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Executive Summary

Despite the wide range of available fixed-dose regimens, adherence to daily lifelong ART is still a
challenge for many patients. Long-acting (LA) injectable antiretroviral candidates as an alternative
to oral daily therapy are currently being evaluated for the treatment and prevention of HIV infection.
Other non-injectables such as implants, patches, vaginal rings are also currently under development.
While LA formulations could help overcome adherence issues, multiple barriers and concerns must
be addressed overcome before they can be widely accepted for use (Table 1). Many drug candidates
for HIV treatment and prevention are still in the early stages of development (Table 2 and 3).
Considering the process of drug development, from preclinical testing to final regulatory approval,

we can only expect more injectable LA drugs to enter to market around mid-2020s.

Table 1: Advantages and Disadvantages of injectable LA antiretrovirals
Advantages Disadvantages
e May address adherence issues due to less Frequent clinic visits may be resource-intensive

frequent dosing schedule and pose barrier to adherence

e May be preferred for patients who wish to e Oral lead-in periods will require careful
avoid burden or stigma of daily oral management
antiretrovirals

o Fewer (or different) side effects o Potential long-lasting side effects

e Potential to reduce the need for costly e High dosing volumes may result in painful

laboratory tests to monitor treatment efficacy injection site reactions
e Lower overall drug dose Some people may not like injections
e High acceptability and patient satisfaction Potentially very high cost
Potential for resistance in non-adherent patients
Lack of safety data in pregnancy
Contraindication for patients with co-infections
(e.g. Hepatitis B, tuberculosis)




Table 2: List of long-acting injectable candidates for treatment

Drug Manufacturer | Type Status
Cabotegravir Long- ViiV/Janssen | Integrase inhibitor + Phase 3
acting plus Rilpivirine Non-nucleoside reverse transcriptase
Long-acting inhibitor (NNRTI)
(CAB LA plus RPV LA)
MK-8591 (EFdA) Merck Nucleoside reverse transcriptase Phase 2
translocation inhibitor (NRTTI)
Elsufavirine Viriom NNRTI Preclinical
Albuvirtide Frontier Fusion Inhibitor Phase 3
Ibalizumab TaiMed Monoclonal antibody Phase 3
Biologics
PRO 140 CytoDyn Monoclonal antibody Phase 3
VRCO1 NIAID VRC Monoclonal antibody Phase 1/2
VRCO1LS NIAID VRC Monoclonal antibody Phase 1/2
GS-9131 Gilead Capsid inhibitor Phase 1
GS-CA1 Gilead Capsid Inhibitor Phase 1
Table 3: List of long-acting injectable candidates for prevention
Drug Manufacturer | Type Status
Cabotegravir Viiv Integrase inhibitor Phase 3
VRCO1 NIAID VRC Monoclonal antibody Phase 1/2
VRCO1LS NIAID VRC Monoclonal antibody Phase 1/2




Efficacy and safety data for HIV treatment and prevention

1. Cabotegravir LA plus Rilpivirine LA

The most advanced clinical trials for injectable LA antiretrovirals at present involve cabotegravir and
rilpivirine. Cabotegravir is an experimental INI and structural analogue of dolutegravir first evaluated
as an oral tablet and later as an injectable nanosuspension (1,2). It has a potent anti-HIV-1 activity,
a half-life of about 40 hours when dosed orally, and a low propensity for drug-drug interactions(1,2).
Rilpivirine, an NNRTI with in-vitro activity against HIV-1 and resistance to some NNRTIs (3), is also
evaluated as a nanosuspension formulation (4). Cabotegravir LA plus rilpivirine LA injections have

significant potential to improve HIV treatment and prevention due to their infrequent dosing schedule.

Table 4: LATTE-2 Results at 96 weeks (2)

o/ i . Withdrawals
% with plasma Serious due to
Study Arm HIV-1 RNA <50 adverse
. adverse-
copies/mL events
events
IM CAB LA 400mg plus RPV LA 600mg o o o
every 4 weeks 87% 1% 7%
IM CAB LA 600mg plus RPV LA 900mg o o o
overy 8 weeks 94% 11% 2%
Oral CAB + Abacavir/Lamivudine 84% 16% 2%

HIV Treatment:

The LATTE-2 trial investigated intramuscular (IM) cabotegravir LA plus rilpivirine LA given in 4 or 8-
week intervals (following a 20-week oral induction period) against an oral cabotegravir regimen
combined with ABC/3TC in HIV-1 positive adults to maintain viral suppression (2). Pre-specified
efficacy criteria were met as 87% and 94% of the 4-week and 8-week group achieved viral
suppression through 96 weeks, compared to 84% in the oral treatment group (Table 4) (2). Injection
site pain of mild to moderate intensity was also the most commonly reported adverse event, which
lasted a median duration of 3 days (2). With no treatment-related serious adverse events, the authors
concluded that cabotegravir LA plus rilpivirine LA was highly effective, safe and well tolerated for
maintenance therapy (2). Treatment with |IM cabotegravir LA plus rilpivirine LA was also highly
acceptable, with 99% of patients who received the LA injections reported that they would be highly

satisfied to continue doing so, compared to 78% reported in the oral treatment arm (2).

More recently, 48-week results from the ATLAS trial showed that switching to a cabotegravir LA plus
rilpivirine LA regimen injected every 4 weeks in virologically suppressed patients met the primary
endpoint for non-inferiority (the proportion of participants with plasma HIV-1 RNA =50 copies per

milliliter [c/mL] using the FDA Snapshot algorithm at Week 48), and hence demonstrated similar



efficacy as the standard of care of a daily oral regimen comprised of two nucleoside reverse
transcriptase inhibitors (NRTIs) plus a third agent (5). Overall safety, virologic response and drug
resistance results for the injectable LA regimen were also consistent with results from the phase I
LATTE-2 study (5).

Table 5: ECLAIR Results (6)

Withdrawal due to
adverse events
(injection phase)

Treatment-related

Study Arm adverse events

Injectable CAB LA o o
800 mg every 12 weeks 80% 0%
Placebo 48% 5%

HIV Prevention:

The ECLAIR study ran from 2014 to 2016 and tested cabotegravir LA against a placebo for HIV
prevention in 127 participants of which a majority were men who have sex with men (MSM) (6).
Results indicated that the injectable cabotegravir LA was well tolerated and safe (Table 5), even
though the frequency of grade 2 or higher adverse events was higher in the cabotegravir group (80%)
compared to placebo (48%) (6). The most commonly reported adverse event was injection-site pain,
of a mean duration of 5.4 days. However, there were no withdrawals due to adverse events during
the injection phase in the cabotegravir group (6). Most (75%) of patients said they were generally
more satisfied with the injection-based treatment than with an oral regimen one week after the third
injection (6). Furthermore, the absorption rate of the cabotegravir LA 800mg was faster than
predicted, indicating that dosing may have to be reduced from every 3 months to every 2 months in

future studies (6).



Ongoing trials for injectable Cabotegravir LA plus Rilpivirine LA

HIV Treatment

Besides the ALTAS trial, there are two other phase 3 trials currently underway by ViiV to study the
safety and efficacy of IM cabotegravir LA plus rilpivirine LA (Table 6). The FLAIR trial is designed to
evaluate the switch to the same regimen of IM cabotegravir LA plus rilpivirine LA in ART-naive
patients who are virologically suppressed on the INI-containing single tablet regimen of
abacavir/lamivudine/dolutegravir (ABC/3TC/DTG) (7). The switch study have enrolled 570
participants and is intended to complete by 2022 (7,8). Alongside, ATLAS-2M trial is comparing

cabotegravir LA plus rilpivirine LA administered every 4 or 8 weeks (9).

HIV Prevention

Although rilpivirine LA has been shown to be safe in healthy female volunteers in the HPTN 076
prevention trial (4), its clinical development has since been discontinued (10). This makes
cabotegravir LA the lead product for HIV prevention. At present, the safety and acceptability data of
cabotegravir LA is pending the completion of phase 1 and 2 studies (Table 6) (9,11). The HIV
Prevention Trials Network (HPTN) has also begun the twin placebo-controlled studies of HPTN-083
and HPTN-084 in December of 2016 which expected to continue through 2022 (12,13). Both are
Phase 2b/3 non-inferiority trials evaluating injectable cabotegravir LA 600mg compared to daily oral
TDF/3TC for PrEP in HIV-uninfected trans-gender women, MSM and women (12,13). All studies
mentioned thus far have excluded pregnant women and patients with active tuberculosis (TB), thus

leaving unanswered critical questions about applicability to these special populations.

Table 6: Ongoing Cabotegravir/Rilpivirine Studies

Treatment Product Number of End | Prevention Product Number of End
Trials (7-9) participants Date | Trials participants Date
(9,11-13)
FLAIR CAB LA 570 2022 | Phase | PK CAB 16 2019
plus
RPV LA
ATLAS-2M CAB LA 1020 2022 | HPTN 077 CAB 199 2018
plus
RPV LA HPTN 083/ CAB 4500, 2021
HPTN 084 3200 2022




2. Other Long-acting Injectable Candidates

Broadly neutralizing HIV antibodies (bNabs)

Ibalizumab

Since March 2018, ibalizumab has been approved by the U.S. Food and Drug Administration (FDA)
in treatment-experienced patients with multi-drug resistant HIV, based on combined results from only
292 patients over a long development phase (14). In the most recently completed TMB-301 study,
viral load was reduced by a median of 2.5 log copies/mL and 59% of participants achieved virologic
suppression (viral load <50 copies/mL) after 24 weeks of ibalizumab use with an optimized
background regimen (15). After 24 weeks, participants were allowed to continue ibalizumab up to 48
weeks in the extended TMB-311 study, and all 15 participants with suppressed viral load at 24 weeks
maintained through week 48 (15). Potential barriers to its uptake could include its high drug cost and

programmatic challenges as it is not self-administered (16).

PRO 140

In the Phase 2b CDO01 study (n=41), once-weekly PRO 140 monotherapy demonstrated moderate
efficacy in virologically suppressed patients (17). This was followed by the positive results from the
completed 25-week phase 2b/3 CD02 trial in which approximately 81% of heavily ART-experienced
patients on PRO 140 in combination with their existing ART achieved viral suppression with plasma
HIV-1 RNA viral load <50 copies/mL (18). Trial data also showed a statistically significant reduction
in HIV-1 RNA viral load by 0.5log or more with PRO 140 from baseline compared to placebo (18,19).
In the ongoing Phase 3 monotherapy CDO03 trial, virologically suppressed patients enrolled were
prescreened for CCR5-tropic HIV-1 infection and approximately 40% of patients were able to
maintain viral suppression with a 350mg weekly subcutaneous injection of PRO 140 (20).
Subsequently, the trial protocol was revised to increase the weekly dose to 525 mg and the response
rate increased to approximately 70% (20). In July 2018, CytoDyn Inc. announced that it had received
clearance to increase the weekly PRO 140 dose further to 700mg for newly enrolled patients and
patients who failed to maintain viral suppression on lower doses (20). CytoDyn Inc. would be
submitting a Biologics License Application to the U.S. FDA at the end of 2018 (18).



VRCO01 and second-generation antibodies

With laboratory studies showing the ability to stop up to 90% of HIV strains worldwide from infecting
human cells, VRCO1 is a bNab currently being studied as a form of passive immunization (21). At
present, there are two large tandem NIAID-supported prevention trials evaluating VRCO1 in Sub-
Saharan Africa, which slated to end by 2022 (22,23). Second-generation VRCO01-like antibodies have
also been developed using different optimization approaches (24). VRCO1LS, an altered form of the
VRCO01 monoclonal antibody with a half-life more than four times longer, has been demonstrated to

be safe in healthy subjects in a new report recently published (25).

Pharmacokinetic studies on VRC07-523-LS, a clonal relative of VRCO, have also showed longer
half-lives of 7 to 10 days in rhesus macaques, compared to VRCO01 (5 to 6 days) (26). This paves
the way for antibody-based products which potentially could be given on a 6-monthly basis by
subcutaneous injection for prevention. Early-phase clinical trials of VRC01LS, VRC07-523LS and

other bNabs for HIV treatment and prevention are also currently underway (24,27,28).

Nucleoside Reverse Transcriptase Translocation Inhibitor: MK-8591

LA formulations of Merck’s MK-8591 (formerly known as EFdA) showed long-term suppression of
viremia in HIV+ animal studies (29,30). Additional Phase | dosing data in healthy adults, presented
at CROI 2018, showed that multiple daily dosing of MK-8591 as low as 0.25mg was well tolerated
and expected to suppress HIV (31). Merck is now recruited 120 treatment-naive patients for a Phase
2B trial, DRIVE2SIMPLIFY, intended to evaluate the safety, tolerability, PK and efficacy of once daily
oral MK-8591 administered with doravirine and lamivudine, ending by 2020 (32).

Non-nucleoside reverse transcriptase inhibitor: Elsufavirine

Based on 48-week data demonstrating better tolerability and non-inferiority to efavirenz, elsufavirine
is an oral NNRTI that is recently approved in Russia in July 2017 for treatment of HIV in combination
with other antiretrovirals (33). At IAS 2017, pre-clinical pharmacokinetic data supporting the
development of an injectable LA formulation was reported (34). LA subcutaneous and IM

formulations are currently being studied outside the US (35).



Fusion Inhibitor: Albuvirtide

Albuvirtide is an injectable LA antiretroviral approved for use in treatment-experienced patients who
have failed first and second-line therapy in China since June 2018 (36). Based on interim 48-week
data from Phase 3 TALENT study, albuvirtide plus lopinavir/ritonavir (LPV/r) showed superiority over
LPV/r plus two NRTIs as second-line therapy (37). While there was better renal safety over tenofovir
disoproxil fumarate (TDF), high cholesterol and triglycerides were reported more commonly in the
albuvirtide arm (37). In July 2017, the drug company, Frontier, announced a licensing agreement
with Rockerfeller University in the U.S.to develop a co-formulation of albuvirtide with the broadly
neutralizing HIV antibody 3BNC117.(38)

GS-9131 and GS-CA1

Gilead’'s GS-9131 is a prodrug of the adenosine nucleotide analog GS-9148.(39) Data presented at
CROI 2017 highlighted its potent in vitro activity against HIV-1 and HIV-2, with a favorable resistance
profile and additive to synergistic antiviral activity in combination with other antiretrovirals (40).
Similarly, Gilead’s investigational capsid inhibitor GS-CA1 demonstrated high potency in studies
presented at CROI 2017 and is currently being developed as a subcutaneous injection for animal
studies (41). These two candidates must overcome manufacturing hurdles in order to bring cost
down before they can be tested further (42). However, there has been no new or ongoing data on

both drug candidates since 2017.



3. Approval timeline

Figure 1 and 2 shows the approval timeline of ongoing trials for long-acting injectable candidates for

HIV treatment and prevention discussed earlier in Section 2.

Figure 1: Approval timeline of ongoing trials for HIV treatment

2016 2017 2018 2019 2020 2021 2022

2023 2024

Cabotegravir  AAR(e=570):Phase3
plus
Ripwirine  LATTE2 (n=286): phase 20 [ AU S0 e S

2023:Earliest
approval
CAB/Ril Tx

Late 2024: Earliest
approval MK-8591

Late 2026: If Phase 2 and 3 proceed,
earliest approval for VRCO1 and VRCO1LS

Late 2027: If Phase 2 and 3 proceed,
earliest approval for G5-9131 and GS-CAl

for PRO 140
Albuviride . | EORSaa 2022; earlest approval
for Albuvirtide
WLtk DRIVE2SIMPLIFY (n=120): Phase 2b
(EFdA)
VRCO1 VRCO1: Phase 1
VRCO1LS VRCO1LS: Phase 1
GS-9131 GS-9131: Phase 1
GS-CAl GS-CA1: Phase 1
Elsulfavirine Pre-clinical

« Darker shaded bars indicate more advanced progress
« Figure listed in parentheses () in each box indicates the number of participants for each study
* Some trial end dates and candidate approval dates are approximate depending on recruitment

Figure 2: Approval timeline of ongoing trials for HIV prevention

2016 2017 2018 2019 2010 2021 2022 2023 2024
Cabotegravir Phase 1 PK (n=16) Late 2023:
HPTN 077 (n=199): Phase 2 Earliest
approval
~ HpTNOs3(n=4s00) for CAB or
e R e
VRCO1 ' HVTN 703/HPTN 081 (n=1900): Phase 2b Late 2027:
HVTN 704/HPTN 085 (n=2700): Phase 2b edrliest
approval
VRCO1
VRCO1LS Phase 1 PK (n = 118) Late 2027:;

If Phase 2 and 3
proceed, earliest
approval for VRCO1LS

« Darker shaded bars indicate more advanced progress
*  Figure listed in parentheses () in each box indicates the number of participants for each study
+ Some trial end dates and candidate approval dates are approximate depending on recruitment




4. Barriers to uptake in the current development landscape
Current injectable formulations focused on LA cabotegravir/rilpivirine face multiple barriers to uptake

if proven to be efficacious enough for large-scale development.

Considerations for Resource-Limited Settings

Infrastructure required to administer rilpivirine could be prohibitive in low- and middle-income settings
because it requires a cold chain for storage. All candidates for wide-scale use in ARV programs
should be formulated without such constraints. Administration of injections is resource-intensive,
requiring considerable staff time compared to oral therapy (42). The oral lead-in period of current
injectable LA drug candidates to rule out rare hypersensitivity reactions may also add complexity to
their implementation. According to current estimates, 22% of patients who begin treatment do not
complete it (43). Painful site injections and frequent visits to the clinic for time-intensive appointments
may also potentially affect adherence. More information is needed to ascertain whether long-term

adherence will improve, for some population, with less dependency to oral daily intake.

Furthermore, LA injection-based therapies for HIV treatment are unlikely to become standard of care
in resource-limited settings if its treatment-associated costs remain high. For instance, the current
list price for ibalizumab in 2018 is US$ 118,000 (wholesale acquisition cost) (16). LA injection-based
therapies might be even less cost-effective if we include the programmatic costs for providing the
infusions at healthcare settings. Although prices are not yet known for other candidates from other
therapeutic classes and other formulations excluding infusions, they are expected to lower than that
of ibalizumab. Similarly, the current WHO-recommended first-line regimen of
tenofovir/lamivudine/dolutegravir (TDF/3TC/DTG) will be available as a fixed-dose combination at a
cost of US$75 in most low and middle-income countries (44). If broadly neutralizing monoclonal
antibodies show success in the randomised controlled trials, manufacturers would also need to
demonstrate the feasibility of producing them at a reasonable cost and in setting with weak cold-

chain infrastructure before they can be considered for broader use(45).



Adverse Events

To support their greater use, injectable LA antiretroviral candidates would need to show similar
tolerability profile as tenofovir/emtricitabine (TDF/FTC) which is widely accepted as the standard
choice for pre-exposure prophylaxis. A meta-analysis of 13 randomised clinical trials of TDF/FTC as
PrEP showed no significant difference in risk of Grade 3/4 clinical adverse events or serious adverse
events, including renal or bone adverse outcomes, when compared to control regimens (46). In
comparison, the proportion of participants in the 4-week and 8-week cabotegravir LA plus rilpivirine
LA injection group in the LATTE-2 trial who reported Grade 3-4 adverse events was higher compared
to oral treatment group (4-week group: 18% vs 8-week group: 21% vs oral treatment: 13%) (2).
Injection-site reactions such as pain and swelling were most commonly reported, and results in 2
patients from the 8-week group (1%) withdrawing within 8 weeks of initiating dosing (2). Although
this is a small proportion of withdrawals, this could mean a significant number of patients when

applied to the large absolute numbers of the HIV epidemic.

Concern for antiretroviral resistance

Follow-up data from the ECLAIR prevention study revealed that a significant proportion of
participants experienced an extended PK tail of residual drug levels after administration of the final
dose for up to 52 weeks (47). At 24, 36 and 48 weeks after the last LA cabotegravir injection, a
respective 41%, 22% and 16% of participants had subtherapeutic drug levels between the lower limit
of quantification but below the ICqo (47), the level of drug that slows HIV replication by 90% during
treatment (illustrated by Figure 3). Similarly, quantifiable rilpivirine levels was found in plasma and
female genital tract fluids after 18 months after a single dose administration of LA rilpivirine injection
as PrEP (4). These extended subtherapeutic PK tails mean that there is a long period even after
discontinuing LA PrEP in which patients could develop antiretroviral resistance if they get infected
with HIV, limiting future treatment or prevention options. Particularly for patients with a history of non-
adherence or are lost to follow-up, this could potentially jeopardize the use of integrase inhibitors

with high generic barrier to resistance such as dolutegravir.



Figure 3: Graph showing extended PK tail (48)
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In addition, such an extended PK tail means that those who stop LA PrEP with continued risk
behaviour may have to take oral PrEP for a year or more after completing their final dose of
cabotegravir LA. Such an arrangement is counter-productive for patients who have specifically
chosen an injectable LA formulation for improved adherence (49). On top of the oral lead-in period
which may be required to rule out any hypersensitivity reactions, the need to use different
antiretroviral formulations (oral and injectable) within a single treatment or prevention regimen also
does not seem to offer any additional benefit compared to a once daily oral regimen (49). Patients
who only adhere to a partial regimen also run the risk of being developing resistance or getting
infected with HIV (49). Moving ahead, more information is required to evaluate long-term adherence
rates in specific population groups with higher risk of non-adherence. Further characterization of
injectable LA formulations’ extended PK profile will also be necessary to inform clinical management
during the PK tail.

Women of child-bearing potential / Pregnancy

As cabotegravir is an analogue of dolutegravir, the recent safety signal regarding the potentially
increased risk of neural tube defects in babies born to women who become pregnant after taking
dolutegravir at conception or the immediate period after should be a cause of concern (50). With
this safety signal, WHO and regulatory authorities in Europe and USA have since recommended
that women of child-bearing potential to avoid using DTG without effective contraception for the
time being (51,52). Adolescent girls and women of childbearing potential who do not currently want
to become pregnant can continue to receive DTG together with consistent and reliable
contraception. This puts a slight delay towards the large-scale transition to dolutegravir-based first-
line ART regimens in many countries. To avoid a similar situation at such a late stage of product

development, studies on pregnant women should also be planned ahead.



Patients with Tuberculosis

Cabotegravir and rilpivirine are contraindicated for patients taking rifampin for TB co-infection.(53,54)
In some countries, HIV/TB co-infection makes up one third of the patient volume, therefore
eliminating a key group of potential treatment recipients. In 2016, 11% of all HIV positive patients

were coinfected with TB globally, the majority of whom were on rifampin treatment (55).

Patients with Hepatitis B

Current tenofovir-based therapy for HIV patients has proven effective in helping treat patients with
HIV/HBV co-infection, and discontinuation of these drugs can cause serious complications
associated with reactivation of HBV (56). Initiation onto tenofovir-based antiretroviral treatment has
a strong prophylactic benefit among co-morbid populations, and a switch to a standard of care that
did not involve tenofovir could risk losing this protective effect.(57) Hepatitis B (HBV) virus is present
in an estimated 10% of all cases of HIV-1 infection globally, so the percentage of patients at risk of
reactivated HBV, and therefore ineligible for treatment that does not include TDF, is significant
(58,59).



Target product profile for injectable long-acting antiretroviral

Ideally, a target product for an injectable LA treatment and prevention of HIV intended to improve

adherence should possess the following characteristics. It must be safe and inexpensive in order to

reach all groups.

Exhibit similar or improved efficacy data to existing optimal oral therapies

Be composed of a fixed-dose combination of injectable products

High genetic barrier to resistance

Incur minimal injection-associated adverse events

Low in cost

Safe in patients with TB, Hepatitis B co-infection and pregnancy (including periconception
period)

Low dosage volume of less than 2mL per injection

No cold-chain requirement

Table 7 outlines the ideal and minimum acceptable profile for a long-acting injectable antiretroviral

should some of the barriers be difficult to overcome.

Table 7: Ideal and minimum acceptable profile for a long-acting injectable antiretroviral candidate

Product Ideal profile Minimum acceptable profile
Properties

Primary Viral suppression <50 copies/mL Maintenance therapy

Indication

Patient All HIV+ patients who are eligible for Patients excluded pregnant women and
Population antiretroviral treatment those with comorbidities

Resistance Improved resistance profile compared  Favorable resistance profile compared to
Profile to oral regimens oral regimens

Dosage Form <2mL per injection 2mL per injection

Efficacy Increased viral suppression when As effective as oral therapy

compared to oral therapy

Risk/Tolerability No to mild risk of adverse events, no Mild to moderate side risk of adverse

side effects, even at injection site events, few side effects

Potency Much higher potency compared to oral High potency compared to oral regimens

regimens, allowing for infrequent
dosing
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