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5. Individual Study Review
Study # GS-US-341-1143*
*This review focuses only on the clinical pharmacology aspects of this trial (Please refer to clinical review
regarding efficacy and safety).
Two interim CSRs organized by age groups: Group 1: 12 to <18 yr (EDR Link) and Group 2: 6 to <12 yr (EDR Link)
were submitted.
Title: A Phase 2, Open-Label, Multicenter, Multi-cohort Study to Investigate the Safety and Efficacy of
Sofosbuvir/Velpatasvir in Adolescents and Children with Chronic HCV Infection.
Study Period: 26 January 2017 - 18 April 2019 (Group 1: 12 to <18 yr). 26 January 2017 - 25 April 2019 (Group 2:
6 to <12 yr).
Objectives: Primary objectives:
a. PK lead-in phase: To evaluate the steady-state PK and confirm the dose of SOF/VEL FDC in chronic HCV
infected pediatric subjects.
b. Treatment phase: To evaluate the safety and tolerability of SOF/VEL for 12 weeks in chronic HCV-infected
pediatric subjects.
Trial Design: This is an ongoing Phase 2, open-label, multicohort, 2-part study to evaluate the PK, safety, and
efficacy of SOF/VEL in pediatric subjects 3 to <18 yr with chronic HCV infection. This study consisted of a PK leadin phase (Cohorts 1, 2, and 3) and a treatment phase (Groups 1 and 2) within each age group.
- Group 1 (including Cohort 1): Pediatric subjects 12 to <18 yr
- Group 2 (including Cohorts 2 and 3): Pediatric subjects 6 to <12 yr and 3 to <6 yr.
Note: No data for pediatric subjects 3 to <6 yr were submitted in this application.
PK sampling scheme
Intensive PK lead-in Phase: blood samples were collected at Day 7 visit at pre-dose and 0.5, 1, 2, 3, 4, 6, 8, and 12
hr postdose.
Treatment Phase: a single blood sample was collected any time at Weeks 1 and 12, and 2 blood samples were
collected at Weeks 4 and 8 at predose and between 15 min to 4 hr postdose.
Optional intensive PK substudy for Group 1 only: subjects who did not participate in the intensive PK lead-in
phase were eligible to participate in an optional intensive PK substudy. For those subjects, blood samples were
collected at Week 4 or 8 at predose and 0.5, 1, 2, 3, 4, 6, 8, and 12 hr postdose.
Main Inclusion Criteria: Males or nonpregnant females 12 to <18 yr (Group 1) or 6 to <12 yr (Group 2) with chronic
HCV infection who were either HCV treatment naive or experienced.
Test Product, Dose and Mode of Administration:
Test product:
a. SOF/VEL FDC (400/100-mg tablet) (adult-strength tablet). Approved formulation.
b. SOF/VEL FDC (200/50-mg tablet) (low-dose tablet). New formulation.
c. SOF/VEL FDC (50/12.5-mg packets containing granules). New formulation*.
d. Placebo-to-match SOF/VEL FDC (400/100-mg tablet).
e. Placebo-to-match SOF/VEL FDC (200/50-mg tablet).
* The Applicant is not pursuing an approval for this formulation in this supplement.
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Dosages and formulations by age group:
1. Group 1, 12 to <18 yr: once daily oral dose of SOF/VEL 400/100 mg (as 1 × 400/100-mg FDC tablet or as 2 ×
200/50-mg FDC tablets).
2. Group 2, 6 to <12 yr: once daily oral dose of SOF/VEL 200/50 mg (as 1 × 200/50-mg FDC tablet or as 4 ×
50/12.5-mg packets containing granules).
Duration of Treatment: Treatment duration was 12 weeks, with 24 weeks of posttreatment follow-up.
Bioanalytical method:
All PK samples were analyzed using validated liquid chromatography-tandem mass spectroscopy (LC/MS/MS)
methods. The precision and accuracy were acceptable for the calibration curve and QC runs. All samples were
analyzed within the long-term storage stability duration.
Results:
Main Subject Demographics and Baseline Disease Characteristics
Group 1: 12 to <18 Years Old
One hundred and three subjects were enrolled. One subject discontinued the study due to pregnancy. Most
subjects were female (51.0%), white (72.5%), and not Hispanic or Latino (81.4%), with a mean age of 15 (range:
12–17) yr. Most subjects had genotype 1 HCV infection (73.5%) or genotype 3 HCV infection (11.8 %). Most
subjects were treatment naive (78.4%) and no subjects had cirrhosis. Most subjects had HCV RNA ≥ 800,000 IU/mL
(57.8%) with a mean (SD) baseline HCV RNA value of 6.1 (0.59) log10 IU/mL. The mean (SD) baseline ALT value was
44 (35.7) U/L, and 19.6% of subjects had baseline ALT values >1.5 × upper limit of normal. The mean (SD) baseline
estimated glomerular filtration rate using the Schwartz formula was 163.3 (30.05) mL/min/1.73 m2.
Group 2: 6 to <12 Years Old
Seventy-three subjects were enrolled. Most subjects (94.5%) completed study treatment. The reasons for
premature discontinuation of study treatment were AEs (2.7%, 2 subjects), investigator’s discretion (1.4%,
1 subject) and lack of efficacy (1.4%, 1 subject). Most subjects were female (52.1%), white (90.4%), and not
Hispanic or Latino (87.7%), with a mean age of 8 (range: 6–11) yr. Most subjects had genotype 1 HCV infection
(76.7%) or genotype 3 HCV infection (15.1%). Most subjects were treatment naive (94.5%) and no subjects had
cirrhosis. Most subjects had HCV RNA ≥ 800,000 IU/mL (52.1%), with a mean (SD) baseline HCV RNA value of 5.9
(0.69) log10 IU/mL. The mean (SD) baseline ALT value was 62 (54.7) U/L, and 35.6% of subjects had baseline ALT
values >1.5 × upper limit of normal. The mean (SD) baseline estimated glomerular filtration rate using the Schwartz
formula was 158.7 (24.51) mL/min/1.73 m2.
Pharmacokinetics
Exposures of SOF, GS-331007, and VEL in the PK lead-in phases (Groups 1 and 2) were compared with PPKderived exposure data from adult Phase 2/3 studies (Tables 4 and 5). For Group 1, higher SOF and VEL exposures
(AUCtau and Cmax) were observed in comparison to adults. For Group 2, higher SOF AUCtau and Cmax, lower GS331007 AUCtau, higher VEL Cmax and lower VEL Ctau were observed in comparison to adults.
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Table 4. Summary of PK Lead-in Phase SOF, GS-331007, and VEL Exposures in Subjects 12 to <18 yr (Group 1)
Compared with PPK-Based Exposures in the Adult Phase 2/3 Population.

Source: Interim Clinical Study Report (Group 1: 12 to <18 yr), P. 89

Table 5. Summary of PK Lead-in Phase SOF, GS-331007, and VEL Exposures in Subjects 6 to <12 yr (Group 2)
Compared with PPK-Based Exposures in the Adult Phase 2/3 Population.

Source: Interim Clinical Study Report (Group 2: 6 to <12 yr), P. 88
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7. Pharmacometrics Review
The Applicant conducted population PK analysis (PPK) for sofobusvir (SOF) and velpatasvir (VEL) in pediatric
subjects with HCV infection to support the proposed weight-band dosing regimen. Summaries of the dosing
regimen and PK sampling for the studies included in PPK analyses are presented in Table 7. The Applicant used R
(Version 3.2.3 or later) for all exploratory data analysis and NONMEM (Version 7.3.0 or later), Perl-SpeaksNONMEM (PSN), and R (version 3.2.3 or later) for the PPK analysis. The reviewer used R (Version 3.5.2) and
NONMEM (Version 7.4.3). This section of review is primarily focused on the adequacy of pediatric PPK models
for SOF and VEL, the acceptability of proposed dosing regimen, and evaluation of the exposure-response
relationships for efficacy and safety.
Table 7. Summary of Studies Included in PK Dataset
Study
GS-US3341112

Age (years)
12 to < 18
6 to < 12
3 to < 6

GS-US3371116

12 to < 18
6 to < 12
3 to < 6

Dosing Regimen (mg)
400 SOF
200 SOF
200 SOF (> 17 kg)
150 SOF (≤ 17 kg)
90/400 LDV/SOF
45/200 LDV/SOF
45/200 LDV/SOF (>17 kg)
33.75/150 LDV/SOF (≤17 kg)
400/100 SOF/VEL
200/50 SOF/VEL

Subjects with PK sampling
N=10 (PK lead-in); N=42 (sparse only)
N=12 (PK lead-in); N=29 (sparse only)
N=11 (PK lead-in); N=1 (sparse only)
N=10 (PK lead-in); N=90 (sparse only)
N=12 (PK lead-in); N=80 (sparse only)
N=14 (PK lead-in);
N=8 (sparse only), N=12(Intense + sparse)
N=17 (PK lead-in); N=85 (sparse only)
N=20 (PK lead-in); N=51 (sparse only)

GS-US12 to < 18
3426 to < 12
1143
Source: Applicant’s Table in Synopsis, pg. 9, Report CTRA-2019-1038 EPC Peds PPK
SOF Population PK Analysis in Pediatric Subjects

Population PK model for SOF and GS-331007
Previously, to support the pediatric dosing regimen for HarvoniTM (NDA205834-S29, NDA212477), the Applicant
developed a parent-metabolite joint PPK model to describe the PK of SOF, and its major metabolites, GS566500, and GS-331007, in pediatric subjects with chronic HCV infection using the data from two phase 2
studies, Study GS-US-334-1112 (SOF+RBV) and Study GS-US-337-1116 (LDV/SOF ± RBV). The Division of
Pharmacometrics has previously reviewed the PPK model and found it to be acceptable. With the current
submission, the Applicant further refined the PPK model and updated the PK dataset to include the PK data from
the phase 2 pediatric study GS-US-342-1143 (SOF/VEL).
The structural model of the Applicant’s PPK model (Figure 1) depicts that the orally administered SOF dose
undergoes pre-systemic metabolism to GS-566500 (the intermediate metabolite), and subsequent metabolism
to GS-331007 (the major inactive metabolite). The relative absorption for SOF, GS-566500, and GS-331007 are
parametrized as to the relative absorption fraction F1, F2, and F3, respectively. A one-compartment model for
SOF and GS-566500, a two-compartment model for GS-331007, and three parallel absorption compartments are
incorporated. Each analyte is absorbed to the respective compartment with first-order absorption with an
additional zero-order input for SOF and an absorption lag time (ALAG) for both SOF and GS-331007, followed by
first-order elimination.
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Figure 1. PPK Model Diagram for SOF and Covariates Included

ALAG = absorption lag time; CL007 = clearance of GS-331007; CL500 = clearance of GS-566500; CLSOF = clearance of SOF; D1 =
duration of zero order input; F1 = relative fraction absorbed; Ka007 = first-order absorption rate constant of GS-331007;
Ka500 = first-order absorption rate constant of GS-566500; KaSOF = first-order absorption rate constant of SOF
Source: Adapted from the applicant’s Figure 1, pg. 17, Report CTRA-2019-1038 EPC Peds PPK

The apparent clearances and apparent central volumes for SOF (CLSOF, VSOF), GS-566500 (CL500, V500), and GS331007 (CL007, V007) were scaled based on body weight with the allometric exponents fixed to 0.75 and 1, for
clearances and volumes, respectively. Inter-individual variability (IIV) was included on CLSOF, VSOF, CL500 and CL007.
The applicant noted that >15% PK samples for SOF and GS-566500 were below the limit of quantification (BLQ)
and as such, the M4 method in NONMEM was utilized to handle BLQ data for SOF and GS-566500 using a single
importance sampling estimation approach. Final parameter estimates from the PPK model and bootstrap
resampling analysis results are provided in Table 8.
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Table 8. Final Model Estimates and Bootstrap Results

Source: Applicant’s Table 15 pg. 36 in Report CTRA-2019-1038 EPC Peds PPK

Adequacy of the Applicant’s model describing PK of SOF/GS-331007 in pediatric patients
The reviewer was able to reproduce the model estimation only after removing the PK data from one subject
which had repeatedly caused unexpected exit from NONMEM execution. The final estimates from the reviewer’s
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run were consistent with the Sponsor’s analysis and the removed PK data does not affect the final estimates.
The reviewer found that the PPK model describes the PK of SOF, GS-566500, and GS-331007 and is acceptable
for simulations to predict exposure in pediatric subjects. The parameters were estimated with acceptable
precision. Biases or trends were not identified in GOF plots for SOF, GS-566500, and GS-331007 (Figure 2).
Shrinkage for IIVs were <30%. The interindividual variability in PK parameters were 80%, 224%, 32%, and 27% CV
for CLSOF, VSOF, CL500, and CL007, respectively.
Figure 2. Goodness of Fit Plots for Applicant’s Final Model for SOF, GS-566500, and GS-331007

Source: Applicant’s Table 6 and Table 7, pg. 30-31 in Report CTRA-2019-1038 EPC Peds PPK

SOF and GS-331007 Exposure and Covariates
The Applicant’s sensitivity analyses suggested that WT was the most influential covariate on SOF and GS-331007
exposures. The steady state AUC for both SOF and GS-331007 ranged from + 101% to -38% for the subjects with
extreme body weights, 18.1 kg and 87.6 kg, compared to a typical subject with a body weight of 46 kg. SOF
exposure is estimated to be 140% higher when administered as SOF/VEL compared to when administered as
SOF alone in pediatric subjects. Also, SOF exposure administered as SOF/VEL is higher compared to when
administered as SOF/LDV. The comparison of SOF exposures across the different programs for SOF containing
products is summarized in Section 4 of this review.
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VEL Population PK Analysis for Pediatric Subjects
Population PK model for VEL
The Applicant initially submitted a pediatric PPK model (run016) for VEL based on the PK data from HCV-infected
pediatric subjects (n=153) in a phase 2 study, GS-US-342-1143.In examining the GOF plots (refer to PPK report,
Figure13, page 48), the reviewer noted the model tends to underpredict the plasma VEL concentrations at
higher concentration values, while the model adequately described the observed data at lower concentration
levels. The reviewer examined the individual concentration-time profile overlaying the observed and the
predicted concentration and noted the Applicant’s final model (run016) does not adequately capture the
observed Cmax values from the intense PK sampling data. The mean values for Cmax derived from the model (314
ng/mL) was about 40% lower than those derived from the subjects from the PK-lead in phase (529 ng/mL).
The review team issued an IR for the Applicant to re-evaluate the performance of the final model (run016). The
Applicant responded by submitting the updated VEL PPK model (run103) (Refer to “Response to FDA Clin Pharm
Request on S-014 dated 11/5/2019). The final updated model was a 2-compartment model with a sequential
zero/first-order absorption model and used untransformed data. The final parameter estimates (run103) are
listed in Table 9.
Table 9. Model of VEL (Run103), Parameter Estimates, Bootstrap Resampling Results
Model Estimates
CL/F (L/h)
Vc/F (L)
Q/F (L/h)
Vp/F (L)
Ka (1/h)
D1 (h)
prop err
add err

22.9
113
6.4
80.6
0.82
2.06
0.48
5.72

Bootstrap Estimates
Median [95% CI]
22.7 [20.6-25.7]
114 [85.2-141]
6.5 [3.36-9.63]
85.2 [55.4-406]
0.83 [0.57-1.06]
2.06 [1.78-2.35]
0.48 [0.44-0.51]
5.50 [0.27-8.43]

IIV (CV%)
38%
40%
91%
-

Source: Reviewer’s analysis. Bootstrap estimates were based on only the successful runs (n=390) from a nonparametric
bootstrap (n=500)

Adequacy of the final model (run103) describing VEL PK in pediatric patients
Most parameters for the updated model (run103) were estimated with acceptable precision. RSE (%) of the Ka
estimates were relatively high (~62%). IIV for Ka was as high as 91% which was anticipated as incorporating a
zero/first order absorption to fit the Cmax provided more flexibility within the absorption phase. The reviewer’s
bootstrap estimates of median values were consistent with the model estimates (Table 9). GOF plots (Figure 2)
did not show an obvious bias in model predictions, except that the model tends to slightly underpredict the
higher concentrations. The updated model (run103) estimated Cmax values closer to the observed values
compared to the initial model (run016).
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Figure 3. Goodness of Fit Plots for Applicant’s Final Model (Run103)

Source: Reviewer’s analysis.

The reviewer recognized that the underprediction of Cmax from both models may not be due to the PPK model
structure but due to the high intra-individual variability of concentrations which were measured from intense or
sparse PK sampling. Within the same subjects, the concentration values are highly variable, especially at 0-5
hours post dose, and the model predictions lay in general between those two measurements. Therefore, the
reviewer opines that both models (run016 and run103) still can be used to derive PK parameters, AUCtau and Ctau.
For the simulations and deriving model predicted PK parameters for the labeling, the updated model (run103)
will be used as the model predictions are closer to the intense PK sampling data.
VEL Exposure-Covariates
The Applicant’s sensitivity analyses identified baseline body weight (WT) as the only influential covariate on VEL
exposures: the steady state AUC ranged from -40% to +75%, and the steady state Ctau ranged from -41% to 81%
for the subjects with extreme body weights, 87.6 kg and 18.1 kg, compared to a typical subject with a body
weight of 46 kg.
Exposure-Response
Exposure - Efficacy
The Applicant did not perform the E-R analysis for efficacy due to high response rate. The key efficacy endpoint
was SVR12, defined as HCV RNA < LLOQ at 12 weeks after discontinuation of study drug. Among the pediatric
subjects 6 to < 18 years old who enrolled in the Study, a total of 10 subjects out of 173 subjects did not achieve
SVR12, among whom only 1 subject had on-treatment virologic failure (nonresponse). Any inference for
exposure-efficacy relationship is not feasible.
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Exposure - Safety
The Applicant compared SOF and VEL exposures by the presence or absence of most commonly reported
adverse events (AEs) for each age group. Evaluated AEs included headache, fatigue, and nausea for the age
group 12 to <18 years old, and vomiting, cough, and headache for the age group 6 to <12 years old. The
Applicant’s summary suggested the exposures were similar between subjects with the presence or absence of
the evaluated AEs. The reviewer performed univariate logistic regressions for the AEs with the exposure metrics
AUCss and Cmax for SOF, GS0331997, and VEL. No apparent relationships between exposure and the AEs above
were noted.
Pediatric SOF/VEL Exposure with the Proposed Dosing Regimen
The reviewer conducted a series of simulations to evaluate the newly proposed dose with weight band with 30
kg cutoff would provide comparable exposure of SOF and VEL to those in adults using the Applicant’s PPK model
for SOF, and Monte Carlo simulation. A pediatric population (50 males and 51 females) was generated by
sampling from NHANE (2015-2016) data, so that the age of the generated population ranged from 5 to <18 years
old and the body weight of the population ranged from 16.7 kg to 125 kg. PK profiles for the generated
population (n=10100) were simulated following administration of SOF/VEL per the proposed weight-band dosing
regimen. The simulation results are presented (Figure 3, Figure 4, Figure 5) with a summary of the PK
parameters for the weight groups.
SOF exposure is highly variable in pediatric subjects as anticipated based on PPK analysis for SOF, hence it is
presented in log scale (Figure 3). SOF exposure is estimated to be overall higher in pediatric subjects receiving
the proposed dose compared to those in adults. The higher SOF exposures are more pronounced in the subjects
with body weight approaching but greater than 30 kg receiving 400/100 mg. More than 25% of subjects in the
weight groups (30 to < 35 kg) and (35 to <45 kg) are expected to have higher AUCss than the maximum AUCss
value observed in adults. Cmax of SOF in pediatric subjects is overall higher than those observed in the adult
population. Across the all weight groups, more than 25% of subjects in each weight group are likely to have
higher Cmax than the maximum observed in adults. In the weight group (30 to <35 kg), nearly 50% of subjects are
likely to have Cmax greater than the maximum observed Cmax in adults.
GS-331007 exposure is highly variable in pediatric subjects, hence the values in graphs are presented in log scale
(Figure 4). With the proposed dosing regimen, the simulated AUCss values are contained within those observed
in the adult population. The simulated Cmax values are generally higher in pediatric subjects across the evaluated
weight range.
VEL exposure AUCss and Cmax in pediatric patients across the weight range (15 to 50 kg) are expected to be higher
than those observed in adults (Figure 5). However, the simulated AUCss, Cmax, Ctau values are mostly contained
within those observed in the adult population. The subjects in the weight group (25 to < 30 kg) are expected to
have the lowest VEL exposure compared to other weight groups. The simulation suggests that the proposed
dosing regimen would provide similar Ctau in this weight group as those observed in adults.
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Figure 4. Simulated SOF Exposure by Weight Groups (log scale)

Figure 5. Simulated GS-331007 Exposure by Weight Groups (logscale)
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Figure 6. Simulated VEL Exposure by Weight Groups (Note: linear scale)

Source: Reviewer’s analysis. For each box, the bottom and top edges represent the 25th and 75th percentiles, respectively. Red solid lines
represent median values for each metric (AUC or Cmax) estimated for adults in Epclusa program. Red dotted lines represent maximum,
minimum values for each metric estimated for adults in Epclusa program.
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