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Two-drug regimens for HIV treatment

Kevin M Gibas, Sean G Kelly, Jose R Arribas, Pedro Cahn, Chloe Orkin, Eric S Daar, Paul E Sax, Babafemi O Taiwo

Combination therapy with three antiretroviral agents has been integral to successful HIV-1 treatment since 1996.
Although the efficacy, adverse effects, and toxicities of contemporary three-drug regimens have improved, even the
newest therapies have potential adverse effects. The use of two-drug regimens is one way to reduce lifetime exposure
to antiretroviral drugs while maintaining the benefits of viral suppression. Multiple large, randomised trials have
shown the virological non-inferiority of certain two-drug regimens versus three-drug comparators, including adverse
effect differences that reflect known profiles of the antiretroviral drugs in the respective regimens. Two-drug
combinations are now recommended in treatment guidelines and include the first long-acting antiretroviral regimen
for the treatment of HIV-1. Recommended two-drug regimens differ in their risks for, and factors associated with,
virological failure and emergent resistance. The tolerability, safety, metabolic profiles, and drug interactions of two-drug
regimens also vary by the constituent drugs. No current two-drug regimen is recommended for people with chronic
hepatitis B virus as none include tenofovir. Two-drug regimens have increased options for individualised care.

Introduction

In the mid-1990s, antiretroviral regimens consisting of
three active drugs from at least two different drug classes
became the standard of care for people with HIV. These
regimens suppressed viral replication and restricted the
development of resistance—the main limitations of
the initial single and two-drug regimens of the late 1980s
and early 1990s. Improvements in antiretroviral drug
profiles have led to preferred three-drug regimens with
high viral suppression rates and excellent resistance
characteristics. The tolerability and safety of recom-
mended antiretroviral drugs have also improved
substantially. However, as any drug has potential adverse
effects, use of as few drugs as possible, if appropriate,
could be beneficial.

Despite the lack of virological efficacy of early
two-drug antiretroviral therapy regimens, interest in two-
drug antiretroviral therapy persisted as a way of reducing
lifetime therapy exposure, specific drug toxicities, and
cost.” This interest was increased with the knowledge
that some antiretroviral drugs contribute to age-related
end-organ and metabolic comorbidities, which is highly
relevant with an increasing population of people with
HIV older than 50 years.” More than 30 unique
antiretroviral drugs have been developed; about half of
these are included in current HIV-1 treatment guidelines.
Effective and safe regimens that contain only two drugs
can and have been established, including the first
complete long-acting HIV regimen.

Two-drug antiretroviral therapy

Overview

Although several two-drug regimens have not met
expected efficacy or safety standards in pilot or large
randomised studies (table 1),"" some two-drug regimens
have shown virological non-inferiority to standard three-
drug therapy, with similar effects on CD4 cell count
reconstitution and favourable safety profiles (table 2).*
Other studies with extended follow-up (>5 years) have
shown long-term efficacy and tolerability of specific
two-drug regimens. 22244

Successful oral two-drug regimens in phase 3 trials to
date include an agent with a high barrier to resistance,
specifically dolutegravir (a second-generation integrase
strand transfer inhibitor [INSTI]) or a boosted protease
inhibitor, combined with an agent blocking HIV-1reverse
transcriptase. Despite their similarities, these two-drug
regimens exhibit differences in the risk of resistance
emergence during virological rebound, and some
regimens have specific weaknesses relative to three-drug
comparators (table 2). Like three-drug regimens, the
constituent drugs in two-drug regimens determine
the safety, tolerability, and metabolic profile of the
regimen. The unique strengths and limitations of each
two-drug regimen, as well as available clinical trial data,
inform their use in different clinical scenarios.

Treatment-naive people with HIV

GARDEL compared ritonavir-boosted lopinavir plus
lamivudine with ritonavir-boosted lopinavir plus two
nucleoside reverse transcriptase inhibitors (NRTIs) and
found similar virological efficacy and a low risk of
resistance, even in people with HIV with viral loads of
more than 100000 copies per mL.* However, this
regimen has many issues attributable to ritonavir-
boosted lopinavir, including hyperlipidaemia, problems
with liver function, gastrointestinal side-effects, drug—
drug interactions, and twice-daily dosing. Large,
randomised trials have since identified more tolerated
and safer two-drug regimens with non-inferior virological
efficacy than three-drug therapy. These regimens include
dolutegravir plus lamivudine'*”# and ritonavir-boosted
darunavir plus lamivudine.”> NEAT001/ANRS143 showed
the non-inferiority of ritonavir-boosted darunavir plus
raltegravir, but subgroup analysis found inferiority to
three-drug regimens in participants with baseline CD4
cell counts less than 200 cells per pL, and more virological
failures in participants with HIV-1 RNA more than or
equal to 100000 copies per mL at baseline than in
participants who had CD4 counts of more than 200 cells
per pL or HIV-1 RNA less than 100 000 copies per mL.”
This regimen also requires multiple pills and twice-daily
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dosing, making it less convenient than other preferred
treatments. Data from these studies led to the inclusion
of these regimens in many treatment guidelines for
initial antiretroviral therapy (table 3).%* Of these two-
drug regimens, only dolutegravir plus lamivudine is
recommended for most treatment-naive people with
HIV.43,44,46

ACTG A5353 was a phase 2, single-arm, pilot study of
once-daily dolutegravir plus lamivudine in treatment-
naive people with HIV, which showed an efficacy of
85% at week 487 Omne participant with poor
adherence developed lamivudine-resistance-associated
and dolutegravir-resistance-associated mutations. The
GEMINI 1 and 2 studies, which enrolled treatment-naive
people with HIV without transmitted drug-resistant
virus and HIV-1 RNA of 500000 copies per mL or less,
showed non-inferior efficacy of dolutegravir plus
lamivudine compared with dolutegravir plus tenofovir
disoproxil fumarate and emtricitabine.” Post-hoc
analysis in participants with baseline HIV-1 RNA of
more than 100000 copies per mL showed no decline in
activity of dolutegravir plus lamivudine in the high viral
load strata, although the number of participants in this
subgroup was small.® Some guidelines restrict the
recommended use of dolutegravir plus lamivudine to
people with HIV with HIV RNA less than 500000 copies
per mL as people with HIV-1 RNA more than
500000 copies per mL were excluded from the GEMINI
studies. Regulatory agencies, including the US Food and
Drug Administration (FDA) and the European Medicines
Agency (EMA), do not restrict use based on HIV viral
load.43,44,46,49,50

Baseline resistance testing documenting susceptibility
to lamivudine and dolutegravir, as well as hepatitis B
virus (HBYV) testing, are recommended with dolutegravir
plus lamivudine. Furthermore, some guidelines
recommend caution for people with HIV with CD4 cell
counts less than 200 cells per pL, as the GEMINI 1and 2
studies showed numerically lower viral suppression rates
in this subgroup than in the control group using FDA
snapshot analysis (79% with dolutegravir plus lamivudine
vs 93% with three-drug comparator at 48 weeks).” No
difference was seen in the low CD4 cell count subgroup
in preplanned treatment-related discontinuation equals
failure analysis at the same timepoint.

Although ACTG A5353 highlighted concerns about
resistance to dolutegravir and lamivudine during
virological failure,” no treatment-emergent resistance
was noted in the larger GEMINI studies until week 144,
when one participant developed valine-replacing
methionine at position 184 in reverse transcriptase
(M184V) and lysine replacing arginine at position 263
in integrase (R263R/K) mutations because of non-
adherence.” This participant developed viraemia of
61927 copies per mL at week 132 but resuppressed to less
than 50 copies per mL 4 weeks later on dolutegravir plus
lamivudine, thus not meeting virological withdrawal
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Participants

(n)

Experimental
regimen

Comparator
regimen

Reasons for study
failure or poor outcome

Treatment-naive studies

maraviroc

The Kalead Study 152 Ritonavir-boosted  Ritonavir-boosted
(2010)%* lopinavir plus lopinavir plus two
tenofovir disoproxil  non-tenofovir
disoproxil NRTIs
ACTGA5262 112 Ritonavir-boosted ~ NA
(2011)* darunavir plus
raltegravir
SPARTAN (2012)** 94 Atazanavir plus Ritonavir-boosted
raltegravir atazanavir plus
tenofovir disoproxil
and emtricitabine
RADAR (2014)* 85 Ritonavir-boosted  Ritonavir-boosted
darunavir plus darunavir plus
raltegravir tenofovir disoproxil
and emtricitabine
HARNESS (2016)** 109 Ritonavir-boosted  Ritonavir-boosted
atazanavir plus atazanavir plus
raltegravir tenofovir disoproxil
and emtricitabine
ROCNnRAL (2014)™* 44 Raltegravir plus NA
maraviroc
MODERN 1 797 Ritonavir-boosted  Ritonavir-boosted
(2016)"t darunavir plus darunavir plus
maraviroc tenofovir disoproxil
and emtricitabine
Switch studies
MARCH (2016)5t 395 Maraviroc plus Current
ritonavir-boosted antiretroviral
protease inhibitoror  therapy
maraviroc plus two
NRTIs
The COOL Trial 143 Tenofovir disoproxil ~ Tenofovir
(2009)t plus efavirenz disoproxil plus
lamivudine and
efavirenz
The GUSTA Study 115 Ritonavir-boosted ~ Standard three-
(2014)"t darunavir plus drug antiretroviral

therapy

Efficacy; premature
treatment
discontinuation due to
adverse events

Efficacy; resistance

Resistance; safety and
adverse events

Efficacy; premature
treatment
discontinuation due to
loss to follow up

Efficacy; resistance; safety
and adverse events;
premature treatment
discontinuation due to
poor adherence

Efficacy; resistance;
safety and adverse
events

Efficacy

Efficacy

Efficacy; resistance;
safety and adverse
events

Efficacy

NA=not available. NRTI=nucleoside reverse transcriptase inhibitor. *Unsuccessful small study or pilot study.
tUnsuccessful fully powered, randomised study. The MIDAS study was a pilot study of 24 participants examining
ritonavir-boosted darunavir plus maraviroc, which was successful in terms of virological efficacy and had no grade 4
adverse events or study discontinuations due to adverse events. However, this regimen failed in MODERN, which was
prematurely terminated.

Table 1: Unsuccessful studies of two-drug antiretroviral therapy regimens

criteria. Viral rebound occurred again to 135 copies per
mL at week 144, leading to study withdrawal. There have
been no cases of resistance emergence to dolutegravir or
bictegravir plus two NRTIs in clinical trials of treatment-
naive individuals to date.

Antiretroviral therapy switch in virologically suppressed
people with HIV

Switching to a two-drug regimen is an option for some
virologically suppressed people with HIV. Reasons to
consider switching include avoiding specific NRTI adverse
effects, such as the bone and renal effects of tenofovir
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DHHS guidelines®

EACS guidelines*

WHO guidelines*  1AS guidelines*

ritonavir-boosted darunavir plus
lamivudine (C1); ritonavir-boosted
darunavir plus raltegravir (C1)

Exclusions for

dolutegravir plus
lamivudine

Viral load >500 000 copies per mL;

HIV genotypic resistance or HBV failure
testing

HBV co-infection; before resultsof  NA
HIV genotypic resistance or HBV
testing

Viral load >100 000 copies per mL;  NA
(D4 cell count <200 cells per pL;

HBV co-infection; before results of

HIV genotypic resistance or HBV

testing

Exclusions for ritonavir-
boosted darunavir plus
lamivudine

Exclusions for ritonavir-
boosted darunavir plus
raltegravir

Recommended regimens  Dolutegravir plus rilpivirine (A1);
dolutegravir plus lamivudine (A1);
boosted protease inhibitor plus
lamivudine (B1-C1); dolutegravir
plus boosted darunavir (C1); long-
acting cabotegravir plus rilpivirine

rilpivirine

Exclusions HBV co-infection
and limitations of
recommendations

co-infection

pneumocystis.

Recommendations for initial treatment in antiretroviral therapy-naive individuals

Recommended regimens  Dolutegravir plus lamivudine (A1);  Dolutegravir plus lamivudine

Viral load >500 000 copies per NA
HBV co-infection; beforeresultsof ~mL; HBV co-infection; PREP

Recommendations for antiretroviral therapy switch in virologically suppressed individuals
Dolutegravir plus rilpivirine;
dolutegravir plus lamivudine ;
boosted darunavir plus
lamivudine; boosted atazanavir
plus lamivudine; boosted
darunavir plus rilpivirine;* long-
(A1) acting cabotegravir plus

Reported only as potential NA
options; no historical resistance;
absence of chronic HBV

Al=strong data from randomised controlled trials. Ala=strong panel support from =1 randomised controlled trials published in peer-reviewed literature. Bl=moderate data
from randomised controlled trials. BLb=moderate panel support from =1 randomised controlled trials presented in abstract form at peer-reviewed scientific meetings.
Cl1=optional data from randomised controlled trials. DHHS=United States Department of Health and Human Services. EACS=European AIDS Clinical Society. HBV=hepatitis B
virus. IAS=International Antiviral Society. NA=not applicable. PREP=pre-exposure prophylaxis. *Use recommended only by small trials. 1 This rating for long-acting
cabotegravir plus rilpivirine administered every 8 weeks could be due to the publication of guidelines before results of the ATLAS-2M trial, which have since become available.
DHHS guidelines were last updated in August, 2021. EACS guidelines were last updated in October, 2021. IAS guidelines were last updated in October, 2020. WHO guidelines
were last updated in July, 2021. IAS guidelines do not recommend dolutegravir plus lamivudine for patients with chronic hepatitis B or HIV RNA level above 500 000 copies
per mL (and potentially a CD4 cell count below 200 per L, although this is unclear). IAS guidelines recommend monitoring patients for adherence and virological response.
Dolutegravir plus lamivudine is not recommended for patients who are being treated for an active opportunistic infection,such as tuberculosis, toxoplasmosis, and

Not mentioned Dolutegravir plus lamivudine (Ala)

Viral load >500 000 copies per mL;
HBV co-infection; before results of
HIV genotypicresistance or HBY
testing; CD4 cell count <200 cells

per uL
NA NA
NA NA

Not mentioned Dolutegravir plus lamivudine (Ala);
dolutegravir plus rilpivirine (Ala);
ritonavir-boosted darunavir plus
lamivudine (Ala); long-acting
cabotegravir plus rilpivirine
administered every 4 weeks (Ala);
long-acting cabotegravir plus
rilpivirine administered every

8 weeks (B1b);**t

HBV co-infection

Table 3: Two-drug regimens recommended for treatment of HIV-1 infection

disoproxil fumarate or cardiovascular effects associated
with abacavir.##* Even without obvious contraindications
to triple therapy, provided the two-drug regimen does
not compromise virological outcomes or safety, some
clinicians consider reduction in lifetime antiretroviral
exposure through two-drug therapy potentially beneficial
for patients. Other reasons to switch to a two-drug regimen
include payer or insurance restrictions (particularly in the
USA), cost, pill size, drug-drug interactions, and drug
intolerance. In some people with HIV who could switch to
two-drug therapy, maintaining three-drug antiretroviral
therapy might be preferable for many reasons, including
satisfaction with current antiretroviral therapy, payer or
formulary restrictions for two-drug regimens, drug
interactions, and personal preference.

Switch studies have been done in virologically
suppressed patients (table 2). Recommended two-drug

switch options include dolutegravir plus lamivudine,
dolutegravir plus rilpivirine, boosted darunavir or
atazanavir plus lamivudine (although atazanavir is no
longer included in most guidelines), and long-acting
cabotegravir plus long-acting rilpivirine (figure).***The
European AIDS Clinical Society also lists boosted
darunavir plus rilpivirine or dolutegravir as possible
two-drug regimens for antiretroviral-therapy-experienced
people with HIV, noting that their use is only
supported by small trials.¥ Recommended two-drug
regimens preserve the so-called undetectable equals
untransmissible rule, a crucial benefit of antiretroviral
therapy as HIV transmission does not occur in
serodifferent sexual partners when viral load is
suppressed to less than 200 copies per mL.”

Among oral two-drug regimens, dolutegravir plus
lamivudine has advantages, including an absence of the

www.thelancet.com/hiv Vol 9 December 2022
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Figure: Timeline of two-drug antiretroviral therapy studies and guidelines
Two-drug regimens evaluated in each study: ATLAS-M: ritonavir-boosted atazanavir

plus lamivudine;**** GARDEL: ritonavir-boosted lopinavir plus lamivudine;*®

NEAT 001/ANRS 143: ritonavir-boosted darunavir plus raltegravir; SALT: ritonavir-boosted atazanavir plus lamivudine;** OLE: ritonavir-boosted lopinavir plus
lamivudine;” LATTE-2: long-acting cabotegravir plus long-acting rilpivirine; DUAL-GESIDA 8014-RIS-EST45: ritonavir-boosted darunavir plus lamivudine;*
SWORD 1 and 2: dolutegravir plus rilpivirine;*** GEMINI 1 and 2: dolutegravir plus lamivudine;**” ATLAS: long-acting cabotegravir plus long-acting rilpivirine;*®
FLAIR: long-acting cabotegravir plus long-acting rilpivirine;**” PROBE-2: cobicistat-boosted darunavir plus rilpivirine;* DUALIS: dolutegravir plus ritonavir-boosted
darunavir;* TANGO: dolutegravir plus lamivudine;*** SALSA: dolutegravir plus lamivudine;> DOLAM: dolutegravir plus lamivudine;”? ATLAS-2M: long-acting
cabotegravir plus long-acting rilpivirine.** 3TC=lamivudine. bATV=boosted atazanavir. bDRV=boosted darunavir. bLPV=boosted lopinavir. bPI=boosted protease
inhibitor. CAB=cabotegravir. DHHS=Department of Health and Human Services. DTG=dolutegravir. EACS=European AIDS Clinical Society. FTC=emtricitabine.

IAS=International Antiviral Society. RAL=raltegravir. RPV=rilpivirine.

food and calorie requirements of dolutegravir plus
rilpivirine and the metabolic and drug interaction
concerns with boosted darunavir. Numerous studies
have shown the efficacy and safety of dolutegravir plus
lamivudine as a switch strategy for people with HIV with
no history of unsuccessful treatment or resistance. In the
largest trials, no participants had virological failure,
including up to week 144 in TANGO* and week 48
in SALSA.* Furthermore, no participants in the
dolutegravir plus lamivudine groups in ASPIRE,
TANGO, DOLAM, or SALSA developed resistance-
associated mutations to INSTIs or reverse transcriptase
inhibitors.

Dolutegravir plus rilpivirine showed non-inferiority to
continuation of three-drug antiretroviral therapy in the
SWORD 1 and 2 trials.** Two individuals had virological
failure at week 48 in the dolutegravir plus rilpivirine
group, one of whom developed non-nucleoside reverse
transcriptase inhibitor (NNRTI) resistance (101K/E
mixture).” Although virological failure remained

www.thelancet.com/hiv Vol 9 December 2022

uncommon (1%) at follow-up, up to week 148, emergence
of NNRTI-resistance-associated mutations occurred in
more than half (6 or 11) of participants with virological
failure.* No INSTI-resistance-associated mutations
occurred up to week 148. Boosted darunavir plus
dolutegravir and boosted protease inhibitors plus
lamivudine have also shown virological efficacy, but pill
burden, adverse metabolic and gastrointestinal effects,
and drug interactions restrict the use of these regimens.

Studies have also shown the safety and efficacy of
boosted darunavir plus rilpivirine and raltegravir plus a
boosted protease inhibitor as potential two-drug switch
regimens. However, they are not widely adopted because
of scarce data, complex dosing, risk of resistance, and
few additional advantages over alternative regimens.
Other regimens that have been investigated in small
studies but have issues and are not recommended
include raltegravir plus etravirine, nevirapine plus
lamivudine, boosted lopinavir plus raltegravir, and
dolutegravir plus emtricitabine.
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Long-acting injectable regimens

The LATTE trial showed non-inferiority of oral
cabotegravir plus rilpivirine, allowing for further study of
long-acting injectable cabotegravir plus rilpivirine.*
Long-acting cabotegravir plus rilpivirine was approved as
the first long-acting HIV-1 treatment regimen and is
licensed by both the FDA and EMA for maintenance of
viral suppression in people with HIV with no history of
virological failure and no known or suspected resistance
to its components. This regimen is administered every
4 or 8 weeks as a depot preparation, although only the
8-week dosing is available in Europe and many other
countries. The phase 2b LATTE-2 study showed the
safety and efficacy of long-acting cabotegravir plus
rilpivirine administered every 4 weeks or every 8 weeks
compared with oral therapy.”

The phase 3 registrational studies underpinning
regulatory approval include cabotegravir plus rilpivirine
administered every 4 weeks compared with an oral
standard of care comparator in two treatment
populations: the FLAIR study for treatment-naive people
with HIV and the ATLAS study for virologically
suppressed people with HIV.** ATLAS-2M evaluated
cabotegravir plus rilpivirine administered every 4 weeks
versus administered every 8 weeks in virally suppressed
people with HIV.** The injectable cabotegravir plus
rilpivirine regimen has been shown to have similar
efficacy and safety to an oral comparator in phase 2 and 3
trials of virally suppressed adults without HBV and no
previous  INSTI-resistance-associated or NNRTI-
resistance-associated mutations (except asparagine
replacing lysine at position 103 in reverse transcriptase
[K103N]).**#* Durability of suppression has been
established up to 124 weeks in FLAIR and up to 152 weeks
in ATLAS-2M.7#

In the phase 3 trial programme, virological failure
occurred in approximately 1% of participants taking
cabotegravir plus rilpivirine and occurred most commonly
within the first 24 weeks of administration, with more
occurring in recipients of 2-month dosing than in
recipients of 1-month dosing.” Participants with
virological failure tended to have NNRTI and INSTI
resistance, causing the failure.” Presence of rilpivirine-
resistance-associated mutations at Dbaseline, HIV-1
genotype AI/A6, BMI more than 30 kg/m2, and low
week-8 rilpivirine trough concentration were associated
with virological failure in multivariate analysis. The
presence of two or more of these factors was linked to
increased risk of virological failure.”* Notably, week-152
results from ATLAS-2M showed 2-1% of participants had
virological failure in the 8-week administration group and
0-4% had it in the 4-week administration group.

Participants frequently reported injection site reactions,
which were predominantly mild and rarely resulted in
discontinuation.®”*  Participants also substantially
preferred the long-acting regimen to the daily oral
therapy, and many preferred 8-week dosing to

4-week-dosing.” Importantly, people with HIV enrolled
in these studies knowing that they might receive
otherwise unavailable long-acting therapy. Therefore, in
clinical practice, these preference data are probably most
applicable to people with HIV who express interest in
long-acting therapy or stopping daily therapy.

An important challenge when implementing long-
acting cabotegravir plus rilpivirine is the need to carefully
choose candidates to minimise the risk of virological
failure with resistance. Each clinic will also need to
establish an efficient workflow for refrigerated
medication storage and administration of injections by
trained staff using scheduling and reminder procedures
that maximise adherence. To overcome these challenges,
clinics will need to use strategies that prioritise patient
preference and clinical success and adapt them
depending on locally available human resources and
clinic capacity.

Two-drug antiretroviral therapy in individuals with
known or increased risk of resistance

Regulatory agencies and expert guidelines recommend
against the use of dolutegravir plus rilpivirine or long-
acting cabotegravir plus rilpivirine in people with HIV
who have known or suspected resistance to any
component of these regimens.”*** Several studies have
shown archived rilpivirine mutations increase the risk of
virological failure with both dolutegravir plus rilpivirine
and long-acting cabotegravir plus rilpivirine.”*
Furthermore, the increased risk of resistance emergence
during virological failure of these regimens, particularly
with the limitation of subsequent treatment options
among individuals who have long-acting cabotegravir
plus rilpivirine failure, should be included when
considering these regimens.

Although regulatory agencies and expert guidelines
also recommend against treatment with dolutegravir
plus lamivudine in people with HIV with known or
suspected resistance to any components of this regimen,
there is ongoing research investigating the effect
historical resistance to lamivudine might have on the
efficacy of this regimen. In TANGO, proviral DNA
genotyping detected M184V/I in four of 322 participants
in the dolutegravir plus lamivudine group at baseline.
However, none of these participants developed virological
failure. In the ART-PRO trial, none of the 21 participants
with historical M184V/I mutations, which were not
detected in proviral DNA genotyping with population
sequencing, had virological failure after 96 weeks of
follow up.”

A 2021 cohort study of 695 virologically suppressed
participants with an available genotype, including
105 with past M184V/I mutations, who were switched to
dolutegravir plus lamivudine found no difference in the
probability of virological failure regardless of history of
previous M184V/I mutation after a median follow-up
length of 1-2 years.” These results should be interpreted
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with caution until further research can be done. Large
studies are needed to completely understand the effect
previous resistance to lamivudine will have on the activity
of dolutegravir plus lamivudine for maintenance of
virological suppression. We do not currently recommend
this strategy in clinical practice.

Two-drug antiretroviral therapy in low-income
and middle-income countries

Although many guidelines in Europe and North America
have incorporated two-drug regimens, WHO has
not incorporated them.* Concerns regarding HBV
co-infection, no data in pregnant people, and the high
frequency of tuberculosis co-infection in some regions
(requiring dolutegravir to be taken twice a day) were
some of the reasons for not including the two-drug
regimen in the WHO guidelines. Furthermore, some
low-income and middle-income countries have a high
prevalence of NRTI and NNRTI resistance in both
antiretroviral-therapy naive and experienced people with
HIV, highlighting the need for HIV resistance testing.
Although the use of two-drug regimens, including long-
acting cabotegravir plus rilpivirine, is one way to reduce
toxicities of long-term NRTTI use in resource-constrained
settings, implementation of this strategy will depend on
local infrastructure, including capacity to test for HBV,
do HIV resistance testing, and maintain cold-chain
storage for long-acting rilpivirine.

Unique populations and contexts
Rapid antiretroviral therapy (antiretroviral therapy
initiation before the availability of some or all baseline
test results, such as HIV-1 genotype, HBV serologies,
viral load, and renal function) might improve viral
suppression, retention in care, and clinical outcomes.”
Although most controlled trials of this strategy were done
in resource-constrained settings, it is now widely used in
countries where the infrastructure exists, in part because
people with HIV generally prefer starting treatment
rather than delaying it. STAT was a single-arm study that
investigated rapid antiretroviral therapy initiation with
dolutegravir plus lamivudine.® Participants whose results
later showed HBV infection or transmitted baseline
lamivudine resistance had tenofovir alafenamide or
tenofovir disoproxil fumarate added within 2 weeks.
Results were favourable in the as-treated population, with
no virological failures due to resistance, even in
individuals with baseline HIV RNA more than
500000 copies per mL. Despite STAT suggesting that
rapid antiretroviral therapy initiation with dolutegravir
plus lamivudine was feasible, this study had a small
sample size and short follow-up. Guidelines currently
recommend standard three-drug regimens for rapid
antiretroviral therapy initiation.**

Current recommendations for HIV and HBV
co-infection include regimens containing tenofovir
alafenamide or tenofovir disoproxil fumarate plus
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lamivudine and emtricitabine. If tenofovir cannot be
used, people with HIV and HBYV co-infection should be
treated with entecavir in addition to a fully suppressive
antiretroviral therapy regimen. Two-drug regimens are
not recommended for people with HIV and HBV co-
infection as no currently approved regimen contains
tenofovir. HBV infection has occurred during treatment
with two-drug regimens; therefore, testing for HBV
before initiating two-drug regimens is recommended.
Ideally, clinicians should ensure that people with HIV
being considered for two-drug regimens who are at risk
of HBV infection are vaccinated and have documented
immunity to HBV.

There are no published data on the efficacy and safety
of two-drug antiretroviral therapy regimens in pregnancy
to date. People who become pregnant while receiving
two-drug regimens should be enrolled in appropriate
antiretroviral pregnancy registries. Currently, clinicians
should discuss treatment guidelines with the patient and
explain that two-drug regimens are not currently
recommended when pregnant.®-¢

The randomised clinical trials that led to the inclusion
of oral two-drug regimens in antiretroviral therapy
guidelines were done in adult populations. Therefore,
these regimens are not recommended in paediatric
populations. In April, 2022, the FDA approved long-
acting cabotegravir plus rilpivirine for maintenance of
virological suppression in adolescents aged 12 years or
older weighing at least 35 kg with no previous treatment
failure and no known or suspected resistance to either
component drug on the basis of the week 16 interim
analysis of the ongoing MOCHA study (NCT03497676).*
The ongoing PENTA-17 SMILE trial of boosted darunavir
plus an INSTI in children aged 6-18 years showed non-
inferior virological suppression at week 48.%

The most efficacious option for treating active
tuberculosis is a rifampin-containing regimen. In low-
income and middle-income countries, rifabutin—an
alternative to rifampin with fewer drug interactions—is
often unavailable. As dolutegravir is partly metabolised by
the cytochrome P450-3A system, an enzyme system
strongly induced by rifampin, dolutegravir should be
administered twice daily if co-administered with rifampin.
Therefore, the option to use single tablet, once-daily
dolutegravir plus lamivudine as a complete regimen
is not available when treating an individual with
tuberculosis. Furthermore, rifampin might decrease
protease inhibitor concentrations, either decrease or
increase ritonavir concentrations, and increase the risk of
hepatotoxicity, thus contraindicating protease inhibitor-
based two-drug antiretroviral therapy when cotreating
tuberculosis.

The management of individuals with virological failure
is challenging as there is often a history of suboptimal
adherence or resistance. Although there are data
supporting use of some two-drug regimens, such as
dolutegravir plus ritonavir-boosted darunavir, in this
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context, a full discussion is outside the scope of this
Review.

No two-drug regimen is currently recommended for
initial antiretroviral therapy in people with HIV who
have not responded to HIV pre-exposure prophylaxis,
including individuals who were taking long-acting
cabotegravir as pre-exposure prophylaxis.

Two-drug therapy and metabolic outcomes
Non-AIDS comorbidities in people with HIV are affected
by traditional risk factors (eg, obesity, tobacco use, age,
and family history or genetics), chronic inflammation,
immune activation from HIV, and, in some cases, the
effects of long-term antiretroviral therapy.”® Risk
reduction involves maintaining viral suppression and
managing modifiable risk factors, including optimising
antiretroviral therapy regimens to minimise potential
metabolic complications. Like three-drug regimens, the
metabolic profile of two-drug regimens is determined by
their constituent agents. Many two-drug antiretroviral
therapy trials have examined surrogate markers of
metabolic outcomes, including blood and urine markers
of renal function, lipid metabolism, glucose or insulin
resistance, radiological studies assessing bone density,
and weight or BMI changes (appendix pp 1-3).

Tenofovir disoproxil fumarate is known to cause
elevations in serum creatinine and decreased bone
mineral density, and studies examining two-drug
regimens that do not contain tenofovir disoproxil fumarate
versus tenofovir-disoproxil-fumarate-containing three-
drug regimens have consistently shown benefits in
markers of bone and renal health.””* Tenofovir
alafenamide, however, has favourable bone and renal
profiles; in TANGO there was no difference in renal or
bone biomarkers in the dolutegravir plus lamivudine
versus  tenofovir-alafenamide-containing  triple-drug
antiretroviral therapy groups.®” Some antiretroviral
drugs have distinct effects on lipid metabolism, as
reflected in serum lipid profiles. The beneficial effects
of tenofovir-disoproxil-fumarate-containing three-drug
therapy on lipids was shown in multiple studies compared
with two-drug therapy.”***"* Conversely, TANGO showed
an overall improvement in lipids with switching to
dolutegravir plus lamivudine compared with continuing
tenofovir-alafenamide-containing  three-drug therapy,
potentially affected by three-drug regimens that included
boosted protease inhibitors.**%¥ Abacavir has been
independently linked to an increased risk of cardiovascular
disease.” Therefore, starting or switching to a regimen
that does not contain abacavir, such as currently approved
two-drug regimens, could be beneficial in people with
increased risk of cardiovascular disease.

Some antiretroviral drugs also influence bodyweight;
INSTIs and tenofovir alafenamide are associated with
weight gain and tenofovir disoproxil fumarate is
associated with weight suppression.®” The differential
effect of tenofovir disoproxil fumarate on weight was seen

in the GEMINI 1 and 2 studies, with participants receiving
dolutegravir plus lamivudine having 1-3 kg more weight
gain, on average, than those receiving tenofovir-
disoproxil-fumarate-containing  three-drug  regimens
(3-7kgvs 2-4kg at week 144).2 Switching from tenofovir-
disoproxil-fumarate-containing three-drug regimens to
dolutegravir plus lamivudine or tenofovir-alafenamide-
containing three-drug therapy has also been consistently
associated with weight gain.?*»” TANGO found no
differences in weight gain, BMI, blood glucose, or
insulin resistance between participants randomised to
dolutegravir plus lamivudine compared with contin-
uation of tenofovir-alafenamide-containing three-drug
antiretroviral therapy.®” Currently, no evidence suggests
starting or switching to preferred two-drug regimens will
favourably influence antiretroviral-therapy-associated
weight changes. The PASO-DOBLE study (NCT04884139)
will compare switching from a suppressive regimen
to dolutegravir plus lamivudine or bictegravir plus
lamivudine and tenofovir alafenamide to assess this
potential effect.

Two-drug therapy and other important features
of antiretroviral therapy

An important benefit of viral suppression is improving
atypical immune activation and inflammation compared
with untreated HIV. Atypical immune activation and
inflammation during antiretroviral therapy have been
associated with poor clinical outcomes.” Substudies of
pivotal trials have compared biomarkers of residual
inflammation or immune activation in people with HIV
receiving two-drug versus three-drug antiretroviral
therapy regimens and found mixed effects of unclear
clinical ~significance.®”” Sometimes, changes in
biomarkers were similar between two-drug and three-
drug regimens during short follow-up.**”* Focused
studies with a longer timeframe will improve our
understanding of the inflammatory profiles of the
different two-drug regimens compared with three-drug
regimens and the potential clinical consequences.

HIV might continue to replicate in anatomical
sanctuaries, including the CNS, lymphoid tissue, and
genital tissue, where antiretroviral drug concentrations
and viral dynamics might differ from the systemic
compartment. It is important to know whether two-drug
antiretroviral therapy regimens adequately reach and act
in these compartments as suboptimal antiretroviral
therapy penetration could lead to persistent viral
replication, select for resistance, and increase HIV
transmission risk.®®

Multiple small studies have examined the clinical
effects or penetration of particular two-drug
antiretroviral therapy in the CNS. In a substudy of
DOLAM, all participants who switched to dolutegravir
plus lamivudine maintained both plasma and
cerebrospinal fluid (CSF) HIV viral suppression up to
week 48, and there was no increase in CSF markers of
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inflammation or neuronal injury.* Another study
examined 78 people with HIV on three-drug therapy
and 19 people with HIV on two-drug therapy and found
no difference in rates of undetectable CSF HIV-1 RNA
or CSF escape between the regimens.® Another study
examined drug concentrations and viral suppression in
ten people with HIV after switching to a two-drug
regimen of boosted atazanavir plus lamivudine and
found that all but one participant with suboptimal
antiretroviral therapy adherence maintained plasma and
CSF HIV-1 RNA less than 40 copies 12 weeks after
switching.® A neurocognitive substudy within the SALT
trial showed stable neurocognitive function up to
week 96 in both the two-drug and three-drug groups.”

A substudy of 18 participants from the ANRS 167
LAMIDOL study who switched from dolutegravir-based
triple-therapy to dolutegravir plus lamivudine found
seminal plasma HIV concentrations to be unchanged
after 24 weeks of follow-up.®® These results were
consistent with the results of a study that examined
genital HIV-1shedding with dolutegravir plus lamivudine
in both treatment-naive and switch participants
compared with three-drug regimens and found no
differences in genital shedding between groups.”

HIV replication continues at low rates in many people
with HIV on suppressive antiretroviral therapy, but
whether this affects inflammation, risk of virological
failure, or emergence of resistance-associated mutations
or not is unknown. Scarce data suggest that specific
two-drug regimens have similar rates of low HIV
replication to comparator three-drug regimens.
Specifically, dolutegravir plus lamivudine was similar to
three-drug therapy in incidence of viral blips and HIV
RNA less than 40 copies per mL with target not
detected.®* A subanalysis of the ATLAS-M study found
similar HIV DNA concentrations with ritonavir-boosted
atazanavir plus lamivudine versus three-drug therapy.”

Cost

The cost of antiretroviral therapy to individuals varies
between and within countries due to differences in
pricing and payment schemes; the cost profile for some
two-drug regimens might be more favourable than for
three-drug regimens in countries like the USA if the
overall costs reflect the relatively low cost of generic
lamivudine.” A cost-effectiveness and budget-effect
study using data from the GEMINI studies estimated
that initial treatment with dolutegravir plus lamivudine
would be cost-saving compared with three-drug
regimens containing dolutegravir, bictegravir, or
boosted darunavir.”® Cost projections using TANGO
data also showed significant savings from switching to
dolutegravir plus lamivudine compared with continuing
tenofovir-alafenamide-containing three-drug therapy.
Studies using data from DOLAMA® found cost benefits
with dolutegravir plus lamivudine. In Taiwan,
dolutegravir plus rilpivirine was found to have cost
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advantages, but not when compared with efavirenz,
emtricitabine, and tenofovir disoproxil fumarate.”
Budget-effect analysis in ATLAS-M found simplification
from ritonavir-boosted atazanavir plus two NRTIs to
ritonavir-boosted atazanavir plus lamivudine at a
national level would lead to substantial reduction in
medical costs for the Italian national health system.*”

Potential cost advantages of two-drug therapy are not
always replicated. For example, more active pharmaceutical
ingredient (by total weight) is needed to manufacture
dolutegravir plus lamivudine compared with bictegravir,
emtricitabine, and tenofovir alafenamide. Therefore, a
potential generic dolutegravir plus lamivudine treatment
is possibly more expensive to deliver on a mass scale to
resource-constrained settings than a potential generic
bictegravir, emtricitabine, and tenofovir alafenamide
treatment.

Investigational two-drug regimens

Two-drug regimens, including subcutaneous lenacapavir
(the first-in-class capsid inhibitor) dosed every 6 months,
showed promising virological efficacy in treatment-naive
people with HIV. However, resistance emerged in a
few individuals with poor adherence and virological
failures.” Studies involving long-acting lenacapavir were
stopped in December, 2021, due to FDA concerns about
the compatibility of lenacapavir with borosilicate vials,
but began again in May, 2022, with new data on the
compatibility of lenacapavir with an alternative vial
made from aluminosilicate glass. In June, 2022, the
EMA recommended granting a marketing authorisation
for lenacapavir for the treatment of people with HIV
with multidrug-resistant HIV-1.” Development of two-
drug regimens containing islatravir was placed on
clinical hold due to an occurrence of lymphopenia in
some participants. However, in September, 2022, Merck
announced a new phase 3 clinical trial programme for
daily doravirine plus a low dose of islatravir, and planned
resumption of the phase 2 trial of weekly lenacapavir
plus islatravir at a reduced dose.” Finally, a proof-of-
concept study (ACTG A5357) is investigating long-acting
cabotegravir plus VRC07-523 leucine and serine, a

long-acting, broadly neutralising HIV-1 antibody
(NCT03739996).

Conclusion

Some two-drug antiretroviral therapy regimens,

including the first approved long-acting injectable
regimen, increase treatment options for the
individualised care of people with HIV. By reducing
cumulative exposure to antiretroviral drugs, effective
two-drug regimens might reduce long-term toxicities
and costs, depending on the constituent drugs and the
setting. The use of any two-drug regimen should be
informed by the characteristics of that regimen,
exceptions to its recommended use, and risks and
predictors of virological failure and resistance emergence.
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Search strategy and selection criteria

We searched the literature using medical subject headings to

”ou

find original articles using the search terms: “two drug”, “two-
drug”, “2 drug”, “2-drug”, “dual therapy”, “dual treatment”,

"o "o

“two drug therapy”, “two drug regimen”, “two-drug therapy”,
“two-drug regimen”, "HIV”, “HIV Infections”, and "Human
Immunodeficiency Virus” in PubMed, Embase, Web of
Knowledge, and Google Scholar. Abstracts were screened and
reviewed for relevance. This search was restricted to articles
published in English. The database searches were done
between Oct 29 and Nov 15, 2021, and on April 4, 2022.

Treatment guidelines do not recommend two-drug
therapy in people with chronic HBV, pregnancy, active
tuberculosis, or resistance to any of the component
antiretroviral drugs. The high burden of chronic HBV
and restricted infrastructure in some settings pose
challenges to the widespread use of two-drug
antiretroviral therapy regimens as a preferred global
public health approach. However, multiple two-drug
regimens have been shown to be effective for HIV
treatment with low rates of virological failure, good
tolerability, and high durability. These regimens are now
included in guidelines as standard antiretroviral therapy
options for treatment-naive and treatment-experienced
people with HIV.
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