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Abstract

Clinical studies have validated that antiretroviral (ARV) drugs can serve as an HIV pre-
exposure prophylactic (PrEP) strategy. Dosing adherence remains a crucial factor determining the
final efficacy outcomes, and both long-acting implants and injectable depot systems are being
developed to improve patient adherence. Here, we describe an injectable depot platform that
exploits a new mechanism for both formation and controlled release. The depot is a polymeric
prodrug synthesized from monomers that incorporate an ARV drug tenofovir alafenamide (TAF)
with degradable linkers that can be designed to control release rates. The prodrug monomers are
synthetically incorporated into homopolymer or block designs that exhibit high drug weight
percent (wt%) and also are hydrophobized in these prodrug segments to drive depot formation
upon injection. Drug release converts those monomers to more hydrophilic pendant groups via
linker cleavage, and as this drug release proceeds, the polymer chains losing hydrophobicity are
then disassociated from the depot and released over time to provide a depot dissolution mechanism.
We show that long-acting TAF depots can be designed as block copolymers or as homopolymers.
They can also be designed with different linkers, for example with faster or slower degrading p-
hydroxybenzyloxycarbonyl (Benzyl) and ethyloxycarbony! (Alkyl) linkers, respectively. Diblock
designs of p(glycerolmethacrylate)-b-p(Alkyl-TAF-methacrylate) and p(glycerolmethacrylate)-b-
p(Benzyl-TAF-methacrylate) were first characterized in a mouse subcutaneous injection model.
The alkylcarbamate linker design (TAF 51 wt%) showed excellent sustained release profiles of the
key metabolite tenofovir (TFV) in skin and plasma over a 50-day period. Next, the homopolymer
design with a high TAF drug wt % of 73% was characterized in the same model. The homopolymer
depots with p(Alkyl-TAFMA) exhibited sustained TFV and TAF release profiles in skin and blood
over 60 days, and TFV-DP concentrations in peripheral blood mononuclear cells (PBMC) were
found to be at least 10-fold higher than the clinically suggested minimally EC90 protective
concentration of 24 fmol/10° cells. These are the first reports of sustained parent TAF dosing
observed in mouse and TFV-DP in mouse PBMC. IVIS imaging of rhodamine labeled
homopolymer depots showed that degradation and release of the depot coincided with the
sustained TAF release. Finally, these homopolymers showed excellent stability in accelerated
stability studies over a six-month time period, and exceptional solubility of over 700 mg/mL in the

DMSO formulation solvent. The homopolymer designs have a drug reservoir potential of well
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over a year at mg/day dosing and may not require cold chain storage for global health and
developed world long-acting drug delivery applications.
Abbreviations

Pre-exposure prophylaxis: PrEP

initiative pre-exposure prophylaxis: iPrEx

Antiretroviral: ARV

Tenofovir alafenamide: TAF

Tenofovir: TFV

TFV-diphosphate: TFV-DP

tenofovir disoproxil fumarate: TDF

Emtricitabine: FTC

Long-acting cabotegravir: CAB LA

Long-acting rilpivirine: RPV LA

Poly(lactic-co-glycolic acid): PLGA

Pharmacokinetic: PK

Peripheral blood mononuclear cells: PBMC
4-(((2-carboxyethyl)thiocarbonothioyl)thio)-4-cyanopentanoic acid: CCC
4-cyano-4-((ethylsufanylthiocarbonyl)-sulfanyl)pentanoic acid: ECT

Azobisisobutyronitrile: AIBN

2,2’-Azobis(4-methoxy-2,4-dimethylvaleronitrile): V-70

Reversible Addition-Fragmentation Chain Transfer Polymerization: RAFT
Poly(glycerolmethacrylate) macro chain transfer agent: p(GMA) mCTA

Rhodamine B methacrylate: RhMA

Benzyl carbamate TAF methacrylate: Benzyl-TAFMA

Ethyl carbamate TAF methacrylate: Alkyl-TAFMA

p(glycerolmethacrylate)-b-p(benzyl carbamate TAF methacrylate): p(GMA)-b-p(Benzyl-TAFMA)
p(glycerolmethacrylate)-b-p(ethyl carbamate TAF methacrylate-co-Rhodamine B methacrylate): p(GMA)-
b-p(Alkyl-TAFMA-co-RhMA) or p(GMA)-b-p(Alkyl-TAFMA)

p(benzyl carbamate TAF methacrylate-co-Rhodamine B methacrylate): p(Benzyl-TAFMA-co-RhMA) or
p(Benzyl-TAFMA)

p(ethyl carbamate TAF methacrylate-co-Rhodamine B methacrylate): p(Alkyl-TAFMA-co-RhMA) or
p(Alkyl-TAFMA)

Liquid chromatography method, coupled with tandem triple quadrupole mass spectrometry: LC-MS/MS
Weight percent: wt%

Size Exclusion Chromatography: SEC

Internal standards: 1S

para-Hydroxybenzyloxycarbonyl: PHBC

Ethyloxycarbonyl: EC

Mono-2-(methacryloyloxy)ethyl succinate: SMA

N-N'-Dicyclohexylcarbodimide: DCC

4-(Dimethylamino)pyridine: DMAP

p-Hydroxybenzyl alcohol: PHB-OH

Molecular weight: MW

Number average molecular weight: M,

Weight average molecular weight: My

Polymerization degree: DP

Chain transfer agent: CTA



1. Introduction

Pre-exposure prophylaxis (PrEP) for HIV prevention has become an important clinical strategy
to reduce infection acquisition. The seminal iPrEx trial demonstrated that daily administration of
Truvada, an oral combination drug of tenofovir disoproxil fumarate (TDF) and emtricitabine
(FTC), reduced HIV transmission. Truvada is now recommended by the CDC and WHO for PrEP
in concert with behavioral risk reductions. These critical clinical studies also made clear that PrEP
failed to prevent infections when adherence to daily dosing failed.[1-3] The iPrEx trial found that
individuals who took pills less than 50% of the prescribed regimen exhibited an 84% chance of
HIV infections, and estimated that full adherence would drop acquisition to a remarkable 8% or
less. The Partners PrEP trial showed that women taking TDF alone or in combination with FTC
exhibited 49-79% reductions in transmission, with greater than 85% reduction in high adherence
individuals.[4] The complexities and challenges of PrEP in global settings were also demonstrated
in the FEM-PrEP study conducted in Africa.[5] This study was terminated when it was found that
there was no significant reduction in HIV incidence because the majority of participants were not
adherent. Similarly, the VOICE study in South Africa, Uganda and Zimbabwe found that oral
TDF, oral Truvada, or 1% TFV vaginal gel did not reduce rates of HIV acquisition due to low
patient dosing adherence.[6] These challenges and requirements have led to a growing interest in
long-acting/sustained release drug products for PrEP and therapy.

The current long-acting products under clinical development are generally drug implants or
injectable depots.[7—10] The long-acting cabotegravir intramuscular injectable product (CAB LA)
has shown exciting recent efficacy in a global randomized, controlled, double-blind study.[11-13]
Long-acting rilpivirine (RPV LA) is another injectable formulation that maintains efficacious drug
dosing as a monotherapy or in combination with CAB LA.[14-19] Other injectable depots are also
under development including nanoparticle formulations,[10,20,21] biodegradable polymer
formulations,[22,23] and thermogelling biopolymer-peptide fusions for other chronic disease
applications.[24] Long-acting subcutaneous implants have also been studied in phase 1 trials that
deliver islatravir dispersed within degradable polycaprolactone or poly(ethylene-vinyl acetate)
devices. Initial trial data showed that a 62 mg islatravir implant achieved a linear release of drug
and efficacious levels of active metabolite in PBMC over 12 months.[9,25] Similarly, removable
and refillable implants for delivering TAF and emtricitabine are under study for long acting (ARV)
HIV drug delivery.[8,9,26-30]



Critical attributes for injectable PrEP depot products include longer delivery windows per
injection, lower volume to reduce patient injection discomfort, and minimal initial and run-out
burst release profiles. We describe here a new long-acting depot platform to address these
requirements that is adapted from recently developed polymeric prodrug therapeutics termed
“drugamers”. Drugs are first synthesized as prodrug vinyl monomers with designable hydrolytic
or enzyme-cleavable linkers.[31-34] These prodrug monomers can then be polymerized into a
versatile repertoire of depot designs including homopolymers, or as block copolymers such as A-
B designs. The polymers deposit as physical gels after injection due to the hydrophobically-driven
chain associations in the subcutaneous space. As the linkers cleave and drugs are released from
the polymers in the depot, the conversion of those monomers to more hydrophilic pendant groups
converts those polymer chains to a more hydrophilic state (Figure 1). Polymer chains that have
lost critical levels of drug are then released from the depot to provide a dissolution mechanism
distinct from the matrix degradation and drug release associated with current biodegradable
polymer formulations such as PLGA.[35]

The physical properties of ARV drugs, such as their lipophilicity and crystallinity, can be a
challenge for formulation or co-formulation using conventional nanoparticle and microparticle
technologies, but become only minimally important in the drugamer formulation approach because
the drugs are synthetically conjugated at the prodrug monomer synthesis stage. This drugamer
platform also provides control of drug combinations at designable drug ratios, and at significantly
higher drug weight percent (wt%) than traditional polymer-drug conjugates and many degradable
polymer formulations, by a facile controlled polymerization of the pre-synthesized prodrug
monomers.[31,36] The linkers provide an important handle on controlling release profiles and
pharmacokinetics (PKs) via the well established library of hydrolytic, redox and enzyme-sensitive
linker sets.[31,33,37,38] Finally, the depot is a synthetic polymer product rather than a traditional
formulation with favorable CMC and GMP pathways to future clinical development.

TAF has drawn interest for HIV PrEP due to its ability to load the PBMC compartment with
the long-lived TFV-diphosphate (TFV-DP) active metabolite that can provide long-acting
protection.[39,40] We have developed the chemistry for drugamer depots with TAF and
investigated both architecture and linker degradation as tunable handles to control depot
deposition, drug loading capacity, and drug release kinetics. While the mouse has been previously

described as a model for TAF depot studies,[41,42] important details of TAF metabolism in the
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mouse were missing from the literature. We first characterized TAF delivered into the blood from
the subcutaneous compartment, including the first demonstration of TAF metabolism and loading
of the active TFV-DP metabolite in the mouse peripheral blood mononuclear cells (PBMC)
compartment. This PK information was then applied to characterize and develop the TAF
drugamer depots that exhibit tunability in release profiles, high drug content up to 73 drug wt %,
along with outstanding solubility and injectability properties. The drugamer depots thus appear
suited for long-acting injectable depots over time periods ranging from months to years, including
global health applications where their stabilization of TAF may reduce the need for cold-chain

supply and storage.

Depot formed by hydrophobicity of pendant drugs driving
interchain associations and gelation

Release converts monomers to hydrophilic forms

and low Mw polymers are shed,

After drug release, the hydrophilic
i any drugs still on chain are non-

e bioavailable before  polymer
e clearance to minimize late stage
L burst release

-

Linkers hydrolyzed or
enzymatically cleaved to
release TAF into
subcutaneous space and
subsequently to blood

Figure 1. Schematic mechanism for drugamer depot formation and dissolution. The depot is composed
simply of the polymer in injection solvent. Drug release is controlled by the linker design in the prodrug
monomer units and by the local environment in the depot that controls water and enzyme access to the
degradable linker atoms. Drug release and ester hydrolysis leave hydrophilic pendant groups that switch
chains to a hydrophilic, lower MW state that can be shed from the depot. Chains still containing drugs are
expected to clear with faster relative kinetics than the drug cleavage itself, providing a mechanism to reduce
end-stage burst release.

2. Materials and experimental methods
2.1. Materials



Materials were purchased from Sigma-Aldrich unless otherwise specified. All solvents were
Fisher HPLC grade. Chain transfer agents, 4-(((2-carboxyethyl)thiocarbonothioyl)thio)-4-
cyanopentanoic acid (CCC) and 4-cyano-4-((ethylsufanylthiocarbonyl)-sulfanyl)pentanoic acid
(ECT) were purchased from Boron Molecular and OMM Scientific (Texas, USA), respectively.
Glycerol monomethacrylate was purchased from Polysciences and purified using basic alumina
before polymerization. 2,2’-Azobis(4-methoxy-2,4-dimethylvaleronitrile) (V-70) was purchased
from FUJIFILM Wako Pure Chemical Corporation, USA and used without further purification.
Fasudil hydrochloride was purchased from eNovation Chemicals (Green Brook, NJ, USA).
Spectra/Por regenerated cellulose dialysis membranes were purchased from Spectrum
Laboratories (Houston, TX, USA). Rhodamine B methacrylate (RhMA) was synthesized as
described previously.[43] Tenofovir alafenamide (TAF) fumarate (1:1 salt) was obtained from
MedKoo Biosciences, Inc. Analytical standards: tenofovir (TFV) and tenofovir diphosphate (TFV-
DP) were obtained from Cayman Chemical and Santa Cruz Biotech, respectively. Isotopic internal
standards: TAF-ds fumarate, TFV-ds and TFV-DP 13Cs were obtained from Toronto Research
Chemicals and Moravek, respectively. HPLC grade methanol and water were purchased from
VWR international Ltd.

2.2. Synthesis of TAF prodrug monomers

Synthetic Scheme S1A and Scheme S2 in the supporting information were followed to obtain
p-hydroxybenzyloxycarbonyl TAF methacrylate (Benzyl-TAFMA, monomer 6) and
ethyloxycarbonyl TAF methacrylate (Alkyl-TAFMA, monomer 10) monomers, respectively. All
the synthesized compounds were purified by precipitation and/or silica gel column
chromatography. The successful synthesis and purity of the monomers were confirmed and
characterized by 'H NMR spectroscopy (Bruker Avance spectrometers 300 MHz) and
Electrospray lonization-Mass spectrometry (Bruker Esquire ion trap mass spectrometer). The full
synthetic procedures and associated characterization data are detailed in the supporting
information.

2.3. Synthesis of TAF prodrug polymers

RAFT was used to synthesize poly(glycerol monomethacrylate) macro chain transfer agent
(p(GMA) mCTA) and all TAF drugamers, including p(GMA)-b-p(Benzyl-TAFMA), p(GMA)-b-
p(Alkyl-TAFMA-co-RhMA), p(Benzyl-TAFMA-co-RhMA) and p(Alkyl-TAFMA-co-RhMA).
The synthesized polymers were characterized by 'H NMR spectroscopy and Size Exclusion



© 00 N O o A W N

(I R N S N o e o e T e o e
5E WO N P O © 0 N O O b W N B O

N
o1

26
27
28
29
30

Chromatography (SEC). The full synthetic procedures and associated characterization data are

detailed in the supporting information.

2.4. Accelerated storage stability study of p(GMA)-b-p(Benzyl-TAFMA)

The diblock p(GMA)-b-p(Benzyl-TAFMA) was selected for accelerated stability
characterization in the solid state as it contains the less stable, faster degrading linker. The polymer
was lyophilized and incubated at 40 + 2 °C for 6 months (26 weeks) in an open vial in the absence
of humidity control. The time points were set as day 0, 7, 14, 21, 28, 42, 56, 70, 98, 126, 154 and
182. For each time point, 15 mg of lyophilized polymer in open 20 mL scintillation vial was placed
in an incubator (Fisher Scientific Isotemp incubator) preheated to 40 °C. At the end of each time
point, the corresponding polymer sample was removed from the incubator, capped and stored at -
20 °C until further analysis. After completion of all time points, the stability was examined by
high-performance liquid chromatography (HPLC) with analyte detection achieved by monitoring
UV/Vis absorption and *H NMR spectroscopy. HPLC was run on a Hewlett Packard 1100 liquid
chromatograph system with a Brucker Esquire-LC ion trap mass spectrometer. LC separation was
carried out using Agilent Zorbax SB-C18, Narrow bore, 2.1 mm x 100 mm, 3.5 Micron (Agilent
Technologies) with mobile phase A (94% water + 5% acetonitrile + 1% acetic acid) and mobile
phase B (99% acetonitrile + 1% acetic acid). The column and the autosampler were kept at 30 °C
and 4 °C, respectively. The flow rate was 0.2 mL/min and the injection volume for each run was
10 pL. The linear gradient was as follows: 0-13 min, 2-60% B linear; 13—15min, 60—95% B linear;
holding at 95% B for 2 min; 17-19 min, 95-2% B linear and 4 min post time with 98% mobile
phase A to equilibrate the column. UV detection was at 280 nm. The total run time for analysis
was 23 min. The percentages of released TAF from the polymer were calculated as equation (I):

amount of released TAF

Released TAF (%) = x 100 (1)

initial amount of TAF in polymer

Whereas: the amount of released TAF was analyzed using HPLC, and the initial amount of TAF
in polymer was the equivalent TAF amount in 15 mg of the polymer.

For 'H NMR analysis, the samples were prepared in DMSO-ds at a concentration of 10 mg/mL,
and the spectra were recorded with 128 scans (Bruker Avance spectrometers 300 MHz).

2.5. Animals procedure and ethics statement



All animal procedures and handling were performed with the approval of the Institutional
Animal Care and Use Committee and kept in accordance with federal and state policies on animal
research at the University of Washington. Female BALB/cJ mice, aged 6-8 weeks at time of
experiments, were obtained from Jackson Laboratory (Bar Harbor, ME). Mice were housed in
specific pathogen-free conditions (excluded rodent pathogens include mouse hepatitis virus,
mouse parvovirus, minute virus of mice, reovirus-3, pneumonia virus of mice, rotavirus, Theiler
mouse encephalomyelitis virus, lymphocytic choriomeningitis virus, ectromelia virus, Sendai
virus, Mycoplasma pulmonis, and pinworms and fur mites) and maintained in light-dark cycles of
12h with ad libitum access to food and water.

At the designated time points, mice were anesthetized with 3% isoflurane. Blood was collected
via terminal cardiac puncture and immediately transferred to lithium heparin blood collection tubes
(BD) and stored at 4 °C until further processing to collect plasma and to collect PBMC (detailed
information is in the supporting information). The skin explant carrying polymer depot was
collected and stored at -80 °C until further processing and analysis (detailed information is in the
supporting information).

2.6. Metabolism of TAF in mouse model
2.6.1. Metabolism of TAF from intravenous injection

The metabolism of TAF by intravenous (1V) administration was investigated in order to analyze
and validate reliable metabolites for the future depot PK studies. TAF was formulated in 5%
dextrose at a concentration of 90 mg/mL. The dosing solution of 100 pL was then injected
intravenously using 29G x 1/2” (BD) to reach the dose of 45 mg/kg TAF equivalent. Plasma and
PBMC were collected at designated time points (5 min, 15 min, 30 min, 1 h, 2 h, 4 h, and 8 h).
Concentrations of TAF and its metabolites found in mouse, including TFV-alanine, TFV and TFV-
DP, were analyzed. Three mice were included per time point.

2.6.2. Metabolism of TAF from injection in the subcutaneous compartment

Free TAF was dissolved in the mixture of ultrapure water, USP grade propylene glycol and
benzyl alcohol (4:5:1 v/v) at a concentration of 67.7 mg/mL. The dosing solution of 100 pL was
then injected into the subcutaneous space on the flank of mice using 25G x 5/8” needle (BD) to
reach the dose of TAF at 6.77 mg/mouse. Plasma and skin were collected at designated time points
(5min, 30 min, 4 h,2d,4d, 6d,8dand 10 d). Concentrations of TAF and TFV were analyzed.
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Three mice were included per time point. PBMC were collected from three mice per time point
and combined prior to TFV-DP analysis.
2.7. Characterization of TAF depot sustained release performance
2.7.1. Drugamer depot formulations and injection

The diblock polymers were formulated in a mixed solvent system used in prior FDA-approved
products composed of ultrapure water, USP grade propylene glycol and benzyl alcohol (4:5:1 v/v),
while the homopolymers were formulated in DMSO. The lyophilized polymer was dissolved in
the corresponding vehicle to give an injectable solution with low viscosity. Dosing volumes and
concentrations were chosen so that the same amount of TAF at 6.77 mg/mouse was injected for
each of the polymers studied. The final dosing volumes and concentrations were 100 pL for the
p(GMA)-b-p(Benzyl-TAFMA) 34 wt% TAF at 200 mg/mL concentration, 100 pL for the
p(GMA)-b-p(Alkyl-TAFMA) 51 wt% TAF at 133 mg/mL concentration, 20 pL for the p(Benzyl-
TAFMA) 54.5 wt% TAF at 625 mg/mL concentration, or 20 pL for the p(Alkyl-TAFMA) 73 wt%
TAF at 465 mg/mL concentration. The polymer solutions were injected into the subcutaneous
space on the flank of mice using 25G x 5/8” needle (BD). Plasma, PBMC and skin were collected
at designated time points. Concentrations of TAF, TFV and TFV-DP were analyzed. Three mice
were included per time point.
2.7.2. Safety and tolerability assessment at the depot injection site

The body weight and body temperature of mice received the drugamer depot formulations (as
mentioned in section 2.7.1.) were measured over the 60-d period. The body weight and body
temperature of mice received vehicle — DMSO or a mixture of ultrapure water, USP grade
propylene glycol and benzyl alcohol (4:5:1 v/v) — were measured and used as controls. The data
are shown in Figure S15. The p(Alkyl-TAFMA-co-RhMA) was subcutaneously administered at
day 0. The mice were kept for 60 days prior to collecting explanted skins carrying the depot.
Tissues were washed twice with PBS and then fixed in 10% neutral buffered formalin, paraffin
embedded, cross-sectioned at 4-5 pm, and stained with hematoxylin and eosin (H&E). Images of
representative lesions were acquired using NIS-Elements BIR 3.2 64-bit and plated in Adobe
Photoshop Elements. Image brightness and contrast was adjusted using auto contrast, brightness
and levels settings applied to the entire image. Original magnification is stated and a scale bar is
placed. Four mice that received the drugamer depot and three control mice that received 20 pL

DMSO were analyzed by a board certified veterinary pathologist who was blinded to treatment.
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2.7.3. Determination of depot PK by LC-MS/MS analysis

Drug metabolite concentrations in plasma and skin tissues were determined with an analytical
liquid chromatography method, coupled with tandem triple quadrupole mass spectrometry (LC-
MS/MS, details are described in the supporting information). Calibration standard solutions were
prepared using naive plasma or tissue homogenate spiked with known drug standards and isotopic
internal standards (IS). Prior to LC-MS/MS analysis both skin homogenates and plasma samples
were extracted with methanol to isolate TAF and its metabolite TFV from the majority of the native
milieu that has the potential to affect assay performance. Briefly, IS that had previously been
thawed and diluted 400-fold into water from the 10 pg/mL primary stocks, were used to generate
a room temperature three-fold aqueous dilution of either plasma or skin homogenate matrix. Each
sample was then further diluted three-fold with methanol that had been pre-chilled at -20 °C. After
a 30 second vortex to yield a homogeneous suspension, each sample was subjected to a
centrifugation cycle for 20 min at 4 °C and 16,000 g. The supernatant was then diluted three-fold
with water, briefly vortexed and subjected to a second round of centrifugation for 10 min at 4 °C
and 16,000 g. Sufficient amount of the resulting supernatant was then transferred to a glass LC-
MS/MS vial and stored at 4 °C until analysis, that was performed the same day.

The calibrators for the assay were obtained following the above procedure with study sample
matrix replaced with plasma and skin from TAF/TFV naive subjects, with the analyte added
concurrently with the IS at the appropriate concentration. The calibrators were chosen to span 100
ng/mL to 1 ng/mL plasma in both TAF and TFV during plasma analysis. For skin samples, the
appropriate calibrator range was 10 ng/g skin to 150 ng/g skin in both TAF and TFV. All dilutions
from primary TAF and TFV stocks were performed using 20% v/v aqueous methanol.

In order to quantify TFV-DP in PBMC, it was necessary to modify the LC-MS/MS method
developed for detection of TAF and TFV in mouse plasma. It was not necessary to change either
the column nor the buffers for the new method, however the LC gradient was adjusted to afford
good separation between TFV-DP and TFV-ds which was used as the IS for the assay. Briefly,
isolated PBMC that had been stored at -80 °C in a PBS solution, were thawed, at which point 300
ML portions, each carrying ~75% of the total PBMC quantity from a given subject, were
centrifuged for 10 min at 600 g and 4 °C, to yield PBMC pellets. To each centrifuge tube containing
a PBMC pellet, was added 30 pL methanol containing 10% v/v DMSQO. All samples were sonicated

for 5 min at room temperature, then 10 pL of IS working stock containing 20 ng/mL of TFV-ds in

11
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20% v/v methanol were added to each tube, followed by another 10 pL of 20% v/v methanol.
Similarly, to prepare calibrators for the assay, 10 pL of IS working stocks were followed by 10 pL
of a given calibrator stock in 20% v/v methanol. The calibrator working stocks were prepared at
TFV-DP concentrations ranging from 1000 ng/mL to 10 ng/mL. Both calibrators and study
samples were briefly vortexed then centrifuged for 20 min and 4 °C at 17,000 g. Supernatants from
each tube were further diluted, by transferring 40 pL portions of each supernatant into a fresh
centrifuge tube previously charged with 20 pL of HPLC grade water. All samples were briefly
vortexed then centrifuged for 10 min at 4 °C and 17,000 g. Finally, the resulting supernatants were
transferred to glass LC-MS/MS vials and stored on ice until analysis.
2.7.4. IVIS imaging and analysis of depot dissolution Kinetics

Mice were subcutaneously administered with rhodamine-labelled p(GMA)-b-p(Alkyl-
TAFMA-co-RhMA) 51 wt% TAF or p(Alkyl-TAFMA-co-RhMA) 73 wt% TAF and monitored at
the corresponding designed time points of PK studies using fluorescent mode at (Ex/Em: 500/620
nm). The fluorescence intensity emitted from the depot in each mouse was subsequently quantified
using Xenogen Living Image software. The elimination rate of the polymer depot was estimated
based on the percentage of normalized radiant efficiency as calculated in the equation (I1) as below.

Intensity j,¢octeq —INtensity i,
Intensity,, ..—Intensity, ..

Normalized Radient Ef ficiency (%) = x100 (I1)

Whereas: intensitydetected 1S the radiant efficiency detected at designated time points post-
injection, intensitymin is the radiant efficiency detected in control mice received vehicle, and the
intensitymax is the radiant efficiency detected right after the depot formation. Selected organs of
mice received p(Alkyl-TAFMA-co-RhMA), including brain, liver, kidneys, lungs and spleen,
were harvested at designated time points and imaged using a fluorescent mode of IVIS (Ex/Em:
530/585 nm) to observe the elimination of the polymer depot. All images were taken using Caliper
Xenogen IVIS (PerkinElmer, Hopkinton, MA).

3. Results and Discussion
3.1. Synthesis and characterization of TAF prodrug monomers

The prodrug monomers can be polymerized directly to polymer-drug therapeutics, opening new
release tunability, architectural designs, and drug loading levels.[31,44,45] Additionally, the
loading of each component can be easily controlled by simple variation of the monomers

stoichiometry. The chemical structures of prodrug monomers used in this work, Benzyl-TAFMA

12
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(monomer 6) and Alkyl-TAFMA (monomer 10), are shown in Figure 2. Both monomers are
composed of three-components: TAF drug, a polymerizable methacrylate moiety, and either the
para-hydroxybenzyloxycarbonyl (PHBC) or ethyloxycarbonyl (EC) linker. A five-step synthetic
route starting from mono-2-(methacryloyloxy)ethyl succinate (SMA) as outlined in Scheme S1A
was followed to obtain Benzyl-TAFMA. The carboxylic group of SMA was first activated with 2-
thiazoline-2-thiol using N-N'-dicyclohexylcarbodimide (DCC) and 4-(dimethylamino)pyridine
(DMAP) and then coupled to p-hydroxybenzyl alcohol (PHB-OH) in the presence of DMAP.
Acylation predominantly proceeded at the phenolic hydroxyl group as the phenolate anion
generated under basic condition is more nucleophilic than the benzylic hydroxyl group, providing
SMA-PHBA (3). Phenolic acylation was confirmed by the presence of benzylic hydroxyl signal at
1.75 ppm in *H NMR spectrum. 1,1’-Carbonyldimidazole was used to convert the benzylic
hydroxyl group of 3 into an activated carbonate monomer (4) and this step resulted in a downfield
shift of benzylic methylene signal from 4.68 to 5.40 ppm. Attempts to conjugate 4 to the amine
group on the purine ring of TAF was unsuccessful. A similar approach with 4-nitrophenyl activated
carbonate monomer also failed, indicating that the less nucleophilic purine amine requires a robust
acylating reagent for successful conjugation. Hence, a highly reactive N-methylimidazolium
triflate  quaternized salt monomer was prepared by reacting 4 with methyl
trifluoromethanesulfonate following the methods developed by Rapoport et al.[46,47] This
reactive intermediate 5 underwent the coupling successfully providing Benzyl-TAFMA (monomer
6) in 84 % yield. The successful conjugation was confirmed by the carbamate NH signal at 10.64
ppm and an upfield shift of benzylic methylene group from 5.40 to 5.21 ppm in *H NMR spectrum.
TAF purine protons appeared at 8.41 and 8.61 ppm and isopropyl moiety signals were observed at
1.14 and 4.84 ppm. The self-immolative property of the spacer PHBC in Benzyl-TAFMA is well
known. The phenolic ester linkage is cleaved leading to a cascade of chemical reactions that
triggers the release of TAF as shown in Scheme S1B.[48,49] Alkyl-TAFMA was prepared using

the same activation strategy described above and the synthetic steps are outlined in Scheme S2.
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Figure 2. (A) Schematic synthesis of p(GMA) mCTA with subsequent diblock synthesis to final p(GMA)-
b-p(Benzyl-TAFMA) or p(GMA)-b-p(Alkyl-TAFMA); the structures of Benzyl-TAFMA and Alkyl-
TAFMA monomers with TAF drug and para-hydroxybenzyloxycarbonyl (PHBC) or ethyloxycarbonyl
(EC) spacer are also illustrated. (B) Homo-polymerization to produce p(Benzyl-TAFMA) and p(Alkyl-
TAFMA).

3.2. Synthesis and characterization of TAF drugamers
3.2.1. Synthesis of diblock TAF drugamers: p(GMA)-b-p(Benzyl-TAFMA) and p(GMA)-b-
p(Alkyl-TAFMA-co-RhMA)

The amphiphilic diblock drugamers — p(GMA)-b-p(Benzyl-TAFMA) and p(GMA)-b-p(Alkyl-
TAFMA-co-RhMA) — were synthesized from the hydrophilic p(GMA) mCTA using RAFT
polymerization (Figure 2A). The synthesis of p(GMA) mCTA is shown in Figure 2A. GMA was
chosen due to its relatively low molecular weight (MW, 160.2 Da) which subsequently increased
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TAF wt% in the synthesized drugamers. The relatively short p(GMA) mCTA with chain end
fidelity was successfully synthesized by using the feeding molar ratio of
[GMA]:[CTA]:[AIBN]=50/1/0.05 and allowing 59% monomer conversion. *H NMR spectrum
shows characteristic peaks of pPGMA mCTA (Figure S6). MW and MW distribution of p(GMA)
mCTA were determined using SEC (absolute M,=7,500 Da, Mw/Mn=1.14, shown in Table 1: Entry
1). The unimodal MW distribution of p(GMA) was also observed (Figure 3).

The synthetic conditions of the diblock drugamers were first optimized with the Benzyl-
TAFMA in order to achieve high monomer conversion. The polymerization at 60 °C using an
optimal feeding molar ratio of [Benzyl-TAFMA]:[p(GMA) mCTA]:[AIBN]=12/1/0.06 allowed
98% monomer conversion after 7.5 h. The TAF wt% was 34% based on *H NMR calculation
(shown in Table 1: Entry 2, and Figure S7). The absolute MW and MW distributions of p(GMA)-
b-p(Benzyl-TAFMA) were determined using SEC (M\=19,750 Da, Mw/Mn=1.16, shown in Table
1: Entry 2). Figure 3 shows that the SEC trace of p(GMA)-b-p(Benzyl-TAFMA) shifted towards
higher MW (lower elution time) as compared to that of p(GMA) mCTA suggesting successful
chain extension of p(GMA) mCTA with Benzyl-TAFMA.

The synthesis of p(GMA)-b-p(Alkyl-TAFMA-co-RhMA) was carried out in the same
conditions as described for p(GMA)-b-p(Benzyl-TAFMA). The addition of RnMA enables the
visualization of the depot using IVIS. The feeding molar ratio of [Alkyl-TAFMA]:[RhMA] was
21/1.5 ensuring the conjugation of at least one RnMA per polymer chain (Table 1: Entry 3). The
TAF wt% and theoretical MW were 51% and 21,000 Da, respectively, as determined by *H NMR
(Table 1: Entry 3, and Figure S8). Absolute MW of the polymer could not be determined by SEC

due to the interference of rhodamine with light scattering detector.
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Table 1. Summary of feeding molar ratio, monomer conversion, molecular weight, molecular mass

dispersity, monomer wt% and TAF wt% in each polymer reported in this study.

Monomer

[M]:[CTA]:

Entry  Polymer Conversion

|
(1 * (o0)

b
n

Da)

GMA
Mw/Mn  monomer

wit%?¢

TAF
monomer

wit%?¢

Drug

wt%?

GMA
1 3 ) 50/1/0.05 59

mCTA

7,500

1.14 100

P(GMA)-
b-

2 12/1/0.06 98
p(Benzyl-

TAFMA)

19,750

1.16 39.4

60.6

34

P(GMA)-

b-p(Alkyl-
22.5/1/0.07
3 TAFMA- - 95
Cco-

RhMA)

21,000°

- 32.7

67.3

51

p(Benzyl-

TAFMA-
4 12/1/0.1 89
Co-

RhMA)

9,100°

95.9

54.5

p(Alkyl-
TAFMA-

5 16/1/0.05 80
co-

RhMA)

8,400°

96.9

73

[M] — feeding monomer molar, [CTA] — feeding chain transfer agent molar, [I] — feeding initiator molar

aAs determined by *H NMR spectroscopy
®As determined by SEC

°As calculated based on the monomer conversion determined by *H NMR spectroscopy. The absolute MWs
of these polymers cannot be determined by SEC due to the interference of rhodamine with light scattering

detector.

YRhMA was not considered in GMA and TAF monomer wt% calculation due to its low polymerization

degree (DP=1)
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Figure 3. SEC traces of p(GMA) mCTA (Table 1: Entry 1) and p(GMA)-b-p(Benzyl-TAFMA) (Table
1: Entry 2).
3.2.2. Synthesis of homo TAF drugamers

The homopolymers were synthesized to maximize the TAF wt%. The p(Benzyl-TAFMA-co-
RhMA) and p(Alkyl-TAFMA-co-RhMA) were synthesized by RAFT copolymerization of drug
monomer and RhMA.. The reactions were activated using the CTA (ECT) and an initiator (AIBN
or V70) and carried out in DMF at 60 °C under nitrogen atmosphere (Figure 2B). The targeted
degree polymerization (DP) of RhMA was one to enable the visualization of depot using IVIS.
The TAF wt% were 54.5% and 73% for p(Benzyl-TAFMA-co-RhMA) and p(Alkyl-TAFMA-co-
RhMA), respectively (Table 1: Entry 4, Entry 5; and Figure S10, Figure S12). The absolute MW
of these polymers could not be determined by SEC due to the interference of RhMA with light
scattering detector. The approximate MW values were determined using the monomer conversion
(Table 1: Entry 4, Entry 5).

3.3. Storage stability of the TAF diblock p(GMA)-b-p(Benzyl-TAFMA)

The storage stability of TAF conjugated polymer was evaluated over a 6-month period by
characterizing the less stable p(GMA)-b-p(Benzyl-TAFMA) diblock polymer in solid form in an
accelerated degradation study. The stability/degradation was determined by HPLC and *H NMR
spectroscopy. *H NMR signals at 8.10 and 8.13 ppm started to appear after three weeks,
corresponding to purine ring protons of TAF not bound to polymer backbone (Figure S13). HPLC
and *H NMR analysis showed 3.5% and 5.5% TAF release from the parent polymer over the 6-
month period, respectively (Figure 4, Figure S13). Although this small amount of TAF was
released, no further degradation of TAF was observed within the detection limits. The remarkable
stability (=95 %) of TAF on the polymer backbone under accelerated degradation conditions
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suggests that the depot could be stored for significant time periods without cold chain in this

lyophilized state prior to solubilization and injection.
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Figure 4. HPLC analysis of thermal accelerated degradation of p(GMA)-b-p(Benzyl-TAFMA) at 40 + 2
°C: (A) UV chromatograms of p(GMA)-b-p(Benzyl-TAFMA) samples post-incubation at designated time
points from 0 — 180 days showing polymer and TAF peaks at 14.8 and 10.7 min, respectively; (B)
Percentage of released TAF from the polymer (as calculated by equation I) at designated time points from
0 — 180 days.

3.4. Validation of TAF metabolism in mouse model for long-acting HIV PrEP development
3.4.1. Metabolites of TAF after intravenous entry into the mouse blood compartment

The metabolism of TAF in the mouse model has not been widely investigated and reported.
Given that the mouse model would offer higher throughput in developing new long-acting HIV
PrEP products, we have characterized the key metabolites needed to assess depots after
subcutaneous injection. The injection of TAF directly into the blood mimicked the entry of parent
TAF into the blood of the mouse from the subcutaneous compartment. Prior work has not clearly
distinguished TAF metabolism in the blood from that occurring in the subcutaneous compartment.

Hence, we first studied the metabolites of TAF in blood compartment by intravenously
administering TAF at the dose of 45 mg/kg. LC-MS/MS results showed that TAF was rapidly
metabolized and could not be detected in mouse plasma at any time point studied.[50] Unlike
metabolism reported in humans and canines,[50] we found that the metabolite TAF-alanine was
detected at a significantly high signal at the early time point (5 min) after injection (Figure S14).
The more stable metabolite TFV was also detected and could be better quantitated with higher
levels throughout the 8h study (Figure 5A). TFV-DP is a critical metabolite of TAF produced after
intracellular processing in PBMC, used to assess whether clinically relevant levels of this active

drug species are achieved to correlate with likely PrEP efficacy.[51-54] To our knowledge, TAF
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metabolism to this metabolite has not been previously reported in the mouse model. We isolated
PBMC and quantified the TFV-DP levels. Figure 5B shows that TFV-DP could be detected and
well quantified at all time points throughout the study. A control injection of TFV into blood did
not result in quantifiable TFV-DP, demonstrating that the presence of this metabolite is also a

marker of parent drug TAF reaching the blood compartment after subcutaneous depot formation.
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Figure 5. Metabolism of TAF in an intravenous mouse model after a single dose of 45 mg/kg TAF prepared
in 5% dextrose solution. The PK profiles of (A) TFV in plasma (nmol per mL plasma) and (B) TFV-DP in
PBMC (nmol per mL processed plasma) were analyzed using LC-MS/MS. Each data point represents the
means * standard deviations from three mice.

3.4.2. Metabolites of TAF from injection in the subcutaneous mouse compartment

For subcutaneous implant and injectable depot development, the metabolism in this
compartment is also important background to interpret delivery properties. Unlike TAF injected
directly into the blood, TAF could be quantified after subcutaneous injection in this compartment
(Figure 6A). TAF was converted to TFV whose concentrations were immediately significant at 5
min post-injection (Figure 6B). The concentrations of both skin TAF and TFV concentrations
dropped exponentially after 2 h post-injection. The low and longer term levels of TAF and TFV in
the subcutaneous compartment were likely due to the hydrophobicity of TAF molecules (log P =
1.6) causing a small fraction of aggregated depot formation after being subcutaneously deposited.

The injection of TAF in the subcutaneous compartment did not lead to measurable TAF levels
in the blood compartment and did not maintain the TFV levels in plasma. The maximum plasma
TFV concentrations were recorded at 2 h, which dramatically decreased after 4 h and thereafter
likely due to the small level coming from the aggregated depot (Figure 6C). A key finding was
that the intracellular PBMC compartment biomarker TFVV-DP could be measured after pooling of
PBMC from 3 mice. This indicated that TAF could reach and enter the PBMC compartment as a
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pulse after subcutaneous injection. The pooled concentrations were >5000 fmol per 10° PBMC
and ~1200 fmol per 10° PBMC at 8 h and 2 d, respectively (Figure 6D).
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Figure 6. Metabolism of TAF in a subcutaneous mouse model after a single dose of 6.77 mg/mouse TAF
prepared in a mixture of ultrapure water, USP grade propylene glycol and benzyl alcohol (4:5:1 viv). The
PK profiles of (A) TAF in skin (nmol per g skin); (B) TFV in skin (nmol per g skin); (C) TFV in plasma
(nmol per mL plasma); and (D) TFV-DP in PBMC (fmol per million PBMC, PBMC were collected from
3 mice and pooled together for the analysis thus not presented as + standard deviation) were analyzed using
LC-MS/MS. Each data point represents the means + standard deviations from three mice.

In conclusion, these metabolite and PK studies provide the key background to interpret the
following drugamer depot results in skin and plasma. The rapid disappearance of TAF in blood
means that any TAF seen from candidate depots in the blood must be continuously produced as
parent drug released from the depot. This can be confirmed by the presence of TFV-DP in the
PBMC compartment which again requires parent TAF to be entering the blood since TFV does
not give rise to significant TFV-DP in the PBMC compartment.

3.5. Characterization of TAF depot sustained release performance
3.5.1. Tolerability at injection Site

The tolerability at injection site of TAF drugamer depot was assessed after a 60-day period by
evaluating H&E images of the explanted skin cross-sectioned tissues carrying the p(Alkyl-
TAFMA-co-RhMA) depot formulated in DMSO. The H&E images of the explanted skin cross-
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sectioned tissues collected at day 60 from mice received DMSO vehicle were used as controls. In
comparison to controls, there was only minimal plasmacytic, lymphocytic and neutrophilic
inflammation in the tissue surrounding the subcutaneous p(Alkyl-TAFMA-co-RhMA) depot
showing its good biocompatibility (representative H&E images of the explanted skin cross-
sectioned tissues are shown in Figure S18).
3.5.2. Depot performance of diblock TAF drugamers

The diblock polymer architecture was first tested as a long-acting, subcutaneous injection depot.
The PK of TAF and TFV metabolites were characterized in explanted skin and plasma. Diblock
copolymers with the common hydrophilic, low MW GMA first block segment were compared
with either the faster degrading benzylic linker design versus slower degrading alkyl linker design:
p(GMA)-b-p(Benzyl-TAFMA) and p(GMA)-b-p(Alkyl-TAFMA). The influence of the linker can
be clearly observed in the PK plots in skin and plasma. The faster degrading Benzyl-TAFMA
design showed higher levels of drug release in both compartments, and as a result did not sustain
release over 10 days into the blood (Figure 7A). The slower releasing Alkyl-TAFMA design
showed sustained release over a full 50-day time period in skin and in plasma compartments.
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Figure 7. (A) Following a single subcutaneous injection of p(GMA)-b-p(Benzyl-TAFMA) or p(GMA)-b-
p(Alkyl-TAFMA) prepared in a mixture of ultrapure water, USP grade propylene glycol and benzyl alcohol
(4:5:1 v/v) at the dose of equivalent TAF 6.77 mg/mouse, the PK profiles of TFV in skin (hmol per g skin)
and TFV in plasma (nmol per mL plasma) were analyzed using LC-MS/MS. (B) Following a single
subcutaneous injection of p(GMA)-b-p(Alkyl-TAFMA-co-RhMA) prepared in a mixture of ultrapure
water, USP grade propylene glycol and benzyl alcohol (4:5:1 v/v) at the dose of equivalent TAF 6.77
mg/mouse, the fluorescent intensity emitted from the depot was normalized as radiant efficiency percentage
using equation Il to estimate the dissolution and clearance rates of the polymer. Each data point represents
the means + standard deviations from at least three mice.

The depot degradation kinetics were assessed by imaging rhodamine-labeled polymers by IVIS
(Figure 7B, Figure S16). The release kinetics of TAF from the depot were generally also well
correlated with the dissolution of the depot as measured in the decrease of the fluorescent radiant
efficiency over time (Figure 7B). The p(GMA)-b-p(Benzyl-TAFMA) depots showed a faster
dissolution rate compared to the slower releasing p(GMA)-b-p(Alkyl-TAFMA) depots, connecting
depot dissolution to the mechanistic release of TAF and corresponding loss of hydrophobicity
through hydrolysis/enzymatic conversion to hydrophilic chains.

3.5.3. Depot performance of homopolymer TAF depot designs

The homopolymer depots were designed to maximize TAF drug wt% and as a result to

maximize the potential duration of the long-acting depot. As homopolymer segments, their MW
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was also kept low to promote renal clearance after TAF release. The p(Benzyl-TAFMA) depot
achieves 54.5 drug wt% and the p(Alkyl-TAFMA) depot achieves 73 drug wt% at starting MWs
0f 9,100 Da and 8,400 Da, respectively (lower MWs after drug release and dissolution from depot).
The homopolymers could be formulated in DMSO with high solubility of >700 mg/mL. Together
the high drug wt% and solubility yields long-acting depots having enough TAF to deliver over
many months to years time frame at target levels around 1 mg/day.[22,26,55] The homopolymer
depots also formed tighter and less spread depots upon injection compared to the diblock depot
formulations (Figure 8C, Figure S16).

As expected, the faster releasing p(Benzyl-TAFMA) showed a higher dosing level in the blood
compartment compared to the p(Alkyl-TAFMA), again showing the tunability of depot PK with
linker choice (Figure 8A). TAF was not observable in the blood for injected parent drug (IV or
subcutaneous), either of the diblock polymer depots, or the p(Benzyl-TAFMA) homopolymer
depot design. However, for the first time in mouse, the parent TAF drug was observed with a
sustained release profile along with TFV. The p(Alkyl-TAFMA) depot was characterized in a 60-
day study and showed a zero-order, steady plasma TAF and TFV profile over the 60 days (Figure
8A). The molar ratios of plasma TAF:TFV concentrations were 0.52 + 0.18 (mean + SD) and
relatively stable throughout the 60-day study. These results demonstrate that TAF is being released
as the parent drug from the depot over the two-month study period.[56,57] As shown in Figure
8C, some remaining p(Alkyl-TAFMA-co-RhMA) depot could still be observed at the end of the

60-day study, suggesting longer release periods were possible.
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Figure 8. (A) Following a single subcutaneous injection of p(Benzyl-TAFMA) or p(Alkyl-TAFMA)
prepared in DMSQO at the dose of equivalent TAF 6.77 mg/mouse, the PK profiles of TFV in plasma (hmol
per mL plasma) and TAF in plasma (nmol per mL plasma) were analyzed using LC-MS/MS. (B) Following
a single subcutaneous injection of p(Benzyl-TAFMA-co-RhMA) or p(Alkyl-TAFMA-co-RhMA) prepared
in DMSO at the dose of equivalent TAF 6.77 mg/mouse, the fluorescent intensity emitted from the depot
was normalized as radiant efficiency percentage using equation Il to estimate the dissolution and clearance
rates of the polymer. Each data point represents the means + standard deviations from at least three mice.
(C) Pictures of p(Alkyl-TAFMA-co-RhMA) subcutaneous depot at day 0 and day 60 post-injection.

The most important predictor of TAF long-acting prophylaxis is the TFV-DP metabolite and
biomarker level in the PBMC compartment.[51-54] Both the p(Alkyl-TAFMA) and the p(Benzyl-
TAFMA) homopolymer depots yield high levels of TFV-DP in the PBMC compartment (Figure
9). It is worth noted that the PBMC in this study were cryopreserved prior to analysis, which might
lead to 33 to 67% loss of TFV-DP.[26] The p(Benzyl-TAFMA) showed higher initial levels of
TFV-DP in PBMC consistent with the higher levels of the plasma TFV metabolite. The level of
TFV-DP shows a sharper drop-off in its PK profile, however, and the depot itself shows a similar
faster degradation in the IVVIS imaging characterization (Figure 8B). The p(Alkyl-TAFMA) shows
a steadier profile of TFV-DP in the PBMC compartment (Figure 9), consistent with its lower and

more consistent TAF/TFV profile, and with its more linear depot degradation profile by IVIS
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imaging (Figure 8A,B). The MW of the starting homopolymers are below 10,000 Da with all of
the drug incorporated, and the smaller p(Alkyl-TAFMA-co-RhMA) chains released from the depot
after drug release were imaged by IVIS in brain, liver, lungs, heart, kidneys and spleen. As
expected, these small chains were primarily eliminated via the kidneys over the study period
(Figure S17).

It was surprising that p(Benzyl-TAFMA) showed such a high level of TFV-DP in the PBMC
compartment, given that no TAF could be observed in blood. The parent TAF drug also showed
this profile with no observable TAF in the blood at our earliest time point of 5 min, yet there was
TFV-DP detectable in the PBMCs. These results suggest that the kinetics of TAF entry into PBMC
after entry of the drug from the subcutaneous compartment into the blood must be faster than TAF
metabolism and disappearance in the mouse model. The p(Alkyl-TAFMA) depot showed a
steadier release of both TAF and TFV, along with a steadier profile of depot degradation and the
TFV-DP metabolite in PBMC. Clinical trials have suggested that the TFV-DP at a minimum
concentration of 24 fmol per 108 PBMC provides 90% protection in HIV iPrEX.[58] In this study,
the average TFV-DP concentrations achieved by the polymer depots are at least 10-fold higher

than the minimally protective concentration from iPrEX.

1200 =i~ pBTAFMA =@~pATAFMA
1

ECg, for HIV-1 prevention

fmol TFV-DP/1 million cells

Figure 9. TFV-DP concentrations per million PBMC after 50 d of a single subcutaneous injection of either
p(Benzyl-TAFMA) or p(Alkyl-TAFMA). All data point represents the means + standard deviations from
three mice.

4. Conclusion

In this study, we have demonstrated that injectable subcutaneous depots based on the drugamer
platform sustain the release of TAF over 60-day periods, with loading of the key TFV-DP
metabolite at high levels in the PBMC compartment. This injectable depot is a simple polymer in

a formulation solvent. The polymers can be architectured as block copolymers or homopolymers,
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and we show that different linkers can be used to tune the PK profiles. As a prodrug approach, the
depots do not exhibit significant early stage burst release. The depot release was steady over the
two month period characterized, and current studies were not long enough to definitively study the
end-stage. After drug release and pendant linker degradation, the hydrophilic backbone chains are
very low MW and were shown to clear renally in the case of the homopolymer depot designs. This
mechanism could potentially clear any chains still containing unreleased drugs to prevent a late-
stage burst phase, though this will require longer studies to confirm. By polymerizing pre-
synthesized prodrug monomers, the depots achieve high drug weight percentages, which can
translate to higher drug sink and longer release durations, and lower volumes of administration.
These high drug weight percentages also suggest that combination drugs could be copolymerized
into depots while maintaining significant drug sinks of each. We anticipate this platform can be
tailored to a variety of ARV combinations for therapy and prophylaxis, and with its high intrinsic
storage stability could be developed toward future global health and infectious disease settings.
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