








    
   

  
  

     
     

   

 
 

 
   

      
       

 
 

   
 

 
    

 
 

  

           
        

         
       

   

        
        

        
     

  

         
        
        

       

        
        

         
     

  

         

       
      
     

  

         
            

       
   

          
       

        

 

          
          

       
     

         
         
            

     

_________________________________________ 

screening. A total of 27 subjects received at least 1 E/C/F/TAF, 90/90/120/6 mg tablet daily, 
orally with food, at approximately the same time each day for 48 weeks (median [Q1, Q3] 
exposure 48.3 [48.0, 60.1] weeks). On completion of 48 weeks of study treatment, subjects were 
given the option to continue to receive the E/C/F/TAF, 90/90/120/6 mg tablet in an open-label 
extension phase. Three out of the 27 subjects received the adult GENVOYA (E/C/F/TAF 
150/150/200/10 mg) tablet after attaining a weight ≥ 25kg, one at Week 12 and two at Week 32. 
The primary and secondary endpoints were as follows: 

PK sampling schedule (Cohort 3 only): 
Intensive PK sampling schedule: Intensive PK sampling were performed at Week 2. Samples 
were collected at 0 (predose, ≤ 30 minutes prior to dosing), 0.25, 0.5, 1, 1.5, 2, 3, 4, 5, and 8 
hours post-dose. 

Single PK sampling: A timed PK sample were collected between 0.25 and 4 hours post-dose at 
Weeks 8, 12, and 16. 

Trough PK sampling: Ctau samples were collected at Weeks 4 and 24. 

Reference ID: 4882185 



 
  

     
    

  
 

    
    

         
 

 
      

 
     

     
      

 
      

    
     

    
    

     
  

  
  

   
      

     
      

     
   

   
 

   
   

     
     

     
       

    
    

 
 

  

Results: 
Based on the summary in Table 2 below, most subjects in Cohort 3 were black (N=24). No white 
subjects were enrolled. The minimal age was 3 years. No subjects age ≥ 2 years and < 3 years 
were enrolled. 

Reviewer’s comment: Because weight but not age is the significant covariate in the final 
population PK model for the four components in GENVOYA and the maturation level of liver 

(b) (4) and kidney is similar between pediatric subjects 2 years and 3 years of age, 
. 

The statistical comparison of PK parameter estimates is shown in Table 3 below. 

Reviewer’s comment: The dose selection of E/C/F/TAF, 90/90/120/6 mg in children ≥ 2 years 
and weighing between 14 to 25 kg was based on exposure similarity at steady state between the 
study population in study GS-US-292-0106 Cohort 3 and adult patients administered adult 
GENVOYA: 
• EVG: The Ctau of EVG in pediatric subjects were lower than those observed in adults. Ctau 

is the PK parameter considered critical to match to ensure antiviral activity and avoid the 
potential for the development of resistance. About 25% of the observed Ctau in Cohort 3 
were below 45 ng/mL (Table 21 and Figure 24 in Appendix 3), the protein-adjusted EC90 in 
vitro. Nearly 50% of subjects had observed EVG Ctau that were lower than model-driven in 
vivo EC90 (126 ng/mL)1. In the Stribild program, E-R analyses of EVG for efficacy were 
conducted in treatment naïve HIV-1 infected patients based on intensive and sparse 
pharmacokinetic data available from 373 subjects who received the fixed dose combination 
in GS-US-236-0102 and GS-US-236-0103. A relatively flat exposure-response relationship 
was identified across the EVG exposures, specifically EVG AUC (min-max) from 4358 to 
69754 ng·hr/mL and EVG Ctau (min-max) from 58 to 2341 ng/mL. 

• TAF: The Cmax of TAF in pediatric patients were lower as compared to those observed in 
adults (T/R ratio (90% CI): 71.19 (55.55, 91.23)). The Applicant justified the lower Cmax 
based on the FDA BE Guidance 2003 and General Clinical Pharmacology Considerations 
for Pediatric Studies2.  Specifically, on page 52 in the Study Report, the Applicant stated 
“Equivalency in PK could be concluded if the 90% CIs of the GLSM ratios were contained 
within the equivalence boundaries of 70% and 143%.”and “The sample size for the study 
was considered adequate if the 95% CIs of the CL/F and Vz/F estimates for each parameter 
were between 60% and 140% of the point estimate.” The reviewer does not find any 
equivalent limits except 80-125% in the FDA BE guidance 2003. The 95% CI of 60-140% is 
discussed for the samples size calculation and should not be used as a bioequivalence limit. 
However, the population Cmax value observed in Cohort 3 is similar to the one in 
adolescence in the original approval. According to the submission for original approval in 
2015, TAF has flat exposure response relationships for efficacy, thus 30% reduced exposures 
are acceptable. However, the reference the Applicant provided does not support this 
argument. 

2 https://www.fda.gov/media/90358/download 
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• FTC: The Ctau in pediatric subjects in Cohort 3 were up to 28% lower as compared to those 
observed in adults. According to the Clinical Pharmacology review for the original NDA 
approval, the relationship between FTC dose and antiviral activity was relatively flat at 
doses of 50-400 mg per day. Therefore, the 28% decrease in Ctau is acceptable. 

(b) (4) 
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Table 2. Demographics and Baseline Characteristics (Adapted from Table 5.1 in the Study 
Report) 
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Table 3. Statistical Comparisons of Pharmacokinetic Parameter Estimates Between Test and 
Historical Reference Treatments for TAF, TFV, EVG, COBI, and FTC 

Pediatric Patients in Cohort 3 in Study 106 (Test) Adult Patients (Reference) 
Based on simulation results Based on the intensive PK Based on simulation results Based on the intensive PK dataset 

TAF PK n GLSM n GLSM n GS-US-292-0104 and 0111* Test/Reference (90% CI ) Test / Reference (90% CI ) 
AUCtau (h*ng/mL) 27 206.18 17 343.54 539 178.3 115.64 (110.11, 121.45) 192.68 (165.97,223.67) 

Cmax (ng/mL) 27 103.14 27 217.75 539 144.88 71.19 (55.55, 91.23) 150.29 (115.68,195.27) 
TFV GS-US-292-0104 and 0111* 

AUCtau (h*ng/mL) 27 333.8 27 326.7 841 283.86 117.59 (110.15, 125.54) 115.09 (106.96,123.84) 
Cmax (ng/mL) 27 18.61 27 19.07 841 14.79 125.88 (114.72, 138.13) 128.95 (119.46,139.20) 
Ctau (ng/mL) 27 11.27 27 11.14 841 10.3 109.40 (102.43, 116.83) 108.12 (100.11,116.78) 

EVG GS-US-292-0102** 
AUCtau (h*ng/mL) 27 27168.82 24 29864.03 19 21553.74 126.05 (104.85, 151.54) 138.56 (111.93,171.52) 

Cmax (ng/mL) 27 2172.4 27 2850.88 19 1997.55 108.75 (90.79, 130.27) 142.72 (112.94,180.35) 
Ctau (ng/mL) 27 266.85 22 195.43 19 247.71 107.73 (78.77, 147.33) 78.90 (53.13,117.17) 

COBI GS-US-292-0102** 
AUCtau (h*ng/mL) 27 11036.81 21 12262.48 19 8975.72 122.96 (101.78, 148.56) 136.62 (103.01,181.20) 

Cmax (ng/mL) 27 1371.01 27 1274.56 19 1400.19 97.92 (83.13, 115.34) 91.03 (71.04,116.64) 
Ctau (ng/mL) 27 16.99 18 16.61 19 17.01 99.87 (71.00, 140.49) 97.64 (64.57,147.66) 

FTC GS-US-292-102** 
AUCtau (h*ng/mL) 27 18620.48 19 11576.55 160.85 (143.01, 180.90) 

Cmax (ng/mL) 27 2808.24 19 2014.35 139.41 (120.28, 161.59) 
Ctau (ng/mL) 27 77.4 19 89.11 86.86 (72.30, 104.34) 

* PK parameters for the reference group were estimated from PopPK modeling using data from Genvoya-treated, 
HIV-1 infected adult subjects in Studies GS-US-292-0104 and GS-US-292-0111 who received the E/C/F/TAF 
150/150/200/10 mg adult tablet. 
** Intensive PK parameters for the reference group were derived from Genvoya-treated, HIV-1 infected adult subjects 
in Study GS-US-292-0102 who received the E/C/F/TAF 150/150/200/10 mg adult tablet. 
GLSM: geometric least square mean 
PK estimates of TAF, TFV, EVG, COBI, FTC are from Table 44.1, 44.3, 44.2, 44.4, and 44.5 in the Study Report, 
respectively. 

Reference ID: 4882185 



  

   
   

      
       

      
     

    
             

       
   

      
        

        
        

        
      
       

        
 

 
          

     
     

       
 

   
     
   

    
      

 
     

       
 

   
     
   

    
  

Appendix 3 Pharmacometrics Review 

1. Population PK analysis 
1.1 Review Summary 
The Applicant presented PopPK analyses on elvitegravir (EVG), cobicistat (COBI), and 
tenofovir alafenamide (TAF, prodrug of tenofovir or TFV) as components (no PopPK 
analysis performed on emtricitabine) of fixed-dose combination tablet Genvoya® for 
HIV-1 infected and virologically suppressed pediatric subjects who are at least 2 years 
of age and weigh ≥14 to <25 kg. 
The PopPK models for TAF (as well as the sequential model for TFV) and COBI are 
generally adequate in: 1) describing the pooled pharmacokinetic (PK) data, 2) 
supporting simulations to predict exposure ranges, and 3) supporting PK exposure 
matching from historic adult data to target pediatric subjects. 
For EVG (EVG is boosted by COBI unless specified otherwise in this review), while the 
overall performance of the PopPK model was adequate for the pooled PK data, 
discordance was identified regarding low EVG Ctau, which is the PK/PD driver 
correlated with efficacy, being observed in the target pediatric cohort. As EVG Ctau 
was lower than observed adult population, efficacy results cannot be extrapolated from 
adult to pediatric population who are at least 2 years of age and weighing at least 14 kg 
to <25 kg. This observation is further elaborated below with reviewer’s independent 
analyses. 
1.2 Introduction 
The Applicant’s primary objectives of the PopPK analyses on TAF and TFV were to: 

• Develop a joint, sequential model of TAF and TFV 
• Evaluate the PopPK model in pooled adolescents and children (target 

population) PK samples and estimate the inter-individual variability (IIV) of PK 
parameters 

• Evaluate covariate impact on PK parameters (i.e., drug exposure) 
• Estimate individual exposures for comparison against reference data 
• Support weight-band based dosing recommendation for fixed-dose combination 

tablet Genvoya® in HIV-1 infected pediatric subjects 
Similarly, the primary objectives of Applicant’s PopPK analyses on EVG and COBI were 
to: 

• Evaluate the PopPK model in pooled adolescents and children (target 
population) PK samples and estimate the inter-individual variability (IIV) of PK 
parameters 

• Evaluate covariate impact on PK parameters (i.e., drug exposure) 
• Estimate individual exposures for comparison against reference data 
• Support weight-band based dosing recommendation for fixed-dose combination 

tablet Genvoya® in HIV-1 infected pediatric subjects 
1.3 Model development 

Reference ID: 4882185 



    
    

          
         

 
  

 
  

 
  

   
     

         
       

 
     

                
           

         
   

         
    
    

        
     

   
   

 

          
            

   
 

               
          

       
        

        
         

      
   

   
      

     
       

   

                 
              

            
     

    
     

      
   

   

        
          

PK data from a total of 4 Phase 2/3 studies were included to conduct PopPK analysis: 
GS-US-292-0106, GS-US-292-1515, GS-US-311-1269, and GS-US-380-1474. Of note, 
Cohort 3 study GS-US-292-106 is the target pediatric population for current submission. 
Table 1 lists the relevant study, dosage, and PK sampling type for all subjects. 

Table 1. Studies PK and Dosing Summary 

Source: Applicant’s PopPK Report, -2020-1048 TAF-TFV Peds Pop PK, Table 1, page 23 

Data for TAF/TFV 
Table 2, Table 3, and Table 4 describe the baseline characteristics of subjects in the 
TAF and sequential TAF-TFV PopPK analyses by study and number of PK samples 
retained for PopPK model development. Figure 1 depicts the TAF concentration-time 
profiles by study using time since last dose. Overall, a total of 337 subjects contributed 

(b) (4) 
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1709 and 3176 PK samples for TAF and TFV, respectively, for PopPK analysis. M3 
method was used to handle BLQ data for TAF. 

Table 2. TAF PK Data 

(b) (4)Source: Applicant’s PopPK Report, -2020-1048 TAF-TFV Peds Pop PK, Table 6, page 35 

Table 3. TFV PK Data 

(b) (4)Source: Applicant’s PopPK Report, -2020-1048 TAF-TFV Peds Pop PK, Table 31, page 61 

Figure 1. TAF Concentration-time Profile by Study 

(b) (4)Source: Applicant’s PopPK Report, -2020-1048 TAF-TFV Peds Pop PK, Figure 3, page 38 
Table 4. Baseline Characteristics of Study Subjects by Study (TAF/TFV) 
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Note: the inclusion of LPV/RTV treatment is not relevant for the purpose of this review 

(b) (4)Source: Applicant’s PopPKReport, -2020-1048 TAF-TFV Peds Pop PK, Table 31, page 61 
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Data for EVG 
Table 5 and Table 6 describe the number of PK samples retained and the baseline 
characteristics of subjects in EVG PopPK analyses by study. Overall, a total of 229 
subjects contributed 2147 PK samples for EVG PopPK modeling. Figure 2 depicts the 
EVG concentration-time profiles using time since last dose. 

Table 5. EVG PK Data 

Source: Applicant’s PopPK Report, -2020-1049 COBI-EVG Peds Pop PK, Table 4, page 30 

Figure 2. EVG Concentration-time Profiles 

Source: Applicant’s PopPK Report, -2020-1049 COBI-EVG Peds Pop PK, Figure 1, page 32 

(b) (4) 

(b) (4) 
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Table 6. Baseline Characteristics of Study Subjects by Study (EVG) 

(b) (4)Source: Applicant’s PopPK Report, -2020-1049 COBI-EVG Peds Pop PK, Tables 5 and 6, page 31 

Data for COBI 
Table 7 and Table 8 describe the number of PK samples retained and the baseline 
characteristics of subjects in COBI PopPK analyses by study. Overall, a total of 247 
subjects contributed 2142 PK samples for COBI PopPK modeling. Figure 3 depicts the 
COBI concentration-time profiles using time since last dose. 
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Table 7. COBI PK Data 

(b) (4)Source: Applicant’s PopPK Report, -2020-1049 COBI-EVG Peds Pop PK, Tables 22, page 49 

Figure 3. COBI Concentration-time Profile 

(b) (4)Source: Applicant’s PopPK Report, -2020-1049 COBI-EVG Peds Pop PK, Figure 7, page 51 
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Table 8. Baseline Characteristics of Study Subjects by Study (COBI) 

(b) (4)Source: Applicant’s PopPK Report, -2020-1049 COBI-EVG Peds Pop PK, Tables 23 and 24, pages 
49-50 

Reference ID: 4882185 



    
     

     
      

    
        

         
     

         
       

         
       
       

    
     

       
   

      
        

      
        

 
 

  

 
    

 
 
 
 
 

Base model for TAF and sequential TAF-TFV 
The base model for TAF was 1-compartment model parameterized with first-order 
absorption (Ka into depot) and first-order elimination (CL) from the central compartment 
(V).  Fixed allometric scalers of 0.75 and 1 were incorporated as exponents on body 
weight (centered to 70 kg) on CL and V, respectively. Effect of COBI was modeled on 
bioavailability. IIV was included on CL, V, Ka and proportional error term; however, 
random effects were fixed to zero for CL and V for model reproducibility and stability.  A 
combined error model (proportional and additive) was used to describe residual 
variability. Of note, the additive error term was fixed to half of LLOQ of PK samples (0.5 
ng/mL). Table 9 lists the parameter estimates of the base model for TAF. 
A joint TAF-TFV model was developed using the final PK parameters from TAF PopPK 
model. A 2-compartment model was used to characterize TFV PK profile, assuming a 
98.3% metabolic conversion rate of 98.3% from TAF central compartment. Additionally, 
parallel absorption compartments (depot) were utilized to improve the base model 
performance (presence of LPV/RTV booster subgroup).  The base model also included 
body weight effects on TFV clearance, central volume of distribution, 
intercompartmental flow, and peripheral volume of distribution with fixed allometric 
scalers (0.75 for clearance related terms and 1 for volume of distribution related terms). 
IIV was included on the same structural parameters as body weight effects, and a 
combined error model was used for residual variability.  A schematic of the base 
sequential structural model is shown in Figure 4 and the base model parameters are 
listed in Table 10. 

Table 9. Summary of Base TAF PopPK Model 

Source: Applicant’s PopPK Report, -2020-1048 TAF-TFV Peds Pop PK, Table 9, page 43 (b) (4) 
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Figure 4. Schematic for Sequential TAF-TFV PopPK Analysis 

Source: Applicant’s PopPK Report, -2020-1048TAF-TFV Peds Pop PK, Figure 12, page 62 (b) (4) 

Table 10. Summary of Base TAF-TFV Sequential PopPK Model 

Source: Applicant’s PopPK Report, -2020-1048 TAF-TFV Peds Pop PK, Table 32, page 63 (b) (4) 

Base model for EVG 
The final base model was a 2-compartment model with zero- and first-order (sequential) 
absorption and linear elimination. Body weight effects on CL and V related parameters 
were modeled as power function with fixed allometric scalers of 0.75 and 1, 
respectively. IIV was modeled on CL, Vp (peripheral volume of distribution), Q 
(intercompartmental flow), and D (duration of zero-order absorption).  A combined error 
model was used to describe residual variability.  The base model was retained as final 
model.  See base/final EVG PopPK model parameter estimates in Table 17. 

Reference ID: 4882185 



   
       

   
        

    
 

    

 
  

 
 

   
      

      
          
  

 
 

  

     

  

   
 

 

 
 
 

Base model for COBI 
The base COBI PopPK model was a 1-compartment structural model with a zero- and 
first-order (sequential) absorption and first-order elimination. IIV was modeled on CL 
and D, and proportional error model was used to describe residual variability. Table 11 
lists the parameter estimates from the base PopPK model. 

Table 11. Summary of Base COBI PopPK Model 

Source: Applicant’s PopPK Report, -2020-1049 COBI-EVG Peds Pop PK, Table 25, page 52 

Covariate analysis 
Covariate tested for base PopPK models of TAF, TAF-TFV, EVG, and COBI are listed 
in Table 12. Covariate analysis results for EVG and COBI are listed in Table 13 and 
Table 14, respectively. Of note, the base EVG model with age as a covariate on CL 
encountered model stability and model misfits. As such, age on Cl was ultimately not 
retained in the final model. 
Table 12. Covariates Tested in Structural Models 

(b) (4) 

Base Structural 
Models Covariates Tested 

TAF and TAF-TFV AGE, SEX, RACE, BCLCRSW, P-gp inhibitors co-medication 

EVG AGE, RACE, WT 

COBI AGE, SEX, RACE, BCLCRSW, P-gp inhibitors co-medication, WT 
*BCLCRSW, baseline creatinine clearance using Schwartz equation; WT, baseline body weight 

Table created by reviewer; adapted from relevant PopPK reports 
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Table 13. EVG Covariate Analysis 

Source: Applicant’s PopPK Report, -2020-1049 COBI-EVG Peds Pop PK, Table 7, page 33 

Reviewer’s comments: the reviewer encountered significant challenges in reproducibility 
of EVG base/final model parameter estimates and OFV values, whether the model files 
were unmodified or modified. The reviewer was able to reproduce the base and 
variants of the base model as independent sensitivity analyses with the exact NONMEM 
version that the Applicant used (based on their .lst file) and without parallel retries nor 
different initial parameter estimates. Overall, the model captured the general trends of 
the observed data; however, the EVG Ctau values would be over-projected from model 
predictions, as well as for the purpose of simulation.  Refer to the reviewer’s 
independent analysis section for details. 

Figure 5. VPC of EVG PopPK Model (Age on CL) 

(b) (4) 
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Source: Applicant’s PopPK Report, -2020-1049 COBI-EVG Peds Pop PK, Figure 2, page 35 

Table 14. COBI Covariate Analysis 

(b) (4) 

(b) (4)Source: Applicant’s PopPK Report, -2020-1049 COBI-EVG Peds Pop PK, Table 26, page 54 

Reference ID: 4882185 



1.4 Final Model 
TAF 
TAF PK data were best describe by a 1-compartment model with sequential zero- and 
first-order absorption and first-order elimination.  Body weight effects were modeled on 
CL and V with fixed exponent of 0.75 and 1, respectively. In addition to COBI effect on 
F, a separate V was modeled for Asian subjects.  IIV was modeled in the same 
structural fashion as the base model but was modeled additionally on D in the final 
model. A combined error model described the residual variability (with IIV on 
proportional error term). Final PopPK parameter estimates are listed in Table 15. 
Diagnostics are described in Figure 6 and Figure 7. 

Table 15. Final PopPK Parameter Estimates for TAF 

  
 

    
 

        
 

  
        

     
     

 
 

 

 
     

 
(b) (4)Source: Applicant’s PopPK Report, -2020-1048 TAF-TFV Peds Pop PK, Tables 11and 13, pages 45 and 51 
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Reviewer’s comments: the reviewer encountered TAF model run problems with 
rounding errors, termination problems, or failed covariance step despite conducting 
independent runs across NONMEM versions and with or without tweaked initial 
parameter estimates. Based on the Applicant’s PopPK report, the final model 
parameters were precise with <5.4% for RSEs. Shrinkages were low to modest (0.2-
23.2%).  The standard GoF plots are less reliable due to the M3 method implemented 
for BLOQ observed data. No obvious trends were seen in the NPDE plots. The pcVPC 
plots demonstrated that the final PopPK model generally described the PK data well for 
TAF in the target pediatric population of 14 to <25 kg, although a slight under-prediction 
in the absorption phase is noted around the median. However, the upper and lower 
bounds generally capture the observed data.  Overall, the TAF PopPK model describes 
the data adequately to support simulation of exposure metrics for comparison against 
adult reference data. 

Figure 6. Diagnostic Plots for Final TAF PopPK Model 

Source: Applicant’s PopPK Report, -2020-1048 TAF-TFV Peds Pop PK, Figure 7, pages 46 (b) (4) 
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Figure 7. pcVPC of Final TAF PopPK Model by Weight Bands 

(b) (4)Source: Applicant’s PopPK Report, -2020-1048 TAF-TFV Peds Pop PK, Figure 8, pages 48 
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TAF-TFV 
The structural model as shown in Figure 4 is retained for the final, joint PopPK model for 
TAF-TFV.  Body weight effects on TFV clearance, central volume of distribution, 
intercompartmental flow, and peripheral volume of distribution with fixed allometric 
scalers (0.75 for clearance related terms and 1 for volume of distribution related terms). 
BCLCRSW (baseline CRCL based on Schwartz equation) was included on CL in the 
TFV structural model.  IIV was included on the same structural parameters as body 
weight effects, and a combined error model was used for residual variability. The final 
PopPK parameter estimates (for TFV) are listed in Table 16. Diagnostic plots are listed 
in Figure 8 and Figure 9. Figure 10 describes the observed data. 

Table 16. Final PopPK Parameter Estimates for TFV 
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(b) (4)Source: Applicant’s PopPK Report, -2020-1048 TAF-TFV Peds PopPK, Tables 34and 46, pages 67 and 70 

Figure 8. GoF Plots for Final TFV PopPK Model 

(b) (4)Source: Applicant’s PopPK Report, -2020-1048 TAF-TFV Peds Pop PK, Figure 15, page 67 
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Figure 9. pcVPC of Final TFV PopPK Model by Weight Bands 

(b) (4)Source: Applicant’s PopPK Report, -2020-1048 TAF-TFV Peds Pop PK, Figures 15, page 68 

Figure 10. Reviewer's Analysis: TFV Concentration-time Profiles for Target Population 

Reviewer’s independent analysis based on PK data from Study GS-US-292-0106, Cohort 3, n=27 
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Reviewer’s comments: The final sequential model for TAF-TFV captures the PK data 
reasonably.  The PK parameters were modestly precise with RSE% under 21% except 
that the second depot compartment (from parallel absorption compartments) had a 
moderate RSE% at 58%; however, this is for the LPV/RTV booster effect. RSE% on IIV 
were moderate (12% to 65%). High shrinkages were observed (up to 60.7%) while 
others were acceptable (lowest 7.3%). The GoF plots did not show any obvious model 
bias or misspecification.  For the target population of 14 to <25 kg, the pcVPC showed 
less than ideal predictions between 10 to 20 hours (time since last dose). When the 
observed concentration-time data were visualized, the reviewer noted the sparse 
samples during a window of 8 to 20 hours (time since last dose), and this is the most 
probable explanation for such prediction. Overall, the model adequately described the 
PK data and is acceptable for simulating exposure metrics to compare against adult 
reference data. 

EVG 
The final PopPK model for EVG was unchanged from the base model. The final PK 
parameter estimates are listed in Table 17. 

Table 17. Final PopPK Parameter Estimates for EVG 
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(b) (4)Source: Applicant’s PopPK Report, -2020-1049 COBI-EVG Peds Pop PK, Table 12, page 42 

Figure 11. GoF Plots for EVG Final PopPK Model 

(b) (4)Source: Applicant’s PopPK Report, -2020-1049 COBI-EVG Peds Pop PK, Figure 3, page 38 
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Figure 12. pcVPC for Final EVG PopPK Model 

(b) (4)Source: Applicant’s PopPK Report, -2020-1049, Figure 4s and 5, pages 39-40 
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Reviewer’s comments: the reviewer was able to reproduce the exact Applicant’s EVG 
model run results despite encountering numerous run problems, including failed 
covariance steps or early termination.  Of note, the model converged without errors 
under NONMEM 7.4.3 only (the other version tested was 7.5.0). The final model 
estimated the final PK parameters with reasonable precision (under 8.4%) while RSE% 
for IIV were low to modest (2.4%-38%). The standard GoF plots did not show aberrant 
trends. The final pcVPC plot for the target population of 14 to <25 kg (left panel) 
demonstrated that the final model did improve on peak concentration predictions when 
compared to Figure 5 (age effect on CL); however, the trend for overpredicting median 
Ctau worsened during the dosing interval.  

While the generality of model performance is adequate in describing the data 
(particularly Cmax and AUC during dosing intervals at steady state), considerations and 
additional analyses regarding steady-state Ctau were further described in reviewer’s 
independent analysis section below. Of note, Ctau is considered the PK/PD driver for 
antiviral efficacy for EVG. 

COBI 

The final COBI PopPK model was a 1-compartment structural model parameterized with 
zero- and first-order absorption, ALAG, and first-order elimination.  Body weight was 
modeled on CL and V with fixed allometric scalers of 0.75 and 1, respectively. IIV was 
modeled on CL, D, and ALAG.  Proportional error model was used to describe residual 
error. The final parameter estimates are listed in Table 18. 

Table 18. Final PopPK Parameter Estimates for COBI 
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(b) (4)Source: Applicant’s PopPK Report, -2020-1049 COBI-EVG Peds Pop PK, Table 39, page 60 

Figure 13. GoF Plots for COBI Final PopPK Model 

(b) (4)Source: Applicant’s PopPK Report, -2020-1049 COBI-EVG Peds Pop PK, Figure 9, page 57 
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Figure 14. pcVPC for COBI Final PopPK Model 

(b) (4)Source: Applicant’s PopPK Report, -2020-1049 Figures 10 and 11, pages 58-59 
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Reviewer’s comments: The reviewer was able to reproduce the final model. Overall, the 
final PopPK model described the COBI data with good precision (under 10% RSE for 
PK parameters) except that the precision for IIV of CL was low (RSE% at 109%). One 
explanation could be the highly variable observed concentrations beyond 20 hours of 
the dosing interval (Figure 3). Shrinkages for CL and IIV of proportional error term 
were low (9.8% and 1.9%, respectively), but moderately high for IIV on D at 41.5%. The 
GoF plots did not show any aberrant trends, though a slight under-prediction was noted. 
The underprediction was also demonstrated by the pcVPC towards end of the dosing 
interval.  In addition, an overprediction was noted around peak concentration and the 
subsequent elimination, this overprediction likely contributed to the slightly higher 
simulated Cmax (95th percentile at steady state) in pediatric patients compared to that of 
maximum value of adult reference data. See simulation results below. Overall, the 
COBI PopPK model reasonably describes the PK data for target population and is 
acceptable for simulating exposure estimates to compare to adult reference. 

Simulations of Target Pediatric Exposures and Adult Reference 
Figure 15 . Simulated SS TAF Exposure Metrics 

(b) (4)Source: Applicant’s PopPK Report, -2020-1048 TAF-TFV Peds Pop PK, Figure 20, page 85 

Reference ID: 4882185 



 

 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 16. Simulated SS TFV Exposure Metrics 

(b) (4)Source: Applicant’s PopPK Report, -2020-1048 TAF-TFV Peds Pop PK, Figure 21, page 86 
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Figure 17. Simulated SS EVG Exposure Metrics 

(b) (4)Source: Applicant’s PopPK Report, -2020-1049 COBI-EVG Peds Pop PK, Figure 13, page 67 
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Figure 18. Simulated SS COBI Exposure Metrics 

(b) (4)Source: Applicant’s PopPK Report, -2020-1049 COBI-EVG Peds Pop PK, Figure 14, page 68 

Reference ID: 4882185 



  
 

  
     

             

 
  

 

       
 

 
  

        
   

    
    

         
       

        
       
      
      

        
   

  

 
 
 
 
 
 
 
 
 
 

1.5 Reviewer’s Independent Analysis 

1.5.1 Introduction 
The reviewer conducted additional analysis to evaluate two observations: 
1) observed low EVG Ctau as this is the PK/PD driver for efficacy, and 

1.5.2 Objectives 
Analysis objectives are: 

• Assess model-predicted EVG data vs observed values in target pediatric 
population (n=27) 

(b) (4) 

(b) (4) 

1.5.3 Methods 
All data was extracted and manipulated in R 3.6.3 and relevant packages. All plots 
were generated using ggplot2 package for R (Wickham H (2016). ggplot2: Elegant 
Graphics for Data Analysis. Springer-Verlag New York. ISBN 978-3-319-24277-4, 
https://ggplot2.tidyverse.org.). Exposure metrics were derived using NONMEM 7.4.3 
and 7.5.0. Databases utilized for independent analyses are listed in Table 19. 
For #1, the final EVG PopPK model (for this submission) outputs were generated by 
reviewer and evaluated against those submitted by the Applicant. In this review, only 
the latter is shown to avoid duplication of identical results (run32).  The reviewer first 
assessed the model fitting towards lower end of EVG concentrations, and then, the 
reviewer performed sensitivity model runs to assess the predictive performance towards 
lower end of observed concentrations. Lastly, observed data were used in the target 
pediatric population to compare to historic data in Stribild® program and Genvoya® 
adult PK data. 

(b) (4) 

Reference ID: 4882185 
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trends were observed with regard to over-predictions across studies and cohorts of GS-
US-292-0106 while no abnormal trends were noted on ETA CL vs body weight (Figure 
23). Parameter estimates are listed in Table 20. 

Figure 19. Reviewer's Analysis: Observed vs. Predicted EVG Concentration in Final PopPK Model 

Note: x and y range were restricted to 800 ng/mL for illustration purposes; colored regression lines: 
LOESS fit; n=229 

Refer ence ID: 4882185 



  

 
   

   
 

    

 

    
    

 

Figure 20. Reviewer's Analysis: Observed vs. Predicted EVG Concentration in Final PopPK Model 

Note: GS-US-292-0106 study data only; x and y range were restricted to 800 ng/mL for illustration 
purposes; colored regression lines: LOESS fit; n=129 

Figure 21. Observed vs. Predicted EVG Ctau for -0106 Study Cohort 3 By Time Window 

Color-coded stratifying variable was arbitrarily set from 23-25 hours; data were extracted based on PK 
samples beyond 20 hours from last dose; 1 (or green) indicates data points within the bounds of 23 to 25 
hours, inclusively; 0 (or orange) indicates data points being outside of 23 to 25 hours 

Reference ID: 4882185 



 
   

 
  

 
    

 

 
 
 

Figure 22. Reviewer's Analysis: ETA CL vs Body Weight (kg) in Final PopPK Model (0106 Study) 

Note: GS-US-292-0106 study data only; n=129 

Figure 23. Reviewer's Analysis: Observed vs. Predicted Sensitivity Analysis of EVG PopPK Model 
with Estimated Allometry 

Reference ID: 4882185 



 
 

 

 
 

   
 

 
   

 

  
   

  
 

 
  

        
 
        

  
        

 
 
 

       

 
         

   

Table 20. Reviewer's Analysis: Sensitivity Analysis of EVG PopPK Model with Estimated Allometry 

Table 21. Reviewer's Analysis on Observed EVG Ctau by Study Programs and Subgroups 

Study 
Programs Groups N 

Observed EVG Data 

Min 1st 

quartile Median 3rd 

quartile Max 
% 
below 
45 
ng/mL 

Stribild Adult, 
Phase 1, 2, 3 436 20.2 144.1 276.1 428.7 2694.7 7.8% 

Adult, 
Phase 2, 3 275 22.0 121.7 233.6 397.0 2694.7 6.2% 

Genvoya Adult, 
Phase 2 19 86.8 181.7 259.3 324.0 880.5 0 

Pediatric 
subjects 

14-25kg 
Cohort 3 

27 22.2 46.5 131.0 273.5 1030.0* 25.9% 

Adolescent 
Cohort 2* 23 24.3 103.6 229.3 431.0 1810.0 8.7% 

* Includes outliers 
** GS-US-292-0106 Study 

Reference ID: 4882185 



   
 

 
         

 
  

      
     

 
    

 
 

Figure 24. Reviewer's Analysis: Comparison of Observed EVG Ctau (COBI Boosted) by Studies 
and Subgroups 

Cmin refers to Ctau; all adult data in Stribild program is based on six Phase 1 (healthy), one Phase 2 (HIV-1 
infected), and two phase 3 (HIV-1 infected) studies; Genvoya adult data was extracted from one Phase 2 study (HIV-
1 infected) with intensive PK sampling for n=19 subjects; observed pediatric EVG (3rd data cluster) represents target 
pediatric population of cohort 3 in GS-US-292-0106study excluding outliers; cohort 2 in the figure represents cohort 
2 subjects who weighed ≥25 kg in the GS-US-292-0106 study 

Figure 25. Reviewer's Analysis: Observed EVG Ctau by Weight Groups 
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Because of the suboptimal predictive performance (i.e., over-predictions) at the lower 
range of observed EVG PK data, alternative approach was taken to examine the 
observed data. A violin and jitter plot in Figure 24 illustrates the relatively high 
proportion of target pediatric subjects weighing 14 to <25 kg (third data cluster) 

(b) (4) experiencing lower EVG Ctau .  In Figure 25, observed 
EVG Ctau was binned by weight groups. A down-trending was noted for EVG Ctau as 

(b) (4) the body weight approach upper bound of the weight band.  Overall, despite 
the acceptable generality of model performance in characterizing peak and AUC of 
EVG, the predicted Ctau could not accurately capture the observed data and the low 
EVG Ctau may raise efficacy concerns given the limited sample size. 

(b) (4) 

1 Page has been Withheld in Full as b4 (CCI/TS) immediately following this page 
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