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Abstract

Background—In the PROMOTE-pediatrics trial, HIV-infected Ugandan children randomized to

receive lopinavir-ritonavir (LPV/r)-based antiretroviral therapy (ART) experienced a lower

incidence of malaria compared to children receiving non-nucleoside-reverse-transcriptase-

inhibitor (NNRTI)-based-ART. Here we present the results of the non-inferiority (NI) analysis of

virologic efficacy and comparison of immunologic outcomes.

Methods—ART-naïve or -experienced (HIV RNA < 400 copies/ml) children ages 2 months to 6

years received either LPV/r or NNRTI-based-ART. The proportion of children with virologic

suppression (HIV RNA <400copies/ml) at 48 weeks was compared using a pre-specified NI

margin of −11% in per-protocol analysis. Time to virologic failure by 96 weeks, change in CD4

counts and percentages, and incidence of adverse event rates were also compared.

Results—Of 185 children enrolled, 91 initiated LPV/r and 92 initiated NNRTI-based ART. At

baseline, the median age was 3.1 years (range: 0.4 to 5.9) and 131 (71%) were ART-naïve. The

proportion of children with virologic suppression at 48 weeks was 80% (67/84) in the LPV/r-arm

vs. 76% (59/78) in the NNRTI-arm, a difference of 4% (95%CI: −9% to +17%). Time to virologic

failure, CD4 changes, and the incidence of DAIDS grade III/IV adverse events were similar

between arms.
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Conclusions—LPV/r-based ART was not associated with worse virologic efficacy,

immunologic efficacy, or adverse event rates compared to NNRTI-based ART. Considering these

results and the reduction in malaria incidence associated with LPV/r previously reported for this

trial, wider use of LPV/r to treat HIV-infected African children in similar malaria endemic settings

could be considered.
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Introduction

In the PROMOTE-pediatrics trial, HIV-infected Ugandan children randomized to receive

lopinavir/ritonavir (LPV/r) based antiretroviral therapy (ART) experienced a lower

incidence of malaria compared to children receiving non-nucleoside reverse transcriptase

inhibitor (NNTRI) based ART1. While LPV/r has direct anti-plasmodial activity in vitro2,

the decreased malaria incidence in the LPV/r-arm of PROMOTE was driven primarily by a

reduction in the recurrence of malaria after treatment with artemether–lumefantrine,

stemming from a beneficial pharmacologic interaction that prolonged the half-life of

lumefantrine [1]. Children receiving LPV/r also had a lower prevalence of gametocytemia,

suggesting that wider use could lead to decreased malaria transmission3.

The results of PROMOTE-pediatrics suggest that expanded use of LPV/r for the treatment

of HIV-infected children living in areas of high malaria endemicity settings could be a

rational policy. However, the HIV-related outcomes of LPV/r– compared to NNRTI-based

ART must also be considered. In one randomized trial of infants less than 36 months of age,

LPV/r – based ART led to superior virologic outcomes compared to NNRTI-based ART, but

results from trials in older children were equivocal and some data have suggested that LPV/r

may be associated with impaired CD4 recovery4,5.

Here we report results of the protocol specified a non-inferiority comparison of the

proportion of children with HIV RNA levels < 400 copies/ml after 48 weeks of ART. To

assess the durability of virologic efficacy, we compared time to confirmed virologic failure

over 96 weeks. We additionally compared changes in CD4+ T-cell measures and adverse

event incidence during the follow-up period.

Methods

Details about the PROMOTE-pediatrics trial including eligibility criteria and the study

protocol have been published (Clinical Trial Registration Number:NCT00978068)1. In brief,

this was an open-label randomized clinical trial designed to determine if the use of LPV/r-

based ART would reduce malaria incidence compared to the use of NNRTI-based ART.

Subjects were HIV-infected children at least 2 months but less than 6 years old living in

Tororo, Uganda who were either ART-naïve and ART-eligible per Ugandan guidelines or

ART-experienced, receiving NNRTI-based first line ART with an HIV RNA Level <400

copies/ml in the preceding 6 months. Children less than 2 years old who had been exposed
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to maternal nevirapine (NVP) and/or received NVP as perinatal transmission prophylaxis

were excluded because use of an NNRTI as treatment would be clinically contraindicated.

At enrollment, children were randomized 1:1 to receive LPV/r plus two nucleoside reverse

transcriptase inhibitors (NRTIs) or an NNRTI plus two NRTIs. In the NNRTI arm, NVP

was used for all children < 3 years old and efavirenz(EFV) for most children >3 years old .

NRTIs were zidovudine(ZDV) or abacavir(ABC) plus lamivudine(3TC); stavudine was also

utilized initially, but then replaced by AZT or ABC after 2009, in accordance with changes

in Ugandan and WHO guidelines6. NVP was dosed at 160–200 mg/m2 (max 200mg) once

daily for the first 14 days and then twice daily7,8. EFV was dosed as 15 mg/kg (max 600

mg) once daily8. LPV/r was dosed by weight bands per 2008 United States Department of

Health and Human Services guidelines7.

Children were followed at the study clinic with monthly routine visits and for all acute

illnesses at the study clinic. CD4 counts and percentages (FACS Calibur, BD Biosciences,

San Jose, CA, USA) and HIV RNA levels (COBAS® Amplicor HIV-1 Monitor Test v1.5

and Ampliprep Taqman Assay, Roche Molecular Diagnostics, Pleasanton, CA, USA; Abbott

m2000 RealTime PCR, Abbott Molecular Diagnostics, Germany) were determined every 12

weeks for the first year and every 24 weeks thereafter. Adherence was assessed using 3-day

recall at each routine visit and calculated as the percentage of prescribed doses reportedly

taken. Children who had persistent HIV RNA levels of > 400 c/ml had in-depth adherence

assessments, with changes to second line ART made on a case-by-case basis, per Ugandan

guidelines.

The primary outcome for this analysis, the proportion of children with virologic suppression

(HIV RNA level < 400 c/ml) after 48 weeks, was compared by test of proportions. Because

the primary aim of the PROMOTE-pediatrics trial was to compare efficacy in malaria

prevention, the study sample size was based on estimates of malaria incidence. To compare

virologic efficacy between arms, we chose to utilize a non-inferiority analysis and pre-

specified a non-inferiority margin of −11% in the difference between arms in the proportion

with HIV RNA level < 400 c/ml with a 95% confidence interval. Analyses were per-

protocol to minimize the risk of falsely concluding no difference between arms (Type II

error). However, we also analyzed the primary outcome using modified intention-to-treat

techniques, in which children were categorized according to originally assigned study arm,

and those who died, were lost to follow up, or had missing data at 48 weeks were considered

to have not suppressed. The proportions with virologic suppression were also compared at

96 weeks per-protocol. To assess the durability of virologic efficacy up to 96 weeks, we

generated a Kaplan-Meir survival model of time to virologic failure, stratified by ART-

status at enrollment, with virologic failure defined at the time of the first of two successive

HIV RNA > 400 c/ml (after a minimum of 24 weeks of treatment for ART-naïve children),

and compared risk of failure by arm using a log-rank test. Means of CD4 measures and

adherence were compared using Student's T-test with 2-tailed p-values. The incidence of

Division of AIDS (DAIDS, National Institute of Allergy and Infectious Diseases)9 Grade III

or IV adverse events was compared using negative binomial regression using all available

follow-up time and per protocol approaches. Children were enrolled from September 2009
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through October 2011; data accumulated up to October 1, 2012 were included in these

analyses. Stata Version 11 was used for all analyses (StataCorp, College Station, TX, USA).

PROMOTE-pediatrics was approved by the Makerere University School of Medicine

Research and Ethics Committee, the Uganda National Council for Science and Technology,

and the University of California, San Francisco, Committee for Human Research.

Results

After screening 421 children, 185 children were enrolled (Figure 1) with 91 initiating

LPV/r-based ART and 92 initiating or continuing NNRTI-based ART (33 EFV, 59 NVP).

At enrollment, the median age of the cohort was 3.1 years (range: 0.4 to 5.9) and 131 (71%)

were ART-naïve. Baseline characteristics of the children who initiated therapy were similar

between arms (Table 1). The mean (range) of total follow-up time per subject was 109

(0-156) weeks. At monthly routine assessments, mean reported adherence was 99.5% in

both arms (p=0.99).

A total of 91 (99%) of children in the LPV/r arm and 85 (89%) of children in the NNRTI

arm remained in follow-up at 48 weeks, the time point of the primary analysis. One child

discontinued study medication due to an adverse reaction (Stevens-Johnson Syndrome after

3 weeks of therapy with NVP). Eight children withdrew from the NNRTI arm and one from

the LPV/r arm (Figure 1), all due to inability to comply with study procedures, and none

related to medication tolerance. HIV RNA levels at 48 weeks were missing from 13 children

(7 LPV/r and 6 NNRTI) due to missed study visits or laboratory problems.

The proportion of children with virologic suppression at 48 weeks was 80% (67/84) in the

LPV/r arm compared to 76% (59/78) in the NNRTI arm, corresponding to a difference of

4.1% with a 95% confidence interval of – 8.7% to 17%, thereby excluding the pre-specified

non-inferiority margin of −11%. In modified intention-to-treat analysis, the proportion of

children with virologic suppression was 74% (67/91) in the LPV/r arm compared to 65%

(60/92) in the NNRTI arm (difference of 8.4%; 95%CI: −4.9% to +22%).

The proportion of children with virologic suppression at 96 weeks was 89% (46/52) in the

LPV/r arm versus 84% (41/49) in the NNRTI arm (difference: 4.8%, 95%CI: −9% to 18%)

in per-protocol analysis. Of the 124 children enrolled with at least 96 weeks of follow-up

(Figure 1), 6 had changed from NNRTI to LPV/r and 18 children were missing HIV RNA

levels due to lab error or missed visits (LPV/r: 10, NNRTI: 8).

A total of 37 children developed confirmed virologic failure by 96 weeks (Figure 2 and SDC

Figure 1). Among the ART-naive, the 96-week virologic failure rate was 26% (95%CI:

17%-39%) in the LPV/r arm and 28% (18%-41%) in the NNRTI-arm (Log-rank test p=0.8)

in survival modeling. Among the ART-experienced, the 96-week virologic failure rate was

8% (95%CI:2%-27%) in the LPV/r arm and 12% (4%-32%) in the NNRTI-arm (Log-rank

test p=0.6).

Compared to the NNRTI arm, a greater portion of the children who developed virologic

failure in the LPV/r arm subsequently achieved virologic suppression after adherence
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counseling. Of the 18 children with virologic failure in the LPV/r arm, 14 (78%)

subsequently achieved virologic suppression after adherence counseling. In contrast, of the

19 with virologic failure in the NNRTI arm, only 4 (21%) subsequently achieved virologic

suppression (p=0.0006). A total of 6 children switched to second-line ART (all from NNRTI

to LPV/r); 5 achieved virologic suppression and 1 did not yet have follow-up viral load

testing.

ART-naïve children experienced comparable increases in CD4 counts, with mean change

from baseline to 48 weeks of 405 cells/μl (SD 324) for the LPV/r arm and 426 cells/μl (498)

for the NNRTI arm (p=0.7); similar recovery in CD4 percentage was also seen, with mean

(SD) change of 11.8(7.4) in the LPV/r arm and 13.3(7.1) in the NNRTI arm (p=0.27).

Among the ART-experienced, there were mean (SD) losses in CD4 count at 48 weeks for

both the LPV/r [−296(610)] and NNRTI arms [−5.8 (733)](p=0.13), but CD4 percentages

showed mean improvements: LPV/r [0.5 (8.8)], NNRTI [3.5(9.5)] (p=0.23). There were no

significant differences in mean CD4 number or percentage between arms at any time point

(all p-values > 0.05) (Figures 3a, 3b, and SDC Figures 2a and 2b). There was a trend toward

lower mean CD4 counts among ART-experienced children randomized to LPV/r versus

NNRTI at 48-96 weeks, but CD4 percentages remained comparable at all time-points.

DAIDS grade 3 or 4 adverse events were rare, and there were no significant differences in

their incidence between the two ART arms (SDC Table 1). Neutropenia (<750 cells/μl) and

thrombocytopenia (<50,000/ μl) were the most commonly reported adverse events. There

were 47 neutropenia events (24.0 per 100 person years) in the LPV/r arm and 51 (28.3 per

100 person years) in the NNRTI arm. The rate of grade 3 or 4 elevated alanine

aminotransferase (ALT) was slightly higher in children in the NNRTI arm compared to the

LPV/r arm(3.32 vs. 1.53 events per person year, respectively, P=0.26). There was one

permanent ART change in a patient who developed Stevens Johnson Syndrome while

receiving NVP. One patient changed from NVP to EFV due to hepatitis. Two children (one

from each arm) temporarily changed to EFV to avoid interactions with therapy for

tuberculosis. There were 4 deaths, none attributed to study medications. Two children with

severe malnutrition (one each randomized to NVP and LPV/r) died within 6 weeks of

enrollment of unclear causes; they had been admitted to the hospital and provided with

nutritional supplementation. One child died of measles complicated by pneumonia (NVP)

despite measles vaccination. One child experienced a sudden death of unclear etiology

(EFV).

Discussion

Our finding of comparable virologic outcomes in children receiving LPV/r and NNRTI-

based ART supports to the idea that LPV/r-based ART could be used to treat HIV-infected

African children while also preventing malaria. We previously showed that children in the

LPV/r-arm of this study experienced a lower incidence of malaria1, primarily due a

reduction in the incidence of recurrent malaria after treatment with artemether–lumefantrine.

It is thus important to note that the benefits of LPV/r in malaria prevention would only apply

to areas where artemether–lumefantrine is in use. But artemether–lumefantrine is

recommended by the WHO as first line treatment for malaria and is in use throughout much
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of Africa10. With the results present here, we show that the anti-malarial benefits of LPV/r

for HIV-infected children in this setting did not come at a cost of virologic or CD4+ T-cell

recovery.

Comparable virologic outcomes for protease inhibitor (PI) versus NNRTI-based ART have

been reported from larger randomized trials in adults and children. In the Optimal

Combination Therapy after Nevirapine Exposure (A5208) trial, NVP and LPV/r-based ART

lead to the same rate of virologic failure or death (14% vs. 14%, hazard ratio, 0.97; 95% CI,

0.6 to 1.6) among 500 ART-naive HIV-infected African women without prior exposure to

single-dose nevirapine11. In the PENPACT 1 trial, 263 HIV-infected children randomized to

either NNRTI- or PI -based-ART had similar proportions with HIV RNA < 400 copies/ml

throughout follow-up 12. However, in the IMPAACT p1060 trial, the HIV-infected infants

(without perinatal exposure to NVP) randomized to receive NVP had an elevated risk of

virologic failure (confirmed HIV RNA > 400 c/ml) or death by 24 weeks (hazard ratio: 2.51;

95% CI, 1.41 to 4.47) and a trend towards lower rates of suppression (HIV RNA < 400 c/ml)

at 48 weeks (75% vs 85%, respectively, p=0.06) compared to infants receiving LPV/r 5. Our

study did not confirm the superiority of LPV/r reported in the p1060 trial, but we did note

trends in favor of the LPV/r. Differences between our results and those of p1060 are likely

explained, at least in part, by the age differences between our and their cohorts (median 3.1

vs. 1.8 years, respectively). If we restrict our analyses to include only children < 3 years of

age (n=75), the rates of virologic suppression are more in favor of LPV/r as reported in

p1060 (data not shown). Also of note, the older children in the NNRTI-arm of our study

received EFV, which has been associated with superior outcomes compared to NVP in

African children13.

The good outcomes of children switching from NNRTI to LPV/r-based ART in our study

add to limited data on the safety of switching ART in children with virologic control 14-18.

HIV-infected children occasionally need to change ART due to adverse events, anticipated

drug interactions, or formulation availability. Prior studies have demonstrated safety in

changing from PI to EFV15 or NVP4,18- based ART, but to our knowledge, no randomized

trials have previously reported on the safety of switching from NNRTI- to PI-based ART

among children with virologic suppression

We observed a notable difference between treatment arms in the outcomes of children

recognized to have virologic failure. Most children in the LPV/r arm ultimately achieved

suppression with adherence counseling and without a change in ART, but most children in

the NNRTI arm continued to fail despite counseling. This could be the result of the lower

barrier to resistance seen with NNRTI's compared to PIs such as LPV/r 19 or reflect ongoing

issues of poorer tolerance and adherence to NNRTI's. This finding highlights the importance

of early recognition of adherence problems and the role that frequent HIV RNA level testing

could play in identifying those at risk for resistance.

Virologic failure rates by 96 weeks were >25% in both treatment arms. The reasons for such

high failure rates are uncertain, but adherence issues were identified in the majority of cases.

Caregivers received adherence counseling prior to treatment initiation and at every monthly

visit. Adherence was reported at 99.5% over all clinic visits, but we believe that caregiver
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reports were inflated. When a case of virologic failure was identified, additional counseling

was performed and in difficult cases, counselors visited the homes of families to help them

problem solve. In some cases, adherence was improved with simple changes in practice such

as substituting tablets for liquids. But in other cases, socioeconomic factors presented

greater challenge and no clear solution, such as the case of the single mothers who assigned

responsibility for medication administration to young siblings. Our experience suggests that

treatment programs in similar settings should devote as much effort as resources allow to

adherence support in order to optimize ART outcomes.

Consideration of the optimal first line ART for HIV-infected African children must take into

account not only the response to initial therapy, but also the consequences of failure on

resistance mutation accumulation and the response to second line therapy. Our ability to

assess the long-term implications of study regimens would have been improved with

information about the accumulation of resistance mutations and additional data about the

outcomes of children on second line therapy. Some studies have shown good responses to

PI-based therapy following NNRTI-based ART in Africa, but data are limited in

children 20-22. One small retrospective study showed poorer virologic responses when

NNRTIs were used as second line following PIs, compared to when PIs followed

NNRTIs23. However, in PENPACT 1, which took place in Europe and North and South

America, children who received PIs (versus NNRTI) as first line had fewer NRTI mutations

at the time of virologic failure and good suppression rates in response to NNRTI-based

second line treatment 4.

We also compared changes in CD4 measures by treatment arm. In HIV-infected adults,

several studies have suggested that PIs 24-26, and LPV/r in particular27, may be associated

with improved CD4 count recovery. Conversely, some data suggest impaired CD4 responses

in children receiving LPV/r compared to NNRTI-based ART. Among the NVP-exposed

infants in the p1060 trial, the LPV/r arm demonstrated a trend toward lower CD4

percentages recovery at 48 weeks28 compared to the NNRTI arm. In the NEVEREST trial,

ART-experienced infants receiving LPV/r were randomized to either continue LPV/r or

switch to NVP; a greater portion of those who stayed on LPV/r experienced a 10% decline

in CD4 percentage at 52 weeks (15% vs 3%)4. The marginal differences in CD4 measures

that have been reported are of unclear clinical significance, but suggest the possibility of an

interaction of LPV/r with lymphocyte recovery. In this trial, we did not find significant

differences in CD4 count or percentage between the arms of our study. ART-experienced

LPV/r –treated children had lower median CD4 counts, with a net decline from baseline to

48 weeks but CD4 percentages remained notably stable.

Both NNRTIs and LPV/r were well tolerated in our study, with only one grade III/IV

adverse event leading to permanent discontinuation. As in other trials of NNRTIs and PIs in

children, the most common adverse event was neutropenia, but the clinical consequences of

these events appear to have been minor5,28. All cases resolved without complications in our

study. Indeed high rates of reported neutropenia may also reflect genetic and/or geographic

differences that lead to relatively low neutrophil levels in Ugandan, compared to North

American children 29. There is some concern that LPV/r may impair growth; greater change

in weight-for-age Z-score was seen in children receiving NNRTIs compared to those
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receiving PIs in the p1060 trial. In our trial severe malnutrition was noted in only one

patient, who died before initiating medications, but detailed analyses of impacts of study

drugs on growth are ongoing.

Considering our results, what is the role for LPV/r in the treatment of HIV-infected African

children? The cost of LPV/r has declined dramatically over the past decade and there is

wider access to pediatric formulations30. Clinical trials have yielded varying results about

whether LPV/r is superior to NNRTIs. At the moment, it may be that LPV/r use should be

targeted to the populations of children in which it has shown particular benefit. The World

Health Organization now recommends LPV/r over NNRTIs as the first-line therapy for all

HIV-infected children under 3 years of age31. The results of PROMOTE-pediatrics s suggest

that the use of LPV/r- over NNRTI-based ART could lower the incidence of malaria for

HIV-infected children up to age 6 years living in malaria endemic regions where

artemether–lumefantrine is the malaria treatment of choice1. And for a malaria-endemic

country, the relatively higher cost of LPV/r compared to NNRTs may be offset by the

avoidance of malaria-associated medications, hospitalizations, and mortality. As the use of

LPV/r expands in Africa, it will be important that data about clinical outcomes and the

declining cost of LPV/r continue to be evaluated as African countries determine their

treatment guidelines.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Study Flow Chart
LPV/r, lopinavir/ritonavir; NNRTI, non-nucleoside-reverse-transcriptase-inhibitor.
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Figure 2. Time to Virologic Failure, ART-naïve
Time to virologic failure, the first of 2 successive HIV RNA levels > 400 copies/ml in Kaplan-Meier modeling. LPV/r,

ritonavir-boosted lopinavir; NNRTI, non-nucleoside-reverse-transcriptase-inhibitor
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Figure 3. Change in CD4 measures over time, ART-naive
a) CD4 Number b) CD4 Percentage

CD4 count and percentage by duration of time receiving ART during the study. Values are means with standard deviation error

bars. Data were included from subjects on per-protocol basis with some patients missing scheduled visits at each time point, as

shown below.
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Table 1

Baseline characteristics of subjects

LPV/r (n=91*) NNRTI (n=92*) P-value†

Age, years 3.1 (2.4 to 4.3) 3.1 (2.4 to 4.7) 0.63

Female 44 (48%) 45 (48%) 0.53

WHO Stage 0.82

    I 64 (70%) 70 (76%)

    II 19 (21%) 16 (17%)

    III 2 (2%) 1 (1%)

    IV 6 (7%) 5 (5%)

ART-status 0.55

    ART-naïve 64 (70%) 65 (71%)

    ART-experienced 27 (29%) 27 (29%)

CD4 number, cells/μl

    ART-naïve 582 (597 to 969) 593 (389 to 788) 0.89

    ART-experienced 1275 (861 to 1885) 1099 (802 to 1906) 0.59

CD4 Percentage

    ART-naïve 17 (12 to 23) 16 (11 to 23) 0.77

    ART-experienced 31 (27 to 38) 30 (24 to 37) 0.60

HIV RNA Level, log(copies/ml)

    ART-naïve 5.3 (4.8 to 5.9) 5.5 (4.8 to 5.9) 0.75

    ART-experienced All BLD All BLD -

Values are medians (interquartile range) or number (percentage); LPV/r, ritonavir-boosted lopinavir; NNRTI, non-nucleoside-reverse-transcriptase-
inhibitor; BLD, below level of detection, 400 copies/ml.

*
Excludes the 2 children who withdrew or died before initiating study drugs.

†
Student's T-Test or Chi-square.
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