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Abstract
Introduction: Efavirenz (EFV) is commonly used for first-line antiretroviral therapy in children and adolescents with HIV, but
is associated with neuropsychiatric and metabolic side effects. Rilpivirine (RPV) is better tolerated, and switching from EFV to
RPV in virologically suppressed adults has been safe and efficacious, but data in adolescents are limited. Our primary objective
was to describe the 48-week immunologic and virologic outcomes in virologically suppressed adolescents switching from EFV-
to RPV-based antiretroviral therapy. Secondary objectives included assessment of neuropsychiatric adverse events, quality of
life (QOL) and metabolic profiles while on RPV.
Methods: We conducted an open-label, single-arm, multi-centre study in Thailand in virologically suppressed adolescents aged
12–18 years receiving EFV plus two nucleoside/tide reverse transcriptase inhibitors (NRTIs/NtRTI) for ≥3 months. Partici-
pants were switched to an RPV (25 mg) tablet once daily, with the same NRTIs. HIV RNA viral load, CD4 cell count, fast-
ing total cholesterol (TC), triglyceride, glucose, neuropsychiatric adverse events, depression and QOL were assessed over 48
weeks. Data were collected between February 2016 and September 2018.
Results: One hundred and two (52% male) adolescents were enrolled. Median age at entry was 15.5 years (IQR 14.4–17.0),
median CD4 count was 664 cells/mm3 (29.9%); 58% were receiving tenofovir-DF and emtricitabine. At weeks 24 and 48, 96
(94.1%) and 94 (92.2%) participants were virologically suppressed, respectively, with no significant change in CD4 cell counts
from baseline. Six (5.9%) participants experienced virologic failure, two of whom had RPV-associated mutations (K101E and
Y181C) and a lamivudine-associated mutation (M184V/I). There were significant decreases in TC, triglyceride, high-density
lipoprotein (HDL) and low-density lipoprotein (LDL) at weeks 24 and 48 and a significant increase in LDL/HDL ratio at week
48 compared to baseline. No substantial changes in EFV-related symptoms, depression score or health-related QOL were
observed over time; however, there was significant improvement in performance-based assessments of executive function at
week 24.
Conclusions: A high proportion of adolescents (>92%) remained virologically suppressed up to 48 weeks after switching from
EFV to RPV along with no significant change in CD4 cell counts. RPV was well tolerated and associated with improvements
in metabolic profiles and executive function.
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1 INTRODUCT ION

Antiretroviral therapy (ART) has substantially reduced mor-
tality and improved the long-term prognosis for infants and
children living with HIV. Today, the majority of children liv-

ing with HIV are surviving into adolescence [1] and optimizing
therapy, primarily through regimen simplification and limiting
drug-related side effects, which are valuable tools to facilitate
drug adherence during this often-challenging period of child
development.
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Efavirenz (EFV)-based ART has been the cornerstone of
first-line treatments in adults, adolescents and children older
than 3 years in resource-limited settings since 2016 [2]. EFV
has shown good virological efficacy, but has been associated
with neuropsychiatric and metabolic side effects that can lead
to the discontinuation of therapy [3]. Common central ner-
vous system (CNS) side effects associated with EFV treat-
ment include vivid dreams, dizziness, headache and depres-
sion, but in most individuals, these symptoms resolve over
the first few weeks of treatment [4]. However, long-term neu-
ropsychiatric effects can occur, with higher rates of suicidality
(i.e. reported suicidal ideation and attempted/completed sui-
cide) among individuals treated with EFV-based ART [5]. Ele-
vations in total cholesterol (TC) and triglycerides have also
been associated with EFV use [6]. Thus, alternative options to
EFV are needed for those experiencing or at high risk of EFV-
related side effects.

Rilpivirine (RPV) is a second-generation non-nucleoside
reverse transcriptase inhibitor (NNRTI) available in Thailand
for free through the national ART program. The efficacy and
safety of RPV is well established in adults. Among ART-
naive adults with a baseline RNA viral load (VL) <100,000
copies/ml, the virologic efficacy of RPV was non-inferior to
EFV over 48 weeks, and RPV had a more favourable tol-
erability profile, with lower rates of CNS toxicity and lipid
abnormalities compared to EFV [7–9]. Switching from EFV-
to RPV-based ART in virologically suppressed adults was also
found to be safe and efficacious up to 48 weeks, with 93.9%
remaining suppressed and no subjects stopping treatment due
to adverse events [10]. A study in adolescents using adult
doses revealed RPV plasma exposures comparable to adults
along with good short-term safety and antiviral activity [11].
The PAINT study assessed the safety and efficacy of RPV-
based ART in treatment-naïve adolescents, and among those
with a baseline VL ≤100,000 copies/ml, 79% achieved VL <50
copies/ml at week 48. RPV resistance-associated mutations
(RAMs) were detected in five of eight subjects who experi-
enced virologic failure, and adverse events considered possi-
bly related to treatment were mostly somnolence and nausea
but generally mild in this adolescent population [12].

Overall, RPV is a potential alternative to standard EFV-
based ART for adolescents struggling with mild CNS side
effects, or to help reduce the risk of metabolic side effects
associated with long-term EFV use. Our primary objective was
to describe the 48-week immunologic and virologic outcomes
in virologically suppressed adolescents switching from EFV-
to RPV-based ART. Assessment of neuropsychiatric adverse
events, quality of life (QOL) and metabolic profiles while on
RPV were secondary objectives.

2 METHODS

We performed an open-label, single-arm, multi-centre study in
adolescents with HIV aged 12–18 years old. This study was
performed at four sites in Thailand: Siriraj Hospital, Queen
Sirikit National Institute of Child Health, HIV-NAT Chula-
longkorn University and Khon Kaen University. Data were
collected between 10th February 2016 and 19th September
2018.

Prior to screening, caregivers provided written informed
consent and adolescents who knew their HIV status provided
written assent. Adolescents 12–18 years, with a body weight
≥25 kilograms and receiving ART composed of EFV plus
two nucleoside or nucleotide reverse transcriptase inhibitors
[N(t)RTI]) for ≥3 months with virological suppression (HIV
RNA <50 copies/ml within the last 12 months) were screened
for eligibility. We excluded individuals with prior evidence of
NNRTI-associated resistance mutations based on the IAS–
USA HIV drug-resistance mutations list (2019) (V90I, A98G,
L100I, K101E/H/P/Q/R/N, K103N/S, V106A/M/I, V108I,
E138K/A/G/Q/R, V179D/F/L/T, Y181C/I/V, Y188L/C/H,
G190A/S/E,H221Y, P225H, F227L/C/R, M230L/I and L234I)
[13]. However, resistance genotyping was not always obtained
and adolescents who may have failed on a prior NNRTI regi-
men were consequently also excluded if no historical genotype
result was available. In addition, adolescents were excluded
if they were currently receiving an HIV protease inhibitor,
were pregnant, had an alanine aminotransferase (ALT) ≥200
IU/L over the last 12 months, active opportunistic infection(s)
related to immunosuppression, or significant medical prob-
lems in the investigator’s opinion that would compromise
participation, or concomitant treatment with drugs known
to effect the pharmacokinetics of RPV (i.e. carbamazepine,
phenobarbital, phenytoin, rifampicin, rifabutin, omeprazole,
esomeprazole, lansoprazole, erythromycin, clarithromycin,
azithromycin and roxithromycin).

At the study entry visit, EFV-based ART was discontin-
ued and switched to RPV-based ART. Study participants were
advised to take a single RPV 25 mg tablet once daily with
a substantial meal to increase drug absorption. This food
requirement was emphasized at each study visit. The choice
of the NRTIs/NtRTI backbone was according to the stan-
dard of care in Thailand and inclusive of drugs and for-
mulations provided for free through the national ART pro-
gram. Study participants were also advised to report any
adverse events (e.g. rash, insomnia, headache, etc.) that devel-
oped after switching to RPV. Due to the extended inductive
effect of EFV on CYP3A4, there were initial questions around
the potential for reduced RPV exposures immediately after
switching from EFV; thus, at the start of this study, a phar-
macokinetic sub-study was performed in 20 participants. We
have previously reported that RPV exposures were adequate
in this sub-cohort immediately after switching from EFV and
study-related dosing was not altered [14]. The planned dura-
tion of follow-up for each study participant was 48 weeks.
HIV-1 RNA VL was performed at entry, weeks 12, 24 and
48. Complete blood count, CD4 cell counts and percentage,
ALT and creatinine were assessed at baseline, weeks 4, 24
and 48. Fasting TC, low-density lipoprotein (LDL), high-density
lipoprotein (HDL), triglyceride and glucose were tested at
baseline, weeks 24 and 48. These laboratory tests were col-
lected to monitor the safety of RPV. If a participant’s VL
was found to be >50 copies/ml, the VL test was repeated
within 4–8 weeks and adherence counselling provided. Viro-
logic failure was defined as a confirmed VL >50 copies/ml
during the 48-week follow-up. If a VL >1000 copies/ml was
reported, an HIV genotypic-resistance test (GRT) was also
performed. Resistance results were interpreted using the
2019 edition of the IAS–USA HIV drug-resistance mutations
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Figure 1. CONSORT diagram of switching efavirenz to rilpivirine in virologically suppressed adolescents with HIV: a multi-centre 48-
week efficacy and safety study in Thailand. Abbreviations: HIV-NAT, The HIV Netherlands Australia Thailand Research Collaboration;
QSNICH, Queen Sirikit National Institute of Child Health.

list [13]. Modification of ART due to either drug resistance
and/or safety considerations was at the discretion of the site
investigators. Executive function and global cognition were
evaluated by standard tests, including the non-verbal part of
the Standard Progressive Matrices (SPM), digit symbol cod-
ing sub-test of the Wechsler Intelligence Scale for Children-
Third Edition (WISC-III), Trail Making Test (TMT) part A and
part B, and the Wisconsin Card Sorting Test (WCST) at
baseline and week 24. Depression, QOL and EFV-related
symptoms were assessed at baseline, weeks 4 and 24 by
the Center for Epidemiologic Studies-Depression Scale (CES-
D), PedsQLTM 4.0 [15,16] and a self-reported questionnaire,
respectively.

This study was approved by the Institutional Review Board
(IRB) of the Faculty of Medicine Siriraj Hospital, Mahidol Uni-
versity, Queen Sirikit National Institute of Child Health Chula-
longkorn University and Khon Kaen University.

The primary objective was to describe the 48-week viro-
logic and immunologic outcomes in virologically suppressed
adolescents switching from EFV- to RPV-based ART. Under
the assumption that all study participants were virologically
suppressed at the time of treatment switch, and that 10%
would experience virological failure over 48 weeks [17], a
sample size of 100 subjects would provide 90% power to
detect a change of 10% from baseline based on McNemar’s
test of paired proportions for a single group of subjects (two-
sided, alpha of 0.05). The primary endpoints were the propor-
tion of study participants with VL <50 copies/ml and change
of CD4 cell count from baseline at 48 weeks. Analysis for
virologic suppression was intention-to-treat, with study losses

to follow-up or deaths imputed as failures. Both primary end-
points were analysed using the Wilcoxon signed-rank test. The
secondary endpoints of change in TC, LDL, HDL, triglyceride,
LDL/HDL ratio, TC/HDL ratio and glucose were compared
between baseline and week 24, and baseline and week 48. In
addition, depression, QOL and EFV-related symptom scores
were compared between baseline and week 4, and baseline
and week 24. Each of these comparisons were tested using a
Wilcoxon signed-rank test. Changes in executive function and
global cognition were compared between baseline and week
24 by a McNemar test. Participant data were collected from
source documents onto Case Record Forms, and transferred
to an electronic data capture program. All analyses were per-
formed using STATA, version 11.2 (StataCorp, College Station,
TX, USA).

3 RESULTS

A total of 105 adolescents were screened and 102 (52%
male) were enrolled (Figure 1). The three adolescents who
did not enrol had a VL >50 copies/ml at screening. All study
participants were receiving first-line EFV-based ART at enrol-
ment. Baseline demographic data of study participants are
shown in Table 1. The median age at enrolment was 15.5
years [interquartile range (IQR) 14.4–17.0] with a median
CD4 count of 664 cells/mm3 (IQR 553–862) (29.9%). Twenty-
seven (26.5%) participants were receiving a single-tablet
regimen of tenofovir-DF/emtricitabine/EFV (TDF/FTC/EFV)
before switching ART. The majority of study participants
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Table 1. Baseline demographic data of study participants in

switching efavirenz to rilpivirine in virologically suppressed

adolescents with HIV: a 48-week efficacy and safety, multi-

centre study in Thailand (n = 102)

Characteristics N = 102

Enrolment by site; n (%)

The HIV Netherlands Australia Thailand

Research Collaboration

23 (22.5)

Khon Kaen University 11 (10.8)

Queen Sirikit National Institute of Child

Health

26 (25.5)

Siriraj Hospital 42 (41.2)

Sex; n (%)

Female 49 (48.0)

Male 53 (52.0)

Age (years); median (IQR) 15.6 (14.4–17.0)

WHO Stage; n (%)

Stage 1 22 (21.6)

Stage 2 18 (17.7)

Stage 3 46 (45.1)

Stage 4 16 (15.6)

CDC Stage; n (%)

N 12 (11.8)

A 21 (20.6)

B 33 (32.4)

C 36 (35.3)

Nadir CD4 percentage; median (IQR) 12.3 (3.0–20.0)

Nadir CD4 cells/mm3; median (IQR) 289 (46–493)

Abbreviations: CDC, Centers for Disease Control and Prevention;
IQR, interquartile range; WHO, World Health Organization.

(58%) were receiving a tenofovir-DF/emtricitabine (TDF/FTC)-
backbone.

RPV was well tolerated during the follow-up period.
No study participant experienced any treatment-emergent
adverse event that led to temporary interruption or perma-
nent discontinuation of the study drug. Two (2.0%) study
participants dropped out, one due to pregnancy (week 24)
and another following the advice of their local IRB due to
being underweight (week 4). Over the 48 weeks of follow-
up, five participants had detectable VL in the range of 51–
202 copies/ml. Of these, four became virologically suppressed
after enhanced adherence counselling, while one who had a
VL of 202 copies/ml at week 48 was subsequently lost to
follow-up. Overall, 96 (94.1%) and 94 (92.2%) of 102 par-
ticipants maintained virologic suppression at weeks 24 and
48, respectively. No significant change in CD4 cell counts
at weeks 24 and 48 from baseline was observed (Table 2).
Among the six study participants who met the virologic fail-
ure criteria (confirmed VL >50 copies/ml), two (33.3%) had
RPV-associated mutations: K101E (n = 2) and Y181C (n =
1). Drug-resistance mutations detected among study partici-
pants with RPV-associated mutations included: participant #1
NNRTI mutations –– K101E, K103N, Y181C, G190A, N348I
and NRTI mutation M184V; participant #2 NNRTI muta-

tion K101E and NRTI mutation M184I. Two study partici-
pants experiencing virologic failure also had NRTI mutations.
Two other study participants developed the V179D mutation,
which is not associated with reduced susceptibility to RPV
on its own. Significant decreases in TC, triglyceride, HDL and
LDL were observed at weeks 24 and 48 compared to base-
line (p <0.001, Table 2). The TC/HDL ratio at weeks 24 and
48 increased compared to baseline, and the LDL/HDL ratio
increased at week 24 compared to baseline, although neither
change reached statistical significance. However, there was a
significant increase in the LDL/HDL ratio at week 48 com-
pared to baseline (p = 0.016, Table 2). EFV-related symptoms
were evaluated by self-report, and no significant changes in
sleep, dizziness/headache, concentration, mood/emotion and
total scores were observed. There was no significant change
in health-related QOL, including physical functioning, emo-
tional wellbeing, social and school functioning evaluated by
PedsQL either by self-report or parent-proxy report for par-
ticipants. There was no significant change in the depression
score by CES-D (Table 3).

Of 100 participants who were able to complete the neu-
ropsychological assessment, 19 (19.0%) participants and 1
(1.0%) participant were slow learner and had intellectual dis-
ability evaluated by SPM, respectively. In addition, 41.0%,
54.0% and 68.7% of participants scored lower than average
as measured by coding, TMT Part A and Part B, respectively
(Supporting Information). At week 24, there was a significant
improvement in performance-based assessments of executive
and cognitive function by coding, TMT Part A, and Part B after
switching to RPV from EFV (Table 4). The proportion of sub-
jects classified with normal IQ remained the same 24 weeks
after switching RPV from EFV.

4 D ISCUSS ION

We found that a high proportion of virologically suppressed
adolescents switching from EFV- to RPV-based ART main-
tained virologic suppression after 48 weeks. This finding
is important as there is a paucity of data about RPV in
adolescents. Over 92% of the adolescents maintained viro-
logic suppression up to 48 weeks. Our results are compara-
ble to a 48-week, phase 2b study in adults switching from
EFV/TDF/FTC to RPV/TDF/FTC, which reported 93.9% of
participants remaining virologically suppressed [10]. While no
emergence of RPV resistance was observed in the 4.1% of
study participants with virologic failure in the adult study,
two of six adolescents with virologic failure in our study
developed RPV RAMs (K101E and Y181C) and a lamivudine-
associated mutation (M184V/I). In ART-naïve adults initi-
ating RPV/FTC/TDF, resistance mutations to RPV develop-
ment were more frequent in subjects with baseline HIV-1
RNA >100,000 copies/ml compared to baseline HIV-1 RNA
≤100,000 copies/ml [18]. Resistance analyses of RPV from
the ECHO and THRIVE Phase III trials found that 6.7%
of subjects on RPV developed treatment-emergent NNRTI
RAMs, with E138K+M184I being the most frequent combina-
tion [19].

Consistent with studies in adults, an important aspect of
the current study is that switching from EFV- to RPV-based

4

http://onlinelibrary.wiley.com/doi/10.1002/jia2.25862/full
https://doi.org/10.1002/jia2.25862


Phongsamart W et al. Journal of the International AIDS Society 2022, 25:e25862
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25862/full | https://doi.org/10.1002/jia2.25862

Table 2. Comparison of virologic, immunologic and metabolic outcomes between baseline versus week 24, and baseline versus

week 48 after switching from efavirenz to rilpivirine in virologically suppressed adolescents with HIV in Thailand (n = 102)

Laboratory results Week 0 Week 12 Week 24 Week 48

p-Value Week 0

versus week 24

p-Value Week 0

versus week 48

Virology

Virological suppression (HIV

RNA <50 copies/ml); n (%)

102 (100.0) 94 (92.2) 96 (94.1) 94 (92.2) 0.031 0.008

Immunology

CD4 cells/mm3; median (IQR) 664 (553–862) – 689 (565–859) 667 (553–920) 0.219 0.866

Lipid profile; median (IQR)

Cholesterol 159 (144–176) – 140 (123–156) 139 (126–159) <0.001 <0.001

Triglycerides 83 (68–110) – 70 (59–87) 74 (60–85) <0.001 <0.001

HDL 52 (41–62) – 43 (37–54) 44 (38–52) <0.001 <0.001

LDL 89 (74–104) – 79 (64–92) 81 (68–95) <0.001 <0.001

LDL/HDL ratio 1.8 (1.3–2.2) – 1.8 (1.4–2.4) 1.9 (1.5–2.3) 0.409 0.016

Cholesterol/HDL ratio 3.2 (2.7–3.7) – 3.2 (2.6–3.7) 3.3 (2.8–3.7) 0.933 0.249

Glucose 86 (81–91) – 85 (81–91) 85 (80–91) 0.721 0.166

Abbreviations: HDL, high-density lipoprotein; IQR, interquartile range; LDL, low-density lipoprotein.

Table 3. Comparison of health-related quality of life evaluated by self-report, PedsQL, and depression evaluated by CES-D at

baseline and week 24 after switching from efavirenz to rilpivirine in virologically suppressed adolescents with HIV in Thailand

(n = 102)

Tests Week 0 Week 4 Week 24

p-Value Week 0

versus week 4

p-Value Week 0

versus week 24

Self-report, median (IQR)

Sleep 3 (1–6) 4 (1–7) 4 (1–7) 0.152 0.237

Dizziness/headache 1 (0–3) 2 (0–3) 2 (0–3) 0.797 0.638

Concentration 2 (1–2) 2 (1–3) 2 (1–3) 0.146 0.225

Mood/emotion 5 (4–7) 5 (4–7) 5 (4–8) 0.617 0.522

PedsQL

Parents report, median (IQR)

Health problem 4 (0–15) 4 (0–14) 6 (0–17) 0.688 0.577

Emotional problem 3 (0–6) 3 (0–8) 4 (0–7) 0.843 0.952

Social problem 1 (0–4) 1 (0–5) 2 (0–4) 0.358 0.717

School problem 6 (2–9) 4 (2–9) 7 (2–9) 0.231 0.816

Child report, median (IQR)

Health problem 4 (1–9) 3 (0–8) 3 (0–7) 0.152 0.246

Emotional problem 4 (1–7) 3 (1–8) 4 (1–7) 0.216 0.999

Social problem 0 (0–4) 1 (0–3) 0 (0–2) 0.510 0.279

School problem 6 (3–8) 6 (3–9) 5 (3–8) 0.717 0.253

CES-D

Total score 15 (11–18) 15 (11–19) 14 (11–19) 0.779 0.767

Normal (≤22); n (%) 87 (85.3) 84 (83.2) 85 (85.0)

Abnormal (>22); n (%) 15 (14.7) 17 (16.8) 15 (15.0)

Abbreviations:
CES-D, Center for Epidemiologic Studies-Depression Scale;
IQR, interquartile range; PedsQLTM, Pediatric Quality of Life InventoryTM 4.0.
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Table 4. Comparison of executive and cognitive function at baseline and week 24 after switching from efavirenz to rilpivirine in

virologically suppressed adolescents with HIV in Thailand

Week 0 n (%)a Week 24 n (%)a p-Value

Standard Progressive Matrices Totalb Normal Abnormal 0.549

Normal 78 (100.0) 74 (94.9) 4 (5.1)

Abnormal 19 (100.0) 7 (36.8) 12 (63.2)

Total 97 81 16

Coding Total Average to superior Below average 0.049

Average to superior 57 (100.0) 53 (93.0) 4 (7.0)

Below average 40 (100.0) 13 (32.5) 27 (67.5)

Total 97 66 31

Trail Making Test: part A Total Average to fast Slow <0.001

Average to fast 45 (100.0) 41 (91.1) 4 (8.9)

Slow 52 (100.0) 30 (57.7) 22 (42.3)

Total 97 71 26

Trail Making Test: part B Total Average to fast Slow 0.001

Average to fast 31 (100.0) 25 (80.6) 6 (19.4)

Slow 65 (100.0) 24 (36.9) 41 (63.1)

Total 96 49 47

WCST: total number of errors Total Average to fast Slow 0.103

Average to above 48 (100.0) 40 (83.3) 8 (16.7)

Below average to impairment 45 (100.0) 16 (35.6) 29 (64.4)

Total 93 56 37

Abbreviation: WCST, Wisconsin Card Sorting Test.
aPercentage by row.
bOnly those with available test results at baseline and week 24 were included in the analysis.

ART was extremely well tolerated with no treatment dis-
continuations due to adverse events. Among virologi-
cally suppressed adults switching from EFV/FTC/TDF to
RPV/FTC/TDF, there were significant decreases in fasting
TC, direct LDL cholesterol and triglycerides at week 12, and
these changes persisted through week 48 [10]. Switching
from EFV-based to RPV-based ART among virologically
suppressed adolescents in our study was associated with
improvements in metabolic profiles with significant decreases
in TC, triglyceride and LDL at weeks 24 and 48. There was
a significant decrease in HDL at weeks 24 and 48. However,
the median (IQR) HDL at weeks 24 and 48 was 43 (37–54)
and 44 (38–52) mg/dl, respectively, which was in the range
of borderline level of HDL (35–45 mg/dl), as defined by the
National Cholesterol Education Program [20]. While there
was a statistically significant increase in the LDL/HDL ratio
at week 48, the magnitude of the increase was small and
not considered clinically significant. The change in TC/HDL
ratio was not statistically significant, and the median ratio was
below the cut-off associated with development of metabolic
syndrome reported in Korean adolescents; in which a high
risk of metabolic syndrome was associated with a TC/HDL
ratio ≥3.8 [OR: 14.8 (95% CI 2.8–77.4)] and those with a
TG/HDL ratio ≥3.3 [OR: 30.6 (95% CI, 6.0–157.6)] [21].
When TC/HDL and TG/HDL were both above the cut-off
values, the risk of metabolic syndrome further increased [OR:
36.2 (95%, 7.2–186.2)]. The significance and long-term effects
of these findings need further study.

Perhaps unexpectedly, we did not demonstrate a significant
change in EFV-related side effects evaluated by self-report
(i.e. sleep, dizziness/headache, concentration, mood/emotion
and total scores). An observational study in Tanzania com-
pared the competence (social involvement, activities and
school performance), psychopathology (internalizing and
externalizing problems) and cognitive performance (intelli-
gence and working memory) of children with HIV aged 6–12
years receiving an EFV-based versus non-EFV-based regi-
mens, and found that EFV use in children was associated with
a mild increase in neuropsychiatric symptoms [22]. The lack of
a difference in our study could be explained by selection bias,
as the study participants enrolled were stable on EFV-based
ART (for ≥3 months) and therefore somewhat tolerant of
EFV, while those who did not tolerate EFV may have already
been switched to an alternative regimen. Furthermore, it is
possible that children and adolescents may tolerate EFV bet-
ter than adults and report fewer neuropsychiatric side effects.
Improvements in neuropsychiatric symptoms, sleep quality
and self-perceived cognition were observed in a randomized
study in adults who already had altered neurocognitive
assessment, depression, anxiety or low sleep-quality, switch-
ing either immediately or delayed to RPV- from EFV-based
ART [23]. Interestingly, switching to RPV was not found
to improve cognitive function in these adults. In our study,
20.0–68.7% of adolescents had some degree of impairment
of executive and cognitive function at baseline, and significant
improvement in executive function was observed. A study on

6

http://onlinelibrary.wiley.com/doi/10.1002/jia2.25862/full
https://doi.org/10.1002/jia2.25862


Phongsamart W et al. Journal of the International AIDS Society 2022, 25:e25862
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25862/full | https://doi.org/10.1002/jia2.25862

executive function and emotional behavioural problems in a
cohort of Asian adolescents living with HIV, in which 86.4%
had virologic suppression, found that there were significantly
higher rates of impairment in all assessed measures of exec-
utive function and behavioural problems in adolescents living
with HIV, compared with HIV-unexposed, uninfected youth,
after adjustment for relevant socio-demographic factors [24].
Thai adolescents living with HIV on ART (with 93% achieving
virologic suppression) had significantly lower scores on the
measures of executive function compared to HIV-uninfected
controls across multiple neuropsychological tests [25]. These
findings are consistent with prior studies in the U.S.-based
Pediatric HIV/AIDS Cohort [26]. Individual differences in
executive function are associated with multiple important
aspects of human health, including academic and occupational
functioning, interpersonal problems, substance use, physical
health and mental health. Of critical importance, executive
function impairments are associated with poor academic
performance as well as emotional and behavioural problems
[27]. A key finding of our study is the significant improvement
in performance-based assessments of executive and cognitive
function at week 24 after switching to RPV from EFV.

We demonstrated that RPV was well tolerated and was
associated with improvement in metabolic profiles, executive
and cognitive function, and is a reasonable alternative for ado-
lescents experiencing EFV-associated side effects. Of note,
adolescents must be able to take RPV following a regular
schedule with a full meal to assure adequate RPV concen-
trations, which may limit its usefulness for adolescents with
irregular eating schedules. Importantly, our findings support
the use of RPV as a part of a long-acting injectable treatment
regimen, which would be an ideal option for adolescents [28].

Our study had several limitations. Firstly, an HIV GRT
was not performed prior to initiation of ART. This is con-
sistent with the national antiretroviral treatment guidelines
in Thailand. Although GRT could have identified those less
likely to respond to RPV, we only enrolled participants who
had not previously failed NNRTI-based ART (based on viro-
logic criteria). Therefore, the presence of NNRTI mutations
was expected to be very low and not anticipated to affect
treatment outcomes. Secondly, we did not record participant
adherence to ART – whether by self-report or other means
(e.g. pill count), which could have been a primary contributor
to virologic failure. Thirdly, improvement on repetition of neu-
rocognitive testing could have been due to learning the skills
of the test over time. Furthermore, there were many potential
psychosocial issues among adolescents living with HIV, which
may have influenced the results of the QOL and depression
scores while on RPV.

Recently, the World Health Organization revised its rec-
ommendations for preferred first- and second-line regi-
mens for adolescents and adults to include dolutegravir
(DTG)-based ART [29]. The Thailand National Guidelines on
HIV/AIDS Diagnosis, Treatment and Prevention 2020/2021
also revised its recommendations accordingly. RPV is now
recommended as an alternative first-line regimen for those
with VL <500,000 copies/ml, or CD4 >350 cells/mm3 if the
HIV RNA VL is not available. Furthermore, RPV can be used
for a treatment switch for those individuals who have had
an undetectable VL for 6–12 months and do not have prior
NNRTI resistance, or those who cannot tolerate EFV within 2

weeks after initiation [30]. Although our data were collected
between 2016 and 2018, they remain relevant more broadly
in Asia today. To date, access to DTG remains limited in many
countries in the region, and rollout has been slower overall
than in African countries – a challenge that has been exacer-
bated by the impact of the COVID-19 pandemic on drug pro-
duction and supply chains [31]. Until DTG is widely available,
alternatives to EFV, such as RPV, are still needed.

5 CONCLUS IONS

Overall, the majority of adolescents on EFV-based ART with
HIV-VL <50 copies/ml who switched to RPV remained viro-
logically suppressed up to 48 weeks, along with no signifi-
cant change in CD4 cell counts. Among the few participants
with virologic failure, development of RPV-RAMs (K101E and
Y181C) was infrequent. RPV was well tolerated and was asso-
ciated with improvement in metabolic profiles, executive and
cognitive function and is a reasonable alternative for adoles-
cents experiencing EFV-associated side effects.
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