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Abstract

The persistent global burden of HIV and the need for
more flexible, durable prevention strategies have accel-
erated the development of long-acting pre-exposure
prophylaxis (PrEP) options. Lenacapavir (LEN), a first-
in-class capsid inhibitor, is approved as a twice-yearly
subcutaneous injection for HIV prevention and rep-
resents a major advance beyond oral injectable PreP
regimens administered daily or every 2 months. Data
from phase Il trials demonstrate high efficacy, sus-
tained drug levels and strong adherence potential,
positioning LEN as a transformative option for individ-
uals seeking long-acting protection. Its unique mech-
anism of action and extended dosing interval can
address key barriers to PrEP uptake and persistence,
particularly amongst populations disproportionately
at risk for HIV. LEN may play a central role in expanding
choice and improving the real-world effectiveness of
PreP. Ongoing considerations include implementation

Introduction

More than four decades after the discovery of HIV, the
virus remains a major global health challenge. In 2023,
approximately 1.3 million people worldwide acquired
HIV, underscoring persistent transmission despite wide-
spread testing, treatment and prevention initiatives.
Biomedical prevention strategies have been central to
reducing new infections, with pre-exposure prophylax-
is (PrEP) emerging as one of the most effective tools to
date. Daily oral PrEP with emtricitabine/tenofovir dis-
oproxil fumarate (FTC/TDF) or emtricitabine/tenofo-
vir alafenamide (FTC/TAF) demonstrated high efficacy
when taken consistently.? However, real-world uptake
and adherence have been constrained by social, struc-
tural and behavioural barriers, particularly amongst key
populations, including young women in sub-Saharan
Africa, men who have sex with men, and transgender
individuals.?

logistics, equitable access, potential drug resistance
and integration into existing prevention frameworks.
Twice-yearly LEN is a critical addition to the evolution
of HIV prevention strategies.
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The need for more durable, user-friendly HIV prevention
options has driven the development of long-acting PreP
formulations. Injectable cabotegravir (CAB), adminis-
tered every 2 months, was the first long-acting agent
to demonstrate superior efficacy to daily oral PrEP and
represented a major step forward in overcoming adher-
ence limitations# Its approval marked a turning point in
PreP delivery, offering sustained protection with infre-
quent dosing. Yet, logistical challenges, such as injec-
tion frequency and clinical infrastructure, continue to
limit accessibility in many settings.® These factors have
spurred interest in next-generation long-acting modal-
ities capable of maintaining therapeutic levels for even
longer intervals whilst simplifying administration.

Lenacapavir (LEN), a first-in-class HIV1 capsid inhibitor,
represents the most recent advance in this evolving pre-
vention landscape. Administered subcutaneously every
6 months, LEN provides potent, sustained antiviral activity
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through a novel mechanism distinct from existing PreP
agents® Its twice-yearly dosing schedule has the poten-
tial to transform HIV prevention by minimizing adherence
barriers, improving user acceptability and extending pro-
tection to populations not well served by current options.
As research and implementation efforts advance, LEN
stands at the forefront of a paradigm shift towards ultra-
long-acting HIV prevention—bringing the field closer to the
durability and simplicity long envisioned for an HIV vaccine.

Whilst recent publications have reported the primary
efficacy outcomes of PURPOSE 1 and PURPOSE 2 and
summarized regulatory decisions, this narrative review
integrates pharmacological rationale, early-phase clini-
cal development, implementation considerations, safety
nuances and real-world delivery challenges to contextu-
alize twice-yearly LEN within the evolving PreP landscape.
Particular emphasis is placed on clinical decision-
making, adherence implications and health system inte-
gration relevant to practitioners. An English-language
MEDLINE search was conducted through 31 October
2025 using the search terms “lenacapavir’, “HIV", “pre-
exposure prophylaxis”, “PreP”, “long-acting” and “capsid
inhibitor”. A manual search of the references cited within
the research manuscripts and review articles was con-
ducted to identify additional relevant sources.

Pharmacology

Mechanism of action

LEN is a first-in-class HIV1 capsid inhibitor that distinguish-
es itself from existing antiretrovirals by targeting the viral
capsid protein rather than a viral enzyme.”® By binding to
a hydrophobic pocket located at the interface between
adjacent capsid hexamers, LEN disrupts essential interac-
tions needed for capsid stability and proper assembly.’®
This binding interferes with multiple stages of the HIV1 life
cycle: it impairs capsid-mediated nuclear import of the
pre-integration complex, disrupts proper capsid core
formation during virion maturation, and hinders virus
assembly and release.”® The result is production of mal-
formed, non-infectious virions and markedly reduced viral
infectivity, with activity demonstrated at picomolar con-
centrations in vitro.”® Because the mechanism of action is
novel and does not overlap with the targets of other an-
tiretroviral classes, LEN exhibits minimal cross-resistance
with existing drug classes, an attribute that holds promise
for both treatment and prevention settings.

Pharmacodynamics

LEN is characterized by exceptionally strong antiviral ac-
tivity at picomolar concentrations and a prolonged sys-
temic exposure profile that supports infrequent dosing. In
invitro assays, LEN achieved a half-maximum effective
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concentration (EC,,) of approximately 105 pM in MT-4 cells,
with similarly low values (e.g. ~32-56 pM) observed in pri-
mary CD4* T cells and macrophages, underscoring its high
potency.”® The injectable formulation creates a subcuta-
neous depot allowing sustained release and stable plasma
concentrations above the target inhibitory threshold for
6 months or more, thereby enabling a twice-yearly dosing
interval that offers the potential to circumvent adherence
challenges associated with daily oral regimens.®

Pharmacokinetics

The pharmacokinetic profile of LEN underpinsits 6-monthly
dosing regimen for HIV pre-exposure prophylaxis. Follow-
ing subcutaneous administration, the drug's low aque-
ous solubility leads to the formation of a slow-dissolving
injection depot, resulting in a ‘flip-flop’ absorption pat-
tern in which the input rate from the depot is slower than
the systemic elimination rate.®"? This sustained release
supports long-term plasma concentrations that remain
above the protein-adjusted 95% effective concentration
for at least 24 weeks in humans.®™ Oral administration of
LEN exhibits a median terminal half-life of approximately
10-12 days, which translates into a much longer apparent
half-life (8-12 weeks) when delivered subcutaneously due
to the depot effect®™? LEN is administered with an oral
loading dose to achieve steady state more rapidly and
provide immediate protection whilst the depot forms”
Unlike injectable CAB, where oral lead-in dosing is option-
al, LEN requires an oral loading phase to achieve rapid
therapeutic plasma concentrations before the subcuta-
neous depot forms.*

High protein binding, limited systemic clearance and min-
imal renal excretion further contribute to the extended
exposure™ As a moderate inhibitor of cytochrome P450
3A (CYP3A) and a weak inhibitor of breast cancer resist-
ance protein (BCRP) and P-glycoprotein (P-gp), LEN may
increase exposure to co-administered substrates of these
pathways, which is clinically relevant given its prolonged
terminal phase and extended post-discontinuation expo-
sure. LEN is not significantly affected by hepatic impair-
ment”? Because of its long half-life, long-acting LEN may
remain in the body for up to 9 months after receiving
the last injection, which may have drug—drug interaction
implications, as noted previously.®

Lenacapavir in early-phase
trials

LEN was studied in a phase | clinical trial as an HIV preven-
tion agent to establish pharmacokinetics, safety and po-
tential for extended dosing intervals in people at risk for HIV
exposure, supporting subsequent pivotal phase Il studies.
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A phase | trial evaluated two once-yearly intramuscular
formulations of LEN in 40 adults without HIV (5000 mg,
formulation 1 with 5% w/w ethanol and formulation 2 with
10% w/w ethanol). Key findings included that the median
time to maximum concentration was 84.1 days (formu-
lation 1) and 69.9 days (formulation 2). Median trough
concentrations at 52 weeks exceeded those of twice-
yearly subcutaneous LEN at 26 weeks. Injection-site pain
occurred in approximately 80% of participants but was
generally mild and resolved within 7 days. This study
demonstrated that LEN achieves sustained plasma con-
centrations well above the threshold for HIV1 inhibition,
with a favourable safety profile." These results confirmed
the feasibility of long-acting PreEP and informed the dos-
ing strategies for later trials.

Phase Il trials of LEN were conducted in people with HIV; no
new trials were conducted in people at risk for HIV acqui-
sition. The phase Il trials of LEN in people with HIV charac-
terized the pharmacokinetics, safety and acceptability of
a long-acting injectable agent. These studies reinforced
the phase | findings: the depot effect after LEN injection
allows for slow, sustained drug release, supporting infre-
quent dosing. Safety data continued to show mostly mild
to moderate injection-site reactions (ISRs), with no sig-
nificant laboratory or systemic adverse events.? These
early-phase trial data provided the basis for the design
and dosing regimen of the pivotal phase Il PURPOSE 1
and PURPOSE 2 trials in people at risk for HIV acquisition.

In summary, early-phase trials established that
long-acting LEN is safe, well tolerated and maintains
protective drug levels for at least 6 months, supporting
its use as a twice-yearly PreP agent and paving the way
for phase Il efficacy trials in people who could benefit
from HIV prevention.

Lenacapavir phase III trials

Phase Il efficacy trials of LEN for PrEP — PURPOSE 1 and
PURPOSE 2 — demonstrate that twice-yearly subcuta-
neous LEN is highly effective in preventing HIV infec-
tion across diverse populations, with efficacy superior
to daily oral PrEP and no significant safety concerns
(Table 1)1

PURPOSE 1

PURPOSE1 was a large, multicentre, randomized, dou-
ble-blind, controlled trial conducted amongst cisgender
adolescent girls and young women (ages 16—25 years old)
in South Africa and Uganda, in regions characterized by
high HIV incidence. Participants were randomly assigned
in a 2:211 ratio to receive twice-yearly subcutaneous LEN,
once-daily oral FTC/TDF, or once-daily oral FTC/TAF®
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In the LEN arm (n=2134), there were zero incident HIV
infections over the b52-week primary analysis inter-
val, corresponding to an incidence of 0.00 per 100 per-
son-years. This contrasted with a calculated background
incidence of 241 per 100 person-years in the populoa-
tion and demonstrated statistical superiority versus
the background rate (p<0.0001). A secondary endpoint
was HIV infection incidence with LEN (zero) compared to
FTC/TDF (1.69 per 100 person-years), and again, LEN
was statistically superior (p<0.001). Al participants who
acquired HIV in the FTC/TDF group had low adherence or
adherence decreased over time. The incidence rate ratio
of HIV infection with FTC/TAF (2.02 per 100 person-years)
was not statistically different from either the background
incidence or FTC/TDF.®

An important subpopulation to note is that the PURPOSE 1
trial included 56 adolescents (aged 16 and 17 years old).
In this subpopulation, there were zero HIV infections in
any study arm (LEN, FTC/TDF, FTC/TAF).®

The safety profile in the LEN group was favourable. The
most common adverse events were ISRs (e.g. mild pain,
nodules and erythemo). Nodule development occurred
in 63.8% of participants receiving LEN versus in 16.6% of
those receiving placebo injections. Fortunately, the fre-
quency and severity of ISRs, including nodules, dimin-
ished with subsequent injections. Discontinuations due
to ISRs were low and occurred in fewer than 0.3% of par-
ticipants; however, given the frequency of the injections
and the length of the study, there were not many oppor-
tunities or touchpoints where participants could discon-
tinue treatment.®

Importantly, data from PURPOSE 1 included known out-
comes in 208 pregnancies with exposure to LEN. The rate
of major birth defects in LEN-exposed pregnancies did
not exceed background prevalence rates, though risk
estimates are imprecise due to the small numbers of
exposed pregnancies. The most common major birth
defects observed were ventricular septal defects, and
the overall rate was consistent with the general pop-
ulation. Adverse pregnancy outcomes, such as spon-
taneous abortion, stillbirth, preterm birth and small for
gestational age, were similar across both LEN and oral
PrEP groups.® This adds to the growing body of safety
evidence for LEN use during periconception, antepartum
and postpartum periods. There is an antiretroviral preg-
nancy registry to monitor fetal outcomes in pregnant
individuals exposed to LEN.®

These results provided compelling evidence of high effi-
cacy and good tolerability in a young cisgender female
population at high risk, paving the way for further LEN
studies in other populations.
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Table1. PURPOSE 1 and PURPOSE 2 trials of lenacapavir for PrEP.

Trial Design Participants Duration Intervention Primary Secondary
outcome outcomes
PURPOSE 1° Phase lIi, Adolescent 52 weeks Subcutaneous HIV incidence  LEN superior to FTC/
randomized, girls and LEN every over 52 weeks: TDF (IRR 0, 0-0.04;
double-blind,  young women 26 weeks; daily ~ 0/2134inLEN  p<0.001)
controlled (ages 16-25 oral FTC/TAF; arm (0.00 per
years old) in daily oral FTC/TDF 100 PY) versus  No difference in HIV
South Africa background incidence between
and Uganda; incidence 241 FTC/TDF and TDF/TAF
n=4278 per 100 PY
Safety: injection-
site reactions
most common
(mild/moderate);
discontinuation due
to injection-site
events 0.2%
PURPOSE 216 Phase I, Cisgender 52 weeks Subcutaneous HIV incidence  LEN superior to Frc/
randomized, men who have LEN every over 52 weeks: TDF (IRR 0.1, 0.02-0.51;
double-blind, sex with men, 26 weeks; daily 2/2183 in LEN p:0.0025)
controlled transgender oral FTC/TDF arm (0.10 per
women, 100 PY) versus  Safety: injection-
transgender background site reactions
men, and 2.37 per100 PY most common
gender- (mild/moderate);
nonbinary discontinuation due
persons; to injection-site
n=4366 events 1.2%

FTC, emtricitabine; IRR, incidence rate ratio; LEN, lenacapavir; OLE, open-label extension; PrEP, pre-exposure prophylaxis;
PY, person-years; TAF, tenofovir alafenamide; TDF, tenofovir disoproxil fumarate.

PURPOSE 2

PURPOSE 2 extended the evaluation of twice-yearly LEN to
a broader and more diverse cohort, including cisgender
men who have sex with men, transgender women, trans-
gender men and gender-nonbinary individuals who have
sex with male-assigned-at-birth partners, across the USA,
South Africa, Peru, Brazil, Argentina, Mexico and Thailand.®

In this trial, participants were randomized to receive LEN or
daily oral FTC/TDF. In the LEN arm (n=2183), there were two
incident HIV infections, yielding an incidence of approxi-
mately 0.10 per 100 person-years. This represented a 96%
reduction compared with the background incidence rate
of 2.37 per 100 person-years, and an 89% reduction com-
pared with the FTC/TDF group (incidence 0.93 per 100
person-years; incidence rate ratio 0.11; p=0.002).®

The safety findings mirrored those of PURPOSE 1 with pre-
dominantly mild-to-moderate ISRs. Nodule development
occurred in 634% of participants receiving LEN versus
39.2% of those receiving placebo injections. The median
duration of nodules was 183 days (interquartile range
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[IQR], 89-274 days) in the LEN group, which was substan-
tially longer than the 64-day median duration (IQR, 19-98
days) in those who developed nodules whilst receiving
placebo injections. The median diameter of the largest
nodule per participant was 3.0 cm (IQR 2.0-4.0 cm) in the
LEN group versus 2.0 cm (IQR 1.0-25 cm) in the placebo
group. Fortunately, as in PURPOSE 1, the frequency and
severity of nodules decreased with subsequent injections.
As in PURPOSE 1, the discontinuation rate due to these
reactions was low (approximately 12%), but there were not
many opportunities to discontinue therapy based on the
length of the trial and the number of injections received.

These results confirmed that the high efficacy and
acceptable safety seen in young people in the PURPOSE 1
trial are reproducible in other key populations who could
benefit from PreP and support the use of LEN as a broadly
applicable long-acting PreP option.

Injection-site nodules observed in both PURPOSE 1 and

PURPOSE 2 represent an important area for clinician and
patient education in real-world use. These nodules are
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thought to reflect a localized granulomatous or foreign-
body reaction to the subcutaneous drug depot formed
at the injection site, a pattern supported by biopsy find-
ings from both animal and human studies. As LEN grad-
ually elutes from the depot over the 6-month dosing
interval, the depot decreases in size, and nodules typ-
ically resolve or substantially diminish before the sub-
sequent scheduled injection!® This pharmacological
explanation helps contextualize why injection-site nod-
ules, despite a prolonged median duration of 183 days
reported in PURPOSE 2, generally do not lead to treat-
ment discontinuation.”® Individuals considering LEN for
PrEP should be counselled regarding the potential for
nodule development and reassured that this reaction
does not preclude continued use of the medication.

Drug resistance data

Although no LEN-associated resistance mutations have
been reported amongst seroconversions to date, ™ on-
going surveillance is warranted given the potential for
capsid-target resistance. There is the potential for de-
velopment of LEN resistance if an individual acquires
HIV before, during or after discontinuation of LEN, which
highlights the importance of routine HIV testing in indi-
viduals at risk for HIV exposure.®

Approved indication for
PrEP and dosing

LEN is approved by the FDA and EMA for PrEP to reduce the
risk of sexually acquired HIV1 infection in adults and ado-
lescents who weigh at least 35 kg and are confirmed to be
HIVI negative.®” The approved initiation regimen consists
of subcutaneous injections every 6 months (927 mg) com-
bined with oral tablets on days 1(600 mg) and 2 (600 mg),
which is required for achieving initial protective plasma
concentrations; the efficacy of LEN has only been estab-
lished with this complete dosing schedule that includes
the oral tablets. Once the initiation regimen is completed,
maintenance dosing continues every 6 months via subcu-
taneous injection only. This long-acting dosing schedule
provides sustained systemic drug levels that maintain HIVI
suppression over the 6-month interval, addressing adher-
ence challenges associated with daily oral PrEP.”

Clinical efficacy data for HIV2 prevention are not available,
and current approval and efficacy data are specific to HIVI.

LEN is also approved by the FDA and EMA for people with
HIV who have multidrug-resistant HIV. Like LEN for PrEP, it
is initiated by starting with oral tablets in conjunction with
a subcutaneous injection dose before the injection-only
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maintenance regimen is continued. LEN for HIV treatment
is given in combination with other antiretrovirals.®*®

Current guideline
recommendations

Recent updates to national and international guidelines
now strongly recommend long-acting LEN as a first-line
PreP option for individuals at risk of HIV exposure, regard-
less of sex, gender identity or route of sexual exposure.

In July 2025, the WHO issued its guideline Guidelines on
lenacapavir for HIV prevention and testing strategies
for long-acting injectable pre-exposure prophylaxis,
recommending LEN as an additional choice for PreP for
people at risk of sexual acquisition of HIV.?° The guidance
positions twice-yearly injectable LEN alongside other
available PrEP options to broaden choice, underlining
that increasing the number of modalities available may
enhance uptake and persistence in populations at high
risk. Implementation considerations, such as HIV rapid
diagnostic testing, community acceptability and service
delivery, are highlighted as essential to ensure access
and safe use.

The CDC PrEP Guidelines Work Group, using high-certainty
evidence from the PURPOSE 1 and PURPOSE 2 trials, endorses
long-acting LEN every 6 months for persons weighing
235 kg who would benefit from PrEP, emphasizing its poten-
tial to improve adherence and persistence compared to
daily oral regimens.®

The International Antiviral Society-USA Panel also recom-
mends long-acting LEN for all routes of sexual exposure,
with an evidence rating of Alg, reflecting robust efficacy
and safety data. The guidelines specify that the initial
subcutaneous injection should be overlapped with two
daily oral doses of LEN (600 mg each) to rapidly achieve
protective drug levels.? LEN is positioned alongside other
PreEP agents, such as daily oral tenofovir-based regi-
mens and injectable CAB, offering a tailored approach
for patients who prefer less frequent dosing or have dif-
ficulty with daily adherence.

Clinical practice
implications

The availability of long-acting LEN for PrEP represents a
major advance in HIV prevention and a meaningful shift in
clinical practice. Since the advent of PrepP, effective PrEP has
relied on daily oral regimens such as FTC/TDF and FTC/TAF,
which have demonstrated high efficacy but are limited
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by adherence challenges, stigma and structural barriers
that disproportionately affect populations at greatest risk.
The introduction of twice-yearly subcutaneous LEN offers
a new approach — one that decouples adherence from
daily pill-taking and provides sustained protection for
6 months following a single clinic-administered injection.
This extended dosing interval has the potential to improve
adherence, persistence and overall effectiveness of PreP
programmes, especially amongst individuals who face
barriers to consistent medication use.®

From a clinical and programmatic perspective, the
pharmacological and logistical profile of LEN may
help bridge critical gaps in PrEP delivery. Because LEN
is administered only twice per year and has minimal
drug—drug interactions, it can be integrated into arange
of healthcare settings, including community clinics and
mobile health units. The reduced dosing frequency
also aligns with existing models for biannual care visits,
potentially lowering the burden on healthcare systems
and patients alike. Importantly, its injectable formula-
tion may help overcome PreP discontinuation due to pill
fatigue, forgetfulness or stigma associated with daily
oral medication (including privacy issues related to
having the medication at home) — issues that remain
persistent barriers to PreEP uptake amongst key popula-
tions who are at risk for HIV exposure.?

However, the integration of LEN into PrEP prescribing will
require careful attention to implementation and equity
considerations. The need for oral lead-in dosing at ini-
tiation, the requirement for healthcare-administered
injections, and the potential for delayed discontinuation
of protection (due to the long terminal phase) introduce
new clinical management considerations® Additionally,
ensuring equitable access, particularly in low-income and
middle-income countries, will depend on cost, supply and
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inclusion in national PreP guidelines. Early incorporation
into global and regional policies, as reflected in the 2025
WHO update on long-acting injectable PreP, is an encour-
aging step towards expanding prevention options world-
wide?® The Global Fund to Fight AIDS, Tuberculosis and
Malaria signed an access agreement with the manufac-
turer of LEN in July 2025 to procure LEN for low-income and
middle-income countries?® Collectively, the introduction
of long-acting LEN for PrEP has the potential to redefine HIV
prevention by addressing adherence barriers, diversifying
PrEP modalities, and advancing progress towards global
HIV elimination goadls.

Conclusions

LEN represents a landmark advance in HIV prevention,
offering the first twice-yearly injectable option for PreP
with potent, multistage antiviral activity, a favourable
safety profile, and robust efficacy across diverse pop-
ulations. The results of the PURPOSE 1 and PURPOSE 2 tri-
als demonstrate that LEN can achieve near-complete
protection against HIV acquisition whilst addressing the
adherence and persistence challenges inherent to daily
oral regimens. Its long-acting pharmacokinetics, mini-
mal drug—drug interactions and subcutaneous admin-
istration route create new opportunities for broader and
more equitable PrEP delivery, particularly amongst pop-
ulations facing barriers to conventional daily dosing. As
regulatory approvals expand and implementation strat-
egies evolve, LEN is poised to transform clinical practice,
diversify the HIV prevention toolkit, and accelerate glob-
al efforts towards ending HIV transmission. Continued
post-marketing surveillance, real-world effectiveness
studies, and integration into comprehensive prevention
programmes will be critical to maximizing the public
health impact of this breakthrough therapy.
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