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BACKGROUND
Safe and effective long-acting injectable agents for preexposure prophylaxis (PrEP) 
for human immunodeficiency virus (HIV) infection are needed to increase the op-
tions for preventing HIV infection.

METHODS
We conducted a randomized, double-blind, double-dummy, noninferiority trial to 
compare long-acting injectable cabotegravir (CAB-LA, an integrase strand-transfer 
inhibitor [INSTI]) at a dose of 600 mg, given intramuscularly every 8 weeks, with 
daily oral tenofovir disoproxil fumarate–emtricitabine (TDF–FTC) for the prevention 
of HIV infection in at-risk cisgender men who have sex with men (MSM) and in at-risk 
transgender women who have sex with men. Participants were randomly assigned (1:1) 
to receive one of the two regimens and were followed for 153 weeks. HIV testing and 
safety evaluations were performed. The primary end point was incident HIV infection.

RESULTS
The intention-to-treat population included 4566 participants who underwent ran-
domization; 570 (12.5%) identified as transgender women, and the median age 
was 26 years (interquartile range, 22 to 32). The trial was stopped early for effi-
cacy on review of the results of the first preplanned interim end-point analysis. 
Among 1698 participants from the United States, 845 (49.8%) identified as Black. 
Incident HIV infection occurred in 52 participants: 13 in the cabotegravir group 
(incidence, 0.41 per 100 person-years) and 39 in the TDF–FTC group (incidence, 
1.22 per 100 person-years) (hazard ratio, 0.34; 95% confidence interval, 0.18 to 
0.62). The effect was consistent across prespecified subgroups. Injection-site reac-
tions were reported in 81.4% of the participants in the cabotegravir group and in 
31.3% of those in the TDF–FTC group. In the participants in whom HIV infection 
was diagnosed after exposure to CAB-LA, INSTI resistance and delays in the detec-
tion of HIV infection were noted. No safety concerns were identified.

CONCLUSIONS
CAB-LA was superior to daily oral TDF–FTC in preventing HIV infection among 
MSM and transgender women. Strategies are needed to prevent INSTI resistance 
in cases of CAB-LA PrEP failure. (Funded by the National Institute of Allergy and 
Infectious Diseases and others; HPTN 083 ClinicalTrials.gov number, NCT02720094.)

A BS TR AC T

Cabotegravir for HIV Prevention  
in Cisgender Men and Transgender Women

R.J. Landovitz, D. Donnell, M.E. Clement, B. Hanscom, L. Cottle, L. Coelho, 
R. Cabello, S. Chariyalertsak, E.F. Dunne, I. Frank, J.A. Gallardo‑Cartagena, 
A.H. Gaur, P. Gonzales, H.V. Tran, J.C. Hinojosa, E.G. Kallas, C.F. Kelley, 

M.H. Losso, J.V. Madruga, K. Middelkoop, N. Phanuphak, B. Santos, O. Sued, 
J. Valencia Huamaní, E.T. Overton, S. Swaminathan, C. del Rio, R.M. Gulick, 
P. Richardson, P. Sullivan, E. Piwowar‑Manning, M. Marzinke, C. Hendrix, M. Li, 

Z. Wang, J. Marrazzo, E. Daar, A. Asmelash, T.T. Brown, P. Anderson, S.H. Eshleman, 
M. Bryan, C. Blanchette, J. Lucas, C. Psaros, S. Safren, J. Sugarman, H. Scott, J.J. Eron, 

S.D. Fields, N.D. Sista, K. Gomez‑Feliciano, A. Jennings, R.M. Kofron, T.H. Holtz, 
K. Shin, J.F. Rooney, K.Y. Smith, W. Spreen, D. Margolis, A. Rinehart, A. Adeyeye, 

M.S. Cohen, M. McCauley, and B. Grinsztejn, for the HPTN 083 Study Team*​​

Original Article

CME
at NEJM.org

The New England Journal of Medicine 
Downloaded from nejm.org by KAY MARSHALL on August 11, 2021. For personal use only. No other uses without permission. 

 Copyright © 2021 Massachusetts Medical Society. All rights reserved. 



n engl j med 385;7  nejm.org  August 12, 2021596

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

Despite the availability of highly 
effective strategies for the prevention of 
human immunodeficiency virus (HIV) 

infection, the number of new infections world-
wide continues to exceed 5000 per day.1 Daily 
oral tenofovir disoproxil fumarate–emtricitabine 
(TDF–FTC) has been reported to provide protec-
tion against HIV infection across various popu-
lations.2-7 The efficacy of oral preexposure pro-
phylaxis (PrEP) agents is directly correlated with 
adherence to prescribed dosing.4-9 PrEP agents 
that do not require regular or planned oral dos-
ing may increase acceptability and protection 
during periods of risk, thereby reducing the risk 
of HIV acquisition.

Long-acting injectable cabotegravir (CAB-LA) 
is an integrase strand-transfer inhibitor (INSTI) 
that is administered as an intramuscular injec-
tion into the gluteus muscle. CAB-LA has potent 
anti-HIV activity, protects nonhuman primates 
from a broad range of HIV exposure types, and 
is generally safe, without limiting toxic effects, 
in humans.10-15 (See the Supplementary Appen-
dix, available with the full text of this article at 
NEJM.org.)

We report the primary results of the HIV Pre-
vention Trials Network (HPTN) 083 trial, a phase 
2b–3, multicenter, randomized, double-blind, 
double-dummy, active-controlled trial. We com-
pared the safety and efficacy of CAB-LA, admin-
istered intramuscularly every 8 weeks, with daily 
oral TDF–FTC in cisgender men who have sex 
with men (MSM) and in transgender women 
who have sex with men in the United States, 
Latin America, Asia, and Africa.

Me thods

Trial Oversight and Participants

The HPTN 083 trial protocol, which is available 
at NEJM.org, was approved by the institutional 
review board, ethics committee, ministry of 
health, or a combination of these entities at each 
participating site. All the participants provided 
written informed consent. Full details of the 
trial design can be found in the trial protocol. 
The Division of AIDS of the National Institute of 
Allergy and Infectious Diseases provided regula-
tory sponsorship of the trial. The Division of 
AIDS was responsible for clinical monitoring 
of the trial. ViiV Healthcare and Gilead Sciences 
donated trial medications and matching placebos. 

ViiV Healthcare also provided additional fund-
ing and contributed to the design of the trial.

Eligible participants were adults (≥18 years of 
age) who were in general good health as deter-
mined by clinical and laboratory assessments 
and who had a negative HIV serologic test at 
enrollment, had an undetectable blood HIV RNA 
viral load within 14 days before trial entry, and 
had a creatinine clearance of 60 ml or more per 
minute.16 Cisgender MSM and transgender women 
who have sex with men who were recruited for 
the trial were at high risk for HIV infection, as 
defined in the protocol. Key exclusion criteria 
were the use of illicit intravenous drugs within 
90 days before enrollment, previous participation 
in the active treatment group of an HIV vaccine 
trial, coagulopathy, buttock implants or fillers, a 
seizure disorder, or a corrected QT interval of 
greater than 500 msec. Participants who had 
positive results on a hepatitis B virus surface 
antigen test or hepatitis C virus antibody test 
were also excluded.

Randomization and Trial Procedures

Randomization was stratified according to site 
and was performed with the use of permuted 
blocks of 8, 10, and 12; trial-group assignments 
occurred electronically at enrollment. Eligible par-
ticipants were assigned, in a 1:1 ratio, to receive 
either active cabotegravir with TDF–FTC placebo 
(cabotegravir group) or active TDF–FTC with 
cabotegravir placebo (TDF–FTC group).

The trial included three phases: an oral-tablet 
lead-in phase, an injection phase, and a “tail 
phase,” the time period beginning 8 weeks after 
the final injection and continuing for approxi-
mately 48 weeks, when plasma drug concentra-
tions are in terminal decline. During the lead-in 
phase, all the participants received two oral tab-
lets (one active and one placebo) daily for 5 weeks 
to verify the safety of the tablets. Active cabote-
gravir was given as a 30-mg tablet, and active 
TDF–FTC was given as a fixed-dose combination 
of 300 mg of TDF plus 200 mg of FTC. Partici-
pants who had at least 50% adherence to the 
oral tablets, as determined by pill count, and 
had acceptable safety laboratory results were 
permitted to progress to injections. During the 
injection phase, participants received a supply of 
daily oral tablets and a 3-ml intramuscular injec-
tion on inception of this phase, 4 weeks after 
the beginning of the phase, and every 8 weeks 
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thereafter. CAB-LA was administered as a single 
3-ml injection containing 600 mg of cabotegra-
vir. Placebo for CAB-LA was an injectable fat 
emulsion (20% intralipid solution) that was visu-
ally similar to CAB-LA. Active TDF–FTC was 
given as described above. Masked oral tablets 
were dispensed at enrollment, and masked tab-
lets were dispensed and injections administered 
at weeks 5, 9, and 17 and every 8 weeks there-
after through week 153, thus resulting in ap-
proximately 3 years of exposure to CAB-LA. If a 
planned injection visit was delayed by 8 weeks or 
more, a 4-week interval was used for the next 
two injections. Participants who discontinued in-
jections received open-label TDF–FTC for 48 weeks 
to provide ongoing HIV PrEP during the tail 
phase.17

Trial visits were scheduled at weeks 2 and 4 
during the oral-tablet lead-in phase. Visits dur-
ing which no injections were administered and 
only safety was assessed were scheduled at weeks 
6 and 10, and then 2 weeks after each injection. 
Beginning with the last scheduled visit of the 
injection phase (week 153), participants were 
provided with open-label TDF–FTC daily over 48 
weeks, with four quarterly trial visits (Fig. 1A).

All the visits included an HIV rapid test 
(cleared by the Food and Drug Administration) 
and a laboratory-based HIV antigen and antibody 
test, assessment of adverse events, collection and 
storage of plasma samples, and adherence and 
risk-reduction counseling. (Further details are 
provided in the Supplementary Appendix.)18 Rou-
tine laboratory testing was performed at all 
visits except the week 5 visit. Injection-site re-
actions were assessed at visits that occurred 1 or 
2 weeks after each injection. Testing for syphilis 
and nucleic acid amplification testing for rectal 
and urethral gonorrhea and chlamydia were 
conducted at least every 6 months. Testing for 
hepatitis C virus antibodies and measurement of 
fasting glucose and lipid levels were performed 
annually. Interviewer-led and computer-assisted 
structured interviews were conducted approxi-
mately every second injection cycle for evalua-
tion of adherence, sexual behaviors, alcohol and 
drug use, and acceptability of the oral tablets 
and injections. Among participants in whom 
HIV infection had been confirmed at the trial 
site, measurement of the CD4+ T-cell count and 
the HIV viral load for clinical use was performed 
at quarterly visits for 1 year after diagnosis. Ad-

ditional HIV testing was performed retrospec-
tively at the HPTN Laboratory Center to confirm 
HIV status and determine the timing of HIV 
infection; this testing included assessment of 
HIV resistance for selected samples with a viral 
load of 500 copies or more per milliliter.18

Primary End Points

The primary efficacy end point of the trial was 
incident HIV infection. The methods used for 
determination of HIV status and for end-point 
adjudication are described in the Supplementary 
Appendix; additional information is provided in 
a separate report.18 An independent committee, 
whose members were unaware of the trial-group 
assignments, adjudicated HIV infections and 
determined the dates of first evidence of infec-
tion.18 The primary safety end point was the 
occurrence of an adverse event of grade 2 or 
higher. The severity of all adverse events was 
graded according to the Division of AIDS Table 
for Grading the Severity of Adult and Pediatric 
Adverse Events, corrected version 2.1.19

Analysis of Drug Concentrations

A cohort of 390 randomly selected participants in 
the TDF–FTC group was assessed for measure-
ment of the tenofovir concentration in plasma 
and the intraerythrocytic tenofovir–diphosphate 
concentration in dried blood spots.18 Plasma 
cabotegravir concentrations were measured in all 
samples obtained from all the participants in 
the cabotegravir group who had HIV infection 
(either incident or prevalent).18 For participants 
in the TDF–FTC group who had incident HIV 
infection, tenofovir and tenofovir diphosphate 
concentrations were measured in samples ob-
tained at the first visit at which the participant 
was determined to be HIV positive and at se-
lected previous visits.17

Statistical Analysis

The noninferiority margin was a hazard ratio of 
1.23, which was chosen on the basis of previous 
placebo-controlled trials. (Details are provided 
in the protocol.) To achieve 90% power to detect 
an alternative hazard ratio of 0.75 (at a one-sided 
type I error rate of 0.025), we estimated that 172 
incident HIV infections (events) would need to 
occur. Assuming an incidence of 1.75 events per 
100 person-years, we enrolled approximately 
4500 participants. Interim analyses were planned 
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A Trial Design

4570 Underwent randomization

6333 Participants were assessed for eligibility

410 Were eligible, but were not enrolled
1353 Were not eligible

345 Were withdrawn by investigator
227 Had reactive HIV test at screening
209 Had incomplete screening
141 Were at low risk for HIV infection
134 Had exclusionary liver or kidney testing
297 Had other reasons

2287 Were assigned to receive TDF–FTC 2283 Were assigned to receive CAB-LA

3 Were inappropriately enrolled 1 Was inappropriately enrolled

2284 Were eligible to receive TDF–FTC and were
included in the intention-to-treat population

2282 Were eligible to receive CAB-LA and were
included in the intention-to-treat population

3 Had reactive HIV test at enrollment 2 Had reactive HIV test at enrollment

34 Had no follow-up testing for
determination of HIV status

37 Had no follow-up testing for
determination of HIV status

2247 Were included in the primary efficacy analysis 2243 Were included in the primary efficacy analysis

1922/2121 (90.6%) Were included in 6-mo follow-up
1474/1701 (86.7%) Were included in 12-mo follow-up
  885/1091 (81.1%) Were included in 18-mo follow-up
  412/547 (75.3%) Were included in 24-mo follow-up

1936/2121 (91.3%) Were included in 6-mo follow-up
1465/1697 (86.3%) Were included in 12-mo follow-up
  866/1077 (80.4%) Were included in 18-mo follow-up
  424/557 (76.1%) Were included in 24-mo follow-up

B Screening, Randomization, and Follow-up
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to be performed with the use of O’Brien–Fleming 
group-sequential monitoring boundaries after 43, 
86, and 129 events had occurred. The primary 
end point was evaluated in a modified intention-
to-treat analysis, which excluded participants 
who were found to have HIV infection at enroll-
ment. All incident infections were included in 
the analysis, regardless of when the infection 
occurred and regardless of whether the partici-
pant received an injection. Cox regression, strat-
ified according to geographic region, was used 
to estimate the hazard ratio for incident HIV 
infection in the cabotegravir group as compared 
with the TDF–FTC group; 95% confidence inter-
vals and P values were based on the Wald statis-
tic. The primary hazard ratio was adjusted for 
interim monitoring.20 A test for proportional 
hazards was performed with the use of Schoen-
feld residuals, and a log-rank test, stratified ac-
cording to geographic region, was performed as 
a sensitivity analysis.

Trial data were reviewed approximately every 
6 months by an independent data and safety 
monitoring board. On May 14, 2020, on review 
of the results of the first preplanned interim 
end-point analysis, the data and safety monitor-
ing board concluded that the results met the 
prespecified criteria for stopping the trial on 
the basis of efficacy (Supplementary Appendix). 
The analyses in this report include data collected 
during the blinded phase of the trial up to May 
14, 2020. The trial is currently ongoing with an 
open-label design.

R esult s

Trial Participants

Between December 6, 2016, and March 16, 2020, 
a total of 6333 participants were screened at 43 
sites in the United States, Latin America, Asia, 
and Africa (Fig. 1B and the Supplementary Ap-
pendix). Of the 4570 participants who underwent 
randomization and were enrolled, 4 were ineli-

gible, resulting in an intention-to-treat population 
of 4566 participants. Demographic and clinical 
characteristics of the two groups were similar at 
baseline (Table 1) and met or exceeded prespeci-
fied metrics for enrollment of certain subgroups 
and populations. Five participants who acquired 
HIV infection before enrollment (2 in the cabo-
tegravir group and 3 in the TDF–FTC group) and 
71 participants who had no follow-up HIV test-
ing after enrollment were excluded from the 
primary efficacy analysis.

Participant retention was 86.5% at 1 year, 
with a median follow-up of 1.4 years (interquar-
tile range [IQR], 0.8 to 1.9). Masked oral tablets 
and injections were permanently discontinued in 
908 participants (19.9%), including 445 partici-
pants in the cabotegravir group and 463 in the 
TDF–FTC group (Table S1 in the Supplementary 
Appendix).

Adherence to Oral Tablets and Injections

The median adherence during the oral-tablet lead-
in phase, as determined by pill count, was 96.6% 
(IQR, 89.7 to 100.0) across the trial groups. Dur-
ing the course of the trial, in a randomly selected 
subgroup of 390 participants in the TDF–FTC 
group, 74.2% had tenofovir concentrations of 
greater than 40 ng per milliliter, which is con-
sistent with the receipt of daily TDF–FTC doses 
in the previous week; 86.0% had concentrations 
above the lower limit of quantitation (0.31 ng per 
milliliter). Tenofovir–diphosphate concentrations 
(measured in dried blood spots) that were con-
sistent with receipt of at least four TDF–FTC 
doses per week21 over the previous 1 to 2 months 
were detected in 72.3% of the samples overall 
(Fig. S1); 91.5% of person-years were considered 
to have been “covered” by injectable CAB-LA 
placebo, which was defined as injections having 
been received with a delay of less than 2 weeks.

HIV Infection

Using a prespecified testing algorithm,17 we 
identified HIV infection in 57 participants, includ-
ing 5 (2 in the cabotegravir group and 3 in the 
TDF–FTC group) who had undetected HIV infec-
tion at enrollment (“baseline” infections). A total 
of 52 participants who acquired HIV infection 
after enrollment were included in the prespeci-
fied primary efficacy analysis: 13 in the cabote-
gravir group (incidence, 0.41 per 100 person-years) 

Figure 1 (facing page). Trial Design, Screening, 
Randomization, and Follow-up.

CAB denotes cabotegravir, CAB-LA long-acting inject‑
able CAB, HIV human immunodeficiency virus, PK 
pharmacokinetic, and TDF–FTC tenofovir disoproxil 
fumarate–emtricitabine.
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Table 1. Demographic and Clinical Characteristics of the Participants at Baseline.*

Characteristic
Overall 

(N = 4566)
Cabotegravir Group 

(N = 2282)
TDF–FTC Group 

(N = 2284)

Cohort — no. (%)

MSM 3992 (87.4) 2013 (88.2) 1979 (86.6)

Transgender women who have sex with men 570 (12.5) 266 (11.7) 304 (13.3)

Participant preferred not to answer 4 (0.1) 3 (0.1) 1 (<0.1)

Age category — no. (%)

18−29 yr 3080 (67.5) 1572 (68.9) 1508 (66.0)

30−39 yr 1048 (23.0) 498 (21.8) 550 (24.1)

40−49 yr 315 (6.9) 145 (6.4) 170 (7.4)

50−59 yr 110 (2.4) 60 (2.6) 50 (2.2)

≥60 yr 13 (0.3) 7 (0.3) 6 (0.3)

Median age (IQR) — yr 26 (22–32) 26 (22–32) 26 (22–32)

Latinx or Hispanic ethnic group, according to geographic region  
— no./total no. (%)†

United States

Yes 303/1698 (17.8) 149/849 (17.6) 154/849 (18.1)

No 1394/1698 (82.1) 700/849 (82.4) 694/849 (81.7)

Data missing 1/1698 (<0.1) 0 1/849 (0.1)

Latin America

Yes 1806/1964 (92.0) 894/980 (91.2) 912/984 (92.7)

No 158/1964 (8.0) 86/980 (8.8) 72/984 (7.3)

SexPro score, according to geographic region — no./total no. (%)‡

United States

≤16 1447/1698 (85.2) 729/849 (85.9) 718/849 (84.6)

>16 251/1698 (14.8) 120/849 (14.1) 131/849 (15.4)

Latin America

≤16 1675/1964 (85.3) 825/980 (84.2) 850/984 (86.4)

>16 289/1964 (14.7) 155/980 (15.8) 134/984 (13.6)

Geographic region — no. (%)

United States 1698 (37.2) 849 (37.2) 849 (37.2)

Latin America

Argentina 337 (7.4) 169 (7.4) 168 (7.4)

Brazil 796 (17.4) 395 (17.3) 401 (17.6)

Peru 831 (18.2) 416 (18.2) 415 (18.2)

Asia

Thailand 553 (12.1) 275 (12.1) 278 (12.2)

Vietnam 199 (4.4) 100 (4.4) 99 (4.3)

Africa 152 (3.3) 78 (3.4) 74 (3.2)

Race, according to geographic region — no./total no. (%)†

United States

Black 845/1698 (49.8) 411/849 (48.4) 434/849 (51.1)

Non-Black 851/1698 (50.1) 437/849 (51.5) 414/849 (48.8)
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and 39 in the TDF–FTC group (incidence, 1.22 per 
100 person-years). The hazard ratio for incident 
HIV infection in the cabotegravir group as com-
pared with the TDF–FTC group was 0.34 (95% 
confidence interval [CI], 0.18 to 0.62; P<0.001). 
The test for proportional hazards had modest 
evidence of nonproportionality (P = 0.07); a strati-
fied log-rank test showed a significant difference 
between the groups (P<0.001). The direction and 

overall magnitude of the effect were consistent 
across prespecified subgroups and populations 
(Fig. 2) and in a per-protocol analysis (Fig. S2).

Post hoc centralized testing of stored plasma 
samples resulted in readjudication of the timing 
of the first visit at which an HIV test was positive 
for 2 participants in the cabotegravir group; 1 of 
the original 13 incident HIV infections in the 
cabotegravir group was readjudicated as a base-

Characteristic
Overall 

(N = 4566)
Cabotegravir Group 

(N = 2282)
TDF–FTC Group 

(N = 2284)

Data missing 2/1698 (0.1) 1/849 (0.1) 1/849 (0.1)

Latin America

Black or mixed 392/1964 (20.0) 198/980 (20.2) 194/984 (19.7)

Indigenous 862/1964 (43.9) 435/980 (44.4) 427/984 (43.4)

Asian 8/1964 (0.4) 6/980 (0.6) 2/984 (0.2)

White 659/1964 (33.6) 319/980 (32.6) 340/984 (34.6)

Other 43/1964 (2.2) 22/980 (2.2) 21/984 (2.1)

Asia

Asian 749/752 (99.6) 374/375 (99.7) 375/377 (99.5)

Other 3/752 (0.4) 1/375 (0.3) 2/377 (0.5)

Africa

Black 119/152 (78.3) 62/78 (79.5) 57/74 (77.0)

Other 5/152 (3.3) 2/78 (2.6) 3/74 (4.1)

Mixed 28/152 (18.4) 14/78 (17.9) 14/74 (18.9)

Marital status — no. (%)

Married, civil union, or legal partnership 177 (3.9) 79 (3.5) 98 (4.3)

Living with primary or main partner 292 (6.4) 138 (6) 154 (6.7)

Have primary or main partner, not living together 335 (7.3) 171 (7.5) 164 (7.2)

Single, divorced, or widowed 3751 (82.2) 1888 (82.7) 1863 (81.6)

Other 11 (0.2) 6 (0.3) 5 (0.2)

Educational level — no. (%)

No schooling 8 (0.2) 2 (0.1) 6 (0.3)

Primary school 70 (1.5) 28 (1.2) 42 (1.8)

Secondary school 1012 (22.2) 490 (21.5) 522 (22.9)

Technical training 375 (8.2) 187 (8.2) 188 (8.2)

College or university or higher 3101 (67.9) 1575 (69.0) 1526 (66.8)

*	�Percentages may not sum to 100 because of rounding. IQR denotes interquartile range, MSM men who have sex with men, and TDF–FTC 
tenofovir disoproxil fumarate–emtricitabine.

†	�Race and ethnic group were reported by the participant.
‡	�SexPro is a Web-based tool that provides a sexual health promotion score. It is validated to predict the 6-month risk of HIV acquisition on 

the basis of sexual behaviors, sexual networks, substance use, history of sexually transmitted infections, race or ethnic group (United States 
only), and age. Additional background on the SexPro tool is provided in the protocol. Scores range from 1 to 20, with higher scores indicat‑
ing a lower risk of acquiring HIV infection.

Table 1. (Continued.)
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line infection (case A3) (Fig. 3). No incident in-
fections in the TDF–FTC group were readjudi-
cated as baseline infections. An analysis that 

included the post hoc readjudication data pro-
vided a revised estimate of incident HIV infec-
tion in the cabotegravir group of 0.37 (95% CI, 

Figure 2. Incident HIV infection.

Panel A shows Kaplan–Meier estimates of incident HIV infection. The inset shows the same data on an enlarged 
y axis. Panel B shows hazard ratios for incident HIV infection in the prespecified subgroups. Race was reported by 
the participant. MSM denotes men who have sex with men, and PY person‑years.
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0/836

  4/1525 (0.26)
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no. of events/PY (incidence per 100 PY)
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0.19 to 0.65; hazard ratio, 0.32 [95% CI, 0.16 to 
0.58]). One additional case (A4) (Fig. 3) in the 
cabotegravir group was also identified post hoc 
as a baseline infection; thus, the final number 
of observed infections was 58 (16 in the cabote-
gravir group and 42 in the TDF–FTC group). 
Detailed descriptions of each case, including 
virologic and pharmacologic assessments, are 
presented in a separate report.17 The timing of 
the first visit at which an HIV test was positive 
for each of the 16 infections in the cabotegravir 
group is shown in Figure 3.

The 16 infections in the cabotegravir group 
were classified into four groups (A through D) 
(Fig. 3). Four infections occurred before enroll-
ment (cases A1 through A4). Five infections oc-
curred with no recent exposure to cabotegravir 
(cases B1 through B5); in 2 of these cases (B1 
and B4), open-label TDF–FTC was initiated after 
the participant had discontinued CAB-LA. Three 
infections occurred before cabotegravir injection 
(cases C1 through C3); in 1 of these cases (C2), 
the participant was nonadherent to oral cabote-
gravir, and in the other 2 cases (C1 and C3), 
infection occurred during the oral-tablet lead-in 
phase. The remaining 4 infections occurred in 
participants with appropriately timed CAB-LA 
doses and expected plasma cabotegravir concen-
trations (cases D1 through D4).

Drug Resistance Mutations

INSTI resistance mutations were detected in 1 of 
the 4 cases identified as a baseline infection 
(case A2) and in 4 of 9 incident cases that had a 
resistance test result (cases C1, C3, D3, and D4). 
No resistance was detected when viral escape or 
HIV acquisition occurred during the period of 
cabotegravir decay after the last injection (tail 
phase; cases A3, B1, B3, and B4) (Fig.  3), al-
though varying intervals of follow-up before 
initiation of antiretroviral therapy (ART) do not 
allow direct comparison. In the TDF–FTC group, 
2 of the 39 incident HIV infections occurred in 
cases in which the drug concentrations that 
were measured were consistent with good PrEP 
adherence (cases E16 and E34). Four incident 
infections and 2 baseline infections had nucleo-
side or nucleotide reverse-transcriptase inhibitor 
mutations (K65R, M184V, M184I, or a mixture of 
M184V and M184I with or without nonnucleo-
side reverse-transcriptase inhibitor [NNRTI] mu-

tations; cases E3, E13, E16, E25, E41, and E42) 
(Figs. S3 and S4).18

Safety

The primary safety population (which comprised 
participants who had received at least one dose 
of any of the oral tablets or injections) included 
4562 participants (2280 in the cabotegravir 
group and 2282 in the TDF–FTC group). Adverse 
events of grade 2 or higher were reported in 
92.5% of the participants overall, with no marked 
difference in the overall frequency between the 
trial groups (Table 2). Adverse events of grade 3 
or higher were reported in 1494 participants 
(32.7%) overall; the overall frequency of these 
events was similar in the two trial groups. Per-
manent discontinuation of the oral tablets or 
both oral tablets and injections owing to adverse 
events other than injection-site reactions occurred 
in 172 participants (3.8%) overall, with a similar 
overall frequency in the two groups.

Serious adverse events were reported in 241 
participants (5.3%) overall and were balanced 
between the two groups. Additional adverse 
events of interest included seizures and liver-
related adverse events resulting in discontinua-
tion of the oral tablets or both oral tablets and 
injections; both were uncommon, and the over-
all frequency of such events was similar in the 
two groups. A total of 11 participants died (7 in 
the TDF–FTC group and 4 in the cabotegravir 
group; hazard ratio, 0.57 [95% CI, 0.17 to 1.96]) 
(Table S2); 1 death in the TDF–FTC group that 
resulted from cardiovascular disease was consid-
ered to be related to the oral tablets or injections.

Injection-Site Reactions

Injection-site reactions were reported in 1724 
participants (81.4%) in the cabotegravir group 
who received at least one injection and in 652 
participants (31.3%) in the TDF–FTC group who 
received at least one placebo injection. Injection-
site reactions were mostly mild or moderate in 
severity and decreased in frequency over time 
(Fig. S5). Of the 2117 participants who received 
at least one active CAB-LA injection, 50 (2.4%) 
permanently discontinued the injections owing 
to an injection-related adverse event; discontinu-
ation was strongly associated with increased 
severity of the injection-site reactions (Table S3). 
Of 10,666 injection-site reactions in the cabote-
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gravir group, 6486 (60.8%) were pain and 2530 
(23.7%) were tenderness; the events began a 
median of 1 day (IQR, 0 to 2) after injection and 
lasted a median of 3 days (IQR, 2 to 6) (Fig. S6).

 Sexually Transmitted Infections

The overall incidence of new rectal or urethral 
gonorrhea was 13.49 per 100 person-years, and 
the incidence of new rectal or urethral chlamydia 
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was 21.36 per 100 person-years. The incidence 
of new syphilis infections, which were centrally 
adjudicated (details provided in the Supplemen-
tary Appendix), was 16.69 per 100 person-years. 
The occurrence of each of these infections was 
similar in the two groups (Tables S4 and S5).

Changes in Body Weight and Metabolic 
Variables

In a post hoc analysis, a mean annualized in-
crease in body weight of 1.23 kg per year (95% 
CI, 1.05 to 1.42) was noted in the cabotegravir 
group, as compared with an increase of 0.37 kg 
(95% CI, 0.18 to 0.55) in the TDF–FTC group. 

Differences in weight change between the groups 
were observed primarily in the first 40 weeks of 
participation and were similar in the two groups 
later in the trial (Fig. S12). Changes in fasting 
glucose and fasting lipid levels are shown in 
Figures S7 through S11.

Discussion

In the HPTN 083 trial, we compared the safety 
and efficacy of CAB-LA with that of TDF–FTC 
for the prevention of HIV infection in MSM and 
transgender women who have sex with men. 
Although TDF–FTC is known to be effective in 
preventing HIV infection when adherence is high, 
we found that the risk of HIV infection was 
lower by 66% in the cabotegravir group than in 
the TDF–FTC group in the prespecified analysis, 
a result that showed the superiority of CAB-LA 
to TDF–FTC. This finding was similar in magni-
tude and direction in key populations that have 
lower reported rates of adherence to daily oral 
PrEP agents, including Black MSM in the United 
States, transgender women, and participants 
younger than 30 years of age.

Although most of the participants in the 
cabotegravir group reported injection-site reac-
tions, only 2.4% chose not to receive further in-
jections as a result. Increases in body weight 
associated with the use of INSTIs in the treat-
ment of HIV infection have been reported in the 
literature.22-24 We previously observed no signifi-
cant difference in weight gain between HIV-
uninfected participants who received CAB-LA 
and those who received placebo; participants in 
both groups gained approximately 1 kg over the 
course of 41 weeks. In the current trial, differ-
ences in weight change between the two groups 
were driven by weight loss in the TDF–FTC group 
in year 1; thereafter, the weight changes were 
similar (approximately 1 kg per year in both 
groups).

CAB-LA provided protection against HIV ac-
quisition; however, 4 incident infections were 
observed despite on-time injections and expect-
ed cabotegravir concentrations in plasma. The 
risk of PrEP failure may be influenced by low 
plasma cabotegravir concentrations between ini-
tial injections, low cabotegravir concentrations 
in rectal tissue,25 rectal inflammation related to 

Figure 3 (facing page). Pharmacologic and Virologic Data 
for HIV Infections in the Cabotegravir Group.

Panels A through D show the timing of key events for the 
16 infections that occurred in the cabotegravir group. 
These infections were classified into four groups: group 
A (Panel A) includes infections that occurred before en‑
rollment; group B (Panel B) includes infections that oc‑
curred with no recent exposure to cabotegravir; group C 
(Panel C) includes infections that occurred before cabo‑
tegravir injection; and group D (Panel D) includes in‑
fections that occurred in participants with appropriately 
timed CAB-LA doses and expected plasma cabotegravir 
concentrations. The “first HIV-positive visit” refers to 
the first visit at which the participant was determined 
to be HIV positive. The “first site-positive visit” refers 
to the first visit at which evidence of HIV infection was 
identified at the trial site. HIV genotyping results are 
shown to the right of each horizontal bar. Major resis‑
tance mutations are shown for nucleoside or nucleo‑
tide reverse-transcriptase inhibitors (K65R and M184V) 
and nonnucleoside reverse-transcriptase inhibitors 
(L100I, K103N, Y181C, H221Y, and P225H). All integrase 
strand-transfer inhibitor (INSTI) resistance mutations 
are shown (L74I, E138K or E138E/K, E138A, G140A, 
G140G/S, Q148R or Q148K, and R263K); major INSTI 
mutations are shown in bold text. Genotyping results 
are shown for the first visit at which the viral load was 
500 copies or more per milliliter and for follow-up visits 
at which such a viral load occurred, denoted as one dot 
or two dots, respectively. The number of days between 
the first HIV-positive visit and the visit with additional 
mutations was 60 days for case A2, 10 days for case C1, 
and 112 days for case D3. NA indicates that the geno‑
typing result was not available (either no visit occurred 
at which viremia was found to be sufficient for perfor‑
mance of the genotyping assay or the assay failed to 
produce a genotyping result). BLQ denotes below the 
limit of quantification, LLOQ lower limit of quantifica‑
tion, PA-IC90 protein-adjusted 90% cabotegravir inhib
itory concentration, and WT wild type.
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sexually transmitted infection, or a combination 
of these factors.26-30 INSTI resistance was detect-
ed in 5 participants in the cabotegravir group 
(1  with baseline infection and 4 with incident 

infection). NNRTI-based or boosted protease 
inhibitor–based ART should suppress viral repli-
cation in such cases, absent transmitted resis-
tance; viral replication in some such participants 

Table 2. Adverse Events.*

Event
Overall 

(N = 4562)
Cabotegravir Group 

(N = 2280)
TDF–FTC Group 

(N = 2282)

number of participants (percent)

Any adverse event of grade 2 or higher 4222 (92.5) 2106 (92.4) 2116 (92.7)

Most common adverse events of grade 2 or higher†

Decreased creatinine clearance 3257 (71.4) 1588 (69.6) 1669 (73.1)

Increased creatine kinase 953 (20.9) 484 (21.2) 469 (20.6)

Nasopharyngitis‡ 844 (18.5) 447 (19.6) 397 (17.4)

Increased serum creatinine 810 (17.8) 382 (16.8) 428 (18.8)

Upper respiratory infection‡ 516 (11.3) 257 (11.3) 259 (11.3)

Musculoskeletal discomfort‡ 513 (11.2) 254 (11.1) 259 (11.3)

Increased lipase 509 (11.2) 249 (10.9) 260 (11.4)

Headache‡ 458 (10.0) 237 (10.4) 221 (9.7)

Increased aspartate aminotransferase 384 (8.4) 188 (8.2) 196 (8.6)

Increased alanine aminotransferase 351 (7.7) 159 (7.0) 192 (8.4)

Increased blood glucose 322 (7.1) 199 (8.7) 123 (5.4)

Increased amylase 317 (6.9) 148 (6.5) 169 (7.4)

Diarrhea‡ 313 (6.9) 152 (6.7) 161 (7.1)

Rash‡ 260 (5.7) 116 (5.1) 144 (6.3)

Hypoglycemia‡ 246 (5.4) 120 (5.3) 126 (5.5)

Pyrexia 185 (4.1) 122 (5.4) 63 (2.8)

Any adverse event of grade 3 or higher 1494 (32.7) 727 (31.9) 767 (33.6)

Most common adverse events of grade 3 or higher§

Increased creatine kinase 633 (13.9) 324 (14.2) 309 (13.5)

Decreased creatinine clearance 349 (7.7) 159 (7.0) 190 (8.3)

Increased serum creatinine 156 (3.4) 80 (3.5) 76 (3.3)

Increased lipase 152 (3.3) 76 (3.3) 76 (3.3)

Increased aspartate aminotransferase 122 (2.7) 53 (2.3) 69 (3.0)

Increased alanine aminotransferase 55 (1.2) 23 (1.0) 32 (1.4)

Serious adverse event 241 (5.3) 120 (5.3) 121 (5.3)

Adverse events of special interest

Seizure 7 (0.2) 2 (0.1) 5 (0.2)

Liver-related adverse event resulting in discontinuation 
of oral tablets or both oral tablets and injections

95 (2.1) 47 (2.1) 48 (2.1)

*	�Included are only adverse events that were assigned Medical Dictionary for Regulatory Activities, version 23.1 (MedDRA) 
terms by clinical staff. Injection-site reactions and sexually transmitted infections are not included. Inappropriately en‑
rolled participants and participants who did not receive any oral trial drug are excluded. In cases in which a participant 
had multiple events with the same MedDRA term, only one event is counted.

†	�Only adverse events that were reported in at least 5% of the participants in either trial group are shown.
‡	�This adverse event category combines multiple MedDRA terms that were too similar to report individually.
§	� Only adverse events that were reported in at least 1% of the participants in either trial group are shown.
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may be suppressed by a regimen that includes 
twice-daily dolutegravir. To reduce the risk of 
resistance, HIV assays with increased sensitivity 
are being evaluated to minimize the interval be-
tween HIV infection and diagnosis; ART should 
be started promptly when long-acting PrEP agents 
have been used.

CAB-LA provided greater protection against 
HIV infection than TDF–FTC among MSM and 
transgender women who have sex with men. A 
similarly designed randomized, controlled trial 
evaluating the efficacy of CAB-LA in cisgender 
women in Africa was recently unblinded early 
after showing superiority of CAB-LA over 
daily oral TDF–FTC (ClinicalTrials.gov number, 
NCT03164564); the safety and acceptability of 
CAB-LA in adolescents is under evaluation 
(NCT04692077 and NCT04824131). Although 
overall adherence to daily oral TDF–FTC was 
higher than anticipated in the current trial, in-
adequate TDF–FTC adherence among some par-
ticipants appeared to drive the overall finding of 
HIV incidence that was three times the incidence 
in the cabotegravir group18; daily oral TDF–FTC, 
when used as prescribed, has been estimated to 
be more than 99% protective.8

This trial showed that CAB-LA was superior 
to TDF–FTC in preventing HIV acquisition among 
MSM and transgender women who have sex with 

men. The logistics involved in implementation of 
the use of CAB-LA for PrEP will require new 
consideration. CAB-LA is an effective strategy 
for the prevention of HIV infection that will ex-
pand PrEP options.
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