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Abstract

Importance—Advantages of using efavirenz as part of treatment for HIV-infected children
include once-daily dosing, simplification of co-treatment for tuberculosis, preserving ritonavir-
boosted lopinavir for second-line treatment, and harmonization of adult and pediatric treatment
regimens. However, there have been concerns about possible reduced viral efficacy of efavirenz in
children exposed to nevirapine for prevention of mother-to-child transmission (PMTCT).

Objective—To evaluate whether nevirapine-exposed children, initially virally-suppressed on
ritonavir-boosted lopinavir-based therapy, can transition to efavirenz-based therapy without risk of
viral failure.

Address for correspondence: Dr. Louise Kuhn, Gertrude H. Sergievsky Center, Columbia University, 630 W 168t Street, New York,
NY 10032, Tel: 212-305-2398, Fax: 212-305-2426, Ik24@columbia.edu.

Trial Registration: Clinical Trials.gov NCT01146873

Author Contributions: Drs. Coovadia and Kuhn have had full access to all the data in the study and take responsibility for the
integrity of the data and the accuracy of the data analysis.

Conflict of Interest Disclosures:

Previous Presentation: Coovadia A, Abrams EJ, Strehlau R, Shiau S, Pinillos F, Martens L, Hunt G, Tsai WY, Kuhn L, NEVEREST
3 Study Team. Virologic Efficacy of Efavirenz Maintenance Therapy in Nevirapine Prophylaxis-Exposed Children (Oral Abstract 73)
Conference on Retroviruses and Opportunistic Infections (CROI). Boston, MA; 3-6 March 2014.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Coovadia et al. Page 2

Design, Setting, Participants—Randomized, open-label, non-inferiority trial conducted at
Rahima Moosa Mother and Child Hospital, Johannesburg, South Africa, June 2010 to December
2013. Three hundred HIV-infected children exposed to nevirapine for PMTCT, = 3 years of age,
and with plasma HIV RNA <50 copies/ml on ritonavir-boosted lopinavir-based therapy were
enrolled; 298 were randomized, and 292 (98%) were followed to 48 weeks post-randomization.

Intervention—Switch to efavirenz-based therapy (n=150) or continue on ritonavir-boosted
lopinavir-based therapy (n=148).

Main Outcomes and Measures—Risk difference (delta) between groups in (1) viral rebound;
i.e., one or more HIV RNA >50 copies/ml, and (2) viral failure; i.e., confirmed HIV RNA >1000
copies/ml; with a non-inferiority bound for the delta of —0.10. Immunologic and clinical responses
were secondary endpoints.

Results—The Kaplan-Meier probability of viral rebound by 48 weeks was 0.176 (n=26) in the
efavirenz group and 0.284 (n=42) in the ritonavir-boosted lopinavir group. Probabilities of viral
failure were 0.027 (n=4) in the efavirenz and 0.020 (n=3) in the ritonavir-boosted lopinavir group.
The risk difference of viral rebound was 0.107 (1-sided 95% ClI: 0.028,00) and —0.007 (1-sided
95% CI: —0.036, co) for viral failure. We rejected the null hypothesis that efavirenz is inferior to
ritonavir-boosted lopinavir (p<.001) for both endpoints. By 48 weeks, CD4 percentage was 2.88
(95% CI: 1.26, 4.49) units higher in the efavirenz than in the ritonavir-boosted lopinavir group.

Conclusions and Relevance—Among HIV-infected children exposed to nevirapine for
PMTCT and initially virally-suppressed on ritonavir-boosted lopinavir-based therapy, switching to
efavirenz-based therapy compared with continuing ritonavir-boosted lopinavir-based therapy did
not result in significantly higher rates of viral rebound or viral failure. This therapeutic approach
may offer advantages in children such as these.

Introduction

Implementation of pediatric antiretroviral treatment (ART) programs in sub-Saharan Africa
has resulted in significant reductions in morbidity and mortality among HIV-infected
children, changing a rapidly fatal disease into a chronic condition.! The success of ART
programs in low resource settings has been attributed to a public health approach, whereby
standardized, population guidelines facilitate individual patient management.2 For infants
and young children, ritonavir-boosted lopinavir-based therapy is recommended as first-line
ART 2 Initially, ritonavir-boosted lopinavir was recommended only for infants exposed to
nevirapine for prevention of mother-to-child transmission (PMTCT); but later, was shown to
also have better virological efficacy in unexposed infants and young children.* ® In adults
and older children, efavirenz is recommended as part of first-line ART.3

For HIV-infected children older than three years, efavirenz has advantages for long-term
maintenance therapy. Recommending efavirenz for older children would harmonize their
regimen with adult guidelines and reduce the cost of national programs. Efavirenz may
avoid some of the metabolic toxicities associated with ritonavir-boosted lopinavir and
simplifies co-treatment for tuberculosis.® Ritonavir-boosted lopinavir has an unpleasant
taste, posing major adherence challenges for parents administering this drug in syrup form to

JAMA. Author manuscript; available in PMC 2015 November 23.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Coovadia et al.

Methods

Page 3

their children, still too young to swallow tablets.6 Efavirenz has the advantage of once-daily
dosing, which has been shown to improve adherence and virologic outcome.’

Non-nucleoside reverse transcriptase inhibitors (NNRTI) continue to be recommended for
PMTCT. This includes efavirenz or nevirapine as part of maternal therapy and infant
nevirapine prophylaxis which is recommended regardless of maternal regimen.3 8 With
improved PMTCT coverage, the majority of the, albeit shrinking number of, children who
acquire HIV infection have NNRTI resistance prior to starting therapy.? We previously
evaluated whether children initially started on ritonavir-boosted lopinavir-based therapy
could safely transition to nevirapine-based therapy soon after achieving viral load
suppression. Our results supported the clinical utility of this strategy with some caveats.
Resistance selected during PMTCT led to a higher rate of virologic failure in the group
transitioning to nevirapine.19-12 |n the new trial presented here, we evaluate whether a
switch to efavirenz can overcome this limitation. Specifically, we tested, among children
perinatally-exposed to nevirapine as part of PMTCT, whether those whose viral load was
initially suppressed on ritonavir-boosted lopinavir-based therapy can transition to efavirenz-
based therapy without increased risk of viral failure.

Study design

We conducted a randomized, open-label, non-inferiority trial between June 2010 and
December 2013 at Rahima Moosa Mother and Child Hospital in Johannesburg, South
Africa. Children were randomized to switch to efavirenz-based therapy or to continue on
ritonavir-boosted lopinavir-based therapy and were followed for 48 weeks after
randomization. The non-inferiority design was chosen as efavirenz was not expected to have
better virologic outcomes than the standard regimen. The study was approved by the
Institutional Review Boards of Columbia University and the University of the
Witwatersrand. The child’s mother or legal guardian provided signed informed consent.

Children were eligible for enroliment if they had nevirapine exposure as part of PMTCT,
were currently receiving ritonavir-boosted lopinavir-based therapy started <36 months of
age provided for at least one year, and had an HIVV RNA test <50 copies/ml. All children in
the control arm of our prior triall%1 still in follow-up were screened for eligibility. In
addition, clinicians responsible for the care of HIV-infected children at other clinics in the
area were approached about referring children meeting our eligibility criteria. Random
assignments were generated by the study statistician using a permuted block design with
block sizes between 8 and 12 and were concealed in opaque envelopes opened on-site at the
time of randomization. Children were followed at 4, 8, 16, 24, 32, 40, and 48 weeks after
randomization.

Drug regimens

Efavirenz was prescribed once-daily in the evening at 200mg and 300mg for weight-bands
10-13.9 kg and 14-24.9 kg, respectively. Efavirenz was available in 50mg and 200mg
capsules. If children were unable to swallow capsules, caregivers were shown how to open
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the capsules and dissolve the contents in water. Ritonavir-boosted lopinavir syrup was given
twice-per-day at 230mg/m?2per dose. Children able to swallow tablets were given one tablet
twice-per-day (200mg lopinavir/50mg ritonavir) if body surface area <0.9 or two tablets
twice-per-day if >0.9. Both groups received adherence counseling at the time of
randomization and at each study visit.

At the time the study was undertaken, local guidelines advised against the use of stavudine
for new patients, but provided no guidance for those already on it. At enrollment, children
who were receiving stavudine were screened for eligibility for a sub-study of pre-emptive
switching to abacavir compared to remaining on stavudine. Children not eligible for the sub-
study remained on the other two antiretroviral drugs that they were already receiving.
Stavudine was given at 1mg/kg (twice daily) and abacavir at 8mg/kg (twice daily). Some
children were receiving zidovudine (180mg/m? twice daily). Lamivudine (4mg/kg twice
daily) was used as the third drug for all children. All medications were dose-adjusted at
every visit based on growth.

Study endpoints

HIV RNA quantity in plasma was measured at 4, 8, 16, 24, and 48 weeks. Based on the
results of our prior trial, 1911 we identified two primary virologic endpoints: (1) viral
rebound, defined as one or more HIV-1 RNA measurements >50 copies/ml, and (2) viral
failure, defined as confirmed (i.e., two or more) HIVV-1 RNA measurements >1000
copies/ml by 48 weeks after randomization. All children with >50 copies/ml at a scheduled
study visit were recalled for a repeat test.

CD4 cell count and CD4 percentage were measured at baseline, 24, and 48 weeks. Complete
blood count was performed at baseline and 24 weeks, and alanine transaminase (ALT) at
baseline and 32 weeks. Fasting lipid panel was performed at baseline and 40 weeks. Weight
and height, concomitant medications, and other clinical conditions were recorded at each
visit. The Strengths and Difficulties Questionnaire (SDQ), a validated standardized
screening questionnaire of emotional/behavioral problems,3 was administered at baseline
and 40 weeks. Caregivers were asked to return all unused medications at each study visit.
These were reconciled by the pharmacist with the expected usage of each drug as a measure
of adherence.

Plasma HIV RNA (AmpliPrep/COBAS® TagMan® HIV-1 Test, version 2.0, Roche,
Branchburg, NJ) measurements, CD4 cell determinations, blood counts, and liver function
tests were conducted by Clinical Laboratory Services in Johannesburg and reported directly
to the site for use in clinical management. The quantification range of the HIV RNA assay
was 20-10,000,000 copies/ml. All samples with >1000 copies/ml were tested at the National
Institute for Communicable Diseases for drug resistance using population sequencing as
previously described.1

Statistical analysis

The sample size of 300 was selected to detect a non-inferiority bound of —0.15 around the
risk difference for viral rebound (endpoint 1) and bound of —0.11 for viral failure (endpoint
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2). Our prior trial’®11 had observed the risk of viral rebound to be 0.55, which means that
based on our non-inferiority bound we were prepared to tolerate a risk < 0.70 in the
intervention group. At a Data Safety and Monitoring Board (DSMB) review of a planned
interim analysis, it was noted that virologic endpoints were less common than anticipated
and that, for endpoint 2, the stopping criteria had been attained; i.e., non-inferiority at the
pre-specified bound had been confirmed. The DSMB requested re-calculation of expected
non-inferiority bounds based on the interim results. These were re-calculated to be —0.10 for
both endpoints. The DSMB advised completion of the study with this narrower non-
inferiority bound which would allow for stronger conclusions to be drawn from the non-
inferiority analysis.

Intent-to-treat analyses were conducted utilizing all available follow-up data. The
cumulative probabilities of virologic endpoints were calculated using Kaplan-Meier
methods. Follow-up time for the children not followed to 48 weeks was censored at their last
follow-up visit. To address the non-inferiority design, the risk difference (delta) for each
endpoint was calculated as the difference in Kaplan-Meier probabilities. The standard errors
of the difference were calculated with the delta method. P-values for the non-inferiority
analysis were calculated from one-sided t-test and tested the null hypothesis that delta
(probability in control minus probability in efavirenz group) was < —0.10. The threshold to
define significance was p=0.05. Differences in outcomes between the randomized groups by
variation in the other antiretroviral drugs contained in the regimens were investigated in
stratified analyses. Other outcomes were compared across groups using t-tests for
continuous variables and Chi-squared or Fisher’s exact tests for categorical variables. For
comparison of adherence outcomes between the two groups, generalized estimating equation
(GEE) models were used. All p-values, other than the non-inferiority analysis, were two-
sided and considered a p-value of <0.05 as statistically significant. Weight- and height-for-
age Z-scores were calculated using WHO software. Analyses were done using SAS version
9.1.3 (Cary, NC).

Study population

A total of 300 children were enrolled in the trial, 223 of 236 children referred from pediatric
HIV clinics in the area and 77 of 85 children from the control arm of our prior trial.10: 11
Two children discontinued the study prior to randomization, resulting in 150 children
randomized to switch to efavirenz-based therapy and 148 to remain on ritonavir-boosted
lopinavir-based therapy (Figure 1).

At randomization, children had started ART at an average of 9.3 months (range 3 weeks to
32 months), had been on ART for an average of 3.5 years, and were an average of 4.3 years
of age. Most (73.5%) had been exposed to both maternal and infant nevirapine for PMTCT,
the remainder to either maternal or infant nevirapine. Just over half (53%) of the study
population was female. Other characteristics are shown in Table 1. No children died in the
48 weeks after randomization, and retention in the study was excellent with 292/298 (98%)
followed through 48 weeks. All six children not retained through the end of the study were
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in the efavirenz group. All of these were due to relocations out of the area with no apparent
link to randomized group.

Primary endpoints

The Kaplan-Meier probability of viral rebound >50 copies/ml by 48 weeks was 0.176
(n=26) in the efavirenz group and 0.284 (n=42) in the ritonavir-boosted lopinavir group.
Probabilities of viral failure (i.e., confirmed HIV RNA > 1000 copies/ml) were 0.027 (n=4)
in the efavirenz group and 0.020 (n=3) in the ritonavir-boosted lopinavir group (Table 2).
For viral rebound >50 copies/ml, the risk difference was 0.107 (1-sided 95% CI: 0.028,00),
and for viral failure, —0.007 (1-sided 95% CI: —0.036, co). The lower bounds of both of
these 1-sided 95% CI exceeded the —0.10 pre-specified non-inferiority bound. We rejected
the null hypothesis that efavirenz is inferior to ritonavir-boosted lopinavir (p<.001) for both
endpoints, accepting the alternative hypothesis that efavirenz, relative to a standard approach
using ritonavir-boosted lopinavir, is non-inferior for both primary endpoints.

Details on the seven children with viral failure, including four in the efavirenz group and
three in the ritonavir-boosted lopinavir group are shown in Table 3. Two of the four
children in the efavirenz group were returned to ritonavir-boosted lopinavir and later re-
suppressed. Both children had NNRTI (K103N) and NRTI resistance (M184V/1). Viral
elevation in one child occurred following treatment interruption due to elevated ALT. After
resolution of the hepatitis and resumption of the efavirenz-based regimen, the child re-
suppressed. This child had no resistance detected. The fourth child in the efavirenz group
had viral failure in association with severe household disruption. Both K103N and M184V
were detected. The child was transitioned to lamivudine monotherapy as a holding therapy
until adherence could be attained. The child did not reach a point where a suppressive
regimen could be re-introduced and did not complete follow-up. All children in the
ritonavir-boosted lopinavir group with viral failure re-suppressed without regimen change
despite two of three having M184V and the other, E138A (Table 3).

There were no differences in viral outcomes in those receiving stavudine vs abacavir.
Effects of efavirenz vs ritonavir-boosted lopinavir were also unchanged if stratified by
stavudine vs abacavir.

Secondary outcomes

The lipid profile of children in the efavirenz group was better than that of the ritonavir-
boosted lopinavir group 40 weeks after randomization. Children in the efavirenz group had
lower total cholesterol, LDL, and triglycerides than the ritonavir-boosted lopinavir group
(Table 4).

Both groups remained within the normal range for CD4 percentages and CD4 cell counts. At
baseline and at 24 weeks there were no differences in CD4 percentages or CD4 cell counts
between the groups. By 48 weeks, CD4 percentage was 2.88 (95% Cl: 1.26, 4.49) units
higher in the efavirenz than in the ritonavir-boosted lopinavir group. There were no
significant differences in weight- or height-for-age z-scores between groups at visits after
randomization. Neither anemia nor neutropenia were more common in the efavirenz group.
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ALT elevations were more common in the efavirenz group, but were primarily of grade 1 or
2. Skin manifestations did not differ across the groups. There were no deaths in either group
and hospital admissions were rare. Two children in the efavirenz group were initiated on
tuberculosis medication after randomization (eTable 1).

Four weeks after randomization, 26% of children in the efavirenz group reported trouble
sleeping or having nightmares compared to no children in the ritonavir-boosted lopinavir
group (p<.001). However, this difference between groups was no longer present after 8
weeks through the end of the study. There were no significant differences between the
groups in behavioral problems on the SDQ although a high proportion of children in both
groups had an abnormal SDQ total difficulties score (30.8 vs 34.0%, p=0.30). Nausea was
reported slightly more frequently in the efavirenz group (28.0 vs 17.6%, p=0.03). Other
symptoms were similar across the groups (eTable 1).

Two children experienced seizure disorders suspected to be related to efavirenz. One child
was diagnosed with absence seizures, thought related to delayed efavirenz clearance due to
CYP 2B6-516 T/T homozygosity which resolved after discontinuing the drug (previously
reported?®). The other child was diagnosed with generalized tonic-clonic seizures attributed
to abnormally high efavirenz blood levels of 20 mg/L (reference range 1-4 mg/L)6 resulting
from two genetic mutations — CYP2B6 516 G/T and CYP2B6 785 A/G. The seizures
resolved after efavirenz was stopped and ritonavir-boosted lopinavir re-started.

Over all follow-up visits, 73.2% of children in the ritonavir-boosted lopinavir group returned
the medication containers for adherence calculations and 86.1% of children in the efavirenz
group did so. Non-adherence defined as returning >10% of the expected volume of either
ritonavir-boosted lopinavir or efavirenz was similar in the two groups: 12.9% and 15.8%
respectively (p=0.23). Non-adherence with the other two drugs in the regimen was also
similar in the two groups (eTable 1).

Discussion

Switching to efavirenz-based therapy compared with continuing ritonavir-boosted lopinavir-
based therapy did not result in significantly higher rates of viral rebound (i.e., HIV RNA
>50 copies/ml) or viral failure (i.e., confirmed HIVV RNA >1000 copies/ml) in this cohort of
nevirapine-exposed children initially virally-suppressed on ritonavir-boosted lopinavir.

There are several potential advantages of switching to efavirenz, including preserving
ritonavir-boosted lopinavir for second-line treatment, harmonizing pediatric and adult
treatment guidelines, and reducing the cost of national programs. Ritonavir-boosted
lopinavir syrup is a medication of poor palatability that has to be dosed twice-per-day and
requires a cold storage to maintain long-term stability.6 New formulations will address
some, but not all, of these limitations.1” Efavirenz offers a more adherence-friendly
formulation, including being dosed once-daily. Since abacavir and lamivudine can also be
used once-daily in children already virally-suppressed!8 a once-daily pediatric fixed-dose
combination could be formulated. In adults, simplifications in formulations have had
significant adherence benefits.19
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Tuberculosis is a common co-infection among children with HIV in South Africa.20.21
Rifampicin is a potent inducer of the cytochrome P450 enzyme class. The use of ritonavir-
boosted lopinavir as part of pediatric ART is problematic in that lopinavir is metabolized by
these enzymes which may in turn lead to diminished virologic efficacy. WHO guidelines for
co-treatment of tuberculosis and HIV in children = 3 years recommend addressing this issue
by substituting efavirenz or a third NRTI for ritonavir-boosted lopinavir. Alternatively, the
guidelines also suggest the option of using ritonavir-boosted lopinavir combined with
additional ritonavir to maintain adequate lopinavir concentrations; the South African
pediatric treatment guidelines recommend this latter approach.322 The poor palatability of
ritonavir-boosted lopinavir is made considerably worse by the introduction of additional
ritonavir syrup thus complicating adherence and possibly affecting virological suppression.
Reduced viral suppression in young children on tuberculosis co-treatment when on a
ritonavir-boosted lopinavir-based regimen has been previously reported.23-26 Although
efavirenz is also metabolized by the same hepatic enzyme system, there does not appear to
be a requirement to increase its dose, nor is there the need for any additional drug to boost
its levels, thereby making this regimen option the more suitable alternative.

Long-term use of ritonavir-boosted lopinavir also raises concerns about metabolic toxicities,
and our trial demonstrated a more favorable lipid profile with efavirenz, with lower levels of
total cholesterol, LDL, and triglycerides. Our data suggest that further benefits of efavirenz
include less frequent low level viremia and more robust CD4 cell response. We previously
noted both of these benefits with nevirapine relative to ritonavir-boosted lopinavir-based
therapy.10: 11 Although this study was designed as a non-inferiority study, we observed
higher rates of low level viral rebound in the ritonavir-boosted lopinavir group. One study
has suggested that low level viremia may portend a higher risk of future virologic failure.2”
The dose of ritonavir-boosted lopinavir used in this study was on the lower end of what is
now recommended, which may have played a role in low level viremia. No statistically
significant differences in adherence were observed between the groups.

Neuropsychiatric adverse effects of efavirenz are well known. Efavirenz adverse events are
generally associated with high drug concentrations, and specific genetic mutations
predispose to inadequate drug clearance.28 In our study two children developed seizure
disorders while receiving efavirenz; both were likely to be due to these issues and resolved
with change in treatment. Almost a quarter of children reported having had nightmares or
trouble sleeping 4 weeks after switching to efavirenz, but these adverse events subsequently
resolved. Efavirenz is associated with psychiatric adverse events in adults, but its
manifestations in children are less well described.?® Reassuringly, on a standardized
instrument assessing emotional/behavioral problems there was no additional evidence of
increased risk. In summary, although for the majority of children the drug was safe and well-
tolerated, clinical vigilance is necessary.

We believe it is unlikely that shifts away from short duration nevirapine for PMTCT to
wider use of efavirenz-based ART for mothers combined with longer durations of
nevirapine prophylaxis for infants in the current era will affect the generalizability of our
results. This is because a single base-pair mutation is sufficient to confer resistance to
efavirenz. There is now an extensive body of literature that almost all infected infants
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exposed to even one dose of nevirapine will have at least one of these mutations.39: 31
Hence, there is a ceiling effect that longer durations of nevirapine cannot plausibly exceed.
One would need to speculate that resistance selected in the current era is qualitatively
different either in persistence or in mutation mix but this has not been observed in recent
surveillance data.® Nevertheless, ongoing monitoring of the resistance profile of children
acquiring infection in the current era is warranted. Our strategy requires viral load
monitoring to identify children who may benefit from switching. Post-switch virological
monitoring is also advisable. We are conducting a follow-up study of the children in the trial
reported herein. Our strategy fits well with efforts to expand access to viral load testing
within treatment programs in low resource settings.34

Three of four children in the efavirenz group with viral failure had K103N. They also had
M184V, as did two of three children in the ritonavir-boosted lopinavir group with viral
failure. All the children in the ritonavir-boosted lopinavir group re-suppressed on the same
regimen (including lamivudine) with adherence counseling. Both children in the efavirenz
group switched back to ritonavir-boosted lopinavir re-suppressed. It is interesting that
K103N predominated in viral failure in these children as all studies of PMTCT-exposed
infants prior to ART initiation have observed a predominance of Y181C. This contrasts to
patterns observed among their mothers and other adults.30: 31 Y181C confers high-level
resistance to nevirapine, but only intermediate resistance to efavirenz.32 This may explain
why we observed excellent efficacy of efavirenz in this trial, but more viral failure in our
prior trial attempting the reintroduction of nevirapine following induction of viral
suppression with ritonavir-boosted lopinavir,10: 11 both trials among nevirapine-exposed
children.

Several limitations should be considered in interpreting this study. All children in our trial
were over 3 years of age and although the eligibility criteria only required a year of
treatment, the mean duration of treatment was 3.5 years. Thus we are not able to determine
whether such a long initial period of treatment with ritonavir-boosted lopinavir is necessary.
A further limitation is that our results cannot be generalized to children under three years of
age. We designed our trial before efavirenz dosing for children under three years of age was
available and dosing below this age remains controversial, given volatility in drug
metabolism related to enzyme system maturation.33 Thirdly, the treatment strategy was
designed for a population suppressed on their ritonavir-boosted lopinavir-based regimen and
we cannot address the generalizability of this approach to children failing ritonavir-boosted
lopinavir.

There is little guidance available as to what clinicians ought to do when confronted with a
child above the age of three years who began treatment with ritonavir-boosted lopinavir. As
a result, it has been left to individual interpretation and there are anecdotal reports of
clinicians switching to efavirenz anyway in the absence of data to support such a practice.
This study provides evidence to support the safety and efficacy of switching to efavirenz, the
recommended drug for children older than 3 years, among virally suppressed children.
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Conclusions

Among HIV-infected children exposed to nevirapine for PMTCT and initially virally-
suppressed on ritonavir-boosted lopinavir-based therapy, switching to efavirenz-based
therapy compared with continuing ritonavir-boosted lopinavir-based therapy did not result in
significantly higher rates of viral rebound or viral failure.
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Figure 1.
Disposition of study participants from screening, enrollment, randomization and follow-up

post-randomization
Note: “Transfer” indicates children whose care was transferred to other facilities due to
relocation.
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Table 1

Characteristics at baseline of 298 HIV-infected children randomized to remain on a ritonavir-boosted
lopinavir-based regimen or to switch to an efavirenz-based regimen

1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny
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All

Ritonavir-

Characteristic boosted L opinavir Efavirenz

N 298 148 150

Source Population, N (%) 76 (25.5) 37 (25.0) 39 (26.0)
Control group in prior trial 222 (74.5) 111 (75.0) 111 (74.0)
New recruits

Sex, N (%) 140 (47.0) 68 (46.0) 72 (48.0)
Male 158 (53.0) 80 (54.0) 78 (52.0)
Female

Age (years), N (%) 139 (46.6) 71 (48.0) 68 (45.3)
3-39 103 (34.6) 50 (33.8) 53 (35.3)
4-4.9 34 (11.4) 15 (10.1) 19 (12.7)
5-5.9 22 (7.4) 12 (8.1) 10 (6.7)
>6 4.27 (4.16, 4.38) 4.26 (4.10, 4.41) 4.28 (4.13,4.43)

Mean (95% CI)

Duration on ART (years), N (%) 15 (5.0) 9(6.1) 6 (4.0
1-1.9 67 (22.5) 35 (23.6) 32 (21.3)
2-2.9 135 (45.3) 65 (43.9) 70 (46.7)
3-39 81 (27.2) 39 (26.4) 42 (28.0)
>4 3.5(3.40, 3.61) 3.47 (3.32, 3.63) 3.53(3.38, 3.67)
Mean (95% CI)

Other two antiretrovirals, N (%) 173 (58.1) 85 (57.4) 88 (58.7)
Abacavir/lamivudine 113 (37.9) 55 (37.2) 58 (38.7)
Stavudine/lamivudine 11 (3.7) 7(4.7) 4(2.7)
Zidovudine/lamivudine 1(0.3) 1(0.7) 0 (0.0)
Abacavir/zidovudine

PMTCT history, N (%) 13 (4.4) 6 (4.0 7(4.7)
Maternal ART + Infant nevirapine 206 (69.1) 105 (71.0) 101 (67.3)
Maternal zidovudine and/or nevirapine + Infant nevirapine 62 (20.8) 29 (19.6) 33 (22.0)
Maternal zidovudine and/or nevirapine only 17 (5.7) 8(5.4) 9(6.0)
Infant nevirapine only

Age at ART initiation (months), N (%) 44 (14.8) 21 (14.2) 23 (15.3)
<3 months 92 (30.9) 42 (28.4) 50 (33.3)
3-5.9 months 79 (26.5) 42 (28.4) 37(24.7)
6-11.9 months 73 (24.5) 36 (24.3) 37(24.7)
12-23.9 months 10 (3.4) 7(4.7) 3(2.0)

24-36 months
Mean (95% Cl)

9.25 (8.47, 10.04)

9.44 (8.32, 10.55)

9.07 (7.97, 10.18)

Baseline CD4 %, N (%) 18 (6.6) 9 (6.6) 9(6.5)
<25 257 (93.5) 128 (93.4) 129 (93.5)
>25 34.7 (33.9, 35.5) 34.4 (33.3,35.5) 35.0 (33.7, 36.2)
Mean (95% CI) 23 11 12
Missing

Mother born in South Africa, N (%) 267 (89.9) 137 (92.6) 130 (87.3)
Yes 30 (10.1) 11 (7.4) 19 (12.8)
No 1 0 1
Missing

Highest grade completed by caregiver, N (%) 27(9.2) 12 (8.2) 15 (10.1)
1-7 (any primary school) 28(9.5) 14 (9.5) 14 (9.5)
8-9 110 (37.3) 61 (41.5) 49 (33.1)
10-11 124 (42.0) 59 (40.1) 65 (43.9)
12 6(2.0) 1(0.7) 5(.4)
Any post high school education 3 1 2
Missing

Caregiver has paid job, N (%) 135 (45.5) 65 (43.9) 70 (47.0)
Yes 162 (54.5) 83 (56.1) 79 (53.0)
No 1 0 1
Missing
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cegt All Ritonavir- :
Characteristic boosted L opinavir Efavirenz
Inside tap in child’s home, N (%) 150 (50.5) 71 (48.0) 79 (53.0)
Yes No Missing 147 (49.5) 77 (52.0) 70 (47.0)
1 0 1
Inside toilet in child’s home, N (%) 142 (47.8) 70 (47.3) 72 (48.3)
Yes 155 (52.2) 78 (52.7) 77 (51.7)
No 1 0 1
Missing
Electricity in child’s home, N (%) 270 (90.9) 136 (91.9) 134 (89.9)
Yes 27(9.1) 12 (8.1) 15 (10.1)
No 1 0 1
Missing
Fridge in child’s home, N (%) 249 (83.8) 128 (86.5) 121 (81.2)
Yes 48 (16.2) 20 (13.5) 28 (18.8)
No 1 0 1
Missing
Radio in child’s home, N (%) 263 (88.6) 134 (90.5) 129 (86.6)
Yes 34 (11.4) 14 (9.5) 20 (13.4)
No 1 0 1
Missing
TV in child’s home, N (%) 267 (89.9) 133 (89.9) 134 (89.9)
Yes 30 (10.1) 15 (10.1) 15 (10.1)
No 1 0 1
Missing
Does child have to go hungry, N (%) 45 (15.2) 17 (11.5) 28 (18.8)
Yes 252 (84.8) 131 (88.5) 121 (81.2)
No 1 0 1
Missing

Categorical variables are presented as percentages and continuous variables as means and their 95% confidence intervals. All denominators are

shown.

Abbreviations: Antiretroviral therapy (ART), Confidence Interval (CI), Prevention of mother-to-child HIV transmission (PMTCT).

JAMA. Author manuscript; available in PMC 2015 November 23.




1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Coovadia et al.

Table 2

Page 16

Cumulative probabilities of primary endpoints among 148 HIV-infected children remaining on a ritonavir-
boosted lopinavir-based regimen and 150 switched to an efavirenz-based regimen and tests of non-inferiority.

Ritonavir-

Non-inferiority

boosted lopinavir Efavirenz p-val ue"
Viral rebound (one or more HIV-1 RNA
measurement >50 copies/ml)
N Viral rebound 42 26
Probability (95% CI)# 0.284 (0.211, 0.357) | 0.176 (0.115, 0.238) | <.001
Delta® (1-sided 95% CI) 0.107 (0.028, o)
Viral failure (two or more HIV-1 RNA
measurements >1000 copies/ml)
N Viral failure 3 4
Probability (95% CI) 0.020 (0.002, 0.043) | 0.027 (0.001, 0.054) | <.001

Delta® (1-sided 95% CI)

-0.007 (-0.036, o)

*
p-value is the probability of rejecting the null hypothesis Hp: Delta<-0.10 in favor of the alternative hypothesis Hg : Delta>-0.10 when HQ is

true.

§Delta = Probability of endpoint in ritonavir-boosted lopinavir group minus probability of endpoint in efavirenz group.

Cumulative probabilities were calculated using Kaplan-Meier methods. There were no exclusions. Six children not followed through 48 weeks

were censored at their last follow-up visit.
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