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Abstract
Background

Choice of initial antiretroviral therapy regimen may help children with HIV maintain optimal,
continuous therapy. We assessed treatment-naive children for differences in time to treat-
ment disruption across randomly-assigned protease inhibitor versus non-nucleoside
reverse transcriptase inhibitor-based initial antiretroviral therapy.

Methods

We performed a secondary analysis of a multicenter phase 2/3, randomized, open-label trial
in Europe, North and South America from 2002 to 2009. Children aged 31 days to <18
years, who were living with HIV-1 and treatment-naive, were randomized to antiretroviral
therapy with two nucleoside reverse transcriptase inhibitors plus a protease inhibitor or non-
nucleoside reverse transcriptase inhibitor. Time to first documented treatment disruption to
any component of antiretroviral therapy, derived from treatment records and adherence
questionnaires, was analyzed using Kaplan-Meier estimators and Cox proportional hazards
models.
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Results

The modified intention-to-treat analysis included 263 participants. Seventy-two percent (n =
190) of participants experienced at least one treatment disruption during study. At 4 years,
treatment disruption probabilities were 70% (protease inhibitor) vs. 63% (non-nucleoside
reverse transcriptase inhibitor). The unadjusted hazard ratio (HR) for treatment disruptions
comparing protease inhibitor vs. non-nucleoside reverse transcriptase inhibitor-based regi-
mens was 1.19, 95% confidence interval [Cl] 0.88—1.61 (adjusted HR 1.24, 95% CI 0.91—
1.68). By study end, treatment disruption probabilities converged (protease inhibitor 81%,
non-nucleoside reverse transcriptase inhibitor 84%) with unadjusted HR 1.11, 95% CI 0.84—
1.48 (adjusted HR 1.13, 95% CI 0.84—1.50). Reported reasons for treatment disruptions
suggested that participants on protease inhibitors experienced greater tolerability problems.

Conclusions

Children had similar time to treatment disruption for initial protease inhibitor and non-nucleo-
side reverse transcriptase inhibitor-based antiretroviral therapy, despite greater reported tol-
erability problems with protease inhibitor regimens. Initial pediatric antiretroviral therapy with
either a protease inhibitor or non-nucleoside reverse transcriptase inhibitor may be accept-
able for maintaining optimal, continuous therapy.

Introduction

Globally, 1.8 million children are living with HIV, and 110,000 die annually due to AIDS-
related illnesses [1]. For HIV-infected children, greatest survival outcomes can be achieved
only with optimal, uninterrupted treatment on effective antiretroviral therapy (ART). Treat-
ment disruptions, defined as any interruption or alteration of initial ART, may result from
patient-level factors (e.g., poor adherence, drug intolerance), provider-level factors (e.g., pre-
scription stops, changes, or errors), or systems-level factors (e.g., stock outs, interruptions in
drug delivery). Unfortunately, treatment disruptions may result in treatment failure, acquisi-
tion of resistance mutations, and loss of future treatment options—which are particularly con-
sequential in children. Compared with adults, children have greater pharmacokinetic
variability and fewer available licensed drugs [2, 3]. Due to longer lifetime antiretroviral expo-
sure, children have more potential for long-term toxicity [4, 5]. Children have greater social
vulnerability related to their dependence on others for medical care and medication adminis-
tration [6, 7]. If inadequately treated, children progress much faster to AIDS and death [8-10].
As children’s initial ART regimens are often their best opportunity for effective, tolerable treat-
ment, optimizing the time on a successful initial regimen may result in greater long-term effec-
tiveness of ART and more lifetime treatment options [11]. Analyzing longitudinal
relationships between pediatric ART regimens and time to treatment disruption allows identi-
fication of initial ART regimens that pose greater challenges to maintaining optimal, continu-
ous ART.

When deciding which regimen to prescribe to optimize clinical outcomes, clinicians must
consider both drug pharmacology and potential adherence to ART regimens [12]. Boosted
protease-inhibitor (PI)-based regimens appear more forgiving of treatment disruptions than
do non-nucleoside reverse transcriptase inhibitor (NNRTI)-based regimens [13-17]. How-
ever, certain PI characteristics decrease adherence and tolerability, particularly in children:
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poor taste; gastrointestinal toxicity; and regimen complexity, such as pill burden, storage
requirements, and dosing frequency [7, 17-22]. Prior pediatric studies that have assessed the
ability of children to maintain continuous therapy did not do so in settings in which use of PI-
vs. NNRTI-based ART regimens was randomly allocated, nor have prior studies measured
treatment disruptions longitudinally. As a result, these previously conducted studies have
potential for residual confounding from unmeasured covariates. Furthermore, most studies
have isolated analyses of prescription patterns, adherence, and tolerability, rather than evaluat-
ing the total effect of the regimen on maintaining optimal, continuous therapy. In the PEN-
PACT-1 study, 266 HIV-1-infected, treatment-naive children from Europe, North America,
and South America were randomized to ART with either a PI or NNRTT and followed longitu-
dinally for at least 4 years [23]. We aimed to assess PENPACT-1 participants for differences in
time to treatment disruption across randomized PI vs. NNRTT treatment arms at 4 years and
end of study.

Methods
Study design and participants

PENPACT-1 (Paediatric European Network for Treatment of AIDS [PENTA] 9 / Pediatric
AIDS Clinical Trials Group [PACTG] 390) was an international multicenter phase 2/3, ran-
domized, open-label trial enrolling children living with HIV-1 from 68 clinical centers in 13
countries in Europe and North and South America between September 25, 2002, and Septem-
ber 7, 2005 (S1 Protocol) [23]. Eligible children aged 31 days to less than 18 years were HIV-
1-infected and had not received ART or received only antiretrovirals for <56 days to reduce
mother-to-child transmission (excluding single-dose nevirapine). All parents or guardians and
children, as appropriate, gave written consent for the parent trial; this protocol was conducted
in accordance with the Declaration of Helsinki and approved by the relevant ethics committee
or institutional review board (IRB) for each participating center. The secondary analysis on
time to treatment disruption was performed under a data request and was reviewed only at
IRBs where the analysis was performed. The secondary analysis was deemed exempt by the
Duke University IRB and approved by the University of North Carolina-Chapel Hill and Chil-
dren’s Mercy Kansas City IRBs. This study is registered with the International Standard Ran-
domised Controlled Trial Number Registry (ISRCTN73318385) at https://doi.org/10.1186/
ISRCTN73318385 and ClinicalTrials.gov (NCT00039741) at https://clinicaltrials.gov/ct2/
show/NCT00039741.

Children were randomized 1:1 to start ART with two nucleoside reverse transcriptase
inhibitors (NRTTs) plus either a PI or NNRTI. Randomization was stratified by age (<3 years
or >3 years); receipt of perinatal ART prophylaxis; and research network (PENTA or
PACTG), which varied by region; with variable block sizes. The study was open label, and the
treating clinician chose the two NRTI drugs combined with a drug from the randomly
assigned PI or NNRTI class. Children underwent clinical and HIV-1 RNA viral load assess-
ments at randomization (week 0), weeks 2, 4, 8, 12, 16, 24, and then every 12 weeks until the
last child assigned to treatment reached 4 years of follow-up (August 31, 2009). Treatment
starts, changes, and stoppages were recorded at these clinical visits and ad hoc throughout the
study. Trained study personnel administered validated adherence questionnaires every 24
weeks after randomization, or if missed, at the following attended visit [24]. Adherence ques-
tionnaires were harmonized across networks to collect key data. Specifically, adherence ques-
tionnaires recorded the number of missed doses to all antiretrovirals over the 3 days prior to
these 24-weekly visits and barriers to adherence experienced within 2 weeks prior to these
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visits. Four years of follow-up was defined as the week 192 visit plus a 6-week lag to capture
late visits.

Outcomes

We defined time to treatment disruption as the number of weeks between randomization and
the first documented treatment disruption event. We defined treatment disruption as stop-
ping, switching, or reporting missed doses of any component of the initial ART regimen for
any reason except recall of nelfinavir (June 2007) or planned treatment interruptions. Stopping
was defined as any duration of treatment discontinuation, regardless of whether treatment was
restarted or changed in the future, whereas switches were defined as immediate changes of
therapy. Information on ART stoppages or switches was derived from participants’ treatment
records, and missed doses were defined as any questionnaire-reported missed doses within 3
days prior to the study visit.

Additional analyses included adjustment for stratified randomization factors (age, receipt
of perinatal ART prophylaxis, research network), assessed differences in outcome for the pri-
mary follow-up time point (4 years) vs. the entire study, and explored reasons for treatment
disruptions. Reasons for treatment disruptions were analyzed using (1) the treatment record’s
documented rationale for ART stop or change and (2) any questionnaire-reported barriers to
adherence within 2 weeks prior to the visit when missed dose(s) were reported. Only one rea-
son for treatment disruption was allowed on the treatment record; thus a single response, such
as “caregiver request,” may not exclude additional reasons. Multiple reasons were allowed on
adherence questionnaires.

We assessed the sensitivity of our results to our definition of treatment disruption. Our
alternative outcome definitions included restricting treatment record-based treatment disrup-
tions (or any questionnaire event) to drug changes or stops lasting more than 3 days or 14 days
and restricting treatment record-based treatment disruptions (or any questionnaire event) to
only events including the PI or NNRTI drug component.

Statistical analysis

PI vs. NNRTI treatment groups were assessed according to a modified intention-to-treat
(mITT) analysis consistent with the original study [23]. The sole modification was removal of
three participants: two who withdrew consent prior to ART initiation, and one with a major
eligibility violation. Follow-up began at date of randomization. Participants were right-cen-
sored for initial treatment contrary to randomization, planned treatment interruption, death,
withdrawal of consent, loss to follow-up, or study end.

For the primary outcome, we estimated the risk of treatment disruptions using the comple-
ment of the Kaplan-Meier estimator. We estimated the hazard ratio for treatment disruptions
using Cox proportional hazards models. Proportional hazards assumptions were assessed
graphically, using time-interaction terms, and with martingale residuals. In adjusted analyses,
we stratified by baseline randomized stratification variables: age, exposure to perinatal ART,
and research network. Analyses were conducted in SAS™ version 9.4 (Cary, NC).

Results

PENPACT-1 enrolled 266 HIV-1 infected children from 68 centers in 13 countries in Europe,
North America, and South America. The mITT analysis was restricted to 263 participants who
initiated ART. Participants were a median age of 6.5 years at enrollment (IQR [interquartile
range], 1.8-12.9), 52% male, 49% black, and 79% exposed to HIV via vertical transmission
(Table 1). Fifty-one percent had moderate to severe clinical symptoms (CDC stage B or C).
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Median growth parameters were below average (weight-for-age Z score -0.6; height-for-age Z
score -0.9). Median CD4 Z-score was -3.5, consistent with predominance of moderate to
severe immunosuppression, and median viral load was 5.0 log;, copies/mL. Whereas 15% of
children had ART exposure for prevention of mother-to-child transmission, 4% had at least
one major resistance mutation at baseline. Although treatment groups had differences in racial
distribution, baseline characteristics relating to mode of HIV-1 acquisition, clinical and immu-
nological status, and ART resistance were generally balanced across ART regimens, consistent
with the randomized design.

Median follow-up time was 261 weeks (IQR, 217-313). Two participants in each arm were
started on a PI or NNRTI contrary to randomization; two underwent planned treatment inter-
ruption; five withdrew from study after ART initiation; 37 were lost to follow-up; and one
patient died, due to HIV-related complications (Fig 1). Two hundred forty-nine participants
ever completed an adherence questionnaire, totaling 2,112 questionnaires over the duration of
the study for a mean of 8.5 questionnaires per participant.

Overall, 191 of 263 participants had at least one treatment disruption event during the
study, with 66% (95% confidence interval [CI] 61-72%) treatment disruption probability at 4
years (primary follow-up period) and 83% (95% CI 76-91%) treatment disruption probability
at study end (6.5 years). At 4 years, probabilities of treatment disruption were 70% (95% CI
62-78%) vs. 63% (95% CI 55-72%) in the PI and NNRTT arms, respectively (Fig 2). Hazards
for treatment disruption, however, were similar for PI vs. NNRTI-based regimens (unadjusted
hazard ratio [HR] 1.19, 95% CI 0.88-1.61), even after adjustment for stratification factors of
age, receipt of perinatal ART, and research network/region (adjusted HR 1.24, 95% CI 0.91-
1.68).

After 4 years, treatment disruption probabilities converged, such that treatment disruption
probabilities at study end were 81% (95% CI 72-90%) for PI vs. 84% (95% CI 73-94%) for
NNRTT arms, but changes over time in the hazard ratio of treatment disruption by treatment
arms were non-significant (unadjusted P for interaction = 0.33, adjusted P = 0.21). Hazards
for treatment disruption over the entire study period were similar for PI vs. NNRTI-based reg-
imens, unadjusted (HR 1.11, 95% CI 0.84-1.48) and adjusted (HR 1.13, 95% CI 0.84-1.50).

Of 191 treatment disruption events, 126 events were based on ART regimen stoppages or
changes in the treatment record, and 67 events were reported missing doses on adherence
questionnaires, with two participants experiencing both event types simultaneously. Of the
treatment stops or changes, 25% of events were substitutions of at least one first-line ART drug
(PI 32%, NNRTI 16%), 53% were stoppage or suspension of the entire first-line ART regimen
(PI 48%, NNRTI 59%), and 22% were switches to a second-line ART regimen (PI 20%, NNRTI
25%). Most frequent reasons documented for ART stops or changes were adverse events
(34%), viral failure (22%), caregiver request (18%), non-adherence (7%), and temporary break
(6%), with the greatest difference between PIs over NNRTIs for adverse events (Table 2).

Reports of missed doses on adherence questionnaires were balanced between PI and
NNRTI arms, as 35% of non-adherence events in each arm were from patient or caregiver
reports. The most common questionnaire-reported barriers to adherence, forgetting/lacking
support (30%) or running out of medications (25%), were balanced between PI and NNRTI
regimens. Other common questionnaire-reported adherence problems—including difficulties
with administration, such as those attributed to intolerance, taste, patient refusal (24%); fear of
disclosure to others (22%); patient refusal (21%); difficulties with scheduling or lifestyle (18%);
and concerns about drug toxicity (16%)—were more frequently reported in participants in the
PI arm (Table 2).

In sensitivity analyses, modifications of the outcome definition did not result in substantial
hazard ratio changes. Point estimates at 4 years remained similar to the primary analysis when
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Table 1. Baseline characteristics of study participants according to initial ART regimen.

Randomized Group
Variable PI NNRTI Total
N 131 132 263
Age

<3 years n (%) 34 (26%) 36 (27%) 70 (27%)

3-17 years n (%) 97 (74%) 96 (73%) 193 (73%)
Age in years Median (IQR) 7.1 (2.8,13.7) 6.4 (2.7, 11.0) 6.5(2.8,12.9)
Sex

Male n (%) 69 (53%) 67 (51%) 136 (52%)
Race

Black, Non-Hispanic n (%) 60 (46%) 69 (52%) 129 (49%)

White, Non-Hispanic n (%) 40 (31%) 29 (22%) 69 (26%)

Hispanic/Other n (%) 31 (24%) 34 (26%) 65 (25%)
Research Network®

PENTA 1 (%) 95 (73%) 93 (70%) 188 (71%)

PACTG/IMPAACT n (%) 36 (27%) 39 (30%) 75 (29%)
Route of Infection

Vertical n (%) 103 (79%) 106 (80%) 209 (79%)

Other/Unknown n (%) 28 (21%) 26 (20%) 54 (21%)
CDC Clinical Stage

N n (%) 27 (21%) 29 (22%) 56 (21%)

A n (%) 35(27%) 37 (28%) 72 (27%)

B n (%) 41 (31%) 43 (33%) 84 (32%)

C n (%) 28 (21%) 23 (17%) 51 (19%)
Weight-for-Age Z-score Median (IQR) -0.5 (1.6, 0.1) -0.7 (-1.6,0.2) -0.6 (-1.6,0.1)
Height-for-Age Z-score Median (IQR) -0.9 (-1.5,-0.2) -0.9 (-1.8,0) -0.9 (-1.7,-0.2)
CD4 Z score Median (IQR) -3.6 (-7.2,-1.7) -3.4(-6.5, -1.4) -3.5(-6.8, -1.6)
Viral Load log;, copies/mL Median (IQR) 5.1(4.5,5.7) 5.0 (4.5, 5.6) 5.0 (4.5, 5.7)
Perinatal ART Exposure n (%) 19 (15%) 20 (15%) 39 (15%)
>1 Major Resistance Mutation® n/N (%) 5/116 (4%) 5/123 (4%) 10/239 (4%)
HIV-1 subtype

B n (%) 52 (42%) 49 (39%) 101 (41%)

C n (%) 13 (11%) 12 (10%) 25 (10%)

F n (%) 25 (20%) 23 (18%) 48 (19%)

A/CRF_AG/D/G n (%) 21 (17%) 31 (25%) 52 (21%)

Unclassified n (%) 12 (10%) 11 (9%) 23 (9%)
Switching Threshold

1,000 copies/mL 1 (%) 66 (50%) 68 (52%) 134 (51%)

30,000 copies/mL 1 (%) 65 (50%) 64 (48%) 129 (49%)
Duration of Follow-Up in weeks Median (IQR) 263 (217, 313) 260 (219, 316) 261 (217, 313)

ART, antiretroviral therapy; IQR, interquartile range; N, total sample size; n, subsample size; NNRTI, non-nucleoside reverse transcriptase inhibitor; PACTG, Pediatric
AIDS Clinical Trials Group; PENTA, Paediatric European Network for Treatment of AIDS; PI, protease inhibitor.

* PENTA sites were predominantly in Europe, South America, and the Bahamas. PACTG sites were based primarily in the United States.

® Not all patients had successful baseline genotypic resistance assays.

https://doi.org/10.1371/journal.pone.0242405.t001

restricting events on the treatment record (or any event on questionnaire) to only ART regi-
men stops or changes lasting >3 days (unadjusted HR 1.16, 95% CI 0.85-1.57; adjusted HR
1.19, 95% CI 0.88-1.63), only ART regimen stops or changes lasting >14 days (unadjusted HR
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’ 266 participants randomized ‘

! }
[ 135 assigned to NNRTI |

3 excluded
—— 1 major eligibility violation
2 withdrew before ART start

131 started ART 132 started ART

2 censored for starting NNRTI
1 censored for planned
treatment interruption

2 censored for starting PI
—— 3 withdrew consent
12 lost to follow-up

14 lost to follow-up

114 under study at 4 years 115 under study at 4 years

1 censored for planned
treatment interruption

— 7 lost to follow-up — 2 withdrew consent
4 lost to follow-up
1 death
107 under study at end of study 107 under study at end of study

Fig 1. Study profile. ART, antiretroviral therapy; NNRTI, non-nucleoside reverse transcriptase inhibitor; PI, protease
inhibitor.

https://doi.org/10.1371/journal.pone.0242405.9001

1.27,95% CI 0.93-1.74; adjusted HR 1.32, 95% CI 0.96-1.81), or only stops or changes includ-
ing the PI or NNRTI drug (unadjusted HR 1.14, 95% CI 0.84-1.55; adjusted HR 1.18, 95% CI
0.87-1.61).

Discussion

In PENPACT-1, our estimates were not compatible with large differences in time to treatment
disruption between participants randomized to PIs versus NNRTTs. Point estimates were
mildly in the direction of more treatment disruptions in PI-based regimens, particularly in the
primary end point of 4 years, but differences were small, possibly due to chance, and appeared
to decrease by study end. Exploration of reasons for treatment disruptions suggested that PI-
based regimens may be less tolerable, both due to adverse events leading to treatment stop-
pages or substitutions and to regimen-specific adherence barriers reported on the adherence
questionnaire. However, these PI-associated difficulties did not interrupt continuous therapy
to the initial PI-based regimens more than they did to NNRTI-based regimens.

Although we did not find a meaningful difference in treatment disruptions in PI vs.
NNRTI-based regimens, the secondary analyses exploring reasons for treatment disruptions
suggested that administration of a PI-based regimen to a child may be a struggle, even if not
resulting in actual missed doses. The treatment record suggested that participants experienced
more adverse events to PIs over NNRTTs, but adherence questionnaire responses formed a pat-
tern of difficulties with PI tolerability, whether attributed to taste, medication volume or pill
burden, toxicity, or simply patient refusal. This pattern would be consistent with existing liter-
ature on PI vs. NNRTI regimens. PIs have higher drug toxicity, especially gastrointestinal side
effects, and intolerance, particularly regarding their noxious taste [7, 18-20, 25-27]. Even if
children are able to swallow pills, certain PIs are available only as large pills [28, 29]. At the
time of PENPACT-1, no PIs were available as complete-regimen combinations for children,
whereas single-tablet NNRTI regimens could facilitate adherence through administration of
fewer pills [2, 30-34]. More recently, a novel four-in-one fixed-dose combination of abacavir,
lamivudine, and LPV/r granule-filled capsules has been under study and submitted to the
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09

Proportion of Children with Treatment Disruptions to Initial ART

0 24 48 72 96 120 144 168 192 216 240 264 288 312 336
Weeks after Randomization to Initial ART

Pl n

At Risk 131 95 77 69 65 58 52 45 40 33 23 15 1 8 0
Censored 0 2 3 3 3 3 4 4 4 6 15 21 25 27 34
Events 0 34 51 59 63 70 75 82 87 92 93 95 95 9% 97
NNRTI, n

At Risk 132 104 88 81 7 66 55 45 43 33 20 15 12 8 0
Censored 0 3 3 3 4 4 7 9 9 13 23 25 28 32 38
Events 0 25 43 48 57 62 70 78 80 86 89 92 92 92 94

Fig 2. Proportion of children experiencing treatment disruption from initial ART regimen by study week. The
vertical line delineates 4 years on study. ART, antiretroviral therapy; n, subsample size; NNRTI, non-nucleoside reverse
transcriptase inhibitor; PI, protease inhibitor.

https://doi.org/10.1371/journal.pone.0242405.9002

FDA for approval [35]. Participants reported more barriers to adherence in PIs related to
scheduling or lifestyle interference, which may relate to dosing frequency. We hypothesize that
increased fear of disclosure to others, as noted in the PI arm, may relate to difficulties conceal-
ing drug administration when given more frequently. Higher dosing frequency has been asso-
ciated with more frequent treatment disruptions [20, 30, 33, 34, 36-39]. Some NNRTTs, most
notably efavirenz, have more suitable pharmacokinetics for once daily administration. In our
study, most PI-based regimens were administered at least twice daily, whereas some com-
monly used NNRTI-based regimens allowed once-daily dosing.

Most children in PENPACT-1 experienced a treatment disruption event during the study.
Only about one-third of participants remained continuously on their initial ART at 4 years;
only one-sixth remained continuously on initial ART at study end. These results are consistent
with other pediatric data on the durability of first-line treatment regimens [40]. Maintaining
continuous therapy on ART is critical to sustained HIV-related outcomes, as suppressing viral
load decreases the probability of HIV sub-populations acquiring antiretroviral resistance
mutations and chances of forward infection [41-49]. Although optimal adherence targets vary
by PI vs. NNRTI class, adherence has been modest across ART studies, especially patients fail-
ing to achieve viral suppression [12, 16, 17, 30, 50-56]. Notably, ART appears to be less suc-
cessful in producing viral suppression in children, who are more prone to viral failure and
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Table 2. Reasons listed for treatment disruption events.

Reason / Barrier PI NNRTI Total
Treatment Record®
Adverse event n (%) 24 (37%) 19 (31%) 43 (34%)
Viral failure n (%) 13 (20%) 15 (25%) 28 (22%)
Caregiver request n (%) 11 (17%) 12 (20%) 23 (18%)
Non-adherence n (%) 6 (9%) 3 (5%) 9 (7%)
Temporary break n (%) 3 (5%) 5(8%) 8 (6%)
Unknown n (%) 5 (8%) 1(2%) 6 (5%)
Drug supply problem n (%) 1(2%) 2 (3%) 3(2%)
Intercurrent illness n (%) 0 (0%) 2 (3%) 2 (2%)
Resistance n (%) 1(2%) 1(2%) 2 (2%)
Parent forgot n (%) 1 (2%) 0 (0%) 1 (1%)
Simplification n (%) 0 (0%) 1(2%) 1 (1%)
Treatment record total n 65 61 126
Adherence Questionnaire”
Forgot/lack of support n (%) 10 (29%) 10 (30%) 20 (30%)
Ran out of drug n (%) 8 (24%) 9 (27%) 17 (25%)
Problems taking some of the drugs (e.g., intolerance, taste, medication volume) n (%) 11 (32%) 5 (15%) 16 (24%)
Fear of disclosure to others n (%) 10 (29%) 5(15%) 15 (22%)
Patient refused/didn’t want to take drugs n (%) 10 (29%) 4 (12%) 14 (21%)
Scheduling/lifestyle interference n (%) 9 (26%) 3 (9%) 12 (18%)
Drug toxicity concerns n (%) 7 (21%) 4 (12%) 11 (16%)
Supervised by someone else or multiple caregivers n (%) 6 (18%) 5(15%) 11 (16%)
Patient unwell n (%) 6 (18%) 4 (12%) 10 (15%)
Other n (%) 4 (12%) 5 (15%) 9 (13%)
Different routine/change in living situation n (%) 3 (9%) 4 (12%) 7 (10%)
Fed up giving/taking drugs n (%) 3 (9%) 2 (6%) 5(7%)
Think medication is not needed or not helping n (%) 2 (6%) 2 (6%) 4 (6%)
Caregiver unwell/depressed n (%) 0 (0%) 0 (0%) 0 (0%)
Total listed problems on questionnaire® n 89 62 151
Total participants with questionnaire-reported missed doses n 34 33 67
Total Treatment Disruption Events® n 97 94 191

n, subsample size or number of events; NNRTI = non-nucleoside reverse transcriptase inhibitor; PI = protease inhibitor.

* One category allowed per treatment record change or stop.

® Participants may have answered in more than one category.

© Some participants had both a treatment record and adherence questionnaire event at the same time.

https://doi.org/10.1371/journal.pone.0242405.t1002

resistance due to higher plasma viral loads, less robust antiviral immune responses, greater
pharmacokinetic variability, and social dependency [44, 57]. Adolescents have particularly
worse viral and immunological outcomes, due to poor ART adherence [48, 49, 58-60]. The
large proportion of children in PENPACT-1 with disruptions of their initial ART raises con-
cerns regarding long-term durability, especially as these patients were receiving adherence
support on a clinical trial protocol at specialty pediatric HIV centers.
Based on our data, choice of an initial PI- vs. NNRTI-based regimen may not have a major
impact on ART treatment disruption. Despite differences in reported regimen-related adher-
ence barriers, participants in both treatment arms persevered in taking their regimens simi-
larly. Moreover, the most common questionnaire-reported barriers were not regimen-specific:
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forgetting/lack of support and running out of drug. Novel interventions may still be able to
improve the experience of drug administration. Pediatric pellets are heat-stable and generally
more acceptable than syrups, but palatability and administration problems persist and may
increase over time [61-63]. Pediatric granules, especially in the four-in-one combination, may
improve palatability and decrease pill burden [35, 64]. Precision medicine related to taste-sens-
ing genotypes may hold promise for prescribing according to individualized palatability [65].
In adult data, integrase strand transferase inhibitors (INSTIs) have been at least as tolerable as
PIs or NNRTIs, if not more so, and INSTIs are increasingly preferred drugs in children [66-
69]. Nevertheless, a primary goal of optimizing continuous therapy to ART is durable viral
suppression, which was comparable across PI vs. NNRTT arms in this study’s parent trial,
although similar trials had variable results [23, 70-74]. In this study population, choice of
either PI- or NNRTI-based initial ART appears acceptable.

Our estimates of treatment disruption may have had measurement error. First, we had no
direct measures of drug exposure, such as therapeutic drug monitoring. Treatment records
captured only prescribing events and documented ART disruptions, and the adherence ques-
tionnaires relied on accurate reporting by either the child or the caregiver, if present and will-
ing to answer. Although we relied on a questionnaire that has previously been validated [24],
reporting biases and unanswered questionnaires may have affected our measures of missed
doses. Our combining treatment records and adherence questionnaires into a composite out-
come should have decreased measurement error from either instrument individually. Second,
adherence questionnaires in this study focused on ART adherence over the 3 days prior to the
most recent visit and inquired about adherence barriers encountered over the prior 2 weeks,
rather than a daily measure of adherence throughout the study. The time-varying nature of
treatment disruption means that patients may have experienced an initial or temporary period
of treatment disruption that was subsequently corrected [75, 76], but our analysis presents
only data on time to first event of treatment disruption. Third, limited participant report of
individual drugs missed on the adherence questionnaire precluded definitive identification of
treatment disruptions of individual drugs. Instead, we assessed treatment disruption to any
component of the ART regimen. Fourth, heterogeneity of adherence questionnaires across
networks, ages, and respondents regarding barriers to therapy should caution against rigorous
interpretation of reasons for treatment disruptions. Finally, this study size was not sufficient to
distinguish differences on the order of 7%, as was seen at 4 years.

Conclusions

In conclusion, children in PENPACT-1 had similar time to treatment disruption for initial PI-
based regimens and NNRTI-based regimens. Although secondary analyses suggest that PI-
based regimens may be more difficult to tolerate and may be less convenient to administer,
these difficulties did not result in a large difference in children stopping, changing, or missing
doses at 4 years (PI 70%, NNRTI 63%), and any suggested differences diminished by study end
(PI 81%, NNRTI 84%). Initial ART with either a PI or NNRTI may be acceptable for maintain-
ing continuous therapy on ART in children.

Supporting information
S1 Checklist. CONSORT checklist.
(DOC)

S1 Protocol. PENPACT-1 trial protocol.
(PDF)
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