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ABSTRACT

BACKGROUND
Children living with human immunodeficiency virus (HIV) have limited options for
second-line antiretroviral therapy (ART).

METHODS

In this open-label trial with a 2-by-4 factorial design, we randomly assigned children
with HIV who had first-line treatment failure to receive second-line therapy with
tenofovir alafenamide fumarate (TAF)—-emtricitabine or standard care (abacavir or
zidovudine, plus lamivudine) as the backbone and dolutegravir or ritonavir-boosted
darunavir, atazanavir, or lopinavir as the anchor drug. The primary outcome was a
viral load of less than 400 copies per milliliter at 96 weeks. We hypothesized that
TAF—-emtricitabine would be noninferior to standard care, that dolutegravir and
ritonavir-boosted darunavir would each be superior to ritonavir-boosted lopinavir
and atazanavir analyzed in combination, and that ritonavir-boosted atazanavir
would be noninferior to ritonavir-boosted lopinavir. Safety was also assessed.

RESULTS
A total of 919 children underwent randomization; 458 were assigned to receive
TAF-emtricitabine, and 461 to receive standard care. Assigned anchor drugs were
dolutegravir (229 participants), ritonavir-boosted darunavir (232), ritonavir-boosted
atazanavir (231), and ritonavir-boosted lopinavir (227). The median age of partici-
pants was 10 years, and 497 (54.1%) were male. The median viral load at baseline
was 17,573 copies per milliliter. At week 96, TAF—emtricitabine was superior to
standard care: the adjusted difference in the percentage of participants with a viral
load of less than 400 copies per milliliter was 6.3 percentage points (95% confidence
interval [CI], 2.0 to 10.6; P=0.004). Dolutegravir was superior to ritonavir-boosted
lopinavir and atazanavir analyzed in combination (adjusted difference, 9.7 percent-
age points; 95% CI, 4.8 to 14.5; P<0.001), but ritonavir-boosted darunavir was not
(adjusted difference, 5.6 percentage points; 95% CI, 0.3 to 11.0; P=0.04 [prespecified
threshold, P=0.03]). Ritonavir-boosted atazanavir was noninferior to ritonavir-
boosted lopinavir. One child died, and 29 (3.2%) had serious adverse events, with no
significant between-group differences.

CONCLUSIONS
Second-line ART regimens including TAF-emtricitabine and dolutegravir were effec-
tive for children, with no evidence of safety concerns. Ritonavir-boosted darunavir was
also effective. (Funded by the European and Developing Countries Clinical Trials
Partnership and others; CHAPAS-4 ISRCTN Registry number, ISRCTN22964075.)
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LOBALLY, THE NUMBER OF CHILDREN

living with human immunodeficiency

virus (HIV) who are receiving first-line
antiretroviral therapy (ART) is increasing. This
increase in access to ART, coupled with increased
monitoring of HIV viral load, is in turn increasing
the number of children in need of second- or
subsequent-line ART after virologic failure."* Most
children with HIV live in Africa, where until re-
cently first-line nonnucleoside reverse-transcrip-
tase inhibitor (NNRTI)-based regimens were wide-
ly used. After the failure of first-line NNRTI-based
ART, guidelines recommend an anchor drug from
a new class (a ritonavir-boosted protease inhibi-
tor or integrase inhibitor), plus a backbone of two
nucleoside (or nucleotide) reverse-transcriptase
inhibitors (NRTIs). Maximizing effectiveness and
acceptability to patients while minimizing side
effects is particularly important for children in
need of lifelong ART.* Which backbone and an-
chor drugs are safest and most effective for pe-
diatric second-line ART remains unclear.

A tenofovir disoproxil fumarate—based back-
bone is recommended for first- and second-line
ART for adolescents weighing more than 30 kg;
integrase inhibitor-based regimens including
tenofovir have shown robust efficacy as com-
pared with ritonavir-boosted protease inhibitor—
based regimens including zidovudine in trials of
second-line ART regimens in adults.>” Howev-
er, concerns about negative effects on bone and
kidney health and the lack of pediatric formula-
tions limit pediatric use of tenofovir disoproxil
fumarate.®

Tenofovir alafenamide fumarate (TAF), a te-
nofovir prodrug, can be used at lower doses and
has better safety profiles with respect to kidney
and bone health than tenofovir disoproxil fuma-
rate,”!® and a new pediatric fixed-dose combina-
tion of TAF at a dose of 15 mg and emtricitabine
at a dose of 120 mg has been developed, although
it is not currently widely available. There are mini-
mal data on the use of TAF in African children;
early pediatric pharmacokinetic data showed teno-
fovir concentrations equivalent to those consid-
ered to be safe and effective in adults."! Doluteg-
ravir is available in child-friendly formulations.
Ritonavir-boosted protease inhibitors provide
sustained suppression of viral load and a high
barrier to resistance,®” but current formulations
present challenges.’? Lopinavir is the only pedi-
atric protease inhibitor coformulated with a

ritonavir booster, but it requires twice-daily ad-
ministration and is unpalatable; ritonavir-boosted
darunavir and atazanavir can be administered
once daily, but pediatric fixed-dose combina-
tions are unavailable and ritonavir-boosted da-
runavir is relatively costly. To further explore
ART options for children with HIV, the CHAPAS-4
trial compared the efficacy and safety of differ-
ent second-line anchor drugs in combination
with TAF-based or standard-care backbone ther-
apy in African children 3 to 15 years of age.

METHODS

TRIAL DESIGN AND OVERSIGHT

We conducted this open-label, randomized trial
with a 2-by-4 factorial design. The trial was ap-
proved by the Joint Clinical Research Centre re-
search ethics committee in Uganda, the University
of Zambia biomedical research ethics committee
in Zambia, the joint research ethics committee
of the University of Zimbabwe College of Health
Sciences and the Medical Research Council of
Zimbabwe in Zimbabwe, the University of Cape
Town human research ethics committee in
South Africa, and the University College London
research ethics committee in the United King-
dom. University College London was the trial
sponsor (a role that involved oversight of the
trial but no funding), with central management
by the Medical Research Council Clinical Trials
Unit at University College London. Participants
were recruited at six centers in three African
countries: in Uganda, the Joint Clinical Research
Centres in Kampala and Mbarara; in Zambia,
the University Teaching Hospital, Lusaka, and
Arthur Davison Children’s Hospital, Ndola; and
in Zimbabwe, the University of Zimbabwe Clini-
cal Research Center, Harare, and Mpilo Central
Hospital, Bulawayo.

The main funder (the European and Develop-
ing Countries Clinical Trials Partnership) and
pharmaceutical companies that provided addi-
tional funding (Johnson & Johnson and Gilead
Sciences) and drugs (Johnson & Johnson, Gilead
Sciences, ViiV Healthcare, and Cipla) did not
participate in designing or conducting the trial
or analyzing the data. Contributions of individ-
ual authors are listed in the Supplementary Ap-
pendix, available with the full text of this article
at NEJM.org. The authors had the opportunity to
comment on drafts of the manuscript, and all
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agreed to submit the manuscript for publication.
The third and third-to-last authors vouch for the
accuracy and completeness of the data and for
the fidelity of the trial to the protocol, available
at NEJM.org.

PARTICIPANTS

Participants were children with HIV who were
3 to 15 years of age, weighed at least 14 kg, were
receiving first-line NNRTI-based ART, had treat-
ment failure according to World Health Organi-
zation (WHO) criteria (a confirmed viral load of
>1000 copies per milliliter after receiving coun-
seling about adherence to the treatment regi-
men, or immunologic or clinical criteria for
failure), and had a viral load above 400 copies
per milliliter at the screening visit. Postmenar-
chal girls were required to have a pregnancy test
with negative results. Guardians provided writ-
ten informed consent, with additional assent
obtained from children as appropriate accord-
ing to age, knowledge of HIV status, and na-
tional guidelines. Children were excluded if they
had severe hepatic impairment (defined as an
alanine aminotransferase level at least five times
the upper limit of the normal range, an alanine
aminotransferase level at least three times the
upper limit of the normal range and a bilirubin
level at least two times the upper limit of the
normal range, or clinical liver disease). Full de-
tails of the criteria for inclusion and exclusion
are provided in the protocol.

RANDOMIZATION AND PROCEDURES

Participants were randomly assigned to receive
one of two backbone drug combinations —
TAF-emtricitabine or standard care (abacavir—
lamivudine or zidovudine-lamivudine, whichev-
er was not used in first-line ART) — and were
simultaneously randomly assigned to receive one
of four anchor drugs (dolutegravir, ritonavir-
boosted darunavir, ritonavir-boosted atazanavir,
or ritonavir-boosted lopinavir). Drugs that were
not donated to the trial were purchased from
Emcure Pharmaceuticals. Randomization was
stratified according to site and first-line NRTI
(abacavir or zidovudine). A computer-generated
sequential randomization list with variably sized
permuted blocks was prepared by the trial stat-
istician and incorporated securely into an on-
line database. Allocation was concealed until
eligibility was confirmed by local center staff,

who then assigned participants to the treatment
regimens.

Participants were seen at screening; at the
time when the assigned ART regimen was initi-
ated, designated week 0; at 2, 6, and 12 weeks;
and every 12 weeks thereafter until at least week
96 (when the primary outcome was assessed).
Extended follow-up continued until February 2,
2023. Children with tuberculosis at enrollment
or during follow-up underwent regimen modifi-
cation to account for drug interactions with ri-
fampicin. Additional measures ensured partici-
pant follow-up during the coronavirus disease
2019 (Covid-19) pandemic (details are provided
in the Supplementary Appendix).

OUTCOMES
The primary outcome was a viral load of less
than 400 copies per milliliter at 96 weeks; death
before week 96 was considered to be treatment
failure. Secondary efficacy outcomes were viral
loads of less than 60 copies per milliliter (the
lower limit of detection at one site) and less than
1000 copies per milliliter at 96 weeks, death, a
clinical stage 3 or 4 event according to WHO
criteria (stages range from 1 [no symptoms] to 4
[severe symptoms]), changes from baseline in
the CD4 cell count and CD4 cell percentage, and
HIV genotypic drug resistance. Safety outcomes
were grade 3 and 4 adverse events, serious ad-
verse events, adverse events that led to ART
modification, and changes in levels of total
cholesterol, low-density lipoprotein cholesterol,
high-density lipoprotein cholesterol, triglycerides,
bilirubin, and creatinine clearance. Other explor-
atory outcomes included changes in weight-for-
age, height-for-age, and body-mass index (BMI)—
for-age z scores and bone mineral density. An
economic analysis considered costs, which were
estimated from the health-system perspective
and included expenses for ART, clinic visits, and
hospital stays in 2022 U.S. dollars, discounted at
3% per annum (Supplementary Appendix).

STATISTICAL ANALYSIS

For the randomization to different backbone
drug combinations, we calculated that a sample
size of 920 participants would provide the trial
with at least 95% power at a two-sided alpha
level of 0.05 to show that TAF was noninferior
to standard care, with a noninferiority margin of
10 percentage points, under the assumptions that
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80.0 to 87.5% of participants assigned to receive
standard care would have a viral load of less
than 400 copies per milliliter at week 96 and
that 2.5% of participants would be lost to fol-
low-up (an estimate that was reduced from 10%
in the original protocol). For the randomization
to different anchor drugs, we calculated that a
sample size of 920 participants would provide
the trial with 88% power at a two-sided alpha
level of 0.05 to show that ritonavir-boosted
atazanavir was noninferior to ritonavir-boosted
lopinavir, with a noninferiority margin of 12 per-
centage points, under the assumption that 80%
of participants would have a viral load of less
than 400 copies per milliliter at week 96; we
calculated that the trial would have 89% power
at a two-sided alpha level of 0.03 (for multiple
comparisons) to detect a difference of 10 per-
centage points in the percentage of participants
with a viral load of less than 400 copies per mil-
liliter at 96 weeks with dolutegravir and with
ritonavir-boosted darunavir considered individu-
ally as compared with ritonavir-boosted lopina-
vir and ritonavir-boosted atazanavir analyzed in
combination, with a loss to follow-up of 2.5%.
Margins reflect the clinical consensus and are
within the range used in previous trials of sec-
ond-line treatment in adults (Supplementary Ap-
pendix). An independent data monitoring com-
mittee reviewed interim data four times with the
use of the Haybittle—Peto criterion (with a 99.9%
confidence interval).

Analyses were performed according to the
intention-to-treat principle with the use of Stata
software (version 17.0). Primary-outcome analy-
ses were performed with the use of logistic re-
gression (with adjustment for stratification fac-
tors), followed by marginal estimation of risk
differences. For noninferiority comparisons, sec-
ondary per-protocol analyses included all par-
ticipants who received the assigned backbone or
anchor for more than 90% of the follow-up pe-
riod. For analyses of outcome events including
death, WHO clinical stage 3 or 4 events, grade 3
or 4 adverse events, serious adverse events, or
adverse events leading to modification of ART,
groups were compared with the use of Cox re-
gression (unadjusted). Changes in continuous
outcomes were analyzed with the use of normal
generalized estimating equations with adjustment
for the individual visit, stratification factors, and

baseline values (and interactions between these
factors and values and the individual visit), for
an overall analysis of difference between groups
over all visits (independent correlation); mean
differences are reported. The 95% confidence
intervals were not adjusted for multiple tests
(Supplementary Appendix).

RESULTS

PARTICIPANTS

A total of 919 children underwent randomiza-
tion between December 17, 2018, and April 1,
2021 (Fig. 1); 458 were assigned to receive TAF—
emtricitabine as the backbone, and 461 to re-
ceive standard care. In the randomization to
anchor drugs, 227 participants were assigned to
receive ritonavir-boosted lopinavir, 231 to receive
ritonavir-boosted atazanavir, 232 to receive rito-
navir-boosted darunavir, and 229 to receive do-
lutegravir. Baseline characteristics were similar
across groups (Table 1 and Table S3 in the Sup-
plementary Appendix). The median age was 10
years (interquartile range, 8 to 13); 497 partici-
pants (54.1%) were male, and 777 (84.5%) had
WHO clinical stage 1 or 2 infection. Median
weight-for-age, height-for-age, and BMI-for-age
z scores were between —1.0 and —1.6. The me-
dian viral load was 17,573 copies per milliliter
(interquartile range, 5549 to 55,700); the median
CD4 cell count was 669 cells per cubic millime-
ter (interquartile range, 413 to 971), and the
median CD4 cell percentage was 28.0% (inter-
quartile range, 19.2 to 36.0). The median time
on first-line ART was 5.6 years (44.1% of par-
ticipants had received nevirapine, and 55.9% had
received efavirenz). Over a period of 96 weeks,
98.9% of visits were attended. Eleven children
(1.2%; 4 assigned to receive TAF—emtricitabine
and 7 assigned to receive standard care in the
backbone randomization; 4 assigned to receive
ritonavir-boosted lopinavir, 2 assigned to receive
ritonavir-boosted atazanavir, 2 assigned to re-
ceive ritonavir-boosted darunavir, and 3 assigned
to receive dolutegravir in the anchor drug ran-
domization) were lost to follow-up; these par-
ticipants were excluded from efficacy analyses.
A total of 674 participants (73.3%) entered the
extended follow-up period, in which the median
additional follow-up was 60 weeks (interquartile
range, 30 to 75).
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BACKBONE RANDOMIZATION

Among 461 participants assigned to receive stan-
dard care, 217 (47.1%) received abacavir-lamivudine
and 244 (52.9%) received zidovudine—lamivudine.
Participants received the assigned treatment for
99.1% of the time from randomization through
week 96 (99.5% among those assigned to receive
TAF-emtricitabine and 98.8% among those as-
signed to receive standard care), and 5 participants
(0.5%; 2 [0.4%] in the TAF—emtricitabine group
and 3 [0.7%] in the standard-care group) were
switched to third-line ART. During the extended
follow-up, participants received the assigned treat-
ment for 93.5% of the time (95.6% among those
receiving TAF—emtricitabine and 91.4% among
those receiving standard care) (Fig. S1).

At 96 weeks, 406 of 454 participants (89.4%)
assigned to receive TAF—emtricitabine had a vi-
ral load of less than 400 copies per milliliter as
compared with 378 of 454 participants (83.3%)
assigned to receive standard care (adjusted dif-
ference, 6.3 percentage points; 95% confidence
interval [CI], 2.0 to 10.6; P=0.004) (Fig. 2).
Therefore, TAF—emtricitabine was noninferior
(and superior) to standard care according to the
prespecified noninferiority margin of 10 per-
centage points. There was no evidence of hetero-
geneity in the effect of TAF—emtricitabine as
compared with standard care in any of 11 pre-
specified subgroups (Fig. S2), including those
defined according to first-line NRTI, assigned
anchor drug, country, and baseline viral load.
Results of per-protocol analyses were similar;
403 of 449 participants (89.8%) receiving TAF—
emtricitabine had a viral load of less than 400
copies per milliliter, as compared with 370 of
445 participants (83.1%) receiving standard care
(adjusted difference, 6.8 percentage points; 95%
CI, 2.4 to 11.1; P=0.002). Differences between
groups in the suppression of viral load to less
than 60 copies per milliliter and to less than
1000 copies per milliliter were similar, as were
results at weeks 48 and 144 (Table S4).

Over a period of 96 weeks, a total of 176
grade 3 or 4 adverse events occurred in 127 of
919 participants (13.8%): 63 of 458 participants
(13.8%) assigned to receive TAF—emtricitabine
and 64 of 461 (13.9%) assigned to receive stan-
dard care (P=0.93 by Cox regression) (Table 2
and Table S6). These adverse events included 8
infections, all in the standard-care group (4 cases

of malaria, 3 cases of tuberculosis, and 1 case
of herpes zoster). A total of 31 serious adverse
events occurred in 29 participants (3.2%): 15
participants (3.3%) assigned to receive TAF-—
emtricitabine and 14 (3.0%) assigned to receive
standard care (P=0.84) (Table 2 and Table S7);
most were hospitalizations for infection. One
child receiving TAF—emtricitabine plus doluteg-
ravir died from hypotension, toxic shock, and
severe malnutrition; this death was judged by
the investigators to be unrelated to ART. A total
of 41 adverse events of any grade leading to ART
modification occurred in 24 participants (2.6%):
11 (2.4%) assigned to receive TAF—emtricitabine
and 13 (2.8%) assigned to receive standard care
(P=0.68); 33 of these events were related to tu-
berculosis, and modifications to ART were made
as prespecified by the protocol (Table 2).

Over a period of 96 weeks, weight-for-age,
height-for-age, and BMI-for-age z scores increased
more with TAF-emtricitabine than with standard
care; the mean between-group difference, aver-
aged over all visits to week 96, was 0.09 (95% CI,
0.04 to 0.13) for the weight-for-age z score, 0.04
(95% CI, 0.01 to 0.07) for the height-for-age z
score, and 0.10 (95% CI, 0.04 to 0.16) for the BMI-
for-age z score. In the extended follow-up, in-
creases were maintained, and differences be-
tween groups were similar to those at week 96
(Fig. 3 and Fig. S6). At 96 weeks, the mean weight
increase from baseline was 7.0 kg with TAF-
emtricitabine and 6.2 kg with standard care; the
mean height increase was 10.2 cm and 9.8 cm,
respectively. There was a small reduction in mean
creatinine clearance in both groups at week 96,
with greater reduction in the TAF—emtricitabine
group than in the standard-care group (mean
reduction, =16 ml per minute vs. =11 ml per min-
ute), which persisted into the extended follow-up
period (Fig. S4). Phosphate excretion was similar
in the two groups (Fig. S5), and no participant
discontinued TAF owing to kidney dysfunction.

ANCHOR DRUG RANDOMIZATION

At randomization, 910 of 919 participants (99.0%)
began receiving their assigned anchor drug;
8 participants with tuberculosis coinfection who
were assigned to receive ritonavir-boosted ata-
zanavir or ritonavir-boosted darunavir received
ritonavir-boosted lopinavir or dolutegravir instead
because of protocol-specified modifications, and
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1156 Children 3-15 yr of age who had
treatment failure with first-line NNRTI—
based ART were assessed for eligibility

NRTI Backbone

237 Were excluded

and zidovudine

31 Had other reason

197 Had HIV viral load <400 copies/ml
52 Did not have failure of first-line 2 NRTI+NNRTI
11 Were unable to swallow trial drug tablets
10 Had previous treatment failure with abacavir

919 Underwent randomization

'

'

458 Were assigned to receive TAF+FTC
and started treatment at wk 0

461 Were assigned to receive standard
care and started treatment at wk 0

9 Were not receiving TAF+FTC
at wk 96
1 Died
4 Were lost to follow-up owing
to participant moving
4 Had other reason

participant decision
1 Had drug interaction
2 Were receiving TAF+FTC+DTG+
DRV/r (third-line treatment)

3 Changed medication owing to

14 Were not receiving standard

care at wk 96

7 Were lost to follow-up
4 Moved
3 Had social problems

7 Had other reason
3 Started third-line therapy
2 Had hypersensitivity
1 Had anemia
1 Changed medication owing to
participant decision

454 Were included in the efficacy analysis at wk 96
4 Were excluded from efficacy analysis
458 Were included in the safety analysis at wk 96

454 Were included in the efficacy analysis at wk 96
7 Were excluded from efficacy analysis
461 Were included in the safety analysis at wk 96

Anchor Drug ‘

!

!

'

227 Were assigned to receive
and started LPV/r at wk 0

231 Were assigned to receive
ATV/r
226 Started ATV/r at wk 0
5 Did not start ATV/r
at wk 0 owing to having
tuberculosis

11 Were not receiving
LPV/r at wk 96

232 Were assigned to receive
DRV/r

229 Were assigned to receive
and started DTG at wk 0

228 Started DRV/r at wk 0
4 Did not start DRV/r
atwk 0
3 Had tuberculosis
1 Received other drug
owing to error (cor-
rected in wk 2)

7 Were not receiving

4 Were lost to follow-up DTG at wk 96
2 Moved 1 Died
2 Had social problems 3 Were lost to follow-up
7 Had other reason 4 Were not receiving 3 Were not receiving 2 Moved )
2 Changed med- ATV/r at wk 96 DRV/r at wk 96 1 Had social
ication owing to 2 Were lost to follow-up 2 Were lost to follow-up problems
™ clinician decision R owing to participant ™ owing to participant | 3 Had other reason
2 Changed med- moving moving 1 Had psychiatric
ication owing to 2 Started third-line 1 Started third-line disorder
participant decision therapy therapy 1 Changed med-
1 Had drug ication owing
interaction to p.a!'tlupant
2 Started third- decision
line therapy 1 Was pregnant

223 Were included in the efficacy
analysis at wk 96
4 Were excluded from the
efficacy analysis
227 Were included in the safety
analysis at wk 96

229 Were included in the efficacy
analysis at wk 96
2 Were excluded from the
efficacy analysis
231 Were included in the safety
analysis at wk 96

230 Were included in the efficacy
analysis at wk 96
2 Were excluded from the
efficacy analysis
232 Were included in the safety
analysis at wk 96

226 Were included in the efficacy
analysis at wk 96
3 Were excluded from the
efficacy analysis
229 Were included in the safety
analysis at wk 96
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Figure 1 (facing page). Screening, Randomization, and
Follow-up.

Children with multiple reasons for exclusion from the
trial are counted in all applicable categories, so num-
bers given for individual reasons do not add up to the
total number excluded from randomization. Among
other reasons for exclusion were a choice not to partic-
ipate (7 children), failure to return for enrollment with-
in the specified time (4 children), age outside the
specified range of 3 to 15 years (4 children), biochemi-
cal data (3 children), previous treatment failure with
ritonavir-boosted lopinavir (2 children), lack of use of
contraception (1 child), contraindications to the pro-
posed therapy (1 child), coexisting conditions (1
child), and death (1 child). Details of social problems
were not specified. ATV/r denotes ritonavir-boosted
atazanavir, DRV/r ritonavir-boosted darunavir, DTG do-
lutegravir, FTC emtricitabine, LPV/r ritonavir-boosted
lopinavir, NNRTI nonnucleoside reverse-transcriptase
inhibitor, NRTI nucleoside (or nucleotide) reverse-tran-
scriptase inhibitor, and TAF tenofovir alafenamide fu-
marate.

1 participant received a different anchor drug than
the one assigned (ritonavir-boosted atazanavir
instead of ritonavir-boosted darunavir) owing to
an error. Participants received the assigned an-
chor drug for 98.6% of the time from random-
ization through week 96 (99.1% among par-
ticipants assigned to receive dolutegravir, 98.5%
among those assigned to receive ritonavir-boosted
darunavir, 98.6% among those assigned to re-
ceive ritonavir-boosted atazanavir, and 98.4%
among those assigned to receive ritonavir-boosted
lopinavir). Five participants (0.5%; 1 receiving
ritonavir-boosted darunavir, 2 receiving ritonavir-
boosted atazanavir, and 2 receiving ritonavir-
boosted lopinavir) were switched to third-line
ART. During the extended follow-up period, par-
ticipants received the assigned treatment for
86.2% of the time (99.1% among those assigned
to receive dolutegravir, 95.6% among those as-
signed to receive ritonavir-boosted darunavir,
93.7% among those assigned to receive ritonavir-
boosted atazanavir, and 54.9% among those as-
signed to receive ritonavir-boosted lopinavir).
At week 96, a viral load of less than 400 copies
per milliliter was observed in 92.0% of participants
receiving dolutegravir, 88.3% of those receiving
ritonavir-boosted darunavir, 84.3% of those receiv-
ing ritonavir-boosted atazanavir, and 80.7% of
those receiving ritonavir-boosted lopinavir (Fig. 2).
Dolutegravir was superior to ritonavir-boosted
lopinavir and ritonavir-boosted atazanavir ana-

lyzed in combination with respect to the pri-
mary outcome (adjusted difference in the per-
centage of participants with a viral load of <400
copies per milliliter, 9.7 percentage points; 95% CI,
4.8 to 14.5; P<0.001) (Table S5). Ritonavir-boosted
darunavir was not superior to ritonavir-boosted
lopinavir and ritonavir-boosted atazanavir ana-
lyzed in combination, because the comparison
did not meet the prespecified significance level
(adjusted difference, 5.6 percentage points; 95%
CI, 0.3 to 11.0; P=0.04, which is greater than the
prespecified threshold of P=0.03 from multiple
comparisons). Ritonavir-boosted atazanavir was
noninferior to ritonavir-boosted lopinavir (ad-
justed difference, 3.4 percentage points; 95% CI,
—3.4 to 10.2; P=0.33). Results of the per-protocol
analysis were similar (Supplementary Appendix).

For each comparison, there was no evidence
of heterogeneity among 11 prespecified sub-
groups, including those defined according to first-
line NRTI, assigned backbone, country, and base-
line viral load, apart from a marginally greater
difference in the response with dolutegravir as
compared with ritonavir-boosted lopinavir and
ritonavir-boosted atazanavir analyzed in combina-
tion when nevirapine rather than efavirenz was
used as first-line treatment. In a post hoc analysis,
the percentage of participants with viral load
suppression was higher by 4.0 percentage points
(95% CI, —1.3 to 9.4) with dolutegravir than with
ritonavir-boosted darunavir. For each compari-
son, results with respect to viral loads of less than
60 copies per milliliter and less than 1000 copies
per milliliter were similar, as was suppression at
weeks 48 and 144 (Fig. 2).

Over a period of 96 weeks, 127 of 919 par-
ticipants (13.8%) had grade 3 or 4 adverse events
(Table 2), most commonly hyperbilirubinemia,
which, predictably, was associated almost exclu-
sively with ritonavir-boosted atazanavir (Fig. S7).
Fewer children had grade 3 or 4 adverse events
with dolutegravir (5.2%) than with ritonavir-
boosted lopinavir (11.5%) (P=0.02); there was no
evidence of a significant difference in the inci-
dence of grade 3 or 4 adverse events with ritona-
vir-boosted darunavir (8.6%) as compared with
ritonavir-boosted lopinavir (11.5%) (P=0.31). Se-
rious adverse events occurred in 29 participants
(3.2%) — 6 receiving dolutegravir, 8 receiving
ritonavir-boosted darunavir, 5 receiving ritonavir-
boosted atazanavir, and 10 receiving ritonavir-
boosted lopinavir (P>0.1 for all comparisons).

N ENGLJ MED 392;19 NEJM.ORG MAY 15/22, 2025

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.

Downloaded from nejm.org on June 30, 2026.

1923



The NEW ENGLAND JOURNAL of MEDICINE

(0-01£°1-)
0T~

(£9T 03 €'4T) §°ST

(80-01¢Z)
9'1-

(0zyT o1 4'61T)
S0€T

(670-03°Z)
91~
(T€€01507) 65T

(00£sS 01 6¥55)
€451

(09 01 7'61)
08
(16 01 €TY)
699

(z¢) 6T
(ez1) €11
(0°z¢) veT
(925) 8%
(895) zzs
(0°6¢) 85¢

(Tv) 6¢

(e1-8) 0

(Tvs) L6v

(616=N)
14

(0-017°1-)
01~

(89T 01 5¥1) §°ST

(60-0157)
S1-

(57T 019°02T)
0°€€T

(60-0157)
91~

(0vg01€12) 0°LT

(92025 03 Z66¥)
60v'61

(0'9€ 01 0°8T)
0°LT
(168 01 6¥€)
579

(s¢)g
(811) L2
(zee) oL
(s'18) 811

(£°09) 6€1
(£'9¢) 8
(92 9

(e1-8) 1

(5'59) zz1

(6zz=N)
JiAei3ainjoQ

(50-017°T-) (€0-0181-) (€0-01971-)
0'1- 0'1- 80~
(59103 T¥T) #'ST (£9T 03 €%T) §°ST (89T 03 ¥'¥T) §'ST
(80-01¢7) (01-94'2-) (90-01¢2)
9'1- L'T- S1-

(ggyT 01 £°811) (gorto10611)  (0'ZvT 03 T'8T1)
9'1¢1 S'6C1 0°0€T
(60-017°7-) (60-0157-) (80-01¢2-)
= 9'1- &=

(ez€01012) 097 (17€03€°07) TST (F'€£030°07) T'ST

(899'6¥ o €£99)  (009'9S @ 020s)  (ve6'6S 0} ££€9)
$£9'81 8191 8891
(Tzg 3 v°61) (z's€015°02) (09t 01 z'61)
08¢ 0'8C L'3C
(000T ©3 914) (£¥6 01 9p¥) (s€0T 03 Z€¥)
789 $89 769

(€v) o (0¢) ¢ (81) ¥
(91 v (921) 62 (ze o
(082) 59 (0z¢) vL (8'%¢) 6L
(099) 0€1 (yzs) 12t (z0s) 11
(975¢) 621 (08¢) veT (6728) ozt
(r1v) 96 (675¢) €8 (6'1¥) s6

(0¢) £ (T9) v1 (g9) et
(z1-8) 0 (c1-8) 0 (z1-2) o1
(zzs) 121 (859) 621 (625) ozt
(zez=N) (tez=N) (tzz=N)
Jineunseq JINBUBZE}Y Jineurdon

pa1S00g-IIABUOLY  P31SOOG-IIABLUOMY  PIISO0g-IIABLOIY

uoneziwopuey Sniqg oyduy

(€0-018°1-) ('0-019°1-)
60~ 01~
(g9t 03¢¥T) ST (S9T O3 ¥'¥T) ¥'ST
(8°0-01¥°2-) (670- 01 €2-)
91~ S1-

(9 T¥T 01 £°02T) (Szy1 010°81T)
1°0€1 6'0€T
(60— 01 ¥7-) (6'0-014°Z-)
91~ 91~
(8zeor012) 857 (S'€€0372°07) T'92
(55905 03 ¥9.6) (65£'85 03 £T¥6)
S9Z'LT 606°LT
(0°2£ 01 €°02) (4’5 010'61)
€8T S'LT
(286 01 ¥£p) (€96 01 50¥)
€/9 £99
(€7¢) o1 (0¢) ¥1

(601) 0 (£€1) €9

(9°¢€) psT (ro€) ovt
(z'zs) 6€T (6729) vz
(8'95) 09z (8'95) 79z
(£'6€) 081 (9'8¢) 841

(67¢) 81 (o) 12
(e1-8) 0 (e1-2) 01
(9729) T2 (5°55) 95z
(8s¥=N) (T9r=N)
ELAR 91D _u‘_m_u:m“_m

uoljeziwopuey auogyoeg [LYN

b (01

2102s z 93e-104-| NG UBIPIIN

[ (401 1wg ueipaiy

b(401)
24025 z a3e-104-1yS1ay ueIpa|y
w> — (301)
W31y uepapy
b(x01)

91025 z 33e-104-1y31am uelpay
3 — (401) WyB1om ueipay

Jw/sa1dod — (4O1)
PEO| [BJIA UBIPIIN

§(y01
adejuaniad |25 gD ueIpay

Feww/s|jeo — (¥OI)
1UN0d |92 $ @D UBIP3N

14
€
4
T
1(9) rou — a3exs [ea1u1p OHM
K ST-01
Ik 6—§
K p—¢
(96) "ou — uonnquisig
1K — (4O1) ueipay
a8y

(96) "ou — xas ae|y

JisuspeIRYD)

»'oulaseg e sjuedidilied ay3 jo sonsuePeIey) diydeiSowsq pue [ed1ulld *T 9|qeL

N ENGLJ MED 392;19 NEJM.ORG MAY 15/22, 2025

1924

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.

Downloaded from nejm.org on June 30, 2026.



‘s11ow ul Y319y ay3 jo asenbs ayy Aq papiaip swiesdopy ui yiem ays st (jNg) xapul ssew-Apog ||
‘|eus ay3 ur ualp|iyd jo a3uel a3k ||y ay1 JSA0D UYDIYM ‘BIEP DU 066T YSIHAG JO SN Y) Y1IM PaUILLISISP 24aM S3100S Z 3] [p
*(uoneziwopue
Snup Joydue ay3 ul J1Aes32In|0p dAI2D34 0} PauSISSE ¢ PUB UIABUNIEDP PIISOOQ-IIABUOL 3AI9D3S 0} paudISSe ¢ ‘JINBUBZEJR PA}SOOG-IIABUO}L dAI2Da4 0} paudisse § “ineuido| paisooq
-JIABUOJII 9A19D34 0} pauBISSe ¢ ‘UOIIeZILUOPUEI SUOGYDEQ Y} Ul d4BD PIEPUE]S SAI2D34 O} pauSiSse { pue aulqeldLIWa—y | dA193a4 0} paudisse OT) syueddiiied T 4oy Suissiw aie eleq §
*(uoneziwopue
Snup Joydue ay3 ul J1AeISSIN|Op dAID34 0} pauSISSE ¢ pUB UIABUNIEP PIISOOG-JIABUO}LI DAI9DAU O} paudisse 7 ‘JINBUBZEIE P3}SOOQ-IIABLOII dA19D34 0} paudisse G “ineuido| pasooq
-JIABUOM SAI9D34 0] PaUBISSE ¢ ‘UOITeZILUOPUEI SUOGDE] Y] Ul 2JED PIEPUE]S SAI9D3J O] PaUSISSE ¢ pUE SUIGEIDIIIWS—{ | dAI9d31 0} paudisse ) sjuedidined ¢T Joy Suissiw aue ejeq I
*(swoldwiAs a1aAas) ¢ 03 (swoidwiks
ou) T woJj d3ues sa3de1s ‘uoidUI SNUIA Aduaidiapounwiwi uewny jo 3uidels [ediul|d Joj el (OHM) uoneziuediQ YijeaH PO ay3 01 3ulpiodde passasse Sem A1119Aas aseasiq L
*9]EJELUIN SPILUBUSJE|E JIAOJOUD) 4V |
pue ‘4031qIyul 9se3dLdSUBI}-2SI9ARS (SPI303|ONU J0) PISORPNU [1YN ‘403qIyul 9seidLdSUBII-2SIaARL apIsoaPnuUUOU |JYNN ‘98ues ajiuenbiaiul YQ| ‘Adesayy [e41A0I3a413UE SRIOUSP | YV «

SECOND-LINE ART FOR CHILDREN WITH HIV

(6'v2) 622 (001) 622 0 0 0 (sv2) 21t (ys2) £11 Jineadainjog
(zsd) ese 0 (001) 22 0 0 (352) 811 (£%2) ¥11  41AeUNIED P1SOOG-JIABUOILY
(52 1€2 0 0 (0o1) 12 0 (£52) 911 (642) STT J1neuezele pajsoog-iiaeuOIy
(£v2) 12z 0 0 0 (0o1) 222 (sv2) z11 (6¥2) STT  41aeuIdo| pa1SOOG-IIABLOIY
(%) ou
— 3nup soypue paudissy
(8°6%) 85t (68%) 211 (6705) 811 (zos) 911 (¢6v) 11 (001) 8% 0 4Vl
(z05) 19% (T18) 211 (Tep) 11 (86¥) STT (z°08) 11 0 (001) 9% 3led piepuels
(%) "ou — Adesayy
auo@yeq | LYN pausissy
(Tv¥) sov (82¥) 86 (99%) 801 (9%¥) €01 (£'2v) 96 (19) 16T (99) v12 suidesinaN
(6°56) 15 (ze8) et (¥¢s) ver (¥°55) szt (2:28) €T (£85) £9¢ (9€8) vt ZUalInej3
(%) "ou — | LINN aurf-1saig
(z-9v) 621 (z9v) L0T (0°2¥) 601 (¢9v) L0T (29v) 901 (¢9v) T12 (Tev) 112 auipnaopiz
(¢€5) 06¥ (¢€9) et (0°¢9) €21 (£€9) vet (£€9) 12T (27€9) 9vT (625) v¥e Jinedeqy
(96) ou — | LYN dui|-3sa14
(8201¢g) (T'go1g¢) (872 03¢€) (92010€) (52 o1z€) (L20vge) (82037€) K — (401)

E LS 09 ¥'S [ S'S 9'S LV aulj-1sily JO Uolednp UEIpa

1925

NEJM.ORG  MAY 15/22, 2025

Downloaded from nejm.org on June 30, 2026.

N ENGL J MED 392;19
The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.



The NEW ENGLAND JOURNAL of MEDICINE

A Backbone B Anchor Drug
—9— TAF  —@— Abacavir or zidovudine DTG DRV/r —@—ATV/r —@—LPV/r
HIV Viral Load <400 copies/ml HIV Viral Load <400 copies/ml
Main trial Extended follow-up Main trial Extended follow-up
100+ 100
90+ 90+ 3 y —%
30 30- / T Wﬁ’
704 70
60 60
50 Difference at Week 96 50 Difference at Week 96
(95% ClI) (95% ClI)
40+ g 40+ 3
percentage points percentage points
30 6.3 (2.0 to 10.6) 30 ATV/rvs. LPV/r 3.4 (-3.41010.2)
20 20 DTG vs. LPV/ror ATV/r 9.7 (4.8 to 14.5)
10__1 104 DRV/rvs. LPV/ror ATV/r 5.6 (0.3 to 11.0)
0_ T T T T T T T T 0__‘-- T T T T T T T T
06 24 48 72 96 120 144 168 06 24 48 72 96 120 144 168
HIV Viral Load <60 copies/ml HIV Viral Load <60 copies/ml
100 Main trial Extended follow-up 100— Main trial Extended follow-up
90 90+
wn 0
£ 80+ £ 80 ; J/‘ ] = 3
< © p—1 —4 -
S 70 S 70 f == w—q%.
S 60 £ 60
8-6 504 Difference at Week 96 &6 50 Difference at Week 96
8 0- (95% C1) . (ﬁ, (95% Cl)
s percentage points s a» percentage points
g 307 6.3 (1.0to 11.5) g 307 / ATV/rvs. LPV/r 5.4 (-2.5t0 13.2)
g, 20 E 204 [/ DTGvs.LPV/ror ATV/r 10.5 (4.4 to 16.6)
104 104 DRV/rvs. LPV/[ror ATV/r 3.1 (-3.5t09.8)
0- T T T T T T T 0__‘4-. T T T T T T T T
06 24 48 72 96 120 144 168 06 24 48 72 96 120 144 168
HIV Viral Load <1000 copies/ml HIV Viral Load <1000 copies/ml
100+ Main trial Extended follow-up 100- Main trial Extended follow-up
90 90 :%\ y S— \F‘“’
80 80 $ :# ’ [
704 70
60 60
504 Difference at Week 96 50 Difference at Week 96
104 (95% CI) 404 (95% Cl)
percentage points percentage points
30 46 (0.6 10 8.6) 30+ ATV[rvs.LPV[r 2.9 (-3.5t09.3)
20 20 DTG vs. LPV/ror ATV/r 8.5 (4.1t0 13.0)
104 104 J DRV/rvs. LPV/ror ATV[r 4.9 (0.0t09.9)
0 T T T T T T T T 0 T T T T T T T T
06 24 48 72 96 120 144 168 06 24 48 72 96 120 144 168
Week Week

Figure 2. HIV Viral Load According to Assigned Treatment.

Shown are percentages of participants with a human immunodeficiency virus (HIV) viral load of less than 400 copies per milliliter, less
than 60 copies per milliliter, and less than 1000 copies per milliliter over time during the main trial and during the extended follow-up
period according to the assigned backbone (Panel A) or anchor drug (Panel B).

1926

Adverse events of any grade leading to ART modi-
fication occurred in 24 participants (2.6%) — 7
receiving dolutegravir, 5 receiving ritonavir-boosted
darunavir, 5 receiving ritonavir-boosted atazanavir,

and 7 receiving ritonavir-boosted lopinavir — with
no significant between-group differences (P>0.5
for all comparisons).

Weight-for-age and BMI-for-age z scores in-
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creased more with ritonavir-boosted atazanavir,
ritonavir-boosted darunavir, and dolutegravir
than with ritonavir-boosted lopinavir (Fig. 3 and
Table S8). There was no evidence that the effects
of anchor drugs on weight-for-age z scores differed
according to the backbone drug combination.
The CD4 cell count improved in all groups, with no
evidence of differences among groups over a peri-
od of 96 weeks or during the extended follow-up.
Results of additional secondary-outcome analyses
(including comparisons of CD4 cell counts and
percentages [Fig. S8], lipid profiles [Fig. S9], and
bone health [Fig. S10]) are reported in the Sup-
plementary Appendix.

HEALTH ECONOMIC ANALYSIS

Over the 96-week trial period, the mean cost per
patient of treatment with TAF—emtricitabine was
lower than that with standard care (by $37.68), a
finding that indicates a high probability of treat-
ment with TAF-emtricitabine being cost-saving.
Dolutegravir was the least costly anchor drug, sav-
ing $190.77 as compared with ritonavir-boosted
atazanavir; ritonavir-boosted darunavir was the
most expensive (see the Supplementary Appendix).

DISCUSSION

TAF-emtricitabine provided superior virologic sup-
pression as compared with abacavir-lamivudine
or zidovudine-lamivudine. Dolutegravir-based reg-
imens were virologically superior to ritonavir-
boosted lopinavir and ritonavir-boosted atazana-
vir analyzed in combination; ritonavir-boosted
darunavir-based regimens achieved greater viro-
logic suppression than ritonavir-boosted lopina-
vir and ritonavir-boosted atazanavir analyzed in
combination but did not meet criteria for supe-
riority (although the significance of the differ-
ence was close to the threshold adjusted for
multiple comparisons). Ritonavir-boosted lopi-
navir was associated with the poorest virologic
outcomes, growth, lipid profiles, and bone health.
These comparisons between treatment with TAF—
emtricitabine (including a new pediatric formu-
lation with 120 mg of TAF and 15 mg of emtric-
itabine) and standard care and among the four
main second-line anchor drugs currently avail-
able for children provide much-needed robust
evidence to inform future development of drug
formulations and pediatric guidelines.

Among the participants, hospitalization and
disease progression were infrequent, and only

one death (due to advanced disease) occurred
over a period of 96 weeks. These favorable clini-
cal outcomes are in part attributable to relatively
high baseline CD4 cell counts, an observation
that supports the principle of switching to second-
line treatment before evidence of clinically sig-
nificant immune compromise.

The percentage of participants who had viro-
logic suppression at 96 weeks with TAF—emtric-
itabine — 89.4% — is similar to the 93 to 100%
reported in four small, single-group pediatric
studies of TAF.®> More than 85% of participants
in those studies had virologic suppression at
baseline, whereas all children in the present trial
had a baseline viral load of more than 400 copies
per milliliter. Our results are also similar to the
percentages of patients with virologic suppres-
sion (86 to 92%) with tenofovir disoproxil fuma-
rate or TAF in the NADIA (Nucleosides and
Darunavir/Dolutegravir in Africa) and VISEND
second-line trials involving African adults®” and
the percentages with virologic suppression at 96
weeks (84 to 86%) in a pooled analysis of teno-
fovir disoproxil fumarate and TAF in seven trials
of initial treatment in adults.™

Weight-for-age, height-for-age, and BMI-for-age
z scores all increased more with TAF—emtricitabine
than with standard care, a result that suggests
overall better growth, which is potentially a con-
sequence of improved virologic suppression. There
was no evidence of negative effects on bone health
with TAF, which was associated with greater in-
creases in bone mineral density than standard
care as assessed by total-body-less-head dual-
energy x-ray absorptiometry, irrespective of the
anchor drug. These findings, along with the
additional benefits of smaller pill size, once-
daily administration, lower cost, and lower risk
of hypersensitivity, make TAF a valuable second-
line option. Although mean creatinine clearance
decreased slightly more over a period of 96
weeks with TAF-emtricitabine than with stan-
dard care, values remained within normal lim-
its, with no grade 3 or 4 adverse events consid-
ered by the clinician to be associated with the
treatment; no child discontinued medication
owing to kidney impairment, and there was no
evidence of tubulopathy.

The superior virologic suppression with do-
lutegravir as compared with ritonavir-boosted
atazanavir and ritonavir-boosted lopinavir ana-
lyzed in combination extends findings from the
ODYSSEY (Once-Daily Dolutegravir in Young People
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Table 2. Grade 3 and 4 Adverse Events, Serious Adverse Events, and Adverse Events Leading to Modification of ART during 96 Weeks of
Follow-up.*

NRTI Backbone All
Event Randomization Anchor Drug Randomization (N=919)
Ritonavir-  Ritonavir- Ritonavir-
Boosted Boosted Boosted
Standard Care TAF Lopinavir  Atazanavir  Darunavir  Dolutegravir
(N=461) (N=458) (N=227) (N=231) (N=232) (N=229)
Grade 3 or 4 adverse events
Any grade 3 or 4 adverse event
No. of participants (%) 64 (13.9) 63 (13.8) 26 (11.5) 69 (29.9) 20 (3.6) 12 (5.2) 127 (13.8)
No. of events 93 83 36 92 28 20 176
Elevated bilirubin
No. of participants (%) 25 (5.4) 34 (7.4) 1(04) 57 (24.7) 1(0.4) 0 59 (6.4)
No. of events 32 36 1 66 1 0 68
Serious adverse events
Any serious adverse event
No. of participants (%) 14 (3.0) 15(33) 10 (4.4) 5(2.2) 8 (3.4) 6 (2.6) 29 (3.2)
No. of events 14 17 10 6 9 6 31
Deathy
No. of participants (%) 0 1(0.2) 0 0 0 1 (0.4) 1(0.1)
No. of events 0 1 0 0 0 1 1
Any life-threatening event
No. of participants (%) 1(0.2) 1(0.2) 1(0.4) 1(0.4) 0 0 2 (0.2)
No. of events 1 2 1 2 0 0 3
Any event leading to or prolong-
ing hospitalization
No. of participants (%) 13 (2.8) 14 (3.1) 9 (4.0) 5(2.2) 8 (3.4) 5(2.2) 27 (2.9)
No. of events 13 16 9 6 9 5 29
Any important medical condi-
tion emerging during the
trial:
No. of participants (%) 1(0.2) 1(0.2) 2 (0.9) 0 0 0 2(0.2)
No. of events 1 1 2 0 0 0 2
Events leading to ART modifica-
tion
Any event leading to ART
modification
No. of participants (%) 13 (2.8) 11 (2.4) 7(3.1) 5(2.2) 5(2.2) 7(3.1) 24 (2.6)
No. of events 22 19 11 11 9 10 41
Psychiatric disorder
No. of participants (%) 0 1(0.2) 0 0 0 1(0.4) 1(0.1)
No. of events 0 1 0 0 0 1 1
Acute hepatitis
No. of participants (%) 1(0.2) 0 1(0.4) 0 0 0 1(0.1)
No. of events 1 0 1 0 0 0 1
1928 N ENGLJ MED 392;19 NEJM.ORG MAY 15/22, 2025
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Table 2. (Continued.)

NRTI Backbone

Event Randomization Anchor Drug Randomization
Ritonavir-  Ritonavir- Ritonavir-
Boosted Boosted Boosted
Standard Care TAF Lopinavir  Atazanavir ~ Darunavir  Dolutegravir
(N=461) (N=458) (N=227) (N=231) (N=232) (N=229)
Hypersensitivity reaction
No. of participants (%) 2 (0.4) 0 2 (0.9) 0 0 0
No. of events 4 0 4 0 0 0
Tuberculosis
No. of participants (%) 9 (2.0) 9 (2.0) 4(1.8) 5(2.2) 4(17) 5(2.2)
No. of events 16 17 6 11 8 8
Pregnancy
No. of participants (%) 0 1(0.2) 0 0 0 1(0.4)
No. of events 0 1 0 0 0 1
Anemia
No. of participants (%) 1(0.2) 0 0 0 1(0.4) 0
No. of events 1 0 0 0 1 0

All
(N=919)

1(0.1)
1

* Data are shown for events that occurred within 96 weeks after randomization. Events that occurred during the extended follow-up beyond

96 weeks are not included.

7 Causes of death included hypotension, shock, and toxic shock, with severe malnutrition and esophageal, tracheal, bronchial, or pulmonary

candidiasis as secondary causes.

I Important medical conditions included adverse events that were not immediately life-threatening or did not result in death or hospitaliza-
tion but may have jeopardized the participant and may have led to medical intervention to prevent progression to life-threatening status,

hospitalization, or death.

versus Standard Therapy) trial, which showed
superiority of dolutegravir to standard care for
both first- and second-line ART (in the ODYSSEY
trial, second-line standard care was treatment
with ritonavir-boosted lopinavir for 72% of par-
ticipants, ritonavir-boosted atazanavir for 24%,
and ritonavir-boosted darunavir for 1%)."> Our
trial provides additional evidence through di-
rect randomized comparisons of dolutegravir and
ritonavir-boosted darunavir with ritonavir-boosted
atazanavir or ritonavir-boosted lopinavir. Given
the cost-effectiveness of dolutegravir, the small
milligram doses available, and the authorization
for use in children younger than 3 years of age,
these results further support dolutegravir as a
second-line anchor drug of choice in WHO guide-
lines (when it is not used as a first-line drug).?
The WHO also recommends dolutegravir com-
bined with a new NRTI backbone drug combina-
tion selected according to the previously received
first-line backbone for adults in whom NNRTI-
based ART has failed,® a recommendation based
in part on the superiority of dolutegravir to
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ritonavir-boosted lopinavir in DAWNING (Com-
parative Efficacy and Safety Study of Dolutegra-
vir and Lopinavir/Ritonavir in Second-Line Treat-
ment)* and the noninferiority of dolutegravir to
ritonavir-boosted darunavir (with tenofovir diso-
proxil fumarate or zidovudine) in the NADIA
trial.®”

Our trial showed immune reconstitution with
all drugs, particularly during the first 24
weeks after the initiation of second-line ART.
Age-appropriate weight gain was observed with
all anchor drugs except ritonavir-boosted lopina-
vir, which was associated with minimal increas-
es in weight-for-age z scores in a population with
low z scores at randomization (Fig. 3). A system-
atic review and meta-analysis that evaluated
weight gain among adults showed greater weight
gain when dolutegravir was combined with TAF
than when it was combined with other NRTIs,"
but we observed no excessive weight gain with
any backbone—anchor combination, including do-
lutegravir plus TAF—emtricitabine. Excess weight
gain in adults has been associated with advanced
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Figure 3. Changes in Weight-for-Age and Height-for-Age z Scores.

Changes are shown according to the assigned backbone (Panel A) or anchor drug (Panel B).
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immunosuppression at ART initiation, high viral
load, female sex, and Black race and occurs pri-
marily in the first 2 years of therapy.’®* This
phenomenon has been described as “return to
health” — resting energy expenditure returns to
normal as HIV viremia and inflammation are
controlled.” Participants in our trial were either
normal weight or underweight at baseline (Ta-
ble 1), and none had evidence of obesity. Results
may therefore not be generalizable to pediatric
populations with a greater prevalence of over-
weight and obesity. As expected, lipid profiles
were less favorable with ritonavir-boosted lopi-
navir than with other anchor drugs, and hyper-

bilirubinemia was predictably seen with ritonavir-
boosted atazanavir.

Our findings also show that ritonavir-boosted
darunavir and ritonavir-boosted atazanavir are ef-
fective once-daily treatment options and could
be considered if dolutegravir cannot be used in
second-line ART. Previous small studies have
shown ritonavir-boosted atazanavir to be effective
in children, and it may be a preferred second-line
option with fewer side effects than ritonavir-
boosted lopinavir,”® as long as hyperbilirubinemia
is not associated with discontinuation. The use
of ritonavir-boosted lopinavir in children is com-
plicated by the challenges of unpalatability and
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twice-daily dose administration. The additional
data showing poorer growth, abnormal lipid
profiles, and lower virologic suppression with
ritonavir-boosted lopinavir than with other an-
chor drugs in our trial emphasize that ritonavir-
boosted lopinavir may not be a preferred option.

The strengths of our trial include its power to
compare both dolutegravir and ritonavir-boosted
darunavir with ritonavir-boosted atazanavir and
ritonavir-boosted lopinavir while using a facto-
rial design to compare TAF-based backbone
treatment with standard care. The trial was con-
ducted at locations in three African countries,
including three centers outside capital cities,
which increases the generalizability of results
across sub-Saharan Africa, where the majority of
children with HIV live. Although the findings
can inform guidelines on second-line regimens
after NNRTI-based first-line ART, children cur-
rently beginning first-line treatment with doluteg-
ravir will also need effective second-line options.
Our trial does not provide direct evidence to in-
form the choice of backbone—anchor combina-
tions in this situation, which is a limitation of
the trial; however, safety and efficacy could be
inferred (given the lack of evidence of interaction),
and the combinations shown to be efficacious
in this trial will undoubtedly remain important
future options. The relatively high CD4 cell
counts among participants at enrollment may
also limit the generalizability of our results to
severely immunocompromised children.

One factor that may have affected the efficacy
of ritonavir-boosted atazanavir and ritonavir-
boosted darunavir in our trial was the lack of
coformulated tablets, which resulted in a rela-
tively high pill burden (although a small, 25-mg
generic ritonavir pill was used). Overcoming this
barrier through the manufacture of fixed-drug
combinations may further enhance the effective-
ness of ritonavir-boosted protease inhibitors for
children in the future. The open-label design of
the trial may have introduced bias; however, the
primary outcome (viral load) was objective. Ta-
ble S1 provides further review of the representa-
tiveness of the trial population and the general-
izability of results.

The effects of HIV genotypic resistance to
NRTIs at baseline on the risk of virologic failure,
as well as the development of acquired resis-
tance mutations during second-line ART, are
important considerations in the prioritization of

products and formulations. Retrospective analy-
ses of drug resistance in all participants at base-
line and in those with a viral load of more than
400 copies per milliliter at week 48, week 96, or
both are ongoing.

Overall, our results provide data on the effi-
cacy and safety of TAF—emtricitabine and doluteg-
ravir for pediatric second-line ART. If scaled up,
the use of TAF—emtricitabine could also result in
cost savings (Supplementary Appendix). Ritona-
vir-boosted darunavir offers several benefits
over ritonavir-boosted atazanavir (e.g., a higher
barrier to resistance and ongoing development
of fixed-dose combinations) but cannot be used
in children younger than 3 years of age and is
relatively costly, so alternative ritonavir-boosted
protease inhibitor or non-integrase inhibitor
anchor options for young children remain im-
portant.”* Our results support further develop-
ment of child-friendly fixed-dose combinations
of TAF—emtricitabine, with or without anchor
drugs, and the inclusion of such combinations
on the priority list of the WHO Paediatric Drug
Optimization program,? which in turn should
inform future guidelines and prioritization of
the most effective pediatric drugs and formula-
tions for rollout in Africa and around the world.
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