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BACKGROUND
Patients with multidrug-resistant human immunodeficiency virus type 1 (HIV-1) 
infection have limited treatment options. Lenacapavir is a first-in-class capsid in-
hibitor that showed substantial antiviral activity in a phase 1b study.

METHODS
In this phase 3 trial, we enrolled patients with multidrug-resistant HIV-1 infection 
in two cohorts, according to the change in the plasma HIV-1 RNA level between 
the screening and cohort-selection visits. In cohort 1, patients were first random-
ly assigned in a 2:1 ratio to receive oral lenacapavir or placebo in addition to their 
failing therapy for 14 days; during the maintenance period, starting on day 15, 
patients in the lenacapavir group received subcutaneous lenacapavir once every 
6 months, and those in the placebo group received oral lenacapavir, followed by 
subcutaneous lenacapavir; both groups also received optimized background ther-
apy. In cohort 2, all the patients received open-label oral lenacapavir with opti-
mized background therapy on days 1 through 14; subcutaneous lenacapavir was 
then administered once every 6 months starting on day 15. The primary end point 
was the percentage of patients in cohort 1 who had a decrease of at least 0.5 log10 
copies per milliliter in the viral load by day 15; a key secondary end point was a 
viral load of less than 50 copies per milliliter at week 26.

RESULTS
A total of 72 patients were enrolled, with 36 in each cohort. In cohort 1, a decrease 
of at least 0.5 log10 copies per milliliter in the viral load by day 15 was observed in 
21 of 24 patients (88%) in the lenacapavir group and in 2 of 12 patients (17%) in 
the placebo group (absolute difference, 71 percentage points; 95% confidence in-
terval, 35 to 90). At week 26, a viral load of less than 50 copies per milliliter was 
reported in 81% of the patients in cohort 1 and in 83% in cohort 2, with a least-
squares mean increase in the CD4+ count of 75 and 104 cells per cubic millimeter, 
respectively. No serious adverse events related to lenacapavir were identified. In 
both cohorts, lenacapavir-related capsid substitutions that were associated with 
decreased susceptibility developed in 8 patients during the maintenance period 
(6 with M66I substitutions).

CONCLUSIONS
In patients with multidrug-resistant HIV-1 infection, those who received lenacapavir 
had a greater reduction from baseline in viral load than those who received placebo. 
(Funded by Gilead Sciences; CAPELLA ClinicalTrials.gov number, NCT04150068.)

A BS TR AC T

Capsid Inhibition with Lenacapavir  
in Multidrug-Resistant HIV-1 Infection

Sorana Segal-Maurer, M.D., Edwin DeJesus, M.D., Hans-Jurgen Stellbrink, M.D., 
Antonella Castagna, M.D., Gary J. Richmond, M.D., Gary I. Sinclair, M.D., 
Krittaecho Siripassorn, M.D., Peter J. Ruane, M.D., Mezgebe Berhe, M.D., 

Hui Wang, Ph.D., Nicolas A. Margot, M.A., Hadas Dvory-Sobol, Ph.D., 
Robert H. Hyland, D.Phil., Diana M. Brainard, M.D., Martin S. Rhee, M.D., 

Jared M. Baeten, M.D., Ph.D., and Jean-Michel Molina, M.D., Ph.D.,  
for the CAPELLA Study Investigators*  

Original Article

The New England Journal of Medicine 
Downloaded from nejm.org by JULES LEVIN on May 11, 2022. For personal use only. No other uses without permission. 

 Copyright © 2022 Massachusetts Medical Society. All rights reserved. 



n engl j med 386;19 nejm.org May 12, 20221794

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

For most patients with human immu-
nodeficiency virus type 1 (HIV-1) infection, 
an effective antiretroviral regimen can be 

devised.1 However, some patients have multiple 
treatment failures due to viral resistance or un-
acceptable side effects to medication and no 
longer have durable viral suppression.2,3 Patients 
with multidrug-resistant HIV-1 are at increased 
risk for hospitalization, progression to acquired 
immunodeficiency syndrome, and death.4

Lenacapavir is a first-in-class inhibitor of 
HIV-1 capsid function.5 By interfering with 
capsid-mediated nuclear uptake of preintegra-
tion complexes and impairing virion production, 
lenacapavir inhibits viral replication at both 
early and late stages of the life cycle. In vitro, 
lenacapavir has antiviral activity against viral 
mutations that are resistant to major antiretro-
viral classes of drugs.6,7 Lenacapavir can be 
administered in a long-acting fashion — up to 
every 6 months subcutaneously or weekly oral-
ly — because of its picomolar potency, low 
clearance, and slow release kinetics.5,8,9 In a 
phase 1b study, lenacapavir showed substantial 
antiviral activity.10 In the ongoing phase 3 
 CAPELLA trial, we assessed the efficacy and 
safety of lenacapavir in patients with multi-
drug-resistant HIV-1 infection.

Me thods

Patients

From November 2019 through January 2021, 
we screened and enrolled patients at 42 inves-
tigational sites in 11 countries. Eligible pa-
tients were 12 years of age or older and had 
received a stable failing drug therapy (as indi-
cated by an HIV-1 RNA level of ≥400 copies per 
milliliter) for at least 8 weeks, with documented 
resistance to at least two antiretroviral medica-
tions from at least three of the four main 
classes (nucleoside reverse-transcriptase inhibi-
tors, non–nucleoside reverse-transcriptase inhibi-
tors, protease inhibitors, and integrase strand-
transfer inhibitors) and to no more than two 
fully active antiretroviral drugs from the four 
main classes that could be effectively com-
bined. (For fixed-dose combination drugs, we 
evaluated the resistance to each of the indi-
vidual components.) Full eligibility criteria are 
provided in the protocol, available with the full 
text of this article at NEJM.org.

Trial Design and Regimens

The trial design called for the enrollment of 
patients in one of two cohorts, according to the 
change in the plasma HIV-1 RNA level between 
the screening and cohort-selection visits occur-
ring 14 to 30 days apart (Fig. 1A).

Cohort 1 was designed to include the first 36 
patients who had a decrease of less than 0.5 log10 
copies per milliliter (i.e., stable viremia confirm-
ing lack of response to the failing therapy) be-
tween the screening and cohort-selection visits 
and an HIV-1 RNA level of 400 copies or more 
per milliliter. These patients began a functional 
monotherapy period after having undergone 
randomization in a 2:1 ratio to receive either 
oral lenacapavir (600 mg on days 1 and 2 and 
300 mg on day 8) or matching placebo in a di-
rectly observed fashion while continuing their 
failing therapy. The investigators, patients, and 
trial personnel were unaware of randomized as-
signments during the functional monotherapy 
period. In the maintenance period, starting on 
day 15, patients in the lenacapavir group received 
subcutaneous lenacapavir (927 mg as two 1.5-ml 
injections in the abdomen), which was subse-
quently administered by a health care profes-
sional once every 6 months, plus optimized back-
ground therapy. Those in the placebo group 
received oral lenacapavir (600 mg on days 15 and 
16 and 300 mg on day 22), followed by subcuta-
neous lenacapavir plus optimized background 
therapy.

Cohort 2 was designed to include patients 
who had a decrease of at least 0.5 log10 copies 
per milliliter between the screening and cohort-
selection visits, a viral load of less than 400 cop-
ies per milliliter, or both; patients who had been 
found to be eligible to participate in cohort 1 
after closure of enrollment in that cohort could 
also be included. All the patients in cohort 2 
received open-label oral lenacapavir (600 mg on 
days 15 and 16 and 300 mg on day 22), followed 
by subcutanneous lenacapavir, with optimized 
background therapy on day 1 and started to 
receive subcutaneous lenacapavir once every 
6 months on day 15.

End Points and Assessments

Primary and secondary efficacy end points were 
evaluated in cohort 1. The primary efficacy end 
point was the percentage of patients who had a 
reduction from baseline of at least 0.5 log10 copies 
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per milliliter in the plasma HIV-1 RNA viral load 
(by TaqMan, version 2.0 [Roche]) by day 15 (end 
of the functional monotherapy period). The sec-
ondary end points were the percentage of pa-
tients with a viral load of less than 50 copies per 
milliliter and the percentage with a viral load of 
less than 200 copies per milliliter at week 26 
after the initiation of subcutaneous lenacapavir. 
Other key efficacy end points included changes 
in the viral load and CD4+ count. Since cohort 2 
was primarily designed to provide access to le-
nacapavir for patients who had met the same 
eligibility criteria as those in cohort 1 but were 
not eligible for randomization, the efficacy in 
this cohort was not included in the prespecified 
end points.

Virologic failure for the purpose of resistance 
analysis was defined as any of the following: 
a confirmed HIV-1 RNA load of at least 50 copies 
per milliliter and a decrease of less than 1 log10 
copy per milliliter at week 4 after the initiation 
of oral lenacapavir, a confirmed rebound in the 
viral load to at least 50 copies per milliliter after 
a previous measure of less than 50 copies per 
milliliter, a confirmed increase from the nadir 
value of more than 1 log10 copy per milliliter, or 
a viral load of at least 50 copies per milliliter at 
week 26 or at the time of trial discontinuation.

We performed capsid genotypic and pheno-
typic resistance analysis (Monogram Biosciences) 
using a sample obtained at the initial visit for 
the evaluation of potential virologic failure; a 
sample that was obtained at the confirmation 
visit was tested for resistance to protease, reverse-
transcriptase, and integrase inhibitors. We report 
the change in drug susceptibility as compared 
with wild-type control. Measurement of lenaca-
pavir was performed with the use of a validated 
liquid chromatography–tandem mass spectrom-
etry bioanalytical method with a range of 0.1 to 
500 ng per milliliter.

Oversight

The trial was approved by the institutional re-
view board or ethics committee at each site and 
was conducted in compliance with international 
laws and guidelines. All the patients provided 
written informed consent. The trial was de-
signed and conducted by the sponsor (Gilead 
Sciences) in collaboration with the investigators. 
The sponsor collected the data, monitored trial 
conduct, and performed the statistical analyses.

Statistical Analysis

We calculated that a sample size of 36 patients 
(24 in the lenacapavir group and 12 in the pla-
cebo group) in cohort 1 would provide a power 
of more than 90% to detect an absolute differ-
ence between lenacapavir and placebo of 60 
percentage points in the proportion of patients 
with a reduction of at least 0.5 log10 copies per 
milliliter on day 15 (the primary efficacy end 
point). We used Barnard’s unconditional exact 
method to compare the between-group differ-
ence in proportions, with an alpha level set at 
0.05 to evaluate superiority. The point estimate 
and the 95% confidence interval were calculated 
with the use of the Chan and Zhang method.11 
As a supportive analysis, we performed a rank 
analysis of covariance using the primary efficacy 
end point as a dependent variable, the trial 
group as a main effect, and the baseline HIV-1 
RNA level as a covariate. We used the Food and 
Drug Administration Snapshots algorithm to as-
sess the secondary end point of the percentage 
of patients in cohort 1 with a viral load below 50 
copies per milliliter and below 200 copies per 
milliliter at week 26.12 All the patients who had 
received at least one dose of lenacapavir were 
assessed for safety. Included in the analyses 
were all efficacy data through week 26 for both 
cohorts and all available cumulative safety data 
as of the data-cutoff date of August 5, 2021.

R esult s

Characteristics of the Patients

Of the 144 patients who underwent screening, 
72 were enrolled in the trial (Fig. 1B). Of these 
patients, 36 were enrolled in cohort 1 (with 24 
assigned to receive lenacapavir and 12 assigned 
to receive placebo during the functional mono-
therapy period), and 36 were enrolled in cohort 
2 (Table 1). Three patients were enrolled in co-
hort 2 because they did not meet the inclusion 
criteria for cohort 1, and 33 patients were en-
rolled after cohort 1 had been closed. The ran-
domized groups in cohort 1 were balanced with 
respect to demographic characteristics. Howev-
er, the patients in the lenacapavir group had a 
lower median HIV-1 RNA value than those in the 
placebo group (4.2 log10 copies vs. 4.9 log10 cop-
ies per milliliter). Although most of the patients 
had severe immunodeficiency (75% with a CD4+ 
count of <200 cells per cubic millimeter), the 
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Randomized cohort 1

Patients with stable viremia and
HIV-1 RNA of ≥400 copies/ml during

screening period 

Oral lenacapavir
+failing therapy

Placebo+failing therapy

Oral lenacapavir+OBT

SC lenacapavir every 6 mo+OBT 

SC lenacapavir every 6 mo+OBT 

Oral
lenacapavir

+OBT

SC lenacapavir
every 6 mo+OBT 

Nonrandomized cohort 2

Patients with reduced viremia,
HIV-1 RNA of <400 copies/ml during
screening period, or trial enrollment
after cohort 1 had been filled

144 Patients were assessed
for eligibility

72 Did not meet eligibility criteria

36 Assigned to cohort 1 underwent
randomization

36 Assigned to cohort 2 started 14 days
of oral lenacapavir with OBT

24 Were assigned to receive
oral lenacapavir with

failing therapy

12 Were assigned to receive
placebo with failing therapy

24 Completed oral dosing
and started SC lenacapavir

with OBT

12 Completed placebo and
started 14 days of oral
lenacapavir with OBT

36 Started SC lenacapavir

34 Received second dose of
SC lenacapavir at week 26

22 Continued SC
lenacapavir in ongoing trial

12 Continued SC
lenacapavir in ongoing trial

34 Continued SC lenacapavir
in ongoing trial

12 Started SC lenacapavir

1 Died
1 Was withdrawn by

investigator 

2 Discontinued
1 Had adverse event
1 Was lost to follow-up

12 Received second
dose of SC lenacapavir

at wk 26

24 Received second
dose of SC lenacapavir

at wk 26

A Trial Design

B Randomization and Treatment

Day 1 Wk 52Day 15
Primary End Point

Functional Monotherapy
Period
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median CD4+ count was higher in the lenacapa-
vir group than in the placebo group (172 cells vs. 
85 cells per cubic millimeter). As compared with 
the overall global HIV-1 population, the trial 
patients had more advanced HIV-1 infection, 
which was consistent with a history of multidrug 
resistance, and a majority (58%) were from the 
United States (Table S1).

The patients in cohort 1 had undergone previ-
ous treatment with a median of nine antiretrovi-
ral medications and had a median overall sus-
ceptibility score for the failing regimens of 0.8. 
(The drug susceptibility score to an individual 
antiretroviral medication was determined accord-
ing to a proprietary algorithm, with 1.0 indicating 
full susceptibility, 0.5 partial susceptibility, and 
0 no susceptibility; the overall susceptibility score 
was a sum of individual susceptibility scores.) 
Resistance to all four major classes of antiretro-
viral medications was reported in 47% of the pa-
tients. Many of the patients had exhausted both 
the integrase (54%) and protease inhibitor (42%) 
classes owing to resistance, whereas others had 
resistance to agents that have recently been ap-
proved for heavily treatment-experienced adults 
(ibalizumab in 11 of 33 patients [33%] and fos-
temsavir in 10 of 33 [30%]). Of the 36 trial pa-
tients, 6 (17%) had no fully active agents in their 
optimized background therapy. The characteristics 
of the patients in cohort 2 were similar to those 
in cohort 1.

All the patients in cohorts 1 and 2 completed 
the functional monotherapy period or oral lena-
capavir course, respectively, and all received their 
first dose of subcutaneous lenacapavir. One pa-
tient died (at week 10), and 3 patients discon-
tinued lenacapavir: 1 because of an adverse event 
(a grade 1 injection-site nodule) at week 62, 1 be-
cause of loss to follow-up at week 26, and 1 at 
the investigator’s discretion because of nonad-
herence to the regimen at week 16. For the 
safety analysis, the median duration of follow-
up was 438 days (range, 292 to 583) in cohort 1 
and 254 days (range, 90 to 513) in cohort 2.

Efficacy

During the functional monotherapy period in co-
hort 1, the primary efficacy outcome of a reduc-
tion of at least 0.5 log10 copies per milliliter in 
HIV-1 RNA occurred in 21 of 24 patients (88%) 
in the lenacapavir group and in 2 of 12 patients 
(17%) in the placebo group (absolute difference, 
71 percentage points; 95% confidence interval 
[CI], 35 to 90; P<0.001). The least-squares mean 
(±SE) change in the viral load was −2.10±0.15 
log10 copies per milliliter in the lenacapavir group 
and 0.07±0.22 log10 copies per milliliter in the 
placebo group (least-squares mean difference, 
−2.17; 95% CI, −2.74 to −1.59) (Fig. 2A). In a post 
hoc analysis with adjustment for the baseline viral 
load, the between-group difference in percentages 
remained significant (88% vs. 17%; P<0.001).

During the maintenance period in cohort 1, 
in evaluations performed at 26 weeks, a viral load 
of less than 50 copies per milliliter was reported 
in 29 of 36 patients (81%; 95% CI, 64 to 92) and 
a viral load of less than 200 copies per milliliter 
in 32 of 36 patients (89%; 95% CI, 74 to 97) 
(Fig. 2B and Table S2). The mean change in viral 
load was −2.58±1.04 log10 copies per milliliter. In 
cohort 2, a viral load of less than 50 copies per 
milliliter was reported in 30 of 36 patients (83%) 
and a viral load of less than 200 copies per milli-
liter in 31 of 36 patients (86%). The mean 
change from baseline was −2.49±1.34 log10 cop-
ies per milliliter. While the patients were receiv-
ing lenacapavir, CD4+ counts increased at week 
26 by a least-squares mean of 75 (95% CI, 40 to 
110) in cohort 1 and 104 (95% CI, 69 to 139) in 
cohort 2 (Fig. 2C). Overall, the percentage of 
patients with a CD4+ count of less than 50 cells 
per cubic millimeter decreased from 24% (in 17 
of 72 patients) to 0% (in 0 of 67 patients).

Figure 1 (facing page). Trial Design and Randomization.

Panel A shows the overall trial design in which patients 
with multidrug-resistant human immunodeficiency vi-
rus 1 (HIV-1) infection were assigned to one of two co-
horts according to the change in their HIV-1 RNA viral 
load and log

10
 copies per milliliter between the screen-

ing and cohort-selection visits. In cohort 1, patients 
were randomly assigned to receive either oral lenacapa-
vir or placebo plus their already failing drug therapy for 
the first 14 days and subsequently received subcutane-
ous (SC) lenacapavir or oral lenacapavir, respectively, 
along with optimized background therapy (OBT). In 
 cohort 2, all the patients received oral lenacapavir, fol-
lowed by SC lenacapavir once every 6 months, and 
started OBT at day 1. The primary end point was the 
percentage of patients in cohort 1 who had a decrease 
in viral load from baseline of at least 0.5 log

10
 copies 

per milliliter by day 15. Panel B shows the randomiza-
tion and treatment schedules in the two cohorts as of 
the data cutoff at week 26. In cohort 2, among the 36 
patients, 3 did not meet the criteria for reduced viremia 
during their cohort-selection visit, whereas 33 were en-
rolled in the trial after closure of cohort 1.
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Table 1. Characteristics of the Patients at Baseline.*

Characteristic Cohort 1 Cohort 2
All Patients 

(N = 72)

Lenacapavir 
(N = 24)

Placebo 
(N = 12)

Lenacapavir 
(N = 36)

Median age (range) — yr 55 (24–71) 54 (27–59) 49 (23–78) 52 (23–78)

Female sex — no. (%) 7 (29) 3 (25) 8 (22) 18 (25)

Race — no. (%)†

Black 10 (42) 6 (55) 11 (31) 27 (38)

White 12 (50) 4 (36) 13 (36) 29 (41)

Asian 2 (8) 1 (9) 12 (33) 15 (21)

Data could not be collected 0 1 (9) 0 1 (1)

Hispanic or Latinx ethnic group — no. (%) 6 (25) 4 (36) 5 (14) 15 (21)

Viral load‡

Mean — log
10

 copies/ml 3.97±0.92 4.87±0.39 4.06±1.16 4.17±1.03

Median (range) — log
10

 copies/ml 4.2 (2.3–5.4) 4.9 (4.3–5.3) 4.5 (1.3–5.7) 4.5 (1.3–5.7)

Patients with >100,000 copies/ml — no. (%) 1 (4) 6 (50) 7 (19) 14 (19)

CD4+ count

Mean — cells/mm3 199±166 85±63 258±273 210±224

Median (range) — cells/mm3 172 (16–827) 85 (6–237) 195 (3–1296) 150 (3–1296)

Distribution — no. (%)

<50 cells/mm3 3 (12) 4 (33) 9 (25) 16 (22)

50 to <200 cells/mm3 13 (54) 7 (58) 10 (28) 30 (42)

200 to <500 cells/mm3 7 (29) 1 (8) 12 (33) 20 (28)

≥500 cells/mm3 1 (4) 0 5 (14) 6 (8)

Resistance to ≥2 drugs in major class — no. (%)

NRTI 23 (96) 12 (100) 36 (100) 71 (99)

NNRTI 22 (92) 12 (100) 36 (100) 70 (97)

Protease inhibitor 20 (83) 8 (67) 30 (83) 58 (81)

INSTI 20 (83) 7 (58) 23 (64) 50 (69)

All 4 major classes 14 (58) 3 (25) 16 (44) 33 (46)

Resistance to entry inhibitor — no./total no. (%)

Enfuvirtide 2/23 (9) 3/10 (30) 0/25 (0) 5/58 (9)

Fostemsavir 5/23 (22) 5/10 (50) 7/21 (33) 17/54 (31)

Ibalizumab 8/23 (35) 3/10 (30) 6/25 (24) 17/58 (29)

Maraviroc§ 19/24 (79) 8/11 (73) 14/26 (54) 41/61 (67)

Composition of optimized background therapy — no. (%)

NRTI 23 (96) 9 (75) 29 (81) 61 (85)

INSTI¶ 16 (67) 9 (75) 22 (61) 47 (65)

Protease inhibitor¶ 12 (50) 9 (75) 24 (67) 45 (62)

NNRTI 6 (25) 4 (33) 14 (39) 24 (33)

Ibalizumab 9 (38) 3 (25) 5 (14) 17 (24)

Maraviroc 2 (8) 4 (33) 4 (11) 10 (14)

Fostemsavir 3 (12) 0 5 (14) 8 (11)

Enfuvirtide 1 (4) 2 (17) 2 (6) 5 (7)
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The percentage of patients who had a viral 
load of less than 50 copies per milliliter at week 
26 was higher among women, among those who 
were younger than 50 years of age, and among 
those who had a baseline viral load of less than 
100,000 copies per milliliter (Table 2). The effi-
cacy of lenacapavir was generally consistent re-
gardless of the activity of the optimized back-
ground therapy, with similar results regardless 
of whether patients were receiving fully active 
agents or whether they had resistance to inte-
grase inhibitors.

Virologic Failure and Resistance

Overall, 19 patients (11 in cohort 1 and 8 in 
cohort 2) met the criteria for resistance analysis 
and were evaluated for the emergence of capsid 
inhibitor resistance. Lenacapavir-associated cap-
sid substitutions developed in 8 patients (4 in 
cohort 1 [1 in the lenacapavir group and 3 in the 
placebo group] and 4 in cohort 2) during the 
maintenance period. Among these patients, 6 had 
an M66I mutation (including one with M66I + 
N74D), 1 had a Q67H + K70R mutation, and 1 had 
a K70H mutation. The median change in lenaca-
pavir susceptibility was an increase by a factor of 
234 in the patients with M66I mutations, 15 in 

the patient with a Q67H + K70R mutation, and 
265 in the patient with a K70H mutation. All the 
mutations occurred at amino acid residues that 
had previously been identified during selections 
for in vitro resistance.5

Despite emerging resistance to lenacapavir, 4 of 
8 patients had resuppression of HIV-1 RNA lev-
els (<50 copies per milliliter) during receipt of 
lenacapavir; among the 4 patients without resup-
pression, 2 continued to have viremia, 1 died at 
week 10, and 1 discontinued lenacapavir after 
week 4 (Table S3). Of the 8 patients, 4 had no 
fully active agents in their optimized background 
therapy and 4 had poor adherence to the back-
ground therapy. All 8 patients had therapeutic 
levels of lenacapavir (range, 17.7 to 107.0 ng per 
milliliter at the time of virologic failure). Of the 
remaining 11 patients (10 who had no emerging 
capsid mutations and 1 who had assay failure), 
7 patients had resuppression of HIV-1 RNA lev-
els while continuing to receive lenacapavir. No 
patients had emerging resistance to the compo-
nents of the optimized background therapy.

Safety

During the functional monotherapy period in 
cohort 1, at least one adverse event was reported 

Characteristic Cohort 1 Cohort 2
All Patients 

(N = 72)

Lenacapavir 
(N = 24)

Placebo 
(N = 12)

Lenacapavir 
(N = 36)

Median overall susceptibility score of optimized back-
ground therapy‖

2.0 1.3 2.0 2.0

Number of fully active agents in the optimized back-
ground therapy — no. (%)

0 4 (17) 2 (17) 6 (17) 12 (17)

1 7 (29) 7 (58) 13 (36) 27 (38)

≥2 13 (54) 3 (25) 17 (47) 33 (46)

*  Plus–minus values are means ±SD. Percentages may not total 100 because of rounding. INSTI denotes integrase strand-
transfer inhibitor, NNRTI non–nucleoside reverse-transcriptase inhibitor, and NRTI nucleoside reverse-transcriptase 
inhibitor.

†  Race was reported by the patients. In the placebo group, local regulators did not permit the collection of data regarding 
race or ethnicity in one patient. This patient was excluded from the denominator of the percentage calculation.

‡  Two participants in cohort 2 had a viral load of more than 400 copies per milliliter at screening but less than 50 copies 
per milliliter at enrollment.

§  Susceptibility to maraviroc was assessed by means of the Trofile coreceptor tropism assay (Monogram Biosciences), which 
indicates whether the activity of maraviroc is anticipated on the basis of coreceptor use (CCR5, CXCR4, or dual mix).

¶  Of the 72 patients in this category, 24 (33%) received dolutegravir twice a day and 22 (31%) received darunavir twice a day.
‖  The drug susceptibility score to an individual antiretroviral medication was determined according to a proprietary algo-

rithm, with 1.0 indicating full susceptibility, 0.5 partial susceptibility, and 0 no susceptibility. The overall susceptibility 
score of the optimized background therapy was the sum of the individual scores. For historical resistance reports, the 
scores were derived from data provided by investigators.

Table 1. (Continued.)
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in 9 of 24 patients (38%) in the lenacapavir 
group and in 3 of 12 patients (25%) in the pla-
cebo group (Table S4). During this period, no 
serious adverse events or adverse events of grade 
3 or higher were observed, and no patient dis-
continued either lenacapavir or placebo because 
of an adverse event. The only adverse event that 
was reported in more than 1 patient among 
those receiving oral lenacapavir during the func-
tional monotherapy period was nausea (in 13% 
of the patients), as compared with no patients in 
the placebo group.

In a combined analysis of cohorts 1 and 2, all 
72 patients received oral lenacapavir and at least 
one dose of subcutaneous lenacapavir, and 70 

received the second dose of subcutaneous lena-
capavir at week 26. Seven patients had serious 
adverse events, none of which were assessed by 
the investigator as being related to lenacapavir 
(Table S5). One participant in cohort 2 who had 
a history of non-Hodgkin’s lymphoma and a 
baseline CD4+ count of 7 cells per cubic milli-
meter died from cancer at week 10. After the 
exclusion of injection-site reactions, the most 
common adverse events were nausea (in 13%), 
constipation (in 11%), and diarrhea (in 11%); 
these events were mostly grade 1 and were con-
sidered to be unrelated to lenacapavir (Table 3 
and Tables S6 and S7).

At least one injection-site reaction related to 

Figure 2. Antiviral Activity of Lenacapavir by Day 15 and Virologic and Immunologic Response at Week 26.

Panel A shows the least-squares (LS) mean change from baseline in the HIV-1 RNA level after adjustment for the baseline level in cohort 1 
during the functional monotherapy (randomized) period. Panel B shows the percentage of patients who had less than 50 copies per milli-
liter of HIV-1 RNA in cohort 1 and cohort 2 at week 26. Panel C shows the LS mean change from baseline in the CD4+ count after adjust-
ment for the baseline HIV-1 RNA and CD4+ values in each cohort through week 26 while the patients were receiving lenacapavir (i.e., ex-
cluding the period during which some patients in cohort 1 received placebo). In Panels A and C, I bars indicate 95% confidence intervals.
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lenacapavir was reported in 45 patients (63%); 
these events included pain (in 31%), swelling (in 
31%), erythema (in 25%), and nodule formation 
(in 24%) (Table S8 and Fig. S1). Most injection-
site reactions, including pain, were grade 1 and 
resolved within days; nodules were all grade 1. 
No grade 4 injection-site reactions were report-
ed. One patient discontinued lenacapavir be-
cause of a grade 1 formation of an injection-site 

nodule 10 weeks after receipt of the week 52 
injection.

Laboratory abnormalities of grade 3 or higher 
occurred in 28% of the patients. Low levels of cre-
atinine clearance or estimated glomerular filtra-
tion rate or high creatinine levels were transient or 
unconfirmed abnormalities. Episodes of hypergly-
cemia and glycosuria were transient, unconfirmed, 
or related to underlying diabetes (Table S9).

Table 2. Virologic Response at Week 26.*

Variable
Cohort 1 
(N = 36)

Cohort 2 
(N = 36)

All Patients 
(N = 72)

no. of patients/total no. (%)

Age

<50 yr 9/9 (100) 16/19 (84) 25/28 (89)

≥50 yr 20/27 (74) 14/17 (82) 34/44 (77)

Sex

Male 20/26 (77) 22/28 (79) 42/54 (78)

Female 9/10 (90) 8/8 (100) 17/18 (94)

Black race

Yes 13/16 (81) 9/11 (82) 22/27 (81)

No 16/19 (84) 21/25 (84) 37/44 (84)

CD4+ count at baseline

<200 cells/mm3 21/27 (78) 16/19 (84) 37/46 (80)

≥200 cells/mm3 8/9 (89) 14/17 (82) 22/26 (85)

Viral load at baseline

≤100,000 copies/ml 25/29 (86) 25/29 (86) 50/58 (86)

>100,000 copies/ml 4/7 (57) 5/7 (71) 9/14 (64)

Overall susceptibility score†

0 to <1 4/6 (67) 4/5 (80) 8/11 (73)

1 to <2 11/12 (92) 10/11 (91) 21/23 (91)

≥2 14/18 (78) 16/20 (80) 30/38 (79)

Number of fully active antiretroviral agents†

0 4/6 (67) 5/6 (83) 9/12 (75)

1 12/14 (86) 12/13 (92) 24/27 (89)

≥2 13/16 (81) 13/17 (76) 26/33 (79)

INSTI resistance

Yes 23/27 (85) 20/23 (87) 43/50 (86)

No 5/8 (62) 9/12 (75) 14/20 (70)

Use of dolutegravir or darunavir

Both dolutegravir and darunavir 10/12 (83) 8/12 (67) 18/24 (75)

Dolutegravir only 5/6 (83) 5/6 (83) 10/12 (83)

Darunavir only 7/9 (78) 11/11 (100) 18/20 (90)

No dolutegravir or darunavir 7/9 (78) 6/7 (86) 13/16 (81)

Use of ibalizumab

Yes 9/12 (75) 3/5 (60) 12/17 (71)

No 20/24 (83) 27/31 (87) 47/55 (85)

*  A virologic response was defined as an HIV-1 RNA level of less than 50 copies per milliliter.
†  The overall susceptibility score in a given patient is the sum of individual scores according to the baseline optimized 

background therapy.
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Discussion

In this small randomized trial involving patients 
with multidrug-resistant HIV-1 infection with 
limited treatment options, lenacapavir led to a 
significant decrease in viral load as functional 
monotherapy. In combination with optimized 
background therapy, treatment with lenacapavir 
also led to a high rate of virologic suppression, 
along with a clinically meaningful increase in 
the CD4+ count. At week 26, the mean change 
in viral load in the two cohorts (70 patients) was 
−2.54 log10 copies per milliliter. Reductions in 
HIV-1 RNA levels that are maintained for 16 to 
24 weeks have been associated with a reduced 
risk of disease progression and death.13,14

In this trial, the observed rate of virologic 
suppression was achieved even though 17% of 
the patients had no fully active agent in their 
optimized background therapy. Some patients 
had virus that was resistant to ibalizumab or 

fostemsavir at baseline, which illustrated their 
limited treatment options. In contrast, recent 
clinical trials involving patients with multidrug-
resistant HIV-1 infection required that patients 
have at least one fully active agent in their opti-
mized background therapy.15,16

Despite the small sample size, efficacy across 
subgroups that were defined according to the 
optimized background therapy suggests that le-
nacapavir contributed to treatment efficacy 
across a diverse and difficult-to-treat population. 
Included were patients who had resistance to 
integrase inhibitors or who had received back-
ground therapy that consisted of no more than 
one fully active agent or that did not contain 
either dolutegravir or darunavir. Most HIV-1 
variants with mutations conferring resistance to 
lenacapavir have a reduction in replication ca-
pacity, which suggests that such variants may 
have a reduced ability to establish or maintain 
infection.5 The clinical relevance of lenacapavir 

Table 3. Adverse Events.*

Adverse Event
Cohort 1 
(N = 36)

Cohort 2 
(N = 36)

All Patients 
(N = 72)

no. of patients (%)

Injection-site reaction

Related to lenacapavir† 23 (64) 22 (61) 45 (62)

Pain 10 (28) 12 (33) 22 (31)

Swelling 12 (33) 10 (28) 22 (31)

Erythema 8 (22) 10 (28) 18 (25)

Nodule formation 13 (36) 4 (11) 17 (24)

Induration 2 (6) 9 (25) 11 (15)

Any adverse event, excluding injection-site reaction

Nausea 7 (19) 2 (6) 9 (12)

Constipation 7 (19) 1 (3) 8 (11)

Diarrhea 5 (14) 3 (8) 8 (11)

Abdominal distention 5 (14) 2 (6) 7 (10)

Arthralgia 4 (11) 2 (6) 6 (8)

Back pain 2 (6) 4 (11) 6 (8)

Cough 5 (14) 1 (3) 6 (8)

Headache 2 (6) 4 (11) 6 (8)

Pyrexia 3 (8) 3 (8) 6 (8)

Urinary tract infection 2 (6) 4 (11) 6 (8)

Covid-19 2 (6) 3 (8) 5 (7)

Fatigue 4 (11) 0 4 (6)

Oral candidiasis 3 (8) 1 (3) 4 (6)

Rash 2 (6) 2 (6) 4 (6)

Vomiting 1 (3) 3 (8) 4 (6)

*  Listed are events that occurred in at least 5% of all the patients. Multiple adverse events were counted only once per 
patient for the highest severity grade for each preferred term. Covid-19 denotes coronavirus disease 2019.

†  The relationship between the listed reaction and exposure to lenacapavir was determined by the investigator.
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resistance that we observed in this trial warrants 
further investigation, given that some patients 
had viral load suppression while continuing to 
receive lenacapavir despite emerging resistance 
and minimal or no change in the optimized 
background therapy.

One of the more encouraging findings was 
the restoration of CD4+ counts in both trial co-
horts. Although we did not include clinical end 
points such as mortality in our trial, similar 
improvements in the CD4+ count have been as-
sociated with reductions in mortality and mor-
bidity.17,18

Most adverse events were mild or moderate, 
including injection-site reactions. To some ex-
tent, injection-site reactions are expected after 
subcutaneous administration of lenacapavir ow-
ing to depot formation, and pain and swelling 
of short duration were reported in a minority of 
patients.

The administration of lenacapavir subcutane-
ously once every 6 months does not increase the 
pill burden for patients and maintains therapeu-

tic levels between visits, which reduces the un-
certainty and variability that often occur with 
incomplete adherence. Adherence to the compo-
nents of background therapy with drugs other 
than lenacapavir will continue to be critical.

Limitations of this trial include its small 
sample size and limited follow-up. However, 
new treatment options for patients with multi-
drug-resistant HIV-1 infection are needed,12,19 
and longer-term data are being evaluated in this 
ongoing trial. Lenacapavir is also being evalu-
ated in patients with HIV-1 who have received no 
previous treatment (ClinicalTrials.gov number, 
NCT04143594) and as preexposure prophylaxis 
for persons at high risk for HIV-1 infection 
(NCT04925752).
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