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Abstract
In adults, nucleoside reverse transcriptase inhibitor (NRTI)-only antiretroviral regimens (NOARs)
with ≥ three NRTIs are less potent than highly active antiretroviral therapy (HAART). However
published pediatric experience with NOARs is limited.

Methods—We analyzed data from NOAR-treated participants in LEGACY, a multicenter
observational cohort study of HIV-infected children and adolescents. NOAR-treated case-
participantswere matched to participantswithout prior NOAR who initiated HAART during the
same year for comparison.

Results—Of 575 participants with data from time of HIV diagnosis through 2006, 67 (12%)
received NOARs for at least 24 weeks; most (46%) received the fixed dose combination of
zidovudine/lamivudine/abacavir. NOAR use peaked in 2001-2002. NOAR-treated participants
were significantly older and more treatment-experienced than HAART-treated participants.
Virologic outcomes, including the percentage of participants with a plasma HIV RNA viral load
<400 copies/mL at week 24 (47% vs. 34%) and the mean 24-week change in log10 plasma HIV
RNA viral load from baseline (−0.63 vs. −1.02) were similar between NOAR- and HAART-
treated participants, but virologic rebound was more likely in NOAR-treated participants (77% vs.
54%, P = 0.02). Increase in CD4 percentage points from baseline to 24 weeks was negligible in
NOAR-treated participants compared with HAART-treated participants (0.95% vs. 10.1%, P
<0.001). Anemia and leukopenia were more commonly reported with NOARs than HAART.
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Discussion—Week 24 virologic outcomes were similar between NOAR- and HAART-treated
participants, but NOAR durability was poorer and their use was associated with less immunologic
reconstitution. NOARs should play a limited role in pediatric and adolescent ART.
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Antiretroviral treatment regimens that consist of at least three nucleoside reverse
transcriptase inhibitors (NRTIs) without any other co-administered class of antiretroviral
drug are termed NRTI-only regimens (NOARs). In the late 1990s, NOARs gained favor in
antiretroviral-naïve HIV-infected adults as well-tolerated alternatives to more complex
regimens that included protease inhibitors (PIs) or non-NRTIs (NNRTIs).[1-3] Although
several clinical trials demonstrated inferior virologic suppression of NOARs compared to
NRTI- or PI-based regimens,[4] NOARs can be effective as maintenance therapy started
after a period of complete virologic suppression.[5-7] Nevertheless, NOARs are no longer
generally recommended for adult therapy except under specific conditions, such as to avoid
drug-drug interactions with rifampin-based therapy for tuberculosis.[8]

Published experience with NOARs in children is very limited, but suggests that NOARs
have modest immunologic and virologic benefits among ARV-naïve children[9,10] or when
used in children to maintain virologic suppression achieved with NNRTI- or PI-based
regimens.[11] Since existing pediatric data are scant, the objective of this analysis was to
use the LEGACY cohort of HIV-infected children and adolescents to describe the use of
NOARs and relevant clinical outcomes in this population.

Methods
LEGACY study

The Longitudinal Epidemiologic Study to Gain Insight into HIV/AIDS in Children and
Youth (LEGACY) study is funded by the Centers for Disease Control and Prevention (CDC)
and is an observational, prospective cohort study of HIV-infected children and adolescents
enrolled between birth and 24 years of age from HIV-specialty clinics across the U.S.
Details of the cohort have been published elsewhere.[12]

NOAR sub-study selection criteria
We examined records from HIV-infected children and adolescents in the LEGACY cohort
with abstracted medical record data from birth through December 31, 2006. We defined
case-patients as participants who had been treated with a NOAR for at least 24 weeks. We
defined control-patients as participants who had never received a NOAR but who had been
treated with HAART, which may have included NRTIs. Our goal was to conduct a 1:1
match of control- with case-patients by the year of regimen initiation as a means of reducing
bias related to changes in available medications over time. This group of case- and control-
patients formed the “overall study cohort”.

Outcome measures and definitions
Our primary outcome was the percentage of participants with a VL >400 copies/mL 24
weeks after beginning therapy. This definition was consistent with the US Department of
Health and Human Services criteria for virologic failure.[13] Secondary outcomes included
changes in VL and CD4+ counts and CD4+ percentage points from baseline after 12, 24 and
48 weeks of therapy, the percentage of participants with rebound viremia (i.e., one or more
VLs ≥400 copies/mL after previous measurements <400 copies/mL), percentage of
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participants with immunologic failure (i.e., a drop in CD4+ lymphocyte percentage points of
at least 5 percentage points),[13] the prevalence of NRTI mutations prior to, during or after
therapy, and the prevalence of potential antiretroviral-related toxicities.

The study regimen for analysis purposes for each case-patient was the initial NOAR used to
treat the patient for at least a 24-week period. The study regimen for each matching control-
patient was the HAART initiated closest in time to the initiation of the matching case-
patient's NOAR. Study treatment duration was defined as the difference between stop and
start dates for each regimen (i.e., NOAR or HAART), with all dates right censored at
December 31, 2006. Values for VLs and CD4+ lymphocyte percentage points obtained
within 28 days of weeks 12, 24 and 48 of treatment were used for multiple logistic
regression analysis, while all available data were used for survival analyses (see Data
Analysis section below). Baseline VL and CD4+ counts and percentage points were those
measured closest to, but not after the start of the study regimen.

Toxicity data were not formally graded in LEGACY; clinical and laboratory abnormalities
were recorded as present at each visit if indicated in the clinical record. NRTI mutations
were defined according to the Stanford HIV Drug Resistance database (http://
hivdb.stanford.edu/).[14]

Data analysis
For the primary outcome, we included only those participants in the overall study cohort
with evaluable data within a window of 28 days before or after the date on which the
participant completed 24 weeks of therapy. This was the “primary outcome cohort.” We
used multiple logistic regression to examine the association of NOAR versus HAART with
virologic failure. In order to avoid unstable or potentially misleading estimates, our final
multivariable model included approximately one covariate for every ten case- or control-
patients, whichever group was smaller.[15] We used multiple covariate selection procedures
to inform covariate selection, including forward selection and backward elimination and
change in the primary effect by more than 20%, regardless of the P-value for the covariate
effect.[16]

We analyzed the broader overall study cohort data in several ways. We performed Cox
proportional hazards analysis[17] with all available virologic data to test the cumulative
percentage of overall study cohort with detectable baseline viral load who never achieved a
viral load <400 copies/mL. For this analysis we did not account for rebound after the first
VL <400 copies/mL.

We analyzed changes in VLs and CD4+ percentage points from baseline to completion of
12, 24 and 48 weeks of therapy as continuous variables, comparing these changes and other
continuous variables by treatment group using the Student's T-test. When necessary for
numerical calculations, viral loads <400 copies/mL were considered to be 400 copies/mL.
Categorical variables were compared using chi square or Fisher's exact tests.

Finally, we used a trapezoidal approximation to calculate the areas under the change-from-
baseline curves (AUCΔ) for both log10 VL and CD4+ percentage points from participants
with at least two measurements of each variable as a more global measure of virologic and
immunologic response to therapy. We compared AUCΔs by treatment group using Student's
T-test.
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Results
Subjects

The LEGACY cohort had complete medical record abstraction from birth through December
31, 2006 on 575 children and adolescents. Of these, 92 (16%) participants were prescribed a
NOAR, and 67 were prescribed a NOAR for at least 24 weeks. This smaller subset of 67
case-participants was used for comparison with HAART-treated control-patients. We were
able to identify 71 participants treated with HAART matched by year of regimen initiation
to case-participants, of whom 56 were treated for at least 24 weeks and thus included in our
analysis as control-patients. Characteristics of the overall study cohort of 67 case-
participants and 56 control-patients are in SDC 1 (table). The primary outcome cohort with
available data at week 24 comprised 36 of the 67 case-patients and 32 of the 56 control-
patients, and their virologic and immunologic outcomes are included in SDC 1 (table).

For the 25 NOAR-treated case-participants who were treated with fewer than 24 weeks (168
days) of therapy, the average (Standard Deviation [SD]) duration was 73 (54) days, with a
range of 4 to 167 days. These 25 participants did not differ significantly from the 67 NOAR-
treated case-participants in the overall study cohort with regard to age, race/ethnicity,
gender, number of treatment-naïve participants, and number of prior regimens in non-naïve
participants (data not shown).

As seen in SDC 1 (table), NOAR-treated participants were significantly older and less likely
to be treatment-naïve than HAART-treated participants prior to initiating the study regimen
used for this analysis. The groups were similar with regard to gender, race/ethnicity,
duration of NOAR/HAART, and number of VL and CD4+ samples per participant. The
earliest recorded year of treatment with a NOAR was 1995. Initiation of NOARs peaked
from 2000 until 2002, which were the starting years for 54% of the participants even though
this window only spanned 28% of the total time frame from 1995 to 2006.

Medications
ARV regimens among both NOAR- and HAART-treated groups were highly variable in
composition. There were 19 different regimens in the 67 NOAR patients. Of 67 NOAR
case-patients, 63 (94.0%) received triple-drug NOAR, 3 (4.5%) received quadruple-drug
NOAR, and 1(1.5%) received a quintuple-drug NOAR. The most common triple-NRTI
regimens included zidovudine, lamivudine, and abacavir, separately or in combination as
Trizivir® [n=42 case-patients (63%)], zidovudine, lamivudine and didanosine [n=4 (6.0%)],
lamivudine, stavudine and abacavir [n=3 (4.5%)], lamivudine, didanosine and stavudine
[n=3 (4.5%)], zidovudine, lamivudine and tenofovir [n=3 (4.5%)]. Eight case-participants
were each treated with other triple-NRTI regimens. Quadruple-NRTI regimens included
zidovudine, lamivudine, tenofovir and didanosine [n=2 case-participants (3.0%)], and
zidovudine, lamivudine, abacavir, and tenofovir [n=2 (1.5%)]. A single patient received the
quintuple-NRTI regimen of zidovudine, lamivudine, abacavir, didanosine and tenofovir.
Overall, ten (15%) case-participants received regimens that are specifically not
recommended according to the current DHHS guidelines[13]: one participant received
stavudine and zidovudine, six participants received stavudine plus didanosine, and three
participants received tenofovir and didanosine. These numbers were too small to assess the
impact of type of NOAR on clinical outcomes.

HAART in control-patients was similarly variable. All 56 patients were prescribed three-
drug regimens including two NRTIs and a either a PI [n=40 control-patients (71.4%) or an
NNRTI [n=16 (28.6%]. The PIs prescribed included nefinavir [n=23 control-patients
(41%)], ritonavir as a primary PI [n=4 (7.2%)], ritonavir-boosted lopinavir [n=5 (8.9%)].
ritonavir-boosted atazanvir [n=4, (7.2%)], ritonavir-boosted fosamprenavir [n=2, (3.6%)],
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amprenavir [n=1, (1.8%)], and indinavir [n=1, (1.8%]. The NNRTIs prescribed included
efavirenz [n=8, (14.3%)], and nevirapine [n=8, (14.3%)]. Nine patients received didanosine
plus stavudine as an NRTI backbone, which is not recommended according to current
guidelines, as mentioned above.[13] No patients received zidovudine with stavudine, or
tenofovir with didanosine.

Viral load
Virologic outcomes are summarized in SDC 1 (table). The primary cohort consisted of 36
(53%) NOAR-treated and 32 (57%) HAART-treated participants with a VL measurement
available at 24 ±4 weeks. Of these, 19 (53%) NOAR-treated participants and 21 (66%)
HAART-treated participants experienced virologic failure with a VL ≥400 copies/mL (P =
0.28). In the overall cohort, by Cox proportional hazards analysis, there was no significant
association with having been prescribed a NOAR and achieving virologic control using all
available VL data up to 96 weeks of therapy (P = 0.45).

In the primary cohort, the mean change in viral load from baseline to completion of 24
weeks of treatment was -0.63 log10 copies/mL in NOAR-treated participants vs. -1.02 log10
copies/mL in HAART-treated participants (P = 0.13). Figure 1A shows that the mean
decrease in viral load in the overall cohort was less in the NOAR-treated group compared
with the HAART-treated group at all time points, although this difference was only
statistically significant at 12 weeks: -0.47 vs. -1.02 log10 copies/mL, respectively (P =
0.027). However, as shown in SDC 1 (table), significantly more NOAR-treated participants
rebounded after achieving <400 copies/mL. For NOAR-treated participants, time to rebound
was shorter and their viral AUCΔ was smaller, though neither difference was statistically
significant, suggesting less overall change in viral load from baseline compared with
HAART-treated participants.

Factors associated with 24-week virologic failure in the primary cohort are summarized in
Table 1. The odds of virologic failure were not significantly different in the NOAR-treated
or HAART-treated participants by multivariate analysis controlling for any reported
treatment-related toxicity, age, and baseline viral load. Younger age and higher baseline
viral load were most strongly associated with the odds of virologic failure (Table 1).

CD4+ lymphocyte percentage points
Immunologic outcomes are summarized in SDC 1 (table). CD4+ lymphocyte percentage
points increased by a mean of 10.1% in the HAART group compared with only 0.95% in the
NOAR group (P <0.001). In Figure 1B, at all time points, the NOAR-treated group
experienced little change in CD4+ lymphocyte percentage points, while the HAART-treated
group experienced significant gains. The number of participants who experienced
immunologic failure (SDC 1, table) did not differ statistically by treatment regimen,
although no HAART-treated participant experienced a CD4+ lymphocyte decline >5
percentage points at week 24. Furthermore, the CD4+ lymphocyte AUCΔ was markedly
larger for HAART-treated participants.

Toxicity
Ungraded toxicities were common among LEGACY participants. Neither causality nor the
incidence of treatment-limiting toxicities was estimable from the chart abstraction.
Therefore the absolute numbers and proportions of participants experiencing treatment-
related, dose-limiting toxicity were presumably smaller; nonetheless, overall, at some point
during treatment, 50 (75%) NOAR-treated participants experienced clinical or laboratory
abnormalities, compared with 39 (70%) HAART-treated participants (P = 0.68). The most
commonly reported toxicities were hematologic, as shown in Figure 2. Among participants
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who experienced clinical or laboratory abnormalities, anemia was reported in 94% of
NOAR-treated participants versus 64% of the HAART-treated participants (P = 0.005) and
leukopenia in 78% and 57%, respectively, (P = 0.02). Nausea or vomiting and weight loss
were reported more frequently in HAART-treated participants but these differences were not
statistically significant (P = 0.74 and P = 0.37, respectively).

Mutations
In the LEGACY cohort genotype testing was sporadic, and it was not possible to
systematically compare mutational patterns before and after treatment. However, among 83
treatment-naïve participants with no baseline genotype who were assumed to have wild-type
virus, 31 (37%) subsequently started a NOAR, and 52 (63%) started HAART. At some point
after treatment initiation, 40 genotypes were obtained from 40 of the 83 (48%) participants,
including 13 NOAR-treated participants and 27 HAART-treated participants. and all
genotypes showed at least one NRTI mutation. Therefore, among 40 participants with NRTI
mutations, 13 (33%) were NOAR-treated, and 27 (67%) were HAART-treated. The
proportions of NOAR- versus HAART-treated participants among those with NRTI
mutations did not differ significantly from the initial distribution of treatment-naïve
participants (P = 0.60), suggesting that the risk of NRTI mutation was not mitigated by
HAART versus the risk incurred by a NOAR.

Discussion
The present report describes clinical experience using nucleoside-only antiretroviral
regimens (NOARs) in HIV-infected children and adolescents enrolled in the LEGACY
cohort. This study is a unique window on the prevalence of and outcomes associated with
NOAR therapy in the pediatric population.

The use of NOARs was less common than we expected; only 12% of the cohort had been
prescribed a NOAR for six months or longer. The use of NOARs declined sharply after
2002, when early reports of sub-optimal virologic efficacy in adults were first published. In
this cohort, NOARs were significantly more likely to be used in older participants who were
treatment-experienced. This finding may reflect the fact that the most commonly prescribed
NOAR was the fixed dose combination of AZT/3TC/ABV, which is not approved for use in
patients who weigh less than 40 kg, typically those below 11 years of age. The use of
NOARs in treatment-experienced patients may well be a strategy of regimen simplification
with partially effective treatment to overcome adherence difficulties associated with more
complex HAART that was in use at that time.

A higher proportion of NOAR-treated than HAART-treated participants achieved a plasma
HIV RNA viral load of <400 copies/mL after approximately 6 months of therapy, but this
difference was not significant. Lower proportions of NOAR-treated compared with
HAART-treated participants experienced viral suppression as seen in other measures
including the 24-week reduction in viral load from baseline among all treated participants
and treatment-naïve participants, and time-dependent virologic suppression measured as the
area under the curve for the change in viral load, however these differences were also not
significant. The percentage of participants who rebounded to a plasma HIV RNA viral load
>400 copies/mL after having achieved <400 copies/mL was significantly greater for NOAR-
treated than HAART-treated participants. NOAR-treated compared with HAART–treated
participants also experienced shorter rebound times, however the differences were not
significant. Thus, any benefits of NOARs, such as reduced pill burden, were outweighed by
the inferior potency compared with HAART. This conclusion must be tempered, however,
by the observation that most control-patients were treatment-naïve prior to initiating their
HAART regimen, compared with approximately half of the NOAR-treated participants.
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Therefore, one would expect long-term virologic suppression to be biased in favor of the
HAART-treated participants. Due to the limitations of retrospective sampling, we were
unable to ensure that all participants had baseline screening for resistance mutations.

Immunologic benefits of NOARs were also inferior to HAART in our analysis. HAART-
treated participants experienced both a greater mean increase in CD4+ lymphocyte
percentage (10-fold higher than for NOAR-treated participants) and larger area under the
curve for the change in CD4+ lymphocyte percentage. Moreover, the only participants who
experienced a decline in CD4+ lymphocyte percentage >5% were three NOAR-treated
participants. Again, conclusions about immunologic potency of NOARs may be biased by
the higher proportion of treatment-experienced patients receiving NOARs and the
diminishing numbers of evaluable patients with time.

Even though NOARs tended to have reduced virologic efficacy and were immunologically
inferior to HAART, successful therapeutic outcomes for HAART-treated children were also
less than ideal. Treatment of HIV-infected children and adolescents poses challenges distinct
from those of treating adults.[18] In a meta-analysis of HAART efficacy among pediatric
patients in developed countries, rates of virologic suppression to <400 copies/mL after 24
weeks of treatment ranged from approximately 45% to 85%.[19] The overall rate of 41%
observed in the sample of participants we have analyzed is at the low end of this range, but
consistent with a previous study of adolescents that found an adequate virologic response in
only one-third of 154 patients who initiated HAART.[20] These rates compare poorly with
those reported from adult cohorts of more than 10,000 patients in developed and developing
countries, in which >70% of participants achieved a plasma HIV RNA viral load <400
copies/mL within 24 weeks of HAART initiation.[21,22] Indeed, in this study, increasing
age was associated with improved odds of virologic suppression, highlighting the need to
consider sociodemographic variables in addition to clinical outcomes when studying
antiretroviral treatment issues surrounding HIV-infected pediatric patients.

The majority of both NOAR-treated and HAART-treated participants in our study
experienced at least one potential treatment-related toxicity. Grading of severity or a
rigorous assessment of causality would have provided a better estimate of clinically
meaningful adverse events. Nonetheless, significantly more NOAR-treated participants
experienced hematologic toxicities in the forms of leukopenia and anemia as expected with
the greater exposure to NRTIs.

The similarity in distribution of NOAR and HAART strategies among treatment-naïve
participants who subsequently developed at least one NRTI resistance mutation suggests that
the addition of a PI or NNRTI did not protect the NRTI backbone. In other words, when
virologic resistance developed, even participants on HAART developed NRTI mutations.

Both virologic and immunologic efficacies of NOAR are inferior to HAART and
hematologic toxicity is greater. Using NOARs as partially suppressive treatment of children
or adolescents who are failing therapy due to adherence difficulties remains an untested
challenge. Alternatives such as lamivudine monotherapy have only been studied in adults,
and their value compared to maintenance of the failing regimen is unclear. [23-26] In our
small sample, the prevalence of treatment-associated NRTI resistance mutations was no
worse with NOARs than HAART; nonetheless, the strategy of NOARs as partial
suppression cannot be endorsed without explicit investigation due to the risk of ongoing
accumulation of mutations that is likely higher than with lamivudine monotherapy.

The strengths of our study include data from a large multi-site cohort representative of HIV-
infected youth receiving care in intermediate and large-sized facilities in the United States.
The major limitations of this study are related to its design. Although the LEGACY data
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were collected prospectively from the enrolled cohort, only information in the clinical record
was available for each patient. This meant that not all subjects had complete data, and
therefore for this case-control study it was not possible to match on further criteria such as
age or treatment regimen number and the numbers in the primary cohort and for analyses of
the overall cohort beyond 24 weeks were small. These factors may have introduced biases
into our analyses, although we believe that in general NOARs are inferior to HAART both
virologically and immunologically in children and adolescents, just as for adults.

In conclusion, the immunologic and virologic efficacy of NOAR compared with HAART in
the LEGACY cohort supports current pediatric HIV antiretroviral treatment guidelines that
NOARs should not be used as initial therapy for pediatric patients who have alternative
treatment options.[13] Although NOAR may result in reasonable short-term virologic
response even in ART-experienced patients, the response is not sustained, does not result in
comparable immunologic benefit and leads to more hematologic toxicity.
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Figure 1.
Mean change in (A) log10 plasma HIV RNA viral load and (B) CD4+ lymphocyte
percentage point from baseline to 48 weeks in the total study cohort after starting a
nucleoside reverse transcriptase inhibitor only antiretroviral regimen (NOAR) or highly
active antiretroviral therapy(HAART). Error bars indicate standard deviations. The numbers
of subjects with available observations at each time (N) are indicated at the bottom of both
plots, with the NOAR group on top. LEGACY cohort, 2001-2006.
(A) Note: P-values for weeks 24 and 48 are ≥ 0.05.
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Figure 2.
Percentages of nucleoside reverse transcriptase inhibitor only antiretroviral regimen
(NOAR)-treated and highly active antiretroviral therapy(HAART)-treated participants with
adverse events reported at any time during the treatment period. LEGACY cohort,
2001-2006.
Note: Only P-values < 0.05 are shown. P-values noted above represent comparisons between
the NOAR and HAART columns for leukopenia(*) and anemia(†).
P-values for other adverse events are ≥ 0.05.
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