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Abstract

Long-acting antiretroviral therapy (LA-ART) is an
important strategy to decrease the burden of daily
oral HIV treatment and provide long-lasting
antiretroviral exposure. But there are also unique
pharmacokinetic, medication safety, adherence and
resistance-related challenges with long-lasting
drugs. The clinical pharmacology of LA-ART is
explored, with a particular focus on depot-mediated
absorption, systemic exposure, dosing intervals,
pharmacokinetic  tails, drug—drug interactions,
patient selection, missed injections, and patient-
reported outcomes. The review also explores the
scope of clinical pharmacists' involvement in
medication reconciliation, interaction screening,
eligibility for medication therapies, patient
counselling, adherence, monitoring and planning for
transition to treatment. A holistic model is suggested
that connects drug properties, formulation
characteristics, drug exposure (pharmacokinetics),
patient behavior, clinical outcomes, and pharmacist
intervention.  Predictable exposure, resistance
prevention, individualized treatment selection, and
multidisciplinary ~ implementation  should be
emphasized in the future development of LA-ART.
Therefore, LA-ART optimization should be a
combination of pharmacokinetic principles, patient-
centred and clinical-pharmacy based approaches.

Keywords: Long-acting antiretroviral therapy;
HIV; Pharmacokinetics; Drug—drug interactions;
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I. Introduction

1.1 Evolution of HIV pharmacotherapy

HIV  pharmacotherapy has undergone
significant change over the years. HIV
Pharmacotherapy has come a long way. The advent
of combination antiretroviral therapy (ART)
changed the course of HIV infection from a
progressive and often fatal disease into a chronic
condition that can be effectively managed with
continued  pharmacological  suppression  [1].

Multiple classes of anti-retroviral drugs were
available that targeted different life cycle stages of
the HIV virus, allowing combination therapies with
high anti-viral activity, and significantly lowering
the risk of failure of a single anti-retroviral drug [2].
Contemporary ART is designed to achieve and
sustain undetectable HIV RNA in the plasma,
maintain or restore immune function, prevent
disease progression and minimize HIV transmission
risk.

The clinical goal of HIV treatment has thus
shifted from beginning an effective treatment to
providing sustained and adequate antiretroviral
treatment for extended periods. Beyond the benefits
of controlling the disease, sustained viral
suppression has implications for the control of HIV
transmission because the virus is not transmitted
when people are virally suppressed. Therefore, the
efficacy of treatment is not only a function of the
antiviral activity of a treatment itself, but also of its
ability to maintain antiviral exposure over time.

1.2 Limitations of daily oral ART

Today's oral ART is effective and well
tolerated, but taking it every day can be
burdensome. Treatment fatigue, memory loss,
competing work and social responsibilities, side
effects, fear of disclosure of HIV status, and
personal treatment preferences may all affect
adherence[3]. The need to take pills daily can
exacerbate the psychological and social impact of
chronic HIV care for some people.

One of the advantages of long-acting
therapy is that some of those disadvantages can be
overcome by decreasing the number of times the
medication needs to be taken[4]. This does not
imply that long-acting treatment is necessarily
adherence independent, however. Rather,
compliance is partially transferred from taking
medications every day to attending for scheduled
medical visits. This is important to note in relation
to people who have challenges with oral therapy, but
also have challenges with attending the clinic
regularly.
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Drug—Drug Interactions (DDIs) are also
relevant today in the treatment of HIV. People with
HIV are more likely to be treated for cardiovascular,
metabolic, psychiatric, infectious and other
comorbidities[5]. While gastrointestinal absorption
interactions are not possible for injectable
administration, hepatic enzyme- and transporter-
mediated interactions are possible[6]. Furthermore,
some interactions may be less reversible after
administration because of the long duration of action
of the long-acting agents.

1.3 Emergence of long-acting antiretroviral
therapy

Long-acting antiretroviral therapy (LA-
ART) is a strategy that aims to provide a therapeutic
effect for a longer period of time and to decrease the
number of doses required. Injectable cabotegravir
plus rilpivirine (CAB/RPV) is the most mature full
regimen of long-acting treatment [7]. The medicine
Cabotegravir is an integrase strand transfer inhibitor
(INSTI), while Rilpivirine is a non-nucleoside
reverse transcriptase inhibitor (NNRTI). The
combination can be given every 4 or 8 weeks to the
right people[8].

The long-acting landscape has since grown
with the addition of lenacapavir, an HIV capsid
inhibitor (cAPI) that is first-in-class. Lenacapavir is
used in treatment in adults with multidrug-resistant
HIV as part of an optimized background regimen
every 6 months as a subcutaneous injection. Its long
duration of action has also facilitated its
development as a twice-yearly HIV-prevention tool,
a significant extension of the use of long-acting
antiretroviral pharmacotherapy for the treatment of
established infection.

But reducing the number of doses presents
new clinical-pharmacological ~ challenges. A
pharmacokinetic tail occurs with prolonged drug
persistence, decreasing levels with delayed
administration, and reduced levels with enzyme
inducing drugs or drug discontinuation and should
be carefully transitioned to alternative suppressive
therapy[10]. Hence, the clinical usefulness of LA-
ART cannot be evaluated from a convenience of
dosage point of view alone.

This review critically explores the effects
of long-term exposure to ARVs on the management
of HIV pharmacotherapy and the role of clinical
pharmacists in ensuring the safety of ARVs,
adherence, monitoring, and continuity of care, rather
than giving a standard drug-by-drug description.

II.  Pharmacotherapeutic and
Pharmacokinetic Basis of Long-Acting
Antiretroviral Therapy
2.1 Mechanistic classes of current long-acting
antiretrovirals

Today's long-acting antiretroviral therapy
consists of drugs from different classes, such as
INSTIs, NNRTIs and capsid inhibitors[11]. They are
not all suitable for chronic use, as factors such as
antiviral ~ target, potency, resistance profile,
physicochemical  properties, metabolism and
persistence must also be taken into account.

Cabotegravir is a second-generation INSTI
that blocks HIV integrase activity, which stops the
HIV DNA from integrating into the host DNA. It is
highly antiviral and has a long duration of action in
the bloodstream, making it a good candidate for the
development of a long-acting injectable
formulation[12]. The second drug in the complete
long-acting CAB/RPV regimen is the NNRTI
rilpivirine, which binds to an allosteric site on the
HIV-1 reverse transcriptase[ 13].

Lenacapavir is a mechanistically different
strategy, which targets the HIV capsid. It disrupts
various aspects of viral life cycle, such as capsid
assembly, maturation, disassembly and nuclear
transport. It is highly potent and has an extremely
long pharmacokinetic profile, so it can be given
rarely via the subcutaneous route[14].

The emergence of these agents is thus a
step beyond the mere prolongation of the exposure
period of traditional oral agents to the combination
of molecular pharmacology and formulation and
dosing-interval engineering.

2.2 Pharmacokinetic characteristics enabling
long-acting therapy

The suitability of an antiretroviral for long-
acting administration depends on the interaction of
drug properties, formulation characteristics,
absorption kinetics, distribution, metabolism and
elimination. A long systemic half-life is desirable
but not enough to make an effective long-acting
formulation.

In the case of injectable products, slow
dissolution and absorption at the administration site
may result in a drug depot to regulate systemic
exposure. Thus, the terminal concentration—time
profile could be due to prolonged absorption and
systemic elimination. The apparent terminal half-life
of the intramuscular CAB and RPV formulations are
significantly longer than those of their oral
counterparts, about 5.6-11.5 weeks and 13-28
weeks, respectively[15].
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Physicochemical properties are also
important. Depot formation and release are affected
by aqueous solubility, crystallinity, lipophilicity,
particle size, formulation stability and drug loading.
High potency is desirable since a practical dose
volume is required for weeks or months of
therapeutic exposure.

Another factor determining clinical
exposure is distribution. Plasma concentration to
tissue exposure is influenced by protein binding,
tissue permeability, tissue-specific physiology, and
transporter activity[16]. There is therefore no direct

correlation between the length of plasma persistence
and the extent of exposure in all anatomical

compartments.
Lastly, the rate of decline of the systemic
concentration depends on metabolism and

elimination. This is especially important for long-
acting therapy, since the effects of enzyme induction
or inhibition may impact exposure over time, but the
long-acting drug cannot be quickly
discontinued.Pharmacological and clinical
characteristics of major long-acting antiretroviral
agents were summarised in table 1.

Table 1: clinical characteristics of major long-acting antiretroviral agents

Agent/regimen Class Route | Dosing Main long-acting | Major clinical
interval characteristic consideration
Cabotegravir INSTI M Every 4 or | Prolonged depot-mediated | PK tail, missed
8 weeks exposure injections, resistance
Rilpivirine NNRTI M Every 4 or | Poor aqueous solubility | Resistance,
8 weeks and prolonged absorption administration
requirements, DDIs
CAB + RPV INSTI + | IM Every 4 or | Complete LA treatment | Viral suppression,
NNRTI 8 weeks regimen resistance and injection
adherence
Lenacapavir Capsid SC Every 6 | Very prolonged systemic | Optimized background
inhibitor months in | persistence regimen, DDlIs,
treatment resistance
Lenacapavir for | Capsid SC Every 6 | Sustained preventive | HIV  testing, dosing
PrEP inhibitor months exposure adherence, resistance
prevention

CAB/RPV is a full-length treatment for
well-suited people, while lenacapavir is part of a
background regimen in treatment. Lenacapavir is
also used as an HIV prevention drug. This
distinction is significant because the
pharmacokinetic benefits of long-acting dosing
should be considered with respect to the therapeutic
indication and the associated antiretroviral therapy.

III.  Pharmacokinetic Challenges and the
Long-Acting Tail
3.1 Absorption from the injection/depot site
The pharmacokinetics of LA-ART is different from
conventional oral ART in that the release of the drug
from the administration site is a key determinant of
systemic exposure[17]. After intramuscular injection
of CAB/RPYV, poorly soluble drug particles create a
localized depot, where the drug will slowly dissolve
and enter systemic circulation[18]. These agents
therefore appear to persist, which is a combination
of a long absorption period and systemic
elimination.

This formulation-controlled absorption results in a
long concentration—time profile and helps to achieve
the extended dosing interval. It also establishes an
important clinical implication: reducing the dosing
interval or missing an injection may not only affect
the exposure to the drug, but may also affect it over
a long period of time.

3.2 Distribution and tissue exposure

Once absorbed, the concentration of antiretrovirals
depends on distribution to plasma, tissues and cells.
Tissue concentrations are influenced by protein

binding, lipophilicity, tissue  permeability,
transporters and local physiological
characteristics[19].

This distinction is crucial for HIV pharmacotherapy
because plasma exposure is not always correlated
with similar exposures in all anatomical sites. Long-
acting formulations can thus allow for long duration
of systemic exposure without necessarily ensuring
sustained pharmacologically effective
concentrations in all clinically relevant tissues.
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Future pharmacokinetic studies should therefore
focus on the measurement of plasma, intracellular
and tissue exposure rather than just plasma
concentrations, especially when pharmacologically
challenging compartments may be responsible for
persistent infection.

3.3 Half-life and prolonged systemic exposure
The longer apparent terminal half-lives of LA CAB
and RPV justify four- or eight-week dosing
intervals[20]. The reported terminal half-lives after
intramuscular injection are 5.6-11.5 weeks for CAB
and 13-28 weeks for RPV, versus 41 and 45 hours,
respectively, after oral administration.

The interpretation of the terminal half-life should be
done with caution, however, as the terminal phase
may result from extended absorption from the
injection site. Therefore:

The terminal half-life of a depot formulation can be
a result of absorption as well as elimination and
should not be taken as the intrinsic elimination half-
life of the drug.

This distinction is especially relevant when
forecasting the persistence of a drug after treatment
interruption.

3.4 Therapeutic drug concentrations

There are several pharmacokinetic parameters of
interest for the interpretation of LA-ART.

Cmax is the highest plasma concentration recorded
and can be used to get information on peak systemic
exposure and tolerability related to plasma
concentration.

Cmin is the trough concentration and is especially
important in LA-ART since concentrations just prior
to the next dose are likely to be important in
maintaining adequate antiviral exposure.

AUC is a measure of systemic exposure over a
specific time and combines the intensity and
duration of drug exposure.

Half-life refers to the rate of decrease in
concentration, but for depot formulations can be
affected by extended absorption (table 2).
Protein-adjusted  inhibitory  concentrations  (if
applicable) are a pharmacodynamic reference for the
interpretation of observed concentrations.

The issue is not just whether drug is detectable, but
whether exposure is sufficiently high in comparison
to an appropriate pharmacodynamic threshold.

Table 2. Pharmacokinetic parameters and their clinical interpretation in LA-ART

Parameter Definition Clinical interpretation

Cmax Maximum plasma concentration Peak exposure and tolerability

Cmin Trough concentration Maintenance of antiviral exposure

AUC Integrated concentration—time exposure Overall systemic exposure

Half-life Time required for concentration to decrease | Persistence and dosing interval
by 50%

Absorption rate | Rate of drug release from depot Duration and shape of exposure

Inhibitory Concentration  associated with antiviral | Pharmacodynamic adequacy

concentration activity

PK tail Persistence after intended dosing | Missed-dose and resistance management
interval/discontinuation

3.5 The pharmacokinetic tail

One of the most clinically relevant effects of long-
acting administration is the pharmacokinetic tail. It
is the presence of the drug in the body for a longer
duration than the intended dosing period or after the
drug has been discontinued, and then slowly
decreasing to negligible levels[21].

The process can be represented as:

The pharmacokinetic tail is not necessarily a sign of
treatment failure. The risk of resistance is dependent
on the level and length of exposure, viral
replication, resistance history, activity of the
companion drug, and the effectiveness of alternative
treatment.

However, virological failure resistance is a
significant issue. In a recent systematic review and
meta-analysis of randomized trials comparing LA
CAB/RPV with oral standard therapy for wviral
suppression, pooled resistance data showed a higher
frequency of resistance in the LA-treatment groups
among those with virological failure in 2025 [22]

(Figure 1).
The current prescribing information focuses on the
persistence of CAB and RPV following

discontinuation and suggests moving to a fully
suppressive alternative regimen to reduce the
number of days without adequate antiretroviral
exposure[23].
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This principle of clinical-pharmacy is: delayed
dosing and treatment discontinuation are clinically

and pharmacologically consequential due to the
persistence that makes LA-ART possible.

Figure 1: Conceptual pharmacokinetic pathway underlying the pharmacokinetic tail of long-acting antiretroviral

therapy.
LA injection
SN2
Depot formation

N2

Slow release and absorption
SN2

Prolonged systemic exposure
N2

Gradual concentration decline
SNZ
Potentially suboptimal exposure
SN2
Potential resistance selection if viral replication occurs

IV.  Drug-Drug Interactions and Medication
Safety
4.1 Metabolic and transporter-mediated
interactions

The DDI profile of LA-ART is different
from the oral ART as gastrointestinal absorption
interactions are not an issue with injectable ART,
whereas hepatic enzyme- or transporter-mediated
interactions are an issue with both injectable and
oral ART.

Cabotegravir is mainly metabolized by
UGT1AL1 and rilpivirine is mainly metabolized by
CYP3A4. CAB/RPV have relatively low potential to
cause metabolic DDIs, but can be susceptible to
interactions due to enzyme induction, especially
induction of pathways involved in their
metabolism[24].

The clinical relevance of enzyme induction
is significant as the decreased level of antiretroviral

drug concentrations can impact antiviral activity and
can be a factor in the development of resistance. The
potent inducers listed above, including enzyme-
inducing anticonvulsants, are considered clinically
important interactions by current CAB/RPV
guidance (Panel on Antiretroviral Guidelines for
Adults and Adolescents, 2024)[25].

Lenacapavir has a more complicated DDI
profile. It is a substrate of CYP3A, P-gp, and
UGT1Al and a moderate CYP3A inhibitor.
Concentrations of lenacapavir may be significantly
decreased by strong or moderate induction of
CYP3A, which may affect therapeutic activity. On
the other hand, lenacapavir can lead to higher
exposure to CYP3A substrates that are sensitive to
inhibition due to its long-acting CYP3A inhibitory
effect[26].Rather than providing an exhaustive
interaction list, the clinically important categories
are summarized in Table 3.

Table 3. Clinically relevant medication-safety scenarios with long-acting antiretrovirals

Medication/group Interaction mechanism | Potential effect Clinical implication

Rifampin/rifapentine CYP3A/UGT induction | |

exposure; | LEN | strategy

CAB/RPV | Avoid or wuse alternative

exposure
Carbamazepine/ CYP/UGT induction l CAB/RPV | Increased risk of inadequate
phenytoin/phenobarbital exposure exposure

Strong/moderate CYP3A induction | LEN exposure Loss of therapeutic
CYP3A inducers effect/resistance risk

CYP3A/P-gp/UGT1A1 | inhibition

Strong combined | Metabolic/transporter 1 LEN exposure Potential toxicity
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inhibitors

Digoxin P-gp interaction 1 exposure possible | Monitor
clinically/concentration where
appropriate

Sensitive CYP3A | CYP3A inhibition by | T concomitant-drug | Monitor/adjust according to

substrates LEN exposure drug-specific guidance

Herbal products such as | CYP/UGT induction l antiretroviral | Avoid with susceptible LA-

St John’s wort exposure ART

Rifamycins are of special interest because they are
often used in combination with powerful enzyme-
inducing drugs to treat tuberculosis. Likewise,
enzyme inducing anticonvulsants can significantly
decrease exposure to CAB/RPV. These interactions
are examples of the importance of medication
reconciliation prior to long-acting administration.

4.2 The special DDI problem of long-acting
formulations

The only difference between oral and long-acting
therapy is that the latter is reversible.

With oral therapy:

Interaction identified — oral
stopped/substituted — exposure declines
With LA-ART:

Interaction identified;long-acting dose already taken
— drug remains in system — interaction may persist
This makes a clinically significant temporal issue.
According to the FDA label, lenacapavir's CYP3A
inhibition can result in higher levels of drugs
primarily metabolized by CYP3A that are started
within 9 months after the last subcutaneous
dose[27].

Therefore, the management of DDI should be done
on a prospective basis:

Medication reconciliation

— Identify enzyme/transporter perpetrators

— Assess interaction magnitude

— Assess duration

If possible, use an alternative medication that does
not interact.

— Confirm LA-ART suitability

— Administer

Continue Monitoring of DDI longitudinally

This is an important opportunity for clinical
pharmacists as new prescriptions could be issued
weeks or months after the LA-ART dose.

drug

V. Adherence, Patient Selection and
Clinical Outcomes
5.1 Who benefits most from LA-ART?
LA-ART may be appealing to people who
are fatigued from treatment, worried about stigma
associated with HIV, have trouble taking their

medication every day, or prefer to have treatment
administered less often than they do daily[28].
Randomized trials and subsequent patient-reported
studies have typically found high treatment
satisfaction and positive perceptions of CAB/RPV-
LA among patients who are well-suited for the
treatment[29].

But the notion that poor adherence to oral

therapy equates to a benefit for injectable therapy is
not without its qualifications. LA-ART is a
medication replacement that moves away from the
daily medication taking towards scheduled
healthcare engagement[30]. People who are not able
to come for injection appointments may thus have a
different adherence issue.
There is recent real-world evidence that CAB/RPV
can be successfully implemented in populations
with adherence challenges, provided there is
adequate support systems, but patient selection and
retention mechanisms are still crucial[31].

5.2 Patient selection
Treatment of CAB/RPV
patients who:

should be limited to

. current viral suppression;
. previous ART exposure;

. resistance history;

. HBYV status;

. concomitant medications;
. DDI risk;

. tolerability;

. injection feasibility;

. patient preference.

CAB/RPV may be ineffective if there is relevant
INSTI or NNRTI resistance. HBV status also needs
to be assessed, as CAB/RPV does not include the
backbone of many HBV-active nucleos(t)ide-based
ARTs[32].

Importantly, patient selection should not be
narrowed down to a single laboratory value. It is a
multidimensional clinical-pharmacological
evaluation which combines virology, pharmacology,
comorbidity, medication safety, adherence behavior,
and patient preference.
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5.3 Missed or delayed injections

The clinical importance of missed or delayed
injections is that the concentration of the drug drops
during the longer dosing interval.

Delayed injection

— declining concentration

— potentially inadequate exposure

— possible virological breakthrough

— potential resistance selection [33].

The true risk will be dependent on the drug, length
of delay, prior exposure, resistance profile, viral
replication and  availability of alternative
antiretroviral treatment.

Missed dose instructions are described in detail in
current prescribing information, which includes oral
bridging in certain situations. Thus, tracking
appointments should be viewed as a component of
pharmacotherapy and not simply an administrative
task.

5.4 Patient-reported outcomes

The decreased treatment burden is one of the main
potential benefits of LA-ART, and patient-reported
outcomes are especially relevant to this[34].
Systematic evidence has recently been shown to be
high treatment satisfaction and favorable patient
preference in many study populations for
CAB/RPV-LA. In a 2025 systematic review, there
was a consistent benefit related to convenience and
decreased burden of daily treatment, with
preferences differing by patient[35].

However, a clinical interpretation should be kept in
balance. Injection site reactions are common and
some patients may prefer oral therapy due to
concerns about injections, clinic visits or long-term
drug persistence[36]. Thus, patient preference
should be integrated into shared decision making,
not assuming that injectable therapy is always best.

VI. Clinical Pharmacist’s Role in Optimizing
LA-ART

6.1 Medication reconciliation and interaction
screening
A review of medication history should be done
before starting and at follow-up. Pharmacists can
spot  prescription medicines, over-the-counter
medications, supplements, and herbal remedies that
might affect the exposure to antiretrovirals[37].
CAB/RPV should be given special consideration for
rifamycins and enzyme inducing anticonvulsants,
and CYP3A/P-gp/UGT1Al-related interactions
should be given special consideration for
lenacapavir. Pharmacists should also evaluate new
drugs that are launched between the shots, due to the

long-term exposure to LA. This will transform DDI
management from one-off administration to ongoing
medication monitoring.

6.2 Assessment of eligibility
Clinical pharmacists may be involved in the multi-
disciplinary evaluation of:

. current ART;

. HIV RNA;

. treatment history;

. resistance information;

. HBYV status;

. concomitant medications;
. DDI risk;

. adverse-effect history;

. injection feasibility;

. patient preference.

The role of the pharmacist should be described in
the context of optimizing treatment within the multi-
disciplinary team, since the authority for prescribing
and administering may differ by jurisdiction and
institutional practice.

6.3 Patient counselling
Counselling should translate pharmacokinetic
characteristics into practical instructions. Patients
should understand:

e the injection procedure;
expected injection-site reactions;
dosing interval;
importance of attending appointments;
consequences of missed injections;
when to contact the healthcare team;
potential adverse effects;
importance of maintaining alternative
therapy if LA-ART is discontinued[38].
The key counselling concept is:
Long-acting treatment is not adherence-free
treatment; it changes the form of adherence
required.

6.4 Monitoring

Monitoring should integrate:viral load + injection
attendance + adverse effects + DDIs + resistance +
treatment continuity.

If virological failure occurs, assessment should
include injection history, missed-dose events,
concomitant medications, resistance, and the
pharmacokinetic circumstances surrounding the
failure[39].

When LA-ART is discontinued, pharmacists can
contribute to timely transition to an effective
alternative regimen, minimizing prolonged exposure
during the pharmacokinetic tail.
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6.5 Pharmacist-led implementation models

There are published implementation experiences
that show that pharmacists can be involved in
patient  identification, eligibility = assessment,
medication-access coordination, injection
workflows, and follow-up for LA CAB/RPV. The
pharmacist can then serve as a medication-
management coordinator in a multi-disciplinary
approach.

In a multidisciplinary HIV-care model, the
pharmacist is involved in medication reconciliation,
DDI assessment, patient selection, counselling,
longitudinal monitoring, missed-dose intervention
and treatment transition[40]. This model is useful
for linking the knowledge of pharmacology to the
processes in the health care system. A pharmacist
can detect a DDI prior to administration, can detect
a missed dose risk prior to clinically significant
concentrations, and can coordinate the treatment
transition before prolonged subtherapeutic exposure
occurs.

VII. Integrating Pharmacokinetics,
Adherence and Medication Safety

Patient behavior and the performance of healthcare
systems must be taken into account in the clinical
pharmacology of LA-ART[41]. The greatest benefit
of long-acting therapy is the sustained drug action,
which also has several downstream clinical
implications.
This relationship is an illustration of the reasons
why LA-ART should not be judged as a technology
to decrease dosing frequency. The pharmacokinetic
profile dictates how forgiving or unforgiving a
missed dose can be, patient behavior determines if
the intended dose interval is kept, and medication-
management systems determine if emerging risks
are identified early.
For instance, if a drug persists for a long time, it is
beneficial if it remains at effective levels between
doses. But when the same persistence becomes a
problem is when an injection is delayed, when an
interacting inducer decreases the exposure, or when
treatment is stopped without a suitable alternative
treatment. This risk is therefore a combination of
drug, formulation, patient, and healthcare system,
not just a property of the antiretroviral (figure 2).

Figure 2. Proposed clinical-pharmacy pathway for optimization of long-acting antiretroviral therapy.
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-
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-
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This holistic view is also why clinical-pharmacy
involvement becomes more and more relevant as
dosage intervals get longer. A longer dosing interval
can decrease the number of doses per day and can
also increase the impact of missed doses[42].

administration can be more difficult to reverse than
an interaction with a traditional oral medication.
This means that potential medication review and
follow-up monitoring are key to the successful
implementation of safe LA-ART (figure 3).

Likewise, an interaction that is detected after

Figure3: Integrated pharmacokinetic, patient-related, and clinical-pharmacy framework for optimizing long-
acting antiretroviral therapy.
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Evidence limitations

The bulk of the randomized evidence for
LA CAB/RPV has come from cohorts of patients
with specific eligibility criteria and with structured
clinical follow-up[43]. Thus, trial results may not be
representative of populations with poor health care
adherence, high rates of comorbidities, extensive
polypharmacy or frequent noncompliance with
appointments. Likewise, there is less evidence for
long-acting strategies in certain special populations
than there is from pivotal trials. Real-world
observational  studies also  offer valuable
complementary data, but they may be confounded,
selection biased and implemented differently. The
limitations should be taken into account when

extrapolating clinical trial efficacy to routine
practice.

VIII.  Future Perspectives

8.1 Ultra-long-acting ART

LA-ART is moving towards a monthly and
then two-monthly regime, before it is eventually
dosed every six months or longer. Lenacapavir has
proven to be clinically feasible in both treatment and
prevention settings, with twice-yearly dosing[44].
New technologies can be developed that will
increase duration by using better injectable depots,
implants, nanotechnology delivery systems, and
combination delivery platforms.
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However, the higher the interval, the higher
the end point is not to be taken. The longer the
persistence, the more impact of inappropriate
treatment selection, DDIs, adverse effects, and
missed monitoring[45]. Future formulations should
thus focus on predictable exposure, dose flexibility,
safety and resistance prevention, not just on
maximum duration.

8.2 [Expansion to patients with adherence
challenges

LA-ART may provide an important option
for selected patients experiencing barriers to daily
oral therapy[46]. But there is a need to differentiate
barriers to pill taking from barriers to health care
engagement when implementing. The best patient is
not necessarily the patient with the poorest
adherence, but the patient whose adherence problem
may be overcome by the ease of less frequent
medication administration and who can maintain the
required injection schedule.

8.3 Resistance and PK-tail mitigation

Future studies should be directed towards
minimizing the effect of the pharmacokinetic tail on
the clinical effects. These may be optimized by
using better release kinetics, personalized dosing
intervals, proactive missed dose management, oral
bridging, and more rapid switching to alternative
suppressive therapy[47].
Eventually, pharmacokinetic and resistance data
might be combined to help identify patients who are
more likely to have suboptimal exposure prior to
virological failure.

8.4 Pharmacist-led differentiated service delivery
The expansion of LA-ART may lead to more
sophisticated differentiated service delivery by
pharmacists, beyond medication counselling.
Pharmacists have the potential to be involved in
DDI  surveillance, appointment management,
medication access, patient education, adherence
interventions, and treatment transitions. The goal of
the practical part should be to create a system
whereby pharmacological risk is detected prior to
clinical failure[48].

8.5 Personalized antiretroviral pharmacotherapy
Personalization will likely be a key element of the
future of LA-ART. Selection of agent and dosing
interval may be influenced by patient-specific
characteristics, such as resistance history,
comorbidities, concomitant medications, adherence

behavior, body characteristics, preferences for
injection, and healthcare accessibility[49].
Interindividual pharmacokinetic variability may be
more important as dosing intervals increase. Future
precision-pharmacotherapy strategies might then
include patient-specific variables, when clinically
validated, and pharmacokinetic modelling to
maximize exposure[50].

IX.  Conclusion

The introduction of LARVs has been a
major step forward in HIV pharmacotherapy, as
these drugs can provide long-term protection against
HIV  infection with less frequent drug
administration. Clinical studies have shown that LA
CAB/RPV is as effective as oral therapy in the right
patient population for viral suppression, and patient-
reported outcomes often show high treatment
satisfaction and lower treatment burden. However,
the major benefit of LA-ART, its long-lasting
pharmacological effects, also presents unique
challenges. The pharmacokinetic tail may result in
suboptimal  exposure following delayed or
interrupted treatment; DDIs may be less readily
reversible after administration; and missed
injections may move the patient from therapeutic to
subtherapeutic exposure. These risks should not be
considered as just a technological alternative to the
daily tablet. Rather, its clinical success relies on the
integration of pharmacokinetics, pharmacotherapy,
patient preference, adherence behavior, medication
safety, resistance prevention, and healthcare-system
continuity.  Medication  reconciliation, = DDI
assessment,  patient  selection,  counselling,
appointment and adherence support, monitoring and
treatment transition coordination are all areas in
which clinical pharmacists can play a significant
role in this process. LA-ART should thus aim at
achieving predictable exposure rather than more and
more infrequent dosing, and at choosing treatment
based on the individual patient, at managing risks in
advance, and at implementing the treatment in a
multidisciplinary clinical setting.
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