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Long-acting antiretrovirals and HIV treatment adherence

Jean B Nachega*, Kimberly K Scarsi*, Monica Gandhi, Rachel K Scott, Lynne M Mofenson, Moherndran Archary, Sharon Nachman, Eric Decloedt,

Elvin H Geng, Lindsay Wilson, Angeli Rawat, John W Mellors

Intramuscular injection of long-acting cabotegravir and rilpivirine is a novel, long-acting antiretroviral therapy (ART)
combination approved for use as a fully suppressive regimen for people living with HIV. Long-acting cabotegravir
with rilpivirine ART has reduced required dosing frequency from once daily to once every month or every 2 months
injections. This new era of long-acting ART, which includes other antiretrovirals and formulations in various stages
of clinical development, holds tremendous promise to change the standard of HIV treatment. Although long-acting
ART has high potential to be revolutionary in the landscape of HIV care, prevention, and treatment cascade, more
data are needed to substantiate its efficacy and cost-effectiveness among patients at risk of non-adherence and across
age groups, pregnancy, and post partum. Advocacy efforts and policy changes to optimise a sustained, high-quality,
equitable reach of long-acting ART, especially in low-income and middle-income countries where most people living
with HIV reside, are needed to realise the full benefits of long-acting ART.

Introduction
Although there are several highly effective options for
once-daily oral antiretroviral therapy (ART) for people
living with HIV, many individuals struggle with
adherence because of complex behavioural, cognitive,
and structural barriers, including the characteristics of
HIV therapies and drug delivery."” Long-acting ART
offers a novel and promising therapeutic approach that
could provide a much-needed alternative strategy both to
treat and to prevent HIV. Long-acting ART can benefit
patients who struggle with adherence because of side-
effects, pill fatigue, pill aversion, or stigma. For example,
injections could help to mitigate privacy concerns by
reducing the risk of unintended HIV disclosure outside
of a clinical setting and the associated stigma that can
occur with obtaining and taking daily oral antiretrovirals.’
One long-acting ART regimen is available for HIV
treatment: separate intramuscular injections of long-
acting cabotegravir, an integrase strand transfer inhibitor,
and long-acting rilpivirine (a non-nucleoside reverse
transcriptase inhibitor).* The combination of long-acting
cabotegravir plus long-acting rilpivirine is approved for
the treatment of non-pregnant adolescents and adults
with viral suppression below the limits of HIV RNA
detection in plasma. Long-acting cabotegravir is also
approved for HIV prevention as pre-exposure prophylaxis
(PrEP). Several other long-acting antiretrovirals are
available or in development for both treatment
and prevention (table 1). The monoclonal antibody
ibalizumab-uiyk (administered as an intravenous
infusion or intravenous push every two weeks) and
the HIV capsid inhibitor lenacapavir (administered
subcutaneously every six months after an oral lead-in
period) are both approved in some high-income settings.
Both ibalizumab-uiyk and lenacapavir must be used in
combination with other oral antiretrovirals to form an
optimised regimen for heavily treatment-experienced
individuals with multidrug-resistant HIV. Lenacapavir is
also being studied in clinical trials of initial ART, in
combination with other antiretrovirals, and in HIV
prevention trials as PrEP. Islatravir, a nucleoside reverse

transcriptase translocation inhibitor, will be studied in
combination with lenacapavir, both as once-weekly
oral formulations. Intravenously administered broadly
neutralising antibodies are also in phase 1 and 2 clinical
trials as potential long-acting options for both HIV
treatment and PrEP.

Long-acting drugs for the treatment and prevention of
other conditions have shown improved adherence
compared with treatments that require more frequent
administration, leading to better outcomes and retention
in care’ However, more data are needed about how
long-acting ART might help people with HIV who are at
risk for non-adherence outside the structure of clinical
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+ Long-acting antiretroviral therapy will become a standard treatment option for people
living with HIV; four long-acting antiretrovirals are currently available in some

countries, and many more are in development

« Virological failure with drug resistance is a risk in individuals who switch to long-acting
ART and are not retained in care or discontinue long-acting products without initiating
alternative therapy; this is due to the long pharmacokinetic tail of declining drug

concentrations after product discontinuation

« Although infrequent, confirmed virological failure with drug resistance mutations
occurred during clinical trials in patients with on-time injections of long-acting ART

« Patients will require ongoing monitoring in real-world settings as long-acting ART
becomes more widely implemented, but early demonstration studies of injectable
long-acting ART show high levels of adherence to injection schedules and continued

viral suppression

+ Ifthereis a need for virological suppression with oral formulations of cabotegravir plus
rilpivirine prior to initiation of long-acting injectable formulations, this will be a barrier

to realising the potential benefits of long-acting ART

+ Clinical trials are needed to examine the efficacy of long-acting ART among people who

are challenged by adherence to once-daily oral ART

+ Further data, including from implementation research, are urgently needed to ensure
the optimal effectiveness of long-acting ART in special populations of individuals with

HIV, including children, adolescents, and pregnant people.

« Ensuring equitable access to novel, long-acting therapies worldwide must be a priority
for clinicians, manufacturers, and policy makers to maximise the effect of these drugs

on the HIV pandemic
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Formulation

Development stage

Approved dose

Entry inhibitors

Albuvirtide Intravenous infusion

Combinectin (GSK3732394) Phase 1

Broadly neutralising antibodies*

Subcutaneous injection

Ibalizumab-uiyk Intravenous infusion or

Non-nucleoside reverse transcriptase inhibitors

Rilpivirinet Intramuscular injection

Integrase strand transfer inhibitor

Cabotegravirt Intramuscular injection

Capsid inhibitors

Lenacapavir (GS-6207) Subcutaneous injection

and oral

of long-acting antiretrovirals.

Approved for marketing in China

Approved for marketing by
regulatory authorities in

intravenous push
high-income countries

Leronlimab (PRO 140) Subcutaneous injection  Phase 2 and 3
VRCO1 and VRCO1LS Intravenous infusionor ~ Phase 2 and 3

subcutaneous injection
VRC07 and VRCO7-523LS Subcutaneous injection  Phase 2/3
Semzuvolimab (UB-421) Intravenous infusion Phase 2 and 3
Elipovimab (GS-9722) Intravenous infusion Phase 1
Nucleoside reverse transcriptase translocation inhibitor
Islatravir (MK-8591) Oral and implant Phase 2

Approved for marketing by
regulatory authorities in
high-income countries

Approved for marketing by
regulatory authorities in
high-income countries

Approved for marketing by
regulatory authorities in
high-income countries

PrEP=pre-exposure prophylaxis. *Rapidly expanding research field with various broadly neutralising antibodies in preclinical phases. tOptional oral lead-in before initiation

Loading dose of 320 mg per day for 3 days and
maintenance dose of 320 mg per week; dosed in
combination with optimised background ART

Loading dose of 2000 mg and maintenance dose 800 mg
twice per week; dosed in combination with optimised
background ART

Once every month regimen: loading dose of 900 mg and
maintenance dose of 600 mg monthly; once every

2 months regimen: loading dose of 900 mg per month
for 2 months and maintenance dose 900 mg once every 2
months; dosed with cabotegravir

Once per month regimen with rilpivirine: loading dose of
600 mg and maintenance dose of 400 mg once per
month; once every 2 months regimen with rilpivirrine or
alone as PrEP: loading dose of 600 mg per month for

2 months and maintenance dose of 600 mg once every
2 months

Oral initiation of 600 mg on day 1and day 2, 300 mg on
day 8; subcutaneous maintenance of 927 mg beginning
day 15 and then once every 6 months

Table 1: Long-acting antiretrovirals in development or in clinical use

trials. Here, we outline the potential advantages and
disadvantages of long-acting ART, with an emphasis on
the firstlong-acting ART regimen containing cabotegravir
and rilpivirine (panel). We also discuss the current
evidence and identify gaps in knowledge to support the
use of long-acting ART in pregnant women, adolescents,
and children.

Clinical overview of long-acting ART from an
adherence perspective

Phase 3 clinical trials of once every month or once every
two months intramuscular administration of long-acting
cabotegravir and rilpivirine ART showed non-inferiority
to daily oral three-drug ART and sustained viral
suppression for 124 weeks in patients who were
virologically suppressed at the time of their first injections
(table 2).7*"* In clinical trials, any dose given during the
7 day period before or after the planned injection visit was

considered an on-time injection. In a pooled analysis of
monthly long-acting cabotegravir and rilpivirine through
week 48 in the ATLAS and FLAIR trials, high adherence
to this dosing window was observed, with 98% of
participants receiving the injection within 7 days of the
scheduled visit.® A strategy examining long-acting
cabotegravir and rilpivirine given every 2 months (ATLAS-
2M trial) also showed high rates of virological suppression
at 96 weeks.® A pooled analysis of FLAIR, ATLAS, and
ATLAS-2M showed that virological failure occurred in
only 1-4% of individuals.* Although a high rate of
adherence is typical in clinical trials, outcomes from the
real-world implementation data of long-acting ART in a
more diverse patient population are needed.

Outside of clinical trials, four reports are available to
describe the implementation of monthly long-acting ART
in clinical settings. 35 patients accessed long-acting
cabotegravir and rilpivirine ART in a compassionate use
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programme in Europe, North America, and South Korea.
28 (80%) participants were not virologically suppressed at
the start of the trial, and 15 (43%) were enrolled due to oral
antiretroviral adherence barriers, including difficulty with
swallowing pills, pill fatigue, and stigma.” After a median
of 10 months (range 1-47 months) of follow-up, 22 (63%)
of 35 participants were virologically suppressed (HIV RNA
<50 copies per mL). Of the 13 participants who were not
suppressed, three (23%) had not been enrolled in the
programme for long enough to achieve viral suppression
and seven (54%) switched therapy because of virological
failure. Participant characteristics that predisposed
individuals to virological failure included high BMI and
pre-existing non-nucleoside reverse transcriptase inhibitor
or integrase strand transfer inhibitor resistance mutations.
The proportion of people who received on-time injections
was not reported.

Outcomes were reported from 39 patients in
San Francisco (CA, USA) who initiated long-acting
cabotegravir with rilpivirine ART, including 15 participants
with detectable HIV RNA at initiation (mean log, viral
load 468, SD 1-16)." Of these 15 participants, 12 (80%;
95% CI 55-93) achieved viral suppression after
six (range 3-11) once-monthly injections, and the
remaining three had a 2-log decline in plasma HIV RNA
after a median of 22 days from initiation of long-acting
ART. Of the 24 patients who were already virologically
suppressed at long-acting ART initiation, all patients
(100%; 95% CI 86-100) remained suppressed after six
(range 2-8) once-monthly injections. On-time injection
visits were reported for 35 patients (89%; 95% CI 73-94).
In an updated analysis, of 41 patients who started on long-
acting cabotegravir and rilpivirine with viraemia (mean
log,, viral load 4-22, SD 1-33), 98% achieved virological
suppression by a median of 41 days.” In the larger US-
based OPERA cohort, 383 patients received their first
injection of long-acting cabotegravir and rilpivirine
between January, 2021, and February, 2022." Of those, 273
(71%) had recorded virological outcomes by October, 2022.
Of 252 who started with virological suppression, 249 (99%)
remained virally suppressed after switching to long-acting
ART; of the 21 patients who started without virological
suppression, 19 (90%) achieved virological suppression.

Collins and colleagues®” reported outcomes for their
first 15 patients after a median of six (quartile 1 3-5,
quartile 3 7) once-monthly injections of long-acting
cabotegravir and rilpivirine in Atlanta (GA, USA).”
14 patients remained virologically suppressed (HIV
RNA <200 copies per mL) 3 months after long-acting
ART initiation, but one patient with data at 6 months
had an HIV RNA concentration of 750 copies per mL,
despite no missed or delayed injections, and
subsequently switched back to oral ART. Another
patient, who initiated long-acting cabotegravir and
rilpivirine with a viral load of 767 copies per mL
resulting from difficulty with oral therapy (ie, severe
malabsorption), did not suppress on long-acting ART

Panel: Advantages and challenges of administering long-
acting antiretrovirals compared with daily antiretroviral
therapy

Advantages

+ No absorption complications associated with oral dosing
(eg, food or drug interactions)

« Less frequent dosing

« Potential for improved adherence in individuals with
adherence barriers to oral therapy

* Lessstigma

+ Less opportunity for breaching health privacy; decreased
potential for disclosure is specific to disclosure to people
outside of the clinical care setting

+ Objective monitoring of adherence

+ Improvement in wellbeing and quality of life

Challenges

+ Cold chain storage might be required for intramuscular or
intravenous injections (eg, rilpivirine)

» Current products require health-care provider
administration

+ Injection volume could limit the ability to dose (eg, infants
and children)

+ Anoral lead-in dosing period might be required

+ Management of drug-drug interactions might be more
difficult due to the prolonged pharmokinetic tail and
difficulty with long-acting dose adjustment

» Absence of pharmacokinetic data in specific populations
(eg, growing infants and children, pregnant people, people
with high BMIs)

+ Incomplete adherence could lead to a subtherapeutic
pharmacokinetic tail, risking the development of drug
resistance

« Affordability of these drugs in low-income and middle-
income countries, especially when compared with current
oral therapy

+ Need for monitoring systems and outreach for on-time
injections

after 6 months (HIV RNA 689 copies per mL) despite
no delayed or missed injections.

Data on injections of long-acting cabotegravir and
rilpivirine given every 2 months as a switch strategy are
available from a phase 3b, open-label, implementation-
effectiveness trial in 18 clinical centres in Europe
(CARISEL)® and a German multicentre cohort study
(CARLOS).* Among 430 participants in CARISEL,
87% (95% CI 83-2-89-8%) maintained virological
suppression, 0-7% had virological failure (HIV RNA
=50 copies per mL; CI 95% 0-1-2%), and 13% had no
virological data available up to month 12.* Of
2376 injections, most (99%) occurred before or within
the 7-day dosing window, 1% occurred after the dosing
window, and only 22 injections were missed. Among
200 patients included in a CARLOS analysis, 89-5% were
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Participant characteristics  Regimens Primary endpoint* Final published data*
difference (95% Cl) difference
ATLAS? Virologically suppressed, Oral PI, NRTI, or INSTI with a two-NRTI backbone vs oral lead-in of cabotegravir ~ Week 48: 0-6% (-1-2 to 2:5) Week 96:100% (23 of 23) in

ART-experienced adults with 30 mg/day plus rilpivirine 25 mg/day for 4 weeks, followed by 600 mg of long-acting arm and 97%

HIV long-acting cabotegravir intramuscularly plus 900 mg long-acting rilpivirine (28 of 29) in switch arm had
intramuscularly once on week 4, followed by 400 mg long-acting cabotegravir HIV-1 RNA <50 copies per mLt
intramuscularly plus 600 mg long-acting rilpivirine intramuscularly every
4 weeks beginning at week 8

ATLAS-2M**  Virologically suppressed Long-acting cabotegravir 400 mg intramuscularly plus long-acting rilpivirine Week 48:0-8% (-0-6t022)  Week 124:1-0% (95% Cl-0-6

(HIV-1 RNA <50 copies per 600 mg intramuscularly every 4 weeks vs long-acting cabotegravir 600 mg t02-4)

mL) participants who intramuscularly plus long-acting rilpivirine 900 mg intramuscularly every

completed the ATLAS trial 8 weeks

FLAIR®® ART-naive adults with HIV All participants inducted on oral dolutegravir, abacavir, and lamivudine daily for ~ Week 48:-0-4% (-2-8t02-1) ~ Week 124: 450 (82%) of 551
20 weeks then randomly assigned to continue or switch to oral lead-in of had HIV-1 RNA <50 copies per
cabotegravir 30 mg daily plus rilpivirine 25 mg daily for 4 weeks followed by mL$

long-acting cabotegravir 600 mg intramuscularly plus long-acting rilpivirine
900 mg intramuscularly once at week 4 followed by long-acting cabotegravir
400 mg intramuscularly plus long-acting rilpivirine 600 mg intramuscularly

every 4 weeks beginning at week 8

INSTI=integrase strand transfer inhibitor. NRTI=nucleoside or nucleotide reverse transcriptase inhibitor. NNRTI=non-nucleoside reverse transcriptase inhibitor. Pl=protease inhibitor. Al trials were phase 3,
randomised, multicentre, open-label, non-inferiority trials. *Endpoint was HIV-1 RNA of 50 copies per mL or less, unless indicated. 152 participants continued long-acting therapy (long-acting arm) or were
randomised to oral ART but who chose to switch to long-acting therapy (switch arm); these participants were included in the week 96 analysis for which the primary endpoint was the proportion of patients with
HIV-1 RNA <50 copies per mL. At week 100, participants originally assigned to the oral therapy comparator group were offered the option to switch to long-acting cabotegravir with rilpivirine; 111 chose a
direct-to-inject option without an oral lead-in whereas 121 opted for the oral lead-in, 110 in the direct-to-inject group (99%; 95% Cl 97-100%) and 113 in the oral lead-in group (93%; 95% Cl 89-98%) had an

HIV-1 RNA of less than 50 copies per mL at week 124.

Table 2: Phase 3 trials of cabotegravir and rilpivirine for the treatment of HIV®

virologically suppressed after 6 months on long-acting
ART* Of 633 injection visits, 18 (2-8%) occurred late
(>7 days after scheduled injection).

Although long-acting ART addresses several challenges
associated with daily oral pill regimens (including the
daily reminder of living with HIV, potential unintended
disclosure of HIV status, stigma of being seen taking
medication, side-effects, or challenges related to daily
ingestion of tablets or pills) new challenges could emerge
regarding retention in care, adherence to more frequent
injection visits, or anxiety around injections. On the basis
of phase 3 trials and emerging data from the imple-
mentation of long-acting cabotegravir and rilpivirine
ART, adherence to the injection visits is generally high.
The currently approved product labelling requires
Z-track intragluteal injections in a health-care setting.
Frequent visits, even if monthly or less frequently, to the
clinic during typical business hours remain challenging
for some patients and, importantly, could limit access
to long-acting ART for patients who have caregiving
responsibilities, inflexible work schedules, long com-
mutes, or other transportation barriers. Clinical
monitoring systems to follow up delayed or missed
injections visits should be established to help identify
patients who need to be engaged, retained, or re-engaged
in care. Evidence indicates that similar pharmacokinetic
results can be achieved by administering long-acting
cabotegravir and long-acting rilpivirine in the lateral
thigh, an approach that could allow self-administration
or expand the number of locations at which injections
could be administered.? Although self-administered
long-acting ART could be beneficial for global

implementation, it also eliminates the adherence
monitoring benefits of long-acting ART administration
during clinic visits and thus warrants further imple-
mentation research to maximise adherence to self-
administered long-acting ART.

Low-income and middle-income countries must have
access to long-acting ART, which involves supply,
affordability, and appropriate infrastructure (eg, storage
and distribution). With access, adherence can be monitored
objectively, but systems will need to be developed and
refined to allow this.” Although WHO has not yet endorsed
long-acting cabotegravir and rilpivirine ART for low-
income and middle-income countries, we believe that the
expansion of this regimen into these regions could help to
address stigma and some barriers to adherence. ViiV
Healthcare and the Medicines Patent Pool signed a new
voluntary licensing agreement for patents relating to long-
acting cabotegravir® that allows it to be produced by
generic manufacturers for less than US$3-00 per vial.*

Emergence of drug resistance

Parenteral long-acting ART offers adherence advantages
over daily oral ART; however, drug resistance can become
problematic even if doses are taken on schedule.
Treatment failure with new resistance-associated
mutations occurred in only 1-1-5% of participants who
received the long-acting cabotegravir and rilpivirine ART,
with a latest pooled virological failure rate of 1-4% across
152 weeks across three phase 3 clinical trials.* All
six participants who had confirmed virological failure
in the ATLAS and FLAIR studies had new pheno-
typic resistance to cabotegravir, rilpivirine, or both.
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Two participants with confirmed virological failure
during the first 48 weeks of the two studies developed
resistance to rilpivirine alone, one to cabotegravir alone,
and three to both drugs, although the fold-change in
sensitivity was moderate (2—4 to 9-4-fold).”"

There were 13 cases of confirmed virological failure
(1-25%) among 1039 adults who received long-acting
cabotegravir-rilpivirine ART as part of phase 2 and 3
clinical trials.” The presence of rilpivirine-resistance
mutations in proviral DNA, HIV-1 subtype A6 or Al, high
BMI, and lower week 8 rilpivirine trough concentrations
were all significantly associated with risk of unsuccessful
treatment.” Although nearly all participants received
their week-4 or week-8 injections on time, nine of 13 who
developed confirmed virological failure had plasma
concentrations of cabotegravir and rilpivirine that were
less than the median, and seven had week-8 plasma
trough concentrations of both drugs in the lowest
quartile.” We theorise that in patients with BMIs over 30,
associations with unsuccessful treatment might result
from difficulties with intramuscular administration of
the cabotegravir and rilpivirine nanosuspensions. Drug
administration to the muscle could be improved with
longer needles (=2 inches, instead of the 1-5 inch needle
provided with the drug product) to yield the desired
intramuscular depot. However, pharmacokinetic analyses
suggest that although cabotegravir concentrations were
lower in patients with high BMI, rilpivirine concentrations
did not differ by BMI, potentially because other factors
(including lipophilicity) influenced absorption from the
depot compartment.®” Finally, although low week-8
cabotegravir concentrations were associated with high
BMI, concentrations of cabotegravir and rilpivirine were
overlapping for the high and low BMI groups by week-16
and beyond,” suggesting that risk of confirmed virological
failure related to low drug concentrations might be higher
during the first 4 months of treatment.

In prevention trials with injectable long-acting
cabotegravir PrEP, incident HIV in women receiving
long-acting cabotegravir PrEP in the HIV Prevention
Trials Network (HPTN) 084 study were exceedingly rare
(three of 1614, 0-2%); cases occurred only in the setting
of low or wundetectable cabotegravir plasma
concentrations and without detectable cabotegravir
resistance.” In participants who acquired HIV despite
adherence to all injection visits in the HPTN 083 study,
HIV resistance to integrase strand transfer inhibitors
occurred in five cabotegravir recipients who had
genotyping data available.”” All five participants received
at least one cabotegravir injection after they acquired
HIV but before the virus was detected, and
three participants retained phenotypic susceptibility to
dolutegravir and bictegravir.”® There was no consistent
profile of cabotegravir-resistance mutations among
the five cases. Because treatment with long-acting
cabotegravir as PrEP seems partly to suppress
replication of HIV resistant to integrase strand transfer

inhibitors and can delay diagnosis, individuals at risk
are given the recommendation to monitor HIV-RNA at
each injection visit.* Unfortunately, this strategy could
be cost-prohibitive in low-income and middle-income
countries.

Treatment-emergent resistance to long-acting lenacapavir
has developed during trials in patients with virological
failure on ART and drug resistance before addition of
long-acting lenacapavir. Identified drug-resistant mutations
exhibit reduced replication capacity in vitro.” In the phase
3 CAPELLA trial in heavily treatment-experienced patients,
new lenacapavir resistance was detected in eight (11%) of
72 patients receiving long-acting lenacapavir plus an
optimised background regimen.” In all cases, this
turned out to be a consequence of unintended lenacapavir
monotherapy resulting from inadequate sensitivity of the
patients’ virus to the background regimen.” Monotherapy
with broadly neutralising antibodies to HIV is strongly
associated with emergence of resistance, which can result
from a virus with pre-existing resistance or mutations in
the HIV envelope that can rapidly evolve with incomplete
viral suppression.* To effectively treat and prevent HIV,
broadly neutralising antibodies will likely have to be
administered in combination or with a long-acting
antiretroviral small molecule.

Managing the clinical challenges of the
pharmacokinetic tail

The prevailing hypothesis is that the emergence of new
drug resistance in patients being treated with ART or a
single-drug oral regimen for PrEP is a consequence, at
least in part, of suboptimal concentrations of one or
more drugs within the regimen, which leads to
virological failure or breakthrough infection. As a long-
acting formulation is designed to sustain effective
concentrations for several months after injection, on-
time drug administration at the end of each dosing
interval is required to avoid the long pharmacokinetic
tail with subtherapeutic concentrations (figure).*
Cabotegravir concentrations were detected a median of
43.7 after the last injection in male participants and
67-3 weeks in female participants. In the HIV treatment
and prevention setting, the greatest impediment to
successful use of long-acting antiretroviral has been
management of this tail. The half-life of long-acting
rilpivirine exceeds that of long-acting cabotegravir
(13-28 weeks vs 6-12 weeks, respectively);* therefore, a
missed dose of the combination regimen can result in
prolonged rilpivirine monotherapy.

When long-acting cabotegravir and rilpivirine ART is
administered every 8 weeks rather than every 4 weeks,
the number of patients who had unsuccessful treatment
with resistance and subsequent drug resistance
increased, but these differences are not statistically
significant. In the ATLAS-2M study, after 96 weeks of
treatment with long-acting cabotegravir and rilpivirine,
only two (>1%) of 523 participants randomised to the

www.thelancet.com/hiv Published online April 13,2023 https://doi.org/10.1016/52352-3018(23)00051-6



22tlhiv0434

A Male participants

= 10000,
2 \
=)
£
c
S
®
£ 1000 S
9] >3 x PA-IC
5 e T2 TR0 3 PALIC,
3 . e 1B XPAYIG g paicy,
o N
2 100+ AN
3 .
[i]
©
S ——————————————————————————— <LxPAIGy LLOQ 25ng/mL
o
10 T T T T T T
B
~ 10000
E
=)
£
c
S
[ 3
£ 1000+ PA-IC
I B o XRG4 panic,
S
s 1-4 x PA-IC
g T AN T T
£ 100+
Qo
S <1x PA-ICy,
©
5 ,,,,,,,,,,,,,, .- LLOQ 25ng/mL
o
10

— T T TP T T T T T T T T T
0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204 216 228

Time since last injection (weeks)

1+ Treatment in pregnancy and post partum
ART adherence for women and other people with HIV
during pregnancy and post partum is crucial to both
promote maternal health and prevent HIV transmission,
5 yet studies have shown a substantial proportion of
pregnant and post partum women with HIV across
different income-level countries face challenges with
maintaining optimal ART adherence.** Suboptimal ART
adherence is associated with rebound viraemia, leading to
10 enhanced risk of perinatal HIV transmission during
pregnancy and delivery or through breastfeeding.” The
few randomised trials evaluating the effects of behavioural
or SMS interactive interventions on post-partum retention
and ART adherence among women on lifelong ART have
15 shown no benefit.** Although antenatal care and ART
integration, family-centred approaches, and the use of lay
health-care providers were effective in increasing service
uptake and retention of mothers and their infants in HIV
programmes, these data were limited by the absence of
20 control groups.” Long-acting ART has the potential to
improve ART adherence and outcomes substantially and
sustainably, especially among people with HIV who
struggle with adherence during pregnancy and post
partum.* Current and future long-acting antiretroviral
25 options approved by the US Food and Drug Administration
offer alternatives to once or twice daily administration of
oral ART that could prevent barriers related to pill burden,

Figure: Individual participant log-linear regression curves of plasma cabotegravir concentrations using time
between the maximum measured concentration and the last quantifiable concentration after the last
injection by sex assigned at birth

Male participants (A). Female participants (B). Curves were fitted for each individual extrapolated to the
intersection with LLOQ and all extended beyond the observed concentrations. Dots represent individual
participants’ values based on days elapsed since the last injection. Horizontal dashed lines show estimates of
protection based on the simian-human immunodeficiency virus challenge model indicating proportion of rectal or
vaginal challenges protected for males and females, respectively. LLOQ=lower limit of quantification. PA-
ICoo=protein-binding-adjusted 90% inhibitory concentration. Reproduced from Landovitz and colleagues,* by
permission of the authors.

4-week arm had confirmed virological failure, compared
with nine (2%) of 522 in the 8-week arm.” Patients
receiving long-acting cabotegravir and rilpivirine ART or
long-acting cabotegravir for PrEP who must miss a
scheduled injection by more than 7 days should receive
daily oral therapy to bridge treatment until the long-acting
therapy can be resumed. When discontinuing long-
acting cabotegravir and rilpivirine ART or long-acting
cabotegravir for PrEP in patients at ongoing risk for HIV
exposure, patients should switch to oral therapy within
7 days of the next scheduled dose.*” Due to the slow
elimination of cabotegravir, oral therapy must continue
for at least one year**® To achieve sustained viral
suppression and mitigate the risk of resistance due to
slow elimination of these drugs, effort should be made to
ensure patients are retained in care. For patients who are
lost to follow-up while receiving long-acting therapy,
additional clinical assessments are required before
reinitiating ART, long-acting ART, or PrEP."**

daily adherence, and inadvertent HIV status disclosure
and associated stigma in this vulnerable population.**
30 Pill burden and pill aversion are especially relevant in
pregnancy, as nausea and vomiting can further complicate
tolerance of oral regimens.
To date, there are minimal data from pregnant or post
partum people with HIV initiating or continuing long-
35 acting ART. Prospective evaluation in pregnancy is crucial
given that physiological changes during pregnancy can
effect both pharmacokinetics and pharmacodynamics,
with potential alterations in drug absorption, distribution,
metabolism, and elimination.®* Data on pregnancy
40 outcomes and pharmacokinetics of the long-acting
cabotegravir and rilpivirine tail in pregnancy are available
from a small number of women with HIV who became
pregnant while participating in clinical trials and were
required to discontinue long-acting cabotegravir and
45 rilpivirine ART and initiate an alternative oral ART
regimen.” However, pharmacokinetic data in women or
others who continue or initiate long-acting ART during
pregnancy are not available. There are no human data
on placental transfer or secretion into breastmilk
s0 among individuals initiating or continuing long-acting
cabotegravir and rilpivirine in pregnancy or post partum.
The only available data are from an ex vivo human
cotyledon perfusion model, which indicated lower
placental transfer of cabotegravir compared with other
55 integrase strand transfer inhibitor drugs.”
There are pharmacokinetic data for orally administered
rilpivirine during pregnancy that show the concentration
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to be 20-50% lower in the second and third trimesters
than in non-pregnant people. This lower rilpivirine
concentration in pregnancy has been attributed to
lower albumin concentrations during pregnancy and
pregnancy-related cytochrome P450 3A4 enzyme
induction; these data led to US perinatal guidelines
recommending increased monitoring of HIV RNA if
rilpivirine is used in pregnancy but no empirical dose
adjustment. Prospective pharmacokinetic research is
needed to evaluate the degree to which long-acting
rilpivirine is affected by pregnancy-related physiological
changes.”™

Published pharmacokinetic and safety data on long-
acting cabotegravir and long-acting rilpivirine in pregnancy
are limited to four abstracts. Two phase 3 clinical trials
describe rilpivirine pharmacokinetics in four pregnancies
with early drug exposures. Specifically, these trials describe
rilpivirine  pharmacokinetics in women receiving
injections of long-acting cabotegravir and long-acting
rilpivirine who became pregnant while on long-acting
cabotegravir and rilpivirine and were subsequently
switched to oral ART upon diagnosis of pregnancy.®” A
third abstract update from the phase 3 trial reported on
cabotegravir and rilpivirine pharmacokinetic tails after
discontinuation in seven women after pregnancy was
recognised.” The fourth abstract describes safety and
pharmacokinetics among 26 pregnancies with early drug
exposure to long-acting cabotegravir for HIV PrEP in
HPTN 084; the women were subsequently switched to oral
PrEP once pregnancy was recognised.”® In the phase 3
treatment trial, serial measurement of the cabotegravir tail
concentrations during pregnancy showed rates of decline
in seven participants with normal bodyweight and
pharmacokinetic data available that were similar to non-
pregnant people, and population pharmacokinetic
modelling predicted that cabotegravir concentrations
would remain therapeutic throughout pregnancy™ In
one participant, a more rapid than expected decline in
cabotegravir concentrations was documented in the third
trimester, possibly attributable to altered absorption due to
low BML* Similarly, data on long-acting cabotegravir
exposure during early pregnancy in HPTN 084 found that
the apparent terminal phase halflife in pregnant
participants was comparable to non-pregnant people.”
Long-acting rilpivirine tail concentrations in the phase 3
clinical trials were also similar between pregnant and non-
pregnant individuals.® None of the above studies noted
safety signals related to early pregnancy exposure.

Children and adolescents living with HIV

HIV RNA suppression, a surrogate biomarker of
adherence to highly active combination ART, occurs in a
lower proportion of children and adolescents with HIV
than adults.” Reasons for this observed difference
include the scarcity of choice of paediatric formulations
to accommodate dosing needs of growing infants and
children and the complex psychosocial factors affecting

adherence to treatment. Although the increased
availability of palatable, simple, once-daily oral regimens
has improved virological suppression, substantial
adherence challenges remain.” As children transition to
adolescents, they confront several new challenges,
including being informed of their HIV status, disclosure
to peers and potential partners, treatment fatigue,
unwanted side-effects (eg, weight gain), and internal and
external HIV stigma. These factors are in addition to the
psychological developmental changes that occur during
adolescence and affect the successful transition to
independent self-care that typifies adult care.” The
availability of long-acting ART has the potential to
address many of these adherence challenges by allowing
children and adolescents living with HIV to age into
adulthood without the burden of adhering to complex
daily oral treatment regimens.

Developing long-acting ART for children and
adolescents is not without challenges. Changes in the
weight and size of children and age-related changes in
metabolic enzymes require pharmacokinetic evaluations
and dose adjustments over time. WHO weight bands for
antiretroviral drugs are a widely accepted standard to
simplify dosing in children and adolescents. In the
two studies of children and adolescents that evaluated
long-acting cabotegravir and long-acting rilpivirine,
population pharmacokinetic modelling was used to
successfully predict the initial dose for evaluation across
weight bands.®* However, these standard weight-bands
do not consider the rapid changes in body composition
that occur during adolescence, thus limiting the
usefulness of the models. The site and maximum volume
of injections can vary with age of the child, size of
needles, and method of administration. Intramuscular
injections in children generally have lower administration
volumes than adults because the paediatric dose is also
lower and, due to lower muscle bulk in the gluteal
muscles in children, are often administered in the lateral
thigh.*** Changes in absorption from the administration
site and changes in metabolism during ageing, along
with hepatic metabolic maturity, can affect the dose and
dosing frequency. Apart from the pharmacokinetic
differences, acceptability and preference requirements
need to be evaluated for children and adolescents and
their caregivers.

One cross-sectional study evaluated attitudes toward
long-acting ART in 303 adolescents and young adults
with HIV aged 13-24 years.” Overall, 266 participants
(88%) reported a willingness to try long-acting ART, with
higher interest indicated by individuals with HIV RNA
of more than 1000 copies per mL than by virologically
suppressed participants. Reducing the pain of admin-
istration and increasing the duration between doses are
likely to be key considerations when developing long-
acting formulations for this population.®

Long-acting cabotegravir and long-acting rilpivirine
injections are in phase 2 studies in adolescents and
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children. Interim data showed that these formulations
were well tolerated and achieved the target pharma-
cokinetic exposure, and the regimens were found to
be acceptable to adolescents and their parents or
caregivers.®® These data were used to support FDA
approval for switching to long-acting cabotegravir and
rilpivirine ART in virally suppressed adolescents younger
than 12 years who weigh more than 35 kg.” A separate
study will evaluate the acceptability, safety, and dosing of
long-acting cabotegravir—rilpivirine in children aged
2-12 years. Lessons learned from these studies will
advance our understanding of long-acting formulations
use in the paediatric population.

Implementation considerations
Whether long-acting ART will change population health
outcomes depends not only on the properties of the
medications but also on the perceived acceptability,
appropriateness, and feasibility among health systems,
providers, patients, and communities. Even though
long-acting ART can be used in patients who are already
virologically suppressed to improve quality of life, the
question for public health is whether long-acting ART
will be used to improve population health and reduce
HIV transmission through HIV RNA suppression. The
one available long-acting ART combination is only
approved for individuals who are virally suppressed,
and clinical trials included a 1 month oral lead-in of
cabotegravir and rilpivirine to assure tolerability before
long-acting administration. The oral lead-in presents
additional barriers for individuals who have pill-aversion
or other barriers to oral medications. Fortunately, due to
high tolerability of the regimen in clinical trials, the
current product labelling for both ART and PrEP allows
for optional use of the oral lead-in for patients and
providers, decided through shared decision making.***
Given that many patients who are not virally suppressed
also have social and structural barriers” (eg, housing

Search strategy and selection criteria

We searched PubMed using MeSH. We focused on terms about
antiretroviral treatment (MeSH terms: “anti-retroviral agents”,
“antiretroviral therapy”, “highly active”, and “anti-HIV agents”,
including subheadings on therapeutic use, therapy, and
pharmacology) for HIV (MeSH terms: “HIV infections” and
“HIV") in adults, adolescents, children, and pregnant people.
We added terms about adherence (MeSH terms: “medication
adherence”, “treatment adherence and compliance”, and
“patient compliance”) and drug resistance. We reviewed full-
length articles, including abstracts, that discussed long-acting
antiretroviral treatment for HIV that were published in English
from the start of PubMed records until Oct 30, 2022. Authors
also recommended specific articles to review. The final reference
list was generated on the basis of originality of the articles and
relevance to the broad scope of this Review.

insecurity), systemic racism, and mental health
comorbidities, strategies to use long-acting ART must
also address determinants of the inverse care law—that
the populations who could most benefit from an
intervention are the least likely to receive it.”* Injectable
and depot psychotropic medications offer a cautionary
tale” Hailed as revolutionary for management of
psychotic disorders, these formulations have not been as
widely used as anticipated and have had little effect on
population mental health outcomes. Furthermore,
implementation research has identified problems with
delivery (eg, offices not properly equipped to give
injections) and the perception that injectables are for
patients who are not adherent, leading to stigmatisation
(ie, offering long-acting ART to only virally suppressed
patients could unintentionally stigmatise unsuppressed
patients).” The use of long-acting ART must avoid the
same stigma.

Conclusion and future directions

Although long-acting ART has great potential to change
the landscape of HIV care, prevention, and treatment,
additional data are needed to test their effectiveness in
HIV patients at risk of non-adherence and in patients
with high BMIs. Several potential delivery methods for
long-acting formulations in adults, adolescents, and
children are in various stages of development. These
include intramuscular injections, subcutaneous
injections or implants, oral extended-release or long-
acting formulations, and transcutaneous microarray
patches. Such new formulations could permit home-
based community administration or, potentially, self-
administration of the drugs, which would reduce
frequency of clinic visits and clinic burden. However, the
trade-off is removal of observed long-acting ART dosing,
which could lead to missed doses and a subsequent
prolonged pharmacokinetic tail. Despite the pros and
cons, current and future long-acting ART must be
evaluated across age groups and during pregnancy and
post partum and be made accessible to all patients with
HIV, especially those in low-income and middle-income
countries, to have a substantial effect on HIV prevention,
care, treatment cascade, and, ultimately, the course of
the HIV pandemic’ Affordability and large-scale
implementation of long-acting ART (when compared
with oral therapy) is a major hurdle to universal access.
Initial modelling suggests that long-acting ART will be
most cost-effective in low-income and middle-income
countries if it is made available to individuals with
suboptimal adherence to ART” Health-economic
evaluations will be important to determine how best to
implement long-acting ART in resource-constrained
environments. Implementation science must be
prioritised to ensure systems, organisations, providers,
and communities are poised to optimise reach, quality,
access, and sustainability. It is only by addressing these
hurdles that long-acting ART will fulfil its promise as a
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groundbreaking advance in the landscape of HIV 1 11
prevention and care.
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