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Background. Long-acting (LA) intramuscular cabotegravir and rilpivirine are prone to drug-drug interactions (DDI).
However, given the long dosing interval, the conduct of clinical DDIs studies with LA antiretrovirals is challenging. We
performed virtual clinical DDI studies using physiologically based pharmacokinetic (PBPK) modeling to provide
recommendations for the management of DDIs with strong or moderate inducers such as rifampicin or rifabutin.

Methods. Each DDI scenario included a cohort of virtual individuals (50% female) between 20 and 50 years of age with a body
mass index of 18-30 kg/m”. Cabotegravir and rilpivirine were given alone and in combination with rifampicin or rifabutin. The
predictive performance of the PBPK model to simulate cabotegravir and rilpivirine pharmacokinetics after oral and
intramuscular administration and to reproduce DDIs with rifampicin and rifabutin was first verified against available observed
clinical data. The verified model was subsequently used to simulate unstudied DDI scenarios.

Results. At steady state, the strong inducer rifampicin was predicted to decrease the area under the curve (AUC) of LA
cabotegravir by 61% and rilpivirine by 38%. An increase in the dosing frequency did not overcome the DDI with rifampicin.
The moderate inducer rifabutin was predicted to reduce the AUC of LA cabotegravir by 16% and rilpivirine by 18%. The DDI
with rifabutin can be overcome by administering LA cabotegravir/rilpivirine monthly together with a daily oral rilpivirine dose

of 25 mg.
Conclusions.

LA cabotegravir/rilpivirine should be avoided with strong inducers but coadministration with moderate inducers

is possible by adding oral rilpivirine daily dosing to the monthly injection.
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Over the years, antiretroviral treatments have become more ef-
ficacious, safer, and simpler with lower pill burden. Another
major milestone has been achieved with the approval of the first
long-acting (LA) injectable drugs cabotegravir/rilpivirine al-
lowing infrequent dosing. After an optional oral lead-in phase
(cabotegravir/rilpivirine 30/25 mg daily for 1 month), followed
by an intramuscular loading dose (cabotegravir/rilpivirine
600/900 mg), cabotegravir/rilpivirine can be administered for
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treatment at a maintenance intramuscular dose of 400/
600 mg monthly or of 600/900 mg every 2 months [1-3]. LA
cabotegravir has also been approved by the Food and Drug
Administration (FDA) for use as pre-exposure prophylaxis
(PrEP) [4]. In this indication, cabotegravir with or without
oral lead-in is given at a loading dose of 600 mg followed by
a maintenance dose of 600 mg every 2 months.

Although LA cabotegravir and rilpivirine represent an excit-
ing advance, a number of questions related to their use remain
unresolved including the management of drug-drug interac-
tions (DDIs). Cabotegravir is primarily metabolized by uridine
diphosphate-glucuronosyltransferase (UGT)1A1 and to a less-
er extent by UGT1A9, whereas rilpivirine undergoes metabo-
lism by cytochrome P450 (CYP)3A4; therefore, their
exposure can be impacted notably by comedications with in-
ducing properties [5]. DDI data have only been generated
with oral cabotegravir and rilpivirine as, given the long dosing
interval, the conduct of clinical DDIs studies with LA antiretro-
virals is challenging [5]. However, the magnitude of DDIs may
differ based on the route of administration because intestinal

LA CAB/RPV and DDIs With Inducers « CID 2023:76 (1 April) « 1225


mailto:sara.bettonte@unibas.ch
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1093/cid/ciac901

metabolism is bypassed with the intramuscular administration,
thereby potentially mitigating DDIs.

Physiologically based pharmacokinetic (PBPK) modeling
has demonstrated its predictive power to simulate clinically rel-
evant yet unstudied DDI scenarios [6, 7]. In recent years, PBPK
guided dose recommendations have been approved in several
drug labels as an alternative to real-world studies [8-10].
PBPK modeling combines in vitro data and clinically observed
data to simulate pharmacokinetics in virtual individuals [11].
The virtual population used to inform the PBPK model is gen-
erated based on observed organ weights, blood flows, and other
physiological parameters that are important for the prediction
of drug disposition [12]. To date, one PBPK modeling study has
investigated the DDI between the strong inducer rifampicin
and LA cabotegravir/rilpivirine [13]. However, this study did
not evaluate the effect of moderate inducers and did not deter-
mine whether a dose or frequency adjustment of cabotegravir
and rilpivirine could overcome the interaction with strong/
moderate inducers. This is an important clinical gap given
that the intramuscular release of drugs cannot be interrupted
which becomes an issue when individuals on LA antiretrovirals
present an inaugural disease (eg, epilepsy, tuberculosis) requir-
ing treatment with an inducer.

To address this conundrum, we performed virtual DDI studies
using PBPK modeling. LA cabotegravir and rilpivirine were co-
administered with either a strong or moderate inducer and dosing
adjustment strategies were investigated to provide recommenda-
tions for the management of DDIs with LA antiretrovirals.

METHODS

We took 3 steps to analyze DDIs between LA cabotegravir/ril-
pivirine and inducers. First, we developed and verified drug
models for the oral and intramuscular administration of cabo-
tegravir and rilpivirine. Second, we verified the performance of
our PBPK framework to predict DDIs against clinically ob-
served data with the strong (rifampicin) and moderate (rifabu-
tin) paradigm inducers of CYP3A4 and UGTs. Third, the fully
verified PBPK model was used to simulate unstudied DDI sce-
narios. Each DDI scenario included 50-100 virtual individuals
(50% female) representative of people with human immunode-
ficiency virus (HIV, PWH) between 20 and 50 years of age with
a body mass index of 18-30 kg/m>.

PBPK Model Implementation and Drug Model Development

Details on our whole-body PBPK model [11], adapted to mechanis-
tically describe the release of LA cabotegravir and rilpivirine from
the depot injected in the ventrogluteal muscle [14], are provided
in the Supplementary Material. The model verification was carried
out both for cabotegravir and rilpivirine, the parameters used for
the drug model development are summarized in Supplementary
Table 1. For each drug, the available clinical data were compared

with the PBPK model simulations generated by matching the clin-
ical trial participants with our virtual cohort (eg, age range, propor-
tion of female). Furthermore, drug dosing regimens were
matched to the design of the corresponding clinical trial. The
clinical observed data were digitalized using GetData Graph
Digitizer V.2.26 [15], additionally missing pharmacokinetic pa-
rameters (eg, area under the curve [AUC]) were calculated using
non-compartmental analysis in Matlab®2020a. The clinical stud-
ies used for the cabotegravir and rilpivirine intramuscular and
oral model development are shown in Supplementary Table 2.
As per regulatory agencies guidance [10, 16, 17], the PBPK mod-
els were considered qualified if the ratio between the predicted
versus observed pharmacokinetic parameters and the absolute
average fold error (AAFE) were within 2-fold.

Before running DDIs simulations, the drug models for the
strong inducer rifampicin [18-20] and the moderate inducer rifa-
butin [21, 22] were developed and their predictive performance
verified against clinically observed data. The drug parameters
used to develop the models are detailed in Supplementary
Table 1. As before, the verification step consisted in generating
simulations where the virtual individuals and the dosing regimens
those of the
Supplementary Table 4. The models were qualified if the predic-
tions were within 2-fold of the observed data [10, 16, 17].

matched clinical studies summarized in

Model Qualification Against Clinically Observed DDI Data

After verifying the drug models, the PBPK framework was
qualified against clinically observed DDI data. The simulated
scenarios included the oral DDI between cabotegravir (30 mg
single dose) or rilpivirine (150 mg once daily [QD]) and rifam-
picin (600 mg QD) [23, 24] as well as the oral DDI between cab-
otegravir (30 mg QD) or rilpivirine (25 mg QD) with rifabutin
(300 mg QD) [25, 26] (Supplementary Table 6). The predic-
tions were qualified if the ratio between predicted and observed
pharmacokinetic parameters was within 2-fold [10, 16, 17].

Simulations of Unstudied DDI Scenarios With Strong and Moderate
Inducers

For each scenario presented in Table 1, a cohort of 50-100 vir-
tual individuals (aged 20-50 years (50% female) was generated
to inform the PBPK model.

Several dosing adjustments were simulated to evaluate the
management of DDIs between intramuscular cabotegravir or
rilpivirine with rifampicin or rifabutin (Table 1). In order to
cover various scenarios that may present in clinical practice,
DDI simulations were performed both when cabotegravir/rilpi-
virine are at steady state (maintenance dose) or after the first
injection (loading dose). Furthermore, we reproduced the
FDA dosing adjustment recommendations to overcome the
DDI between LA cabotegravir (PrEP) and moderate inducers
[4] to further verify the predictive performance of our model.
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Table 1. Study Design for the Simulated Unstudied DDI Scenarios

Victim Perpetrator Study Design

DDI with strong inducer: rifampicin

Cabotegravir Rifampicin Rifampicin (600 mg QD) at steady state. Administration first cabotegravir intramuscular loading
loading dose 600 mg 600 mg steady state dose (600 mg) for PrEP or for HIV treatment.

Rilpivirine Rifampicin Rifampicin (600 mg QD) at steady state. Administration first rilpivirine intramuscular loading dose
loading dose 900 mg 600 mg steady state (900 mg) for HIV treatment.

Cabotegravir Rifampicin Cabotegravir for HIV treatment (600 mg loading dose, 400 mg maintenance dose Q4W) at steady
steady-state treatment Q4W 600 mg steady state state. Administration of rifampicin (600 mg QD) started 7 d before the last injection of

cabotegravir at steady state.

Rilpivirine Rifampicin Rilpivirine for HIV treatment (900 mg loading dose, 600 mg maintenance dose Q4W) at steady
steady-state treatment Q4W 600 mg steady -state state. Administration of rifampicin (600 mg QD) started 7 d before the last injection of rilpivirine

at steady state.

Cabotegravir Rifampicin Cabotegravir for PrEP (600 mg Q8W) at steady state. Administration of rifampicin (600 mg QD)
steady-state PrEP Q8W 600 mg steady state started 7 d before the last injection of cabotegravir at steady state.

Evaluated dosing adjustment to overcome DDI with strong inducer

Cabotegravir Rifampicin Rifampicin (600 mg QD) is administered 7 d before the last injection and is given concomitantly to
steady-state PrEP Q4W 600 mg steady state cabotegravir for PrEP dosed Q4W.

Cabotegravir Rifampicin Rifampicin (600 mg QD) is administered 7 d before the last injection and is given concomitantly to
steady-state PrEP Q3W 600 mg steady state cabotegravir for PrEP dosed Q3W.

DDI with moderate inducer: rifabutin

Cabotegravir Rifabutin Rifabutin (300 mg QD) at steady state. Administration first cabotegravir intramuscular loading dose
loading dose 600 mg 300 mg steady state (600 mg) for PrEP or for HIV treatment.

Rilpivirine Rifabutin Rifabutin (300 mg QD) at steady state. Administration first rilpivirine intramuscular loading dose
loading dose 900 mg 300 mg steady state (900 mg) for HIV treatment.

Cabotegravir Rifabutin Cabotegravir for treatment (600 mg loading dose, 400 mg maintenance dose Q4\W) at steady
steady-state treatment Q4W 300 mg steady state state. Administration of rifabutin (300 mg QD) started 7 d before the last injection of cabotegravir

at steady state.

Rilpivirine Rifabutin Rilpivirine for treatment (900 mg loading dose, 600 mg maintenance dose Q4\W) at steady state.
steady-state treatment Q4W 300 mg steady state Administration of rifabutin (300 mg QD) started 7 d before the last injection of rilpivirine at steady

state.

Cabotegravir Rifabutin Cabotegravir for treatment or PrEP (600 mg Q8W) at steady state. Administration of rifabutin
steady-state PrEP Q8W 300 mg steady state (300 mg QD) started 7 d before the last injection of cabotegravir at steady state.

Rilpivirine Rifabutin Rilpivirine for treatment (900 mg Q8W) at steady state. Administration of rifabutin (300 mg QD)
steady-state treatment Q8W 300 mg steady state started 7 d before the last injection of rilpivirine at steady state.

Evaluated Dosing Adjustment to Overcome DDI With Moderate Inducer

Cabotegravir Rifabutin Rifabutin (300 mg QD) at steady state. Administration first loading dose of cabotegravir
600 mg Q2W 300 mg steady state intramuscular injection (600 mg) for PrEP or for HIV treatment followed by a second injection

(600 mg) after 15 d.

Rilpivirine Rifabutin Rifabutin (300 mg QD) at steady state. Administration first loading dose of rilpivirine intramuscular
900 mg Q2W 300 mg steady state injection (900 mg) for HIV treatment followed by a second injection (900 mg) after 15 d.

Rilpivirine Rifabutin Rilpivirine for treatment (900 mg Q8W) at steady state. Administration of rifabutin (300 mg QD)
steady-state treatment Q8W 300 mg steady state started 7 d before the last injection of rilpivirine at steady state concomitantly to 25 mg oral RPV.
+25mg PO

Rilpivirine Rifabutin Rilpivirine for treatment (900 mg loading dose, 600 mg maintenance dose Q4\W) at steady state.
steady-state treatment Q4\W 300 mg steady state Administration of rifabutin (300 mg QD) started 7 d before the last injection of rilpivirine at steady
+25mg PO state concomitantly to 25 mg oral RPV.

Rilpivirine Rifabutin Rilpivirine for treatment (900 mg loading dose, 600 mg maintenance dose Q8W) at steady state.
steady-state treatment Q4W 300 mg steady state Administration of rifabutin (300 mg QD) started 7 d before the last injection of rilpivirine at steady
+50 mg PO state concomitantly to 50 mg oral RPV.

Cabotegravir Rifabutin Rifabutin (300 mg QD) is administered 7 d before the last injection and is given concomitantly to
steady-state PrEP Q4W 300 mg steady state cabotegravir for PrEP (600 mg) dosed Q4W as per FDA dosing recommendation [4].

Abbreviations: DDI, drug-drug interaction; FDA, Food and Drug Administration; HIV, human immunodeficiency virus; IM, intramuscular administration; PO, oral administration; PrEP,
pre-exposure prophylaxis; QD, once daily; Q2W, administration every 2 weeks; Q3W, administration every 3 weeks; Q4W, administration every 4 weeks; Q8W, administration every 8
weeks; RPV, rilpivirine.

RESULTS multiple doses administration. When cabotegravir was inject-
PBPK Model Implementation and Drug Model Development ed in the muscle, the AUC and C, ratios were 0.81, 0.89 (single
The PBPK model implemented with the intramuscular framework injection) and 0.84, 0.86 (multiple injections). For rilpivirine,
correctly predicted drug pharmacokinetics (Supplementary the predictions were within 1.5-fold of observed data for oral
Table 3). For oral cabotegravir, the peak concentration single and multiple doses. After intramuscular administration,
(Cmax)> AUC, and trough concentration (C;) ratios (ie, pre- the AUC and C, ratios were 0.95 and 0.92 (single injection),
dicted/observed data) were within 1.25-fold after single and ~ and the C; ratio was 0.63 for rilpivirine administered every
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Table 2. Pharmacokinetic Parameters of LA Cabotegravir in Pr

and in Ab

of Rifampicin and Rifabutin

Absence Perpetrator Presence Perpetrator DDI Ratio
Victim Perpetrator Pharmacokinetic Parameter Predicted Predicted Predicted
DDI with strong inducer: rifampicin
Cabotegravir Rifampicin C. (ng/mL) 887 (64) 331 (55) 0.37
loading dose 600 mg 600 mg steady state
AUC, (ng h/mL) 684948 (56) 270706 (53) 0.40
Cabotegravir Rifampicin C, (ng/mL) 2543 (53) 982 (41) 0.39
steady-state treatment Q4W 600 mg steady state
AUC, (ng h/mL) 1844732 (52) 711130 (42) 0.39
Cabotegravir Rifampicin C, (ng/mL) 1671 (66) 627 (50) 0.38
steady-state PrEP Q8W 600 mg steady state
AUC, (ng h/mL) 3081079 (61) 1173287 (49) 0.38
Evaluated dosing adjustment to overcome DDI with strong inducer
Cabotegravir Rifampicin C, (ng/mL) 2462 (63) 935 (48) 0.38
steady-state PrEP Q4W 600 mg steady state
AUC, (ng h/mL) 2076609 (57) 803147 (47) 0.39
Cabotegravir Rifampicin C, (ng/mL) 3257 (64) 1227 (47) 0.38
steady-state PrEP Q3W 600 mg steady state
AUC, (ng h/mL) 2012694 (57) 788422 (47) 0.39
DDI with moderate inducer: rifabutin
Cabotegravir Rifabutin C, (ng/mL) 947 (60) 780 (57) 0.82
loading dose 600 mg 300 mg steady state
AUC, (ng h/mL) 729069 (51) 612883 (50) 0.84
Cabotegravir Rifabutin C, (ng/mL) 2563 (61) 2143 (57) 0.84
steady-state treatment Q4W 300 mg steady state
AUC, (ng h/mL) 1859887 (59) 1555392 (55) 0.84
Cabotegravir Rifabutin C, (ng/mL) 1671 (66) 1387 (61) 0.83
steady-state PrEP Q8W 300 mg steady state
AUC, (ng h/mL) 3081079 (61) 2571910 (57) 0.83
Evaluated dosing adjustment to overcome DDI with moderate inducer
Cabotegravir Rifabutin C; (ng/mL) 2246 (63) 1863 (60) 0.83
600 mg Q2W 300 mg steady state
AUC, (ng h/mL) 1916933 (58) 1603379 (57) 0.84
Cabotegravir Rifabutin C, (ng/mL) 2462 (63) 2051 (58) 0.83
steady-state PrEP Q4W 300 mg steady state
AUC, (ng h/mL) 2076609 (57) 1741089 (54) 0.84

AUC, and C, are represented as geometric mean (CV).

Abbreviations: AUC,, area under the curve to tau; C,, trough concentration; DDI, drug-drug interaction; PrEP, pre-exposure prophylaxis; Q2W, administration every 2 weeks; Q3W,
administration every 3 weeks; Q4W, administration every 4 weeks; Q8W, administration every 8 weeks.

other month. The rifampicin and rifabutin drug models were
also qualified as their simulated pharmacokinetic parameters
were all within 2-fold of observed data (Supplementary
Table 5).

Model Verification Against Clinically Observed DDI Data

The PBPK framework was used afterward to simulate oral
DDIs between cabotegravir or rilpivirine and rifampicin or ri-
fabutin for which
(Supplementary Figure 3). For cabotegravir, DDI predictions

observed clinical data are available
with rifampicin and rifabutin were within 1.5-fold and 2-fold,
respectively (Supplementary Table 7). For rilpivirine, predic-
tions were within 2-fold (rifampicin) and 1.5-fold (rifabutin).

Simulations of Unstudied DDI Scenarios With Strong and Moderate
Inducers

The fully validated PBPK framework was used to simulate un-
studied DDI scenarios of interest.

Cabotegravir and Rifampicin
Rifampicin was predicted to reduce the C; and AUC of the first
intramuscular cabotegravir loading dose (600 mg) by 63% and
60%, respectively (Table 2; Figure 1A). A similar decrease in C, and
AUC was predicted when cabotegravir was at steady state both for
the monthly (loading dose 600 mg, maintenance dose 400 mg)
(Figure 1C) and bimonthly administration (600 mg loading
dose, maintenance dose 600 mg every other month) (Figure 24).
After the first injection of cabotegravir, the proportion of individ-
uals with cabotegravir concentrations above the 4-fold protein ad-
justed 90% inhibitory concentrations (4 X PA-ICy) [27] during
the dosing interval was 11%; while the proportion was 84% and
36% for cabotegravir (at steady state) administered once monthly
and every other month, respectively (Table 3).

Two dosing adjustment scenarios were evaluated to over-
come the DDI between cabotegravir (used for PrEP) and rifam-

picin. First, we increased the dosing frequency of cabotegravir
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Figure 1. Concentration-time profiles for (A) cabotegravir 600 mg loading intramuscular dose, and (B) rilpivirine 900 mg loading intramuscular dose in absence (green) and
presence (blue) of 600 mg once daily rifampicin. Concentration-time profiles for (C) cabotegravir intramuscular at steady state, and (J) rilpivirine intramuscular at steady state
in absence (green) and presence (blue) of 600 mg once daily rifampicin. The solid lines, the solid bold line, and the shaded area represent the geometric mean of each virtual
trial, the geometric mean of all trials, and the 90% normal range of all virtual individuals. In panels (A) and (C) the dashed line represents the 4 x PA-ICq for cabotegravir
(664 ng/mL), and the red markers in panel (4) represent the median values measured from Orkin et al [34]. together with the 5th percentile and the 95th percentile. In panels
(B) and (D) the dashed lines represent the PA-ICqq for rilpivirine (12 ng/mL), the minimal concentration for therapeutic response (50 ng/mL), and the red markers in panel (B)
represent the median values measured from Orkin et al [34]. together with the 5th percentile and the 95th percentile. The trial design is explained in Table 1. The panels of the
profiles at steady state depict the end of the previous intramuscular dosing so that the actual injection occurs at week 1 on the scale of the graph. Abbreviation: PA-ICqq,
protein adjusted 90% inhibitory concentrations.
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Figure 2. Dosing strategies to overcome DDI with cabotegravir. In panel (A) concentration-time profiles for cabotegravir 600 mg (PrEP) at steady state in the absence
(green) and the presence (blue) of 600 mg once daily rifampicin; (B) dosing adjustment scenario to overcome the DDI with rifampicin by injecting cabotegravir every 4
wks instead of the recommended 8 wks; (C) dosing adjustment scenario to overcome the DDI with rifampicin by injecting cabotegravir every 3 wks instead of the recom-
mended 8 wks. [, Concentration-time profiles for cabotegravir loading dose (600 mg) in the absence (green) and the presence (blue) of 300 mg once daily rifabutin; (£) dosing
adjustment scenario to overcome DDI by injecting cabotegravir loading dose every 2 wks. F, Concentration-time profiles for cabotegravir 600 mg (PrEP) at steady state in the
absence (green) and the presence (b/ue) of 300 mg once daily rifabutin; in panel (G) dosing adjustment scenario to overcome the DDI with rifabutin by injecting cabotegravir
every 4 wks instead of the recommended 8 wks. The solid lines, the solid bold line, and the shaded area represent the geometric mean of each virtual trial, the geometric
mean of all trials, and the 90% normal range of all virtual individuals. The dashed line represents the 4 x PA-ICqq for cabotegravir (664 ng/mL). The red markers in panel (D)
represent the median values measured from Orkin et al [34], together with the 5th percentile and the 95th percentile. The trial design is explained in Table 1. The panels of the
profiles at steady state depict the end of the previous intramuscular dosing so that the actual injection occurs at week 1 on the scale of the graph. Abbreviations: DDI,
drug-drug interaction; PA-ICgq, protein adjusted 90% inhibitory concentrations; PrEP, pre-exposure prophylaxis.

1230 « CID 2023:76 (1 April) « Bettonte et al



Table 3. Percentage of Virtual Individuals With Predicted Cabotegravir Plasma Concentration Above the 4 x PA-ICq (664 ng/mL) Target [27] and Above
the Highest Observed Median C,,,, in Long-Term Studies (13100 ng/mL) (ie, Safety Threshold) [35] for Each Simulated DDI Scenario

Percentage Simulated Individuals Above 664 ng/mL in

Study Design Presence of Inducer

Percentage Simulated Individuals Above 13100 ng/mL in
Presence of Inducer

DDI with strong inducer: rifampicin

Cabotegravir: loading dose 600 mg 11
Rifampicin: 600 mg steady state
Cabotegravir: steady-state 84

treatment Q4W
Rifampicin: 600 mg steady state

Cabotegravir: steady-state PrEP 36
Qsw
Rifampicin: 600 mg steady state

Evaluated dosing adjustment to overcome DDI with strong inducer

Cabotegravir: steady-state PrEP 84
Q4w
Rifampicin: 600 mg steady state

Cabotegravir: steady-state PreP 88
Q3w

Rifampicin: 600 mg steady state
DDI with moderate inducer: rifabutin

Cabotegravir: loading dose 600 mg 60
Rifabutin: 300 mg steady state
Cabotegravir: steady-state 100

treatment Q4W
Rifabutin: 300 mg steady state
Cabotegravir: steady-state PrEP 94
Qsw
Rifabutin: 300 mg steady state

Evaluated dosing adjustment to overcome DDI with moderate inducer

Cabotegravir: 600 mg Q2W 97
Rifabutin: 300 mg steady state

Cabotegravir: steady-state PreP 100
Q4w

Rifabutin: 300 mg steady state

Abbreviations: DDI, drug-drug interaction; PA-ICg, protein adjusted 90% inhibitory concentrations; PrEP, pre-exposure prophylaxis; Q2W, administration every 2 weeks; Q3W, administration

every 3 weeks; Q4W, administration every 4 weeks; Q8W, administration every 8 weeks.

to 4 weeks (instead of the recommended 8 weeks in absence of
inducer). In this scenario, cabotegravir C; and AUC were still
reduced by 62% and 61%, respectively (Table 2; Figure 2B),
with only 84% of individuals having concentrations >4 X
PA-ICq. Reducing the dosing interval to 3 weeks did not signif-
icantly improve cabotegravir exposure as C; and AUC were re-
duced by 62% and 61% (Figure 2C), respectively, with only 88%
individuals >4 X PA-ICy, concentration threshold (Table 3).

Cabotegravir and Rifabutin

Rifabutin was predicted to reduce the C; and AUC of the first
intramuscular cabotegravir loading dose (600 mg) by 18%
and 16%, respectively (Table 2; Figure 2D). A similar decrease
in C; and AUC was predicted when cabotegravir was at steady
state both for the monthly (loading dose 600 mg, maintenance
dose 400 mg) and bimonthly administration (600 mg loading
dose, maintenance dose 600 mg every other month;
Figure 2F). After the first intramuscular dose of cabotegravir,
the proportion of individuals with concentrations >4 X

PA-ICqy was 60%; although the proportion was 100% and

94% for cabotegravir (at steady state) administered once
monthly and every other month, respectively (Table 3).

We simulated the dosing recommendations of the FDA for
cabotegravir (PrEP) in presence of the moderate inducer rifa-
butin [4]. The dosing interval between the first and second in-
jection of cabotegravir was reduced to 2 weeks (instead of the
recommended 4 weeks in absence of inducer). In this scenario,
C; and AUC was reduced by 17% and 16%, respectively
(Table 2; Figure 2E), whereas the proportion of individuals
with concentrations >4 X PA-ICgy was 97%. During steady-
state conditions, increasing cabotegravir dosing to 4 weeks
(instead of the recommended 8 weeks in absence of inducer),
resulted in a small decrease in C, (17%) and AUC (16%) with
100% individuals being above the efficacy threshold at the
end of the dosing interval thereby supporting the FDA dosing
recommendations (Table 3; Figure 2G).

Rilpivirine and Rifampicin
Rifampicin was predicted to reduce the C; and AUC of the first
intramuscular rilpivirine loading dose (900 mg) by 41% and
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Table 4. Pharmacokinetic Parameters of LA Rilpivirine in Presence and in Absence of Rifampicin and Rifabutin

Absence Perpetrator  Presence Perpetrator  DDI Ratio
Victim Perpetrator Pharmacokinetic Parameter Predicted Predicted Predicted
DDI with strong inducer: rifampicin
Rilpivirine Rifampicin C, (ng/mL) 22 (40) 13 (22) 0.59
loading dose 900 mg 600 mg steady state
AUC;, (ng h/mL) 24199 (34) 14859 (20) 0.61
Rilpivirine Rifampicin C, (ng/mL) 49 (35) 29 (23) 0.60
steady-state treatment Q4W 600 mg steady state
AUC, (ng h/mL) 48292 (33) 29810 (21) 0.62
DDI with moderate inducer: rifabutin
Rilpivirine Rifabutin C, (ng/mL) 22 (42) 18(27) 0.80
loading dose 900 mg 300 mg steady state
AUC, (ng h/mL) 24607 (38) 20076 (25) 0.82
Rilpivirine Rifabutin C. (ng/mL) 49 (35) 40 (26) 0.81
steady-state treatment Q4W 300 mg steady state
AUC, (ng h/mL) 48292 (33) 39673 (24) 0.82
Rilpivirine Rifabutin C, (ng/mL) 30 (38) 24 (26) 0.79
steady-state treatment Q8W 300 mg steady state
AUC, (ng h/mL) 80214 (34) 64010 (22) 0.80
Evaluated dosing regimen to overcome DDI with moderate inducer
Rilpivirine Rifabutin C. (ng/mL) 48 (42) 39 (27) 0.80
900 mg Q2W 300 mg steady state
AUC, (ng h/mL) 58595 (37) 47295 (24) 0.81
Rilpivirine Rifabutin C, (ng/mL) 69 (35) 52 (26) 0.76
steady-state treatment Q8W + 25 mg PO 300 mg steady state
AUC, (ng h/mL) 2276 (30) 1810 (22) 0.80
Rilpivirine Rifabutin C. (ng/mL) 98 (76) 74 (44) 0.76
steady-state treatment Q4W + 25 mg PO 300 mg steady state
AUC, (ng h/mL) 2978 (64) 2329 (37) 0.78
Rilpivirine Rifabutin C. (ng/mL) 138 (43) 104 (31) 0.75
steady-state treatment Q4W + 50 mg PO 300 mg steady state
AUC, (ng h/mL) 4609 (36) 3646 (26) 0.79

AUC, and C, are represented as geometric mean (CV).

Abbreviations: AUC,, area under the curve to tau; C,, trough concentration; DDI, drug-drug interaction; PO, oral administration; PrEP, pre-exposure prophylaxis; Q2W, administration every 2

weeks; Q4W, administration every 4 weeks; Q8W, administration every 8 weeks.

39%, respectively (Table 4; Figure 1B), with all the individuals
predicted to have rilpivirine concentrations below 50 ng/mL
(ie, minimal concentration for therapeutic response) [28]
(Table 5). Similar predictions were obtained when rilpivirine
was at steady state for the monthly treatment (900 mg intra-
muscular loading dose, 600 mg maintenance dose; Figure 1D).

The DDI with rifampicin was not manageable by increasing
the dosing frequency given that rilpivirine concentrations were
mostly below 50 ng/mL during the dosing interval.

Rilpivirine and Rifabutin

Rifabutin was predicted to reduce the C; and AUC of the first
intramuscular rilpivirine loading dose by 20% and 18%, respec-
tively (Table 4; Figure 3A). However, none of the individuals
had concentrations >50 ng/mL. When rilpivirine was at steady
state, the decrease in C; and AUC was 19% and 18% (monthly
administration) and 21% and 20% (bimonthly administration;
Figure 3C), respectively (Table 4). However, only 20% of the in-
dividuals were predicted to have concentrations >50 ng/mL at

the end of the monthly dosing interval; although no one was
above this limit with the bimonthly administration (Table 5).

To overcome the DDI between rilpivirine and rifabutin, four
scenarios were evaluated. First, we reduced the dosing interval
between the first and the second injection of rilpivirine
(900 mg) to 2 weeks (instead of the reccommended 4 weeks in
absence of inducer). With this strategy, C, and AUC were re-
duced by 20% and 19%, respectively (Table 4; Figure 3B), but
the number of individuals with concentrations >50 ng/mL
was only 13% (Table 5). Second, we added an oral daily rilpivir-
ine dose (25 mg) to the bimonthly intramuscular administra-
tion of rilpivirine (at steady state). With this dose adjustment,
C, and AUC decreased by 24% and 20%, respectively
(Figure 3D); however, only 62% of the individuals had concen-
trations >50 ng/mL at the end of the dosing interval (Table 5).
Third, we added an oral daily rilpivirine dose (25 mg) to the
monthly intramuscular administration of rilpivirine (600 mg
at steady state). C; and AUC were still reduced by 24% and
22%, respectively (Figure 3E); however, 92% of individuals
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Table 5. Percentage of Virtual Individuals With Predicted Rilpivirine
Plasma Concentration Above the Minimal Concentration for Therapeutic
Response (50 ng/mL) [28] and Above the Concentration Associated With
a Higher Risk of QT Prolongation (500 ng/mL) for Each Simulated DDI
Scenario

Percentage Simulated
Individuals Above
50 ng/mL in Presence

Percentage Simulated
Individuals Above
500 ng/mL in Presence

Study Design of Inducer of Inducer
Strong inducer: rifampicin
Rilpivirine: loading dose 0 0

900 mg
Rifampicin: 600 mg
steady state
Rilpivirine: steady-state 0 0
treatment Q4W
rifampicin: 600 mg
steady state
Moderate inducer: rifabutin
Rilpivirine: loading dose 0 0
900 mg
Rifabutin: 300 mg
steady state
Rilpivirine: steady-state 20 0
treatment Q4W
Rifabutin: 300 mg
steady state
Rilpivirine: steady-state 0 0
treatment Q8W
Rifabutin: 300 mg
steady state
Evaluated dosing adjustment to overcome DDI with moderate inducer
Rilpivirine: 900 mg Q2W 13 0
Rifabutin: 300 mg
steady state
Rilpivirine: steady-state 62 0
treatment Q8W +
25 mg PO
Rifabutin: 300 mg
steady state
Rilpivirine: steady-state 92 0
treatment Q4W +
25 mg PO
Rifabutin: 300 mg
steady state
Rilpivirine: steady-state 100 0
treatment Q4W +
50 mg PO
Rifabutin: 300 mg
steady state

Abbreviations: DDI, drug-drug interaction; PO, oral administration; PrEP, pre-exposure
prophylaxis; Q2W, administration every 2 weeks; Q4W, administration every 4 weeks;
Q8W, administration every 8 weeks.

had concentrations >50 ng/mL. Finally, we increased the oral
daily rilpivirine dose to 50 mg given with the monthly injection
of rilpivirine (600 mg at steady state). C; and AUC decreased by
25% and 21%, respectively (Figure 3F), and all individuals were
>50 ng/mL.

DISCUSSION

PBPK modeling is increasingly used to predict the potential for
DDIs and to support dosing recommendations. This approach

is particularly relevant when the conduct of clinical DDIs stud-
ies presents challenges like for LA antiretrovirals. Studies eval-
uating DDI management strategies are of utmost importance
considering that PWH on treatment with LA cabotegravir
and rilpivirine may require to initiate treatments for comor-
bidities with a risk of DDI. The evaluation of the DDI and
the possibility to overcome the interaction with the anti-
tuberculosis drugs rifampicin and rifabutin has indeed been
identified as one of the questions to address for the implemen-
tation of LA antiretroviral therapy in low- and middle-income
countries [29].

To address this conundrum, we developed a PBPK frame-
work to perform virtual clinical DDI studies. Our model was
able to predict cabotegravir and rilpivirine pharmacokinetics
within 1.25-1.5-fold of observed data. Furthermore, clinically
observed oral DDIs for cabotegravir and rilpivirine coadminis-
tered with rifampicin or rifabutin were always predicted within
1.5- to 2.0-fold, thereby demonstrating the predictive perfor-
mance of our PBPK approach.

Of interest, predicted DDI magnitudes were shown to be
similar when cabotegravir is administered orally versus intra-
muscularly. For instance, rifampicin decreased cabotegravir
AUC after oral and intramuscular administration (steady state)
by 64% and 61%, respectively. Conversely, the DDI was miti-
gated for rilpivirine as rifampicin decreased rilpivirine AUC
by 74% after oral administration and by 48% after intramuscu-
lar administration. This difference is explained by the fact that
rilpivirine has an absolute oral bioavailability (measured in an-
imals) of 24-54% [30], suggesting high first-pass metabolism,
whereas cabotegravir undergoes less intestinal metabolism
due to lower intrinsic clearance and UGT abundance in the in-
testine [31]. Therefore, escaping the first-pass metabolism will
not significantly change the DDI magnitude in the case of cab-
otegravir. To further support this fact, efavirenz was shown to
reduce levonorgestrel (bioavailability 95%) AUC by 56% after
oral administration and by 57% after subcutaneous administra-
tion [32, 33].

The various simulated DDI scenarios suggest that DDIs with
the strong inducer rifampicin cannot be overcome to ensure
cabotegravir concentrations above the 4 X PA-ICy, target dur-
ing the entire dosing interval. Increasing the dosing frequency
of cabotegravir (PreP) to every 4 or 3 weeks resulted in only
84% or 88% of individuals above this target. This conservative
target was selected as it has been associated with high protective
efficacy in vaginal and rectal simian HIV challenge models [27].
Furthermore, this target corresponds to the 5th percentile of
LA cabotegravir initial trough concentrations (ie, after the first
loading injection) observed in the treatment phase 3 trials [34].
Similarly, increasing the dosing frequency of rilpivirine would
not allow to overcome the DDI with rifampicin given that ril-
pivirine concentrations are mostly below 50 ng/mL (ie, mini-

mal concentration associated with therapeutic response) [28].
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Figure 3. Dosing strategies to overcome DDI with rilpivirine. A, Concentration-time profiles for rilpivirine loading dose (900 mg) in the absence (green) and the presence
(blue) of 300 mg once daily rifabutin; (B) dosing adjustment scenario to overcome DDI by injecting rilpivirine loading dose every 2 wks. C, Concentration-time profiles for
rilpivirine at steady state injected every other month in the absence (green) and the presence (b/ue) of 300 mg once daily rifabutin; (J) dosing adjustment scenario to overcome
the DDI with rifabutin by injecting rilpivirine every 8 wks and adding an oral daily rilpivirine dose (25 mg) to the bimonthly intramuscular administration; (£) dosing adjustment
scenario to overcome DDI with rifabutin by injecting rilpivirine every 4 wks instead of the recommended 8 wks and adding an oral daily rilpivirine dose (25 mg) to the monthly
administration; (F) dosing adjustment scenario to overcome DDI with rifabutin by injecting rilpivirine every 4 wks instead of the recommended 8 wks and adding an oral daily
rilpivirine dose (50 mg) to the monthly administration. The solid lines, the solid bold line, and the shaded area represent the geometric mean of each virtual trial, the geometric
mean of all trials, and the 90% normal range of all virtual individuals. The dashed line represents the PA-ICgq for rilpivirine (12 ng/mL), the minimal concentration for ther-
apeutic response (50 ng/mL), and in (F) the concentration associated with a higher risk of QT prolongation (500 ng/mL). The red markers in panel (4) represent the median
values measured from Orkin et al [34]. together with the 5th percentile and the 95th percentile. The trial design is explained in Table 1. The panels of the profiles at steady
state depict the end of the previous intramuscular dosing so that the actual injection occurs at week 1 on the scale of the graph. Abbreviations: DDI, drug-drug interaction;
PA-ICgq, protein adjusted 90% inhibitory concentrations.
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Conversely, the DDI with rifabutin or other moderate induc-
ers can be managed. If a moderate inducer is initiated before or
with the first injection of cabotegravir, the second loading injec-
tion should be administered 2 weeks after the first injection with
subsequent injections given monthly thereafter (at either 400 mg
or 600 mg for treatment and 600 mg for PrEP). This same dosing
interval applies to rilpivirine (900 mg intramuscular first and sec-
ond loading dose, 600 mg maintenance dose) with, in addition,
an oral rilpivirine daily dose of 25 mg started on the same day
as the moderate inducer. After adjustment, rilpivirine and cabo-
tegravir concentrations are predicted to remain below their safety
threshold (rilpivirine: 500 ng/mL [28] and cabotegravir: 13
100 ng/mL [35]). These dose adjustments should be maintained
another 2 weeks after stopping the moderate inducer as induction
persists upon discontinuation of an inducer. Increasing further
the rilpivirine dose (ie, 50 mg) does not bring additional advan-
tage in terms of the proportion of individuals maintaining con-
centrations >50 ng/mL for the entire dosing interval.

Our findings are supported by a population pharmacokinetic
model built using cabotegravir plasma concentrations mea-
sured in clinical trials. This model evaluated the effect of rifam-
picin and rifabutin on LA cabotegravir. In this study,
rifampicin significantly reduced LA cabotegravir trough con-
centrations which were not improved by increasing the fre-
quency of administration or cabotegravir dose. However, the
interaction with rifabutin was overcome with monthly injec-
tion of LA cabotegravir [35].

PBPK modeling allows to capture the inter-individual vari-
ability within a population. This strength is critical to ensure
that the simulated DDI magnitudes and the related dosing ad-
justments can apply to most individuals. It is important to
highlight some limitations. It was not possible to verify DDIs
with LA cabotegravir and rilpivirine; however, the model was
able to simulate correctly their pharmacokinetics and to repro-
duce known DDI studies. The virtual population had BMI from
18 to 30 kg/m” therefore the simulations do not reflect the com-
bined effect of obesity and inducers on DDIs. Future studies are
needed to address this point.

CONCLUSIONS

DDIs between strong inducers and LA cabotegravir and rilpivir-
ine cannot be overcome. However, DDIs with moderate inducers
can be managed by administering LA cabotegravir and rilpivirine
monthly together with an oral rilpivirine daily dose of 25 mg.
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