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1.  EXECUTIVE SUMMARY  
 
Ledipasvir (LDV, GS-5885) and sofosbuvir (SOF, GS-7977)  oral fixed-dose combination 
(Harvoni, LDV/SOF 90 mg/400 mg FDC tablet) was originally approved for the treatment of 
chronic genotype 1 hepatitis C virus (HCV) infection. Efficacy supplements extending the 
indication to include patients with HCV/human immunodeficiency virus (HIV-1) coinfection and 
genotype 4, 5, and 6 HCV were approved on 11/23/2015.  The current efficacy supplement 
seeks to extend the indication to include patients with decompensated cirrhosis or liver 
transplant recipients with ongoing HCV infection. 
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LDV is a novel HCV NS5A inhibitor that inhibits both RNA replication and the assembly of HCV 
virions.  SOF is a novel nucleotide NS5B polymerase inhibitor that inhibits HCV RNA replication 
and has been approved for use in combination with other agents for the treatment of chronic 
HCV infection in adults (Sovaldi®; NDA 204671). 
 
The submission includes the efficacy and safety data of LDV/SOF in patients with 
decompensated cirrhosis and liver transplant studies from two studies: GS-US-337-0123 (U.S., 
SOLAR-1) and GS-US-337-0124 (non-U.S., SOLAR-2).  Updated population PK analyses were 
submitted to support labeling that no clinically relevant differences in SOF, LDV, and GS-
331007 PK were observed in patients with decompensated cirrhosis.   
 
1.1 Recommendation 
 
The Office of Clinical Pharmacology has determined that there is sufficient clinical 
pharmacology information provided in this supplement NDA to support a recommendation of 
approval of LDV/SOF in patients with decompensated cirrhosis and patients who have received 
a liver transplant. 
 
1.2 Phase IV Commitments 
 
None. 
 
1.3 Summary of Important Clinical Pharmacology Findings 
 
LDV/SOF with ribavirin (RBV) was evaluated for 12- or 24-weeks in two studies (GS-US-337-
0123 [SOLAR-1] and GS-US-337-0124 [SOLAR-2]) in subjects with genotype 1 or 4 HCV 
infection with decompensated cirrhosis or who were posttransplantation with compensated liver 
disease.  The dose of LDV/SOF was 90/400 mg once daily.  RBV starting dose was 600 mg/day 
in subjects with decompensated cirrhosis and 1000 or 1200 mg/day (<75 kg and ≥75 kg) for all 
other subjects.  The trials were similar in study design and eligibility criteria with the exception 
that GS-US-337-0123 included only in U.S. subjects while GS-US-337-0124 included only non-
U.S. (Europe, Canada, Australia, and New Zealand) subjects.  For the purpose of all 
discussions below, results and PK data from the two trials were pooled.  The trials consisted of 
seven groups of patients:  

• Group 1 - pretransplantation with cirrhosis and moderate hepatic impairment (Child Pugh 
[CPT] B) 

• Group 2 - pretransplantation with cirrhosis and severe hepatic impairment (CPT C) 
• Group 3 - posttransplantation without cirrhosis (fibrosis stage F0-F3) 
• Group 4 - posttransplantation with cirrhosis and mild hepatic impairment (CPT A) 
• Group 5 - posttransplantation with cirrhosis and moderate hepatic impairment (CPT B) 
• Group 6 - posttransplantation with cirrhosis and severe hepatic impairment (CPT C) 
• Group 7 - posttransplantation with fibrosing cholestatic hepatitis (FCH) 

 
PK for LDV, SOF, and the predominant circulating metabolite of SOF (GS-331007) were 
evaluated in subjects with decompensated cirrhosis and posttransplantation subjects with or 
without compensated liver disease.  No difference in PK was observed based on liver 
transplantation status, but differences were observed based on degree of hepatic impairment.  
Consequently, PK comparisons are presented using pooled results for Group 1 and 5 (CPT B) 
and Group 2 and 6 (CPT C).  All Groups from the current trials are compared with observations 
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from the original LDV/SOF NDA submission (treatment naïve and treatment-experienced 
genotype 1 HCV patients with or without compensated cirrhosis).  Based on population PK 
analyses SOF AUCτ was increased by 100%, 105%, 97%, and 121% in subjects without 
cirrhosis (Group 3), and mild, moderate, and severe hepatic impairment, respectively.  GS-
331007 exposures were increased 51%, 52%, 23%, and 25% in subjects without cirrhosis, and 
mild, moderate, and severe hepatic impairment, respectively.  LDV exposures were decreased 
6%, 6%, 13%, and 14% in subjects without cirrhosis, and mild, moderate, and severe hepatic 
impairment, respectively. The increases in SOF and GS-331007 exposure for moderate and 
severe hepatic impairment are similar to the effects observed in the dedicated hepatic 
impairment study.  However, the increase in SOF and GS-331007 exposure in subjects without 
cirrhosis or with mild hepatic impairment could not be explained, though the exposures were 
similar to that observed in other subjects (CPT B and CPT C) from the two trials.  These 
changes in LDV, SOF, and GS-331007 exposure are not considered clinically relevant and no 
dose adjustments are recommended.   
 
SOF AUCτ was increased by 77%, GS-331007 AUCτ was increased by 15%, and LDV AUCτ was 
decreased by 22% in subjects with FCH relative to exposures in subjects from the original NDA 
submission.  These changes in LDV, SOF, and GS-331007 exposure are not considered 
clinically relevant and no dose adjustments are recommended. 
 
In posttransplantation patients on cyclosporine-containing immunosuppressant regimens, SOF, 
GS-331007, and LDV AUCτ were increased 13%, 10%, and 45%, respectively, relative to 
posttransplantation patients not on a cyclosporine regimen.  No dose adjustments are 
recommended in posttransplantation patients on a cyclosporine containing regimen.   
 
Decreased SOF, GS-331007, and LDV AUCτ were observed (15-40%) in subjects who relapsed 
compared to those subjects achieving sustained virologic response (SVR).  However, 
exposures of SOF, GS-331007, and LDV were not significant predictors of response from 
multivariate analyses.  No dose adjustments are proposed based on this observation.   
 
2. QUESTION BASED REVIEW 
 
See the Clinical Pharmacology review from the original NDA 205834 (7/10/2014) and the above 
Summary of Important Clinical Pharmacology Findings. 
 
3. LABELING RECOMMENDATIONS 
 

Section/heading 

Acceptable to 
OCP? Comment 

A AWE NA 

12.3/specific populations ☒ ☐ ☐ 
The specific populations subsections was revised to include information 
regarding decompensated cirrhosis on sofosbuvir, ledipasvir, and GS-
331007 from the pop-PK analysis.   

A = Acceptable; AWE=Acceptable with minor edits; NA=not acceptable/substantive disagreement (must provide comment) 
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4. APPENDICES 
 
4.1 Individual Study Review  

4.1.1 External Model Validation of the Population Pharmacokinetics for LDV/SOF Fixed 
Dose Combination 

All tables and figures obtained from the above listed population PK report unless explicitly noted. 

Objectives:  
• Perform external model validation of the population PK models of SOF, GS-331007, and 

LDV 
• Predict SOF, GS-331007, and LDV PK based on data from GS-US-337-0123 and GS-

US-337-0124 and previously developed population PK models 
• If the previously developed population PK models are inadequate to characterize data 

from these studies, updated population models will be developed for that compound 
based on data from these two studies   

 
Data Sets: Pharmacokinetic data from the Phase 2 studies GS-US-337-0123 and GS-US-337-
0124 were used for external validation. 
 
A single PK blood sample was collected at all on treatment subject visits (except week 6). An 
intensive PK substudy was performed at Week 2 or Week 4 in a subset of subjects who 
provided separate consent (up to N = 15 per group).  The PK of SOF (and its metabolite GS-
331007), and LDV were assessed.  
 
The SOF validation dataset included 4527 PK samples from 660 subjects. A large portion of the 
PK samples were below-LLOQ (2203 samples), incorrect sampling time (132 samples), or 
outliers (20 samples) and excluded from the analysis.  The remaining dataset included 2172 
samples from 469 subjects. The GS-331007 validation dataset included 4565 PK samples from 
660 subjects. Seventy-four samples were excluded for the above reasons leaving 4491 PK 
samples from 659 subjects. The LDV validation dataset included 4624 PK samples from 668 
subjects. Seventy-nine samples were excluded for the above reasons leaving 4545 PK samples 
from 668 subjects.  
 
Reviewer’s comment:  PK comparisons focus on AUCτ rather than Cmax.  Given the sampling 
scheme used for patients from these two studies the external validation approach may result in 
biased Cmax predictions in all patients except those that participated in the intensive PK 
substudy.   
 
Methods: Predicted SOF, GS-331007, and LDV plasma concentrations for validation subjects 
were obtained by fixing the parameters in the structural and variance model to the parameter 
estimates in the final model using post-hoc Bayesian forecasting with NONMEM 7. The 
$ESTIMATION command was set as MAXEVAL=0. The predicted SOF, GS-331007 and LDV 
concentrations (PRED) were compared with the corresponding observed SOF, GS-331007, and 
LDV concentrations (DV). 
 
Diagnostic graphs were population predicted concentrations (PRED) versus observed 
concentrations (DV), individual predicted concentrations (IPRED) versus DV, and individual 
weighted residuals (IWRES) or conditional weighted residuals (CWRES) versus PRED or time. 
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A prediction corrected visual predictive check (pcVPC) was created to show the time course of 
the predicted mean and spread of concentrations (5th to 95th percentile) versus the observed 
data for each arm of each trial (7, 8). A total of 1000 trial replicates were simulated using the 
observed covariates and dose regimens for each subject, the final model parameter estimates, 
and simulated subject-specific random effects and residual errors. A numeric predictive check 
(NPC) was also conducted to evaluate the predictions.   
 
Results:  
Diagnostic plots, VPC, and NPC results for GS-331007 and LDV were in good agreement and 
supported that the post-hoc predictions for these compounds could be used for comparisons 
between groups and with previous SOF/LDV trial results.   
 
Bias was observed between post-hoc predicted and observed SOF exposures, most notably in 
those subjects from the PK substudy.  Specifically, the external validation for SOF indicated that 
the final model was underpredicting SOF concentrations.  As such, population PK parameters 
were re-estimated for SOF based on data from the two studies.  SOF population PK parameters 
are shown below in Table 1.   
Table 1:  Population PK Parameters for SOF 

 
 
Comparison of SOF, GS-331007, and LDV Exposures Based on Hepatic Function 
SOF, GS-331007, and LDV AUCτ from GS-US-337-0123 and GS-US-337-0124 were compared 
with exposures from the original LDV/SOF NDA submission.  Exposures from the current 
submission were pooled by study.  Results were further pooled based on hepatic function status 
as liver transplantation status (pretransplantation versus posttransplantation) was not observed 
to impact exposures.  Only PK exposures from treatment arms including ribavirin were included 
from the original NDA submission as differences in LDV and GS-331007 PK were noted in the 
presence or absence of ribavirin.  Table 2 provides a comparison to subjects without cirrhosis or 
with mild hepatic impairment.  Table 3 provides a comparison to subjects with moderate or 
severe hepatic impairment or with fibrosing cholestatic hepatitis (FCH).   
 
SOF AUCτ exposures were increased 100%, 105%, 97%, and 121% in subjects without 
cirrhosis, and with mild, moderate, and severe hepatic impairment compared to subjects from 
the original NDA submission.   GS-331007 AUCτ exposures were increased 51%, 52%, 23%, 
and 25% in subjects without cirrhosis, and with mild, moderate, and severe hepatic impairment 
compared to subjects from the original NDA submission.  LDV AUCτ exposures were decreased 
6%, 6%, 13%, and 14% in subjects without cirrhosis, and with mild, moderate, and severe 
hepatic impairment compared to subjects from the original NDA submission.  The increased 
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