability of DTG þ 3TC compared with a traditional
3DR of DTG þ TDF/FTC. These results continue to
support the recommended first-line use of this 2DR as a
treatment option for ART-naive PWH.
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