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Conclusions
• The complex pharmacokinetics (PK) of lenacapavir (LEN) following subcutaneous (SC), oral, and intravenous (IV) administration was 

described by a stepwise modeling approach based on a large dataset

• Body weight, sex assigned at birth, and fed status were identified as statistically significant covariates in the population PK (PopPK) 
model; however, their effects on LEN exposures were not considered clinically relevant. Therefore, no LEN dose adjustments in people 
who want or need pre-exposure prophylaxis (PrEP) are required, and LEN can be administered without regard to food

• Age (adolescents), pregnancy, use of long-acting contraceptives, use of gender-affirming hormone therapy, and gender identity had 
no impact on LEN exposures in people who want or need PrEP

• Based on model simulations, the lower bound of the 90% confidence interval (CI) of mean trough concentration (Ctrough) was consistently 
above the inhibitory quotient 4 (IQ4) threshold of 15.5 ng/mL for the twice-yearly SC LEN regimen (with a ± 2-week dosing window)

— Missed oral loading doses should be taken as soon as possible to achieve target concentrations
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Background
• LEN is a first-in-class HIV-1 capsid inhibitor administered as a twice-yearly SC injection for HIV-1 prevention. In two Phase 3 trials (PURPOSE 1 [NCT04994509] and 

PURPOSE 2 [NCT04925752]), twice-yearly SC LEN administered with initial oral loading (600 mg oral LEN on Day 1 and Day 2; 927 mg SC LEN on Day 1 and every 
26 weeks thereafter) was highly effective, with a favorable safety profile in diverse populations1,2

• Whereas oral LEN is rapidly absorbed (apparent half-life of 10-12 days), SC LEN absorption occurs over several months (apparent half-life of 8-12 weeks), due to flip-flop kinetics3,4

• The absorption of LEN following SC administration is complex, due to its prolonged-release kinetics.5 This complexity is further compounded when SC doses are combined with 
oral loading doses, posing challenges for PK characterization and identification of covariates that describe interindividual variability

Objectives
• Pool LEN PK data from 13 clinical studies and apply a stepwise PopPK modeling approach, to characterize the absorption and disposition of LEN following IV, oral, and SC 

administration in Phase 1 to Phase 3 participants 

• Identify potential covariates of LEN PK parameters and quantify their impact on LEN exposures

• Simulate LEN exposures following the administration of the twice-yearly SC LEN regimen in people who want or need PrEP, to support and confirm dosing recommendations

Methods
• Participants in Phase 1 to Phase 3 studies, including people at low risk of HIV acquisition, people who want or need PrEP for HIV, and people with HIV were included in the 

development of PopPK models. The covariates identified and simulation results specific to people who want or need PrEP are presented here 

• To ensure characterization of the absorption and disposition of LEN, a stepwise modeling approach was implemented (Figure 1)

Figure 1. Stepwise Approach to Characterize Complex Absorption and Disposition of LEN 
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Predict and 
Simulate Exposures
Utilize the IV-oral-SC model to 
predict and simulate LEN exposures 
for the twice-yearly SC LEN regimen. 
Simulations were conducted to: 
• Assess the impact of covariates 

with model-based inferences 
• Support and confirm dosing 

recommendations

Phase 1 studies with single- or multiple-dose IV, oral, or SC LEN Phase 2 and/or Phase 3 studies in PWH and people who want or need 
PrEP with the twice-yearly SC LEN regimen

IV, intravenous; LEN, lenacapavir; PWH, people with HIV; SC, subcutaneous.

• Covariate effects were evaluated on clearance, volume of distribution, and absorption parameters, as appropriate. Inclusion of covariates was based on visual inspection of the 
data, improvement in model fit, and scientific and clinical relevance

— Covariates including, but not limited to, body weight, age, sex assigned at birth, race, fed status, and LEN dose were evaluated on model parameters, as appropriate, 
for the IV, IV-SC and IV-oral models

— For the IV-oral-SC model, potential population-specific covariates were evaluated. These covariates included, but were not limited to, age (eg, adolescents), gender 
identity, use of concomitant drugs (such as long-acting contraceptives—eg, etonogestrel, medroxyprogesterone, or norethisterone enanthate), use of gender-affirming 
hormone therapy (estradiol or testosterone), and gestational age of pregnancy

• NONMEM version 7.5 was used to develop the PopPK models. Stochastic approximation expectation maximization (SAEM; with interaction) followed by importance sampling 
(IMP) estimation methods were used

• Models were evaluated with goodness-of-fit diagnostic plots, parameter uncertainty, model stability, and simulation-based visual predictive checks

• Simulations were conducted:

— To evaluate the impact of covariates on LEN exposures (area under the plasma drug concentration-time curve [AUCtau] and maximum concentration [Cmax] between 
Weeks 0 and 26, and Ctrough at Week 26), relative to a reference group (72 kg body weight, fasted, male sex at birth), receiving the twice-yearly SC LEN regimen

— To support dosing recommendations, which were based on ensuring the 90% CI of mean LEN concentrations remained above the IQ4 (15.5 ng/mL),6 associated with 
significant antiviral activity

Results
• LEN plasma concentrations from 13 Phase 1 to Phase 3 studies (N = 1,337 participants; N = 14,648 samples) were included to develop the IV-oral-SC model 

(Tables 1 and 2)

• In general, median profiles of observed LEN concentrations in PURPOSE 1 and PURPOSE 2 overlapped with those of Phase 1 participants receiving the same twice-yearly 
SC regimen (Figure 2)

• LEN PK data were described by a three-compartment model with linear disposition, a transit model with an absorption lag and dose-dependent bioavailability for oral 
absorption, and three parallel absorption phases with increasing delays for SC absorption (Figure 3, Table 3)

• No apparent bias was observed in model diagnostic plots and visual predictive checks (Figure 4)

Table 1.  Baseline Demographics and Characteristics 
of Participants in Phase 1 to Phase 3 Studies Included 
in Development of the Final IV-Oral-SC PopPK Model

Figure 3. Structural IV-Oral-SC Model for Disposition, Oral Absorption, and SC Absorption of LEN 
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ALAGo, oral lag time; ALAGsc2, subcutaneous lag time for depot 2 (delayed); ALAGsc3, subcutaneous lag time for depot 3 (very delayed); CL, clearance; FBIOsc, subcutaneous bioavailability; FBIOo, oral bioavailability; IV, intravenous; Kao, oral absorption rate constant; 
Kasc1, subcutaneous absorption rate constant for depot 1 (faster); Kasc2, subcutaneous absorption rate constant for depot 2 (delayed); Kasc3, subcutaneous absorption rate constant for depot 3 (very delayed); KTRo, oral transit compartment rate; 
KTRsc, subcutaneous transit compartment rate; LEN, lenacapavir; Q1, intercompartmental clearance to compartment 1; Q2, intercompartmental clearance to compartment 2; SC, subcutaneous; Vc, central volume of distribution; Vp1, volume of distribution of compartment 1; 
Vp2, volume of distribution of compartment 2.

Table 3. PopPK Parameter Estimates for the IV-Oral-SC Model
Nonparametric Bootstrap,

Median (95% CI) [Shrinkage]
Structural parameter
CL, L/h 3.44 (3.33-3.53)
Vp2, L 1638 (1519-1767)
Q2, L/h 47.7 (44.6-51.7)
Vc, L 4.24 (4.08-4.46)
Vp1, L 31.8 (30.4-34.2)
Q1, L/h 65.3 (61.7-71.3)

Oral absorption parameter
KTRo, 1/h 0.0479 (0.0428-0.0548)
ALAGo fed, h 1.11 (0.954-1.22)
Kao, 1/h 1.21 (1.12-1.31)
FBIOo, 600-mg dose 0.0444 (0.0396-0.0495)
FBIOo, 300-mg dose 0.0700 (0.0649-0.0750)

SC absorption parameter
Kasc1, 1/h 0.00147 (0.00136-0.00163)
Kasc2, 1/h 0.000404 (0.000368-0.000436)
Kasc3, 1/h 0.000409 (0.000346-0.000468)
KTRsc, 1/h 0.411 (0.383-0.439)
ALAGsc2, h 635 (608-663)
ALAGsc3, h 1444 (1358-1523)
FBIOsc 0.909 (0.905-0.912)
Fr1 0.113 (0.101-0.125)
Fr3 0.369 (0.334-0.406)

Covariate effect parameter (proportional)
HTE on FBIOo 1.24 (1.10-1.41)
Cobicistat on CL 0.677 (0.593-0.761)
Ritonavir on CL 0.574 (0.514-0.640)
Ritonavir on Vp2 0.388 (0.270-0.591)
Female on Vp2 1.43 (1.30-1.58)
HTE on Vp2 0.490 (0.376-0.603)
TN on Vp2 0.512 (0.435-0.589)

Variance parameter
IIV on CL 0.104 (0.0927-0.116) [18.5]
IIV on Vp2 0.328 (0.254-0.425) [36.3]
IIV on KTRo 0.362 (0.289-0.449) [54.3]
IIV on Kasc2 0.672 (0.568-0.832) [24.8]
IIV on Kasc3 0.403 (0.192-0.724) [45.0]
IIV on FBIOo 0.273 (0.224-0.320) [46.1]

IIV was fixed to 0.0250 for all other structural PK parameters. A proportional error dependent on study was included, which ranged from 0.14 to 0.37. In addition, an IIV on the proportional error was added with a %CV of 23.1. An additive error was fixed to 0.001.
ALAGo fed, oral lag time fed; ALAGsc2, subcutaneous lag time for depot 2 (delayed); ALAGsc3, subcutaneous lag time for depot 3 (very delayed); CL, clearance; CV, coefficient of variation; FBIOo, oral bioavailability; FBIOsc, subcutaneous bioavailability; 
Fr1, subcutaneous fraction on depot 1 (faster); Fr3, subcutaneous fraction on depot 3 (very delayed); HTE, heavily treatment experienced; IIV, interindividual variability; IV, intravenous; Kao, oral absorption rate constant; Kasc1, subcutaneous absorption rate constant for 
depot 1 (faster); Kasc2, subcutaneous absorption rate constant for depot 2 (delayed); Kasc3, subcutaneous absorption rate constant for depot 3 (very delayed); KTRo, oral transit compartment rate; KTRsc, subcutaneous transit compartment rate; PK, pharmacokinetics; 
PopPK, population pharmacokinetics; Q1, intercompartmental clearance to compartment 1; Q2, intercompartmental clearance to compartment 2; SC, subcutaneous; TN, treatment naïve; Vc, volume of distribution of central compartment; Vp1; volume of distribution of 
compartment 1; Vp2, volume of distribution of compartment 2.

Figure 4. PURPOSE 1 and PURPOSE 2 Visual Predictive Checks of LEN Concentrations Following the Twice-Yearly 
SC LEN Regimen Using the IV-Oral-SC Model

Points are observed LEN concentrations. Solid and dashed lines are the median and 5th and 95th percentiles of observed LEN concentrations, respectively. Shaded areas are the 90% CIs of the median (gray), 5th (blue), and 95th (blue) percentiles of model simulations. 
IV, intravenous; LEN, lenacapavir; SC, subcutaneous.

• With fixed allometric scaling (coefficients of 0.75 for clearance terms and 1 for volume of distribution terms), the impact of baseline body weight on LEN Ctrough in people who want or 
need PrEP ranged from -25% to +31% for people with extreme covariate values (ie, 95th and 5th weight percentiles, respectively), relative to median exposures, for the twice-yearly 
SC LEN regimen (Figure 5). For people with higher weight, Ctrough remained above concentrations associated with significant antiviral activity (IQ4). The simulated mean Ctrough at the 
95th weight percentile was 20.7 ng/mL, well above the IQ4 of 15.5 ng/mL

• Sex assigned at birth and fed status were included as covariates in the final model; however, both had minimal impact on LEN exposures (< 10%) (Figure 5) 

• No other covariates were identified in graphical evaluations with PK parameters or as statistically significant (P value < 0.01) in the model. Pregnancy-related variables, age 
(adolescents), use of long-acting contraceptives, use of gender-affirming hormone therapy, and gender identity did not impact LEN exposures

• Simulations of LEN exposures for twice-yearly SC LEN in people who want or need PrEP are presented in Table 4 

— The 90% CI of mean LEN concentrations consistently remained above the IQ4 of 15.5 ng/mL for the twice-yearly dosing, as well as for at least 2 weeks following a missed 
SC dose. The 5th percentile of LEN Ctrough at Week 26 was predicted to be 8.3 ng/mL after the first SC dose and 10.6 ng/mL at steady state

• Simulations of SC LEN (927 mg) without oral loading showed that the 90% CI of mean LEN concentrations reach the IQ4 of 15.5 ng/mL by Day 22. With the oral loading regimen 
(600 mg oral on Day 1 and Day 2), the 90% CI of mean LEN concentrations exceed IQ4 earlier (within the first day) and were maintained thereafter (Figure 6). Most participants 
were above the IQ4 target by Day 2

Figure 5. Forest Plots Comparing the Effect of Covariates on LEN Ctrough Following the Twice-Yearly SC LEN Regimen 
in People Who Want or Need PrEP 

Cmax and AUCtau were also considered but not shown. Reference group: participants who want or need PrEP, weighing 72 kg (median baseline body weight in PopPK analysis dataset) and who were assigned male at birth.
Reference regimen consists of 600 mg oral LEN on Days 1 and 2 and 927 mg SC LEN on Day 1. Ctrough was the trough concentration at Week 26.
Fixed-effect parameter estimates from 500 nonparametric bootstrap replicates were used for simulations. Each circle represents the median impact of the covariate value on the exposure metric.
AUCtau, area under the plasma concentration-time curve over a dosing interval; Cmax, maximum concentration; Ctrough, trough concentration; LEN; lenacapavir; PopPK, population pharmacokinetics; PrEP, pre-exposure prophylaxis; SC, subcutaneous.

Table 4. Simulated Mean (%CV) LEN Exposures for 
the Twice-Yearly SC LEN Regimen in People Who
Want or Need PrEP 

Regimen consists of 600 mg oral LEN on Days 1 and 2 and 927 mg SC LEN on Day 1 and every 26 weeks thereafter. 
The accumulation ratio, based on the AUCtau, is calculated with respect to the exposures from Day 1 to Week 26. 100 replicates 
of adults who want or need PrEP in PURPOSE 1 and PURPOSE 2 (N = 884) were simulated.
AUCtau, area under the plasma concentration-time curve over a dosing interval; Cmax, maximum concentration; 
Ctrough, trough concentration; CV, coefficient of variation; PrEP, pre-exposure prophylaxis; SC, subcutaneous.

Figure 6. Simulated Mean (90% CI) LEN 
Concentration-Versus-Time Profiles up to 4 Weeks 
With or Without Oral Loading
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are the 90% CI of the mean concentrations. Dashed horizontal line is the IQ4 threshold of 15.5 ng/mL. 100 replicates of people 
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IQ4, inhibitory quotient 4; LEN, lenacapavir; PrEP, pre-exposure prophylaxis; SC, subcutaneous.
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Fraction and 95% CI Relative to Reference

Ctrough, Week 26

Phase 1 Phase 2 Phase 3 All Data
Health status 
People at low risk of HIV 
acquisition 

220 (100) 0 0 220 (16.5) 

TN PWH 0 105 (100) 0 105 (7.9) 
HTE PWH 0 0 70 (6.9) 70 (5.2) 
People who want or need 
PrEP 

0 0 942 (93.1) 942 (70.5) 

Sex at birth 
Male 150 (68.2) 99 (94.3) 548 (54.2) 797 (59.6) 
Female 70 (31.8) 6 (5.7) 464 (45.8) 540 (40.4) 

Race
White 163 (74.1) 51 (48.6) 236 (23.3) 450 (33.7) 
Black 54 (24.5) 48 (45.7) 653 (64.5) 755 (56.5) 
Asian 3 (1.4) 1 (1.0) 49 (4.8) 53 (4.0) 
Other 0 5 (4.8) 71 (7.0) 76 (5.7) 
Missing 0 0 3 (0.3) 3 (0.2) 

Age group
16-< 18 years 0 0 58 (5.7) 58 (4.3) 
18-24 years 32 (14.5) 29 (27.6) 520 (51.4) 581 (43.5) 
25-34 years 78 (35.5) 45 (42.9) 236 (23.3) 359 (26.9) 
35-49 years 89 (40.5) 24 (22.9) 135 (13.3) 248 (18.5) 
50 years or older 21 (9.5) 7 (6.7) 63 (6.2) 91 (6.8)

Gender identity 
Cisgender or other 220 (100) 103 (98.1) 710 (70.2) 1033 (77.3) 
Transgender woman 0 2 (1.9) 180 (17.8) 182 (13.6) 
Transgender man 0 0 93 (9.2) 93 (7.0)
Gender nonbinary 0 0 29 (2.9) 29 (2.2) 

Age, years 34.5 
(18.0-73.0) 

30.0 
(19.0-61.0)

24.0 
(16.0-78.0)

26.0 
(16.0-78.0)

Baseline body weight, kg 77.0 
(52.5-113.2)

77.1 
(47.6-163.8)

70.0 
(37.9-195.4) 

72.0 
(37.9-195.4)

Baseline BMI, kg/m2 26.2 
(19.1-36.1)

25.2 
(17.5-51.1)

25.0 
(14.9-77.9)

25.3 
(14.9-77.9)

Data are reported as n (%) or median (range). 
BMI, body mass index; IV, intravenous; PrEP, pre-exposure prophylaxis; PWH, people with HIV; HTE, heavily treatment 
experienced; PopPK, population pharmacokinetics; SC, subcutaneous; TN, treatment naïve.

Table 2. Summary of Subgroups of Interest in the 
PURPOSE 1 and PURPOSE 2 Studies
Participants in PURPOSE 1 (N = 408) on Long-Acting Contraceptivesa

Etonogestrel use
None 343 (84.1)
Continuous 38 (9.3)
With interruptions 1 (0.2)
At any point 26 (6.4)

Medroxyprogesteronel use
None 274 (67.2)
Continuous 16 (3.9)
With interruptions 12 (2.9)
At any point 106 (26.0)

Norethisterone enanthate use
None 334 (81.9)
Continuous 21 (5.1)
With interruptions 7 (1.7)
At any point 46 (11.3)

Participants in PURPOSE 2 (N = 534) on Gender-Affirming Hormone Therapya

Feminizing hormone therapy use
None 409 (76.6)
Continuous 64 (12.0)
With interruptions 12 (2.2)
At any point 49 (9.2)

Masculinizing hormone therapy use
None 501 (93.8)
Continuous 26 (4.9)
With interruptions 1 (0.2)
At any point 6 (1.1)

Participants in PURPOSE 1 (N = 408) Who Became Pregnant 
Pregnant during study 163 (40.0)
First trimester PK sampleb,c 149 (36.5)
Second trimester PK sampleb,c 94 (23.0)
Third trimester PK sampleb,c 39 (9.6)
PK sample within 13 weeks of end of pregnancyc 45 (11.0)

Data are reported as n (%). 
aEach variable was defined to ensure categories are both mutually exclusive and hierarchical with the following order: none → 
continuous → with interruptions → at any point. “None” indicates that the hormone of interest was not taken. “Continuous” 
indicates the use of hormone therapy throughout LEN administration up to the data cutoff date. “With interruptions” indicates the 
continuous use of hormone therapy but with gaps or interruptions. “At any point” indicates taking hormone therapy at any time
during LEN administration. bFirst trimester is defined as gestational age of 1-84 days. Second trimester is defined as gestational 
age of 85-189 days. Third trimester is defined as gestational age > 189 days. cSame participant may be counted more than once if 
PK samples were collected during multiple periods during pregnancy. 
PK, pharmacokinetic.

Day 1 to Week 26,
Mean (%CV) [90% CI]

Week 26 to Week 52,
Mean (%CV) [90% CI]

Steady State,
Mean (%CV) [90% CI]

AUCtau, h·ng/mL 186,430 (40.9) 
[182,683-190,817]

228,160 (39.1) 
[223,794-233,063]

254,750 (38.5) 
[249,594-260,254]

Cmax, ng/mL 73.2 (55.6) 
[71.0-75.4]

75.6 (51.1) 
[73.7-77.5]

81.8 (48.4) 
[79.9-83.8]

Ctrough, ng/mL 26.7 (58.2) [25.8-27.4] 32.7 (59.5) [31.8-33.8] 36.5 (60.6) [35.4-37.7]

Accumulation ratio – – 1.4 (23.9) [1.4-1.4]

Figure 2. Observed LEN Concentrations From PURPOSE 1 and PURPOSE 2 Participants Included in the PopPK Analysis 
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