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ABSTRACT

Introduction: As HIV has become a manageable
chronic condition, a renewed and increased
interest in challenging traditional three-drug
HIV therapies and moving toward two-drug
regimens (2DR) for initial or maintenance
treatment in people living with HIV (PLWH)
has developed. As PLWH are living longer,
continual advancements in antiretroviral regi-
mens have been a focus to provide optimal life-
long therapy options. Although early studies
may have shown poor outcomes in virologic
suppression with 2DR, newer studies and treat-
ment options have emerged to show promise in
the management of HIV. The purpose of this
review is to evaluate current literature and
assess the efficacy of two-drug (2DR) antiretro-
viral therapy in treatment-naı̈ve and -experi-
enced people living with HIV.

Methods: A systematic search was performed
between January 2009 to January 2020, using
EMBASE, MEDLINE, Google Scholar, and bibli-
ographies. Combinations of the following
search terms were used: HIV-1 infection,
antiretroviral therapy, dual therapy, two-drug
regimen, two-drug therapy, two-drug regimen,
and 2DR. Included studies were those in the
adult population with at least one active com-
parator, outcomes assessing HIV-1 RNA viral
load while on treatment, and written in English.
Results: Thirty-three studies were included, 13
where 2DRs were evaluated as initial therapy (3
studies with extension data) and 15 where 2DRs
were evaluated as maintenance or switch ther-
apy (2 studies with extension data).
Conclusion: Although 2DRs may not be
appropriate in all patient populations, they are
being utilized more frequently and have the
potential to reduce costs, adverse effects, and
drug interactions.
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Key Summary Points

HIV treatment has evolved from a time
where two-drug regimens (2DRs) were
once considered a novel concept to
current times where they are a reality.

Over the past year, national guidelines
recommend 2DRs for initial consideration
in the management of HIV for patients
meeting certain criteria.

When compared with three-drug
regimens, many 2DRs have demonstrated
noninferiority, in terms of virologic
efficacy, in both the treatment-naı̈ve and -
experienced populations.

INTRODUCTION

With continued advancement of antiretroviral
therapy (ART), human immunodeficiency virus
(HIV) has evolved from an acute and fatal
diagnosis to a chronic condition where many
patients are able to live a long and healthy life.
Although there is currently no cure available for
HIV, highly toxic regimens requiring high pill
burden and dosing frequency are no longer the
standard in care. Antiretroviral medications are
now more readily available with durable viro-
logic efficacy, high genetic barriers to resistance,
more tolerable side effect profiles, and reduced
pill burden. To understand the future of HIV
medicine, it is important to review the past
lessons learned.

In 1987, the first agent to manage HIV,
zidovudine (AZT), was approved as monother-
apy in the treatment of people living with HIV
(PLWH) [1]. However, the limitations of
monotherapy soon became apparent as
researchers found the regimen could not sustain
virologic suppression and led to the rapid
development of drug resistance [1].

In the 1990s, researchers began to shift their
focus toward three-drug regimens (3DRs) for the
treatment of HIV. This idea ultimately changed

and shaped the course of HIV management. In
1996, the combination of a protease inhibitor
(PI) with two NRTIs was shown to rapidly
reduce HIV RNA levels and improve immune
function in patients by targeting different steps
within the HIV life cycle [2].

Since the approval of the AZT in 1987, there
have been over 30 drugs and 7 different mech-
anistic drug classes approved for the manage-
ment of PLWH [3]. Historically, initial ART for
treatment-naı̈ve individuals consisted of a two-
drug NRTI backbone plus a drug from another
drug class such as a non-nucleoside reverse
transcriptase inhibitor (NNRTI), integrase
strand transfer inhibitor (INSTI), or boosted PI
[4]. Several clinical trials and evaluations over
the last decade have shown that this three-drug
treatment strategy for treatment-naı̈ve patients
results in HIV viral suppression and increased
immunologic function [4].

The European AIDS Clinical Society (EACS)
2019 guidelines recommend initial regimens in
treatment-naı̈ve patients including unboosted
INSTI-based regimens, NNRTI-based with rilpi-
virine (RPV) or doravirine (DOR) or PI-based
with boosted darunavir (DRV) [5]. Interestingly,
the EACS guidelines were the first to recom-
mend the two-drug regimen (2DR) dolutegravir
(DTG)/lamivudine (3TC) for consideration as a
recommended regimen in patients whose hep-
atitis B surface antigen (HBsAg) is negative, HIV-
1 RNA viral load\ 500,000 copies/ml, and
CD4[200 cells/mm3 [5]. Shortly thereafter,
US-based guidelines also adopted this
recommendation.

While 3DRs have been the mainstay of
treatment over the last 2 decades, attempts have
been made to further reduce medication and
pill burden while preventing long-term toxici-
ties and increasing tolerability. Studies have
shown that simplifying ART regimens to
monotherapy in virologically suppressed PLWH
is not a reliable or effective option. In an open-
label, phase 2, randomized non-inferiority trial,
DTG monotherapy was non-inferior to combi-
nation ART at 24 weeks; however, viriologic
failure was seen after 24 weeks with continued
monotherapy, which led to DTG resistance [6].
The switch to certain monotherapy treatments
occurred in patients already virologically
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suppressed; these regimens have largely failed
to maintain viral suppression for an extended
duration, with frequent cases of virologic
rebound and emerging resistance [6–8].

In November of 2017, DTG/RPV was
approved as the first dual ARV single-tablet
regimen (STR) for the maintenance therapy of
HIV-1 infection [9]. Although DTG/RPV studies
have shown efficacy, safety, and tolerability in
treatment-experienced patients with sustained
virologic suppression, there is still the concern
for arising ARV resistance [9]. Overall, DTG/RPV
has opened the doors to researching the use of
2DR in in treatment-experienced and -naı̈ve
PLWH. Therefore, this article will focus review-
ing the efficacy of 2DR as initial or mainte-
nance/switch treatment in PLWH. This article is
based on previously conducted studies and does
not involve any new studies of human or ani-
mal subjects performed by any of the authors.

METHODS

Manuscripts and abstracts were systematically
searched between January 2009 and January
2020, using PubMed, EMBASE, MEDLINE,
Google Scholar, conference proceedings, and
bibliographies. Combinations of the following
search terms were used: HIV-1 infection,
antiretroviral therapy, dual therapy, two-drug
regimen, two-drug therapy, two-drug regimen,
and 2DR. Studies were screened by abstract
review for relevance, and only those with at
least one active comparator and outcomes
assessing HIV-1 RNA viral load while on treat-
ment were included (Fig. 1). In addition, article
selection was limited to the English language
and adult populations only. Two authors inde-
pendently replicated the initial literature search
to confirm the eligibility of identified studies
and screened titles and abstracts of those iden-
tified for inclusion in the review with no
disagreement.

Information taken from each study included
ART regimens, trial design, outcomes including
virologic suppression or failure, and the devel-
opment of resistance. The data from each study
were then organized into two main categories of
whether patients were treatment naı̈ve or

treatment experienced and then further subdi-
vided based on whether they were receiving a
regimen that was NRTI inclusive or NRTI
sparing.

RESULTS

Initial HIV Treatment Population

NRTI Inclusive
Four randomized, non-inferiority trials were
identified of NRTI-inclusive 2DRs in the treat-
ment-naı̈ve population (Table 1) [10–14]. A
small study of (lopinavir/ritonavir) LPV/
r ? tenofovir disoproxil fumarate (TDF) vs.
LPV/r ? two non-TDF NRTIs failed to achieve
non-inferiority, but was notably underpowered.
Unusually high discontinuation rates were also
observed among both groups (2DR 42%; 3DR
44%) in addition to poor efficacy (2DR 51%;
3DR 53%) [14].

Three studies included lamivudine (3TC) as
the single NRTI of their 2DR, with two studies
including a boosted PI and one including DTG
[10, 12, 13]. High rates of virolologic suppres-
sion at 48 weeks were achieved among all three
studies, with comparable efficacy shown
between groups ranging from 88 to 93% for
2DRs vs. 84–94% for 3DRs. No cases of treat-
ment-emergent resistance were found among
the GEMINI study of DTG ? 3TC [10] or the
ANDES study of darunavir (DRV)/r ? 3TC [12].
Ninety-six-week pooled data from the GEMINI
study were recently presented, and non-inferi-
ority was met between 2DR and 3DR [11].
Although 11 people in the 2DR arm and 7 in the
3DR arm met protocol-defined failure, no par-
ticipant developed treatment-emergent resis-
tance through 96 weeks.

NRTI Sparing
Of nine non-inferiority studies including a
variety of 2DR combinations, non-inferiority
was achieved in five studies [15–18, 24] (Table 1)
[15–25]. Two studies included maraviroc
(MVC) ? boosted PI [19, 20]. The 2DR of daily
MVC ? DRV/r was terminated early because of
poor comparative efficacy [19]. However, non-
inferiority was achieved in a subsequent small,
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proof-of-concept study of patients with lower
baseline VL (i.e.,\ 100,000 copies/ml) initiated
on daily MVC ? twice daily LPV/r [20]. It
should be noted that these findings were not
seen in a larger study comparing MVC with a
boosted PI in participants with baseline HIV
RNA[100,000 copies/ml [19]. Although data
exist for once-daily maraviroc in treatment-ex-
perienced patients with R5 virus, the dose is
300 mg daily instead of 150 mg daily [26]. The
lack of the typical 300 mg daily dosing of MVC

may have reduced its efficacy and use in this
setting.

Three studies included raltegravir (RAL) ?
boosted PI [23–25]. One study of RAL ? LPV/r
achieved non-inferiority and reported more
favorable changes from the baseline estimated
glomerular filtration rate (eGFR) and bone
mineral density (BMD) relative to LPV/r ? TDF/
emtricitabine (FTC) [24]. A small study of DRV/
r ? RAL vs. DRV/r ? TDF/FTC failed to achieve
non-inferiority [23]. However, a much larger

Fig. 1 Study selection process
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study of the same regimens achieved non-infe-
riority at 96 weeks and found increased rates of
resistance and treatment failure among patients
with low CD4 counts (i.e.,\200 cells/mm3) or
high baseline HIV-RNA viral loads
(i.e.,[100,000 copies/ml) [18]. A single pilot
study of RAL ? unboosted atazanavir (ATV)
failed to achieve non-inferiority and was ter-
minated early because of high rates of resistance
and toxicities emerging from the once-daily
dosing regimen of ATV (SPARTAN) [25].

Three studies included the new INSTI being
evaluated for approval, cabotegravir (CAB), plus
the NNRTI RPV [15–17, 21, 22]. Of those stud-
ies, one was a dose-finding study for oral for-
mulations and two were of the novel, long-
acting (LA) formulations. Data from LATTE
demonstrated patients receiving oral CAB
30 mg ? RPV 25 mg daily experienced high
rates of viral suppression at week 96 (75%) and
tolerated the regimen well without any devel-
opment of resistance [21, 22]. Based on these
results, the CAB 30 mg once-daily dose was
selected for continued evaluation. LATTE-2
utilized the 30 mg CAB dose as part of a
20-week, 3DR induction phase, which was fol-
lowed by a novel 2DR of LA, injectable formu-
lation of CAB and RPV given once every 4 or
8 weeks [16, 17]. Non-inferiority at 96 weeks
was achieved in both groups relative to the
continuation of the induction phase 3DR, with
minimal resistance emerging in the LA 8-week
group. The LA formulations dosed every 4 and
8 weeks were well tolerated, with frequent, yet
expected, mild injection site reactions. Patient
survey data also demonstrated increases in
treatment satisfaction and preference for the LA
2DR formulation. Comprehensive data from the
FLAIR (treatment-naı̈ve) and ATLAS (treatment-
experienced) studies demonstrated virologic
suppression in 93.1% in the LA CAB/RPV arm
and 94.4% in the current antiretroviral regimen
(CAR) arm, which was 3DR at week 48 and met
non-inferiority. Although seven participants in
the FLAIR study experienced confirmed viro-
logic failure (CVF), three in the 2DR arm and
four in the 3DR arm, three out of four in the
CAR/3DR arm did not have treatment-emergent
resistance (resistance-associated mutation
(RAM) was not reported) [15]. Interestingly,T

a
b
le
1

co
n
ti
n
u
ed

St
ud

y
St
ud

y
ag
en
ts

St
ud

y
de
si
gn

V
ir
ol
og
ic

ou
tc
om

es
P
ro
to
co
l-
de
fin

ed
vi
ro
lo
gi
c
fa
ilu

re
A
dd

it
io
na
l
co
m
m
en
ts

SP
A
R
T
A
N

[2
5]

A
T
V
?

R
A
L
(n

=
63
)

Ph
as
e
2b
,o

pe
n-
la
be
l,

ra
nd

om
iz
ed
,n

on
-

in
fe
ri
or
it
y,
pi
lo
t
st
ud
y

pe
rf
or
m
ed

in
N
ew

H
av
en
,C

T
,U

SA

V
L
\

50
co
pi
es
/m

l
at

W
24

(m
IT
T
):

A
T
V
?

R
A
L
:
4/
6

St
ud
y
te
rm

in
at
ed

ea
rl
y

du
e
to

hy
pe
rb
ili
ru
bi
ne
m
ia

an
d
R
A
L
re
si
st
an
ce

em
er
ge
nc
e
in

A
T
V
?

R
A
L

A
T
V
/r

?
T
D
F/
FT

C

(n
=
31
)

IN
ST

I:
4

A
T
V
/r

?
T
D
F/
FT

C
:

0/
1

A
T
V
?

R
A
L
:
75
%

A
T
V
/r

?
T
D
F/
FT

C
:

63
%

2D
R
tw
o-
dr
ug

re
gi
m
en
,3
D
R
th
re
e-
dr
ug

re
gi
m
en
,3
T
C
la
m
iv
ud
in
e,
A
B
C
ab
ac
av
ir
,A

T
V
/r
ri
to
na
vi
r
bo
os
te
d
at
az
an
av
ir
,A

Z
T
zi
do
vu
di
ne
,C

A
B
ca
bo
te
gr
av
ir
,D

R
V
/r

ri
to
na
vi
r
bo
os
te
d
da
ru
na
vi
r,
D
T
G
do
lu
te
gr
av
ir
,E

FV
ef
av
ir
en
z,
FA

S
fu
ll
an
al
ys
is
se
t,
FT

C
em

tr
ic
it
ab
in
e,
IN

ST
I
in
te
gr
as
e
st
ra
nd

tr
an
sf
er

in
hi
bi
to
rs
,I
T
T
in
te
nt
io
n-

to
-t
re
at
,
L
A

lo
ng

ac
ti
ng
,
L
PV

/r
ri
to
na
vi
r-
bo
os
te
d
lo
pi
na
vi
r,
m
IT
T

m
od
ifi
ed

in
te
nt
-t
o-
tr
ea
t,
M
V
C

m
ar
av
ir
oc
,
N
R
T
I
nu

cl
eo
si
de

re
ve
rs
e
tr
an
sc
ri
pt
as
e
in
hi
bi
to
r,

N
N
R
T
I
no
n-

nu
cl
eo
si
de

re
ve
rs
e
tr
an
sc
ri
pt
as
e
in
hi
bi
to
rs
,P

I
pr
ot
ea
se

in
hi
bi
to
r,
O
L
E
op
en
-la
be
l
ex
te
ns
io
n,

R
A
L
ra
lte
gr
av
ir
,R

A
M

re
si
st
an
ce

as
so
ci
at
ed

m
ut
at
io
ns
,

R
C
T
ra
nd

om
iz
ed

co
nt
ro
lle
d
tr
ia
l,
R
PV

ri
lp
iv
ir
in
e,
T
D
F
te
no
fo
vi
r
di
so
pr
ox
il
fu
m
ar
at
e,
V
L
vi
ra
l
lo
ad
,W

48
w
ee
k
48
,W

96
w
ee
k
96
,W

14
4
w
ee
k
14
4

194 Infect Dis Ther (2020) 9:185–208



T
ab
le
2

Su
m
m
ar
y
of

tr
ia
ls
co
m
pa
ri
ng

tw
o-
dr
ug

re
gi
m
en
s
as

m
ai
nt
en
an
ce
/s
w
it
ch

tr
ea
tm

en
t
in

pe
op
le
liv
in
g
w
it
h
H
IV
-1

T
it
le

St
ud

y
ag
en
ts

St
ud

y
de
si
gn

O
ut
co
m
es

E
m
er
ge
nt

re
si
st
an
ce

A
dd

it
io
na
l
co
m
m
en
ts

N
R
T
I-
in
cl
us
iv
e
re
gi
m
en
s

T
A
N
G
O

[2
7]

D
T
G

?
3T

C

(n
=
36
9)

Ph
as
e
3,

op
en
-la
be
l,
ra
nd

om
iz
ed

no
n-

in
fe
ri
or
,s
w
it
ch

st
ud
y
pe
rf
or
m
ed

in

th
e
U
SA

,S
pa
in
,U

K
,T

he

N
et
he
rl
an
ds
,G

er
m
an
y,
Ja
pa
n,

Fr
an
ce
,C

an
ad
a,
B
el
gi
um

,A
us
tr
al
ia

V
L
\

50
co
pi
es
/m

l

at
W
48

(I
T
T
):

T
A
F-
ba
se
d

re
gi
m
en
:
0/
1

N
on
-in

fe
ri
or
it
y
m
et

T
A
F-
co
nt
ai
ni
ng

3
or

4D
R
(n

=
37
2)

2D
R
:
93
%

3
or

4D
R
:
93
%

A
SP

IR
E
[2
8]

D
T
G

?
3T

C

(n
=
45
)

O
pe
n-
la
be
l,
ra
nd

om
iz
ed
,n

on
-

in
fe
ri
or
it
y
st
ud
y
pe
rf
or
m
ed

in
th
e

U
SA

V
L
\

50
co
pi
es
/m

l

at
W
48

(I
T
T
):

2D
R
gr
ou
p:

0/
1

N
on
-in

fe
ri
or
it
y
m
et

C
on
ti
nu

e
3D

R

(n
=
45
)

2D
R
:
91
%

3D
R
:
89
%

A
T
L
A
S-
M

[2
9]

A
T
V
/r

?
3T

C

(n
=
13
3)

O
pe
n-
la
be
l,
ra
nd

om
iz
ed
,n

on
-

in
fe
ri
or
it
y
st
ud
y
pe
rf
or
m
ed

in
It
al
y

V
L
\

50
co
pi
es
/m

l

at
W
48

(I
T
T
):

2D
R
gr
ou
p:

0/
2

N
on
-in

fe
ri
or
it
y
m
et

Su
pe
ri
or
it
y
id
en
ti
fie
d
in

po
st

ho
c
an
al
ys
is
fo
r
2D

R
gr
ou
p

C
on
ti
nu

e
A
T
V
/r

?
2

N
R
T
Is
(n

=
13
3)

3D
R
gr
ou
p:

0/
6

2D
R
:
90
%

3D
R
:
80
%

D
U
A
L

G
E
SI
D
A

[3
0]

D
R
V
/r

?
3T

C

(n
=
12
9)

Ph
as
e
4,

op
en
-la
be
l,
ra
nd

om
iz
ed
,n

on
-

in
fe
ri
or
it
y
st
ud
y
pe
rf
or
m
ed

in
Sp
ai
n

V
L
\

50
co
pi
es
/

m
lW

48
(I
T
T
):

2D
R
gr
ou
p:

0/
4

N
on
-in

fe
ri
or
it
y
m
et

D
R
V
/r

?
2N

R
T
Is

(n
=
12
8)

3D
R
gr
ou
p:

0/
2

2D
R
:
89
%

3D
R
:
93
%

O
L
E
[3
1]

L
PV

/r
?

3T
C

(n
=
12
3)

O
pe
n-
la
be
l,
ra
nd

om
iz
ed
,n

on
-

in
fe
ri
or
it
y
tr
ia
l
pe
rf
or
m
ed

in
Sp
ai
n

an
d
Fr
an
ce

V
L
\

50
co
pi
es
/m

l

at
W
48

(I
T
T
):

2D
R
gr
ou
p:

0/
3*

N
on
-in

fe
ri
or
it
y
m
et

*O
ne

ca
se
of

N
R
T
I
re
si
st
an
ce

in

2D
R
gr
ou
p
fo
un

d
to

be
a

pr
ev
io
us
ly
ar
ch
iv
ed

m
ut
at
io
n

L
PV

/r
?

2N
R
T
Is

(n
=
12
7)

3D
R
gr
ou
p:

0/
3

2D
R
:
88
%

3D
R
:
87
%

Infect Dis Ther (2020) 9:185–208 195



T
a
b
le
2

co
n
ti
n
u
ed

T
it
le

St
ud

y
ag
en
ts

St
ud

y
de
si
gn

O
ut
co
m
es

E
m
er
ge
nt

re
si
st
an
ce

A
dd

it
io
na
l
co
m
m
en
ts

SA
L
T

[3
2]

A
T
V
/r

?
3T

C

(n
=
14
3)

O
pe
n-
la
be
l,
ra
nd

om
iz
ed
,n

on
-

in
fe
ri
or
it
y
st
ud
y
pe
rf
or
m
ed

in
Sp
ai
n

V
L
\

50
co
pi
es
/m

l

at
W
48

(I
T
T
):

2D
R
gr
ou
p:

0/
6

N
on
-in

fe
ri
or
it
y
m
et

A
T
V
/r

?
2N

R
T
Is

(n
=
14
3)

3D
R
gr
ou
p:

1/
4

2D
R
:
77
%

3D
R
:
76
%

N
R
T
I:
1

SA
L
T

(9
6
w
ee
ks
)

[3
3]

V
L
\

50
co
pi
es
/m

l

at
W
96

(I
T
T
):

2D
R
gr
ou
p:

0/
9

N
on
-in

fe
ri
or
it
y
m
et

3D
R
gr
ou
p:

1/
5

2D
R
:
74
%

3D
R
:
74
%

N
R
T
I:
1

C
O
O
L
[3
4]

E
FV

?
T
D
F

(n
=
74
)

O
pe
n-
la
be
l,
ra
nd

om
iz
ed
,n

on
-

in
fe
ri
or
it
y
st
ud
y
pe
rf
or
m
ed

in
Fr
an
ce

V
L
\

50
co
pi
es
/m

l

at
W
48

(I
T
T
):

2D
R
gr
ou
p:

3/
3

2D
R
fa
ile
d
to

m
ee
t
no
n-

in
fe
ri
or
it
y

E
FV

?
T
D
F
?

3T
C

(n
=
74
)

N
N
R
T
I:
3

2D
R
:
82
%

3D
R
:
97
%

N
R
T
I-
sp
ar
in
g
re
gi
m
en
s

D
U
A
L
IS

[3
5]

D
T
G

?
D
R
V
/r

(n
=
13
1)

Ph
as
e
3b
,o
pe
n-
la
be
l,
ra
nd

om
iz
ed
,n
on
-

in
fe
ri
or
it
y,
sw
it
ch

st
ud
y
pe
rf
or
m
ed

in
G
er
m
an
y

V
L
\

50
co
pi
es
/m

l

at
W
48

(I
T
T
):

N
ot

re
po
rt
ed

bu
t

no
tr
ea
tm

en
t

em
er
ge
nt

re
si
st
an
ce

N
on
-in

fe
ri
or
it
y
m
et

C
on
ti
nu

e
3D

R

(n
=
13
2)

Pr
em

at
ur
e
te
rm

in
at
io
n
of

re
cr
ui
tm

en
t
du
e
to

slo
w

re
cr
ui
tm

en
t

D
T
G

?
D
R
V
/r
:

86
%

C
on
ti
nu

ed
3D

R
:

88
%

196 Infect Dis Ther (2020) 9:185–208



T
a
b
le
2

co
n
ti
n
u
ed

T
it
le

St
ud

y
ag
en
ts

St
ud

y
de
si
gn

O
ut
co
m
es

E
m
er
ge
nt

re
si
st
an
ce

A
dd

it
io
na
l
co
m
m
en
ts

SW
O
R
D

1/
SW

O
R
D

2

[3
6]

SW
O
R
D
-1

Ph
as
e
3,

op
en
-la
be
l,
pa
ra
lle
l-g
ro
up
,

ra
nd

om
iz
ed
,n

on
-in

fe
ri
or
it
y
sw
it
ch

st
ud
y
pe
rf
or
m
ed

in
12

co
un

tr
ie
s

V
L
\

50
co
pi
es
/m

l

at
W
48

(I
T
T
):

2D
R
gr
ou
p:

1/
3

N
on
-in

fe
ri
or
it
y
m
et

D
T
G
/R

PV

(n
=
25
2)

N
N
R
T
I:
1

C
ur
re
nt

3D
R

(n
=
25
6)

SW
O
R
D
-1

3D
R
gr
ou
p:

0/
6

2D
R
:
95
%

SW
O
R
D
-2

3D
R
:
96
%

D
T
G
/R

PV

(n
=
26
1)

SW
O
R
D
-2

2D
R
:
94
%

C
ur
re
nt

3D
R

(n
=
25
5)

3D
R
:
94
%

SW
O
R
D

1/
SW

O
R
D

2

14
8-
W
ee
k

O
pe
n-
L
ab
el

E
xt
en
si
on

D
at
a
[3
7]

E
ar
ly
sw
itc
h-
or
ig
in
al

SW
O
R
D
1/
SW

O
R
D

2
D
T
G
/R
PV

co
ho
rt

Ph
as
e
3,

O
L
E
pe
rf
or
m
ed

in
12

co
un

tr
ie
s

V
L
\

50
co
pi
es
/m

l

at
W
14
8
(I
T
T
):

E
ar
ly
sw
it
ch
:
4/
14

N
on
-in

fe
ri
or
it
y
m
et

N
N
R
T
I:
4

E
ar
ly
sw
it
ch
:
84
%

L
at
e
sw
it
ch
:
2/
11

L
at
e
sw
itc
h-
3D

R
pa
tie
nt
s
vi
ro
lo
gi
ca
lly

su
pp
re
sse
d
at

W
48

sw
itc
he
d
to

D
T
G
/

R
PV

at
W
52

L
at
e
sw
it
ch
:
90
%

N
N
R
T
I:
2

D
T
G
/R

PV
ea
rl
y

sw
it
ch

(n
=
51
3)

D
T
G
/R

PV
la
te

sw
it
ch

(n
=
47
7)

Infect Dis Ther (2020) 9:185–208 197



T
a
b
le
2

co
n
ti
n
u
ed

T
it
le

St
ud

y
ag
en
ts

St
ud

y
de
si
gn

O
ut
co
m
es

E
m
er
ge
nt

re
si
st
an
ce

A
dd

it
io
na
l
co
m
m
en
ts

A
T
L
A
S
[3
8]

4-
w
ee
k
in
du
ct
io
n
fo
r

IM
C
A
B
/R

PV

gr
ou
p:

or
al
C
A
B

25
m
g
?

R
PV

25
m
g

O
pe
n-
la
be
l,
ra
nd

om
iz
ed
,n

on
-

in
fe
ri
or
it
y,
sw
it
ch

st
ud
y
pe
rf
or
m
ed

in
th
e
U
SA

,I
ta
ly
,G

er
m
an
y,
Sp
ai
n,

So
ut
h
A
fr
ic
a,
R
us
si
a,
C
an
ad
a,
an
d

B
el
gi
um

V
L
\

50
co
pi
es
/m

l

at
W
48

(I
T
T
):

2D
R
gr
ou
p:

3/
3

N
on
-in

fe
ri
or
it
y
m
et

Pa
ti
en
t
sa
ti
sf
ac
ti
on

su
rv
ey

re
po
rt
ed

97
%
of

pa
ti
en
ts
w
er
e

m
or
e
sa
ti
sfi
ed

w
it
h
IM

re
gi
m
en

ov
er

or
al
re
gi
m
en

du
ri
ng

le
ad
-in

ph
as
e

N
N
R
T
I:
3

IN
ST

I:
1

IM
C
A
B
/R

PV
:

93
%

3D
R
gr
ou
p:

3/
4

3D
R
:
96
%

L
A

C
A
B
/R

PV
(4
00
/

60
0
m
g)

ev
er
y

4
w
ee
ks

(n
=
30
8)

N
R
T
I:
2

N
N
R
T
I:
2

N
N
R
T
I/
PI
/

IN
ST

I
?

2
N
R
T
Is

(n
=
30
8)

PR
O
B
E
[3
9]

D
R
V
/r

?
R
PV

(n
=
30
)

O
pe
n-
la
be
l,
ra
nd

om
iz
ed
,n

on
-

in
fe
ri
or
it
y,
sw
it
ch

st
ud
y
pe
rf
or
m
ed

in
It
al
y

V
L
\

50
co
pi
es
/m

l

at
W
48

(I
T
T
):

N
on
e
in

ei
th
er

gr
ou
p

N
on
-in

fe
ri
or
it
y
m
et

C
on
ti
nu

e
3D

R

(n
=
30
)

3D
R
lim

it
ed

to
A
T
V
or

D
R
V
/

r
?

2N
R
T
Is
(m

os
t
co
m
m
on

N
R
T
I-
ba
ck
bo
ne

T
D
F/
FT

C
)

2D
R
:
97
%

3D
R
:
93
%

198 Infect Dis Ther (2020) 9:185–208



T
a
b
le
2

co
n
ti
n
u
ed

T
it
le

St
ud

y
ag
en
ts

St
ud

y
de
si
gn

O
ut
co
m
es

E
m
er
ge
nt

re
si
st
an
ce

A
dd

it
io
na
l
co
m
m
en
ts

M
A
R
C
H

[4
0]

M
V
C

?
PI
/r

(n
=
15
8)

O
pe
n-
la
be
l,
ra
nd

om
iz
ed
,n

on
-

in
fe
ri
or
it
y,
sw
it
ch

st
ud
y
pe
rf
or
m
ed

in
va
ri
ou
s
co
un

tr
ie
s

V
L
\

50
co
pi
es
/m

l

at
W
48

(I
T
T
):

M
V
C

?
PI
/r
:

4/
18

Sw
it
ch

to
N
R
T
I-
sp
ar
in
g
2D

R

fo
un

d
to

be
in
fe
ri
or

an
d
w
as

di
sc
on
ti
nu

ed
fr
om

th
e

co
m
pl
et
e
96
-w
ee
k
st
ud
y

pe
ri
od

N
N
R
T
I:
1

M
C
V
?

PI
/r
:7
8%

PI
:
1

M
V
C

?
2N

R
T
Is
:

92
%

M
V
C

?
2N

R
T
Is

(n
=
15
7)

C
X
C
R
4
tr
op
ic
:
3

C
on
ti
nu

ed
3D

R
:

95
%

M
V
C

?
2N

R
T
Is
:

5/
6

C
on
ti
nu

e
3D

R

(n
=
82
)

N
N
R
T
I:
2

N
R
T
I:
5

PI
:
1

C
on
ti
nu

ed
3D

R
:

1/
1

N
N
R
T
I:
1

H
A
R
N
E
SS

[4
1]

A
T
V
/r

?
R
A
L

(n
=
72
)

O
pe
n-
la
be
l
ra
nd

om
iz
ed
,p

ilo
t
sw
it
ch

st
ud
y
pe
rf
or
m
ed

in
th
e
U
SA

,U
K
,

G
er
m
an
y,
Sp
ai
n,

It
al
y,
Fr
an
ce
,a
nd

Po
la
nd

V
L
\

50
co
pi
es
/m

l

at
W
48

(I
T
T
):

2D
R
gr
ou
p:

2/
9

St
ud
y
te
rm

in
at
ed

du
e
to

in
cr
ea
se
d
vi
ro
lo
gi
c
re
bo
un

d

an
d
em

er
ge
nt

re
si
st
an
ce

in

2D
R

A
T
V
/r

?
T
D
F/
3T

C

(n
=
37
)

2D
R
:
69
%

3D
R
:
87
%

PI
:
1

IN
ST

I:
2

3D
R
gr
ou
p:

0/
1

Infect Dis Ther (2020) 9:185–208 199



T
a
b
le
2

co
n
ti
n
u
ed

T
it
le

St
ud

y
ag
en
ts

St
ud

y
de
si
gn

O
ut
co
m
es

E
m
er
ge
nt

re
si
st
an
ce

A
dd

it
io
na
l
co
m
m
en
ts

SE
C
O
N
D
-

L
IN

E
[4
2]

L
PV

/r
?

R
A
L

(n
=
27
0)

Ph
as
e
3b
/4
,r
an
do
m
iz
ed
,o

pe
n-
la
be
l,

no
n-
in
fe
ri
or
it
y
st
ud
y
pe
rf
or
m
ed

in

A
fr
ic
a,
A
si
a,
E
ur
op
e,
an
d
L
at
in

A
m
er
ic
a

V
L
\

50
co
pi
es
/m

l

at
W
96

(I
T
T
):

2D
R
gr
ou
p:

23
/8
3

N
on
-in

fe
ri
or
it
y
m
et

L
PV

/r
?

2
N
R
T
Is

(n
=
27
1)

N
R
T
I:
2

L
im

it
ed

to
tr
ea
tm

en
t-

ex
pe
ri
en
ce
d
pa
ti
en
ts
w
it
h

ev
id
en
ce

of
vi
ro
lo
gi
c
fa
ilu
re

on
N
N
R
T
I
?

du
al
N
R
T
I

re
gi
m
en

2D
R
:
70
%

PI
:
1

3D
R
:
68
%

IN
ST

I:
20

3D
R
gr
ou
p:

11
/8
2

N
R
T
I:
8

PI
:
2

IN
ST

I:
1

K
IT
E
[4
3]

L
PV

/r
?

R
A
L

(n
=
40
)

O
pe
n-
la
be
l,
ra
nd

om
iz
ed
,p

ilo
t
sw
it
ch

st
ud
y
pe
rf
or
m
ed

in
A
tla
nt
a,
G
A
,

U
SA

V
L
\

50
co
pi
es
/m

l

at
W
48

(I
T
T
):

2D
R
gr
ou
p:

*/
1

*T
re
at
m
en
t-
em

er
ge
nt

re
si
st
an
ce

am
on
g
ca
se
s
of

vi
ro
lo
gi
c

fa
ilu
re

no
t
as
se
ss
ed

C
ur
re
nt

3D
R

(n
=
20
)

3D
R
gr
ou
p:

*/
2

2D
R
:
92
%

3D
R
:
88
%

2D
R
tw
o-
dr
ug

re
gi
m
en
,3
D
R
th
re
e-
dr
ug

re
gi
m
en
,3
T
C
la
m
iv
ud
in
e,
A
B
C
ab
ac
av
ir
,A

T
V
/r
ri
to
na
vi
r-
bo
os
te
d
at
az
an
av
ir
,A

Z
T
zi
do
vu
di
ne
,C

A
B
ca
bo
te
gr
av
ir
,D

R
V
/r

ri
to
na
vi
r-
bo
os
te
d
da
ru
na
vi
r,
D
T
G
do
lu
te
gr
av
ir
,E

FV
ef
av
ir
en
z,
FA

S
fu
ll
an
al
ys
is
se
t,
FT

C
em

tr
ic
it
ab
in
e,
IN

ST
I
in
te
gr
as
e
st
ra
nd

tr
an
sf
er
in
hi
bi
to
rs
,I
T
T
in
te
nt
io
n
to

tr
ea
t,
L
A
lo
ng

ac
ti
ng
,L

PV
/r
ri
to
na
vi
r
bo
os
te
d
lo
pi
na
vi
r,
m
IT
T
m
od
ifi
ed

in
te
nt

to
tr
ea
t,
M
V
C
m
ar
av
ir
oc
,N

R
T
I
nu

cl
eo
si
de

re
ve
rs
e
tr
an
sc
ri
pt
as
e
in
hi
bi
to
r,
N
N
R
T
I

no
n-

nu
cl
eo
si
de

re
ve
rs
e
tr
an
sc
ri
pt
as
e
in
hi
bi
to
rs
,
PI

pr
ot
ea
se

in
hi
bi
to
r,
O
L
E
op
en
-la
be
l
ex
te
ns
io
n,

R
A
L

ra
lte
gr
av
ir
,
R
A
M

re
si
st
an
ce

as
so
ci
at
ed

m
ut
at
io
ns
,
R
C
T

ra
nd

om
iz
ed

co
nt
ro
lle
d
tr
ia
l,
R
PV

ri
lp
iv
ir
in
e,
T
D
F
te
no
fo
vi
r
di
so
pr
ox
il
fu
m
ar
at
e,
V
L
vi
ra
l
lo
ad
,W

48
w
ee
k
48
,W

96
w
ee
k
96
,W

14
8
w
ee
k
14
8

200 Infect Dis Ther (2020) 9:185–208



participants who developed resistance in the LA
CAB/RPV group were all from Russia and were
found to have the polymorphism L74I at base-
line, which is associated with INSTI resistance.

Maintenance/Switch Treatment
Population

NRTI Inclusive
Seven non-inferiority studies of NRTI-inclusive
2DRs in treatment-experienced populations
were identified (Table 2) [27–34]. The COOL
study evaluating EFV ? TDF vs. EFV ? TDF/3TC
failed to achieve non-inferiority [34]. The
remaining six studies each included the NRTI
3TC as part of the 2DR and met non-inferiority
at 48 weeks without any cases of emergent
resistance. Four of the studies included a boos-
ted PI ? 3TC (two studied ATV/r, one LPV/r,
and one DRV/r) [29–33], while two studies
included DTG ? 3TC [27, 28]. While safety
outcomes from the studies were consistent with
previous findings, studies including ATV pro-
duced more cases of hyperbilirubinemia, scleral
icterus, and elevations in liver function tests
(LFTs) and bilirubin [29, 31, 32], while the study
including LPV/r experienced more frequent GI
upset [31].

NRTI Sparing
Eight studies were identified on NRTI-sparing
regimens used in treatment-experienced
patients (Table 2) [35–43]. All but one study
evaluated patients that were virologically sup-
pressed and on a stable ART regimen prior to
randomization, although they varied in defini-
tion and required duration of viral suppression.
Of the six non-inferiority studies, including a
variety of 2DR combinations, non-inferiority
was met in five studies [35–39]. The switch
strategy of replacing a dual NRTI backbone with
MVC in a boosted-PI regimen was found to be
inferior to continuing a 3DR [40].

The SWORD studies and ATLAS studies
included INSTI ? NNRTI 2DRs [36–38]. SWORD
1 and 2 demonstrated the 2DR of DTG/RPV met
the pre-specified non-inferiority criteria to
standard 3DR [36]. The open-label extension of
SWORD 1 and 2 also demonstrated durable

efficacy in both early- and late-switch DTG/RPV
groups [37]. There was one case of treatment-
emergent NNRTI resistance among the 2DR arm
in the first 48 weeks and five cases of NNRTI
resistance in the early- and late-switch groups.

The ATLAS study demonstrated high rates of
virologic suppression at 48 weeks in individuals
with a suppressed viral load who were switched
to a 4-week lead-in of oral CAB ? RPV followed
by a once-monthly injectable LA CAB/RPV reg-
imen [38]. The study showed good tolerability,
minimal emergence of treatment-related resis-
tance, and high patient satisfaction of a once-
monthly injectable 2DR. ATLAS-2 M is an
ongoing non-inferiority study evaluating LA
CAB/RPV administered every 8 weeks compared
with every 4 weeks in virologically suppressed
patients [44]. The study demonstrated LA CAB/
RPV given every 8 weeks was non-inferior to
4 week dosing through 48 weeks. One study
utilized a PI ? NNRTI 2DR, which showed
favorable results. In a small proof-of-concept
study DRV/r ? RPV was found to be non-infe-
rior and well tolerated without emergence of
resistance [39].

Three studies included RAL ? boosted PI
[41–43]. A pilot study of LPV/r ? RAL was
shown to be a viable switch strategy out to
48 weeks [43]; however, a study of ATV/r ? RAL
was terminated early because of increased rates
of virologic rebound and treatment-emergent
resistance [41]. Another study included treat-
ment-experienced patients with evidence of
virologic failure on an NNRTI ? dual NRTI
regimen. The use of LPV/r ? RAL as second-line
therapy showed promising results relative to a
3DR containing LPV/r ? dual NRTIs out to
96 weeks [42].

DISCUSSION

In both treatment-naı̈ve and -experienced pop-
ulations, 3TC was the most commonly used
NRTI in 2DRs that met non-inferiority.
Although 3TC and FTC are viewed in clinical
practice as therapeutically interchangeable
cytidine analogs, FTC has yet to be studied in
the context of NRTI-inclusive 2DRs. Two studies
of NRTI-inclusive 2DRs containing TDF as
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opposed to the more robustly studied 3TC both
failed to achieve non-inferiority [11, 34]. Thus,
the data to date, do not support the use of TDF
as a single NRTI agent in a 2DR. With the more
recent approval date, TAF remains virtually
unstudied by comparison or inclusion in the
2DR space.

3TC in combination with boosted PIs has
demonstrated efficacy in treatment-naı̈ve indi-
viduals. In the ANDES and GARDEL studies,
3TC ? DRV/r and 3TC ? LPV/r were non-infe-
rior to 3DRs [12, 13]. Boosted PI and 3TC regi-
mens have also been shown to be effective 2DRs
in treatment-experienced populations. ATV/
r ? 3TC regimens have consistently met non-
inferiority, evidenced in both simplification
from a previous ATV/r-based regimen and
switching from a variety of PI and NNRTI-based
3DRs (ATLAS-M, SALT) [29, 32, 33]. There is
limited evidence studying DRV in this popula-
tion, although results from the DUAL-GESIDA
study are promising [30]. These studies have not
been associated with treatment-emergent resis-
tance and have similar rates of viral suppression
to comparator 3DRs. Although a boosted PI ?
3TC may be an effective 2DR in treatment-

naı̈ve and -experienced populations, PI-associ-
ated toxicities including metabolic disorders
and laboratory abnormalities found even with
the newer, more well-tolerated PIs such as DRV
may be a limitation as well as significant drug
interactions. These limitations may hinder the
use of boosted PI ? 3TC regimens in real-world
settings.

The most promising NRTI-inclusive 2DR in
patients initiating ART is currently DTG ? 3TC.
Recent guideline updates now recommend the
co-formulated 2DR, DTG ? 3TC, as a consider-
ation in the treatment-naı̈ve population with
the exception of individuals with pre-treatment
HIV RNA[500,000 copies/ml, active hepatitis B
virus (HBV) coinfection, or initiation of ART
prior to the availability of HIV reverse tran-
scriptase genotype or HBV testing [4, 5]. Results
from the TANGO study were recently presented
and demonstrated non-inferiority of DTG ? 3
TC compared with TAF-based 3DR in virologi-
cally suppressed patients [4, 5]. Although not
approved, switch data look promising for the
use of DTG ? 3TC in the treatment-experienced

population. DTG/3TC demonstrated excellent
virologic suppression without emergence of
resistance in the treatment-experienced popu-
lation [28], in line with the large body of evi-
dence that was established by the GEMINI
studies [10, 11]. More data are needed, but
DTG ? 3TC likely represents the most promis-
ing NRTI-inclusive 2DR in treatment-experi-
enced patients, avoiding the issues of drug
interactions and more severe side effect profiles
of boosted PI ? 3TC regimens. Recent 48-week
data from the ANRS 167 LAMIDOL single-arm
study further support switching to DTG/3TC in
select, virologically suppressed patients [45].
Similarly, the DOLAM triple-armed study
showed few cases of treatment failure among
patients switched to DTG ? 3TC as continuing
current 3DR, without emergence of resistance
[46].

In both treatment-naı̈ve and -experienced
populations, integrase inhibitors play a large
role in NRTI-sparing 2DRs. Raltegravir was
studied in many 2DRs as it was the first INSTI on
the market [18, 24, 25, 42]. However, data from
randomized-controlled studies largely do not
support any additional benefit from the use of a
boosted PI with RAL since this regimen is
quickly becoming obsolete given that RAL is a
first-generation INSTI that is less potent than
newer agents such as DTG and BIC. In addition,
RAL suffers from issues of increased pill burden
and cross-resistance with elvitegravir (EVG).

Dolutegravir has been studied in both NRTI-
inclusive and -sparing 2DRs. Unlike RAL, DTG
has a long half-life and is efficacious in the
presence of other INSTI resistance such as the
Q148 pathway selected for with RAL or EVG. In
NRTI-sparing 2DRs, it has been studied with
both PIs and NNRTIs in mostly treatment-ex-
perienced populations. A regimen commonly
considered in clinical practice consists of DRV/
r ? DTG. This regimen combines two highly
potent agents with high genetic barriers to
resistance. This regimen is currently being
investigated in treatment-experienced popula-
tions, as both a simplification strategy for viro-
logically suppressed patients and a salvage
therapy [35, 47, 48]. Recent data from a sub-
analysis of the DUALIS study met non-inferior-
ity. At week 48, 98.1% of patients (n = 113) in
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the observational TIVISTA study achieved viro-
logic suppression (\50 copies/ml) despite 18
subjects experiencing reduced sensitivity to
darunavir at baseline. No participant developed
new drug resistance mutations throughout the
study [49]. Additional observational studies
have demonstrated similar results although
DRV/r and/or DTG was allowed twice daily [48]
while another retrospective study demonstrated
the feasibility of cobicistat-boosted DRV with
DTG once daily in treatment-experienced
patients [50].

Dolutegravir/RPV is the simplest option with
the lowest pill burden for virologically sup-
pressed PLWH, who do not have underlying
resistance to either agent. Patients must be
HBV-negative with demonstrated virologic
suppression for at least 6 months with a CD4
count of[200 cells/mm3. In addition, the ideal
patient for this regimen must be able to take
this regimen with a full meal and avoid proton
pump inhibitors. SWORD 1/2 studies met non-
inferiority between DTG/RPV and 3DRs [36].
Long-term extension data have shown 2DR
durability with minimal development of resis-
tance [37]. Two observational studies of DTG/
RPV used in treatment-experienced patients
have also demonstrated good efficacy among a
real-world population [51, 52].

The most robust and emerging data of an
INSTI containing 2DR are derived from studies
of CAB and RPV as oral and LA intramuscular
formulations. An open-label extension of
LATTE demonstrated the durability of CAB
30 mg ? RPV at 144 weeks [22]. It is important
to note that patients studied in LATTE were
required to undergo a 24-week induction phase
on oral CAB ? 2 NRTIs prior to switching to a
regimen of RPV as well as continuing their
randomized CAB dose. In treatment-naı̈ve
patients, LA CAB/RPV has demonstrated the
promising results in the achievement and
durability of high rates of viral suppression,
tolerability, and lack of significant treatment-
emergent resistance. Furthermore, the LATTE-2
study also demonstrated durable viral suppres-
sion out to 160 weeks in the long-term exten-
sion data, with minimal emergence of
resistance [17]. LA CAB/RPV represents a
potential option in the future for PLWH.

However, as such therapies become available, a
key consideration will be the necessity of an
induction phase of oral CAB and how to best
assess for initial safety and tolerability because
of the long half-life and gap in care between
injections. Furthermore, adherence during this
induction phase will be crucial. Although safety
and efficacy were demonstrated in clinical trials,
the Food and Drug Administration denied
approval of this co-formulated injectable sec-
ondary to chemistry manufacturing and con-
trols [53].

Non-INSTI containing 2DRs that have shown
positive results include a PI ? NNRTI regimen.
The 2DR of DRV/r ? RPV appears promising
from limited prospective data [39]. These results
were confirmed with recent, real-world obser-
vational data, with viral suppression\50
copies/ml achieved in 83% of patients (RIDAR)
[54]. Several drawbacks of this regimen include
the lack of a STR, increased adverse effects seen
with PIs, and an increased potential for drug-
drug interactions.

Although MVC was initially approved for
management of resistant HIV virus, its recom-
mended twice-daily dosing and numerous drug
interactions leave it as an alternative treatment
option. In addition, patients need to have a
CCR5-tropic virus prior to initiation of therapy.
Furthermore, maraviroc 2DRs in combination
with PIs were shown to be inferior to 3DRs in
studies in both treatment-naı̈ve and -experi-
enced populations.

The ‘‘Ideal’’ 2DR

Antiretroviral selection is key to ensuring a
patient’s success. Modern regimens achieve
rapid viral suppression. However, the issue
remains of the long-term durability of a regi-
men in maintaining virologic suppression
without the emergence of resistance, particu-
larly when considering incomplete adherence
to an ART regimen. The optimal 2DR will have a
low pill burden, high efficacy, minimal toxicity,
reduced cost, and a high genetic barrier to
resistance in both treatment-naı̈ve and -experi-
enced populations. Furthermore, as PLWH are
living longer, it would also be beneficial for the
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ideal 2DR to have limited drug-drug interac-
tions and not require renal or hepatic dose
adjustments.

When considering 2DRs as initial or switch
therapy, it is essential to assess for baseline and
transmitted drug resistance. A major concern of
a 2DR containing a single NRTI agent is the
potential for the emergence of NRTI RAMs such
as M184I/V, which greatly reduces susceptibility
to 3TC and FTC. Recent data demonstrate
effective use of 3TC as a single NRTI in a 2DR,
with minimal emergence of NRTI resistance,
including M184I/V mutations, in cases of viro-
logic failure [10, 11]. It should be noted that no
difference was observed in treatment-naı̈ve or -
experienced 2DR studies in the development of
M184I/V mutations. Another benefit of 3TC-
containing regimens is the high tolerability. By
utilizing 3TC as a single NRTI backbone, and
avoiding or removing the use of TDF, negative
effects on renal function and bone biomarkers
may be eliminated or ameliorated.

The role of INSTIs has revolutionized ART
based on their rapid achievement of virologic
suppression, enhanced tolerability, and reduced
drug interaction potential compared with PIs
and NNRTIs.

The first-generation INSTIs, RAL and EVG,
often display cross-resistance and have a lower
genetic barrier to resistance; however, DTG was
developed as a second-generation INSTI with
improved resistance profile and high efficacy.
Dolutegravir has demonstrated efficacy in 2DRs
that are both NRTI-inclusive and sparing.
Although BIC also has a high genetic barrier to
resistance and demonstrates similar safety and
tolerability to DTG, it is only available as a co-
formulated single-tablet 3DR. Cabotegravir has
been studied as a LA 2DR, in combination with
RPV, in both treatment-naı̈ve and -experienced
populations. This 2DR appears very promising,
especially with its novel formulation; however,
its approval is still pending based on formula-
tion concerns.

The emergence of 2DRs as initial therapy in
treatment-naı̈ve individuals and as simplifica-
tion strategies in treatment-experienced popu-
lations has become a reality and is creating a
paradigm shift in the management of HIV. Dual
therapies are largely prescribed as simplification

strategies in European countries and is becom-
ing more favorable in the USA. Unfortunately,
most studies evaluated standard 3DRs that were
considered first line at the time of the study
initiation. More modern comparators should be
included in 2DR studies since most of the
available head-to-head, randomized clinical
trial data include TDF-based regimens.

Although 2DRs are being utilized more fre-
quently, their use may not be appropriate in all
patient populations. Concerns exist about the
use of 2DRs in PLWH who have low CD4 counts
(\200 cells/mm3) or high baseline viral loads
(\100,000 or 500,000 copies/ml based on study
design) prior to drug initiation [10, 11, 18].
Subgroup analyses of failure rates in these pop-
ulations are often limited because of the small
sample size and often not attributed to true
virologic failure. Most studies, with the excep-
tion of rescue/salvage therapy aside, screen for
and exclude patients with underlying baseline
resistance to the regimen that they will be ini-
tiated or switched to. Other populations in
which 2DRs should be avoided include preg-
nant individuals and those with hepatitis B
coinfection.

While the overall picture of evidence on
2DRs remains mixed, it is important to note the
significant changes in the HIV treatment land-
scape that have taken place over the last decade.
Another question remains about how the data
from switch studies are reported and applied to
the management of HIV. Particularly in switch
studies evaluating treatment-naı̈ve and -experi-
enced patients, is accepting ‘‘non-inferiority’’
enough? There has been a recent change in
reporting outcomes for assessing the non-infe-
riority of HIV switch strategies. The US Food
and Drug Administration recommends primary
end points of switch trials to report the rate of
virologic failure in each treatment group where
non-inferiority would be a margin of B 4% [55].

CONCLUSION

HIV treatment has evolved from a time where
2DRs were once considered a novel concept to
current times where they are a reality. As 2DRs
are reducing the number of medications
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required to manage HIV, while maintaining
durable efficacy, 3DR may no longer remain the
standard of care but become the antiquated way
of the past.
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