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Background. IMPAACT P1066 is a phase I/II open-label multicenter trial to evaluate pharmacokinetics, safety,
tolerability, and efficacy of multiple raltegravir formulations in human immunodeficiency virus (HIV)–infected
youth.

Methods. Dose selection for each cohort (I: 12 to <19 years; II: 6 to <12 years; and III: 2 to <6 years) was based
on review of short-term safety (4 weeks) and intensive pharmacokinetic evaluation. Safety data through weeks 24
and 48, and grade ≥3 or serious adverse events (AEs) were assessed. The primary virologic endpoint was achieving
HIV RNA <400 copies/mL or ≥1 log10 reduction between baseline and week 24.

Results. The targeted pharmacokinetic parameters (AUC0-12h and C12h) were achieved for each cohort, allowing
dose selection for 2 formulations. Of 96 final dose subjects, there were 15 subjects with grade 3 or higher clinical
AEs (1 subject with drug-related [DR] psychomotor hyperactivity and insomnia); 16 subjects with grade 3 or higher
laboratory AEs (1 with DR transaminase elevation); 14 subjects with serious clinical AEs (1 with DR rash); and 1
subjects with serious laboratory AEs (1 with DR transaminase increased). There were no discontinuations due to
AEs and no DR deaths. Favorable virologic responses at week 48 were observed in 79.1% of patients, with a mean
CD4 increase of 156 cells/µL (4.6%).

Conclusions. Raltegravir as a film-coated tablet 400 mg twice daily (6 to <19 years, and ≥25 kg) and chewable
tablet 6 mg/kg (maximum dose 300 mg) twice daily (2 to <12 years) was well tolerated and showed favorable viro-
logic and immunologic responses.
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Novel, potent, and well-tolerated antiretroviral (ARV)
medications in appropriate formulations are acutely
needed for pediatric patients of all ages infected with
human immunodeficiency virus (HIV), especially for
those failing ARV therapy, those with ARV resistance,
or those suffering from ARV-related toxicities. Perina-
tally infected youth are often heavily pretreated and
have very limited therapeutic options that can lead to
sustained benefit.

Received 9 August 2013; accepted 5 October 2013; electronically published 21
October 2013.

aDeceased.
Correspondence: Sharon Nachman, MD, Department of Pediatrics, State Univer-

sity of New York at Stony Brook, Health Science Center, T11-031, Stony Brook, NY
11794-8111 (sharon.nachman@stonybrook.edu).

Clinical Infectious Diseases 2014;58(3):413–22
© The Author 2013. Published by Oxford University Press on behalf of the Infectious
Diseases Society of America. All rights reserved. For Permissions, please e-mail:
journals.permissions@oup.com.
DOI: 10.1093/cid/cit696

HIV/AIDS • CID 2014:58 (1 February) • 413

 by Jules L
evin on January 21, 2014

http://cid.oxfordjournals.org/
D

ow
nloaded from

 

mailto:sharon.nachman@stonybrook.edu
mailto:journals.permissions@oup.com
http://cid.oxfordjournals.org/
http://cid.oxfordjournals.org/


Raltegravir is the first Food and Drug Administration– and Eu-
ropean Medicines Agency–approved HIV integrase strand trans-
fer inhibitor with demonstrated safety and efficacy in HIV type 1
(HIV-1)–infected adults. Raltegravir at a dose of 400 mg twice
daily was approved for use in the treatment of HIV infection in
adults based on data from 2 phase III studies in treatment-experi-
encedadults,BlockingIntegraseinTreatment-ExperiencedPatients
with a Novel Compound Against HIV, Merck (BENCHMRK-1)
and 2 [1, 2], and a phase III study in treatment-naive adults
(STARTMRK) [3].Data extending to 240 weeks for these 3 studies
are now available and demonstrate both durable efficacy and a fa-
vorable long-term safety profile of raltegravir in adults [4, 5].

The International Maternal Pediatric Adolescent AIDS Clini-
cal Trials (IMPAACT) P1066 study was designed to assess the
safety and pharmacokinetics (PK) of raltegravir in HIV-infected
children aged 4 weeks to <19 years using 3 different formulations
with the goal of determining the appropriate raltegravir dose in
age-based subgroups. After dose selection, the study provided
additional data on safety, efficacy, and population PK. This report
describes findings from subjects aged 2 to <19 years of age who
received either the film-coated or chewable tablet formulations.

METHODS

In this open-label, nonrandomized, multicenter study, subjects
were enrolled into 3 age groups in 4 cohorts. Cohort I, ≥12 to
<19 years and cohort IIA, ≥6 to <12 years, were assigned to
receive film-coated tablets, as used in the adult formulation.
After protocol amendment, cohort IIB, ≥6 to <12 years and
cohort III, ≥2 to <6 years, were assigned to receive investiga-
tional chewable tablets. Entry criteria included plasma HIV
RNA >1000 copies/mL, being ARV-experienced but naive to
integrase inhibitors, laboratory values below grade 3 toxicity
criteria, and absence of active opportunistic infection or current
cancer. The study was conducted at both IMPAACT Network
sites in the U.S., South Africa, Botswana, and Brazil after ap-
provals were obtained from local institutional review boards
and in-country ethics committees responsible for oversight of
the study. Forty sites enrolled at least 1 subject.

The study was conducted in 2 stages. Stage I evaluated inten-
sive PK and short-term safety. Raltegravir was added to a stable,
failing regimen (defined as unchanged for ≥12 weeks). Immedi-
ately after completing the intensive PK sampling on days 7–12,
the background ARV regimen was optimized. Alternatively, sub-
jects who were treatment experienced but off treatment for ≥4
weeks prior to entry could be enrolled with a new optimized
background regimen added to raltegravir after completion of in-
tensive PK sampling. Stage II, which enrolled a separate group of
subjects, assessed longer-term safety and efficacy of the selected
dose. For subjects enrolling in stage II, background antiviral
therapy was optimized with initiation of raltegravir.

The dose-finding algorithm for each cohort included review of
week 4 safety and intensive PK, and required assessment of the
first 4 subjects (“mini-cohort”). Once a mini-cohort met both
the safety and PK criteria, further accrual to complete the full
cohort could occur. Success, for safety, was defined as (1) no life-
threatening suspected adverse drug reaction; (2) no grade 4 event
considered probably or definitely attributable to raltegravir; and
(3) no more than 25% terminating study treatment due to a
grade 3 suspected adverse drug reaction. The PK objective was to
achieve a PK profile similar to that attained in adults at the ap-
proved raltegravir dose of 400 mg twice daily. The specific PK
targets included the geometric mean of the area under the curve
(AUC0–12 hours) between 14 and 25 µM*hour and a geometric
mean 12-hour postdose concentration (C12 hours) exceeding 33
nM, which corresponds to the in vitro concentration at which
95% of virologic replication is inhibited for antiviral activity.
Dose selection in each full cohort occurred after all intensive PK
data and at least 4 weeks of safety data were available. In addition,
sparse PK sampling was done at intervals until week 48.

Long-term safety was assessed at 24 weeks (primary) and at 48
weeks in all treated subjects. Sites were required to report all
grade ≥3 toxicity events, International Conference on Harmoni-
zation serious adverse events, malignancies, and pregnancies to
the P1066 team and study sponsor (Division of AIDS, National
Institute of Allergy and Infectious Diseases, National Institutes of
Health). All subjects completed an adherence questionnaire, and
site personnel collected and counted the returned raltegravir
tablets to determine missed doses. A taste assessment for the
chewable tablets was administered to cohorts IIB and III subjects
either at week 4 or at an earlier discontinuation visit, if applicable.

Plasma HIV RNA (RNA) concentrations were determined at
entry and at regular intervals using the HIV-1 MONITOR Test,
version 1.5 (Roche Molecular Diagnostics) or RealTime HIV-1
(Abbott Molecular). Emergence of resistant virus from all sub-
jects displaying virologic failure was monitored by isolating
viral RNA from baseline and time of failure, provided plasma
RNA was >1000 copies/mL and adequate sample was available,
by performing genotypic and phenotypic assays for integrase,
protease, and reverse transcriptase resistance. In subjects with
virologic failure after 6 months of treatment, plasma specimens
with RNA >1000 copies/mL were tested for HIV drug resis-
tance in the polymerase gene encoding protease and reverse
transcriptase using the TRUGENE HIV-1 Genotyping Assay
(Siemens) and RNA extracted from 140 µL of plasma (QIAamp
Viral RNA Mini Kit, Qiagen), following the manufacturer’s in-
structions, and integrase using the PhenoSense and GeneSeq
for Integrase (Monogram Biosciences).

Bioanalysis and Pharmacokinetics
Raltegravir plasma concentrations were measured at the Uni-
versity of Alabama at Birmingham using a validated, isocratic,
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reverse-phase high-performance liquid chromatography/
tandem mass spectrometry method consistent with those previ-
ously published [6, 7]. The linear calibration range was 10 to
10 000 ng/mL from a 200-µL plasma sample. Whole blood was
collected at time 0 (pre-dose) and at 0.5, 1, 2, 3, 4, 6, 8, and 12
hours postdosing. Raltegravir pharmacokinetic parameters
were calculated using standard noncompartmental analysis in
WinNonlin (Version 5.3, Pharsight Corp, Mountain View, Cal-
ifornia).

Statistics
The primary analysis group for safety and efficacy was subjects
treated with only the final selected dose of raltegravir (FD pop-
ulation), whether enrolled in stage I or II. These results reflect
the age-specific doses now approved for commercial use. A sec-
ondary set of analyses included the all-treated population (sub-
jects who received any dose of raltegravir during stage I); these
analyses are not presented unless specifically noted.

Safety and efficacy results of week 24 and 48 data (primary
and key secondary time-points) from cohorts I, IIA, IIB, and III
subjects are presented. By the data freeze date (7 February
2013), all subjects enrolled had been on study for >48 weeks.
Efficacy responses were secondary objectives. The primary viro-
logic outcome, virologic success, was defined as achieving
either plasma RNA <400 copies/mL or ≥1 log10 reduction from
baseline at week 24. The secondary efficacy objectives included
the proportion achieving RNA <50 copies/mL, RNA <400
copies/mL, and the change from baseline in CD4 cell count
and percentage at week 24 and 48 time-points. An observed
failure approach was used for handling missing data. For viro-
logic endpoints, missing values were considered to be failures,
if missing due to discontinuation of study treatment for lack of

efficacy or for non-treatment-related reasons with the last avail-
able RNA value not achieving virologic success. For change
from baseline in CD4 cell count and percentage, baseline values
were carried forward for missing data as described above.
Other missing values were excluded. Virologic failure was
defined as follows: (1) nonresponder—never achieved either a
≥1 log10 drop from baseline in RNA or RNA <400 copies/mL
through week 24; or (2) virologic rebound at week 24 or later—
(a) confirmed RNA ≥400 copies/mL after initial response with
RNA <400 copies/mL, or (b) confirmed >1.0 log10 increase in
RNA above nadir; confirmation required 2 consecutive mea-
surements at least 1 week apart.

RESULTS

Enrollment and Disposition
Of the 126 subjects enrolled (Figure 1), 16 subjects discontinued
therapy by week 48, 13 of whom were from cohort I. Treatment
discontinuation was often associated with poor adherence and
virologic failure. Twelve of the 16 subjects (75%) enrolled on
cohort IIA received other doses of raltegravir before the final
dose was selected.

Demographics
In all, 126 subjects were treated with raltegravir (all-treated
population); of these, 96 received the final selected dose (FD)
(Table 1). The FD population (Table 1) was 49% male; 60%
were black and 59% carried a Centers for Disease Control and
Prevention (CDC) category B or C disease classification. At
baseline, 86% had plasma HIV-1 RNA >4000 copies/mL; mean
CD4 count and CD4 percentage were 592 cells/µL and 23%, re-
spectively, and 66.7% had prior experience with at least 3 ARV

Figure 1. Overall disposition of patients. Patients were enrolled in only 1 cohort. †Received only the final recommended dose of raltegravir. *Patient was
on study drug to at least Study Day 295. **Disposition is provided for all treated patients based on patient status at the week 48 study visit. In some in-
stances, patients discontinued after Study Day 295 but prior to or at the week 48 study visit and so the number of patients discontinued by week 48 is
higher than expected based on the number completed at week 48.
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Table 1. Patient Demographics and Baseline Characteristics, Final Dose Population

Characteristic Cohort I (n = 59) Cohort IIA (n = 4) Cohort IIB (n = 13) Cohort III (n = 20) Total (N = 96)

Age, y, mean [SD] 15.2 [1.9] 10 [1.4] 8.8 [1.6] 3.2 [1.2] 11.6 [5.2]

Male sex, n (%) 30 (50.8) 3 (75) 7 (53.8) 7 (35) 47 (49)
Race, n (%)

Black or African American 35 (59.3) 3 (75) 7 (53.8) 13 (65) 58 (60.4)

White 21 (35.6) 1 (25) 6 (46.2) 5 (25) 33 (34.4)
Multiracial, American Indian, or unknown 3 (5.1) 0 (0) 0 (0) 2 (10) 5 (5.1)

Hispanic ethnicity, n (%) 22 (37.3) 1 (25) 7 (53.8) 8 (40) 38 (39.6)

Plasma HIV RNA, log10 copies/mL
Mean [SD] 4.3 [0.6] 4.4 [0.6] 4.2 [0.5] 4.3 [0.7] 4.3 [0.6]

Median [range] 4.3 [3.1–6] 4.6 [3.5–4.9] 4.2 [3.1–5.2] 4.5 [2.7–5.3] 4.3 [2.7–6]

CD4 cell count, cells/µL
Mean [SD] 397.5 [229.8] 850.5 [509.5] 577.9 [269.8] 1114.6 [549.7] 592.2 [441.5]

Median [range] 396.5 [0–872] 806.5 [274–1515] 529 [16–1000] 1086.5 [323–2361] 481 [0–2361]

CD4 percentage
Mean [SD] 19.7 [9.6] 25.2 [8.7] 29.1 [10.4] 28.2 [8.3] 23 [10.2]

Median [range] 20 [0–44] 28 [13–31.7] 33 [2–40] 28.7 [12.9–41.8] 23.3 [0–44]

CDC HIV clinical classification, n (%)
A 14 (23.7) 2 (50) 6 (46.2) 5 (25) 27 (28.1)

B 24 (40.7) 0 (0) 3 (23.1) 1 (5) 28 (29.2)

C 21 (35.6) 1 (25) 0 (0) 7 (35) 29 (30.2)
N 0 (0) 1 (25) 4 (30.8) 7 (35) 12 (12.5)

Number of ARV classes previously used, n (%)

0 0 (0) 0 (0) 0 (0) 1 (5) 1 (1)
1 2 (3.4) 0 (0) 0 (0) 2 (10) 4 (4.2)

2 6 (10.2) 2 (50) 7 (53.8) 12 (60) 27 (28.1)

≥3 51 (86.4) 2 (50) 6 (46.2) 5 (25) 64 (66.7)
Duration of ARVs previously used, y

Mean [SD] 11.9 [4.1] 10.1 [1.6] 7.4 [3.1] 2.4 [1.4] 9.3 [5.2]

Median [range] 12.8 [1.8–17.9] 10.7 [7.7–11.4] 7.7 [1–11.2] 2.2 [0–5] 11 [0–17.9]
Use of prior NNRTIs, n (%) 51 (86.4) 3 (75) 11 (84.6) 10 (50) 75 (78.1)

Use of prior PIs, n (%) 57 (96.6) 3 (75) 8 (61.5) 12 (60) 80 (83.3)

Plasma HIV RNA, copies/mL
1000 to ≤4000 9 (15.3) 1 (25) 1 (7.7) 2 (10) 13 (13.5)

>4000 to ≤50 000 36 (61) 2 (50) 9 (69.2) 11 (55) 58 (60.4)

>50 000 14 (23.7) 1 (25) 3 (23) 7 (35) 25 (26)
Phenotypic sensitivity score, n (%)a

0 3 (5.1) 0 (0) 1 (7.7) 0 (0) 4 (4.2)

1 11 (18.6) 1 (25) 3 (23.1) 2 (10) 17 (17.7)
2 22 (37.3) 0 (0) 7 (53.8) 7 (35) 36 (37.5)

≥3 19 (32.2) 2 (50) 1 (7.7) 6 (30) 28 (29.2)

Genotypic sensitivity score, n (%)b

0 5 (8.5) 0 (0) 1 (7.7) 0 (0) 6 (6.3)

1 19 (32.2) 1 (25) 5 (38.5) 2 (10) 27 (28.1)

2 18 (30.5) 2 (50) 6 (46.2) 10 (50) 36 (37.5)
≥3 16 (27.1) 1 (25) 1 (7.7) 7 (35) 25 (26)

The Genotypic Sensitivity Score and Phenotypic Sensitivity Score were defined as the total number of ARVs in optimized background therapy (not including
raltegravir) to which the patient’s viral isolate showed genotypic/phenotypic sensitivity, based upon resistance tests performed prestudy (or at screening).

Abbreviations: ARV, antiretroviral; CDC, Centers for Disease Control and Prevention; HIV, human immunodeficiency virus; NNRTI, nonnucleoside reverse
transcriptase inhibitor; PI, protease inhibitor; SD, standard deviation.
a Phenotypic sensitivity score was missing for 11.5%.
b Genotypic sensitivity score was missing for 2.1%.
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classes. Adolescents had the greatest prior treatment experience
(mean, 9 prior ARVs), and more advanced HIV-1 disease than
younger subjects, with >75% having CDC category B or C clas-
sification. Fourteen stage I subjects entered the study having
failed a prior treatment regimen and on no current ARVs.
These subjects received raltegravir monotherapy until after in-
tensive PK sampling, when an optimized background was
added. The most common concomitant ARVs were tenofovir
(47.9%), ritonavir (as booster, 49%), lamivudine (41.7%), lopina-
vir/ritonavir (40.6%), and darunavir (39.6%). Nonnucleoside
reverse transcriptase inhibitor use was less common (efavirenz,
13.5%; etravirine, 21.9%). There were few differences across
cohorts.

Intensive Pharmacokinetics and Dose Selection
All dose adjustments and decisions were based entirely on PK
results; there were no instances in which either the mini-cohort
or full cohort dose failed safety criteria. When the geometric
mean AUC0–12 hours for a mini-cohort or a full cohort did not
meet the PK target, the raltegravir dose was adjusted. A few
children (n = 3, cohort 1 only) received individualized dosing
higher than the dose selected for the cohort based on protocol-
specified PK parameters; no adverse events were associated
with this individualized dosing. A dose of 400 mg twice daily of
the film-coated tablet was selected for children aged ≥6 years and
weighing at least 25 kg. Weight-based dosing of approximately

6 mg/kg twice daily (maximum 300 mg per dose) of the chew-
able tablet formulation was selected for children 2 to <12 years
of age (Tables 2 and 3, Figure 2).

Safety and Adverse Events
Raltegravir, in either formulation, was well tolerated. The 96
FD subjects included 63 receiving the film-coated tablet and 33
receiving the chewable tablets. Including all adverse events re-
ported up to week 48 in the FD population, there were 84 sub-
jects with clinical events and 85 subjects with laboratory events
(Table 4), including 14 subjects with serious clinical events and
1 subject with serious laboratory events. Of the serious adverse
events, 2 clinical events in 1 subject (rash [day 17] and drug-
induced liver injury [day 141]) were judged by the investigator
to be drug related; neither resulted in treatment interruption.
Grade 3 or higher clinical adverse events were reported in 15
subjects including 1 subject who on day 41 had the following
concurrent 3 drug-related events: psychomotor hyperactivity,
abnormal behavior, and insomnia. Grade 3 or higher laboratory
adverse events were reported in 16 subjects, including 1 subject
with drug-related events of increased alanine aminotransferase
and aspartate aminotransferase (multiple reports starting at day
122), which is the same subject noted above with the serious
clinical event of drug-induced liver injury. There were no treat-
ment-related discontinuations or deaths in the study through
week 48.

Table 2. Raltegravir Pharmacokinetic Parameters by Cohort and Formulation

Cohort Descriptor Dose, mg Weight, kg Dose, mg/kg T1/2, h Cmax, ng/mL C12, ng/mL AUC12, h*mg/L CL/F, L/h V/F, L

Cohort I (n = 11) Mean 390.9 43.5 9.3 4.9 2813.1 197.0 10.2 71.7 698.6

≥12 to <19 y SD 94.4 13.4 1.6 3.6 2673.9 154.2 10.0 56.7 1131.5
Film-coated tablet Median 440.0 39.8 9.9 3.8 1384.1 137.6 7.4 54.1 223.6

CV% 24.1 30.8 17.3 73.9 95.1 78.3 97.6 79.1 162.0

GM 379.6 45.1 9.1 5.0 1777.2 147.8 7.0 54.4 310.0
Cohort IIA (n = 11) Mean 400.0 31.5 13.4 3.7 4055.7 399.4 13.4 112.8 475.6

≥6 to <12 y SD 0.0 7.3 3.7 1.4 5269.5 880.9 16.1 161.4 506.7

Film-coated tablet Median 400.0 32.4 12.3 3.4 2247.2 107.5 6.7 59.4 292.3
CV% 0.0 23.2 27.4 36.7 129.9 220.5 120.4 143.2 106.5

GM 400.0 30.7 13.0 3.5 2135.0 109.4 7.0 56.8 287.9

Cohort IIB (n = 10) Mean 230.0 36.4 6.5 4.5 5314.2 78.7 10.5 23.6 143.2
≥6 to <12 y SD 58.7 11.4 0.9 4.2 2842.6 68.9 3.5 8.9 131.9

Chewable tablet Median 225.0 35.1 6.2 2.9 4524.0 43.4 10.5 23.4 108.8

CV% 25.5 31.3. 13.4 93.5 53.3 87.6 33.6 37.7 92.1
GM 223.0 34.8 6.4 3.4 4660.6 57.6 10.0 22.2 110.3

Cohort III (n = 12) Mean 89.6 14.2 6.2 4.1 5204.8 39.5 9.5 13.3 71.3

2 to <6 y SD 22.5 2.2 0.7 3.2 2940.6 21.9 5.5 10.1 57.0
Chewable tablet Median 75.0 13.4 6.1 3.1 5143.5 35.8 7.3 10.3 67.8

CV% 25.1 15.7 10.7 78.5 56.5 55.5 58.6 76.1 80.0

GM 87.5 14.1 6.2 3.3 4328.6 31.6 8.0 11.0 52.0

Abbreviations: AUC12, area under the concentration-time curve from 0 to 12 hours postdose; C12, concentration at 12 hours postdose; CL/F, oral clearance; Cmax, maxi-
mum concentration; CV%, percent coefficient of variation; GM, geometric mean; L/h, liters per hour; SD, standard deviation; T1/2, half-life; V/F, oral volume of distribution.
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Efficacy
Virologic success, defined as plasma HIV-1 RNA <400 copies/
mL or >1 log10 decline from baseline at week 24, among the 96
FD subjects was 71.6%, with 53.7% having RNA of <50 copies/
mL. At week 48, the success rate was 79.1%, with 57.1% having
RNA of <50 copies/mL (Table 5). Efficacy results were consis-
tent across the age cohorts, irrespective of the formulation
used, although formal comparisons were not performed. Mean
increases from baseline in CD4 cells (%) were 119.0 cells/µL
(3.8%) at week 24 and 155.7 cells/µL (4.6%) at week 48. Addi-
tional subgroup analyses were explored to examine factors
predicting virologic success; however, modest sample sizes of
subgroups precluded making firm conclusions.

Antiretroviral Drug Resistance
Of 36 subjects with virologic failure (either as rebound or non-
responder) by week 48, 34 had on-treatment genotypic data: 12
(35.3%) displayed primary raltegravir signature resistance mu-
tations (amino acid numbers 143, 148, and 155), 2 (5.9%) had
other mutations known to confer raltegravir resistance, and 20
(58.8%) did not have genotypes associated with reported ralte-
gravir resistance (ie, wild-type codons). At baseline, among the
36 viral failure subjects, 25 had no raltegravir resistance noted,
3 had either T97A or L74I mutations noted, and data on 8 are
lacking. Of those 8 subjects lacking baseline data, by week 48, 3
developed signature raltegravir resistance mutations, whereas 5
continued to have wild-type virus. Among the 2 subjects with
other secondary raltegravir resistance mutations, 1 subject had
L74I mutation at baseline and at failure and 1 subject had
T97A mutation at baseline and L74L/M and T97A mutations at
failure. Although these secondary mutations were reported as
resistant to raltegravir, these mutations alone are not known to
confer clinically significant resistance to raltegravir.

Palatability
At least 1 taste assessment was collected for 41 patients who re-
ceived the chewable tablet formulation, with 54% of the assess-
ments provided by the participant and 39% provided by the
primary caregiver. In 73% of evaluations no problems were re-
ported taking the chewable tablet; 61% reported average or
better overall taste.

Adherence
Adherence to ARV treatment was calculated based on data
from all treated subjects, but data were not available for each
patient or time-point on treatment. Overall, 19% of the patients
reported 100% adherence, and 52% were >90% adherent.

Table 3. Intensive Pharmacokinetic Parameters at the Final Recommended Raltegravir Dose

Age Cohort Formulation Final Recommended Dose No.a
Mean

Weight, kg
Mean

Dose, mg

Mean
Dose,
mg/kg

Geometric
Mean (CV%)

AUC 0–12 h, μM*h

Geometric
Mean (CV%)
C12 h, nM

12 to <19 y I Film-coated
tablet

400 mg BIDb 11 43.55 390.91 9.28 15.7 (98) 333 (78)

6 to <12 y IIA Film-coated
tablet

400 mg BID, for patients
weighing ≥25 kg

11 31.54 400.00 13.45 15.8 (120) 246 (221)

6 to <12 y IIB Chewable
tablet

6 mg/kg BID, maximum of
300 mg BID

10 36.36 230.00 6.47 22.6 (34) 130 (88)

2 to <6 y III Chewable
tablet

6 mg/kg BID, maximum of
300 mg BID

12 14.24 89.58 6.24 18.0 (59) 71 (55)

Abbreviations: AUC0–12 h, area under the concentration-time curve from 0 to 12 hours postdose; BID, twice daily; C12 h, concentration at 12 hours postdose; CV%,
percent coefficient of variation.
a No. of patients with intensive pharmacokinetic (PK) results at the final recommended dose.
b Cohort I patients received approximately 8 mg/kg dose at time of intensive PK which met PK and safety targets. Based on review of the individual profiles and
receipt of a mean dose of 390 mg, the team selected 400 mg BID as the recommended dose for this age group. Patients receiving a dose other than 400 mg BID
were switched; no repeat PK was performed.

Figure 2. Raltegravir geometric mean concentration-time results by
cohort. Cohort I, triangles; cohort IIA, squares; cohort IIB, circles; cohort III,
diamonds.
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Across cohorts, 5.6% of cohort I, none of cohort IIA, 5.6% of
cohort IIB, and none of cohort III had adherence <70%. Of
note, among the 36 patients with virologic failure, 19 (53%)
had at least 1 population (sparse) PK sample below the assay
limit of quantitation (BLOQ), and 10 (28%) had ≥2 BLOQ PK
samples, suggesting likely nonadherence. Furthermore, of the
20 virologic failure patients who had available genotyping data
but no raltegravir resistance mutations, 6 (30%) had 1 BLOQ
PK sample and 9 others (45%) had ≥2 BLOQ PK samples.

DISCUSSION

Since the earliest stages of the HIV epidemic, drug development
for HIV-infected pediatric populations has lagged behind ap-
provals for adult populations. This has been due, in part, to many
challenges inherent in pediatric drug development. These include
the need for palatable formulations across different age groups,
investigations for formulation-dependent toxicities, definition of
PK parameters that may be affected by age-related metabolism,
and development of simple weight-band dosing schedules. In this
prospective, dose-finding PK, safety, and efficacy study across a
defined pediatric age range, we report data in HIV-infected treat-
ment-experienced children 2 to <19 years of age. For the pediatric
development of raltegravir, IMPAACT P1066 employed a novel
study design where PK and safety information from a small
number of participants in each age cohort were rapidly evaluated
and allowed decisions about expanding the cohort and opening
the subsequent younger cohort. This adaptive design allowed the
efficient development of raltegravir, sequentially transitioning to

youngercohorts and complete parallel analysis ofmultiple cohorts,
resulting in regulatory approval of this ARV for pediatric popula-
tions ≥2 years of age, while this study was ongoing in infants and
toddlers 4 weeks to <2 years of age. Although a limitation of this
study was the small sample size of each cohort, decisions made
by the mini-cohort PK and safety assessment were confirmed by
analysis of the full stage 1 cohort data and supported by the addi-
tional long-term safety, tolerance, and efficacy data collected after
dose selection in stages I and II. Note that the study was not de-
signed to compare results between cohorts. A final dose of 400
mg twice daily of the film-coated tablet for children aged ≥6
years and at least 25 kg was chosen, along with a weight-based
dose of 6 mg/kg twice daily (maximum of 300 mg per dose) of the
chewable tablet formulation for children 2 to <12 years of age.

This study establishes that raltegravir, in combination with an
optimized background regimen in these ARV-experienced chil-
dren, has both an excellent safety and efficacy profile. Consistent
with observations in adults, raltegravir demonstrated a rapid
onset of ARV effect, with more than half of treated subjects
achieving an RNA level of <50 copies/mL by 24 weeks. Raltegra-
vir demonstrated consistent efficacy across age cohorts and for
both formulations studied, with 79% of all subjects reaching
either a 1 log10 drop from baseline or <400 copies/mL at 48
weeks. Overall, raltegravir was well tolerated in these children and
adolescents. Although adverse events overall were common, very
few grade 3/4 or serious adverse events were considered drug-
related, and none led to raltegravir discontinuation.

Regulatory approval for children of novel ARV agents with
demonstrated safety and efficacy in adult populations is supported

Table 4. Summary of Clinical and Laboratory Adverse Events, Weeks 0–48, Final Dose Population

Adverse Event
Cohort I
(n = 59)

Cohort IIA
(n = 4)

Cohort IIB
(n = 13)

Cohort III
(n = 20)

Total
(N = 96)

Clinical adverse events
With ≥1 serious drug-relateda clinical adverse events 0 (0) 0 (0) 0 (0) 1 (5) 1 (1)

With ≥1 serious clinical adverse events 10 (16.9) 0 (0) 2 (15.4) 2 (10) 14 (14.6)

With ≥1 grade 3 or higher drug-relateda clinical adverse events 1 (1.7) 0 (0) 0 (0) 0 (0) 1 (1)
With ≥1 grade 3 or higher clinical adverse events 10 (16.9) 0 (0) 2 (15.4) 3 (15) 15 (15.6)

With no clinical adverse event 6 (10.2) 0 (0) 2 (15.4) 4 (20) 12 (12.5)

Discontinued due to an adverse event (clinical or laboratory) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Laboratory adverse events

With ≥1 serious drug-relateda laboratory adverse events 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
With ≥1 serious laboratory adverse events 1 (1.7) 0 (0) 0 (0) 0 (0) 1 (1)

With ≥1 grade 3 or higher drug-relateda laboratory adverse
events

0 (0) 0 (0) 0 (0) 1 (5) 1 (1)

With ≥1 grade 3 or higher laboratory adverse events 8 (13.6) 1 (25) 1 (7.7) 6 (30) 16 (16.7)
With no laboratory adverse event 6 (10.2) 1 (25) 2 (15.4) 2 (10) 11 (11.5)

Data are presented as No. (%) unless otherwise indicated. Data freeze occurred on 7 February 2013. Events were included if they occurred while on study drug or
within 14 days after discontinuation of study drug.
a Drug-related adverse events were determined by the investigator to be possibly, probably, or definitely related to raltegravir.
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Table 5. Efficacy Analysis by Cohort, Final Dose Population, Week 24 and Week 48, Observed Failure Approach

Parameter

Cohort I (n = 59) Cohort IIA (n = 4) Cohort IIB (n = 13) Cohort III (n = 20) Total (N = 96)

no./No. % (95% CI) no./No. % (95% CI) no./No. % (95% CI) no./No. % (95% CI) no./No. % (95% CI)

Proportion with HIV RNAwith ≥1 log10 decline or <400 copies/mL

Week 24 42/58 72.4 (59.1, 83.3) 2/4 50 (6.8, 93.2) 10/13 76.9 (46.2, 95) 14/20 70 (45.7, 88.1) 68/95 71.6 (61.4, 80.4)
Week 48 42/56 75 (61.6, 85.6) 3/4 75 (19.4, 99.4) 10/11 90.9 (58.7, 99.8) 17/20 85 (62.1, 96.8) 72/91 79.1 (69.3, 86.9)

Proportion with HIV RNA <50 copies/mL

Week 24 32/58 55.2 (41.5, 68.3) 2/4 50 (6.8, 93.2) 7/13 53.8 (25.1, 80.8) 10/20 50 (27.2, 72.8) 51/95 53.7 (43.2, 64)
Week 48 32/56 57.1 (43.2, 70.3) 2/4 50 (6.8, 93.2) 6/11 54.5 (23.4, 83.3) 12/20 60 (36.1, 80.9) 52/91 57.1 (46.3, 67.5)

Proportion with HIV RNA <400 copies/mL

Week 24 40/58 69 (55.5, 80.5) 2/4 50 (6.8, 93.2) 9/13 69.2 (38.6, 90.9) 12/20 60 (36.1, 80.9) 63/95 66.3 (55.9, 75.7)
Week 48 39/56 69.6 (55.9, 81.2) 2/4 50 (6.8, 93.2) 10/11 90.9 (58.7, 99.8) 16/20 80 (56.3, 94.3) 67/91 73.6 (63.3, 82.3)

Change from baseline in CD4 cell count, cells/µL Mean (95% CI) Mean (95% CI) Mean (95% CI) Mean (95% CI) Mean (95% CI)

Week 24 114.4 (73.7, 155.1) −35.8 (−348.8, 277.3) 143.4 (−12.9, 299.6) 147.2 (−2.7, 297.1) 119.0 (74.9, 163.1)
Week 48 168.2 (117.5, 218.9) 189.5 (−154.2, 533.2) 76.8 (−85.3, 238.9) 158.1 (11.7, 304.4) 155.7 (108.3, 203.1)

Change from baseline in CD4 percentage

Week 24 4.1 (2.8, 5.3) 2.2 (−7.2, 11.5) 0.8 (−3.6, 5.2) 5.3 (2.9, 7.7) 3.8 (2.7, 4.9)
Week 48 5.2 (3.9, 6.6) 6.0 (−2.6, 14.6) 1.6 (−2.7, 5.9) 4.3 (1, 7.6) 4.6 (3.4, 5.8)

For binary endpoints: no./No. with % (95% CI) was reported for each cohort, where no./No. = number of responders/number of patients. For continuous endpoints: mean change with (95% CI) was reported. Normal
distributions were assumed for continuous endpoints. Observed failure approach for handling missing data: for binary endpoints, missing values were considered as failures for patients missing data due to
discontinuation of study treatment for lack of efficacy or for non-treatment-related reasons with last available HIV RNA value <1 log10 drop from baseline and ≥400 copies/mL; otherwise patients with missing values
were excluded. For continuous endpoints (eg, change from baseline in CD4 cell counts and percent), baseline values were carried forward for patients missing data due to discontinuation of study treatment for lack of
efficacy or for non-treatment-related reasons with last available HIV RNA value <1 log10 drop from baseline and ≥400 copies/mL; otherwise patients with missing values were excluded.

Abbreviations: CI, confidence interval; HIV, human immunodeficiency virus.
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by open-label noncomparative studies designed to determine the
dose and safety across the spectrum of pediatric developmental
stages. Many of these trials have a design similar to our study re-
ported here: test drug plus optimized background, and inclusion
criteria for ARV experienced subjects failing their current
regimen. Similar to our study, a recent study of darunavir/ritona-
vir in treatment-experienced HIV-infected children aged ≥6
years showed 59% of subjects with HIV-1 RNA <400 copies/mL
at 48 weeks [8]. In a study comparing low-dose to high-dose ti-
pranavir (plus ritonavir) at 48 weeks, 39.7% low-dose and 45.6%
high-dose tipranavir/ritonavir recipients had a viral load <400
copies/mL [9]. Overall, efficacy in our study (at 48 weeks) was
higher with 74% of subjects achieving viral loads <400 copies/
mL, and 79% reaching protocol-defined success.

Of the 34 subjects who experienced virologic failure and for
whom resistance data are available, resistance due to raltegravir
was noted in 35%, and raltegravir was frequently undetectable in
sparse PK samples. Given deficiencies in adherence, it is possible
that in this highly ARV-experienced group, incomplete adherence
leading to suboptimal drug plasma concentrations and not treat-
ment potency was responsible for the poor response and selection
of resistance. Because of the substantial amount of missing adher-
ence data, these results should be interpreted with caution, but
suggest that attention to adherence may result in viral suppression
even if ARVs are recycled. Two polymorphisms, L74I/L/M and
T97A, when detected alone do not confer phenotypic resistance
to raltegravir. However, L74I can enhance resistance conferred by
signature resistance mutations, and viruses bearing both L74M
and T97A have reduced susceptibility to raltegravir.

These results establish that raltegravir given in age-appropriate
formulations is safe, well tolerated, and has favorable antiretro-
viral and immunological effects in HIV-1–infected ARV-
experienced children aged 2 to <19 years. As the first approved
HIV integrase inhibitor, raltegravir is an important addition to
the HIV treatment armamentarium for children and adolescents.
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