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1. Introduction

Antiretroviral treatments have greatly improved over the years 
from complex regimens with a high pill burden, multiple daily 
dosing, and considerable toxicities to highly effective daily 
single-pill regimens with good tolerability. Another outstand
ing milestone has been reached with the approval of the first 
long-acting (LA) intramuscular treatment combining cabote
gravir and rilpivirine. After an optional oral lead-in phase, 
followed by an intramuscular loading dose (cabotegravir/rilpi
virine 600/900 mg), cabotegravir/rilpivirine is administered 
intramuscularly at a maintenance dose of 400/600 mg every 
4 weeks or 600/900 mg every 8 weeks [1–3]. Thus, by eliminat
ing the need for daily administration, LA injectable antiretro
virals may improve adherence. Other advantages include the 
possibility of treating people with swallowing difficulties and 
the prevention of drug–drug interactions (DDIs) occurring at 
the gastrointestinal level. The slow release of cabotegravir/ 
rilpivirine from the muscle combined with the avoidance of 
the first-pass metabolism will have an impact on the magni
tude of DDIs. This editorial provides insight into the intramus
cular administration of cabotegravir/rilpivirine, presents 
available DDI data, and discusses how to interpret and man
age DDIs after intramuscular administration.

2. Intramuscular administration of cabotegravir and 
rilpivirine

Cabotegravir and rilpivirine are injected as solid nanoparticles 
suspended in a liquid vehicle [1,1,3] thus, upon administration, 
the drug formulation creates a depot in the muscle from which 
the antiretroviral drugs are slowly released thereby resulting in 
sustained plasma concentrations. The muscle is characterized 
by a rich vascular supply, which favors the drug release from 
the depot, and therefore, the injection technique is key to 
ensure that the antiretroviral drugs reach the muscle. Of inter
est, the inadvertent injection of cabotegravir in the subcuta
neous adipose tissue, where blood flow and drug release from 
the depot are reduced, was shown to result in lower initial 
concentrations compared to intramuscular injection [4]. Thus, 

a longer needle is advised when administering cabotegravir/ 
rilpivirine to individuals with a BMI of >30 kg/m2 in order to 
reach the muscle through the thicker adipose layer. Another 
factor that can impact the release of the drug from the depot 
and contribute to pharmacokinetic variations includes high 
physical activity, which can increase the blood flow in the 
muscle and consequently enhance the drug release from the 
depot [5]. Of interest, a real-world study from the Swiss HIV 
Cohort study reported an individual with repetitive low cabote
gravir and rilpivirine concentrations after intramuscular admin
istration. This individual was athletic and was injecting anabolic 
steroids [6].

For evaluating the risk of a DDI with LA drugs, it is neces
sary to consider that the absorption (i.e. drug release from the 
depot) occurs in the muscle and not in the gastrointestinal 
tract. This allows to prevent DDIs occurring in the gastroin
testinal tract due to changes in gastric pH (i.e. rilpivirine 
requires a low pH for optimal absorption), chelation (i.e. cabo
tegravir forms a complex with divalent cations, thereby 
impairing its absorption), or inhibition/induction of intestinal 
drug metabolizing enzymes (i.e. rilpivirine is metabolized by 
CYP3A4 and cabotegravir mainly by UGT1A1 and therefore are 
subject to DDIs at the intestinal level) [5]. However, escaping 
the first-pass metabolism does not necessarily mitigate the 
DDI magnitude if the drug is minimally metabolized in the 
gut. This is notably the case for cabotegravir whose exposure 
(i.e. area under the curve (AUC)) in the presence of the strong 
inducer rifampicin was predicted to be reduced by 61% and 
64% after intramuscular and oral administration, respectively 
[7]. Conversely, rilpivirine has a high first-pass metabolism so 
that the DDI with rifampicin is mitigated with the intramus
cular compared to oral administration (rilpivirine AUC reduced 
by 38% and 74%) [7].

Another consideration to take into account when interpret
ing the clinical relevance of DDIs with the depot injection is 
the flip-flop pharmacokinetics whereby the rate of absorption 
(ka) is slower than the rate of elimination (kel). This implies that 
the elimination half-life (t1/2) of the drug is driven by ka in the 
case of intramuscular administration, whereas it is driven by 
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kel in the case of oral administration. This difference explains 
the longer elimination t1/2 of the intramuscular compared to 
the oral formulation (i.e. cabotegravir t1/2: 5.6–11.5 weeks for 
intramuscular versus 41 hours for oral; rilpivirine t1/2: 13–28  
weeks versus 45 hours) (Figure 1) [5]. Importantly, since ka is 
not impacted by inhibitors or inducers of drug metabolism 
and since ka governs t1/2 in the case of intramuscular admin
istration, the net effect of a DDI will be a parallel shift up 
(inhibitor) or down (inducer) of intramuscular cabotegravir or 
rilpivirine exposure, whereas the elimination rate remains 
unchanged. However, inhibitors and inducers will increase 
and decrease t1/2 of oral cabotegravir or rilpivirine since kel 

governs t1/2 in the case of oral administration (Figure 2). Thus, 
since the pharmacokinetic profile after intramuscular adminis
tration is ‘flatter’ (as opposed to oral administration), even 
a modest decrease in the AUC can be clinically relevant as 
drug concentrations can reach the efficacy threshold days or 
weeks before the next dosing as illustrated in Figure 2. For 
cabotegravir, the current efficacy target threshold corresponds 
to the fourfold protein-adjusted concentration required for 
90% viral inhibition (4× PA-IC90, i.e. 664 ng/mL). This threshold 
has been associated with high treatment efficacy in phase 3 
trials and with high protective efficacy in vaginal and rectal 
simian HIV challenge models [8]. For rilpivirine, the minimal 
concentration associated with therapeutic response is 50 ng/ 
mL [9]. Not achieving the necessary therapeutic levels can put 
people at risk of treatment failure or acquisition of HIV infec
tion when LA cabotegravir is used for PrEP.

3. DDIs and strategies to overcome DDIs after 
intramuscular administration

As mentioned earlier, cabotegravir and rilpivirine undergo 
UGT1A1- and CYP3A4-mediated metabolism and therefore 
can be impacted by drugs inhibiting or inducing (perpetrator) 
these enzymes. On the other hand, cabotegravir and rilpivirine 
have a low potential to cause DDIs as these agents do not 
inhibit or induce drug metabolizing enzymes or drug trans
porters to a clinically significant extent (except OAT1 and 
OAT3 for cabotegravir so caution is needed when coadminis
tering with sensitive substrates such as methotrexate) [5].

It should be noted that clinical DDI data are only available 
for oral cabotegravir and rilpivirine as, given the long dosing 
interval, the conduct of DDI studies with LA formulation is 
challenging. However, this limitation can be overcome by 
using physiologically based pharmacokinetic (PBPK) modeling, 

Figure 1. Illustration of the flip-flop pharmacokinetics after intramuscular 
administration for which the rate of elimination (kel) is faster than the rate of 
absorption (ka) as opposed to oral administration.

Figure 2. Drug profile after oral (left) and intramuscular (right) administration and impact of inducers or inhibitors on the elimination half-life.
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an approach recognized by the regulatory authorities, that 
allows to simulate unstudied DDI scenarios by combining 
in vitro and clinical observed data [10]. PBPK modeling also 
presents the advantage of capturing the population variability 
and thereby ensures that the simulated DDI magnitude and 
the related dosing adjustment can apply to most individuals. 
Using PBPK modeling, strong inhibitors of UGT1A1 or UGT1A9 
were predicted to cause a minimal increase (approximately 
10%) in LA cabotegravir AUC, an effect that is not clinically 
relevant [11]. No studies have evaluated the effect of strong 
CYP3A4 inhibitors on LA rilpivirine. However, considering the 
high first-pass metabolism of rilpivirine, the DDI magnitude 
with a strong CYP3A4 inhibitor is expected to be lower with 
the intramuscular formulation. Thus, strong inhibitors can be 
used with intramuscular rilpivirine without dose adjustment 
given that oral rilpivirine at the standard dose was shown to 
be well tolerated in the presence of strong inhibitors [12].

Conversely, strong inducers cause clinically relevant DDIs as 
rifampicin reduced oral cabotegravir and rilpivirine AUC by 
59% [13] and 80% [14], respectively. The moderate inducer 
rifabutin decreased oral cabotegravir AUC by 23%, an effect 
that is not considered to be clinically relevant [15]. However, 
the exposure of oral rilpivirine was reduced by 42%, and 
therefore, the coadministration with a moderate inducer 
requires to double the oral rilpivirine dose (i.e. 50 mg once 
daily) [16]. Using PBPK modeling, rifampicin was predicted to 
reduce LA cabotegravir and rilpivirine AUC (at steady-state) by 
61% and 38%, respectively [7]. An increase in the cabotegravir/ 
rilpivirine dosing frequency (i.e. every 4 or 3 weeks instead of 
the recommended 8 weeks in the absence of inducer) did not 

overcome the DDI with rifampicin as a large proportion of 
individuals were predicted to have concentrations below the 
efficacy threshold during the dosing interval. Therefore, the 
coadministration of rifampicin (or other strong inducers) 
should be avoided with LA cabotegravir and rilpivirine. The 
moderate inducer rifabutin was predicted to decrease LA 
cabotegravir and rilpivirine AUC (at steady-state) by 16% and 
18%, respectively [7]. Although the decrease is modest, the 
DDI with rifabutin is clinically relevant as a large proportion of 
individuals are predicted to have concentrations below the 
efficacy threshold during the dosing interval after the first 
loading dose (cabotegravir, rilpivirine) and after the mainte
nance dose (rilpivirine) (Table 1). However, the DDI with rifa
butin (or other moderate inducers) can be overcome by 
administering LA cabotegravir/rilpivirine monthly together 
with a daily oral rilpivirine dose of 25 mg (Table 1). While 
a dose adjustment is needed during the coadministration 
with a moderate inducer, switching from an efavirenz (mod
erate inducer) containing regimen to LA cabotegravir/rilpivir
ine is possible without dose adjustment as the residual 
induction is predicted to minimally impact cabotegravir/rilpi
virine AUC [17].

4. Expert opinion

The intramuscular administration of LA cabotegravir/rilpivirine 
allows to avoid DDIs with rilpivirine due to gastric pH changes 
and with cabotegravir due to chelation with divalent cations. 
However, bypassing the gastrointestinal tract does not eliminate 

Table 1. Proportion of individuals with cabotegravir and rilpivirine concentrations above the efficacy threshold during the intramuscular administration dosing 
interval for various simulated DDI scenarios. Reprinted from reference [7], with permission from Oxford University Press License.

Dosage of intramuscular cabotegravir/rilpivirine Efficacy threshold [ng/mL]
Estimated proportion of individuals above the efficacy threshold  

during the dosing interval [%]

Drug-drug interaction scenarios with rifabutin (300 mg – steady state)
Cabotegravir 

(600 mg – loading dose)
664 60

Cabotegravir 
(400 mg – maintenance dose Q4W)

100

Cabotegravir 
(600 mg – maintenance dose Q8W)

94

Dosage adjustment to overcome drug-drug interaction with rifabutin (300 mg – steady state)
Cabotegravir 

(600 mg – loading dose Q2W)
664 97

Cabotegravir 
(400 mg – maintenance dose Q4W)

100

Drug-drug interaction scenarios with rifabutin (300 mg – steady state)
Rilpivirine 

(900 mg – loading dose)
50 0

Rilpivirine 
(600 mg – maintenance dose Q4W)

20

Rilpivirine 
(900 mg – maintenance dose Q8W)

0

Dosage adjustment to overcome drug-drug interaction with rifabutin (300 mg – steady state)
Rilpivirine 

(900 mg – loading dose Q2W)
50 13

Rilpivirine 
(900 mg – maintenance dose Q8W 
25 mg – oral QD)

62

Rilpivirine 
(600 mg – maintenance dose Q4W 
25 mg – oral QD)

92

Abbreviations: PO, oral administration; QD, administered once a day; Q2W, administration every 2 weeks; Q4W, administration every 4 weeks; Q8W, administration 
every 8 weeks. 
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DDIs with strong and moderate inducers, even though the 
magnitude of the DDI is mitigated for rilpivirine. When inter
preting the clinical significance of DDIs with LA cabotegravir/ 
rilpivirine, it is important to consider not only the decrease in 
drug exposure but also the proportion of individuals likely to 
have concentrations above the efficacy threshold during the 
dosing interval. Monthly dosing together with a 25 mg daily 
oral dose of rilpivirine was predicted to overcome the interac
tion with moderate but not with strong inducers. Of interest, 
splitting cabotegravir 400 mg intramuscular injection into 2 ×  
200 mg intramuscular injections was shown to increase 
AUC0-week4 by twofold, likely explained by the increased absorp
tion due to the greater surface area [18]. Thus, considering that 
LA cabotegravir alone is used for prevention, it could be of 
interest to evaluate whether splitting cabotegravir dose in two 
injections together with a monthly dosing could overcome the 
DDI with strong inducers. Another potential question of interest 
relates to the impact of the injection site on the magnitude of 
DDIs as alternative sites of administration are being considered. 
Obesity was found to be associated with lower cabotegravir 
concentrations, thus the magnitude of DDIs with moderate 
inducers will need to be evaluated in individuals with a high 
BMI. Lastly, more data are needed during pregnancy as the 
related physiological changes can impact both the pharmacoki
netics and pharmacodynamics of LA cabotegravir and rilpivirine. 
Relevant physiological changes include the expansion of the 
plasma volume, which leads to a larger volume of distribution. 
The drug distribution is also impacted by the progressive 
decrease in albumin level and the gradual increase in fat during 
pregnancy. Importantly, pregnancy is characterized by an 
increase in drug metabolism due to the induction of drug 
metabolizing enzymes by progesterone and estrogen. Finally, 
the glomerular filtration rate is increased during pregnancy [19]. 
Data on the pharmacokinetics of LA cabotegravir and rilpivirine 
during pregnancy are available only for a small number of 
women with HIV who became pregnant while participating in 
phase 2b/3/3b clinical trials and who were required to discon
tinue LA cabotegravir/rilpivirine and use an alternative antire
troviral regimen [20]. Quarterly pharmacokinetic sampling, 
performed after the last injected dose, showed that cabotegravir 
and rilpivirine washout concentrations during pregnancy were 
within the range of those in non-pregnant women [20]. 
Nevertheless, prospective studies are warranted to evaluate 
the pharmacokinetics of LA cabotegravir and rilpivirine in 
women who continue or initiate this treatment during preg
nancy. Furthermore, data are needed to characterize the placen
tal transfer as well as the secretion of LA cabotegravir and 
rilpivirine into the breastmilk.
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