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Abstract

People with HIVV (PWH) can now enjoy longer, healthier lives due to safe and highly effective
antiretroviral therapy (ART), and improved care and prevention strategies. New drug formulations
such as long-acting injectables (LAI) may overcome some limitations and issues with oral
antiretroviral therapy and strengthen medication adherence. However, challenges and questions
remain regarding their use in aging populations. Here, we review unique considerations for
LAI-ART for the treatment of HIV in older PWH, including benefits, risks, pharmacological
considerations, implementation challenges, knowledge gaps, and identify factors that may
facilitate uptake of LA-ART in this population.

Keywords
aging; antiretroviral therapy; cabotegravir; geriatric; HIV; injectable antiretroviral therapy

Introduction

People with HIVV (PWH) are now able to enjoy longer, healthier lives due to safe and

highly effective antiretroviral therapy (ART) and prevention strategies [1,2]. By 2030, PWH
aged 60 years or older are expected to represent over 40% of all PWH globally [3,4], and
nearly 25% of all ART users in the United States may be age 65 or older [5]. However,
aging with HIV carries unique risks — a higher incidence of health complications and
comorbidities compared to older persons without HIV, with resultant polypharmacy and
inappropriate prescribing [6—12]. These issues increase the risk of higher pill-burden, drug-
drug interactions (DDIs), and toxicities, which may compromise ART adherence and health
outcomes [11].

New approaches to drug delivery, such as long-acting formulations, are being developed
to strengthen adherence to ART. Long-acting agents in various stages of development
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include oral therapies (islatravir), implants (tenofovir), microarray patches (rilpivirine), and
vaginal rings (dapivirine), as well as long-acting injectable (LAI) injectables like lenacapavir
and cabotegravir-rilpivirine (CAB/RPV; Cabenuva), a recently FDA-approved ART given
every one to two months for the treatment of HIV infection [13-15]. Though CAB/RPV’s
novel mode of delivery holds promise in circumventing some of the issues with oral
therapy, new challenges and unanswered questions remain, particularly around its use in
aging populations. Some studies have explored considerations for LAI-ART acceptability,
applicability, and implementation for certain subpopulations [16—20]. However, its benefits,
risks, and applications for aging populations and their distinct needs remain understudied.
Here, we review unique considerations for LAI-ART for the treatment of HIV in older
PWH.

The challenges of oral antiretroviral therapy in older persons with HIV

The current landscape of oral ART is layered with complexity — more antiviral medications
are approved for treating HIV infection than for any other viral infection. Despite oral

ART regimens of optimal antiretroviral efficacy and tolerability, including those containing
integrase strand transfer inhibitors (INSTIs), adherence to daily oral ART remains an issue.
In 2020, fewer than two-thirds of people with diagnosed HIV in the United States took all of
their prescribed ART doses in the past 30 days [21]. This suboptimal adherence to ART is
the most common cause of treatment failure and the development of resistance [22].

Although older PWH have relatively high rates of adherence to oral ART, they face distinct
pharmacologic challenges (Fig. 1) [13]. These include treatment fatigue, pill burden and
size, food and timing requirements surrounding dosing, side effects, and changes in daily
routine [23-27]. Older PWH are at also risk for depression and neurocognitive disorders,
whether associated with HIV infection itself or other factors, as well as age-related cognitive
decline which may impact adherence to ART [28]. Age-related visual, auditory, and
dexterity impairments may also affect elders’ adherence to medications [29].

Many adverse effects of oral ART are particularly relevant to aging populations. However,
most ART trials have included only a small proportion of persons older than 50 years. As

a result, there is less of an understanding and quantification of adverse effects in older
patients compared to populations more represented in studies. The Adult and Adolescent
ART Guidelines recommend the same regimens for older adults with HIV as for younger
persons with HIV, typically with a regimen that includes an integrase strand transfer
inhibitor (INSTI) and two nucleoside reverse transcriptase inhibitors (NRTI) [13]. Important
toxicities to consider when initiating or changing an ART regimen include bone and renal
effects related to tenofovir disoproxil fumarate, weight gain related to INSTIs and tenofovir
alafenamide, neurocognitive and neuropsychiatric toxicities related to efavirenz and rarely
reported with dolutegravir and cabotegravir, and increased cardiovascular risk associated
with abacavir and boosted protease inhibitors [13]. Older PWH, especially postmenopausal
cisgender women, have an increased risk of osteopenia, osteoporosis, and fractures, which
may be exacerbated by uncontrolled HIV and certain ART regimens that cause loss of

bone mineral density (e.g. tenofovir disoproxil fumarate; TDF) [13]. Increasing age is also
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associated with higher rate of treatment changes due to toxicity with protease inhibitor
(PI)-based regimens, albeit use of this drug class is generally less common today [30].

Some oral ART-specific drug toxicity in the older PWH may be related to age-associated
physiologic changes that alter pharmacokinetics and pharmacodynamics. These changes
include increased adiposity (which affects distribution of fat-soluble drugs), decreased
albumin levels, and changes in the cytochrome P450 enzyme system [31-35]. Since

both nonnucleoside reverse transcriptase inhibitors (NNRTIs) and Pls are metabolized

by cytochrome P450, older PWH may have significantly higher drug exposure. Hepatic
metabolism and renal elimination are the major routes of drug clearance, including the
clearance of many ART medications. Both liver and kidney function can decrease with age
and may result in impaired drug elimination and increased drug exposure [36—38]. Although
there are no recommendations for dose adjustments of oral ART based on age alone, renal
and hepatic function is recommended for assessment on an ongoing basis, as lower drug
clearance can be seen with chronic kidney or liver disease [13].

Potential benefits of long-acting injectable-antiretroviral therapy in older

persons with HIV

ART regimens that include less frequent dosing and/or different routes of administration
may improve viral suppression by mitigating barriers to adherence [39,40]. There are several
different long-acting medications and modes of ART delivery under development [41].

In January 2021, the Federal Drug Administration (FDA) approved the first complete LAI-
ART regimen, CAB/RPV, for the treatment of HIV in adults. Multiple clinical trials have
demonstrated the efficacy and safety of the CAB/RPV LAI-ART and confirmed that 4-week
to 8-week dosing regimen is noninferior to standard daily three-drug oral regimens [42—-45].
A pooled analysis of multiple trials comparing outcomes between adults aged at least 50
(albeit with limited number of persons older than 65) and less than 50 years demonstrated
similar rates of virologic suppression, adverse events, injection site reactions and severity,
and changes in baseline treatment satisfaction compared to oral ART between both groups
[46].

Qualitative studies conducted among diverse populations have demonstrated a high level of
enthusiasm and interest for LAI-ART (Table 1). These perceived benefits include ‘freedom’
from the logistical and psychosocial demands of daily oral ART and its attached stigma,
less risk of missing a dose, convenience, privacy, less risk of treatment failure, and thereby
less risk of transmission of HIV to partners. Pilot studies prior to regulatory approval
among various outpatient clinical settings and providers have demonstrated LAI-ART to be
acceptable, feasible, and sustainable [47].

The advantages of LAI-ART include a reduction in dosing frequency, total pill

burden, stigma associated with daily oral regimens, drug—food interactions, and potential
gastrointestinal (GI) side effects, as well as direct provider monitoring of adherence via
in office injections. Pharmacologically, the benefits of LAI-ART for older populations
potentially include that the pharmacokinetic variability after intramuscular administration
may be reduced compared to oral formulations. Intramuscular administration avoids the
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complexity of the absorption process including avoidance of intestinal transporters and

first pass metabolism, which is usually reduced in older patients [48,49]. With LAI
CAB/RPV specifically, many cumbersome absorption related drug—drug interactions can
be avoided. It is estimated that a third of older adults take a proton pump inhibitor

which significantly impacts the absorption of oral rilpivirine [50]. Additionally, 70% of
older adults report taking dietary supplements — management of timing of polyvalent
cation-containing dietary supplements with INSTI-based ART can increase medication
administration complexity [51,52]. Circumventing gastrointestinal tract with intra-muscular
administration of CAB/RPV prevents these drug—drug interactions.

As related to quality of life, long-acting antiretroviral therapy can simultaneously improve
patient privacy, confidentiality, reduce social stigmas associated with HIV and reduce
constant reminders of one’s HIV status through daily pill use. From the clinic and provider
perspective, characteristics appropriate for consideration of LAI-ART include treatment
fatigue, history of side effects, and stress or anxiety related to daily oral ART adherence
[47,53].

Lessons learned from other injectables in older persons with HIV

Long-acting injectable therapies have helped facilitate treatment adherence for other
stigmatized conditions like mental illness and substance use disorders. LAI antipsychotic
(LAI-APS) medications can prevent psychiatric relapse in noncompliant or forgetful patients
and lower rates of relapse and re-hospitalization, resulting in cost savings compared with
oral antipsychotics [54]. The decision to treat patients with LAI-APS agents involves

similar considerations as LAI-ART, including a patients’ history of response and personal
preference, clinician’s previous experience, and the medication’s pharmacokinetic properties
[55]. Providers often consider LAI-APS in older patients who have difficulties with
compliance, irregularly take their medications, or have other characteristics such as memory,
vision, or auditory impairment that contribute to partial compliance [55].

Despite being frequently viewed as ‘treatment of last resort’ for those with nonadherence

or treatment failure, LAI-APS can benefit patients in all phases of psychiatric illness [56].
Similarly, it is critical to present LAI-ART to the aging population not as a solution to
nonadherence but instead as an option to ensure all PWH receive patient-centered treatment.
LAI-ART should be broadly accessible such that goals like U=U (undetectable viral load
equals untransmissible virus) are achievable. Furthermore, while involuntary administration
of LAI-APS are uncommon, LAI-ART must only be administered with consent of the
patient or an appropriate surrogate, based on substituted judgment or the patient’s best
interest [56].

As data are limited evaluating older patient preferences towards LAI-ART, studies from
other long-acting injectables, both in the general population and among PWH, may be
useful to inform patient satisfaction and preference. Denosumab (Prolia), an injectable
human monoclonal antibody used for the treatment of osteoporosis, has been compared with
oral bisphosphonates. Studies have found that postmenopausal women with osteoporosis
were more adherent, compliant, and persistent with subcutaneous denosumab injections
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every 6 months than with once-weekly alendronate tablets and reported increased treatment
preference, convenience, and satisfaction with injectable denosumab over oral alendronate
[57,58]. A randomized placebo-controlled clinical trial demonstrated that 6-monthly
injections of extended-release naltrexone were acceptable and more than doubled the odds
of viral suppression among incarcerated individuals with HIV and alcohol use disorders
transitioning to the community [59].

Long-acting injectable- antiretroviral therapy biologic challenges and

considerations in older persons with HIV

Knowledge is still incomplete regarding LAI-ART’s benefits, risks, efficacy, and
implications for older PWH. Table 2 contains a summary of knowledge gaps relevant to
LAI-ART in older PWH and agenda items for further needed research. Most studies on LAI-
ART have been carried out with younger PWH, with older age strata poorly represented.

It is therefore difficult to determine differences in response between younger and older
(including elderly) individuals — a factor which could potentially limit the generalizability
of LAI-ART’s efficacy and rate of failure to older populations [60]. The median age of
participants in noninferiority randomized control trials (ATLAS, FLAIR, LATTE-2) has
ranged from 34-42 years (Table 3) [42,43,1-63]. Two trials (ATLAS-2 M, LATTE-2) did
not report the number of enrolled participants aged 50 years or older; of other trials that did,
only 228 patients enrolled were 50 years old or older, and of these, 99 were randomized

to receive LAI-ART [42-45,61-63]. In each of the treatment studies, a small number

of participants (1%) experienced virologic failure with both new NNRT] resistance and
integrase inhibitor resistance. Pharmacokinetic data of CAB (oral or injectable) are scarce in
people aged 65 years or older. Given these limitations, the FDA has advised caution when
considering CAB-RPV for older patients, given increased burden of chronic comorbidity
and potential for polypharmacy in this population [60]. Lastly, many older PWH may have
mutations conferring HIV resistance, making them ineligible for CAB-RPV.

By design, LAI-ART has a long half-life and cannot be withdrawn once administered.
Although oral lead-in is now optional based on the FLAIR extension study, the oral
lead-in period might be considered in aging populations to assess safety, side effects,

and tolerability. Older populations are more at risk of experiencing side effects due to
coexisting medical illnesses and concomitant medications, prompting close monitoring for
development of known side effects [55]. Nearly nine in ten older adults take at least one
prescription medication daily with more than half taking four or more prescription drugs
[64]. Given the higher frequency of concomitant medications for comorbidities in older
patients, the utility of LAI-ART in terms of diminishing pill burden when most ART
regimens are only once daily single tablet regimens must also be considered [65].

Although intramuscular administered pharmacokinetics bypass age-related changes in Gl
absorption and metabolism, they may be affected by other factors such as body mass index
(BMI), decreased muscle mass, gender, exercise, local blood flow, and age [48,53,55].
Changes in fat distribution at gluteal injection sites in older populations may impact
pharmacokinetics and dynamics. With significantly decreased muscle mass plus potential
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for decreased blood perfusion to the muscle, absorption from intramuscular injections could
be impaired. Differences in CAB and RPV exposure after intramuscular administration

have been observed according to BMI and gender with lower (early-time point) CAB
concentrations in participants with BMI =30 kg/m? and in female participants [66-68].
Although population pharmacokinetic (popPK) modeling has also shown a possible role for
covariates as gender and BMI, it could not analyze age impact due to insufficient number of
older PWH [48,69]. Further study is needed on the impact of aging on the pharmacokinetics
of intramuscular administration, particularly drug absorption in people with frailty, to ensure
optimal dosing and administration and drug level monitoring.

Age-related changes in body habitus and muscle volume risk improper injection technique
with subsequent injection site pain or reactions requiring close monitoring. In a pooled
analysis across ATLAS and FLAIR studies over 48 weeks, up to 25% of all injections

had injection site reactions. Most were mild-moderate, with less than 1% being grade 3
severity or greater. Incidence was highest for the first dose but attenuated over time. The
most frequently reported reaction was injection site pain (21%), with nodules, induration,
and swelling noted less frequently — but only leading to a 1% discontinuation rate. To
address injection site reactions in older patients as a potential barrier to uptake, providers
might consider not only counseling on the possible discomfort of receiving ART injections
(particularly with the initial dose), but also the potential impacts that gluteal pain, induration,
and swelling in injection sites may have on mobility and function — even if mild or
temporary. For patients with impaired mobility for whom injection-site pain or reactions
may further affect function, shared decision-making to explore potential risks and benefits
might ensure local side effects do not impede independence or diminish quality of life.
Strategies to ameliorate symptoms include the application of cold or warm packs, the use of
over-the-counter pain relievers, or massage of the affected area [70].

Although two-drug LAI-ART has less potential for drug-drug interactions compared with
multidrug oral ART regimens, from the perspective of polypharmacy and medication
reactions, certain drugs that induce UGT1AL or cytochrome P450 3A4 have been found

to potentially lead to LAI-ART treatment failure by decreasing concentrations of both CAB
and RPV [60]. These drugs include certain anticonvulsants (carbamazepine, oxcarbazepine,
phenobarbital, phenytoin), antimycobacterials (rifabutin, rifampin, rifapentine), systemic
steroids (more than a single dose of dexamethasone), and St. John’s Wort. Conversely,
macrolide antibiotics (specifically azithromycin, clarithromycin, and erythromycin) can
increase rilpivirine concentrations and the risk of QT interval prolongation and Torsades de
Pointes [60]. Even short courses routinely prescribed for some comorbidities (e.g. systemic
steroids for gout flares) might transiently reduce ART efficacy and thereby increase risk of
HIV resistance with LA-ART [60]. Because older patients may see multiple specialists, care
coordination with other care team members might aid all providers being aware of potential
drug—drug interactions and contraindications if LAI-ART is being considered. Patients (and
caregivers) may also need to be counseled on interacting medications, to avoid errant
prescribing from other care settings, such as urgent care clinics, acute inpatient settings,

or rehabilitation or long-term care facilities. Lastly, CAB/RPV can also reduce levels of
methadone in some patients, an important consideration for older PWH on methadone for
medication-assisted treatment or, less commonly, chronic pain management [60].
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Aside from drug—drug interactions, comorbidity profiles in older PWH are important to
consider prior to initiating CAB/RPV. CAB/RPV has been associated with depressive
disorders, which have a high prevalence and can present atypically in older patients
[60,71,72]. Additionally, hepatotoxicity has been reported in patients with and without
known hepatic disease who received cabotegravir or rilpivirine [60]. There has been
increasing prevalence of chronic liver disease in older age groups [73]. For instance,
conditions more common in older patients such as dyslipidemia, diabetes mellitus, and
hypertension increase risk for nonalcoholic fatty liver disease [73]. Alcohol-related liver
disease is often under-recognized in older adults, and elderly patients tend to have more
histologically advanced alcohol-related liver disease compared to younger patients despite

a lack of difference in routine laboratory liver function tests between both demographics
[73,74]. Therefore, history and lab-based screening for behavioral and hepatic comorbidities
in older PWH before and during treatment is important when considering appropriateness of
LAI-ART.

Long-acting injectable- antiretroviral therapy implementation challenges

and considerations in older persons with HIV

Despite the potential advantages of LAI-ART, structural challenges limit implementation
in clinical practice [75-77]. Challenges range from limited clinical capacity, need for new
clinical processes, and insurance- or patient-related factors, and may vary based on each
clinic’s resources and populations served [47]. For clinics interested in implementing LAI-
ART for older patients, Table 4 highlights a proposed checklist of key considerations to
facilitate the safe and equitable implementation of LAI-ART for older PWH.

Capacity and process-related challenges faced by clinics have included additional time
needed to assess patient eligibility for LAI-ART, the need for additional skilled clinicians
to administer injections, private space requirements for injections, cold-chain storage,
increased scheduling demands for injections, navigating missed injections or loss to follow
up, and ensuring equitable access and distribution of LAI-ARTS in a cost-effective manner
[78].

In the United States, insurance-related challenges encountered by pilot LAI-ART
implementation programs have included difficulties with complex drug procurement
including lack of drugs on payor formularies, the need for prior authorizations and to appeal
insurance denials, reimbursement, and lack of clarity of whether LAI-ART is covered under
a pharmacy benefit or a medical benefit [47,79].

Patient access and affordability issues, including socioeconomic status, transportation,
living conditions, and time-off-work, have been frequently cited as barriers for LAI-ART
implementation [47]. Some older PWH may be less independent or have less access to
reliable transportation, potentially raising concerns about returning to clinic for scheduled
injections [79,80]. Further, monthly or bimonthly LAI-ART injections may require more
frequent clinic visits than oral ART creating an increased transportation burden. Some of
these challenges may be overcome by expanded use of community pharmacies, mobile
clinics, as well as home-delivered or self-administered services.
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LAI-ART prices and healthcare costs can affect acceptance of therapies for older PWH,
who may already face higher overall non-HIV related healthcare costs for other chronic
comorbidities than younger counterparts. Cabotegravir-rilpivirine may be cost-prohibitive
for some older underinsured or uninsured PWH [19]. In the United States, 9% of people
aged 65 and older were living in poverty in 2020, and in 2016, 50% of Medicare
beneficiaries had incomes below $26 200 with a quarter living on less than $15 250

[81,82]. A majority of PWH on Medicare are dual-eligible for Medicaid and qualify for low-
income subsidies under Medicare Part D [83]. Out-of-pocket costs for patients on Medicare
receiving LAI-ART would consist of co-pays or co-insurance for both the medication and
an office visit. While Medicare Part D would at least partly cover the lead-in oral ARTwhen
it is indicated (with patients bearing costs for co-pay or co-insurance), patients on Medicare
would be responsible for 20% of the insurance costs for injectable formulations under
Medicare Part B, as well as 20% of their visit costs. Dual-eligible PWH living under 150%
of the federal poverty level may face less of an out-of-pocket cost burden as both oral
lead-in and LAI-ART would each cost no more than $8, with costs for office visits similarly
reduced.

Although LAI-ART manufacturers and the Ryan White HIV AIDS Program’s AIDS Drug
Assistance Program (ADAP) have assistance programs to help offset costs for certain
patients, the long-term feasibility of some options is uncertain [75,78]. Given the complex
financial and social factors which may affect the feasibility of LAI-ART for older PWH,
multidisciplinary care teams consisting not only of physicians, nurses, and pharmacists,
but also case managers and social workers, can assist older adults potentially eligible for
LAI-ART [79].

If LAI-ART is deemed appropriate for an older patient, there are additional logistical
considerations to be explored. LAI-ART pilot programs have included toolkits with

digital and hard-copy media for patients including educational flashcards, patient-reminder
systems, and what-to-expect videos [47]. For older PWH, such materials could ideally be
accessible to the vision- or hearing-impaired, and clear expectations should be discussed
with patients (and caregivers, if appropriate). While technological literacy among older
individuals is increasing, gaps still persist [84]. Therefore, patient scheduling and reminder
system pathways could be adaptable and account for the lower digital literacy and access
faced by many older individuals. In the event of missed injection doses, ‘bridging,” or

a rapid but temporary transition to oral dosing, has not been evaluated for older PWH
feasibility . Older PWH (and caregivers) must be educated on the risks of missed doses,
and plan accordingly for missed injections by obtaining the oral bridge regimen at time of
missed dose or already having it in-hand (i.e. advising to keep one month of their prior oral
ART regimen for this purpose) [85]. In addition, hospitals may not have LAI-ART available,
so patients will need contingency plans for prolonged hospitalizations such as through oral
bridging or by providing a home supply of medication.

Lastly, LAI-ART implementation may present additional opportunities to comprehensively
address unique HIV care and treatment needs of older PWH, as highlighted by other
comprehensive HIV care programs [86]. For instance, the need for more frequent clinic
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visits for injections may be leveraged to facilitate other preventive healthcare or chronic
disease monitoring.

Conclusion

LAI-ART is a promising therapeutic option for older PWH, which can address issues
relating to oral ART adherence and polypharmacy that are common amongst older patients.
With the growing number of people aging with HIV, LAI-ART should not just be viewed as
a tool for adherence but as an option to ensure all PWH receive patient-centered treatment.
To end the HIV epidemic, treatment such as LAI-ART should be broadly and equitably
accessible. However, much remains unknown concerning the applicability of LAI-ART
among older PWH, as well as unique pharmacological considerations and implementation
challenges for this population as few studies have captured older PWH. As the options for
LA-ART regimens are expanding, more studies including older PWH are essential to further
assess LA-ART effectiveness and safety, and clarify the needs of, and advance health equity
for, this growing population.
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