
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   

   

 

 

 

 

 

   

 

  

 

 

 

 

 

 

    

Office of Clinical Pharmacology Review 


NDA: 203045 (raltegravir ethylcellulose chewable tablet) 

sNDA: 22145 (SDN 230) (raltegravir poloxamer adult tablet)  

Submission date: June 30, 2011 

Brand Name: Isentress® 

Generic Name: Raltegravir 

Primary Reviewer: Ruben Ayala, Pharm.D. 

Secondary Reviewer: Sarah Robertson, Pharm.D. 

OCP Division: Division of Clinical Pharmacology 4 

OND Division: DAVP 

Sponsor: Merck 

Relevant IND(s): IND69928 

Submission Type; Code: sNDA for raltegravir chewable tablets; priority review  

Formulation; Strength(s): Approved: Poloxamer adult tablets; 400 mg strength  

Proposed: Ethylcellulose chewable tablets; 25 mg and 

100 mg scored 

Proposed dosing Regimen: Children and adolescents 

• ≥12 to ≤18 years of age: 

o	 400 mg BID using poloxamer adult tablets 

•	 ≥6 through 11 years of age (2 options) 

o	 If ≥ 25kg: 400 mg BID using poloxamer adult 

tablets 

o	 Any weight: ~6 mg/kg max (300 mg BID) using 

ethylcellulose chewable tablets 

• ≥2 through ≤5 years of age: 

o	 If ≥10 kg: ~6 mg/kg (max 300 mg BID) using 

ethylcellulose chewable tablets 

Indication:	 Treatment of HIV-1 infection in combination with other 

antiretroviral agents in pediatric subjects ranging from 2 to 

18 years of age. 
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1. Executive Summary 

Raltegravir, in combination with other antiretroviral agents, is currently approved 
for treatment-experienced and treatment-naïve adult patients infected with HIV-1. 
The Applicant seeks to extend raltegravir’s indication to pediatric patients ranging 
from ≥2 years to ≤18 years of age. If approved, raltegravir will be available as 
the current commercial poloxamer film-coated tablets, and as newly developed 
ethylcellulose chewable tablets. 

The Applicant conducted one Phase I/II trial with raltegravir in treatment-
experienced pediatric subjects ranging from 2 through 18 years of age who failed 
previous therapy with at least one ARV medication (IMPAACT P1066).  This 
clinical trial aimed to evaluate safety, efficacy, and pharmacokinetic (PK) data in 
pediatrics, and to determine an appropriate dose of the poloxamer tablet and 
ethylcellulose chewable tablet for pediatric patients.  Trial results showed that 
raltegravir 400 mg BID and ~6 mg/kg BID, delivered as the adult or chewable 
tablets respectively, in combination with optimized background therapy (OBT), 
delivered comparable efficacy and raltegravir exposures in pediatric patients 
compared to adults. 

In addition, Trial P068 evaluated the relative bioavailability of the 400 mg 
raltegravir poloxamer tablet and 100 mg ethylcellulose chewable tablet (4 X 100 
mg) in healthy adults under fasted conditions, as well as the effect of a high fat 
meal on the bioavailability of the ethylcellulose chewable tablet. 
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•	 We concur with the Applicant’s recommendation that ethylcellulose chewable 
tablets may be administered without regard to food.   

1.2 Post marketing Commitments or Requirements 

There are no post marketing commitments or requirements. 

1.3 Important Clinical Pharmacology and Biopharmaceutics 
Findings 

This section describes key evidence that supports an indication for raltegravir in 
the treatment of HIV-1 in pediatric patients.  The following two clinical trials were 
submitted to the Division of Antiviral Products (DAVP) for review: 

1. Trial P1066 evaluated efficacy, safety, and PK of raltegravir in HIV-1 infected 
children. 

2. Trial 	P068 evaluated the relative bioavailability of raltegravir when 
administered using poloxamer tablets and ethylcellulose chewable tablets to 
healthy adults, as well as the effect of a high fat meal on chewable tablets. 

Trial P1066 

This clinical trial was designed as a Phase I/II, randomized, open label, two 
stage, and multicenter trial evaluating PK, safety, tolerability, and efficacy of 48 
weeks of raltegravir in HIV-infected children ≥4 weeks to 18 years of age.  The 
current submission includes PK and efficacy results for 95 treatment-experienced 
children and adolescents ranging from 2 through 18 years of age receiving the 
final selected doses of raltegravir.  Subjects were stratified by age, enrolling 
adolescents first, and then successively younger children.  Raltegravir was 
administered as the adult poloxamer tablets (100, 200, and 400 mg strengths) or 
ethylcellulose chewable tablets (25, 50, or 100 mg strengths) as outlined below. 
All doses of raltegravir were administered in combination with other antiretroviral 
medications. 

Cohort 1: Subjects ≥12 to <19 years of age received raltegravir 400 mg BID 
using poloxamer tablets. 

Cohort 2a: Subjects ≥6 to <12 years of age received raltegravir 400 mg BID 
poloxamer tablets. 

Reference ID: 3054777 
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Cohort 2b: 	 Subjects ≥6 to <12 years of age received raltegravir 6 mg/kg using 
chewable tablets. 

Cohort 3: 	 Subjects ≥2 to <6 years of age received raltegravir 6 mg/kg using 
chewable tablets. 

The trial was divided in two stages, 1 and 2.  The trial enrolled 126 subjects 
overall. The initial dose-finding period enrolled 58 subjects who underwent 
intensive PK sampling (Stage 1). Dose selection aimed to achieve raltegravir 
plasma exposures (AUC0-12h) and trough concentrations (C12h) previously 
observed in adults. 

When the adequate doses were identified, age cohorts were expanded with an 
additional 68 subjects to evaluate the long-term safety, tolerability, and efficacy of 
final recommended doses of raltegravir (Stage 2).  The current database includes 
PK and efficacy data from 95 subjects receiving the final selected doses of 
raltegravir. 

Identifying adequate doses of raltegravir for each age cohort (Stage 1). 

Each age cohort was divided in two groups: a mini cohort (n=4) and a full cohort 
(n=10). Subjects in the mini-cohort received raltegravir first.  If raltegravir PK and 
safety parameters were adequate in the mini cohort, then a full cohort was 
subsequently enrolled. Intensive PK was collected between 5 and 12 days 
following initiation of raltegravir. 

The main PK targets of raltegravir in pediatrics were steady state AUC0-12h and 
C12h. Pediatric doses were targeted to deliver geometric mean (GM) AUC0-12h 
values between 14 to 25 μM*hr, with individual AUC0-12h values ranging from 5 to 
45 μM*hr. The AUC target range was based on values observed in Phase 2 
trials in adults—14.3 μM*hr for raltegravir 400 mg BID monotherapy and 25.3 
μM*hr for raltegravir in combination with tenofovir and lamivudine.  Moreover, 
doses were targeted to deliver geometric mean C12h values greater than 33 nM, 
which corresponds to the in vitro IC95 value. 

As shown below, all proposed pediatric doses delivered adequate exposures of 
raltegravir. Subjects in Cohorts 1 and 2a received raltegravir doses ~400 mg BID 
using poloxamer tablets under fasting conditions.  Subjects in Cohorts 2b and 3 
received doses of raltegravir ~6 mg/kg BID using chewable tablets under fasting 
conditions. Of note, Cohorts 2a and 2b enrolled pediatric subjects in the same 
age and weight range but tested poloxamer and ethylcellulose tablets, 
respectively. 

Reference ID: 3054777 
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Table 2 Summary of proposed doses and their respective steady state raltegravir 
exposures by cohort observed during the dose-finding period (Stage 1) in trial P1066. 

In Cohort 2a, most (7/11) subjects receiving the final recommended dose of 
raltegravir 400 mg BID using poloxamer tablets achieved target AUC0-12h values. 
However, two subjects (weighing <25 kg) had 5 to 7-fold higher AUC0-12h values 
compared to the mean cohort AUC0-12h values. Investigators repeated raltegravir 
dosing in these two subjects at ~6 mg/kg BID using ethylcellulose chewable 
tablets. The new raltegravir AUC0-12h values met the AUC target (see table 
below). Therefore, investigators recommended that the 400 mg BID dose of 
adult tablet only be allowed in pediatric subjects 6 through 11 years old weighing 
≥25 kg. As an alternative, children in this weight group unable to swallow the 
tablet can also be dosed with 6 mg/kg BID of the chewable tablet.  

Table 3 Comparison of raltegravir PK results in two subjects receiving raltegravir 
poloxamer tablets (Cohort 2a) and later switched to ethylcellulose chewable tablets 
(Cohort 2b) under fasting conditions. 

Cohort Subject Formulation 

Actual 
dose 

received 
(mg BID) 

Weight 
(kg) 

Dose 
(mg/kg 

BID) 

C12h 
(nM) 

AUC12h 
(uM*hr) 

2a 
2b 

650947F 
650947F 

Adult tablet 
Chewable tablet 

400 
125 

19.6 
19.9 

20.4 
6.3 

6815.7 
414.0 

88.0 
17.6 

2a 
2b 

730158K 
730158K 

Adult tablet 
Chewable tablet 

400 
150 

21.4 
21.1 

18.7 
7.1 

837.0 
NA 

111.1 
30.4 

NA= Not available. No sample collected at 12 hours post dose. 

Pharmacokinetic parameters of raltegravir following administration of final 
recommended doses during the first week of treatment (Stage 1). 

Forty-four subjects underwent intensive blood sampling to define the PK of 
raltegravir at selected final doses.  PK data were analyzed using non-
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compartmental analysis.  The median Tmax of raltegravir was faster with chewable 
tablets (0.5 to 1 hr) relative to poloxamer tablets (1 to 2 hr).  Mean Cmax values of 
raltegravir were higher (~2-fold) with the chewable tablets compared to 
poloxamer tablets, despite being administered at lower doses.  Mean terminal 
half-lives of raltegravir were similar (~3 hr) using both formulations, but mean 
apparent oral clearance of raltegravir was lower in subjects receiving chewable 
tablets relative to subjects receiving poloxamer tablets.  The following table 
summarizes the PK properties of raltegravir observed across age cohorts in 
Stage 1. 

Table 4 PK parameters (geometric mean ± SD) of steady state raltegravir collected from all 
subjects participating in Stage 1 intensive PK sampling at final dose population. 
Cohort N Dose 

(mg BID) 
AUC0-12h 
(μM*hr) 

Cmax 
(μM) 

C12h 
(nM) 

Tmax* 
(hr)* 

t1/2 
(hr) 

CL/F 
(L/h) 

1 11 379.6 ± 94.4 15.7 ± 22.4 4.0 ± 6.0 332.6 ± 347 1.0 ± 1.8 3.9 ± 3.6 54.4 ± 56.8 
2a 11 400 15.8 ± 36.2 4.8 ± 11.8 246.1 ± 1982.1 2.0 ± 0.9 3.5 ± 1.4 56.8 ± 161.4 
2b 10 222.9 ± 58.7 22.6 ± 7.9 10.5 ± 6.4 129.6 ± 155.1 0.5 ± 0.2 3.4 ± 4.2 22.2 ± 8.9 

3 12 87.5 ± 22.5 17.9 ± 12.5 9.7 ± 6.6 71.2 ± 49.3 1.0 ± 1.3 3.3 ± 3.2 10.9 ± 10.1 

*Median value 

Significant intersubject PK variability was observed across all cohorts, but it was 
higher in subjects using poloxamer tablets compared to chewable tablets under 
fasting conditions (see table below). 

Table 5 Inter-subject PK variability of raltegravir per cohort in Stage 1 (period of intensive 
PK sampling).  Subjects received the recommended final dose of raltegravir using either 
poloxamer tablets or chewable tablets under fasting conditions. 

C12h AUC0-12h 

Cohort N Formulation GM 
(μM) 

Median 
(Range) (nM) CV% GM 

(μM*hr) 
Median 
(Range) 
(μM*hr) 

CV% 

1 11 Poloxamer 332.6 309.6 
(58.7-1183.3) 78.3 15.7 16.7 

(4.6-78.6) 97.6 

2a 11 Poloxamer 246.1 241.9 
(85.9-6815.7) 220.6 15.8 15.1 

(1.6-111.1) 120.4 

2b 10 Chewable 129.6 97.7 
(64.7-456.8) 87.6 22.6 23.8 

(12.8-40.6) 33.6 

3 12 Chewable 71.2 80.6 
(6.9-185.9) 55.5 17.9 16.4 

(5.4-43.7) 58.6 

*Adults 6 Poloxamer 141.7 162.4 
(65.7-265.5) 212% 14.3 18.5 

(3.8-28.8) -

*Values obtained from trial P004 evaluating efficacy, safety, and tolerability of monotherapy 
raltegravir 400 mg BID administered for 10 days to treatment naive HIV-infected subjects.  

The figures below display individual concentration-time profiles of raltegravir 
across all cohorts for subjects receiving the final recommended dose of 
raltegravir using poloxamer tablets (left figure) versus chewable tablets (right 
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figure). Intersubject PK variability was lower in subjects receiving ethylcellulose 
chewable tablets. 

Figure 1 Raltegravir steady state concentration-time profiles collected from subjects 
receiving final dose raltegravir using poloxamer (left) and chewable (right) tablets under 
fasting conditions during the period of intensive PK sampling. 

BEST 
POSSIBLE 

COPY

Pharmacokinetics parameters of raltegravir following administration of 
final recommended doses for 24 weeks (Stage 2). 

In Stage 2, all subjects underwent sparse blood sampling at Weeks 4, 8, 12, and 
24 to evaluate steady-state concentrations of raltegravir, including 95 subjects 
who received the final proposed doses for the first 24 weeks of treatment in 
Stage 2. Sparse PK data were used to determine the following values for a 
PK/PD analysis conducted in all cohorts: Call (geometric mean of all sparse 
concentrations for each subject, regardless of time), C12h (geometric mean of all 
concentrations collected at 12 ± 2 hours post dose), and Cmin (minimum trough 
concentration for each subject, regardless of collection time).  These are the 
same parameters used in the PK/PD analyses performed in adults in the original 
NDA approval. 

The Applicant used two methods to analyze sparse PK data: a statistical 
summary and a popPK model. Data collected from Cohorts 1 and 2a showed 
high intrasubject PK variability, which precluded the development of a popPK 
model. Thus, sparse PK data from Cohorts 1 and 2a were summarized only with 
a statistical approach, as described above. Conversely, intrasubject PK 
variability in subjects using chewable tablets was lower than variability observed 
in subjects receiving poloxamer tablets.  Therefore, PK data collected from 
Cohorts 2b and 3 were analyzed using a popPK model, including all intensive PK 
data from Stage 1 and sparse samples from Stage 2.  Results from both methods 
are summarized below. 
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Table 6 Summary of geometric mean (CV%) PK values calculated using a statistical 
approach (all cohorts) and a population PK model (Cohorts 2b and 3 only).  Sparse PK 
data were derived from subjects in Stage 2 receiving the final dose of raltegravir for 24 
weeks in combination with optimized background HIV therapy (OBT).    

Statistical summary Population PK 

Cohort N* GM C12h (nM) (%CV) N 
GM C12h (nM) 

(%CV) 
GM AUC12h (uM*hr) (%CV) 

1 53 225 (175) - NA NA 

2a 2 558 (93) - NA NA 

2b 12 108 (101) 13 244 (89) 25.3 (23) 

3 19 130 (161) 20 157 (176) 19.7 (75) 
NA= not available.   
*For the Statistical summary, the table is missing five subjects from Cohort 1, two subjects from 
Cohort 2a, one subject from Cohort 2b, and one subject from Cohort 3.  The missing subjects in 
Cohorts 2b and 3 were included in the population PK analysis.  The Sponsor did not provide a 
rationale for the discrepancy in subject numbers. 

Overall, all cohorts achieved the predefined mean C12h target (>33 nM) while 
receiving raltegravir at final selected doses for 24 weeks.  Median raltegravir C12h 
values in treatment-experienced adults in the two Phase 3 trials were 262 and 
281 nM, with a range of 12 – 9151 nM.  The popPK model showed that subjects 
receiving chewable tablets of raltegravir also achieved target AUC0-12h values (14 
to 25 μM*hr). These results suggest that final recommended doses of raltegravir 
deliver adequate exposures in pediatrics compared to adults.    

Summary of results from exposure-response analyses conducted using 
data from subjects receiving raltegravir final recommended doses for 24 
weeks (Stage 2). 

In the original NDA submission, raltegravir displayed no clinically meaningful 
difference in virologic success rates across a wide range of C12h values 
measured in treatment-experienced adults receiving 400 mg BID.  Within the 
concentration range studied, the virologic success rate was similar (77%) for 
subjects with lower C12h values (76 nM) compared to those with higher C12h 
values (1085 nM) (see figure below). 
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Figure 2  Relationship between C12h and virologic success defined as proportion of 
subjects achieving HIV RNA <400 copies/mL.  C12h=0 represents placebo-treated subjects; 
raltegravir-treated subjects were divided into four C12h quartiles.  A similar trend was 
observed with subjects achieving HIV RNA <50 copies/mL (not shown). 

In this submission, the Applicant explored associations between raltegravir 
exposures and virologic success using pediatric data.  Initial results from an 
exposure-response analysis suggested a statistically significant (p<0.05) 
association between raltegravir concentrations (Call, GM C12h) and composite 
virologic success at Week 24 across all cohorts.  However, analysis of exposure-
response relationships per formulation revealed a statistical significant 
association only for Cohorts 1 and 2a receiving poloxamer tablets (see table 
below). As there were only 4 subjects in Cohort 2a in the final PK/PD analysis, 
the finding is largely driven by Cohort 1. 
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Table 7 Population PK parameters as a predictor for antiretroviral responses across all 
cohorts receiving final dose of raltegravir + OBT for 24 weeks.  An odds ratio >1 indicates 
a probable association between PK and efficacy.  A p-value <0.05 indicates statistically 
significance.  

Suspecting medication non-compliance as a possible cause for the initial PK/PD 
association, the Applicant repeated the exposure-response analysis by excluding 
subjects with ≥2 plasma samples BLOQ across all cohorts.  Once again, results 
from the second analysis identified a statistically significant association between 
GM C12h and proportion of subjects achieving HIV RNA <50 copies/mL, but only 
in Cohorts 1 and 2a (see figure below). 
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Figure 3  Proportion (%) of subjects with HIV RNA <50 copies/mL plotted against four 
quartiles of GM C12h. Subjects received final dose of raltegravir in combination with OBT 
for 24 weeks.  The analysis excluded subjects with ≥2 plasma samples BLOQ. 

The Applicant did not provide a rationale for this exposure-response association, 
but speculated the association may be due to medication non-compliance.  A 
review of pill count data suggested that subjects with samples BLOQ were likely 
to be medication non-compliant; however, the database was difficult to interpret 
due to missing data.  The Applicant tested for development of viral resistance to 
raltegravir in blood samples obtained from subjects who failed to achieve HIV 
RNA <400 copies/mL at week 24.  However, none of these subjects had 
raltegravir-associated mutations. Lastly, the Applicant conducted a Receiver 
Operating Characteristic (ROC) analysis to define a sensitive and specific 
threshold for raltegravir C12h that would predict virologic success at week 24. 
Yet, the ROC analysis failed to identify a raltegravir C12h threshold. The median 
C12h value in the lowest exposure quartile in Cohorts 1 and 2a (87 nM) is higher 
than the lowest quartile observed in adults (76 nM, refer to figure 2).  It should be 
noted, in the analysis conducted in adults BLOQ values were treated as missing, 
whereas the current analysis assigns samples BLOQ a value of 5 nM (1/2 x 
LLOQ).       
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Similar to the Applicant’s analysis, the Office of Clinical Pharmacology (OCP) 
reviewer compared virologic success rates at week 24 vs. raltegravir GM C12h in 
Cohorts 1 and 2a, but included only subjects without any BLOQ samples.  When 
excluding subjects with ≥1 BLOQ samples from the analysis, the exposure-
response association largely disappeared, except for the lowest quartile. 
Subjects in the lowest raltegravir GM C12h, quartile, with individual GM C12h 
concentrations ≤178, had the lowest virologic success rates in Cohorts 1 and 2a. 
Results suggest that medication non-compliance may have been a factor for the 
exposure-response relationship observed in the Applicant’s analysis.      

Despite results from the Applicant’s exposure-response analysis, the OCP 
reviewer still supports the final recommended doses of raltegravir in pediatric 
subjects, as proposed by the Applicant. Subjects in Cohorts 1 and 2a receiving 
raltegravir 400 mg BID using poloxamer tablets for 24 weeks, in combination with 
OBT, achieved virologic success rates (~55 and 50%) similar to those observed 
in adults (55%). Moreover, mean AUC0-12h and C12h values observed in Cohorts 
1 and 2a during Stage 1 were comparable to those observed in adults receiving 
raltegravir 400 mg BID. 

Discussion and Conclusions 

Based on results from trial P1066, the following conclusions can be made 
regarding raltegravir dosing in pediatrics: 

•	 The final recommended doses of raltegravir for children and adolescents 
using poloxamer and chewable tablets delivered a range of exposures similar 
to those observed in adults receiving raltegravir 400 mg BID using poloxamer 
tablets. 

•	 Individual and composite mean virologic success rates at week 24 observed 
across all pediatric cohorts were similar to virologic success rates observed in 
treatment-experienced adults at week 96. 

•	 A statistically significant exposure-response relationship between raltegravir 
GM C12h values and proportion of subjects achieving HIV RNA <50 copies/mL 
was observed in Cohorts 1 and 2a receiving poloxamer tablets.  The 
exposure-response relationship is not fully understood, but the Applicant 
believes it may be due to medication non-compliance.  Nevertheless, the 
exposure-response relationship does not affect our overall conclusion that the 
final pediatric doses of raltegravir are adequate given that virologic success 
rates in pediatrics were similar to those observed in adults. 

•	 Overall, the final doses of raltegravir in pediatrics deliver comparable PK, 
safety, and efficacy relative to adults. 

Reference ID: 3054777 
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(b) (4)

3. Appendices 

3.1 individual Trial Reviews 

3.1.1 Trial P1066 (also known as P022 or IMPAACT) 

A Phase I/II, multicenter, open-label, noncomparative trial of the International 
Maternal, Pediatric, Adolescent AIDS Clinical Trials (IMPAACT) Group to 
evaluate safety, tolerability, pharmacokinetics (PK), and antiretroviral activity of 
raltegravir (IsentressTM, MK-0518) in HIV-1 infected infants, children, and 
adolescent.   

Trial Period 

Trial initiation: September 14, 2007 

Data cut-off: February 14, 2011 (trial is ongoing)
 

Trial sites 

The trial was conducted in multiple sites located in the US (41), Brazil (8), South 
Africa (4), Botswana (2), and Argentina (1).   

Trial Rationale 

HIV-infected children, particularly those who develop viral resistance or toxicities, 
have limited antiretroviral (ARV) treatment options.  As with adults, ARV therapy 
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with at least three drugs is recommended for children to prevent viral resistance. 
With over 30 different ARVs in the marketplace, adults have a variety of 
treatment options. Conversely, children have limited treatment options because 
many ARVs are unapproved for use in children, or are unavailable in appropriate 
formulations. Thus, Merck has developed a chewable tablet of raltegravir 
suitable for children, and seeks an indication for raltegravir in this population. 

Trial Objectives 

Primary: 

•	 Evaluate short-term safety, tolerability, and PK of raltegravir in combination 
with ARV background therapy in infants, children, and adolescents (Stage 1). 

•	 Evaluate long-term safety and tolerability of raltegravir using selected final 
dose in combination with optimized background therapy (OBT) over 24 weeks 
in infants, children, and adolescents (Stage 2). 

Secondary: 

•	 Evaluate safety and tolerability of raltegravir chronic dosing using the selected 
final dose in combination with OBT, as assessed by reviewing safety data 
accumulated over 48 weeks. 

•	 Evaluate antiretroviral activity of raltegravir using selected final doses in 
combination with OBT, as assessed by change in HIV RNA from baseline 
over 24 and 48 weeks of treatment.   

•	 Evaluate immunological activity of raltegravir using selected final dose in 
combination with OBT, as measured by changes in CD4 cell count and 
percent from baseline over 24 and 48 weeks of treatment. 

•	 Describe pediatric raltegravir exposure over time, using a population PK 
modeling approach. 

•	 Develop and implement a raltegravir dried blood spot (DBS) method for PK 
evaluations in the younger cohorts of P1066. 

Tertiary: 

•	 Evaluate long-term safety and efficacy of raltegravir in subjects treated for 
>48 weeks. 

Trial Population 

Reference ID: 3054777 
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trial is also testing an oral granule formulation for children ≥4 weeks to <2 years 
of age. However, oral granule formulation data will 
not be discussed in this review. The trial is enrolling six age cohorts as follows: 

(b) (4)

One hundred and twenty six subjects infected with HIV-1, at the time of data cut­
off. 

Trial Design 

P1066 is an ongoing multi-center, open-label, noncomparative trial in HIV-1 
infected children and adolescents ranging from ≥4 weeks to <19 years of age 
who failed previous therapy with at least one ARV medication.  The current 
submission contains data from children ≥2 to <19 years of age who received 
raltegravir using poloxamer or chewable tablets in combination with OBT.  The 

Cohort 1: 	 ≥12 to ≤18 years of age received poloxamer tablets.   

Cohort 2a: 	 ≥6 to ≤11 years of age received poloxamer tablets. 

Cohort 2b: 	 ≥6 to ≤11 years of age received chewable tablets. 

Cohort 3: 	 ≥2 to ≤5 years of age received chewable tablets.  

Cohort 4: 	 ≥6 months (defined as 180 days) to <2 years of age received oral 
granules for suspension. 

Cohort 5: 	 ≥4 weeks (defined as 30 days) to <6 months of age received oral 
granules for suspension. 

The trial was conducted in two sequential stages: 

Stage 1 was a dose-finding period enrolling 58 subjects across Cohorts 1, 2a, 2b, 
and 3. Each age cohort was divided in two parts: a ‘mini-cohort’ and a ‘full­
cohort’. The mini-cohort was comprised of 4 subjects.  These subjects received 
raltegravir in combination with their current background ARVs.  The full cohort 
(n=10 to 12) was enrolled only if the dose of raltegravir was safe and met the 
predefined PK targets for AUC0-24h and C12h in the mini-cohort. This dosing 
scheme was repeated until raltegravir final selected doses were identified in all 
age cohorts. Subjects completing Stage 1 rolled into Stage 2 to receive long-
term treatment with final selected doses of raltegravir.    

Stage 2 evaluated long-term safety and efficacy of final recommended doses of 
raltegravir in combination with OBT administered for 48 weeks.  Subjects who 
completed 48 weeks of raltegravir treatment may have continued receiving 
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raltegravir for an additional 4 years via an extension protocol.  The design of 
P1066 is displayed below. 

Figure 4 Trial design 

Subjects in Stage 1 received raltegravir in combination with prior stable ARV 
regimen. A stable ARV regimen was defined as 1) subjects receiving unchanged 
therapeutic regimen for at least 12 weeks, or 2) treatment experienced subjects 
receiving no treatment for ≥4 weeks prior to entry. ARV treatment was optimized 
in subjects after completing intensive PK sampling in Stage 1.  

In contrast, subjects in Stage 2 optimized their ARV regimens before or 
concurrently while receiving the final selected dose of raltegravir for 48 weeks. 
Once the ARV regimen was optimized, additional changes to the ARV regimen 
were not allowed in either Stage 1 or 2, unless 1) ARV substitution was within the 
same drug class, 2) ARV substitution was across drug class due to documented 
toxicity, 3) discontinuation of a background ARV, or 4) formula substitutions.  

Key inclusion/exclusion criteria 

Inclusion 

•	 Subjects between ≥ 4 weeks to <19 years of age. 
•	 Documented HIV-1 infection. 
•	 Receiving stable ARV for at least 12 weeks, or be treatment experienced but 

not receiving treatment for ≥4 weeks prior to trial entry.  Dose adjustments for 
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growth were permitted with investigator approval.  Formulation changes and 
within drug class substitutions were permitted within the last 12 weeks of 
treatment. 

•	 Subjects were required to have HIV RNA ≤1 log drop within 12 weeks of 
receiving stable ARV treatment, or HIV RNA ≥25,000 copies/mL at screening. 
Note: These criteria did not apply to treatment-experienced subjects who had 
not received ARV therapy for ≥4 weeks prior to entry. 

•	 HIV RNA ≥ 1,000 copies/mL at screening. 
•	 Female subjects of childbearing potential and sexually active were required to 

use two methods of birth control during the trial and for 3 months after 
stopping raltegravir.  Acceptable methods included condoms, diaphragms, 
cervical caps with spermicide (excluding nonoxynol-9), intrauterine devices, 
and other barriers. Condoms were recommended because of their use in 
contraception and prevention of HIV transmission.  Hormonal contraception 
alone was not acceptable (e.g. oral, injections, or slow release inserts).    

Exclusion 

•	 Abnormal blood chemistry before trial entry, including neutrophil counts, 
hemoglobin, platelets, AST, ALT, lipase, or serum creatinine. 

•	 Use of atazanavir, tenofovir, or tipranavir in Stage 1. 
•	 Hyperbilirubinemia ≥ Grade 4 within 30 days prior to trial entry (only 

applicable to subjects enrolling in Stage 2 whose stable background regimen 
included atazanavir. 

•	 CDC Stage C criteria or opportunistic or bacterial infection diagnosed within 
30 days prior to screening and not considered clinically stable. 

•	 Subjects who were pregnant or breastfeeding. 
•	 Prohibited medications listed below in the Concomitant Medication section.  

Rationale for Dose Selection 

The approach for raltegravir dose selection in each cohort was to determine a 
pediatric dose that would approximate adult exposures achieved with 400 mg 
BID dose using poloxamer tablets.  The target exposure for each cohort was a 
geometric mean (GM) AUC0-12h between 14 to 25 μM*hr, with a concurrent goal 
that GM C12h exceed 33 nM (IC95). For safety considerations, the maximum 
individual AUC0-12h was defined as <45 μM*hr, which represents half the 
raltegravir AUC0-24h after single doses of 1600 mg given in Phase 1 clinical trials 
of raltegravir. 

Pediatric subjects received raltegravir in a weight-based manner.  The first dose 
of raltegravir in Cohort 1 was ~6 mg/kg BID.  This weight-based dose 
approximates a 400 mg BID dose administered to a 70-kg adult.  If the raltegravir 
exposure data (for a mini cohort or full cohort) were not acceptable, the dose was 
modified using the linear-dose adjustment formula below. 
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Concomitant medications 

Use of the following medications was prohibited during the trial:  

•	 Phenobarbital 
•	 Phenytoin 
•	 Rifampin 
•	 Rifabutin (allowed in Stage 2, but not during intensive PK sampling in Stage 

1) 
•	 Atazanavir (allowed in Stage 2 only) 
•	 Tenofovir disoproxil fumarate (allowed in Stage 2 only) 
•	 Tipranavir (allowed in Stage 2 only) 
•	 Systemic immunosuppressive medications 

Collection of plasma samples for raltegravir PK  

Intensive PK sampling (Stage 1) from Cohorts 1, 2a, 2b, and 3 

Plasma samples were collected at predose, 0.5, 1, 2, 3, 4, 6, 8, and 12 hours 
post dose between 5 and 12 days after initiating raltegravir dosing.  Repeat 
intensive PK visits occurred between days 7 and 14 following dose adjustment, if 
required. Intensive PK visits were scheduled for witnessed dosing approximately 
12 hours (11 to 13 h) after the previous dose. 

Sparse PK sampling (Stage 2) from Cohorts 1, 2a, 2b, and 3 

Plasma samples were collected in all subjects at: 

•	 Week 4 (one sample between 10 and 14 hours post dose) 
•	 Week 8 (two samples separated by 2 hours between 0.5 and 6 hours post 

dose) 
•	 Week 12 (one sample between 10 and 14 hours post dose) 
•	 Week 24 (two samples separated by 2 hours between 6 and 12 hours post 

dose) 

Collection of blood samples for efficacy evaluation 

P1066 was not designed or powered to demonstrate efficacy, but efficacy 
measures included both antiviral (HIV RNA) and immunologic effects (CD4 cells), 
as follows: 
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•	 Screening and trial entry. 
•	 Weeks 1, 4, 8, 12, 24, 36, and 48. 
•	 Safety visit for Stage 1 subjects whose dose was increased to Stage 2 dose. 
•	 Follow-up visit at 14-day post therapy.  
•	 Early discontinuation visit. 
•	 Every 4 months (± 6 weeks) for 5 years after completion of Stage 2 for 

subjects who continue trial-provided raltegravir. For subjects who 
discontinued trial-provided raltegravir, HIV RNA will be measured every 12 
months for 5 years after initial raltegravir exposure. 

Blood samples for evaluating viral resistance during treatment with raltegravir 
and ARV 

Blood samples were collected at: 
•	 Screening 
•	 Weeks 12, 24, 36, and 48 

Analytical plan for PK data collected in Cohorts 1 – 3. 

Intensive PK sampling (Stage 1) 

PK data were analyzed using non-compartmental analysis.  The PK parameters 
of interest were AUC0-12h, Cmax, Tmax, and C12h. AUC0-12h was determined using a 
linear and logarithmic trapezoidal method, while Cmax and Tmax were observed 
directly from concentration-time PK profiles of raltegravir.   

Sparse PK sampling (Stages 1 and 2) 

PK data collected from Stages 1 and 2 were analyzed for Cohorts 2b and 3 using 
a population PK model to determine if covariates such as age, weight, and sex 
had an effect on the PK of raltegravir in pediatric subjects.     

Sparse PK data were also analyzed to determine Cmin (minimum trough 
concentration for each subject, regardless of collection time), GM C12h (geometric 
mean of all concentrations collected at 12 ± 2 hours post dose), and Call 
(geometric mean of all sparse concentrations for each subject, regardless of 
time) across all cohorts at the final dose of raltegravir.  A PK/PD model evaluated 
potential associations between Cmin, GM C12h, and Call and antiretroviral efficacy 
defined as: 

•	 Achieving at least 1 log drop in HIV RNA or HIV RNA <400 copies/mL at 
Week 24. 

•	 Achieving HIV RNA <50 copies/mL at Week 24. 
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Statistical analyses 

PK data analysis 

The primary non-compartmental analysis results were reported with descriptive 
statistics for each cohort at each dose tested. 

Logistic regression analyses were conducted using the PK endpoints GM C12h, 
Call, and the PD endpoints ≥1 log drop or HIV RNA <400 copies/mL and HIV RNA 
<50 copies/mL to evaluate potential PK/PD associations for all subjects receiving 
both formulations of raltegravir.  

A Receiver Operating Characteristic (ROC) analysis was performed to assess if 
a single threshold value of raltegravir GM C12h could predict, with high sensitivity 
and specificity, a subject achieving HIV RNA <50 copies/mL at week 24. 

Efficacy analysis 

The efficacy analyses included evaluations of antiretroviral activity and 
immunological activity at weeks 24 (all cohorts) and 48 (Cohorts 1, 2a, and 2b) 
for the final recommended dose of raltegravir in combination with OBT.  Both 
analyses included the proportion of subjects achieving virologic success and 
mean change from baseline in CD4 cell count and CD4% bounded by 95% 
confidence intervals. 

Logistic regression models were conducted to identify variables predicting 
virologic success. Variables included gender, ethnicity, baseline HIV RNA 
(≤50,000 copies/mL or >50,000 copies/mL), baseline CD4 cell count (≤200 
cells/mm3 or >200 cells/mm3), viral subtype (clade B or non-clade B), and 
previous antiretroviral drug classes used. 

Trial results 

Bioanalytical method 

 analyzed 
all plasma samples from P1066 using a validated LC-MS/MS method.   

The method and bioanalysis of raltegravir is acceptable.  The (b) (4)

Plasma samples of raltegravir were stable during storage and bioanalysis.  When 
stored, plasma samples remained at -80°C for less than 19 months--the long-
term stability period for raltegravir samples.  During bioanalysis, plasma samples 
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were thawed and remained at room temperature up to 72 hours.  A short-term 
stability study showed no raltegravir degradation during bioanalysis. 

The calibration standards and quality control (QC) samples were adequate.  The 
calibration curve was linear over a range of 1 to 3000 ng/mL (Mean r2=0.9992). 
The mean relative error (% deviation) ranged from -3.3 to 4.2%.  The coefficient 
of variation (%CV) ranged from 0.6 to 2.9%.  The precision for quality control 
samples, low QC (3 ng/mL), mid QC (540 ng/mL), and high QC (2700 ng/mL), 
ranged from 1.3 to 7.5%. The accuracy ranged from -7.4 to 11.5%.   

Demographics  

The trial population adequately represented females and minorities.  Most 
subjects (67%) had previously received ≥3 classes of ARVs.  The table below 
summarizes baseline characteristics for subjects who received the selected final 
dose of raltegravir (n=96). 
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the end of intensive PK sampling did subjects optimize their ARV therapy. 
Subjects in Stage 2 had their ARV regimen optimized concurrently while 
receiving raltegravir at the final dose.  The following table displays ARV therapy 
used during Stage 2. 

Table 11 Number (%) of subjects with specific concomitant antiretroviral therapies by 
Cohort; (incidence >0% in one or more cohorts); final dose population. 

Results of raltegravir dose finding during Stage 1 

Cohort 1 (≥12 years to <19 years of age) receiving raltegravir adult tablets (100, 
200 and 400 mg strength tablets) 

• First mini cohort (n=4): 
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Subjects received raltegravir ~6 mg/kg BID under non-fasting conditions.  The 
initial dose missed the predefined mean PK target (AUC0-12h=14 to 25 μM*hr) 
by delivering a GM AUC0-12h of 10.4 μM*hr. Investigators increased raltegravir 
dose to ~8 mg/kg BID. 

• Second mini cohort (n=4): 

Subjects received raltegravir ~8 mg/kg BID under non-fasting conditions.  The 
dose met the mean PK target by delivering a GM AUC0-12h of 19.8 μM*hr. 
Subsequently, investigators enrolled the full cohort.  

• First full cohort (non-fasting) (n=10): 

Subjects received raltegravir ~8 mg/kg BID under non-fasting conditions.  The 
dose missed the mean PK target by delivering a GM AUC0-12h of 6.6 μM*hr. 
There was a discrepancy in PK exposures between the mini cohort and full 
cohort receiving ~8 mg/kg BID. Investigators believed food may have caused 
the PK variability. Investigators re-enrolled full cohort 1 with new subjects to 
receive ~8 mg/kg under fasting conditions.      

• Second full cohort (fasting) (n=11 new subjects): 

Subjects received raltegravir ~8 mg/kg BID under fasting conditions.  The 
dose met the mean PK target by delivering a GM AUC0-12h of 15.7 μM*hr. 
Most (n=8/11) subjects in Cohort 1 received raltegravir 400 mg BID, despite 
weight-based dosing. 

Investigators noticed that subjects receiving the lowest doses of raltegravir 
had low AUC0-12h values. Subject 502828E received 200 mg BID and had an 
AUC0-12h value of 8.1 μM*hr. Conversely, subjects receiving the highest 
doses had high AUC0-12h values. Subject 670119E received 600 mg BID and 
had an AUC0-12h value of 78.6 μM*hr. The Sponsor argues these subjects 
would have achieved target exposures had they received raltegravir 400 mg 
BID (assuming linear PK). 

Reviewer’s comment: The Sponsor makes a reasonable argument for dosing 
subjects at 400 mg BID based on the linear PK properties of raltegravir. 
However, dosing every subject with raltegravir 400 mg BID does not 
guaranteed that everyone will meet the PK target.  For instance, three 
subjects receiving 400 mg BID had AUC0-12h values below 14 μM*hr. One of 
these subjects (509863E) had an AUC0-12h value of 4.5 μM*hr. Overall, a 
mean dose of raltegravir 380 mg BID produced a GM value of 15.7 μM*hr.  
Thus, it is reasonable to recommend a flat dose of 400 mg BID to all children 
ranging from ≥12 years to <19 years of age.         
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•	 First full cohort (n=10): 

Subjects received raltegravir ~8 mg/kg BID under fasting conditions.  The 
dose missed the mean PK target by delivering a GM AUC0-12h of 12.0 μM*hr. 
Most (6/10) subjects received raltegravir 300 mg BID.  Using a similar 
rationale from Cohort 1, investigators dosed everybody in a second full cohort 
using raltegravir 400 mg BID under fasting conditions. 

•	 Second full cohort (n=11): 

Subjects received a flat dose of raltegravir 400 mg BID using adult tablets 
under fasting conditions. The dose met the mean PK target by delivering a 
GM AUC0-12h of 15.9 μM*hr. 

Two subjects had 5 to 7-fold higher raltegravir exposures compared to mean 
cohort values. Subjects 650947F and 730158K had AUC0-12h values of 88.0 
and 111.1 μM*hr, respectively.  These subjects weighed less than 25 kg. 
Assuming weight was responsible for differences in PK exposures; 
investigators re-dosed the two subjects based on body weight at ~6 mg/kg 
BID using the chewable tablets under fasting conditions.  Their new AUC0-12h 
values, 17.6 and 30.4 μM*hr, met the predefined target (The acceptable 
range for individual AUC0-12h values ranged from 5 to 45 μM*hr). The Sponsor 
included these two subjects in their summary of PK results from Cohort 2a; 
however, the OCP reviewer removed these subjects from the PK summary 
(Table 14) because the subjects are not considered part of the final dosing 
recommendation for this age group (because they weighed less than 25 kg).    

Not all subjects weighing <25 kg had high AUC0-12h values. Subject 650875J 
(22.7 kg) had a low AUC0-12h value of 6.26 μM*hr while receiving 400 mg BID 
using adult tablets. Investigators were unable to re-dose the subject using 
chewable tablets because the subject weighed >25 kg during the next trial 
visit. 

•	 The Sponsor recommends children ranging from ≥6 to <12 years of age and 
weighing ≥25 kg and able to swallow tablets receive 400 mg BID using adult 
tablets. Children in the same age range weighing <25 kg should receive 
raltegravir weight-based dosing using the chewable tablets not to exceed 300 
mg BID. 
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After excluding these three subjects from the PK summary in Cohort 2a, the 
geometric mean AUC12h (13.4) was slightly lower than the target AUC12h (14 to 
25 μM*hr). Nevertheless, individual AUC values from subjects fell within the 
individual target AUC12h of 5 to 45 μM*hr.      

Cohort 2b (≥6 years to <12 years of age) dosed with raltegravir chewable tablets 

For ease of dosing, the chewable tablets were available in three strengths: 25, 
50, and 100 mg. The 50 mg chewable tablets were phased out after dose finding 
in Cohorts 2b and 3. 

•	 First mini cohort (n=4): 

Subjects received a dose of raltegravir ~8 mg/kg BID using the chewable 
tablets under fasting conditions. The dose missed the mean PK target by 
delivering a GM AUC0-12h of 27.5 μM*hr. Investigators enrolled another mini 
cohort and lowered the dose to ~6 mg/kg BID. 

•	 Second mini cohort (n=4) 

Subjects received a dose of raltegravir ~6 mg/kg (NTE 300 mg) BID using the 
chewable tablets under fasting conditions.  The dose met the mean PK target 
by delivering a GM AUC0-12h of 20.1 μM*hr. Investigators enrolled the full 
cohort to receive the same dose of raltegravir. 

•	 Full cohort (n=10) 

The full-Cohort 2b received raltegravir ~6 mg/kg (NTE 300 mg) BID under 
fasting conditions using the chewable tablets.  The dose met the mean PK 
target by delivering a GM AUC0-12h of 22.6 μM*hr. 

•	 The final dose recommendation for children ≥6 to <12 years of age weighing 
<25 kg is raltegravir 6 mg/kg NTE 300 mg BID using the chewable tablets. 
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Table 17 Geometric Mean (%CV) values for non-model based raltegravir PK parameters 
calculated from Sparse Concentration data (Cohorts 1, 2, 2a, 2b, and 3, final dose 
population). 

For Cohorts 2b and 3, a population PK model was used to calculate raltegravir 
PK parameters at the final dose using chewable tablets.  The table below 
summarizes calculated steady state geometric mean AUC0-12h, Cmax and C12h 
values. Calculated GM AUC0-12h and C12h values met the predefined PK targets 
(AUC0-12h within 14 to 25 μM*hr and C12h >33 nM). 

Table 18 GM (%CV) values for model based raltegravir PK parameters calculated from 
Sparse Concentration Data (Cohorts 2b and 3, final dose using chewable tablets). 

Exposure-response analysis 

A logistic regression analysis was conducted using sparse PK data to explore 
potential associations between raltegravir PK exposures and antiretroviral 
responses. For all cohorts, three non-model based exposure summary 
measures were calculated based on observed sparse PK data.  This approach 
was based on prior experience in adults with adult tablets, where a population PK 
model could not be developed due to variability in absorption.  The analysis 
included parameters such as Call, GM C12h, and proportion of subjects achieving 
≥1 log drop or HIV RNA <400 copies/mL and HIV RNA <50 copies/mL.  When 
the analysis included data from all cohorts, there was a statistically significant 
(p<0.05) association between Call and GM C12h with all efficacy parameters 
evaluated (See table below). When separating data into formulations, the PK/PD 
association remained statistically significant for Cohorts 1 and 2a (adult tablets), 
but not for Cohorts 2b and 3 (chewable tablets).    
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Table 19  Estimated odds ratio with 95% CI and p-value for PK parameters as predictors 
for antiretroviral responses (all cohorts, final dose population).  

The logistic regression analysis was re-examined to evaluate the effect of 
medication non-compliance on probability of achieving antiretroviral response. 
Initial data analysis revealed that several subjects had multiple raltegravir 
concentration values that were below the assay limit of quantification (BLOQ). 
The Sponsor postulated that subjects with multiple PK samples BLOQ were likely 
to be non-compliant with raltegravir therapy and to have poor antiretroviral 
response. In further support of this hypothesis, subjects with multiple BLOQ 
values were also reported to have taken fewer pills than expected on at least 1 
visit. When the analysis excluded subjects with ≥2 PK samples BLOQ, a 
statistical significant relationship remained only between GM C12h and HIV RNA 
<50 copies/mL (See table below) in subjects receiving the adult tablet.  The 
Sponsor could not explain the meaning of this PK/PD relationship, and warns 
that the relationship should be interpreted with caution due to the relatively small 
number of subjects in Cohorts 1 and 2a, the small number of samples that went 
into the GM C12h value (median of 2 samples per subject), and large inter- and 
intra-subject PK variability of raltegravir. 
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Table 20 Population PK parameters as a predictor for antiretroviral responses (all cohorts 
excluding subjects with ≥2 BLOQ PK values, final dose population). 

In the original NDA, the exposure-response relationship of raltegravir C12h and 
virologic success was shallow in adults. The PK/PD analysis included data from 
two large, double blind, placebo controlled trials (Protocols 018 and 019) in HIV-
infected, treatment-experienced adult subjects with documented resistance to at 
least one ARV. The analysis included 483 subjects (225 raltegravir + OBT 
treated and 228 placebo + OBT treated). In the raltegravir arms, subjects 
received raltegravir 400 mg BID using poloxamer tablets in combination with 
OBT for 16 weeks (data cut off at that time).  The PK parameters of interest were 
GM C12h and the minimum observed C12h, both parameters determined from all 
samples taken between 11 and 13 hours post dose in a given individual.  The PD 
parameters of interest were the proportion (%) of subjects achieving HIV RNA 
<50 copies/mL or <400 copies/mL at week 16.   

Within the raltegravir concentration range studied, virologic success rates were 
similar (77%) for subjects with lower C12h values (median C12h= 76 nM) compared 
to those with higher C12h values (median C12h= 1085 nM), as shown below. 
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Figure 9 C12h-virologic success relationship.  The C12h=0 represents placebo-treated 
patients; raltegravir-treated patients were divided into four quartiles. 

The initial OCP reviewer noted that this PK/PD relationship needed careful 
interpretation in the presence of high within subject variability.  The lack of 
relationship could have been due to high within subject variability leading to 
uncertain measure of individual exposure or due to high potency (as 
demonstrated by maximum in vitro IC95 ~ 50nM in 50% human serum) of 
raltegravir such that the exposures were in the asymptotic region of the C12h  ­
virologic success relationship. Also of note, BLOQ values were treated as 
missing in the adult analysis, while in the current analysis in children, BLOQ 
values were assigned a value of 11 nM (1/2 x LLOQ). 

Efficacy results up to 24 weeks of treatment with the final dose of 
raltegravir 

Efficacy data are currently available from subjects in all cohorts who received the 
final dose of raltegravir in combination with other antiretrovirals for up to 24 
weeks. The proportion of subjects with HIV RNA <50 copies/mL in Cohorts 1, 
2a, 2b, and 3 was 55.2%, 50%, 53.8%, and 50%, respectively.  The overall 
proportion of subjects with HIV RNA <50 copies/mL across all cohorts was 
53.7%. In contrast, the proportion of adult subjects (n=466) achieving HCV RNA 
<50 copies/mL was 55% after receiving raltegravir 400 mg BID doses for 96 
weeks. 

Decreases in viral loads were accompanied with increases in CD4 cell counts 
from baseline across cohorts, except in Cohort 2a.  Mean CD4 cell counts in 
Cohort 2a decreased by 36% from baseline.  The explanation for this observation 
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could be related to low subject numbers (n=4) enrolled in this cohort at the final 
proposed dose. The table below summarizes efficacy results per cohort in 
subjects receiving the final dose for 24 weeks. 

Table 21 Efficacy analysis by cohort, Final dose population, Week 24 results, Observed 
failure approach. 

Efficacy results up to 48 weeks of treatment with the final dose of 
raltegravir 

Efficacy data up to 48 weeks are currently available for Cohorts 1, 2a, and 2b 
only. Similar to Week 24 efficacy data, the proportion of subjects who had HIV 
RNA <50 copies/mL in Cohorts 1, 2a, and 2b was 57.1%, 50%, and 54.5%, 
respectively. Efficacy data are pending for Cohort 3.  The mean change from 
baseline in CD4 cell counts are also comparable to values observed at Week 24. 
The table below summarizes efficacy results for Cohorts receiving raltegravir at 
the final dose for up to 48 weeks.         
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Table 22 Efficacy analysis by cohort, Final dose population, Week 48 results, Observed 
failure approach. 

Safety 

Table 23  Summary of clinical adverse events by cohort; final dose population, Weeks 0­
24. 

Summary of Results 

Final Dose Population 

•	 The final recommended doses of raltegravir for children and adolescents 
using poloxamer and chewable tablets delivered a range of exposures similar 
to those observed in adults receiving raltegravir 400 mg BID using poloxamer 
tablets. 
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Trial site 

Covance Clinical Research Unit, Inc., in Dallas, Texas, US. 

Trial Population 

Twelve healthy subjects, including adult males and females. 

Trial Rationale 

Raltegravir is indicated for the treatment of HIV-1 infection in adults.  The current 
formulation of raltegravir is a poloxamer tablet suitable for adults.  Because HIV 
infection is not limited to adults, Merck developed two raltegravir formulations 
that are appropriate for treating children: an ethylcellulose chewable tablet and a 
granular formulation for suspension. This trial compared the PK of raltegravir 
administered as poloxamer versus chewable tablets.  This review will not discuss 
results for the granular formulation because the sNDA does not seek approval for 
this formulation.       

Trial Objectives 

Primary: 

•	 Evaluate and compare raltegravir plasma PK profiles following single-dose 
administration of poloxamer formulation and ethylcellulose (EC) formulation in 
healthy adult subjects. 

Secondary: 

•	 Compare raltegravir plasma PK profiles following single-dose administration 
of raltegravir as EC formulation in the fasted state and following a high fat 
meal in healthy adult subjects. 

Trial Design 

This Phase 1 trial had an open-label, four-period, randomized, crossover design. 
Subjects received a single 400 mg dose of raltegravir in four periods.  A 4-day 
washout period was observed before beginning a new treatment period. 
Treatments A and B were administered in the fasted state, and treatment D was 
administered after ingesting a high fat meal.  Treatment A was dosed using the 
commercially available poloxamer tablet.  The following table displays the trial 
design and raltegravir treatments.        
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Table 24 Sample allocation schedule 

Note: This review will not discuss results from Treatment C, oral granule 
formulation. The 400 mg dose of raltegravir was delivered using 4 X 100 mg 
chewable tablets and 1 X 400 mg poloxamer tablet.   

Key Inclusion/Exclusion Criteria 

Inclusion 

All subjects were required to meet the following criteria prior to trial enrollment: 

•	 Men and women 18 to 55 years of age. 
•	 Body mass index (BMI) ≤ 35 kg/m2. 
•	 Normal blood pressure, pulse rate, 12-lead ECGs, and hematology tests.  
•	 Normal renal function (CrCl >70 mL/min calculated using Cockcroft-Gault 

equation). 
•	 Women must have had a negative pregnancy test and agree to use at least 

two acceptable methods of contraception during the trial, including 
intrauterine devices (+/- hormone release), diaphragm, spermicide, cervical 
caps, contraceptive sponges, condoms, or abstinence from sexual 
intercourse. 

Exclusion 

The trial excluded subjects who met one or more of the following criteria: 

•	 Positive HIV infection. 
•	 Women who were pregnant or breastfeeding. 
•	 Severe medical condition including stroke, cardiovascular disease, chronic 

seizures, hepatic or renal abnormalities.  
•	 History of substance abuse, excessive intake of alcohol, caffeinated drinks, or 

tobacco smoking. 
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•	 Ingestion of prescription and non-prescription drugs (except acetaminophen), 
or herbal remedies before starting and during the trial.  Additional dietary 
restrictions included consumption of grapefruit products at least 2 weeks 
before trial start. 

•	 Oral contraceptives were not allowed as a method of birth control in this trial. 

Rationale for Dose Selection 

The recommended dose of raltegravir for HIV-1 treatment in adults is 400 mg 
BID. Raltegravir exhibits linear PK, with single doses predicting multiple dose 
exposures. For this reason, a single dose 400 mg raltegravir was appropriate for 
comparing the PK of raltegravir delivered as two different formulations.  Food 
increases the PK variability of raltegravir.  Therefore, the poloxamer tablets and 
chewable tablets were administered in the fasting state in treatments A and B, 
except for treatment D.  In treatment D, chewable tablets were administered with 
a high fat meal. 

Investigational Product 

This trial tested two formulations of raltegravir.  The table below lists the 
formulations. 

Table 25 Identity of raltegravir formulations tested in trial P068 

Formulation Dosage Form Dose Formulation 
number 

Assay 
potency 

Raltegravir/IsentressTM Commercially available 
tablet 1 X 400 mg WL00022441 100.6% 

Raltegravir pediatric 
ethylcellulose 

chewable (EC) 
Newly developed tablet 4 X 100 mg WL00025332 98.6% 

Drug Administration 

On day 1 of treatments A and B, subjects received a single dose of raltegravir 
400 mg under fasting conditions with water (240 mL).  Additional food and water 
intake was regulated.  Water intake was prohibited within 1 hour before and after 
raltegravir dosing. Food intake was prohibited 4 hours post dose.     

On day 1 of treatment D, subjects fasted overnight (~8 hours) before raltegravir 
dosing. On the morning of dosing, subjects were instructed to consume an entire 
high fat meal within 25 minutes prior to receiving raltegravir.  Subjects ingested a 
single dose of raltegravir 400 mg chewable tablets with water (240 mL). 
Additional food and water intake was regulated, as described above.   
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The high fat meal contained 55.6 g of fat, 55 g of carbohydrates, and 31.1 g of 
protein. 

Table 26 Ingredients of the high-fat meal (827 kcal, 57% fat content) 

Pharmacokinetic Sampling 

Raltegravir plasma samples were collected on day 1 of treatments A, B, and D 
immediately prior to dosing (0) and at 0.5, 1, 1.5, 2, 3, 4, 5, 6, 8, 10, 12, 16, 24, 
32, 48, and 72 hours post dose. 

Pharmacokinetic Analyses 

This trial evaluated the PK of raltegravir following a single 400 mg dose 
administered as poloxamer and chewable tablets under fasting conditions.  The 
primary PK variable was C12h, but AUC0-inf, Cmax, Tmax, and apparent t1/2 were also 
evaluated. The secondary variables of interest were raltegravir AUC0-inf and C12h 
following a single dose of 400 mg chewable tablet administered in fasted or fed 
(high fat meal) conditions. 

Statistical Analyses 

This trial used a linear mixed-effect model to evaluate the effect of formulation on 
single dose plasma PK of raltegravir.  The model assigned fixed effects terms for 
treatment and period, and a random effect term to subject.  The model calculated 
two-sided 90% confidence intervals (90% CI) for the geometric mean ratio (GMR) 
of raltegravir C12h, AUC0-inf, and Cmax for poloxamer tablet formulation versus 
chewable tablet formulation. A similar linear-mixed effect model was used to 
evaluate the GMR of raltegravir AUC0-inf and Cmax when chewable tablets were 
administered under fed versus fasting conditions.   

Bioanalytical Methods 

raltegravir were analyzed by 
The method and bioanalysis of raltegravir is acceptable.  All plasma samples for 

, (b) (4)
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 technicians analyzed samples using a validated LC-MS/MS (b) (4)

method (No. SAP.761) in compliance with Merck standard operating procedures. 
(b) (4)Bioanalytical performance was documented in  study report 0094-08280. 

Plasma samples of raltegravir in K2EDTA were properly stored prior to 
bioanalysis.  Raltegravir is stable in plasma for up to 23 months when stored at ­
20ºC.  stored the plasma samples at -20ºC, and analyzed them within 24 

The following table summarizes the performance of the bioanalytical method. 
The upper and lower limits of quantification were 2.0 and 1000 ng/mL, 
respectively. 

days of collection. 

(b) (4)

Table 27 Summary of method performance 

Results 

Subject demographics 

The following table summarizes demographics of trial subjects. 

Reference ID: 3054777 

53



 

 

 
 
 

 

 
  

 
 

 
 

 
 

 

 
  

 

 
 

  
 

  

 

 

Table 28 Demographic characteristics 

Pharmacokinetics 

Plasma exposures of raltegravir where higher when administered as 
ethylcellulose chewable tablets compared to commercial poloxamer tablet 
formulation under fasting conditions. Mean raltegravir AUC0-inf and Cmax values 
were 78% and 222% higher with the chewable tablets compared to poloxamer 
tablets following a single 400 mg dose.  On the other hand, raltegravir C12h 
values were similar for both formulations (GMR 90% CI: 0.90 [0.7, 1.18]).  The 
table below summarizes statistical results for the comparison between treatments 
A and B. 

Table 29 Summary Statistics of raltegravir plasma PK following single dose 
administration of poloxamer tablets and ethylcellulose chewable tablets under fasting 
conditions in healthy adult subjects.  

PK 
parameter 

(units) 
N Treatment A 

GM1 
Treatment B 

GM1 Comparison GMR (90% CI) 

C12h (nM)2 12 149 134 B/A 0.90 (0.70, 1.18) 

AUC0-inf 
(μM*hr)2 12 19.2 34.2 B/A 1.78 (1.47, 2.15) 

Cmax (μM)2 12 5.0 16.1 B/A 3.22 (2.37, 4.38) 

Tmax (hr)3 12 4.0 0.5 
t1/2I (hr)4 1.5 (0.3) 1.7 (0.2) 
t1/2T (hr)4 12 9.0 (5.9) 9.3 (5.1) 

1  Treatment A= Raltegravir 400 mg poloxamer tablet, fasting 
   Treatment B= Raltegravir 400 mg chewable tablet, fasting 
2 Back-transformed least squares mean and confidence interval from mixed effects model performed on natural log-

transformed values.  
3  Median values presented for Tmax. 
4  Harmonic mean (Jack-knife standard deviation) values presented for t1/2I and t1/2T. For t1/2I, the N’s for Treatments A, B, 

and D are 11, 12, and 10, respectively. 
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Table 30 Summary Statistics of raltegravir plasma PK following single dose 
administration of ethylcellulose chewable tablets under fed (D) and fasting (B) conditions 
in healthy adult subjects.  
PK parameter 

(units) N Treatment B 
GM1 

Treatment D 
GM1 Comparison GMR (90% CI) 

C12h (nM)2 12 134 387 D/B 2.88 (2.21, 3.75) 

AUC0-inf 
(μM*hr)2 12 34.2 32.3 D/B 0.94 (0.78, 1.14) 

Cmax (μM)2 12 16.1 6.14 D/B 0.38 (0.28, 0.52) 

Tmax (hr)3 12 0.5 1.0 
1  Treatment B= Raltegravir 400 mg chewable tablet, fasting 
   Treatment D= Raltegravir 400 mg chewable tablet, fed (high fat meal) 
2 Back-transformed least squares mean and confidence interval from mixed effects model performed on natural log-

transformed values.  
3  Median values presented for Tmax. 

Mean plasma concentration-time profiles of raltegravir administered under fed or 
fasting conditions using the chewable tablets are displayed below.  A high fat 
meal decreased the mean Cmax of raltegravir by 62%, and delayed median Tmax 
by 0.5 relative to fasting conditions.  However, mean raltegravir exposures 
(AUC0-inf) were similar with both formulations.           
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•	 The geometric mean ratio of raltegravir Cmax decreased by 62% when 
raltegravir was administered immediately after ingesting a high fat meal 
relative to fasting conditions. 

•	 The high fat meal delayed raltegravir median Tmax by 0.5 hours relative to 
fasting conditions. 

•	 The geometric mean ratio of raltegravir AUC0-inf was unchanged when 
raltegravir was administered immediately after ingesting a high fat meal 
relative to fasting conditions. 

Conclusion 

The ethylcellulose chewable tablets deliver higher raltegravir exposures (AUC0-inf 
and Cmax) relative to commercially available poloxamer tablets under fasting 
conditions. Thus, chewable and poloxamer tablets are not bioequivalent and 
should not be used interchangeably at the same dose in a clinical setting. 

When using chewable tablets, food delayed the rate of raltegravir absorption, but 
it did not affect the AUC of raltegravir relative to fasting conditions.  The trough 
levels of raltegravir were higher when chewable tablets were administered with a 
high fat meal relative to fasting conditions. Food decreased the Cmax of 
raltegravir by 62% compared to fasting conditions.  A similar food effect on Cmax 
(↓ 34%) was previously observed with the poloxamer tablets in the original NDA 
for raltegravir.   

Because a high fat meal did not affect the AUC of raltegravir, the chewable 
tablets may be administered without regard to food.  This recommendation is 
consistent with food effect information in the current label for IsentressTM. 
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