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Background—In a randomized trial comparing nevirapine (NVP)- versus lopinavir/ritonavir
(LPV/r)- based antiretroviral therapy (ART) in HIV-infected children (primary endpoint
discontinuation of study treatment for any reason or virologic failure (VF) by week 24) aged two
months to three years, we assessed whether clinical, virologic, immunologic and safety outcomes
varied by prior single-dose NVP exposure (PrNVP) for prevention of mother-to-child HIV

transmission and other covariates.

Methods—Efficacy was assessed by time to ART discontinuation or VF, VF/death, and death;
safety by time to ART discontinuation due to a protocol-defined toxicity and first >grade 3
adverse event; immunology and growth by changes in CD4%, weight/height WHO z-scores from
entry to week 48. Cox proportional hazards and linear regression models were used to test whether
treatment differences depended on PrNVP exposure and other covariates.

Results—Over a median follow-up of 48 (PrNVP) and 72 (No PrNVP) weeks, there was no
evidence of differential treatment effects by PNVP exposure or any other covariates. LPV/r —
based ART was superior to NVP-based ART for efficacy and safety outcomes but those on NVP
had larger improvements in CD4%, weight and height z-scores. Lower pre-treatment CD4% and
higher HIV-1 RNA levels were associated with reduced efficacy, lower pre-treatment CD4% with
shorter time to ART discontinuation due to a protocol-defined toxicity, and no PrNVP with shorter

time to first grade >3 adverse event.

Conclusions—Differences between LPV/r and NVP ART in efficacy, safety, immunologic and
growth outcomes did not depend on PrNVP exposure, prior breastfeeding, sex, HIV-1 subtype,
age, pre-treatment CD4%, HIV-1 RNA or WHO disease stage. This finding should be considered
when selecting an ART regimen for young children.
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Administration of single dose nevirapine (sdNVP) to mothers at delivery and to their
newborns for prevention of mother to child HIV transmission (PMTCT) significantly
decreases transmission risk.l2 However even a single dose of NVP can induce non-
nucleoside reverse transcriptase inhibitor (NNRTI) resistance which can persist for more
than six months.? Recent trials therefore evaluated whether the effectiveness of NVP-based
versus protease inhibitor-based antiretroviral therapy (ART) might differ according to prior
single dose NVP exposure in both mothers* 3 and children.®” Both trials included cohorts
who had received sdNVP at least 6 months before enrollment (PrNVP) and who had no prior
exposure (no PrNVP); both randomized participants to either NVP- or lopinavir/ritonavir
(LPV/r) — based ART. ACTG 5208 demonstrated that NVP-based ART was inferior to
LPV/r-based ART in mothers with PINVP*, but the two regimens had similar efficacy in
previously unexposed mothers>. In contrast, IMPAACT P1060 found that NVP-based ART
was inferior in young children regardless of PrNVP®7. This finding in children without NVP
exposure has major implications since LPV/r is more expensive, the liquid formulation
requires refrigeration, and it is less palatable than NVP.8 Our objectives were to investigate
whether the differences between NVP- and LPV/r-based ART observed in children with
PrNVP differed significantly from those with no PrNVP, identify other predictors of
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virologic and clinical response, and determine whether treatment differences depended on
these other predictors.

Study design, population and intervention

Outcomes

The study included two parallel, randomized trials in HIV-infected children two months to
three years of age who had (Cohort I) and had not (Cohort II) been exposed to sdANVP for
PMTCT®. Children at ten sites in Africa (9) and India (1) were randomized to either
NVP/ZDV/3TC or LPV/t/ZDV/3TC. Results comparing rates of treatment failure in each
Cohort have been reported previously.®” An additional study objective was to compare
treatment failure rates between the two Cohorts and determine whether PrNVP use affected
efficacy of either regimen by testing for a treatment by Cohort interaction.

The study opened to accrual in November 2006. NVP was started at a dose of 4 mg/kg once
daily (observed median [10th, 9oth percentiles] dose of 81 [62, 92] mg/m2/dose) and
increased after 14 days to 7 mg/kg twice daily. In September 2007 the dose of NVP was
increased to conform to new World Health Organization (WHO?) guidelines (160-200
mg/m? once daily for 14 days, observed median of 217 [196, 237] mg/m?/dose, and then
increased to 160-200 mg/m? twice daily).

On the study’s second full review by an independent Data Safety Monitoring Board
(DSMB) (April 20, 2009), a recommendation to close Cohort I to accrual was made due to
the superiority of the LPV/r -based treatment but to continue enrollment to Cohort II. This
analysis uses follow-up of children with PrNVP exposure through April 20, 2009 and of
unexposed children through October 27, 2010 (the date the DSMB recommended releasing
the Cohort II results). Median (10th, 90t percentile) follow-up in the PENVP cohort was 48
(4, 96) weeks with one third of participants having less than 24 weeks follow-up, compared
to 72 (24, 156) weeks in the no PrNVP cohort. Loss-to-follow-up rates (excluding deaths)
were less than 7%.

Efficacy outcomes included (i) discontinuation of study treatment (NVP or LPV/r) for any
reason or virologic failure (VF) by week 24 (the primary study outcome) (ii) discontinuation
of study treatment for any reason or VF throughout follow-up, (iii) VF/death throughout
follow-up and (iv) death throughout follow-up. VF was defined as a confirmed plasma
HIV-1 RNA level <1 logq copies/ml below the last pre-treatment value at 12 to 24 weeks or
a confirmed HIV-1 RNA > 400 copies/ml at 24 weeks or a confirmed viral rebound to
>4000 copies/ml after 24 weeks. Safety outcomes were (i) discontinuation of NVP or LPV/r
due to a protocol-defined toxicity (reasons listed in Table 1, Supplemental Digital Content)
and (ii) first grade >3 laboratory value, sign, or symptom while on NVP or LPV/r. Growth
and immunologic response was assessed using changes from baseline to week 48 in weight
and height WHO!? z-scores and CD4%.
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Statistical Methods

There was intensive effort to determine whether children or their mothers had PrNVP
exposure, including review of medical records and child health cards, determination of when
sdNVP was first locally available, or if the child was born before the mother had been found
to be HIV-infected. Only 23% of children in Cohort I and 14% in Cohort II had PrNVP
exposure determined only by “verbal report deemed to be highly reliable by the study
nurse”. Despite this, four children were identified after randomization as being incorrectly
assigned to Cohort II. This analysis uses actual PINVP exposure rather than Cohort
assignment and is restricted to children who started study treatment.

Pre-treatment characteristics were compared by PrNVP exposure using Fisher’s exact tests
for categorical variables and Wilcoxon rank sum tests for continuous variables. HIV-1
subtype was available for 412 of the 451 children and otherwise imputed by the dominant
regional subtype (not C in Tanzania and Uganda and C at other sites). Cumulative incidence
of components of the primary study outcome (virologic failure, off study treatment or death
by 24 weeks) were estimated using methods for competing risks!.

Models were fit with randomized ART regimen (TRT), PrNVP and a term for their
interaction. Cox proportional hazards models were used for time-to-event outcomes and
linear regression for changes from baseline in growth and CD4%. A statistically significant
interaction term would imply the difference between ART regimens varied by PrNVP
exposure. Since PrNVP exposure versus no exposure was not a randomized comparison, the
interaction of TRT and PrINVP exposure could be confounded by differences between the
exposed and non-exposed children in other pre-treatment characteristics. To address this,
models were fit adjusting for potential confounding variables, including prior breastfeeding
(Yes/No), sex, HIV-1 subtype (C/Not C), age (years), and pre-treatment CD4%, HIV-1
RNA (log;q copies/ml) and WHO disease stage (I/II vs. III/IV). Separate models were fit
with TRT, PrNVP and initial NVP dose, to evaluate whether any outcomes varied according
to the starting NVP dose. Stepwise variable selection was used to identify predictors (main
effects, two and three-way interactions) of each outcome. TRT and PrNVP were included in
these models regardless of statistical significance. A model was then fit for each outcome
using a common set of predictors that included any variable identified in the stepwise
variable selection for at least one outcome. This was done for the safety, efficacy and CD4%
outcomes as one group and the growth outcomes as a separate group. Model-predicted mean
changes for children starting in each PNVP exposure group on each treatment regimen at
specified values of the covariates in the model were calculated for changes in CD4% and
growth outcomes to help interpret the results of the linear regression models. Two-sided p-
values are presented unadjusted for interim analyses and multiple comparisons. P1060 was
designed and written by the Study Team and approved by the ethics committees at each site,
the Ministries of Health, and institutional review boards of sites’ partner institutions in the
United States. Each child’s parent or legal guardian provided written informed consent.
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RESULTS

Baseline characteristics

Baseline characteristics by PrNVP exposure are shown in Table 1. The PrNVP group was
dominated by South African children and participants were younger. Other sites started
enrolling later and tended to enroll older children with more advanced HIV disease. Exposed
children were also less likely to have been breastfed, and had higher median weight and
height z-scores, HIV-1 RNA and CD4% (in the absence of treatment, both HIV-1 RNA and
CD4%!? decline between 6 and 18 months of age). They were more likely to have been
enrolled when the study was using the lower NVP dose and had a higher prevalence of
HIV-1 subtype C infection. Patterns of antiretroviral drug use in addition to sdNVP for
PMTCT before study entry differed, with 44% of PrNVP exposed children receiving up to
seven days of ZDV+ after birth (37% of their mothers received ZDV) compared to none
(one mother) in the unexposed. Among children with resistance results, 19 of 156 (12%)
PrNVP children had detectable NVP resistance at entry compared to five (2%) of the 253
children with no PrNVP (Table 2, Supplemental Digital Content).

Treatment differences by PrNVP

Table 2 summarizes the number of primary endpoints, which component of the endpoint
was met, and cumulative incidence estimates from a competing risk model (which protocol-
defined toxicities were met are summarized in Table 3, Supplemental Digital Content).
Rates of the composite endpoint and the virologic failure, death, and protocol-defined
toxicities components were two to three times higher in the NVP arm in both exposure
groups and comparable for going off study treatment for any other reason.

Figure 1 demonstrates similar separation between treatments in both exposure groups for all
safety and efficacy outcomes. There was no statistically significant evidence that the
differences between treatments varied by exposure (i.e. no statistically significant
interactions between treatment and PrNVP exposure). Hazard ratios for treatment effects
were comparable in unadjusted and adjusted models (Figure 2), despite the differences in
age, history of breastfeeding, HIV-1 subtype and HIV disease status by PrNVP. For the
primary study endpoint, the unadjusted hazard ratio (95% confidence interval) for failure for
NVP versus LPV/r was 1.8 (1.0-3.4) in children with PrNVP and 2.6 (1.6, 4.2) in those with
no PrNVP (interaction p=0.35). Hazard ratios were similar in analyses adjusted for all
covariates. Across all outcomes, LPV/r-based ART was superior to NVP-based ART in both
exposure groups with estimated hazard ratios for NVP versus LPV/r greater than one.
Results were similar for changes to week 48 in CD4%, weight and height z-scores (Figure 3,

interaction p>0.29 for all unadjusted and adjusted analyses).

To evaluate whether outcomes varied according to starting NVP dose, models were fit with
TRT, PrNVP, initial NVP dose, and a TRT by NVP dose interaction, but no interactions
were statistically significant. Among children randomized to the NVP arm, 45 of 84 (54%)
in the PrNVP group and 31 of 145 (21%) in the no PrNVP group started at the lower NVP
dose, but since the dose was increased relatively early in study conduct, only 34% of follow-
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up in the PrNVP group and 10% in the no PrNVP group was under the lower NVP dose, so
the power to detect other than large effects for NVP dose was low.

Predictors of outcomes

Results for the two final models are shown in Table 3. There was no statistically significant
evidence that differences between treatments varied with level of any other predictor. The
final model presented for the efficacy and safety outcomes included TRT, PrNVP and pre-
treatment CD4% and log;g HIV-1 RNA. Lower CD4% and higher viral loads increased
hazards for some efficacy and safety outcomes. Notably, age was not associated with any
efficacy or safety outcome so was not included in the final model. The final model for
changes in weight and height z-scores included TRT, PrNVP, screening CD4%, entry age
and WHO disease category.

Efficacy—Treatment was a significant predictor for all outcomes (except p=0.06 for time
to death), with shorter times to event in the NVP arm. Lower CD4% predicted shorter time
to the combined treatment discontinuation/VF outcomes and death, but not the VF/death
outcome. Higher HIV-1 RNA was at least marginally significantly (p<0.09) associated with
shorter time to all outcomes except death. PPINVP was not a significant predictor of any
outcome.

There were 14 deaths in the NVP arm and six in the LPV/r arm, 13 (ten on NVP-based ART
and three on LPV/r-based ART) of which occurred within 12 weeks of starting treatment.
None of the deaths were assessed as related to study treatment (Table 4, Supplemental
Digital Content).

Safety—NVP-based ART was a marginally significant predictor of shorter time to the
safety outcomes (p £.08), but no PrNVP exposure was the strongest predictor of shorter
time to a grade >3 abnormal lab, sign or symptom (p<0.001). Neutropenia (n=100), fever
(n=24) and anemia (n=12) were the first grade >3 safety event in at least ten children. These
types of events occurred at significantly higher rates in children with no PINVP
(neutropenia: 26.2% vs. 15.5%, p=0.008; anemia: 3.9% vs. 0.6%, p=0.036; fever: 8.1% vs.
0.6%, p=0.001). Because of the differences in characteristics between infants with and
without PrNVP exposure (Table 1), stepwise variable selection was also performed without
including PrNVP exposure to explore possible confounding of association with PINVP
exposure. Without PrNVP exposure in the model, prior breastfeeding, non-C HIV-1 subtype,
female sex and locations other than S Africa were associated with shorter time to first grade
>3 safety event. It was not possible therefore to disentangle whether lack of PINVP
exposure or these other factors were causally associated with reduced time to a grade >3
safety event. Lower CD4% was also a predictor of shorter time to discontinuation of NVP or
LPV/r due to protocol-mandated reasons.

Immunology—Screening CD4% and treatment were significantly associated with changes
in CD4% to week 48, with HIV-1 RNA also marginally significant. Among children with

PrNVP exposure (median CD4% at entry: 19.1% and median HIV-1 RNA: >750,000 copies/
ml), the model predicted a mean increase in CD4% by week 48 of 15.3 percentage points on
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NVP-based ART versus 13.7 percentage points on LPV/r-based ART. With no PrNVP
(starting from a lower median CD4% at entry (14.9%) and a lower median HIV-1 RNA
(514,000 copies/ml)), mean increases were 16.0 percentage points on NVP-based ART
versus 14.4 percentage points on LPV/r-based ART - in both cohorts treatment differences
of less than 2 percentage points.

Growth—Screening weight and height, treatment, age and WHO disease stage were all at
least marginally (p €0.05) significant predictors of changes in growth z-scores to week 48.
Using median entry age and weight or height z-score (see Table 1), the regression models
predicted mean weight z-score increases of 0.57 units on NVP-based ART and 0.29 units on
LPV/r-based among children with PrNVP exposure and 0.93 units on NVP-based ART
compared to 0.65 units on LPV/r-based ART among those with no PrINVP. For height, the
models predicted mean decreases in height z-scores of 0.11 units on the NVP arm and 0.31
units on the LPV/r arm in children with PrNVP exposure compared to increases in children
with no PrNVP exposure of 0.64 units on NVP-based ART and 0.45 units among children
on LPV/r-based ART. For both exposure groups, changes in growth were superior on the
NVP treatment arm by about 0.3 z-score. Children with less impaired growth at study entry
and less advanced HIV disease improved less after starting treatment than those with more
impaired growth. Age had an opposite effect on changes in height and weight z-scores with
older children having smaller increases in weight but larger increases in height.

DISCUSSION

The results of P1060 in young children were surprising as the study team had anticipated
larger differences between LPV/r and NVP in children with PNVP compared with no
PrNVP exposure based on the possibility of archived low-level NVP-resistant virus among
children with PrNVP. Analyses presented here showed no evidence of statistically
significant differential treatment responses by PrNVP exposure for any outcomes in
unadjusted analyses. Imbalances in pre-treatment characteristics by PNVP exposure could
bias conclusions. However, after adjusting for sex, age, prior breastfeeding, HIV-1 subtype
and HIV disease status at study entry, there was still no evidence of differential treatment
responses by PINVP. NVP-based ART consistently performed worse than LPV/r-based
ART for efficacy and safety outcomes, but was superior to LPV/r-based ART for improving
mean CD4% (by about 2 percentage points) and weight and height z-scores (by about 0.3
units) through 48 weeks. It is important to note that NVP-based ART still provided
substantial benefit and was relatively safe.

Observed differences in outcomes by treatment were not associated with the presence of
NVP resistance at entry since significant differences were observed among the 88% of
children with prior sdNVP exposure but with no detectable resistance at entry and among
the children with no PrNVP exposure (results not shown). In contrast to initial hypotheses,
pre-existing resistance to NVP through sdNVP exposure at birth was not the major factor
driving the superior performance of LPV/r treatment.

Pre-treatment CD4% or HIV-1 RNA were predictors of some efficacy and safety outcomes
as also demonstrated in previous studies!3~15 with lower baseline CD4% and higher HIV-1
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RNA levels having higher hazards of adverse outcomes. Since both CD4% and HIV-1 RNA
levels decline in the absence of treatment in this young age group and since the children in
P1060 had to have survived without access to antiretrovirals long enough to participate in
the studys, it is difficult to extend these results into making recommendations for when ART
should be initiated. Age and WHO disease stage were predictors of change in weight and
height z-scores over 48 weeks of follow-up, but neither were predictors of the efficacy and

safety outcomes.

No PrNVP exposure was associated with higher rates of toxicity. It is possible that children
with PrNVP or ZDV exposure at birth who had suffered adverse events then, would be less
likely to enroll in P1060, lowering the rates of safety events in this group. In addition, the
PrNVP group, known to be HIV-exposed at birth, may have been on co-trimoxazole longer
and have had more regular medical follow-up than the no PrNVP group, making the latter
group more susceptible to adverse events. Analyses were conducted to investigate the effect
of the higher NVP dose introduced early in the study, but there was no evidence that this
was related to the treatment differences for any outcomes. Analyses were also conducted
adjusting for baseline characteristics that differed by PrNVP group. This showed that PrINVP
exposure was highly confounded with these factors, and hence it was not possible to
determine which of these factors (or possibly other unmeasured confounders) might be
causally associated with differences in toxicity rates between the PINVP exposure groups.
Regardless of which factors were included in the models however, the estimates and
statistical significance of the differences between NVP- and LPV/r-based treatment changed
minimally, with NVP having marginally significantly shorter times to toxicity events.

These analyses have a number of limitations, including relatively low power to detect
differential treatment effects in the two exposure groups even under the original study
design (576 children followed at least 24 weeks). This analysis used the final DSMB review
databases for each cohort, when approximately one third of the 168 PrNVP-exposed
children had not yet reached 24 weeks of follow-up, further reducing power to detect
interactions. When analyses were repeated using all available follow-up until October 27,
2010 for the PrNVP exposure cohort, results were qualitatively the same: there was no
evidence of any interactions between treatment and PrINVP or between treatment and any
covariates found to be predictive of any outcome.

One hypothesis for the disappointing performance of NVP-based ART is the very high
baseline viral loads in young children combined with standard NVP dosing which employs a
ramp-up approach (low dose for the initial two weeks) to minimize NVP-associated rash.
This may enhance the development of NVP resistance with associated high treatment failure
rates. NVP was started at full dose in young children in the CHAPAS study'® with relative
safety and similar virologic outcomes versus a ramp-up approach. Both safety and
pharmacokinetics are the subject of an ongoing IMPAACT trial. It is also possible that some
children had baseline NVP resistance at levels below that detectable by the ViroSeq assay
which uses a population sequencing methodology. Results from deep sequencing of the
PrNVP-exposed children in P1060 indicate that presence of resistance at lower levels did not
explain the inferior responses to NVP-based ART.!7
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The significantly inferior performance of NVP compared with LPV/r —based ART regarding
the endpoint of virologic failure and death, the frequent detection of NVP resistance at
failure, and the demonstrated inability of PrNVP exposure to inform the ‘What to Start’
decision, all argue for reconsideration of guidelines for choice of first-line therapy in young
children in resource-limited settings. LPV/r has clear advantages but is far from a perfect
choice, which underscores the urgent need for identification of new drugs and treatment
regimens for HIV-infected infants and young children.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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before enrollment to P1060 (No PrNVP had never received nevirapine); LPV/r — lopinavir/

ritonavir
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Figure 2.

Forest plot of hazard ratios for time to each efficacy and safety endpoint. Adjusted models
included sex, HIV-1 subtype, age, prior breastfeeding, WHO category, CD4% and HIV-1
RNA at study entry

PrNVP - trial participants who had received single dose nevirapine (NVP) at least 6 months
before enrollment to P1060 (No PrNVP had never received nevirapine); LPV/r — lopinavir/
ritonavir; TRT — treatment; VF — virologic failure; HR — hazard ratio; CI — confidence
interval
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PrNVP - trial participants who had received single dose nevirapine (NVP) at least 6 months

before enrollment to P1060 (No PrNVP had never received nevirapine); LPV/r — lopinavir/

ritonavir; WHO — World Health Organization; Z — age and sex-adjusted z-score
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Table 1

Baseline characteristics by prior single dose nevirapine exposure

PrNVP No PrNVP I 1
(n=168) (n=283) p-value
Male N (%) 80 (48%) 134 (47%) 1.00
Age (years): Median (P10, P90) 0.7 (0.5, 1.7) 1.7 (0.6, 2.8) <0.001
<1 N (%) 126 (75%) 74 (26%) <0.001
1-<2 30 (18%) 100 (35%)
2-<3 12 (7%) 109 (39%)

Breastfed N (%) 36 (21%) 231 (82%) <0.001

Lower NVP dose5 N (%) 91 (54%) 61 (22%) <0.001

BMI WHO ZG Median (P10, P90) -0.0 (-2.1, 1.8) -0.3(-2.6,1.2) <0.001

Weight WHO /8 Median (P10, P90) —0.9 (-2.8,0.8) -2.0(=3.8,-0.2) <0.001

Height WHO ZG Median (P10, P90) -1.6 (-3.3,0.1) -2.7(-4.5,-0.5) <0.001

WHO Stage III/TV N (%) 96 (57%) 178 (63%) 0.23

HIV-1 RNA (cp/ml) Median (P10, P90) >750,000 (143,000, >750,000) 514,000 (56,500, >750,000) <0.001
<250,000 N (%) 29 (17%) 92 (33%) <0.001

250,000- £750,000 45 (27%) 76 (27%)
>750’0002 94 (56%) 115 (41%)

CD4% (cells/mm?) Median (P10, P90)3 19.1 (10.4, 30.7) 14.9 (8.0, 25.2) <0.001
<15% N (%) 46 (27%) 141 (50%) <0.001
15-<25% 77 (46%) 111 (39%)
>=25% 45 (27%) 30 (11%)

HIV-1 Subtype C N (%) 160 (95%) 227 (80%) <0.001

Country N (%)

S Africa 140 (83%) 73 (26%) <0.0014

Malawi 2 (1%) 36 (13%)
Zambia 6 (4%) 32 (11%)
Uganda 5 (3%) 40 (14%)
Zimbabwe 13 (8%) 71 (25%)
India 0 (0%) 16 (6%)
Tanzania 2 (1%) 15 (5%)

3No PrNVP: N=282

lFishers exact test for categorical and Wilcoxon for continuous characteristics

2Upper limit of quantification for HIV-1 RNA of 750,000 copies/ml
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4 . . .
S Africa vs. other countries combined

5Protocol version 1.0 lower NVP dose 4 mg/kg once daily increased after 14 days to 7 mg/kg twice daily. Protocol version 2.0 higher NVP dose

160-200 mg/m2 once daily for 14 days increased to 160-200 mg/m2

twice daily.
6
‘World Health Organization (WHO) Body Mass Index (BMI), weight and height - for - age z-scores

Abbreviations:

. PrNVP - trial participants who had received single dose nevirapine (NVP) at least 6 months before enrollment to P1060 (No PrNVP
had never received nevirapine)

P10, P9O - 10th and 90th percentiles of distribution
. BMI -Body Mass Index
. WHO - World Health Organization

. Z - age and sex-adjusted z-score

Pediatr Infect Dis J. Author manuscript; available in PMC 2015 August 01.
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