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1. Executive Summary 

TRIUMEQ is a fixed dose combination (FDC) of dolutegravir (DTG, integrase strand transfer inhibitor), 
abacavir (ABC, nucleoside analogue reverse transcriptase inhibitor, NRTI) and lamivudine (3TC, NRTI) 
approved for the treatment of HIV-1 infection in adults and in pediatric patients weighing at least 10 kg.  
 
• TRIUMEQ tablet (NDA 205551, DTG/ABC/3TC 50 mg/600 mg/300 mg) was originally approved 

in 2014 for adult patients, and in 2017 to include pediatric patients weighing at least 40 kg. 

 
1 https://www.accessdata fda.gov/drugsatfda_docs/label/2022/205551s029,215413s001lbl.pdf, action date 10/07/2022 
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Written Request-Amendment 2: to investigate the potential use of ABC/DTG/3TC as part of a FDC drug 
product, Triumeq, in treating HIV-1 infected pediatric patients weighing 6 kg to less than 40 kg. 
 
2. OCP Recommendations 

The Office of Clinical Pharmacology has reviewed the application and determined that the application is 
approvable from a clinical pharmacology perspective, to extend the indication to pediatric patients aged 
at least 3 months and weighing at least 6 kg. In addition, PREA PMRs (2768-1 for NDA 205551, and 
4247-1 for NDA 215413, respectively) and the requirements of the Written Request-Amendment 2 are 
fulfilled from a clinical pharmacology perspective.  
 
3. Summary of Key Clinical Pharmacology Findings  

The primary objectives of this review are: 
1) to evaluate the appropriateness of the proposed dosing regimen of TRIUMEQ PD in pediatric 

patients weighing 6 kg to <10 kg; and  
2) to assess pediatric PK data for DTG, ABC, and 3TC with the recommended dosing of TRIUMEQ 

PD and TRIUMEQ from Trial IMPAACT 2019. 
 
Proposed dosing regimen of TRIUMEQ PD in pediatric patients weighing 6 kg to <10 kg 
As shown in Table 2, the proposed dosing regimen of each component in TRIUMEQ PD is similar 
(identical or slightly higher) to that approved with individual products.  
 
Table 2.  Proposed dosing regimen of TRIUMEQ PD in pediatric patients 6 kg to <10 kg vs. 
approved daily dosing of DTG, ABC, and 3TC with individual products 

Drug TIVICAY PD  
(DTG) 

ZIAGEN Oral Solution 
(ABC) 

EPIVIR Oral Solution 
(3TC) 

TRIUMEQ PD 
(DTG/ABC/3TC) 

Dolutegravir 15 mg  N/A N/A 15 mg (3 tablets) 
Abacavir N/A 16 mg/kg/day (96–160 mg) N/A 180 mg (3 tablets) 
Lamivudine N/A N/A 10 mg/kg/day (60–100 mg) 90 mg (3 tablets) 
• TIVICAY PD is approved in pediatric patients aged at least 4 weeks and weighing at least 3 kg  
• ZIAGEN oral solution and EPIVIR oral solution are approved in pediatric patients aged at least 3 months.   
 
The noncompartmental analysis (NCA) estimated intensive PK parameters (i.e., AUC0-24h, Cmax, and 
C24h) for DTG, ABC, and 3TC with TRIUMEQ PD and TRIUMEQ are summarized in Table 3.  
 
Table 3. PK parameters of ABC, DTG and 3TC for all weigh bands in Trial IMPAACT 2019 

Drug Weight Band N^ Pharmacokinetic Parameter# 
Cmax (mcg/mL) AUC0-24h (mcg∙h/mL) C24h (mcg/mL) 

Abacavir  6 to <10 kg 7 7.30 (20) 17.7 (34) 0.003 (128) 
10 to <14 kg 7 8.36 (44) 19.8 (51) 0.005 (127) 
14 to <20 kg 7 6.26 (31) 15.1 (40) 0.003 (108) 
20 to <25 kg 7 6.65 (28) 17.4 (19) 0.004 (85) 
25 to <40 kg 7 9.04 (22) 25.7 (15) 0.011 (229) 

Dolutegravir 6 to <10 kg 7 7.40 (28) 75.9 (34) 0.90 (68) 
10 to <14 kg 7 8.85 (21) 91.0 (36) 1.22 (77) 
14 to <20 kg 7 7.04 (17) 71.4 (23) 0.79 (44) 
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20 to <25 kg 7 7.29 (17) 84.4 (26) 1.35 (95) 
25 to <40 kg 7 6.25 (21) 71.8 (14) 0.98 (28) 

Lamivudine 6 to <10 kg 7 2.29 (40) 10.7 (46) 0.055 (39) 
10 to <14 kg 7 3.55 (19) 14.2 (24) 0.046 (48) 
14 to <20 kg 7 2.92 (23) 13.0 (16) 0.058 (37) 
20 to <25 kg 7 2.99 (32) 14.5 (17) 0.060 (18) 
25 to <40 kg 7 4.15 (29) 21.7 (26) 0.084 (35) 

* Refer to Table 1 for dosing of ABC, DTG, 3TC in TRIUMEQ or TRIUMEQ PD 
# Data are expressed as geometric mean (%CV) 
^ Number of participants who were dose evaluable in each weight band. 
 
Overall, the proposed dosing regimen of TRIUMEQ PD for pediatric patients 6 to <10 kg achieved 
comparable exposures to those observed at the recommended doses in adults (with individual products) 
and in older pediatric patients (with TRIUMEQ/TRIUMEQ PD or individual products). 
 
4. Labeling Recommendations 

Clinical pharmacology related labeling recommendations are summarized as follows. 
1. Addition of the new dosing regimen of TRIUMEQ PD in pediatric patients aged at least 3 months 

and weighing at least 6 kg (3 tablets once daily) throughout the USPI.  
2. Addition of the summary of study findings from the IMPAACT 2019 trial in Sections 8 and 12.3 

including pediatric intensive PK data from IMPAACT 2019 trial for all weight bands. 
3. Dosing instructions in pediatric patients with renal impairment are included in the labeling: 

TRIUMEQ and TRIUMEQ PD are not recommended in patients with creatinine clearance (CLcr) 
<30 mL/min and pediatric patients with a similar degree of renal impairment with age-appropriate 
assessment of renal function (See Section 5.2 of this review for details).  
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5. Appendix  

5.1. Individual Study Review: Trial IMPAACT 2019 

Link of study report: GSK Document Number 2022N501029_00 
 
Title: Phase 1/2 Study of the Pharmacokinetics, Safety, and Tolerability of Abacavir/Dolutegravir/ 
Lamivudine Dispersible (DT) and Immediate Release Tablets in HIV-1-Infected Children Less than 12 
Years of Age 
 
Study Design: The study was designed as an open-label, multiple-dose, non-comparative PK, and safety 
study of DTG/ABC/3TC DTs and Tablets in antiretroviral therapy (ART)-naïve and ART-experienced 
children with HIV aged <12 years old and weighing 6 to <40 kg. The study was planned to be conducted 
among at least 50 and up to 75 children, with at least 25 children <6 years of age and at least 25 children 
6 to <12 years of age. Enrolled children were to receive study drug for at least 48 weeks (through the 
week 48 visit) and for up to 144 weeks. 
 
Baseline demographic characteristics by enrollment weight band in IMPAACT 2019  

 

 
 
Dosing regimen: Table 1 gives the dose information of TRIUMEQ PD (5 mg/60 mg/30 mg) and 
TRIUMEQ tablet (50 mg/600 mg/300 mg) for subjects enrolled in IMPAACT 2019. 
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Concomitant medications: Due to interactions that decrease the concentration of DTG, etravirine, 
efavirenz, nevirapine, fosamprenavir/ritonavir, tipranavir/ritonavir, dofetilide, oxcarbazepine, phenytoin, 
phenobarbital, carbamazepine, and St. John’s wort should not be coadministered. Study participants who 
require cation-containing antacids or laxatives, sucralfate, oral supplements containing iron or calcium, 
or buffered medications should take these medications at least six hours before or at least two hours after 
taking ABC/DTG/3TC. Alternatively, ABC/DTG/3TC and supplements containing calcium or iron can 
be taken together with food. 
 
Key inclusion criteria:  

• Pediatric patients with confirmed HIV-1 infection who, at entry, were <12 years of age, 
weighing 6 to <40 kg,  

• Either ART-naïve or on a stable ART regimen. The ART-experienced children were required to 
have a suppressed HIV viral load (HIV-1 RNA <200 c/mL) for at least 6 consecutive months 
prior to entry.  

• eGFR ≥60 mL/min/1.73 m2 at screening.  
 
Key exclusion criteria:  

• Known resistance to ABC, DTG, or 3TC,  
• Clinical evidence of pancreatitis,  
• Receiving rifampicin-containing TB treatment,  
• Active AIDS-defining opportunistic infection 

 
PK assessment: At week 1, participant underwent either intensive PK sampling (collected at pre-dose, 
and 1, 2, 3, 4, 6, 8, 24 hours post dose) or sparse PK sampling. Intensive PK sampling was performed on 
the first 5-7 children enrolled in each weight band. After week 1, all participants underwent sparse PK 
sampling through week 48 or study discontinuation. Two samples were collected following drug 
administration at week 1, at least two hours apart. At weeks 2 and 6, samples were planned to be 
collected 22-26 hours after the previous dose of study drug. At all visits there was no restriction on the 
timing of sample collection. However, across participants, samples should be collected at different times 
throughout the 24-hour dosing interval. 
 
Bioanalytical site and methods: The bioanalytical site is  

 The bioanalytical methods for the quantitation of 
ABC, 3TC, DTG, and ultrasensitive abacavir from human plasma were validated, and the precision and 
accuracy met acceptance criteria for standard curve and QC runs.  
 
Reviewer’s comment: Based on the recent inspection result for the same bioanalytical site (No Action 
Indicated. Refer to OSIS review dated 4/3/2020 under NDA ) and the fact that pediatric dosing 
regimens of individual products have been established, the clinical pharmacology review team 
determined that a request for a site inspection is not needed for the current study (IMPAACT 2019).  
 
Pharmacokinetic Results: The intensive PK results of trial IMPAACT 2019 with the final 
recommended doses by weight band are summarized in Table 3. 
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Comparison of PK parameters across studies 
Table 4. DTG exposure in IMPAACT 2019 vs. historical adult and pediatric trials  

 
 

Table 5. ABC exposure in IMPAACT 2019 vs. historical adult and pediatric trials  
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Table 6. 3TC exposure in IMPAACT 2019 vs. historical adult and pediatric trials 

 
 
Reviewer’s assessment 

• The PK data obtained in IMPAACT 2019 support the approval of the proposed dosing regimen of 
TRIUMEQ PD in pediatric patients weighing 6 to < 10 kg. Exposures were primarily compared to 
those observed in pediatric patients following the administration of individual products in the same 
or similar weight bands. See below for the comparison of individual components.  

• In conclusion, PK parameters (AUC0-24h, Cmax, and C24h) for DTG, ABC, and 3TC with TRIUMEQ 
PD in pediatric patients demonstrated similar values across all weight bands within trial IMPAACT 
2019 and considered comparable to those observed in adults and pediatric patients at the approved 
doses of individual products. In certain weight bands (especially for patients weighing 25 kg to < 40 
kg and receiving the adult dosing regimen), pediatric exposures were higher than those observed in 
adults. Safety data supporting such high exposures have been previously reviewed for individual 
products.  

• In addition, the results also confirmed the appropriateness of approved dosing regimens of 
TRIUMEQ PD in pediatric patients weighing 10 kg and above. In the previous efficacy supplement, 
the approval of TRIUMEQ PD was solely based on the relative bioavailability study results in adults 
and approved pediatric dosing regimens of individual products. At that time, no PK data in pediatric 
patients receiving TRIUMEQ PD were submitted. In this submission, the Applicant has provided PK 
data for all weight bands following the administration of TRIUMEQ PD.  

• The PopPK analysis results are consistent with the NCA analyses and support the approval (Refer to 
Section 5.3 for full details).  
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Dolutegravir 

• The proposed DTG dose of 15 mg for pediatric patients weighing 6 to < 10 kg is identical to the 
approved pediatric dose with TIVICAY PD in patients of the same weight band. The DTG exposures 
following the administration of TRIUMEQ PD (DTG 15 mg) in this weight band were slightly 
higher than the historical data listed in Table 4 (combined analysis of IMPAACT 1093 and 
ODYSSEY), but similar to those observed in IMPAACT 1093 in the same weight band (AUC0-24h of 
63.25 µg·h/mL in pediatric patients ≥ 6 months and AUC0-24h of 85.49 µg·h/mL in pediatric patients 
< 6 months) and PopPK predicted AUC0-24h of 76 µg·h/mL following the administration of the 
approved dose of TIVICAY PD in pediatric patients (Source: Clinical Pharmacology review of 
NDAs 204790/s25 and 213983, DARRTS date 5/18/2020).   

 
Abacavir 

• The proposed dosing of ABC is 180 mg in pediatric patient weighing 6 to <10 kg, which is 1.875-fold 
higher than the recommended ZIAGEN dose for a 6-kg subject, and >1.125-fold higher than the 
recommended ZIAGEN doses for subjects weighing <10 kg. The observed ABC exposures following 
the administration of TRIUMEQ PD in this weight band are slightly higher than those observed in 
pediatric patients in a similar weight band (< 14 kg) receiving the oral solution of ZIAGEN (Table 7). 
However, exposures are still within the observed exposure ranges at the recommended dose of ABC in 
pediatrics when comparing weight band by weight band (Table 7).   

 
Table 7. ABC exposure in IMPAACT 2019 vs model-based PK parameters of ABC in 
historical pediatric trials by weight band 

Drug Weight Band Pharmacokinetic Parameter 
Cmax (mcg/mL) AUC0-24h (mcg∙h/mL) C24h (mcg/mL) 

Abacavir# 
IMPAACT 
2019 trial   

6 to <10 kg (n=7)  7.30 (6.05-8.81) 17.7 (13.02-23.94) 0.003 (0.001-0.007) 
10 to <14 kg (n=7)  8.36 (5.68-12.31) 19.8 (12.71-30.73) 0.005 (0.002-0.013) 
14 to <20 kg (n=7)  6.26 (4.73-8.28) 15.1 (10.54-21.61) 0.003 (0.001-0.006) 
20 to <25 kg (n=7)  6.65 (5.17-8.56) 17.4 (14.52-20.73) 0.004 (0.002-0.007) 
25 to <40 kg (n=7)  9.04 (7.40-11.04) 25.7 (22.51-29.44) 0.011 (0.003-0.037) 

Abacavir* 
(Historical 
pediatric trials) 

<14 kg (oral solution) 5.0 (2.1-11.3) 13.8 (5.3-34.2) 0.03 (0.001-0.22) 
14 to < 20 kg 6.6 (2.8-14.8) 16.9 (6.3-42.1) 0.021 (NQ-0.18) 
20 to < 25 kg 7.9 (3.3-17.9) 19.9 (7.5-49.9) 0.02 (NQ-0.17) 
≥25 kg 7.9 (3.2-18.5) 19.3 (7.1-50.4) 0.01 (NQ-0.13) 
Adults 4.3 (2.1-6.0) 9.3 (4.6-14.8) NQ (NQ-0.03) 

# Source: Table 6 in Summary of Clinical Pharmacology; data are expressed as Geometric mean (95% CI). 
* Source: Table 4 in NDA 20977/S-027 Clin Pharm review; data are expressed as Median (90% CI). 

 
Lamivudine  

• The proposed 3TC dose of 90 mg is within the range of the approved doses with EPIVIR oral 
solution (60–100 mg) for the 6 to <10 kg weight band. The observed 3TC exposures following the 
administration of TRIUMEQ PD in this weight band were slightly higher than those observed in 
pediatric patients in a similar weight band (< 14 kg) receiving the oral solution of EPIVIR (Table 8). 
However, exposures are still within the observed exposure ranges at the recommended dose of 
lamivudine in pediatrics when comparing exposures weight band by weight band (Table 8).   
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Table 8. 3TC exposure in IMPAACT 2019 vs model-based PK parameters of 3TC in historical 
pediatric trials by weight band 

Drug Weight Band Pharmacokinetic Parameter 
Cmax (mcg/mL) AUC0-24h (mcg∙h/mL) C24h (mcg/mL) 

Lamivudine# 
IMPAACT 
2019 trial   

6 to <10 kg (n=7) 2.29 (1.61-3.27) 10.7 (7.10-15.99) 0.055 (0.038-0.077) 
10 to <14 kg (n=7) 3.55 (2.99-4.21) 14.2 (11.39-17.61) 0.046 (0.030-0.070) 
14 to <20 kg (n=7) 2.92 (2.36-3.60) 13.0 (11.28-15.02) 0.058 (0.042-0.081) 
20 to <25 kg (n=7) 2.99 (2.24-3.99) 14.5 (12.46-16.90) 0.060 (0.051-0.071) 
25 to <40 kg (n=7) 4.15 (3.18-5.41) 21.7 (17.13-27.58) 0.084 (0.061-0.115) 

Lamivudine* 
(Historical 
pediatric trials) 

<14 kg  1.8 (0.9-3.4) 7.9 (4.5-14.6) 0.05 (0.02-0.13) 
14 to < 20 kg 2.8 (1.4-5.4) 11.6 (6.3-21.9) 0.05 (0.02-0.14) 
20 to < 25 kg 3.4 (1.7-6.4) 13.8 (7.3-26.2) 0.05 (0.02-0.14) 
≥25 kg 3.4 (1.6-6.7) 13.6 (7.0-26.5) 0.05 (0.02-0.14) 
Adults 2.0 (1.3-3.0) 8.4 (7.0-11.7) 0.041 (0.025-0.067) 

# Source: Table 7 in Summary of Clinical Pharmacology; data are expressed as Geometric mean (95% CI). 
* Source: Table 3 in NDA 20977/S-027 Clin Pharm review; data are expressed as Median (90% CI). 
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5.2. Summary of Renal Dosing Discussions 

This section summarizes key discussion points and assessments related to our final recommendations 
regarding the use of TRIUMEQ and TRIUMEQ PD in pediatric patients with renal impairment.  
 
Currently, the use of TRIUMEQ and TRIUMEQ PD in patients with CLcr <30 mL/min is not 
recommended due to the accumulation of 3TC (a component of TRIUMEQ and TRIUMEQ PD) which 
is primarily eliminated through renal excretion, and the dosage of 3TC cannot be adjusted when 
administered as an FDC product. There are no data available on the use of 3TC in pediatric patients with 
renal impairment (USPI Section 8.61). 
 
In general, kidney function maturation is considered complete at the age of 2 years. For children 
younger than 2 years (i.e., neonates and infants), PK of the drugs that are renally cleared can be 
impacted by both the maturation of kidney function and the presence/degree of renal impairment. 
Pediatric renal impairment is rare, abd it is not feasible to collect sufficient safety or PK data in pediatric 
trials to determine adequate minimum renal function for the use of TRIUMEQ and TRIUMEQ PD in 
pediatric patients.  
 
Although there are no safety, efficacy, and PK data for 3TC in pediatric patients with renal impairment 
and limited safety data are available in children with higher exposures of 3TC (NUCA2002), the review 
team considers that it is reasonable to allow the use of TRIUMEQ and TRIUMEQ PD in pediatric 
patients with renal impairment similar to a CLcr 30mL/min in adults. However, there are challenges in 
identifying a pediatric renal function cutoff that orresponds to a CLcr of 30 mL/min in adults. These 
challenges include the fact that in pediatric patients, renal function is commonly assessed with body 
surface area (BSA) normalized estimated GFR (eGFR, in unit of mL/min/1.73 m2), rather than BSA 
unadjusted CLcr. Therefore, additional data and analyses are required when translating CLcr in adults to 
BSA normalized eGFR in children. Furthermore, in children < 1 year old, there is currently no validated 
equation for eGFR and the definition of normal eGFR is wide and age dependent for < 2 years old. 
Additionally, staging of chronic kidney disease (CKD) staging is not applicable in children < 2 years 
old.  
 
The agency has employed various approaches to address this review issue, and the final determination of 
the approach to recommend dosing in children with renal impairment was based on a case-by-case risk-
benefit assessment taking into account all available data (e.g., TAMIFLU, BIKTARVY, AVYCAZ, 
ZERBAXA, and VALCYTE), and in many cases, it stays silent (unspecified dosing regimen in 
pediatrics with renal impairment).2,3  
 
Applicant-proposed language regarding dosing of TRIUMEQ and TRIUMEQ PD in pediatric 
patients with renal impairment and review team’s recommendations 
The current supplement proposes to extend the indication of TRIUMEQ and TRIUMEQ PD to pediatric 
patients weighing ≥6 kg and aged at least 3 months old. The Applicant proposed  

 
2 Al-Khouja A, Park K, et al. Dosing Recommendations for Pediatric Patients With Renal Impairment. J Clin Pharmacol. 

2020 Dec;60 (12):1551-1560 (https://www ncbi.nlm nih.gov/pmc/articles/PMC8670561/) 
3 Khurana M. Renal Impairment in Pediatric Patients: Current Approaches to Drug Dosing. J Clin Pharmacol. 2021 Jun;61 

Suppl 1:S161-S164 (https://pubmed ncbi.nlm.nih.gov/34185911/) 
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5.3. Pharmacometrics Review 

5.3.1. Population PK analysis  

5.3.1.1. Review Summary 

This review is for the pediatric efficacy supplements for TRIUMEQ (NDA 205551, S-031) and Triumeq 
PD (NDA215413, S-002).  The supplements seek to fulfill the TRIUMEQ Pediatric Written Request and 
PREA PMRs with the pharmacokinetic (PK) data from IMPAACT 2019 (Study 205860) to expand the 
use of fixed dose combination TRIUMEQ PD tablet for oral suspension to pediatric patients weighing at 
least 6 kg (6 kg to <10 kg) and who are at least 3 months of age.  The Applicant conducted a study to 
assess the PK, safety, and antiviral activity of TRIUMEQ for a minimum of 24 weeks.  TRIUMEQ and 
TRIUMEQ PD are fixed dose combination (FDC) of dolutegravir (DTG), abacavir (ABC), and 
lamivudine (3TC) indicated for the for the treatment of HIV-1, and the respective single entities has 
been approved for the US market. 
In general, the Applicant’s population PK (popPK) analysis is considered acceptable in describing the 
PK of DTG, ABC, and 3TC.  The derived exposure metrics of the individual components support the 
dosing approach when comparing to historical observed values in adults and pediatric patients (refer to 
Clinical Pharmacology Review Appendix 5.1).  The Applicant’s analyses were verified by the reviewer, 
with no significant discordance identified. In addition, the Applicant’s popPK analysis adequately 
provided PK study endpoints specified in the Written Request; parameters including Cmax, Cmin, Tmax, 
t1/2, AUC, apparent systemic clearance and apparent volume of distribution necessary for establishing 
steady state for all the components of TRIUMEQ. 
Of note, the PK of individual components were previously reviewed for pediatric patients.  Refer to the 
Clinical Pharmacology Review documents of Reference ID 4610645 for DTG (by Drs. Sun, Li, Earp, 
and Choi, NDA 213983, 5/18/2020 in DARRTS) and Reference ID 3702679 for ABC and 3TC (by Drs. 
Choi, Li, Florian and Seo, NDA20977, 02/13/2015 in DARRTS). 
5.3.1.2. Introduction  

The primary objectives of Applicant’s analysis were to: 

• Evaluate the predictive performance of the popPK model in pediatric subjects 
• Derive individual model-predicted exposures for DTG, ABC, and 3TC at steady-state 
• Compare simulated steady-state AUC0-24, Cmax, and C24 to those from noncompartmental 

analysis (NCA) and Bayesian posterior predictions (post-hoc) 
5.3.1.3. Model Development 

Data 
IMPAACT 2019 is an ongoing Phase I/II study that investigates the PK, safety, tolerability, and efficacy 
of TRIUMEQ FDC in pediatric patients <12 years of age with HIV-1.  Study sample size and PK 
sampling scheme are shown in Table 9.  A total of 55 subjects were enrolled in the study and 
contributed 598 DTG, 590 ABC, and 597 3TC PK observations for popPK analysis.  Baseline 
demographics are shown in Table 10 and Table 11. 
Table 9. T TRIUMEQ Dose and Subject Numbers by PK Sampling Scheme and Enrollment 
Weight Band 
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Source: Applicant’s popPK report, Table 3, page 10 
Table 10. Summary of Continuous Baseline Demographics 

 

 
Source: Applicant’s popPK report, Table 9, pages 21-22 
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Table 11. Summary of Categorical Baseline Demographics 

 
Source: Applicant’s popPK report, Appendix Table 4, page 62 
Modeling methodology 
The pediatric popPK models for DTG, ABC, and 3TC were previously developed with pooled pediatric 
data.  The existing popPK models were used to predict exposures and assess current dosing approach of 
individual entities (external validation approach).  As such, no parameter estimation was performed for 
this supplemental NDA submission.  A brief description of the popPK models (with the Clinical 
Pharmacology review reference IDs) follows.  Predictive performance of the existing popPK models 
was evaluated using standard goodness-of-fit (GoF) plots.  Simulation-based diagnostics were also used 
including visual predictive checks (VPC) and normalized prediction distribution error (NPDE). 
Simulations were performed with 1000 replicate trials of 1000 virtual subjects to support the dosing 
regimen of TRIUMEQ and TRIUMEQ PD.  A summary of demographic characteristics of the virtual 
population is provided in Table 12. 
Table 12. Demographics of Virtual Pediatric Population 

 
Source: Applicant’s popPK report, Table 8, page 20 
 
5.3.1.4. Final Model 

Respective final popPK models for each entity of TRIUMEQ and TRIUMEQ are briefly described 
below.  An external validation approach was utilized to derive the Bayesian posterior predictions of 
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subjects in the IMPAACT 2019 study. Overall, the derived exposure metrics of the individual 
components support the dosing approach when comparing to historical observed values in adults and 
pediatric patients (refer to Clinical Pharmacology review Appendix 5.1).   
DTG 
Previously, a total of 239 pediatric patients were included, contributing 2650 plasma PK observations.  
The existing popPK model was a 1-compartment model with first-order absorption and first-order 
elimination.  CL/F (apparent clearance) and V/F (apparent volume of distribution) were allometrically 
scaled for body weight, with exponent estimates of 0.455 and 0.556, respectively. In addition, a 
maturation function was applied to CL/F, where half-maximal maturation was 52 weeks PMA (post 
menstrual age).  Gender, ALT, CRCL, race, HIV disease status, metal cation containing drugs (MCAT), 
and background anti-retroviral therapy (ART) as inducers were not identified as significant covariates 
on DTG PK in this analysis. However, DTG PK data with ART inducers and in some racial groups were 
limited.   
The final popPK parameters are shown in Table 13. NCA vs. post-hoc derived exposure metrics are 
summarized in Table 14.  GoF and VPC plots are shown in Figure 1 and Figure 2, respectively.  
Figure 3 shows the comparison of DTG C24s derived from simulation (virtual population), NCA, and 
post-hoc estimates. 
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Table 13. DTG Pediatric Final PopPK Model 

 
Source: Applicant’s popPK report, Table 5, page 14 
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Figure 1. GoF Plots for DTG Pediatric Data 

 
Source: Applicant’s popPK report, Figure 1, page 23 
Figure 2. VPC for DTG Pediatric Data 

 
Source: Applicant’s popPK report, Figure 2, page 24 
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Table 14. NCA vs. Post-hoc DTG PK Parameters 

 
Intensive PK population only 
Source: Applicant’s popPK report, Figure 10, page 25 
Figure 3. Comparison of Simulated DTG C24 vs. Post-hoc Estimates vs. NCA 

 
Post-hoc and NCA methods include intensive PK population only 
Source: Applicant’s popPK report, Figure 3, page 26 
Reviewer comment: the DTG popPK model predicts the observations adequately with reasonable 
agreements of observed and predicted concentrations as shown in the GoF and VPC plots (note a slight 
under-prediction at the lower quantile).  Similar PK parameters are also observed when comparing the 
NCA and post-hoc estimated exposure metrics.  This is further supported by the simulation results.  In 
general, the popPK model for DTG reasonably predicts the data while capturing central tendency; it is 
acceptable for deriving exposure metrics to support dosing regimen.   
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ABC 
Previously, a total of 169 pediatric subjects were included, contributing 1833 plasma PK observations.  
The existing popPK model is a 2-compartment model with interindividual variability (IIV) on CL/F 
following oral dosing, V2/F (central), V3/F (peripheral), intercompartmental clearance (Q/F), and 
inter-occasion variability (IOV) on CL/F. Covariate effects included weight on CL/F and V2/F fixed to 
the exponent values estimated in the 3-study model and a study-specific F1 term for tablet and solution 
for ARROW PK sub-study Part 2. Residual variability was described by a proportional model.  The final 
popPK parameters are shown in Table 15. 
The final popPK parameters are shown in Table 15. NCA vs. post-hoc derived exposure metrics are 
summarized in Table 16.  GoF and VPC plots are shown in Figure 4 and Figure 5, respectively.  
Figure 6 shows the comparison of ABC 24-hour AUCs derived from simulation (virtual population), 
NCA, and post-hoc estimates. 
Table 15. ABC Pediatric Final PopPK Model 

 
Source: Applicant’s popPK report, Table 6, page 16 
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Figure 4. GoF Plots for ABC Pediatric Data 

 
Source: Applicant’s popPK report, Figure 5, page 30 
Figure 5. VPC Plot for ABC Pediatric Data 

 
Source: Applicant’s popPK report, Figure 6, page 31 

Reference ID: 5186711



22 
 

Table 16. NCA vs. Post-hoc ABC PK Parameters 

 
Source: Applicant’s popPK report, Table 13, page 32 
Figure 6. Comparison of Simulated ABC AUC0-24 vs. Post-hoc Estimates vs. NCA 

  
Source: Applicant’s popPK report, Figure 8, page 35 
Reviewer comment: the ABC popPK model predicts the observations adequately with reasonable 
agreements of observed and predicted concentrations as shown in the GoF and VPC plots. The reviewer 
noted some over-predictions at the lower quantile during absorption phase; however, central tendency 
is captured considering the confrontation-time profile in VPC.  NCA derived Cmax is slightly higher 
than Bayesian posterior-predicted Cmax.  Overall, similar PK parameters are observed between the two 
methods.  This is further supported by the simulation results.  In general, the popPK model for ABC 
captures central tendency and is acceptable for deriving exposure metrics to support the dosing 
regimen.   
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3TC 
Previously, 209 pediatric subjects were included, contributing 3023 plasma PK observations (note that 
the Applicant’s descriptive sample size of 210 is incorrect as one subject was excluded due to no oral 
formulation record; n=209 is consistent with previous Clinical Pharmacology Review of ZIAGEN® and 
EPIVIR® per referenced document above).  The existing popPK model is a 1-compartment model with 
first-order absorption rate constant (Ka) and lag time (for absorption).  IIV and IOV were estimated for 
CL/F, V/F, and Ka. Covariate effects included weight on CL and V. Residual variability was described 
by an additive error model with a proportional weighting factor on the variance estimate.  The final 
popPK parameters are shown in Table 17. 
The final popPK parameters are shown in Table 17. NCA vs. post-hoc derived exposure metrics are 
summarized in Table 18.  Table 19 summarizes the post-hoc exposure metrics for all PK subjects.  GoF 
and VPC plots are shown in Figure 7and Figure 8, respectively.  Figure 9 shows the comparison of 
3TC 24-hour AUCs derived from simulation (virtual population), NCA, and post-hoc estimates. 
Table 17. 3TC Pediatric Final PopPK Model 
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Figure 7. GoF Plots for 3TC Pediatric Data 

 
Source: Applicant’s popPK report, Figure 9, page 37 
Figure 8. VPC for 3TC Pediatric Data 

 
Source: Applicant’s popPK report, Figure 10, page 38 
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Table 18. NCA vs. Post-hoc 3TC PK Parameters 

 
Source: Applicant’s popPK report, Table 16, page 39 
Table 19. Post-hoc 3TC PK Parameters for All Subjects 

 
Source: Applicant’s popPK report, Table 17, page 41 
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Figure 9. Comparison of Simulated 3TC AUC0-24 vs. Post-hoc Estimates vs. NCA 

 
Source: Applicant’s popPK report, Figure 12, page 42 

Reviewer comment: while reasonable agreement is shown between observed vs. predicted 3TC PK data, 
the residual plots are less than ideal.  This is likely due to a higher variability for concentrations at the 
end of the dosing interval and/or those at lower end of the concentration range (compared to the higher 
concentrations earlier on after a dose) are more problematic in terms of predictions.  This latter 
explanation is also described by the Applicant in the popPK report, particularly referring to the sparse 
PK data.  Additionally, the reviewer noted that the sparse data may also drive the misspecification as 
shown in the VPC beyond 8-10 hours.   
Nevertheless, the exposure metrics of AUC0-24, Cmax, and C24 are comparable between those that are: 1) 
NCA derived, 2) popPK derived with the NCA population, and 3) popPK derived with all subjects as 
shown in Table 18 and Table 19.  Lastly, the simulation exercise (Figure 9) also supports that the 
popPK model is generally acceptable for deriving exposure metrics to support dosing regimen. 
 
Additional analysis for individual subjects with notable safety and efficacy issues 
Using the Bayesian posterior predictions from the respective final popPK models, the reviewer 
examined the exposure profiles (AUC0-24, Cmax, and C24) of DTG, 3TC, and ABC for 2 subjects: one 
subject with confirmed virologic failure (CVF) at Week 24, and the other with drug-induced liver injury 
(DILI). Considering the limited overall and subgroup sample sizes, the exposures of these subjects did 
not differ from the others. 
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