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Evaluation of the durable efficacy and safety of long-acting injectable
therapy for HIV is needed in African populations. In a multicenter,
open-label phase 3b trial, 512 African adults with HIV-1, stable on first-line
oral therapy, with screening plasma viral load (VL) <50 copies ml™and

without past virologic failure were randomized (1:1) to continue oral therapy
or switch to cabotegravir (600 mg) and rilpivirine (900 mg) intramuscular
injections every 8 weeks (optional 4-week oral lead-in). VL was monitored
every 24 weeks. Here the primary outcome for our analysis up to 96 weeks
was VL <50 copies ml™, using the Food and Drug Administration snapshot
algorithm (noninferiority margin 10%) in the intention-to-treat exposed

population. At 96 weeks, 247/255 (97%) in the long-acting group and 250/257
(97%) in the oral therapy group had VL <50 copies ml™ (difference —0.4%; 95%
confidenceinterval -=3.1%to 2.0%), demonstrating noninferiority. Adverse
events of severity grade >3 occurred in 41/255 (16%) in the long-acting group
and in 22/257 (9%) in the oral therapy group, mostly considered unrelated to
the study drug; only one treatment-related adverse event in the long-acting
group led to adecision to discontinue treatment (injection-site abscess).
Cabotegravir and rilpivirine long-acting therapy produced durable virologic

suppression, met the prespecified noninferiority endpoint compared

with oral therapy and demonstrated an acceptable safety and tolerability
profile. Long-acting therapy may be considered for use in African treatment
programs. PACTR registration: 202104874490818.

The World Health Organization (WHO) recommends a first-line
regimen comprising a combination of three drugs taken as daily oral
therapy; tenofovir disoproxil fumarate and lamivudine (nucleoside
reverse-transcriptase inhibitors, NRTIs) and dolutegravir (anintegrase
strand-transfer inhibitor, INSTI)". This regimen demonstrated good viral
suppressionin African trials’and forms the anchor of the WHO public
health approach, inwhichasmallnumber of standardized regimens are
administered with simplified monitoring and clinical management®.

A two-drug regimen of cabotegravir (an integrase inhibitor) and
rilpivirine (anon-NRTI, NNRTI) given by intramuscular injection once
every 4 or 8 weeks, has been shown to maintain viral suppression and
toincrease treatmentsatisfactionin participants switching from stand-
ard therapy in registrational trials done mainly in Europe and North
America*”. Suchlong-acting therapy may also be a valuable alternative
tostandard oral therapy in treatment programs in Africa, but evidence
is currently limited to one trial (this trial), which reported successful
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1,039 individuals were assessed for eligibility

527 excluded

33 HBsAg positive

366 HBsAg negative and anti-HBc positive
128 excluded based on other eligibility criteria

| 512 randomly assigned |

l

l

255 assigned to long-acting therapy group | |

257 assigned to oral therapy group

1died
3 withdrew from follow-up

1died
4 withdrew from follow-up

251 completed 96 weeks of follow-up

l

255 included in intention-to-treat
exposed population

-

31 excluded:

1 died

3 withdrew from follow-up

22 had an injection more than 14
days after the scheduled date*

5 missed more than 7 days of oral
lead in or oral bridging

224 included in the per-protocol population

252 completed 96 weeks of follow-up

l

257 included in intention-to-treat
exposed population

42 excluded:

1 died

4 withdrew from follow-up

37 missed more than 7 days of
treatment at one or more trial visits

215 included in the per-protocol population

Fig.1| CONSORT diagram. HBsAg, hepatitis B surface antigen; anti-HBc, antibody against hepatitis B virus core antigen. *For assessing eligibility for per-protocol
population, the duration of the injection delay excludes days when oral bridging was used, if any. Figure adapted with permission fromref. 8, Elsevier.

outcomes at 48 weeks®. Longer-term follow-up is needed to establish
the durability of this regimen in a setting typical of the public health
approach and in a population with a high proportion of women and
Black participants, extensive prior exposure to NNRTI-containing
regimens, and viral subtypes commonin Africa.

Here, we report the comprehensive 96-week efficacy and safety
findings of long-acting cabotegravir and rilpivirine within a public
health approach.

Results

Participant disposition

Atotal of 1,039 participants were screened for eligibility at 8 sites in
Uganda, Kenya and South Africa commencing 1 September 2021, and
512wereenrolledinto the trialand randomized between 15 September
2021 and 31 August 2022. Eligible participants were required to have
beentakingaregimen of tenofovir, lamivudine (or emtricitabine) and
either dolutegravir, efavirenz or nevirapine, without past history of
virological failure and to have a screening viral load below 50 copies ml™
(Fig.1). All participants took at least one dose of their randomly assigned
study medicationand were included in the intention-to-treat exposed
population. Seven (1%) of 512 withdrew from follow-up, and 2 died
before week 96 (Fig. 1). One protocol deviation was classified as criti-
cal (delayed review of laboratory reportina participant with reduced
hemoglobin of grade 4 severity), and 43 were classified as major (the
majority due to use of an outdated version of the consent form); none
was judged to have affected participant outcomes in the trial.

Baseline characteristics were broadly similar between randomized
groups, with 380 (74%) having prior NNRTI exposure (Table 1). Pro-
viral DNA testing from peripheral blood mononuclear cells yielded
asequence in reverse transcriptase, integrase or both in 433 partici-
pants. Of these, 236 (55%) of 433 had subtype Al virus (none had sub-
type A6 virus); 30 (7%) of 401 with a reverse transcriptase sequence
had archived rilpivirine resistance mutations; 20 (10%) of 202 with an
integrase sequence had archived cabotegravir resistance mutations
(Table1and Extended Data Tables1-3); and 32 0f 401 (8%) had archived
NRTI resistance (Supplementary Table 1). Overall, 108 (21%) had obe-
sity at trial entry (Table 1). Of the 401 with complete data available on
the presence or absence of the three putative baseline risk factors for
subsequent virological failure that have been identified in previous
studies (that is, subtype A1/A6 virus, rilpivirine resistance mutations
and obesity), 221 (55%) had one factor and a further 52 (13%) had more
than one of these factors present (Extended Data Table 4).

Trial outcomes reported below are viral load <50 copies ml™ at
week 96 (the primary outcome for this analysis); confirmed virologi-
cal failure (two consecutive values >200 copies ml™) by week 96; key
secondary outcome); viral load >50 copies ml™, <200 copies ml™and
confirmed virological failure with new genotypic drug resistance muta-
tion by week 96 (secondary outcomes); grade 3 or higher incident
adverse events, serious adverse events, human immunodeficiency
virus (HIV) disease progression events, events leading to discontinu-
ation of treatment and injection-site reactions (safety outcomes);
change frombaseline to week 96 in CD4" cell count, weight, body mass
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Table 1| Baseline characteristics of participants

Characteristic Long-acting Oral therapy Overall
therapy (n=257) (N=512)
(n=255)

Sex, no. (%)

Female 146 (57) 149 (58) 295 (58)
Malet 109 (43) 108 (42) 217 (42)
Median age (IQR), years 43 (36-51) 42 (35-49) 42 (35-51)

Age group, no. (%)
18-34years 52(20) 63 (25) 115 (22)
35-49years 127 (50) 130 (51) 257 (50)
>50vyears 76 (30) 64 (25) 140 (27)
Country of residence, no. (%)
Uganda 121 (47) 123 (48) 244 (48)
Kenya 78 (31) 84 (33) 162 (32)
South Africa 56 (22) 50 (19) 106 (21)
Black race, no. (%) 254 (100) 256 (100) 510 (100)

Median BMI (IQR), kgm™ 25.4(21.5-295)  25.8(22.3-29.0) 25.5(21.9-29.2)

Obesity, no. (%)° 57(22) 51(20) 108 (21)

Median CD4" cell 702 (513-882) 725 (561-898) 707 (536-888)
count (IQR), mm™
HIV-1 viral load 250 5(2) 10 (4) 15(3)
copiesml™, no. (%)"
Viral subtype A1, no. (%)’ 116/218 (53) 120/215 (56) 236/433 (55)
Rilpivirine resistance 14/208 (7) 16/193 (8) 30/401(7)
mutations, no. (%)**
Rilpivirine intermediate/ 4/208 (2) 8/193 (4) 12/401 (3)
high-level resistance,
no. (%)"
Cabotegravir resistance 8/99 (8) 12/103 (12) 20/202 (10)
mutations, no. (%)**
Cabotegravir intermediate/  3/99 (3) 2/103 (2) 5/202 (2)
high-level resistance,
no. (%)"
Median time on first-line 8(4-13) 7 (4-13) 8(4-13)
ART (IQR), years
Previous exposure to 189 (74) 191 (74) 380 (74)
NNRTI, no. (%)
Regimen at trial entry
(screening), no. (%)
Integrase inhibitor- 231(91) 240 (93) 471(92)
containing regimen
NNRTI-containing 24 (9) 17(7) 41(8)

regimen

Date are n (%), n/N (%) or median (IQR). The table presents characteristics for the
intention-to-treat exposed population. IQR denotes interquartile range. Data previously
published in ref. 8; updated with additional viral subtype and resistance results, and with
exclusion of APOBEC context drug resistance mutations occurring on sequences affected
by APOBEC editing. 'Sex was as assigned at birth. Information on gender identity was not
collected. ‘One participant in the long-acting therapy group is white, and one in the oral
therapy group is Asian. *Obesity is defined as BMI 230kgm™2. "Viral load range 52-2,855
copiesml™ at baseline (all had viral load <50 copies ml™ at screening). 'Sequencing
performed on archived viral DNA extracted from peripheral blood mononuclear cells stored
at baseline. Subtype determined by comparison of sequence to the Los Alamos National
Laboratory HIV sequence database; primary determination made from reverse transcriptase
sequence, and integrase sequence where reverse transcriptase not available. No subtype
A6 was identified. **Resistance mutations listed in the 2022 edition of the International
Antiviral Society-USA drug resistance mutations list. Drug resistance mutations listed as
APOBEC-context drug resistance mutations in the Stanford HIV drug resistance database
were disregarded if they occurred on a sequence with at least one signature APOBEC
mutation. Rilpivirine resistance mutations disregarded were E138K and M230I. Cabotegravir
resistance mutations discarded were G118R, E138K, G140R and R263K. "Susceptibility
determined using Stanford risk algorithm.

index (BMI), body composition by dual-energy X-ray absorptiometry
(DEXA), blood pressure, laboratory metabolic and safety parameters,
quality of life, treatment satisfaction; incident obesity, hypertension,
diabetes or hyperlipidemia to week 96; and treatment preference at
week 96 (exploratory outcomes). All of these outcomes are presented
in this Article.

Treatment selection and adherence

Inthose assigned to long-acting therapy, 214 (84%) of 255 participants
chose toswitchto oralrilpivirine and cabotegravir for 4 weeks before
first injection; 25 (10%) had an injection administered more than
14 days after the scheduled date on one or two (at maximum) occasions
(Extended DataFig. 1), all of whom had viral load <50 copies ml™ at week
96;2 (1%) took oral bridging therapy for 8 weeks when planned overseas
travel prevented return to the site; and1(<1%) changed from long-acting
tostandard oral treatment for an adverse event (reported below). In the
oral therapy group, 239 (93%) of 257 participants took tenofovir diso-
proxil fumarate, lamivudine and dolutegravir (Supplementary Table 2);
37 (14%) of 257 missed more than 7 days of treatment at one or more
visits (there were no missed doses at 83% of participant visits); and 7
(3%) changed oral drugs in the regimen (Table 4).

Primary and secondary efficacy outcomes
Intheintention-to-treat exposed population, viralload <50 copies ml™
was found in247 (97%) of 255 participantsin the long-acting therapy
group and 250 (97%) of 257 in the oral therapy group (difference -0.4
percentage points; 95% confidence interval (CI) -3.1t0 2.0), meeting
the prespecified noninferiority criterion (Table 2). Findings were gen-
erally similar across subgroups. In the small subgroup with baseline
rilpivirine resistance mutations, the proportion with viral suppres-
sion <50 copies ml™appeared to be lower in the long-acting therapy
(11 (79%) of 14) versus oral therapy group (15 (94%) of 16; difference
15.2 (95% Cl1-43.2t011.5) percentage points; P= 0.71for heterogene-
ity of treatment response by baseline resistance mutations; Fig. 2).
However, one of the three participants in the long-acting therapy
group and the sole participant in the oral therapy group who were
classified as not having viral suppression were so classified because
they had no viral load measurement at week 96. Both participants
had withdrawn from the trial before week 96 at atime when they both
had viral suppression.

Noninferiority was also demonstrated in sensitivity analyses using
the per-protocol population, aswell asin secondary analyses examining
outcomes of viral nonsuppression (=50 copies ml™) and suppression
(<200 copies ml™) (Table 2).

Virological failure and resistance
Confirmed virological failure (one without a confirmatory viral load
test, but with high-level resistance that would have precluded resup-
pression had a confirmatory test been performed) occurred in 4/255
(2%) participantsin the long-acting therapy group andin no participants
in the oral therapy group (difference 1.6 percentage points; 95% CI
0.4 t0 4.2). This outcome did not meet the prespecified noninferior-
ity criterion (Table 2). There was no difference in the CD4" cell count
change to week 96 between the long-acting and oral therapy groups.
Of the four participants with confirmed virological failure in the
long-acting therapy group, three (participants 1, 2 and 4) had viral
sequences available at time of failure (Table 3). All three had new
resistance mutations to both rilpivirine (predicted to confer low-,
intermediate- and high-level resistance in one participant each) and
cabotegravir (predicted to confer intermediate-level resistance in one
and high-level resistance in two participants). Participant1had poten-
tial low-level, participant 2 high-level and participant 4 low-level pre-
dicted dolutegravir resistance. Following a switch to standard-of-care
treatment (dolutegravir with tenofovir disoproxil fumarate and
lamivudine), participants 1, 3 and 4 achieved viral resuppression to

Nature Medicine | Volume 32 | January 2026 | 168-177

170


http://www.nature.com/naturemedicine

Article

https://doi.org/10.1038/s41591-025-04041-7

Table 2 | Main efficacy outcomes at week 96

Outcome

Long-acting therapy (n=255)

Oral therapy (n=257) Difference (95% CI)*,

percentage points

Noninferiority margin (%)

Primary outcome

HIV-1 viral load level, no. (%)

<50 copiesml™ 247 (97%) 250 (97%) -0.4(-3.1t02.0) -10%
>50 copiesml™ 4 (2%) 2 (1%) 0.8(-0.7t03.2) =
No virological data® 4 (2%) 5(2%) - -
Primary outcome, sensitivity analyses

HIV-1viral load level, no. (%)

<50 copiesml™ (additional adjustment)” 97% 97% -0.4(-3.4t02.5) -
<50 copiesml™ (per protocol) 220/224 (98%) 214/215 (>99%) -1.3(-4.2t0-0.1) -
<50 copiesml™ (complete case) 247/251(98%) 250/252 (99%) -0.8(-3.3t0 0.7) -
Secondary and other efficacy outcomes

HIV-1 viral load <200 copiesml™, no. (%) 249 (98%) 251(98%) -0.01(-2.4t02.4) -
Confirmed virological failure, no. (%)** 4 (2%) 0 1.6(0.4t04.2) 4%
Confirmed virological failure (per protocol), no. (%) 4 (2%) 0 1.6(0.4t04.2) -
Confirmed virological failure with >1 major acquired 3(1%) 0 - -
resistance mutation, no. (%)

CD4' cell count change from baseline, cellsmm™" -7+213 18+228 -25 (-64 t0 13) -

Data are n (%) or n/N (%) unless otherwise specified. All analyses of viral load suppression above or below threshold use the FDA snapshot algorithm and are done in the intention-to-treat
exposed population, except where stated. Analyses of confirmed virological failure are done in the intention-to-treat exposed population unless otherwise stated. Analysis of change in CD4*
cell count uses complete case analysis. The widths of Cls have not been adjusted for multiplicity and cannot be used to infer treatment effects on secondary and other efficacy outcomes.
*Differences are expressed in percentage points (except for change from baseline in CD4 count, where differences are expressed in cells per mm?). Estimates of difference and 95% Cl for
primary and secondary virological outcomes used the Cochran-Mantel-Haenszel-weighted Miettinen and Nurminen method, adjusting for third-drug class (INSTI or NNRTI) at screening;
except for sensitivity analysis (additional adjustment) that used modified Poisson regression with unbiased sandwich estimate of variance; and except for analysis of confirmed virological
failure for which no adjustment for third-drug class was performed. Estimate of difference and 95% CI for CD4 cell count change used Student's -test. Estimated differences are for the
long-acting therapy group minus the oral therapy group. For the primary outcome (viral suppression <50 copies ml™), noninferiority is met if the lower limit of the 95%Cl for the difference

(shown in bold) lies above the prespecified noninferiority margin (criterion met). For the key secondary outcome (confirmed virological failure), noninferiority is met if the upper limit of the 95%
Cl for the difference (shown in bold) lies below the prespecified noninferiority margin (criterion not met). 'In four participants from one site, the week 96 viral load test was delayed deliberately
to coincide with a rescheduled injection visit (test done between weeks 103 and 109); to avoid a selective bias in one arm, these four viral load results were considered to be within the week

96 window period (prespecified as weeks 84 to 102). 'Viral load >50 copiesml™ is specified as a secondary outcome. Three of the viral load values >50 copiesml™ at week 96 in the long-acting
therapy group were values assigned due to earlier treatment switch for virological failure; all others were observed values from a test done during the week 96 window period. Of the nine
participants with no virological data within the window period, seven withdrew before week 96 for reasons other than adverse events and two died. 'Adjusted for third-drug class (INSTI or
NNRTI) at screening, site and sex. “The per-protocol population excludes four participants in the long-acting therapy group and five in the oral therapy group who withdrew from the trial or died
before week 96; 22 in the long-acting group with injection more than 14 days after the target date without oral bridging and a further five who missed more than 7days of oral treatment; and 37
in the oral treatment group who missed more than 7days of treatment at one or more visits. **Confirmed virological failure is defined as two consecutive viral load values >200 copiesml™. One
participant in the long-acting group had a viral load of 44,984 copiesml™ at week 48 that could not be confirmed (participant died 9days after the visit, before viral load test could be repeated,
following an operation for strangulated umbilical hernia). The level of viremia and accompanying resistance profile were considered to have precluded resuppression on long-acting therapy, if
a confirmatory viral load had been performed. "CD4" cell count data were available for 501 participants; missing values were due to withdrawal or death before week 96 (four in the long-acting

group, five in the oral therapy group) and missed sample collection (one in each group).

<50 copies ml™ by week 96; participant 2 died (of an unrelated cause)
before therapy could be switched.

Two participants (2%) of 116 with subtype Al versus two (2%) of
102 with subtype other than Al (subtypes C and D in one participant
each) had virological failurein the long-acting therapy group (1% of 136
and 2% of 119, respectively, estimated in the full population switching
to long-acting therapy). Two participants (14%) of 14 with rilpivirine
resistance mutations on retrospective sequencing of DNA stored at
baseline (predicted to confer low level resistance in both cases) versus
two (1%) of 194 without rilpivirine resistance mutations at baseline had
virological failure in the long-acting therapy group (12% of estimated
17 withand 1% of estimated 238 without rilpivirine mutations in the full
population switchingto long-acting therapy). None of those with obe-
sity at baseline had virological failure in the long-acting therapy group.

Safety

Adverse events of grade 3 or greater severity occurred in 41/255 (16%)
participants in the long-acting therapy group and 22/257 (9%) in the
oral therapy group (difference 7.5%, 95% C11.9% to 13.2%); 5 and 4
events, respectively, were considered related to a study drug (Table 4
and Supplementary Table 3). Serious adverse events occurred in 12
participants in the long-acting therapy and nine in the oral therapy

group; none was considered related to the study drug (Table 4 and
Supplementary Tables 4 and 5). HIV disease progression events
occurredintwo participantsineach group (Table 4). Injection-site reac-
tionswere reported by 197 (77%) participants on long-acting therapy;
mostly painand of grade 1-2 severity (Extended Data Table 5) with only
one (injection-site nodule) that was grade 3; and one (injection-site
sterileabscess) thatled to adecision to discontinue treatment (Table 4).

Exploratory outcomes
CD4 count was stable, with no difference between treatment groups
(Table 2).

Women in the long-acting therapy group had greater increase in
body weight, BMI and higher rate of incident obesity compared with
those in the oral therapy group (Extended Data Tables 6 and 7 and
Supplementary Fig. 1); there were no differences in these outcomes
between treatment groups in men. In the DEXA substudy, women in
the long-acting therapy group had arelative increase in trunk fat mass
(adjusted difference 1.01(0.18t01.84) kg, P= 0.018); as well as arelative
increase in limb fat mass and overall fat mass, all in comparison with
the oral therapy group (Extended Data Table 8). However, this relative
increasein fat was driven by the combination of stable fat mass inwomen
inthelong-acting group in contrast to fatlossin the oral therapy group
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Table 3 | Characteristics of the four participants with virological failure

Participant 1

Participant 2

Participant 3 Participant 4

Injection adherence and virological failure

Time in trial at virological failure, weeks 48 48 72 72

Delayed injections (>7days from target), n (%) O 0 0 0

Viral load, copiesml™ 8608; 1612 44984; no repeat 798; 563 259; 16161
Rilpivirine resistance mutations* V108I, E138K K103N/S, V106V/A, E138A, M230M/L  Test failed E138A
Rilpivirine resistance level' Intermediate High Test failed Low
Cabotegravir resistance mutations* E9Q2E/V, N155H, L74M G118R Test failed Q148R (M501)
Cabotegravir resistance level' Intermediate High Test failed High
Dolutegravir resistance level' Potential low High Test failed Low

NRTI mutations* Nil Nil Nil Nil

Outcome after failure

Viral load resuppressed
onTLD

Died (unrelated cause)

Viral load resuppressed
on TLD

Viral load resuppressed
onTLD

Baseline characteristics and treatment course

Sex Female Male Male Male
BMI, kgm™ 25.9 22.0 22.2 19.9
Duration of prior antiretroviral 24 28 33 12
therapy, months

Prior exposure to NNRTI No No Yes No
Antiretroviral therapy regimen at baseline TLD TLD TLD TLD
Viral subtype’ Al D Al C
Rilpivirine resistance mutations® Nil K103N/S, E138A E138A Nil
Rilpivirine resistance level' Nil Low Low Nil
Cabotegravir resistance mutations® L74M Nil Test failed Nil
Cabotegravir resistance level' Low Nil Test failed Nil

TLD, tenofovir, lamivudine and dolutegravir. *Resistance mutations listed in the 2022 edition of the International Antiviral Society-USA drug resistance mutations list. ‘Susceptibility
determined using Stanford risk algorithm 'Baseline subtype was determined from sequencing of DNA extracted from peripheral blood mononuclear cells. Subtype was identified from reverse
transcriptase sequence and determined by reference to the Los Alamos National Laboratory HIV Sequence Database. “Baseline resistance mutations were determined from sequencing of
DNA extracted from peripheral blood mononuclear cells. Resistance mutations listed in the 2022 edition of the International Antiviral Society-USA drug resistance mutations list. None of the

baseline sequences had APOBEC mutations.

(Extended Data Fig. 2). There were no differences in fat mass between
treatment groups seen in men, or differences in lean mass between
treatment groups (in either sex). Women in the long-acting ther-
apy group were more likely to start new antihypertensive medi-
cation (12% versus 3%), despite no observed difference between
treatment groups in measured blood pressure or incident hyperten-
sion (Supplementary Table 6). They also experienced a greater rise in
total cholesterol and triglycerides, with more frequent cases of incident
increased cholesterol (15% versus 4%) and hyperlipidaemia (18% versus
3%) compared with women in the oral therapy group (Supplementary
Table7).Inmen, the only difference between treatment groups observed
in these hypertension and lipid outcomes was a greater rise in choles-
terolinthoseinthelong-acting therapy group (Supplementary Table 7).
Estimated glomerular filtrationrate increased and alkaline phosphatase
decreased in the long-acting therapy group compared with the oral
therapy group (in both sexes; Supplementary Table 8).

A total of 13 pregnancies occurred during the 96-week study
period: three pregnanciesamongtwowomeninthe long-acting therapy
group (resulting in one healthy live birth, one miscarriage and one
anembryonic pregnancy), and ten pregnancies among nine women
in the oral therapy group (resulting in seven healthy live births, two
miscarriages and one elective abortion).

Person-centered outcome measures

Overall quality of life was high and similar between groups
(Supplementary Tables 9 and 10). Treatment satisfaction score
increased more from baseline to week 96 in the long-acting therapy

group compared with the oral therapy group (adjusted mean
difference 9.6 percentage points; 95% CI 7.5 to 11.8; P < 0.0001;
Supplementary Table 11). Of the 244 participants in the long-acting
therapy group who provided an indication of their treatment prefer-
ence atweek 96,243 (>99%) responded that they preferred long-acting
therapy over oral therapy. The sole participant who responded that
they preferred oral therapy indicated that thiswas driven by adesire to
accessoraltreatment fromalocal clinicto avoid lengthy travel distance.

Discussion

We found that switching from standard oral therapy to 8-weekly injec-
tions of cabotegravir and rilpivirine maintained viral suppression in 97%
of participants at 96 weeks, demonstrating noninferiority to continued
standard oral therapy. This extends our earlier finding of noninferiority
at 48 weeks, providing the necessary evidence of durability required
for thisintervention to be considered for usein HIV program settings.
This trial represents the definitive evaluation of long-acting therapy in
apopulationrepresentative of those receiving treatmentin the public
healthapproachinsub-Saharan Africa, with amajority of participants
being women and with past exposure to NNRTIs; with sparse viral load
monitoring; and with the comparison group taking tenofovir disoproxil
fumarate, lamivudine and dolutegravir, the established standard of care
in this setting (taken by few participants in the earlier registrational
trials)*”’. This demonstration of noninferior virological suppression
in comparison with standard of care is an essential first step towards
establishing suitability of long-acting therapy in the public health
approach. Although the trial did not meet the noninferiority criterion
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Subgroup Lo?ﬁ;ac;?g Oral therapy
No. of participants/total no. (%)

Sex

Female 141/146 (97) 146/149 (98)

Male 106/109 (97) 104/108 (96)
Country

Uganda 118/121 (98) 123/123 (100)

Kenya 77/78 (99) 77/84 (92)

South Africa 52/56 (93) 50/50 (100)
Age

18-34 years 51/52 (98) 61/63 (97)

35-49 years 123/127 (97) 127/130 (98)

>50 years 73/76 (96) 62/64 (97)
CD4 count

<500 cells mm™ 52/55 (95) 47/48 (98)

»500 cells mm™ 195/200 (98) 203/209 (97)
BMI

<30 kg m 190/198 (96) 199/206 (97)

>30 kg m2 57/57 (100) 51/51 (100)

Rilpivirine resistance mutations at baseline

No 189/194 (97) 175/177 (99)

Yes 1/14 (79) 15/16 (94)
Cabotegravir resistance mutations at baseline

No 88/91(97) 90/91 (99)

Yes 8/8 (100) 12/12 (100)
Prior use of any NNRTI

No 61/66 (92) 61/66 (92)

Yes 186/189 (98) 189/191 (99)
Prior use of any INSTI

No 22/22 (100) 11/11 (100)

Yes 225/233 (97) 239/246 (97)

HIV-1 subtype at baseline

Subtype A1 112/116 (97) 116/120 (97)

Other subtypes 98/102 (96) 95/95 (100)
Regimen at trial entry (screening)

INSTI-based regimen 229/237 (97) 231/238 (97)

NNRTI-based regimen 18/18 (100) 19/19 (100)

Fig. 2| Subgroup analysis of viral suppression in the long-acting and oral
therapy groups. Proportion of participants with viral suppression below 50
copies per milliliter at week 96, as classified by the FDA snapshot algorithm,
shown by randomly assigned treatment group and prespecified subgroups.
The point estimate for each subgroup represents the weighted risk difference
between the proportion with viral suppression in each treatment group, and the
error bars represent the 95% Cl for those risk differences. These estimates are
obtained using Cochran-Mantel-Haenszel-weighted Miettinen and Nurminen
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method, without adjustment for third-drug class, including all participants with
dataavailable for that subgroup classification. The widths of the Cls have not
been adjusted for multiple comparisons and cannot be used to infer treatment
effects. The Pvalueis for atwo-sided test of homogeneity using the Cochran—
Mantel-Haenszel method; a Pvalue of less than 0.05 may indicate evidence of
heterogeneity across levels of a stratum, although the threshold has not been
adjusted for multiple testing and cannot be used to infer differences in treatment
effect between subgroups.

for confirmed virological failure, the proportion of participants with
failure at 96 weeks (2%) was low and comparable to the 1% reported in
previoustrials of 4- to 8-weekly long-acting therapy with these agents*”".

Inaddition to assessing performance on these standard virologi-
cal outcomes, there are two additional attributes of any regimen that
areespeciallyimportant to consider in evaluating suitability for usein
the public health approach. First, the regimen should have sufficient
forgiveness to be able to maintain efficacy despite periods of nonad-
herence, inthis caseinjection delays, typical of those that might occur
in program settings. Regimen forgiveness is difficult to evaluate in
aclinical trial that provides additional resources to implement visit
reminders and to reimburse participants for expenses associated with
attending visits. However, although the large majority of injections

were given on schedule, 10% of participants had one to two injections
delayed by more than 14 days from the target date. All these partici-
pants had viral suppression at week 96, providing some confidence that
regimen efficacy may be maintained despite occasionalinjection delays
lasting afew weeks. Forgiveness was not demonstrably worse than that
ofthestandard treatment regimen when exposed to episodes of missed
doses of longer than 7 days, which occurred ina similar proportion of
participants. Ongoingtrials in people with adherence challengesin the
public healthapproach, suchasIMPALA (NCT05546242), may provide
further insight on this issue; and the incidence and impact of longer
delays willneed tobe monitored in large-scaleimplementation studies.

Second, the regimen should have a sufficiently high genetic
barrier to resistance to minimize the risk of jeopardizing available
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Table 4 | Adverse events occurring between baseline
and week 96

Long-acting Oral Difference (95%
therapy therapy CI)*
(n=255) (n=257)

Participants with at least one adverse event grade >3, no. (%)
41(16) 22 (9) 75(1.91013.2)
5(2) 4(2) 0.4(-1.9t027)

Any

Related to study drug’

Participants with at least one serious adverse event, no. (%)

Any 12(5) 9(4) 1.2(-2.2t0 4.6)

Related to study drug 0 -

Participants with at least one HIV disease progression event, no. (%)

Any 2 2 -
Death’ 1 1 -
AIDS-defining event 0 0 -
Serious non-AIDS event’ 1 2 -

Participants with at least one adverse event of any grade, no. (%)

Any 230 (90) 185(72) 18.2(11.6t024.8)
Leading to study drug 2(1) 5(2) -0.8(-2.6to1.1)

discontinuation®

Excluding injection-site 202 (79) 185(72) 7.2(-0.2t014.6)
reactions

Injection-site reactions 197 (77) 0 -

Data are n (%). The table presents the number of participants with at least one adverse

event in each event category. *Differences are expressed in percentage points. Estimates

of difference and 95% Cl used the normal approximation to the binomial method. ‘Grade >3
adverse events considered at least possibly related to study drug were injection-site nodule in
one participant, increased low-density lipoprotein cholesterol in two participants, proteinuria
in one participant and increased blood triglycerides in one participant in the long-acting
group; and decreased estimated glomerular filtration rate (eGFR) in two participants,
increased aspartate aminotransferase in one participant and increased blood glucose in one
participant in the standard oral therapy group. ‘Death was due to postoperative complications
of surgery for strangulated umbilical hernia for the participant in the long-acting group; and
due to encephalopathy associated with parapharyngeal squamous cell carcinoma for the
participant in the oral therapy group. Serious non-AIDS events were lung adenocarcinoma

in one participant in the long-acting group; and parapharyngeal squamous cell carcinoma
(fatal) and prostate adenocarcinoma in one participant each in the oral therapy group.
TAdverse events leading to study drug discontinuation were injection-site sterile abscess and
lung adenocarcinoma each in one participant in the long-acting treatment group (switched to
standard oral treatment); osteoporosis in two participants (one switched tenofovir to abacavir
and the other switched tenofovir to zidovudine), decreased eGFR in one participant (switched
tenofovir to abacavir), increased blood glucose in one participant (switched dolutegravir to
efavirenz) and increased aspartate aminotransferase in one participant (switched dolutegravir
to efavirenz) in the standard oral therapy group. In addition, two participants in the standard
oral therapy group with low eGFR at baseline switched tenofovir to abacavir during follow-up
to prevent further decline in eGFR.

salvage regimens during virological failure. Compared with indi-
vidualized care in resource-rich settings, this risk may be greater
in the public health approach due to later detection of virological
failure with accompanying prolonged resistance selection pressure.
The therapeutic consequences of this risk of resistance selection are
amplified in the public health approach by limited access to resist-
ance testing and by a restricted range of drugs available to construct
salvage regimens. The risk of transmission of drug resistance dur-
ing failure is also an important consideration, although the impact
of mutations on the fitness and transmissibility of viral strains is a
complex consideration and may vary with viral subtype. Our trial
design, with viralload monitoring only every 24 weeks, was designed
to test the regimen under relevant programmatic conditions to bet-
ter quantify the risk accompanying failure in a program setting. Our
finding that all three participants in the long-acting therapy group
who had asequence available at virological failure had mutations pre-
dicted to confer intermediate-to-high-level resistance to cabotegravir

(with accompanying predicted resistance to rilpivirine) is consist-
ent with the high rates of cabotegravir resistance (44-75%) in par-
ticipants with virological failure observed in previous switch trials,
together suggesting that this combination regimen has a relatively
low genetic barrier to resistance®’. We did not observe any episodes
of confirmed virological failure (or dolutegravir resistance) on the
standard oral treatment regimen (tenofovir disoproxil fumarate,
lamivudine and dolutegravir) during the trial, but numerous trials and
extensive programmatic experience in first-line therapy have found
thatdolutegravir resistanceis rare at the time of virological rebound,
indicating that this regimen has a high genetic barrier to resistance”.
Evenwhenthe standard regimenis used in the more challenging situa-
tion of second-line therapy, with resistance mutations present to both
tenofovir and lamivudine, acquired mutations predicted to confer
intermediate to high-level dolutegravir resistance are seen inonly a
minority (around 20%) of those who develop virological failure'?,
stillbelow the level seen with long-acting cabotegravir and rilpivirine.
However, what really matters is the loss of future treatment options—
which, inthe public health approach, canbe defined as development
of intermediate to high-level resistance to either dolutegravir or daru-
navir or both (given that development of tenofovir and lamivudine
resistance does not prevent successful treatment with these two drugs
in combination regimens that include dolutegravir or darunavir)'>. A
similar endpoint has been used previously for evaluating the clini-
callyrelevant risk of resistance associated with confirmed virological
rebound in along-term trial of a switch strategy”. Framed this way, the
finding that,amongthe three participants with confirmed virological
failure and predicted intermediate to high-level cabotegravir resist-
ance, one had potential low-level and one had low-level predicted
resistance to dolutegravir—consistent with preserved dolutegravir
susceptibility seen in previous trials*’—and that they were able to
achieve re-suppression after switching to a standard oral regimen,
suggests that the overall impact on future treatment options (for
example, tenofovir, lamivudine, dolutegravir or darunavir-based
regimens) following failure on cabotegravir and rilpivirine may be
relatively limited. However, given the relatively short follow-up time
inthe trial following switch back to standard treatment, we were not
able to assess the longer-term outcomes in these two participants
(and in one other participant with failure without a sequence per-
formed) who resuppressed on reintroduction of the standard oral
regimen. This will also be animportant aspect to monitor inany future
implementation studies.

Ascreeningalgorithmis usedinresource-rich settings to identify
people with predicted higher risk of virological failure onlong-acting
therapy, in whom switch may be avoided. This algorithm identifies
three factors associated with a higher risk of failure of long-acting
therapy: viral subtype A6/Al (later disaggregated, as explained below),
baseline rilpivirine mutations and baseline obesity, with risks mul-
tiplied when more than one factor is present™. We did not perform
real-time sequencing on archived DNA before switching tolong-acting
therapy, but theretrospective testing allows us to evaluate the potential
value that such a selection step might add in a program setting. Our
finding of absence of association between subtype Al and virologi-
cal failure provides the critical evidence to support a contemporary
reinterpretation of the published prediction model that suggests
riskis specifically associated with subtype A6 (rather than subtype Al
virus); and subtype A6 was not present in our population (consistent
with its known very low prevalence in Africa). Thus, there appears to
be minimal value in baseline sequencing to establish subtype before
switchinthis population. Our observation of a higher rate of virologi-
calfailurein participants with baselinerilpivirine resistance mutations
(estimated risk of 12%, consistent with the published prediction model)
may at first appear to represent a compelling case for sequencing
archived DNA in the public health approach before switch. However,
based on our study population, testing would need to be performed
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inapproximately 127 people to avoid one person developing virologi-
cal failure on long-acting therapy; and for each person with baseline
mutations at genuine risk of virological failure who did not switch to
long-acting therapy, approximately 7 others would be denied, need-
lessly, the opportunity to switchtolong-acting therapy. Furthermore,
there are additional costs and technical challenges associated with
sequencing of archived DNA that have received little attentionin stud-
ies so far but may have important consequences for feasibility and
interpretation, including the requirement for rigorous quality control;
and the exclusion of APOBEC-associated mutations that are unlikely
to be predictive of treatment failure (because the virus with which
they are associated is rendered nonfunctional)’>'. In this analysis,
in which we excluded APOBEC mutations, the prevalence of baseline
rilpivirine resistance in the long-acting group was estimated as 7%,
compared with the earlier estimate of 12% when these APOBEC muta-
tions were retained®. Thus, if the prediction algorithm were applied
in a public health setting without excluding APOBEC mutations, the
number of individuals unnecessarily denied long-acting therapy would
approximately double. Obesity, the third factor inthe published model,
was not associated with an increased risk of virological failure in our
participants. This is despite the fact that longer needles, considered
to increase the likelihood of successful intramuscular injection of
long-acting therapy in those with obesity, were used inconsistently
and in a minority of such participants, due to challenges with access
in the participating countries. Overlap between baseline obesity and
rilpivirine resistance at baseline is uncommon, indicating that the
potential for synergistic interaction toincreaserisk of failure is small.
Takentogether, the lowyield, low positive predictive value, high addi-
tional cost, challenges of performing and interpreting sequencing on
proviral DNA and infrequent overlap with obesity suggests that routine
testing of proviral DNA for resistance mutations would be unfeasible
and unnecessary as a routine selection step to screen people before
starting cabotegravir and rilpivirine long-acting therapy in the pub-
lic health approach in this region. Furthermore, the high efficacy of
long-acting therapy in this trial, in which baseline sequencing was not
performed in real time, provides strong pragmatic evidence that it is
not needed. However, our findings should not be taken to imply lack
of utility of the prediction model in specific cases, in other regions or
outside HIV program settings. The trial enrolled a high proportion of
people with past exposure to NNRTI-containing regimens. Although
those with known history of virological failure were excluded, some (as
in program settings) may have had occult failure before programmatic
switch to the standard tenofovir, lamivudine, dolutegravir regimen
done without viralload testing, or may have chosen not to disclose their
full treatment history. If there were compelling reasons to consider
someone with definite past virological failure on an NNRTI-containing
regimen for long-acting therapy, then a resistance test before switch
might have more value. Similarly, testing of viral resistance and subtype
before switchinregions where subtype A6 virusiscommon would also
seem appropriate.

Long-acting therapy was well tolerated, as in previous trials,
with only one grade 3 injection-site reaction and one adverse event
leading to treatment discontinuation. Our finding that women in the
long-acting therapy group experienced increases in weight and BMI,
along with a higher incidence of new-onset obesity compared with
women in the oral therapy group, is notable. Although substantial
weight gain has been described in trials of dolutegravir given with
nucleoside reverse transcriptase inhibitors in first-line therapy?, weight
gain has been relatively modest in previous trials switching oral to
long-acting therapy, with changes broadly comparable between the
treatment groups*>”". This may be because female participants, in
particular those from sub-Saharan Africa, who seemto be particularly
prone to treatment-related weight gain, were not well represented in
these earlier trials. DEXA measurement of body composition revealed
that the weight gaininwomeninthe long-acting therapy group largely

comprised leantissue. Indeed, lean tissue increased in all trial partici-
pants, in both sexes, which may reflect natural weight gain promoted
by continued use of integrase inhibitors (with little difference between
dolutegravir andits analog, cabotegravir). The minimalincreasein fat
(in trunk and limbs) in women on long-acting therapy together with
the relative fat gain compared with those in the oral therapy group is
explained by adecrease in fat massin participants on oral therapy. This
decrease infat mass may be attributable to continued use of tenofovir,
whichis knownto have weight-suppressive effects that may extend to
selective effects on body fat. This is also consistent with the known
lipid-lowering effects of tenofovir (which would also account for the
marked increaseinblood lipid measurementsin those onlong-acting
therapy stopping tenofovir)'® and with activation of thermogenesis
pathways in adipose tissue by tenofovir, recently demonstrated in a
humanized mouse model of HIV, which may prevent lipogenesis™. It
is possible that weight changes seen in women on long-acting ther-
apy may have other adverse health consequences, and we noted an
increased rate of starting antihypertensive drugs in this group®. An
important safety concern with long-acting therapy is the risk of HBV
reactivation in those with this co-infection. We excluded participants
with hepatitis B surface antigen or antibody against hepatitis B virus
core antigen (anti-HBc). The latter indicates past exposure but not
necessarily active infection, and exclusionis arelatively conservative
approach. Testing for hepatitis B surface antigen with exclusion only
of those who are positive, and vaccination of those who are negative
and not previously vaccinated, may exclude fewer people and enhance
HBV protection.

The mainlimitation of the trial was the lack of blinding, whichwas
not feasible due to the different routes of administration between the
experimental and standard treatments. Open-label administration
was necessary to assess participant acceptability of the intervention.
This is unlikely to have biased the laboratory-based main outcome.
Although participants were approached consecutively for partici-
pation in the DEXA substudy, more participants in the long-acting
therapy than the oral therapy group had baseline scans, possibly
because the more intensive initial visit schedule and contact in the
long-acting therapy group increased opportunities to schedule scans
within the requisite month from randomization. The potential for
selection bias means that the DEXA comparison should be interpreted
asobservational datarather thanasastrict randomized comparison.
These trial findings from sub-Saharan Africaare not necessarily gener-
alizable outside of thisregion, just as earlier studies from resource-rich
settings could not be assumed to be generalizable to sub-Saharan
Africa. However, the similarity of main findings across this and trials
in other settings provide a high level of confidence that this regimen
has global applicability.

This trial provides the essential scientific evidence to support
discussions on the use of long-acting therapy in sub-Saharan Africa.
This intervention has high treatment satisfaction, observed in this
and all previous trials. Ultimately, uptake will depend on availability of
sufficient and sustained funding, on the availability of drugs and on dif-
ficult decisions of whatinterventions to prioritize for the public health
approachinresource-constrained settings. Following the initial results
of this trial, the WHO has recommended long-acting therapy with
cabotegravirandrilpivirine as analternative switching option for adults
and adolescents with undetectable HIV viral load on oral antiretroviral
therapy and without active hepatitis B infection, thereby heralding a
new era of long-acting HIV treatment in the public health approach”
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Methods

Trial design and oversight

This was a prospective, multicenter, randomized, open-label, non-
inferiority, 96-week trial comparing switch to long-acting therapy
versus maintaining daily oral therapy in adult participants with estab-
lished virological suppression on standard oral therapy managed in
sub-Saharan Africa. The trial was anticipated to enroll a high propor-
tion of female participants reflecting the distribution of HIV infection
in sub-Saharan Africa, and an analysis of the primary outcome by sex
(as assigned at birth) was prespecified as a subgroup analysis. The
trial was registered on the Pan African Clinical Trials Registry (PACTR,
registration number 202104874490818, date of registration 16 April
2021). Trial protocol version 1 (22 November 2020) was amended on
11July 2022, 16 June 2023 and 13 December 2023 to add a hepatitis B
baseline serology substudy, asocial science substudy and information
onpost-trialdrugaccess, respectively, with otherwise minor changes
to the protocol text for clarification purposes.

The study design and results of the primary outcome (week 48 viral
load below 50 copies ml™) have been previously reported®. The trial
methods described in this Article are, by necessity, identical to those
reportedinthe earlier report for the first 48 weeks of the trial®. They are
repeatedinsummary here to enable comprehension of the trialand to
comply with standard clinical trial reporting requirements. Additional
detail of the methods canbe foundinthe report of the primary outcome
of the trial® and in the trial protocol (Supplementary Information). The
information on the follow-up assessments performed between week
48 and week 96, the description of the approach to identification and
analysis of APOBEC-context drug resistance mutations in baseline
proviral DNA (not performed in the earlier analysis), and the descrip-
tion of the conduct and analysis of DEXA scans were not presented in
the earlier paper.

Ethical approval

This trial complies with all relevant ethical regulations and was con-
ducted in accordance with the trial protocol and the ethical princi-
ples originating in the Declaration of Helsinki. The trial protocol was
approved by the ethicsbody responsible for each clinical research site
(Joint Clinical Research Centre Research Ethics Committee and the
Uganda National Council for Science and Technology, all in Uganda;
Moi Teaching and Referral Hospital Institutional Scientific and Eth-
ics Review Committee, Aga Khan University Institutional Scientific
and Ethics Review Committee, and Kenya Medical Research Institute
Scientific and Ethics Review Unit, allin Kenya; University of The Witwa-
tersrand Johannesburg Human Research Ethics Committee, and South
African Medical Research Council Human Research Ethics Committee,
allinSouth Africa) and by national regulatory agencies responsible for
reviewing and approving trials in the participating countries. All trial
participants provided written informed consent.

Ethics and inclusion statement

Researchers in participating countries were involved in the study
design, study implementation, data ownership and authorship of
publications. The study was designed to be relevant to programs fol-
lowing the WHO public health approach to antiretroviral therapy in
sub-Saharan Africa, including locally relevant sparse viral load and
safety monitoring. Roles and responsibilities were agreed among
collaborators before starting the trial. The trial was managed by an
institution in Uganda for the purposes of capacity-building, with
external support from an experienced trialist as part of the trial man-
agement team. This research was conducted entirely in sub-Saharan
Africa, in the setting of the researchers. The research did not result
in stigmatization, incrimination, discrimination, or personal risk
to participants, aside from the safety risks associated with antiret-
roviral therapy, which were mitigated through clinical monitoring
and care provided during the trial. No biological materials have been

transferred out of the participating countries, other than for the pur-
pose of protocol-mandated resistance testing that was centralized
in Uganda. Discussion of research findings includes a number of rel-
evant citations of previous antiretroviral therapy trials conducted by
sub-Saharaninvestigators and institutions participating in this trial.

Trial population

Participants were enrolled from those attending for their routine clini-
cal care at the trial site, or by referral from clinics within the surround-
ing areas. Screening and subsequent trial procedures were done only
at the trial site. Eligible participants were at least 18 years of age; had
taken aregimen of tenofovir, lamivudine (or emtricitabine) and either
dolutegravir, efavirenz or nevirapine for at least 6 months continuously
before screening; and had aviralload below 50 copies ml™at screening
and at4-6 monthsbefore screening. Women were eligible if they were
not pregnant (confirmed by negative urine pregnancy tests at screen-
ingand baseline) or lactating; were notintending to become pregnant
during the next year; and were either not of reproductive potential,
or were postmenopausal, or were willing to take effective contracep-
tion before and for 52 weeks following discontinuation of long-acting
therapy. Male participants were eligible if they were willing to wear a
condomduring sexual activity and if they agreed not to donate sperm
forthe purpose of reproduction during the study and for aminimum of
90 days following discontinuation of long-acting therapy. Participants
with asymptomatic chronic hepatitis C virus infection were eligible if
their liver enzyme levels met the entry criteria, they had undergone
appropriate evaluation and they did not have advanced or unstable
liver disease.

Theexclusion criteria were having two consecutive viral load tests
of >50 copies ml™ in the 12 months before screening; history of viro-
logical failure (two consecutive viral load tests >200 copies ml™) atany
time; current participationinanotherintervention trial; active Centers
for Disease Control and Prevention stage 3 disease (except cutaneous
Kaposi’s sarcoma); active tuberculosis co-infection requiring antituber-
culous therapy; severe hepaticimpairment or history of liver cirrhosis
(with or without hepatitis viral co-infection); preexisting physical or
mental condition (including substance abuse disorder and suicide risk)
which theinvestigator considered may interfere with compliance with
the dosing schedule or protocol evaluations or may compromise the
safety of the participant; one or more seizures in the year before study
entry, orunstable or poorly controlled seizure disorder, or assessed by
theinvestigator tobe at highrisk of seizures; tattoo or other dermato-
logical condition overlying the gluteus region; positive test for hepatitis
Bsurface antigen or anti-HBc at screening; ongoing or clinically impor-
tant medical conditions that, in the opinion of the investigator, may
interfere with the absorption, distribution, metabolism or excretion
ofthe study interventions or could affect participant safety; history of
coagulopathies, or current or anticipated need for chronic anticoagula-
tion (apart from low-dose aspirin); known major integrase inhibitor or
NNRTI resistance-associated mutation (except for KIO3N) based on any
historical resistance test result; any grade 4 laboratory abnormality;
estimated creatinine clearance <50 ml min™ per1.73m?viathe CKD-EPI
method; alanine aminotransferase no greater than three times the
upper limit of normal; exposure to experimental drug or experimental
vaccine within either 30 days, 5 half-lives of the test agent or twice the
duration ofthebiological effect of the test agent, whicheveris longer,
before baseline; received treatment with radiation therapy, cytotoxic
chemotherapeutic agents, tuberculosis therapy (with the exception
of isoniazid), anticoagulation agents, immunomodulators (such as
chronic systemic corticosteroids, interleukins or interferons) within
28 days of screening; or treatment with an HIV-1immunotherapeutic
vaccine within 90 days of screening; or treatment with any agent with
documented activity against HIV-1 within 28 days of randomization
(with the exception of antiretroviral therapy drugs used for standard
treatment); treatment with any medication prohibited by the protocol

Nature Medicine


http://www.nature.com/naturemedicine

Article

https://doi.org/10.1038/s41591-025-04041-7

and unwilling or unable to switch to an alternate medication; confirmed
orsuspected coronavirus disease 2019 infection or close contact with
apersonwithknown or suspected coronavirus disease 2019 infection.
Additional definitions related to these criteriaarelisted in the protocol.

Randomization and masking

Participants were randomly assigned (1:1ratio) to switch to long-acting
therapy or to stay on oral therapy. Randomization was conducted using
a web-based system preprogrammed with a computer-generated
list, using random permuted blocks and stratified by the third-drug
class (integrase inhibitor or NNRTI) at screening. Randomization was
performed by the study coordinator at each site, who could access the
next number on the system but not the whole list.

The trial management team did not have access to aggregate
unmasked data except for serious adverse events and pregnancy
reports. The trial statistician had access to unmasked data through
formal requests to the data management group when required for
study analyses. Treatment allocation was not masked to site staff
and participants.

Treatment

Participantsinthelong-acting therapy group had the optionto switch
to 30 mg of cabotegravir and 25 mg of rilpivirine as daily oral therapy
(to allow an assessment of tolerability) or continue their current regi-
men in the first 4 weeks after randomization. At weeks 4 and 8 and
thenevery 8 weeks until week 96 (window of 7 days before or after the
scheduled date), participants were scheduled to receive 600 mg of
cabotegravir and 900 mg of rilpivirine by injection into the gluteus
muscle. Use of longer needles was recommended but not mandated
for participants with obesity. For preplanned occasions where the par-
ticipant could not attend for scheduled injection within the window, a
period of bridging with oral cabotegravir andrilpivirine was permitted.
Participants in the oral therapy group took the WHO-recommended
first-line regimen of 300 mg of tenofovir, 300 mg of lamivudine and
50 mg of dolutegravir as a fixed-dose combination once daily. Other
regimens with dolutegravir or efavirenz in combination with NRTIs
at the standard doses recommended in treatment guidelines were
also permitted.

Assessments and outcomes
Participants in the long-acting therapy group had scheduled trial vis-
its at weeks 4 and 8, then every 8 weeks to week 96, coinciding with
scheduled injections; and those in the oral therapy group at week 12,
then every 12 weeks to week 96. Assessments at each visit included
adherence (oral therapy) assessed by pill count and participantinter-
viewinthe event of discrepancies; injection-site reactions (long-acting
therapy); and adverse events. Body weight, measured on standard
weighing scales, and blood pressure were recorded every 24 weeks.
Standard safety blood tests (full blood count, sodium, potassium,
creatinine, glucose, alanine aminotransferase, bilirubin and alkaline
phosphatase) were done at weeks 4 (long-acting therapy), 12 (oral
therapy), 16 (long-acting therapy) and 24, 48,72 and 96 (both groups).
Plasmalipid profile was done at weeks 48 and 96. Urine pregnancy tests
were done at all visits in women of child-bearing potential. Clinical
and laboratory adverse events were graded using standard criteria*

Viral load was monitored every 24 weeks up to week 96. For
the long-acting therapy group, a viral load result 2200 copies ml™
prompted arepeat test after 4-6 weeks. For the oral treatment group,
a higher threshold of 21,000 copies ml™ was used, with a repeat test
after 10-16 weeks. The higher threshold and longer retest interval
allowed for adherence counseling, in line with WHO guidelines'. CD4
count was measured at weeks 24,48 and 96.

Genotypic resistance testing was performed in real time by
standard RNA testing if the retest viral load remained at or above the
treatment-group-specific threshold (=200 or 21,000 copies ml™); and

alsoattheendofthe trialin allwith viralload >200 copies mI™. Genotypic
resistance testing and determination of viral subtype was also done on
archived proviral DNA extracted from peripheral blood mononuclear
cellsstored atbaselineinall participants. DNA extraction and sequencing
were doneretrospectively inbatches when participants had completed
at least 48 weeks of trial follow-up; results were returned to clinicians
uponrequest at the end of trial follow-up. Viral subtype was determined
by referencetothe Los Alamos National Laboratory Panel. The presence
of drug resistance mutations in proviral DNA was determined by refer-
ence to the IAS-USA 2022 list?. These drug resistance mutations were
then compared against the list of 14 APOBEC-context drug resistance
mutationsinreverse transcriptase or integrase listed in the Stanford HIV
drug resistance database (RT:67N, RT:138K, RT:1841, RT:190E, RT:190S,
RT:230I, IN:118R, IN:138K, IN:140R, IN:140S, IN:163K, IN:163R, IN:232N,
IN:263K) to identify those that had the potential to have arisen from
APOBEC activity**. Where an APOBEC-context drug resistance muta-
tion was identified, the corresponding viral sequence was examined
for evidence of APOBEC activity, indicated by the presence of at least
one of the 154 reverse transcriptase or 95 integrase signature APOBEC
mutations listed in the Stanford database®; or by the presence of at
least one stop codon. APOBEC context drug resistance mutations were
disregarded inthe analysisifthey occurred onasequence withevidence
of APOBEC activity; otherwise they were retained in the analysis. Other
IAS-USA-listed mutations that are not APOBEC-context drug resist-
ance mutations were included in the analysis, irrespective of whether
there was evidence of APOBEC activity in the corresponding viral
sequence. Drug resistance mutations were used to predict phenotypic
susceptibility using the Stanford algorithm, version 9.8%*

Changes intrunk fat mass and other body composition parameters
were assessed by DEXA scans, performed in a subgroup of partici-
pants, enrolled consecutively at four of the eight sites participating
inthe main trial (two in Uganda, one each in Kenya and South Africa).
There were no eligibility criteria for this substudy in addition to those
required for the maintrial. Participation was optional and participants
signed a specific consent form, separate to that of the main trial. The
baseline DEXA scan was required to be performed within30 days of the
baseline trial visit, with follow-up scans at weeks 48 and 96. Inwomen
who became pregnant during the trial, scans were deferred until the
end of pregnancy plus 180 days or omitted if that date fell after week
96. Delays in follow-up DEXA scans were also permitted for logistical
or technical reasons. Follow-up scans were performed on the same
DEXA machine in each country, and all three machines were from the
same manufacturer (Hologic). Scans were analyzed at each scan facility
using standard manufacturer’s software.

Quality of life was assessed with the MOS-HIV questionnaire and
treatment satisfaction with HIV Treatment Satisfaction Question-
naire (HIVTSQ), change version; both evaluated at weeks 48 and 96
(refs. 25,26). At the week 96 visit, participants in the long-acting ther-
apy group were asked whether they preferred daily oral treatment or
long-acting therapy.

Outcomes

Baseline characteristics, including viral subtypes and resistance are
reportedinTable1, Extended Data Tables1-4 and Supplementary Table 1.
Treatmentregimens and adherence are reported in the Resultsand in
Extended Data Fig.2 and Supplementary Table 2.

The primary outcome for the trial was a viral load <50 copies ml™ at
week 48, determined using amodified Food and Drug Administration
(FDA) snapshot algorithm. The modification specified that temporary
regimen changes lasting no more than 31 days, use of oral bridging
cabotegravir and rilpivirine with a subsequent return to injectable
therapy, and within-class changes in the oral therapy group should
notbe considered treatment switches”. The primary outcome at week
48 has been previously reported®. The main outcome for the present
analysis was viralload <50 copies ml™ at week 96, analyzed in the same
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way (reported in Table 2). This outcome of viral suppression was cho-
sen as the primary outcome, in preference to the outcome of viral
nonsuppression (viralload =50 copies ml™) recommended by the FDA
for switch studies, because it aligns more closely with programmatic
goals for HIV treatment and with the trial objective to providerelevant
data on effectiveness of long-acting therapy under conditions of the
public healthapproachin Africa.

The prespecified key secondary outcome was confirmed viro-
logical failure (two consecutive values =200 copies ml™) by week 96
(reported in Table 2). Additional prespecified secondary outcomes
were viral nonsuppression (=50 copies ml™), viral suppression <200
copies ml™and confirmed virological failure with new genotypic drug
resistance mutation by week 96 (reported in Tables 2 and 3).

Safety outcomes comprise incident (from baseline to week
96) grade 3 or higher adverse events (reported in Table 4 and
Supplementary Table 3), serious adverse events (reported in Table 4
and Supplementary Tables 4 and 5); HIV disease progression events
(defined as death from any cause, serious acquired immunodeficiency
syndrome (AIDS)-defining events based on Centers for Disease Control
and Prevention criteria for AIDS*, and serious non-AIDS events based
on criteria from the INSIGHT network®, reported in Table 4); events
leading to discontinuation of treatment between baseline and week 96
(reportedinTable 4); and injection-site reactions (reportedin Table 4
and Extended Data Table 5).

Other prespecified (exploratory) outcomes are change from
baseline to week 96 in CD4" cell count (reported in Table 2); change
inweight (post-hoc) and BMI (reported in Extended Data Tables 6 and
7 and Supplementary Fig. 1); change in body composition by DEXA
(reported in Extended Data Table 8 and Extended Data Fig. 2); change
inblood pressure and incident hypertension (both post-hoc; reported
in Supplementary Table 6); change in selected laboratory metabolic
and safety parameters (reported in Supplementary Tables 7 and 8);
change in quality of life (reported in Supplementary Tables 9 and
10); treatment satisfaction at baseline and week 96 (reported in
Supplementary Table 11); and participant treatment preference
(reported in the text of the results). Outcomes of the hepatitis B base-
line serology and social science substudies willbe reported separately.

Further details regarding the conduct of the trial are provided in
the protocol (Supplementary Information).

Statistical analysis
The statistical analysis and sample size estimation described in this
Article are, by necessity, identical to thosereportedin the earlier report
for the first 48 weeks of the trial®. They are repeated in summary here
to enable comprehension of the trial and to comply with standard
clinical trial reporting requirements. The sample size justification
for the analysis of DEXA scans was not presented in the earlier paper.
The main outcome was analyzed in the intention-to-treat exposed
population (all those who received a dose of assigned intervention).
The between-group difference was estimated using the Cochran-
Mantel-Haenszel-weighted Miettinen and Nurminen method, adjust-
ing for third-drug class (INSTI or NNRTI) at screening. Noninferiority
of long-acting therapy could be concluded if the lower limit of the
two-sided 95% Cl for the difference between groupsin the proportion of
participants with viral load <50 copies ml™ at week 96 was above -10 per-
centage points. Thismarginis consistent with the range (10-12%) used
for judging noninferiority for the outcome of virological suppression
(whether as primary or secondary outcome) in treatment trials donein
the African program setting, and in previous long-acting trials****°~32
Sensitivity analyses were performed using a model adjusting for
site, sexand third-drug class; using a per-protocol population (exclud-
ing those who withdrew; had aninjection more than 14 days from the
scheduled date; or missed oral treatment for more than 7 days at one
or more visits); and with the use of complete cases. The key second-
ary outcome of confirmed virological failure was also analyzed for

noninferiority in the intention-to-treat exposed population, followinga
hierarchical approach conditional on demonstration of noninferiority
onthe primary outcome. For the analysis of this secondary outcome, a
margin of 4% was prespecified for determining noninferiority.

Other outcomes were analyzed following the intention-to-treat
approach but using complete case analysis. Analyses were explora-
tory, with descriptive presentation of data; groups were compared
using t-tests or y>on only alimited number of prespecified parameters.

We estimated the sample size based on consideration of both the
primary and the key secondary outcome at week 48. For the primary
outcome, we assumed that 94% of participants in each group would
have viralload <50 copies ml™ at week 48 (based on previous 8-weekly
long-acting trials);> with 10% noninferiority margin, 5% two-sided sig-
nificance level and 90% power we calculated that 238 participants (119
per group) were required to show noninferiority. For the key second-
ary outcome, we assumed that1.7% would have confirmed virological
failure in both arms (based on previous 8-weekly long-acting trials)*’;
with a hierarchical testing procedure, 4% noninferiority margin, 5%
two-sided significance level and 85% power, we calculated that 512
participants (256 per group) were required to show noninferiority. We
selected the larger of these two sample sizes to give adequate power
for both analyses and to provide a substantive body of safety data
that might give more confidence for adoption of long-acting therapy
in the public health approach. The power to show noninferiority for
the primary outcome with the stated parameters was close to 100%.

For the DEXA substudy, the target sample size was set at a mini-
mum of 120 total participants, enrolled across the four participating
sites. Thiswas estimated to give atleast 90% power to be able to detect
a difference of 1.2 kg between treatment arms in the change in trunk
fat mass from baseline (standard deviation of 2 kg; alpha 5%); based
on body composition data in treatment naive participants starting
HIV treatment in Africa®. Given the limited data on which to base the
sample size estimation, the desire to explore other body composition
outcomes and the uncertain rate of attrition at later follow-up, sites
were allowed to enroll beyond minimum sample size.

Secondary and other analyses are described in the statistical analy-
sis plan (Supplementary Information). All analyses were conducted
using Stata software version 16.1 (StataCorp), except for the estima-
tion of differences in proportions for the efficacy analysis, which was
performed using R version 4.3.3.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

Anonymized individual participant data that underlie the results
reported in this Article (including data dictionaries) and study docu-
ments can be requested for a period of up to 24 months after publi-
cation of this Article. An independent review process of data access
requestsisrequired under thetrialgovernance structure whichformed
thebasis forlocal ethics and regulatory approvals. Requests should be
sentto C.K. (ckityo@jcrc.org.ug) accompanied by an outline proposal
for the intended analysis and a list of variables required. Requests
will be reviewed by and subject to approval of the independent Trial
Steering Committee. A response will be provided to the requesting
party within a maximum of 2 months of receipt of the request. DNA
and RNA sequences will be made available in GenBank upon publica-
tion of the Article, under accession numbers [X -Y] and are available
at www.ncbi.nlm.nih.gov.
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Extended Data Fig. 1| Timing of injections in the long-acting therapy group.
Timing of injections in 255 participants in the long-acting group in relation

to the target date, until the time of withdrawal from the trial (3 participants),
death (1 participant) or switch to standard treatment (for virological failure

in3 participants and adverse events in 2 participants). The target date for all
injections was set at the time of randomisation (4, 8,16, 24, 32,40, 48,56, 64,72,
80, 88, and 96 weeks from randomisation). For one participant who interrupted
all ART at day 7 (due to incarceration) and had the first injection day at day 125
(delay of 97 days), the target date was determined from the time of the first
injection day. For 10 additional participants at one site who had injection delays
of more than 14 days, from the time of each injection delay the target date for
each subsequentinjection was determined from the date of last injection plus
56 days (plus 28 days if the initial injection was delayed); with the target reset
using the same principle at the time of each subsequent injection. There were
29injections that were delayed > 14 days from the target date (occurringin

25 participants; 4 participants had two injections delayed > 14 days, none of
which were consecutive injections). The interval from the target date to each
delayed injection was 15 to 21 days for 20 injections; 22 to 28 days for 7 injections
and >28 days for 2 injections. Oral lead in with cabotegravir and rilpivirine was
extended by 16 daysin 1participant to cover a period of travel before the initial
injection; oral bridging was used to cover periods of travel in 2 participants when
return to the site was not possible (one with cabotegravir and rilpivirine for

28 days and one with dolutegravir and rilpivirine for 19 days); and oral bridging
was used to replace one injection to allow resolution of an injection site abscess
inone participant (cabotegravir and rilpivirine for 56 days). Of the 25 participants
with one or more injections delayed > 14 days from the target date, 22 had viral
loads <50 copies/mlat all measurement time points; three had a single measured
viralload > 50 copies/ml at one timepoint (66,108 and 381 copies/ml) and all had
VL <50 copies/mlat week 96.
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Extended Data Fig. 2| Changes in total fat mass and total lean mass measured by DEXA. Change in fat and lean mass from baseline to week 48 and week 96 in
complete cases. Values shown are mean change within each treatment group, by sex.
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Extended Data Table 1| Subtype profile at baseline

Long-acting therapy Oral therapy Overall
(N=255) (N=257) (N=512)

Total with sequence 218 215 433

Subtype — no./total with sequence (%)

A 119 (55) 125 (58) 245 (57)
Al 104 (48) 106 (49) 210 (48)
A1/C 3(1) 3(1) 6(1)
A1/D 7(3) 7(3) 14(3)
A1/ CRFO1_AE 2(1) 4(2) 6 (1)
A2 1(<1) 4(2) 5(1)
A2/B/D 1(<1) 0 1(<1)
A3 0 1(<1) 1(<1)
A not classified 1(<1) 0 1(<1)

B 0 2(1) 2(<1)

C 53 (24) 38 (18) 91 (21)

c/D 0 2(1) 2(1)

D 43 (20) 46 (21) 89 (21)

D/CRFO1_AE 1(<1) 0 1(<1)

G 1(<1) 2 (1) 3 (<1)

CRF45_cpx /) 1(<1) 0 1(<1)

Baseline subtype was determined from sequencing of DNA extracted from peripheral blood mononuclear cells. Reverse transcriptase and integrase sequences were obtained from 401 and
202 participants respectively. Subtype was identified from reverse transcriptase sequence in 401; and from integrase sequence in 32 participants where a reverse transcriptase sequence was
not available. Subtype was determined by reference to the Los Alamos National Laboratory HIV Sequence Database. Subtype based only on available integrase sequencing found an overall
proportion of subtype A of 57%; and of subtype A1 of 55%. No subtype A6 virus was identified by reverse transcriptase or integrase sequencing. Data previously published in ref. 8; updated

with additional viral subtype from 19 participants and reclassification of subtype in 6 participants.
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Extended Data Table 2 | Resistance profile at baseline: non- nucleoside reverse transcriptase inhibitors

Long-acting Oral Therapy Overall
therapy (N=257) (N=512)
(N=255)
Participants with RT sequence 208 193 401
Mutation to rilpivirine 14 (7) 16 (8) 30 (7)
Mutation to any NNRTI 44 (21) 37 (19) 81 (20)
Rilpivirine mutations
L100I 0 1(1) 1(<1)
K101E 0 2(1) 2(1)
E138A 11 (5) 6 (3) 17 (4)
E138G 1(<1) 2(1) 3(1)
Y181C 2(1) 2(1) 4(1)
Y188L 0 1(1) 1(<1)
H221Y 0 1(1) 1(<1)
M230I 0 2(1) 2 (<1)
Other NNRTI mutations
V90l 6 (3) 0 6(2)
A98G 3(1) 4(2) 7(2)
K103N 18 (9) 13 (7) 31(8)
K103S 2(1) 1(1) 3(1)
V106l 1(<1) 5(3) 6 (1)
V106M 1(<1) 1(1) 1(<1)
V108| 3(1) 0 3(1)
V179D 1(<1) 0 1 (<1)
V179T 9 (4) 4(2) 13 (3)
G190A 1(<1) 3(2) 4(1)
G190E 0 1(1) 1(<1)
G190S 1(<1) 1(1) 2 (<1)
P225H 0 2(1) 2 (<1)
F227L 1(<1) 1(1) 2 (<1)
F227V 0 1(1) 1(<1)

Data are n (%). Percentage is the proportion of sequences that have the specified mutation. NNRTI resistance mutations are those listed in the 2022 edition of the IAS-USA drug resistance
mutations list (L1001, K101EP, E1I38AGKQR, V179L, Y181CIV, Y188L, H221Y, F227C, M230IL for rilpivirine). NNRTI drug- resistance mutations were disregarded if they were APOBEC- context
drug resistance mutations occurring on a sequence considered to be affected by APOBEC editing, indicated by the presence of at least one signature APOBEC mutation (as listed in the
Stanford database). There were 33 sequences in the long-acting therapy group and 30 sequences in the oral therapy group that were considered to be affected by APOBEC editing. The
rilpivirine resistance mutations disregarded for this reason are M230l in 12 participants and E138K in 2 participants (one with M230l) in the long-acting therapy group; and M2301in 12
participants in the oral therapy group. Additional NNRTI resistance mutations disregarded for this reason are G190E in 2 participants in the long-acting therapy group. Table adapted with
permission from ref. 8, Elsevier.
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Extended Data Table 3 | Resistance profile at baseline: integrase strand transfer inhibitors

Long-acting | Oral Overall
therapy Therapy (N=512)
(N=255) (N=257)
Participants with integrase sequence 99 103 202
Mutation to cabotegravir 8 (8) 12 (12) 20(10)
Mutation to any INSTI 9(9) 12 (12) 21 (10)
Cabotegravir mutations
T97A 5(5) 9(9) 14(7)
E138A 1(1) 0 1(<1)
E138K 1(1) 0 1(<1)
G140A 1(1) 0 1(<1)
G140R 1(1) 0 1(<1)
Q148H 0 1(1) 1(<1)
Q148R 1(1) 0 1(<1)
S153F 0 1(1) 1(<1)
$153Y 1(1) 0 1(<1)
R263K 1(1) 1(1) 2(1)
Other INSTI mutations
L74M 0 1(1) 1(<1)
F121Y 1(1) 1(<1)
147G 1(1) 0 1(<1)

Data are n (%). Percentage is the proportion of sequences that have the specified mutation. INSTI resistance mutations are those listed in the 2022 edition of the IAS-USA drug resistance
mutations list. INSTI drug-resistance mutations were disregarded if they were APOBEC-context drug resistance mutations occurring on a sequence considered to be affected by APOBEC
editing, indicated by the presence of at least one signature APOBEC mutation (as listed in the Stanford database). There were 24 sequences in the long-acting therapy group and 32
sequences in the oral therapy group that were considered to be affected by APOBEC editing. The INSTI resistance mutations disregarded for this reason are E138K in one participant, G140R
in 5 participants and R263K in one participant in the long-acting therapy group; and G118R in one participant, E138K in one participant, G140R in three participants in the oral therapy group.
Table adapted with permission from ref. 8, Elsevier.

Nature Medicine


http://www.nature.com/naturemedicine

Article

https://doi.org/10.1038/s41591-025-04041-7

Extended Data Table 4 | Profile of potential risk factors (from other studies) for virological failure at baseline

Long-acting Oral Overall
thera
Py Therapy
(N=255)
(N=257) (N=512)
Participants in whom all three factors assessed 208 193 401
None of the factors present 67 (32) 61(32) 128 (32)
One factor present 113 (54) 108 (56) 221 (55)
Subtype A6 or A1t 81 (39) 81 (42) 162 (40)
RPV RAM(s) ¥ 7(3) 6(3) 13 (3)
Obesity § 25(12) 21(11) 46 (11)
Two factors present 27 (13) 24 (12) 51 (13)
Subtype A1 (or A6) T and RPV RAMs ¥ 6(3) 9(5) 15 (4)
RPV RAMs 1 and obesity § 0 1(1) 1(<1)
Subtype A1 (or A6) T and obesity § 21 (10) 14 (7) 35(9)
All three factors present 1(<1) 0 1(<1)

* Table shows number of participants (and proportion of those assessed) with each potential risk factor or combination of risk factors for virological failure within the 401 participants in
whom all 3 risk factors were assessed. The three risk factors are those identified in multivariable analyses of pooled data from previous trials of long-acting therapy (Orkin et al, Clin Infect

Dis 2023; 77 (10) 1423-1431). RPV RAM(s) denotes rilpivirine resistance associated mutation(s) t In the previously-published model, 90% of the participants categorised as having the higher
risk A6 or A1 subtype had subtype A6 virus, and 10% had subtype A1 virus. In the population of the current trial, all participants under the category of subtype A6 or A1 virus had subtype A1;
there was no subtype A6 virus identified. # Rilpivirine resistance mutations are those listed in the 2022 edition of the IAS-USA drug resistance mutations list (L100I, K101EP, E1I38AGKQR, V179L,
Y181CIV, Y188L, H221Y, F227C, M230IL). RPV drug-resistance mutations listed as APOBEC context DRMs in the Stanford database and that occurred on a sequence considered to be affected
by APOBEC editing were disregarded (not counted as a risk factor; E138K in 2 participants, M230I in 24 participants overall). § Obesity is defined as body mass index (BMI)=30kg/mZ BMI is the

weight in kilograms divided by the square of the height in meters. Table adapted with permission from ref. 8, Elsevier.
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Extended Data Table 5 | Injection site reactions in the long-acting therapy group from baseline to week 96

Participants with reaction Grade 1 Grade 2 Grade 3 Grade 4
Injection site reaction, any -no. (%) 164 (64) 32(13) 1(<1) 0
Injection site reaction leading to withdrawal 0 1(<1) 0 0
Injection site pain 163 (64) 29 (11) 0 0
Injection site nodule 16 (6) 1(<1) 1(<1) 0
Injection site induration 1(<1) 1(<1) 0 0
Injection site swelling 17 (7) 3(1) 0 0
Injection site rash 1(<1) 0 0 0
Injection site pruritus 3(1) 0 0 0
Injection site erythema 3(1) 1(<1) 0 0
Injection site discharge 0 1(<1) 0 0
Injection site abscess 0 2(1) 0 0

*Number of participants with injection site reactions, by maximum grade. Shown is the proportion of participants with reaction of that grade out of the total 255 participants in the
long-acting group.
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Extended Data Table 6 | Weight and body mass index change from baseline to week 96

Event category Long-acting Oral Difference
therapy therapy
(N=249) (N=247) (95% Cl)
Weight and body mass index
Body weight change -kg 1 1.4+4.8 0.1+4.2 1.3 (0.5to0 2.1)
Female 1.9+ 5.0 -0.1+4.3 2.0 (0.9to 3.1)
Male 0.8+4.4 0.3+4.0 0.5 (-0.6 to 1.6)
Body mass index change — kg/m? * 0.5+1.8 0.0+1.4 0.5 (0.2 to 0.8)
Female 0.8+1.9 -0.1+1.7 0.8 (0.4to0 1.2)
Male 0.2+1.5 0.1+1.4 0.1 (-0.2to 0.5)
Incident obesity - no. (%) ¥ 17/192 (9) 7 /196 (4) 5.3 (0.5to0 10.1)
Female 13 /90 (14) 4/102 (4) 10.5 (2.3 to 18.7)
Male 4 /102 (4) 3 /94 (3) 0.7 (-4.4 to 5.9)

* Analysis performed on complete cases; plus-minus values are means+SD. Analysis of body weight change is post-hoc t Body weight change and body mass index (BMI) change from
baseline to week 96 are estimated in the assessable population that excludes 7 female participants (2 long-acting therapy group, 5 oral therapy group) who were pregnant at any time during
the 180 days prior to the week 96 visit; and 9 participants (4 long-acting therapy group, 5 oral therapy group) who withdrew from the trial or died before week 96. P values for body mass
index change are: women 0.0003, men 0.50, overall P=0.0007. * Incident obesity is defined as BMI=30kg/m? at week 96 in the assessable population that excludes 108 participants (57 long
acting-therapy group, 51 oral therapy group) who had BMI230kgs/m? at baseline; 7 female participants who were pregnant at any time during the 180 days prior to the week 96 visit and 9
participants who withdrew from the trial or died before week 96 (assignment to treatment groups as above).
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Extended Data Table 7 | Shift change in body mass index from baseline to week 96

A) Female participants

Week 96 BMI category (kg/m?)
Long-acting therapy Oral therapy
(N=140) (N=141)

Baseline BMI <18.5 18.5 to 25t0<30 | 230 <18.5 18.5to 25t0<30 | 230
category <25 (obese) (obese)
(kg/m?) @
Female
<18.5 1(0.7) | 1(0.7) 0 0 2(1.4) 0 0 0
18.5 to <25 1(0.7) |34(24.3) | 7(5.0) 0 1(0.7) 39(27.7) | 8(5.7) 0
25to0 <30 0 3(2.1) 30(21.4) | 13(9.3) 0 6 (4.3) 42(29.8) | 4(2.8)
>30 (obese) 0 0 4(2.9) 46(32.9) |0 0 6(4.3) 33 (23.4)

B) Male participants

Week 96 BMI category (kg/m?)

Long-acting therapy Oral therapy
(N=109) (N=107)

Baseline BMI <18.5 18.5to 25to<30 | 230 <18.5 18.5to 25to0<30 230
r:;fncz;y <3t (obese) e (obese)
<18.5 4(3.7) 2(0.9) 0 0 5(4.7) 1(0.9) 0 0
18.5 to <25 3(2.8) |56(51.9) | 8(7.4) 0 4(3.8) 45 (42.4) | 8(7.6) 0
25 to <30 0 6 (5.6) 19(17.6) | 4(3.7) 0 5 (4.7) 23(21.7) | 3(2.8)
>=30 (obese) 0 0 0 6(5.6) 0 0 2(1.9) 10 (9.4)

* Tables show the number of participants by BMI category at week 96, by treatment group and by sex; and the proportion of total participants within that treatment group and sex.

The assessable population excludes 7 female participants (2 in long-acting therapy, 5 in oral therapy arm) who were pregnant at any time during the 180 days prior to the week 96 visit;
and 9 participants (4 long-acting therapy group, 5 oral therapy group) who withdrew from the trial or died before week 96. Cells highlighted in yellow indicate shift to higher BMI category;
cells highlighted in blue indicate shift to lower BMI category.
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Extended Data Table 8 | Body composition by DEXA at baseline and change to week 96

Baseline Change from baseline to week 96
Long-acting Oral Long-acting Oral Difference
therapy therapy therapy therapy (95%Cl)
(N=107) (N=84) (N=104) (N=79)
Fat mass
Total fat mass -kg 27.0+£10.9 26.7£12.2 -0.7+4.2 -2.1+3.6 1.4 (0.3 to0 2.6)
Female 32.5%9.5 32.7+11.2 0.2+4.2 -2.5¥3.9 2.7 (1.1to 4.3)
Male 19.9+8.2 18.6+8.3 -1.8+3.9 -1.6+£3.0 -0.2 (-1.8to 1.4)
Trunk fat mass - kg + 11.8+5.3 11.8+5.8 -0.1+2.3 -0.8+1.9 0.7 (0.1to 1.4)
Female 14.0+5.0 143 +53 0.4+23 -0.9+2.2 1.3 (0.5t0 2.2)
Male 9.1+4.3 8.5+4.5 -0.7+£2.2 -0.6+1.6 -0.01 (-0.9to 0.9
Limb fat mass — kg 13.916.0 13.7+6.8 -0.5+2.2 -1.2+2.3 0.7 (0.02to 1.3)
Female 17.3+5.0 17.3+6.3 -0.2+2.3 -1.5+2.7 1.3(0.3t0 2.3)
Male 9.6%4.0 8.9+4.0 -1.1+1.9 -0.9+1.5 -0.2 (-1.0t0 0.6)
Lean mass
Total lean mass — kg 43.3+8.0 42.3+8.2 2.5+3.2 1.8+2.8 0.7 (-0.2 to 1.6)
Female 39.3+6.2 38.1+5.9 2.2+3.1 1.6+3.1 0.5 (-0.7 to 1.8)
Male 48.5+7.2 48.0+7.4 2.9+3.2 1.9+2.4 0.9 (-0.4 to 2.2)
Trunk lean mass - kg 20.4+3.8 19.9+3.7 1.3+1.7 1.0t1.6 0.3 (-0.2t0 0.7)
Female 18.9+3.2 18.1+2.7 1.2+1.7 1.0£1.7 0.2 (-0.5t0 0.9)
Male 22.4+3.6 22.4+3.4 1.5+1.7 1.2+1.4 0.3 (-0.4 to 1.0)
Limb lean mass - kg 19.5%+4.2 19.2+4.4 1.2+1.6 0.8+1.3 0.4 (-0.02 to 0.9)
Female 17.1+2.9 16.9+3.3 1.1+1.7 0.7+1.5 0.4 (-0.3 to 1.0)
Male 22.7%#3.5 22.2+3.9 1.2+1.6 0.8+1.1 0.5(-0.1to0 1.1)

* Analysis of change was done in complete cases. Plus-minus values are means+SD. DEXA scans were performed on the same machine at baseline and week 96. One DEXA machine was used
in each country, all manufactured by Hologic Inc. Scans were analysed at each site using standard manufacturer’s software. DEXA scans were not repeated at week 96 in 3 participants in the
long-acting group (1 had died and 2 withdrew from follow- up before week 96) and 5 participants in the oral therapy group (2 withdrew from follow-up before week 96; 1 declined to have the
scan repeated; 2 were unable to schedule repeat scans). t For trunk fat mass change to week 96, pre-specified as the main DEXA outcome, we used an analysis of covariance (ANCOVA) model
including baseline trunk fat mass, treatment group, sex, age (<50 vs 250 years), baseline ART third-agent class (NNRTI vs INI), and studly site. In this model, the adjusted difference in trunk

fat mass change (change in long-acting minus change in oral therapy group) was 1.01(0.18 to 1.84) kg in women (P=0.018), 0.21 (-0.72 to 1.14) kg in men (P=0.657) and 0.654 (0.03 to 1.27) kg

overall (P=0.038).
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Randomization  This was a randomised controlled trial, with all participants analyses according to the group to which they were randomised (intention to treat
analysis). Randomisation was performed using a Web-based system, as described in the Randomisation and masking section of the methods.

Blinding The trial was open-label meaning that both the participants and the caregivers were aware of the treatment group allocation. The trial
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attended their week 96 trial visit on 3 July 2024.

Qutcomes Outcomes were pre-defined in the protocol and statistical analysis plan. The main efficacy outcomes are based on plasma viral load
that was tested every 24 weeks during the trial: viral load < 50 copies/ml at week 96 (main outcome); confirmed virological failure
(two consecutive values > 200 copies/ml) by week 96 (key secondary outcome). Safety was assessed by reported clinical adverse
events at each visit, supplemented by blood tests for routine safety parameters at protocol-mandated time points. The main safety
outcome was the occurrence of one or more adverse events of at least grade 3 severity.
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