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Advances in solid drug nanoparticle technologies have resulted in a number of long-acting (LA) formulations
with the potential for oncemonthly or longer administration. Such formulations offer great utility for chronic dis-
eases, particularly when a lack of medication compliance may be detrimental to treatment response. Two such
formulations are in clinical development for HIV but the concept of LA delivery has its origins in indications
such as schizophrenia and contraception. Many terms have been utilised to describe the LA approach and
standardisation would be beneficial. Ultimately, definitions will depend upon specific indications and routes of
delivery, but for HIVwe propose benchmarks that reflect perceived clinical benefits and available data on patient
attitudes. Specifically, we propose dosing intervals of ≥1week, ≥1month or ≥6months, for oral, injectable or im-
plantable strategies, respectively. This review focuses upon the critical importance of potency in achieving the LA
outcome for injectable formulations and explores established and emerging technologies that have been
employed across indications. Key technological challenges such as the need for consistency and ease of
administration for drug combinations, are also discussed. Finally, the review explores the gaps in knowledge
regarding the pharmacology of drug release from particulate-based LA injectable suspensions. A number of hy-
potheses are discussed based upon available data relating to local drug metabolism, active transport systems,
the lymphatics, macrophages and patient-specific factors. Greater knowledge of the mechanisms that underpin
drug release and protracted exposure will help facilitate further development of this strategy to achieve the
promising clinical benefits.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

The HIV/AIDS epidemic remains amajor public health threat and ap-
proximately 36.9 million [34.3 million–41.4 million] people worldwide
are estimated to be infected. In 2014, AIDS claimed an estimated 1.2mil-
lion [980,000–1.6 million] lives globally, with 2 million [1.9 million–2.2
million] people being newly infected in the same year. Worldwide,
around 15.8 million people were accessing antiretroviral therapy in
June 2015, constituting ~41% of adults and ~32% of children infected
with the virus [1]. Antiretroviral therapy (ART) currently involves co-
administration of drugs to simultaneously inhibit multiple viral targets,
maximising inhibition of viral replication whilst minimising drug resis-
tance. To date, 6 classes of antiretroviral drugs are available: nucleoside/
nucleotide reverse transcriptase inhibitors (NRTIs), non-nucleoside re-
verse transcriptase inhibitors (NNRTIs), protease inhibitors (PIs), fusion
inhibitors, CCR5 antagonists and integrase inhibitors (INIs). Although
ART has led to a decline in mortality and morbidity, therapeutic failure
occurs in an estimated 8% of treatment naïve and 33% of treatment ex-
perienced patients [2]. Antiretroviral drugs also have clinical application
in the prevention of HIV infection, and pre-exposure prophylaxis (PrEP)
strategies have been developed for subjects at high risk of acquiring the

infection. Several factors contribute to heterogeneity in the response to
antiretroviral agents, such as viral characteristics, immunological status,
and pharmacokinetic variability to drug exposure. Currently available
formulations necessitate lifelong, daily dosing and suboptimal adher-
ence places patients at risk of treatment failure and low rates of protec-
tion for PrEP [3].

Recently, two antiretroviral drugs have entered clinical develop-
ment as long-acting (LA) injectable depot formulations. The first of
these, developed by Janssen is rilpivirine LA (Edurant®) [4–6] and the
second, developed by ViiV Healthcare is cabotegravir LA [7,8]. Both of
these medicines are based upon the same nanotechnology that gener-
ates solid drug nanoparticle (SDN) suspensions via the process of wet
bead milling (also known as nanomilling; see also Section 4.1 below).
LA injectable formulations have previously been developed and li-
cenced for other indications such as contraception and schizophrenia
(Table 1) [9–11]. The advent of the HIV LA medicines has been greeted
with great excitementwithin the scientific, clinical and patient commu-
nities. In the short term, since only single agent LA medicines will be
available, the largest impact is likely to be made by their deployment
in PrEP [12]. However, it is hoped that the arrival of these medicines
will spur further development of fully LA regimens for the treatment

Table 1
Comparison of selected clinically-available long-acting injections and candidate injections under clinical development.

Technology Drug name Route Dosing interval Condition Clinical depot volume

Suspension-based
Solid drug particle Medroxyprogesterone acetate SC 3 monthly Hormone therapy 0.65 mL
Solid drug particle Medroxyprogesterone acetate IM 3 monthly Hormone therapy 1 mL
Solid drug particle Olanzapine IM 2–4 weekly Schizophrenia Max. 2.7 mL
Solid drug particle Paliperidone palmitate IM 1 monthly Schizophrenia Max. 1.5 mL
Solid drug particle Paliperidone palmitate IM 3 monthly Schizophrenia Max. 2.7 mL
Microparticle/microsphere Somatropin SC 2–4 weekly Hormone therapy Max. 1.5 mL
Microparticle/microsphere Leuprolide acetate IM 1–3 monthly Prostate cancer 1.5 mL
Microparticle/microsphere Naltrexone IM 1 monthly Alcohol dependence 4 mL
Microparticle/microsphere Risperidone IM 2 weekly Schizophrenia 2 mL

Solid drug particle (undergoing human trials)a Cabotegravir IM 1 quarterlya HIV therapy and PreP 2 × 2 mL splita

Solid drug particle (undergoing human trials)a Rilpivirine IM 1 monthlya HIV therapy and PreP 2 × 2 mL splita

Solution-based
Oil-based Flupenthixol decanoate IM 2–4 weekly Schizophrenia Max. 2 mL
Oil-based Zuclopenthixol decanoate IM 2–4 weekly Schizophrenia Max. 3 mL
Oil-based Testosterone cypionate IM 2–4 weekly Hormone therapy Max. 1.5 mL
Oil-based Estradiol valerate IM 1 monthly Hormone therapy Max. 1 mL
In-situ implant Leuprolide acetate SC 1–6 monthly Prostate cancer 0.375 mL

Early stage solution-based immunotherapies
Aqueous concentrated protein (undergoing
human trials)a

CCR5 Monoclonal Antibody (PRO-140) SC 1–2 weeksa HIV 2 × 1 mL splita

Aqueous concentrated protein (undergoing
human trials)a

Broadly neutralising monoclonal antibody (VRC01) SC 3–4 weeklya HIV TBD

Aqueous concentrated protein (undergoing
human trials)a

Broadly neutralising monoclonal antibody (VRC01) IV 3–4 weeklya HIV NAb

Aqueous concentrated protein (undergoing
human trials)a

Anti-CD4 binding site monoclonal Antibody
(3BNC117)

IV 1 monthlya HIV NAb

a Note that since these formulations are currently still in clinical development, dosing interval and volume should be considered subject to change.
b Intravenous infusions have shown long-acting benefits but are not considered depot injections.
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