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Abstract
Background—Durable and tolerable first-line antiretroviral therapy (ART) regimens are needed
for HIV-infected infants who may need life-long treatment. We investigated virological and
immunological response to ART, and predictors of switching and interrupting treatment among
infants starting ART in the European Pregnancy and Paediatric HIV Cohort Collaboration.

Methods—9 cohorts from 13 European countries contributed data on HIV-infected infants born
1996-2008 and starting ART before age 12 months. Logistic and linear regression, and competing
risks methods were used to assess predictors of virological (viral load <400c/mL) and
immunological (change in CD4 Z-score) response, switching to second-line ART and treatment
interruptions with viral load <400c/mL.

Findings—437 infants were followed for median 5.9 (interquartile range 2.3-7.6) years after
starting ART; 30% had an AIDS diagnosis prior to ART initiation. Virological response improved
with calendar year of ART initiation; 53% had suppressed viral load <400c/mL at 12 months in
1996-1999, increasing to 77% in 2004-2008. Virological and immunological responses at 12
months varied by initial ART type (p<0.001 and p=0.03 respectively), with 4-drug NNRTI-based
regimens being superior (virological response <400c/mL adjusted OR 3.00, 95%CI 1.24-7.23;
mean increase in CD4 Z-score coefficient 0.64, 95%CI 0.10-1.17) to both 3-drug NNRTI-based
(reference) and boosted PI regimens which were similar. Rates of switching to second-line ART
were lower among children starting 4-drug NNRTI-based and boosted PI-based regimens
compared to 3-drug NNRTI regimens (p=0.03). 65% of infants remained on first-line ART
without treatment interruption after five years.

Interpretation—Effective and prolonged responses to first-line ART can now be achieved in
infants starting early ART outside trial settings. Superior responses to 4-drug NNRTI compared
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with boosted PI or 3-drug NNRTI regimens need further evaluation, as does treatment interruption
following early ART.
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Introduction
Over 1000 HIV-infected infants are born each day worldwide.1 Several studies2-6 have
shown that early initiation of combination antiretroviral therapy (ART) in HIV-infected
infants, irrespective of clinical, immunological or virological condition, increases survival
and reduces disease progression, and international guidelines have been changed
accordingly.7, 8 Although high levels of viral replication occur in vertically HIV-infected
infants, early initiation of ART can result in sustained viral suppression and maintain CD4
values at protective levels.4, 9-11 However, some studies have reported that rates of
virological failure are higher in infants starting therapy than in older children and
adults.12-15 The efficacy, safety and tolerability of first-line ART regimens is therefore
critical for HIV-infected infants who are likely to need life-long treatment.

Two recent trials investigated the effectiveness of different first-line ART regimens in
children, with contradictory results. In the PENPACT-1 trial, 266 children from Europe, the
USA and South America, aged one month to 18 years (26% ≤3 years) were randomised to
start protease inhibitor (PI) or non-nucleoside reverse transcriptase inhibitor (NNRTI)-based
ART.16 At four years, >80% of children in both arms had viral load <400c/mL with no
differences in CD4 responses; after 5 years 71% were still taking their first-line regimen.
There was no evidence (but low power) to suggest that this result was any different in
children initiating ART at <3 years. Conversely in the IMPAACT 1060 trial, conducted
mainly in Africa, 288 children aged 2-36 months (median 20 months) and not exposed to
nevirapine-based ART for the prevention of mother-to-child transmission (PMTCT) showed
a significantly higher rate of treatment failure by 24 weeks in those starting nevirapine-based
compared with lopinavir/ritonavir-based ART (40% v 19% respectively).17

In studies including children who have received ART for prevention of mother-to-child
transmission (pMTCT), exposure to single-dose nevirapine reduced subsequent response to
NNRTI-based ART, unless a PI-based ART regimen precedes simplification to an NNRTI-
based regimen, as reported in the NEVEREST trial.18 An alternative “induction-
maintenance” approach of starting with a 4-drug NNRTI-based regimen and reducing to 3-
drug ART later19 has been reported to be promising in the UK and Irish CHIPS cohort20 and
is under evaluation for long-term efficacy in PMTCT exposed and unexposed children in the
Ugandan/Zimbabwe ARROW trial (www.arrowtrial.org).

Standard practice regarding ART management in HIV-infected infants has varied across
Europe and over time. Using data from the European Pregnancy and Paediatric HIV Cohort
Collaboration (EPPICC, 1996-2008), we investigated factors associated with 12-month
virological and immunological response to first-line ART and predictors of switching and
interrupting therapy.

Methods
Data from 9 observational cohort studies (5 national or multi-country cohorts and four city-
based cohorts) in 13 European countries were merged (Table 1) using a standardised
format21. Six cohorts with <25 infants each were combined. HIV-infected infants born
between 1996 and 2008 and who started combination ART naïve were included.
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Definitions and statistical methods
ART during infancy was defined as the first time ≥3 antiretroviral drugs were started within
two weeks of each other and before 12 months of age, excluding ART for neonatal
prophylaxis. Timing of ART initiation was categorised a priori as <3, 3-6, or 6-12 months of
age.2 Baseline CD4 and HIV-1 RNA viral load values were defined as the latest pre-
treatment measurements within three months before ART initiation. Virological and
immunological responses were defined as viral load <400c/mL and mean change in CD4 Z-
score at 12 months (±3 months) after ART initiation respectively. CD4 Z-scores were used
because of normal age-related changes in CD4 counts (and to a lesser extent CD4
percentages) during infancy.22

Switching to second-line ART was defined as changing ≥3 drugs simultaneously
irrespective of reasons, or changing two drugs with documented treatment failure
(virological, immunological and/or clinical).23 Drug substitutions with undetectable viral
load were likely related to toxicity or simplification, and were not included. Treatment
interruption was defined as discontinuation of all medication for ≥14 days; our analyses
focussed on interruptions with undetectable viral load (<400c/mL) because they are most
relevant as potential future treatment strategies. Viral loads and CD4 values at switch and
treatment interruption were the latest measurements within 3 months before the the event.
We used virological and immunological measurements closest to 12 months after switching
(±3 months).

The effects of potential predictors of virological and immunological responses to ART were
analysed using logistic and linear regression respectively. Competing risk methods
separately estimated the cumulative incidence of switching and of treatment interruption
with viral load <400copies/mL, and assessed potential predictors. Loss to follow-up, death
and treatment interruption with detectable viral load >400copies/mL (in analysis of
treatment interruption with undetectable viral load only) were considered competing
events.24

A priori confounders in analyses of treatment response included in multivariate models,
were age and calendar year at ART initiation, type of initial ART regimen, and baseline
CD4 z-score (for CD4 response only). Other potential predictors considered were: country,
sex, ethnic group, baseline viral load, pre-treatment AIDS diagnosis, maternal receipt of
antiretroviral therapy during pregnancy, neonatal prophylaxis, and breastfeeding status;
these factors remained in multivariable models if the corresponding p-values in univariable
and multivariable models were <0.10.

A priori confounders in analyses of switching and of treatment interruption with
undetectable viral load were type of initial ART regimen, age at ART initiation, and country.
Other potential predictors were sex, ethnic group, baseline viral load and CD4 z-score, pre-
treatment AIDS diagnosis, and most recent CD4 Z-score. Finally, calendar period of follow-
up, having a viral load <400c/mL, and confirmed rebound of viral load (defined as 2
consecutive viral loads >400c/mL within 12 months after having suppressed <400c/mL)
were also considered, all fitted as time-dependent covariates. Children enrolled in planned
treatment interruption trials (namely PENTA 11, n=8) were excluded in analyses of
treatment interruption.25

Missing data for covariates at ART initiation and for viral load at treatment interruption
were imputed using chained equation methods with 20 imputations for regression analyses
assessing potential predictors and for estimating cumulative incidence of treatment
interruption with undetectable viral load.26 Statistical analyses were performed using Stata
version 11 (Stata Corporation, College Station, Texas, USA).
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Results
A total of 437 infants born between 1996 and 2008 started ART before 12 months of age at
a median of 3.7 (IQR 2.1-5.8) months. Approximately 40% were from the UK/Ireland, 20%
from Italy, and 20% from France (Table 1). Half were female; half were black ethnic origin;
34% had been exposed to maternal ART in utero, of whom 29 (19%) were exposed to
nevirapine (3 as single-dose). Additionally, 28% received neonatal prophylaxis. One third,
in whom HIV was undiagnosed antenally, were breastfed. 30% had an AIDS diagnosis, a
median age of 3.6 (IQR 2.7-5.3) months prior to ART initiation. 26 infants developed AIDS
at median 40 days after ART initiation (IQR 14-189). The most common AIDS events were
Pneumocystis jiroveci pneumonia (n=81 before and n=7 following ART initiation),
cytomegalovirus infection (n=52 and n=7 respectively), and HIV encephalopathy (n=33 and
n=10 respectively). Median duration of follow-up after starting ART was 5.0 (2.3-7.6) years.
Median CD4% and viral load at ART initiation were 29% and 5.7 log10c/mL respectively
(Table 1), 22 (5%) infants died after starting ART, 15 within 6 months.

76% (331/437) infants started ART before six months of age (Table 1). 24% (107/437) of
ART regimens contained an NNRTI (mostly nevirapine) with 2 NRTIs, most commonly
didanosine with stavudine (36%, 8/22) in 1996-1999, and zidovudine with lamivudine (55%,
47/85) from 2000 onwards. Four-drug nevirapine-based regimens were more common in
later years (3% (4/121) of regimens in 1996-1999, and 18% (57/316) from 2000 onwards),
almost all with 3 NRTIs (zidovudine, lamivudine and abacavir (98%, 60/61)); most (58/61)
were from UK/Ireland. Boosted PI regimens were used only from 2001, increasing from
11% (21/180) of all regimens in 2000-2003 to 34% (46/136) in 2004-2008; the most
common NRTI backbones being zidovudine with lamivudine (48%, 32/67) and lamivudine
with abacavir (27%, 18/67). Use of unboosted PI-based regimens, mainly nelfinavir (86%
(143/166) of all unboosted regimens), declined from 68% (82/121) in 1996-1999 to 17%
(23/136) in 2004-2008.

Virological and immunological response to ART
Overall, 62% of infants achieved virological suppression <400c/mL by 12 months after ART
initiation. There was a trend towards improved viral suppression with calendar time, from
53% for those initiating ART in 1996-1999, to 57% in 2000-2003, and 77% in 2004-2008
(adjusted p=0.09, Table 2). Age at ART initiation was weakly associated with 12 month
virological response, 6-12 month-old infants being more likely to suppress virus than <3
month-olds (adjusted odds ratio (AOR) 1.98, 95%CI 0.92-4.25; p=0.06). Infants on 4-drug
NNRTI regimens had significantly better viral load suppression (AOR 3.00, 95%CI
1.24-7.23) compared to 3-drug NNRTI regimens, whilst boosted PI regimens (AOR 1.39,
95%CI 0.62-3.13) were not statistically different from 3-drug NNRTI regimens. In addition,
the likelihood of achieving virological suppression declined with increasing baseline viral
load (AOR 0.67 per log10c/mL, 95%CI 0.50-0.89; p=0.01).

Half (47%; 203/437) all infants had baseline and 12-month CD4 values available; median
(IQR) changes in CD4 count, CD4% and CD4 Z-score were 520 cells/mm3 (271-1340), 6%
(−6- 16%) and 0.92 (−0.14- 2.34), respectively. Median CD4 Z-score increase was 2.29 in
infants receiving 4-drug NNRTI regimens compared with 0.65 in those receiving 3-drug
NNRTI regimens and 0.91 for boosted PI regimens (overall adjusted p=0.04) (Table 2). In
addition infants with lower baseline CD4 Z-scores had larger increases in CD4 at 12 months
than those with higher baseline values (p<0.001), and infants whose mothers received ART
in pregnancy had a smaller increase in CD4 Z-score at 12 months than those whose mothers
did not receive ART (median Z-score increase 0.27 v 1.69, p=0.02).
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Switching to second-line ART and treatment interruption
Eighteen per cent (77/437) infants switched to second-line therapy. The cumulative
incidence of switching by two and five years from ART initiation was 10.2% (95% CI
7.5-13.4%) and 16.7% (13.0-20.7%) respectively (Figure 1). As expected, the main reported
reason for switching was treatment failure (84%, 41/49 with information available). Three-
fifths (61%, 43/70) of these infants never achieved virological suppression (<400c/mL) by
the time of switch, and 31% (22/70) had a confirmed virological rebound before
subsequently switching after a median interval of 8.9 (IQR 1.9-27.6) months from initial
rebound. In the remaining five who had achieved virological suppression, treatment was
switched without a confirmed virological rebound.

Those starting with either 4-drug NNRTI or boosted PI regimens were slower to switch
(adjusted HR 0.41, 95% CI 0.15-1.14, and adjusted HR 0.26, 95% CI 0.06-1.19,
respectively, p=0.03) compared to other regimens (Table 3), though data were sparse. Risk
of switching decreased considerably once a child had a viral load <400c/mL (HR 0.23, 95%
CI 0.15-0.37; p<0.001), and increased substantially once a child with viral load suppression
had a confirmed virological rebound (HR 22.8, 95% CI 5.47-95.14; p<0.001). However,
among all children with a confirmed rebound while on first-line ART, only an estimated
10.7% (95% CI 5.8-17.2%) switched within 12 months of initial rebound.

Over half (56%, 13/23) of children switching from an NNRTI-based first-line regimen went
on to a boosted PI as second-line ART, and 6 to an unboosted PI regimen. Two-fifths (42%,
19/45) of children switching from an unboosted PI-based first-line regimen went on to a
NNRTI-based second-line regimen, and 11 to a boosted PI regimen with another PI drug.
Overall, only 2 of the 67 children initiating ART with a boosted PI switched to second-line
ART; one to an NNRTI-based and the other to a dual PI second-line regimen. Half (53%,
31/58) of those switching to second-line ART achieved a viral load <400c/mL within 12
months of switching.

Twenty-eight percent (121/429) of children had at least one treatment interruption lasting
>14 days; 21 (17%) had 2 and 4 (3%) had 3 interruptions. Of those with a viral load
available, 38% (36/94) had an interruption while viral load was suppressed, after a median
29 (IQR 16-54) months on ART; most (92%, 33/36) were on first-line therapy. The
cumulative incidence of interruption with undetectable viral load by 2 and 5 years was 5.3%
(95%CI 3.2-8.0%) and 11.5% (8.2-15.3%), respectively (Figure 1) and no factors predicted
interruption, though data were sparse. Fifty-eight per cent (21/36) restarted ART following
their first interruption after an estimated median duration off therapy of 21.4 (IQR 3.7-68.6)
months.

Children remaining on first-line without treatment interruption
Two-thirds (65%, 278/429) of children had neither switched to second-line ART nor
experienced any treatment interruption by last follow-up, and of these, 36% (100/278) had
been treated for at least 5 years. At last follow-up, 81% (213/262 with measurement
available) had viral load <400c/mL and median CD4% was 36% (IQR 30-42%). The
estimated probability of remaining on first-line ART without interruption was 79.3%
(95%CI 75.1-83.1%) and 63.8% (58.7-68.9%) by 2 and 5 years from ART initiation,
respectively.

Discussion
In our study, virological response in infants starting ART before 12 months of age showed
improvement with calendar year of ART initiation, and virological and immunological
responses were better in those starting with 4-drug NNRTI-based regimens compared with
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3-drug NNRTI-based and boosted PI regimens, which were similar. The rate of switching to
second-line ART was low, and almost 65% of children remained on first-line ART without
treatment interruption after five years.

Our study has several limitations. We were unable to assess the influence of unmeasured
confounders, and there is a risk of attrition and selection bias, particularly for data acquired
from non-birth cohorts. Clinicians’ preference in first-line treatment choice, influenced by
patient presentation and adherence patterns, cannot be ruled out. However, there was no
evidence of differences across countries (data not shown), nor by clinical stage at
presentation. Data on HIV resistance mutations were not available for most children, and
thus the impact of resistance could not be assessed.

Our findings demonstrate that across Europe, virological responses have improved over
calendar time in infants starting ART early in life. Possible explanations include better
regimen efficacy, better dosing and improved management resulting in better caregiver
adherence. Of note, in the CHER trial, the proportion of children on lopinavir/ritonavir with
viral load <400c/mL at 12 months was similar to that observed here for 2004-2008
(77%).5, 27

Firm evidence of better virological response to boosted PI-based versus NNRTI-based
regimens is lacking in our study, after controlling for potential confounders. This is in
agreement with the PENPACT-1 trial,16 but in contrast to the short-term IMPAACT 1060
trial findings.17 However, power to detect small differences was low in our study as
relatively few infants started boosted PI-based ART. African children in IMPAACT 1060
started ART according to clinical and immunological criteria and were more severely
immuno-suppressed (median CD4% 15% overall, versus 29% in our study), and were
assessed for a different study endpoint after only 24 weeks. PENPACT-1 included few
infants and, like our study, included some started on early ART when asymptomatic with
high CD4 values; duration of follow-up in both PENPACT-1 and our study was
considerably longer than in IMPAACT 1060.

Of interest, use of 4-drug NNRTI-based regimens resulted in improved virological and
immunological responses compared with other regimens. Given high viral loads in infancy
and potential advantages of a PI-sparing regimen in terms of tolerability, adherence, lack of
interaction with other drugs, preservation of effective second-line options, and cost, an
NNRTI-based 4- to 3-drug induction-maintenance strategy could be valuable in infants not
exposed to single-dose nevirapine for pMTCT. However, as infants initiating 4-drug
regimens in our study were mainly from UK/Ireland, potential biases in indication for
treatment cannot be excluded; the results of the ARROW trial, which is evaluating this
strategy, are awaited in 2012.

Immunological recovery was better in those initiating therapy with a lower CD4 Z-score at
baseline, confirming good thymic activity in young children20, 28 and a possible “ceiling
effect” of CD4 response in infants, as noted elsewhere15. In addition, the negative
association with exposure to maternal ART prima facie suggests the possibility, supported
by previous findings, that infants acquiring HIV despite prophylactic maternal ART may
have a worse prognosis and potentially suboptimal immunological response to
treatment.29, 30. However, exposure to maternal ART was varied in our study, with infants
being exposed to many different regimens, and we had insufficient data to fully evaluate this
association.

Five years after starting ART, two-thirds of infants in our study were still on their first-line
regimen without interruption, and a fifth had switched to second-line. Children starting ART
on 4-drug NNRTI-based or boosted PI regimens switched to second-line ART more slowly,
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in line with evidence that these regimens maybe more durable, and result in a more
sustained virological response and/or a higher genetic barrier to drug resistance.31, 32

Despite treatment interruption not being currently recommended in international paediatric
guidelines, a quarter of infants interrupted treatment during follow-up. Sixty-two per cent of
interruptions occurred with detectable viral load, likely reflecting challenges encountered
with tolerability, acceptability and adherence, which may be exacerbated in young children,
with unclear impact on subsequent treatment response. Five-year results of the CHER trial
comparing outcomes in infants randomised to planned interruption at 12 or 24 months of age
after early ART versus deferred ART are awaited later this year. In our study, children
remained on first-line therapy longer than adults,33 even following the occurrence of viral
load rebound. This is likely due to a more conservative approach to the clinical management
of young children, especially in earlier years, and limited treatment options.

In conclusion, our findings suggest that outside trial settings, an effective treatment response
can now be achieved in infants who start ART early in life, with the majority remaining on
first-line ART after five years. However issues around choice of first-line ART including
potential treatment sequencing, feasibility and cost, require careful consideration. Our
findings are in line with evidence in the PENPACT-1 trial, suggesting similar responses to
initial 3-drug NNRTI-based and PI-based regimens, but in addition, suggest that a 4-drug
NNRTI-based initial regimen maybe superior. However, this approach needs further
evidence from ongoing randomised trials, as do strategies of 4- to 3-drug NNRTI induction-
maintenance and treatment interruption following early ART in infancy.
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Figure 1. Cumulative incidence of switch to second-line therapy or treatment interruption from
initiation of ART
Note: Cumulative incidence conditional on a child being alive and still in study follow-up,
and cumulative incidence for treatment interruption with viral load <400 copies/mL further
conditional on having not had a treatment interruption with viral load >400 copies/m
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Table 1
Characteristics of infants at the time of ART initiation

n (%) or median
[IQR]

Country of cohort

 UK or Ireland 169 (39%)

 Italy 100 (23%)

 France 82 (19%)

 Other* 86 (20%)

Female sex 235 (54%)

Ethnic group

 White 145 (33%)

 Black 216 (49%)

 Other** 43 (10%)

 Not known 33 (8%)

Maternal ART in utero 150 (34%)

Infant neonatal prophylaxis *** 122 (28%)

Breastfed

 No 244 (56%)

 Yes 144 (33%)

 Not known 49 (11%)

AIDS diagnosis before ART initation 136 (31%)

Age at ART initiation

 <3 months 166 (38%)

 3-5 months 165 (38%)

 6-12 months 106 (24%)

Calendar year of ART initiation

 1996-1999 121 (28%)

 2000-2003 180 (41%)

 2004-2008 136 (31%)

Type of initial ART

 3-drug NNRTI-based 107 (24%)

 4-drug NNRTI-based 61 (14%)

 Boosted PI + 2 NRTIs**** 67 (15%)

 Unboosted PI + 2/3 NRTIs 166 (38%)

 PI + NNRTI +/− NRTI or 3NRTIs 36 (8%)

CD4 count at ART initiation (cells/mm3) (n=274) 1291 [460-2073]

CD4% at ART initiation (n=257) 29% [17%-39%]

CD4 Z-score at ART initiation (n=274) −1.7 [-3.1--0.7]

Viral load at ART initiation (log10c/mL) (n=330) 5.7 [4.9-5.9]

ART, antiretroviral therapy; NNRTI, non-nucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; PI, protease
inhibitor.
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*
Includes infants from Belgium (n=17), Germany (n=5), the Netherlands (n=1), Poland (n=2), Romania (n=13), Spain (2 cohorts, n=29 total),

Sweden (n=1), Switzerland (n=16) and Ukraine (n=2).

**
Other includes: 7 hispanic; 3 Asian; 2 mixed; 31 ‘other’ (of whom 30 were European nationals and one was from sub-Saharan Africa).

***
Neonatal prophylaxis was defined as ART initiated within three days of birth and stopped within three months (90 days).

****
Includes 6 children taking boosted PI + 3 NRTI regimens
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