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CLINICAL PHARMACOLOGY REVIEW
 

1 EXECUTIVE SUMMARY 
Elvitegravir (EVG)/cobicistat (COBI)/emtricitabine (FTC)/tenofovir alafenamide 

(b) (4)fumarate (TAF) (E/C/F/TAF) is a fixed dose combination (FDC)  tablet. The 
proposed indication is treatment of HIV-1 in patients ≥12 years. The tablet contains EVG 
150 mg, COBI 150 mg, FTC 200 mg, and TAF 10 mg. EVG, COBI, and FTC are 
approved at the dosages included in E/C/F/TAF. TAF is a prodrug of tenofovir (TFV). 
This is the first NDA application for a product containing TAF. Tenofovir disoproxil 
fumarate (TDF) is an approved prodrug of TFV with warnings for new onset or 
worsening renal impairment in addition to decreased bone mineral density. E/C/F/TDF is 
an approved product with the same components (and doses) as E/C/F/TAF with the 
exception of the TFV prodrug. The presumed medical rationale for development of TAF 
was lower TFV concentrations and a potentially improved bone and renal safety profile. 

The E/C/F/TAF development program consisted of clinical studies in treatment-naïve 
(n=1733), virologically suppressed (n=1196), virologically suppressed with mild to 
moderate renal impairment (n=242), and adolescent (n=23) populations. Per the 
sponsor’s analysis, the fraction of subjects with HIV RNA <50 copies/mL at week 48 
(efficacy outcome) was >90% for each of the  E/C/F/TAF studies, and in studies with a 
comparator arm, results in both arms were similar (Table 2).1 FDA findings regarding 
efficacy, safety, and resistance are described elsewhere.2-4 

1.1	 Recommendations 
The clinical pharmacology information submitted in the NDA application supports the 
approval of E/C/F/TAF for treatment of HIV-1 in patients ≥12 years of age. 

1.2	 Phase 4 Commitments 
None. 

1.3	 Summary of Important Clinical Pharmacology and Biopharmaceutics 
Findings 

Note: Figures and tables are from the sponsor’s clinical study reports (CSRs) unless 
otherwise indicated. 

1.3.1 Clinical pharmacology of TAF 
TAF is readily absorbed and can be detected in plasma. TAF is primarily eliminated by 
metabolism to TFV by cathepsin A in peripheral blood mononuclear cells (PBMC, the 
site of action) and carboxylesterase 1 in hepatocytes (Figure 11). TFV is intracellularly 
phosphorylated to the active moiety TFV-diphosphate (TFV-DP). 

TAF anti-HIV activity was established in a monotherapy study in which HIV-infected 
subjects were administered TDF 300 mg, TAF 8 mg, TAF 25 mg, and TAF 40 mg for 10 
days. Relative to TDF, anti-HIV activity (log reduction in HIV RNA) was similar for 
TAF 8 mg and increased for the TAF 25 mg and 40 mg groups. The TAF 25 mg dose was 
selected for phase 2 and phase 3 studies. TAF 10 mg was included in the E/C/F/TAF 
tablet because it provides similar exposure to TAF 25 mg when coadministered with 
COBI 150 mg. 
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When E/C/F/TAF is administered with food to HIV-infected subjects, TAF Tmax is 1 
hour. Relative to fasting conditions, administration of E/C/F/TAF with a light meal or 
high fat meal results in TAF AUC increased 15% and 18%, respectively. In samples 
collected during clinical trials, ex-vivo binding of TAF to plasma proteins was ~80%. 

TAF is a substrate of efflux transporters Pgp and BCRP, in addition to uptake 
transporters OATP1B1 and OATP1B3. TAF is a weak inhibitor of CYP3A; it does not 
inhibit or induce other CYPs and does not inhibit any transporters. TAF exposure is 
increased by COBI as it is a Pgp, BCRP, and OATP1B1/1B3 inhibitor. 

Upon multiple doses of single agent TAF at doses of 8 mg, 25 mg, and 40 mg, exposure 
increased more than proportionally with dose. In HIV-infected subjects, TFV AUC was 
reduced ~90% in subjects administered E/C/F/TAF (TAF 10 mg contains 6.0 mg of TFV) 
versus E/C/F/TDF (TDF 300 mg contains 136 mg of TFV), while the intracellular AUC 
in PBMCs of the active metabolite TFV-diphosphate (TFV-DP) was similar. 

1.3.2 Exposure-response 
Efficacy 

With the exception of COBI (used as a CYP3A inhibitor), each of the individual agents 
included in E/C/F/TAF were associated with near-maximal antiviral activity based on 
monotherapy studies. In phase 3 studies as part of combination therapy, exposure-
response relationships for efficacy of EVG (evaluated in E/C/F/TDF development), TAF 
(Figure 2), and TFV (evaluated in E/C/F/TAF development) were flat. 

Safety 

In treatment-naïve subjects administered E/C/F/TAF in phase 3 trials, TAF and TFV 
Cmax and AUC were estimated by population PK. TAF and TFV exposures in subjects 
administered E/C/F/TAF were not associated with commonly observed AEs (nausea, 
diarrhea, vomiting, and GI/abdominal pain), known bone and renal toxicities of TFV 
(bone mineral density, maximum increase from baseline in serum creatinine), or change 
from baseline in lipid values (Figure 6, Figure 7, Figure 8, Figure 9, Figure 10). 

In the E/C/F/TDF program, EVG, COBI, and FTC exposures were not associated with 
rates of common AEs (headache, nausea, and diarrhea) or changes in serum creatinine 
(Figure 3, Figure 4, Figure 5).5 In the FTC development program, a dose-response 
relationship was not observed in relation to frequency or severity of common AEs 
(included asthenia, nausea, headache, pharyngitis, and rhinitis).6 

Comparing subjects administered E/C/F/TAF versus E/C/F/TDF in studies 104 and 111, 
mean declines from baseline bone mineral density were significantly smaller in the 
E/C/F/TAF group.7 

1.3.3 Drug-drug interactions 
Drug-drug interaction information related to EVG and COBI was primarily transferred 
from the E/C/F/TDF label. FTC has minimal drug-drug interaction potential. Three drug-
drug interaction studies were submitted as part of this NDA. 

A drug-drug interaction study with E/C/F/TAF and sertraline (study GS-US-292-1316) 
found exposure changes of <16% for each component of E/C/F/TAF and sertraline. 
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Based on flat exposure-response relationships, no dose adjustment is recommended for 
based on a <16% exposure change. 

Coadministration of EVG/COBI and carbamazepine in drug-drug interaction study GS­
US-216-0137 resulted in EVG AUC decreased 69%, COBI AUC decreased 84%, 
carbamazepine AUC increased 43%, and carbamazepine-10,11-epoxide (CYP3A­
mediated active metabolite of carbamazepine) AUC decreased 35%. Based on significant 
EVG exposure descreases, coadministration of E/C/F/TAF and carbamazepine is 
contraindicated. 

Coadministration of TAF and COBI in drug-drug interaction study GS-US-311-0101 
resulted in TAF AUC increased 2.7-fold and TFV AUC increased 3.3-fold. This drug 
interaction was addressed by a dose reduction of the TAF dose from 25 mg to 10 mg in 
the E/C/F/TAF tablet. 

Within the E/C/F/TAF regimen, drug-drug interactions occur via COBI-mediated CYP3A 
and Pgp inhibition, resulting in increased exposures of EVG (CYP3A substrate) and TAF 
(Pgp substrate). EVG and TAF exposures may also be increased via inhibition of BCRP, 
OATP1B1, and OATP1B3 as EVG, TAF, and COBI are substrates of these transporters 
and COBI is an inhibitor of these transporters. 

1.3.4 Adolescents 
The primary endpoint intended to support approval of E/C/F/TAF in adolescents in study 
GS-US-292-0106 (age >12 - <18 years) was exposure matching with adults. Twenty-four 
HIV-infected adolescents were administered E/C/F/TAF and steady-state PK was 
evaluated. Compared to adults (pooled dataset with HIV-infected and healthy adults) 
administered E/C/F/TAF, adolescent exposures were decreased for EVG Ctrough 
(Ctrough >45 ng/mL is associated with antiviral activity)8, TAF, and COBI (Table 16). 
Though adolescent EVG Ctrough was decreased compared to adults, all adolescents had 
values above the target (Figure 12). When compared only to HIV-infected adults (a more 
clinically relevant comparison than the pooled dataset), adolescent EVG exposures 
(including Ctrough) were similar, while TAF and COBI exposures remained lower (Table 
17). TAF has flat exposure-response relationships for efficacy, thus 30% reduced 
exposures are acceptable. COBI exposures are of secondary importance, as the purpose of 
COBI is to increase the exposure of EVG (it also increases TAF exposures). In 
conclusion, while exposures from administration of E/C/F/TAF were decreased in 
adolescents compared to adults, based on exposure-response relationships, exposures 
were overall acceptable and support approval for adolescents. 

1.3.5 Hepatic impairment 
In subjects with mild to moderate (Child-Pugh Class A and B) hepatic impairment, after a 
single TAF dose, TAF and TFV AUC increased <13% compared to matched healthy 
controls, which was deemed not clinically significant (Table 18). No dose adjustment is 
recommended for mild to moderate hepatic impairment. 
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1.3.6 Renal impairment 
Mild to moderate 

The use of TDF is associated with renal impairment, including cases of acute renal failure 
and Fanconi syndrome; therefore, E/C/F/TDF is not recommended  in patients with 
CrCL<70 mL/min and should be discontinued if CrCL declines below 50 mL/min. TAF 
results in ~90% lower TFV exposures relative to TDF and can potentially have an 
improved safety profile in subjects with renal impairment. To establish safety of 
E/C/F/TAF in subjects with CrCL ≥30 mL/min, phase 3 study GS-US-292-0112 enrolled 
virologically-suppressed HIV-infected subjects with mild to moderate renal impairment 
(estimated GFR [eGFR] Cockcroft-Gault of 30-69 mL/min, inclusive). Subjects were 
switched to E/C/F/TAF daily for 96 weeks. The interim 24 week study reports was 
submitted to the NDA. Evaluation of baseline renal function was complicated by COBI 
and RTV-mediated  inhibition of creatinine tubular secretion, potentially resulting in 
artificially high creatinine values and thus lower estimated GFR values using the 
Cockcroft-Gault equation (eGFRCG). Therefore baseline renal function was estimated by 
both the creatinine and Cystatin C. Baseline eGFRCG versus Cystatin C using the CKD-
Epi equation differed significantly (Table 19). However, the discrepancy between mean 
eGFR measured by creatinine versus Cystatin C was present for subjects on COBI or 
RTV at baseline versus those not on COBI/RTV (Table 19). In addition, in a PK substudy 
of this trial, baseline eGFR was closer to actual GFR (aGFR) for creatinine versus 
Cystatin C (Table 20). Thus the use of creatinine and the Cockcroft-Gault equation that 
was used to determine baseline renal function in the trial was considered acceptable. 

FTC is labeled to be dosed 200 mg every other day in subjects with creatinine clearance 
(CrCL) of 30-49 mL/min. This is based on findings from a single dose PK study in 
subjects with renal impairment, where relative to subjects with normal renal function, 
FTC exposure was increased 2-fold in subjects with CrCL 30-49 mL/min. The 
E/C/F/TAF label (E/C/F/TAF also contains FTC 200 mg) proposes no dose adjustment 
for subjects with CrCL of ≥30 mL/min. The basis for the proposed E/C/F/TAF dosing is 
study GS-US-292-0112, which enrolled 242 HIV virologically-suppressed subjects with 
mild (CrCL of 50-69 mL/min, n=162) to moderate (CrCL of 30-49 mL/min, n=80) renal 
impairment. Compared to PK data from a phase 2 study in HIV-infected subjects with 
normal renal function, subjects with moderate renal impairment had ~2-fold increased 
FTC and TFV AUC values (Table 21, Table 22). 

In subjects without renal impairment administered E/C/F/TDF (includes FTC 200 mg 
daily), FTC exposure-response relationships for safety appeared to be flat (Figure 5). 
Study GS-US-292-0112 is the first safety study in which FTC 200 mg daily was 
administered to subjects with renal impairment. In this study, FTC was only measured in 
intensive PK substudy participants; only TAF and TFV were measured in the single PK 
sample collected in all subjects. Thus FTC exposure-safety relationships have not been 
evaluated in HIV patients with renal impairment and the clinical significance of 2-fold 
increased FTC exposures is unclear. Please refer to the Clinical review for the evaluation 
of overall safety in this study, which will likely form the basis for acceptability of dosing 
E/C/F/TAF in subjects with CrCL of ≥30 - <50 mL/min.2 
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CLINICAL PHARMACOLOGY REVIEW 

2 QUESTION BASED REVIEW 

2.1 General Attributes of the Drug 

2.1.1	 What are the highlights of the chemistry and physical-chemical 
properties of the drug substance and the formulation of the drug 
product? 

The E/C/F/TAF formulation is a fixed dose combination (FDC) tablet 
containing EVG, COBI, FTC, and TAF fumarate (Figure 1, Table 1). TAF monofumarate 

(b) (4)

(1:1 ratio of TAF to fumarate) and TAF fumarate (i.e. hemifumarate form with 2:1 ratio 
of TAF to fumarate) were used in phase 1 studies. TAF fumarate was selected for 
commercialization and incorporation into E/C/F/TAF FDC, which was then used in phase 
2 and phase 3 studies. 

The tablets include the following inactive ingredients: lactose monohydrate, 
microcrystalline cellulose, croscarmellose sodium, hydroxypropyl cellulose, silicon 
dioxide, sodium lauryl sulfate, and magnesium stearate. The tablets are film-coated with 
a coating material containing polyvinyl alcohol, titanium dioxide, polyethylene glycol, 
talc, indigo carmine aluminum lake, and iron oxide yellow. 
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CLINICAL PHARMACOLOGY REVIEW  

Figure 1.  Chemical structures  of the components  of E/C/F/TAF.11, 12  
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CLINICAL PHARMACOLOGY REVIEW
 

2.2.2	 What is the basis for selecting the response endpoints and how 
are they measured in clinical pharmacology studies? 

With the exception of study 120-0104 (PK and antiviral activity study), the primary 
endpoint in all of the clinical pharmacology studies was PK. In exposure-response 
analyses, HIV-1 RNA concentration was the response endpoint as it is a validated 
surrogate endpoint for antiretroviral (ARV) efficacy. Efficacy in clinical phase 3 trials 
was demonstrated based on showing noninferiority to the active control in the proportion 
of subjects with HIV-1 RNA <50 copies/mL after 48 weeks of treatment.  

2.2.3	 Are the active moieties in plasma appropriately identified and 
measured to assess pharmacokinetic parameters and exposure 
response relationships? 

In plasma (and urine in certain studies), EVG, COBI, FTC, TAF, and TFV were 
measured in several studies, along with other analytes in select studies (iohexol, 
carbamazepine, carbamazepine-10,11-epoxide, and sertraline) using validated 
LC/MS/MS methods. TFV-DP was measured using methods that were not fully 
validated. 

2.2.3.1 What are the characteristics of the exposure-response relationships 
for efficacy? 

Exposure-response analyses were only conducted for TAF and TFV as part of the 
E/C/F/TAF development program. EVG and FTC exposure-response relationships were 
derived from monotherapy or E/C/F/TDF studies. COBI lacks antiviral activity. 

EVG 

EVG Cmin is the PK parameter associated with antiviral activity.8 Mean Cmin values 
from EVG 150 mg in monotherapy and dose ranging studies were in the flat portion of 
the exposure-antiviral activity curve.5 Also, in the E/C/F/TDF development program, 
efficacy was similar (~90%) across all four quartiles of EVG Cmin. 

COBI 

Exposure-efficacy analyses were not described in the COBI development program, 
because COBI lacks antiviral activity and is used as a CYP3A inhibitor.  

FTC 

The relationship between FTC dose and antiviral activity was relatively flat at doses of 
50-400 mg per day.5 FTC is intracellularly phosphorylated to the active FTC­
triphosphate; steady-state intracellular FTC concentrations in PBMCs appear to be 
associated with antiviral activity.5 

TAF and TFV 

In TAF monotherapy study GS-US-120-0104, antiviral activity was associated with TAF 
dose (8-40 mg daily) and TFV-DP concentrations (when pooled across treatment groups). 
Similar activity was seen with TAF 8 mg compared with TDF 300 mg. 

In the E/C/F/TAF phase 3 trials in the treatment-naïve population, TAF and TFV PK 
Cmax and AUC were estimated by population PK. Virologic success was >93% across 
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quartiles of TAF and TFV Cmax and AUC, suggesting a likely flat exposure-response 
relationship for efficacy (Figure 2). 

Figure 2. Percent virologic success in studies 104 and 111 by TAF AUC quartile.5 

2.2.3.2 What are the characteristics of the exposure-response relationships 
for safety? 

EVG, COBI, FTC 

In the E/C/F/TDF program, relationships between EVG, COBI, and FTC AUC and Cmax 
were separately evaluated in relation to common AEs (headache, nausea, and diarrhea) 
along with maximum changes from baseline in serum creatinine; no trends were noted 
(Figure 3, Figure 4, Figure 5).5 
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Figure 3. EVG exposure-response relationships for safety.5 

Figure 4. COBI exposure-response relationships for safety.5 
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CLINICAL PHARMACOLOGY REVIEW 

Figure 5. FTC exposure-response relationships for safety.5 

TAF and TFV 

In the E/C/F/TAF phase 3 trials in the treatment-naïve population, TAF and TFV Cmax 
and AUC were estimated by population PK. 

Commonly observed adverse events (AEs) included nausea, diarrhea, vomiting, and 
GI/abdominal pain. Diarrhea and GI/abdominal pain were not associated with TAF or 
TFV exposures. TAF and TFV exposures were comparable in subjects with and without 
nausea and vomiting (Figure 6, Figure 7), however, logistic regression analysis showed a 
trend between TAF exposure and nausea at the highest 4% of TAF exposure, and 
vomiting was associated with the highest 19% of TAF exposure. 

TDF-containing products have warnings in their US prescribing information for new 
onset or worsening renal impairment as well as decreases in bone mineral density 
(BMD). TAF is purported to result in an improved bone/renal safety due to lower 
systemic TFV exposure. Using a pooled dataset with subjects administered E/C/F/TAF in 
phase 3 studies 104 and 111, TAF and TFV Cmax and AUC were not associated with a 
significant percent change from baseline in hip or spine week 48 BMD or maximum 
increase from baseline in serum creatinine (Figure 8, Figure 9). Note that the link 
between BMD and fracture risk is not established. 
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Comparison of subjects administered E/C/F/TAF versus E/C/F/TDF in studies 104 and 
111 

Comparing subjects administered E/C/F/TAF versus E/C/F/TDF in studies 104 and 111, 
mean declines from baseline bone mineral density were significantly smaller in the 
E/C/F/TAF group (Table 5).7 As bone mineral density changes may not be predictive of 
fracture risk, the clinical significance of this finding is unclear. 

Table 5. Mean declines in bone mineral density in subjects administered E/C/F/TAF and 
E/C/F/TDF.7 

Comparing subjects administered E/C/F/TAF (n=866) versus E/C/F/TDF (n=867) in 
studies 104 and 111, the mean ± SD change from baseline in week 48 serum creatinine 
(mg/dL) was 0.08±0.12 and 0.11±0.22 (p<0.001), respectively.13 

2.2.3.3 Does this drug prolong the QT/QTc Interval? 
The effect of FTC or the combination E/C/F/TAF regimen on the QT interval is not 
known. In separate thorough QT studies, EVG, COBI, and TAF did not affect the 
QT/QTc interval.5, 14 

2.2.3.4 Is the dose and dosing regimen selected by the sponsor consistent 
with the known E-R relationships? 

Yes. Approved doses of EVG, COBI, and FTC were included in E/C/F/TAF. Also, in 
subjects administered E/C/F/TAF, TAF and TFV exposure-response relationships for 
efficacy and safety were flat. 

2.2.4 What are the PK characteristics of the drug? 

2.2.4.1 What are the single and multiple dose PK parameters? 
In healthy adults administered E/C/F/TAF, PK parameters were calculated after single 
(TAF and TFV) and multiple dosing (all components) (Table 6, Table 7, Table 8, Table 
9). 
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Figure 11. Tentative TAF biotransformation pathway. 

Source: Study GS-US-120-0109 CSR. 

2.2.4.8 Based on PK parameters, what is the degree of linearity in the dose-
concentration relationship? 

See Table 13. 
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antiviral activity)8, TAF, and COBI (Table 16). Though adolescent EVG Ctrough was 
decreased compared to adults, all adolescents had values above the target (Figure 12). 
When compared only to HIV-infected adults (a more clinically relevant comparison than 
the pooled dataset), adolescent EVG exposures (including Ctrough) were similar, while 
TAF and COBI exposures remained decreased (Table 17). TAF has flat exposure-
response relationships for efficacy, thus 30% reduced exposures are acceptable. COBI 
exposures are of secondary importance, as the purpose of COBI is to increase the 
exposure of EVG (it also increases TAF exposures). In conclusion, while exposures from 
administration of E/C/F/TAF were decreased in adolescents compared to adults, based on 
exposure-response relationships, exposures were overall acceptable. 

Table 16. E/C/F/TAF PK comparison in adolescents versus adults (HIV-infected plus 
HIV-uninfected). 

Source: study GS-US-292-0106.
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Figure 12. EVG Ctrough in adults and adolescents administered E/C/F/TAF. 

Figure prepared by reviewer. 

NDA 207561 Page 31 of 50
 

Reference ID: 3790589
 



 

    

  
 

 

   

 

  
 

    
 

    
 

   
 

 

 

CLINICAL PHARMACOLOGY REVIEW
 

Table 17. PK comparison of adolescents versus HIV-infected adults administered 
E/C/F/TAF. 

Source: study GS-US-292-0106. Reference=HIV-infected adults. 

Hepatic impairment 

In a single dose (TAF 25 mg) study in subjects with mild (Child-Pugh A) to moderate 
(Child-Pugh B) hepatic impairment (study GS-US-120-0114), relative to matched 
controls, TAF and TFV exposures in subjects with hepatic impairment were altered by 
≤13%. Based on exposure-response relationships, these exposure changes are not 
clinically relevant. We agree with proposed E/C/F/TAF labeling wherein there is no dose 
adjustment for Child-Pugh A-B, and E/C/F/TAF is not recommend for Child-Pugh C; 
these hepatic impairment dosing recommendations are equivalent to those for 
E/C/F/TDF. 

NDA 207561 Page 32 of 50 

Reference ID: 3790589 









 

    

 
 

   
   
 

  
   

   
   

 
 

    
 

  
  

 

 
   

  

  
  

  
 

   

  

   
 

 
   

    
  

 

 

  

   
   

 

CLINICAL PHARMACOLOGY REVIEW
 

As TFV exposure from E/C/F/TAF is 90% lower compared to E/C/F/TDF, the <2-fold 
differences in TFV exposure due to covariate effects are not clinically significant. 

2.3.2	 Based upon what is known about E-R relationships and their 
variability, what dosage regimen adjustments are recommended 
for each group? 

Dose adjustments are not possible as E/C/F/TAF is a FDC tablet with one formulation. 
E/C/F/TAF can be administered without regard to age (indicated for age ≥12 years), 
weight, race, and gender. In subjects with renal impairment, E/C/F/TAF can be 
administered to patients with CrCL ≥50 mL/min; dosing in CrCL ≥30 - <50 mL/min is 
under review.2 E/C/F/TAF can be administered to patients with mild (Child-Pugh A) and 
moderate (Child-Pugh B) hepatic impairment, and is not recommended in subjects with 
severe (Child-Pugh C) hepatic impairment. 

2.3.3	 What pregnancy and lactation use information is there in the 
label? 

See the Pharmacology/Toxicology review for nonclinical data regarding E/C/F/TAF and 
pregnancy/lactation. The following selected information is from the proposed E/C/F/TAF 
labeling: 

“There are no adequate and well-controlled studies in pregnant women. Because animal 
reproduction studies are not always predictive of human response, E/C/F/TAF should be 
used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 

The Centers for Disease Control and Prevention recommend that HIV-infected mothers 
not breastfeed their infants to avoid risking postnatal transmission of HIV. Studies in rats 
have demonstrated that elvitegravir, cobicistat, and tenofovir are secreted in milk. 
Breastfeeding infants whose mothers are being treated with emtricitabine may be at risk 
for developing viral resistance to emtricitabine. It is not known whether elvitegravir, 
cobicistat, or tenofovir alafenamide is excreted in human milk.” 

2.4 Extrinsic Factors 

2.4.1	 What extrinsic factors influence exposure and/or response, and 
what is the impact of any differences in exposure on efficacy or 
safety responses? 

As TAF has minimal drug-drug interaction potential as a perpetrator, and the only 
difference between E/C/F/TAF and E/C/F/TDF is the TAF component, drug interaction 
labeling for E/C/F/TAF was primarily derived from the E/C/F/TDF US prescribing 
information, and was therefore previously reviewed by FDA. Several drug-drug 
interaction studies were conducted as part of the E/C/F/TAF development program, and 
are described below. 

2.4.2	 What are the drug-drug interactions? 

2.4.2.1 Is there an in vitro basis to suspect in vivo drug-drug interactions? 
Yes. E/C/F/TAF contains components that are inhibitors (COBI) and substrates (all 
components) of drug metabolizing enzymes and transporters. See details below. 
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Table 25. Components of E/C/F/TAF as a substrate of transporters.5 
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Table 26. Components of E/C/F/TAF as an inhibitor of transporters.5 
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2.4.2.6 Does the label specify co-administration of another drug? 
No. However, the tablet contains four drugs, EVG, COBI, FTC, and TAF.  

2.4.2.7 What other co-medications are likely to be administered to the 
target population? 

The E/C/F/TAF labeling addresses drug-drug interactions with medications in various 
drug classes likely administered in adults in the US (includes antihypertensives, 
antibiotics, statins, oral contraceptives, etc). HCV and opioid dependence medications are 
more likely to be coadministered in the HIV-infected population. Approximately 25% of 
HIV-infected persons in the US are also infected with HCV.20 Sofosbuvir/ledipasvir were 
the only HCV drugs evaluated in drug-drug interaction studies with E/C/F/TAF; the study 
was not sufficient to profide dosing recommendations for coadministration of E/C/F/TAF 
with sofosbuvir/ledipasvir. In addition, drugs interactions with opioid dependence 
medications buprenorphine/naloxone and methadone were addressed in the E/C/F/TAF 
labeling; no dose adjustment is recommended for either when coadministered with 
E/C/F/TAF. 

As E/C/F/TAF is a complete HIV treatment regimen, drug-drug interactions with other 
HIV antiretrovirals are not relevant. 

2.4.2.8 Are there any in vivo drug-drug interaction studies that indicate the 
exposure alone and/or exposure-response relationships are 
different when drugs are co-administered? 

Drug-drug interaction information related to EVG and COBI was primarily transferred 
from the E/C/F/TDF label. FTC has minimal drug-drug interaction potential. Three drug-
drug interaction studies were submitted as part of this NDA.  

A drug-drug interaction study with E/C/F/TAF and sertraline (study GS-US-292-1316) 
found exposure changes of <16% for each component of E/C/F/TAF and sertraline. 
Based on flat exposure-response relationships, no dose adjustment is recommended for 
based on a <16% exposure change. 

Coadministration of EVG/COBI and carbamazepine in drug-drug interaction study GS­
US-216-0137 resulted in EVG AUC decreased 69%, COBI AUC decreased 84%, 
carbamazepine AUC increased 43%, and carbamazepine-10,11-epoxide (CYP3A­
mediated active metabolite of carbamazepine) AUC decreased 35%. Based on significant 
exposure descreases of EVG, coadministration of E/C/F/TAF and carbamazepine is 
contraindicated. 

Coadministration of TAF and COBI in drug-drug interaction study (GS-US-311-0101) 
resulted in TAF AUC increased 2.7-fold and TFV AUC increased 3.3-fold. This drug 
interaction was addressed by a dose reduction of the TAF dose (b) (4) to 10 mg in 
the E/C/F/TAF tablet. 

2.4.2.9 Is there a known mechanistic basis for pharmacodynamic drug-
drug interactions? 

No.  
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2.6.4.4 What is the sample stability under conditions used in the study? 
Sample stability is summarized in Table 29. 

Table 29. Sample stability of the components of E/C/F/TAF in the presence of all 
components of the FDC tablet in addition to other antiretrovirals. 

Drugs present 
in sample 

Analyte Matrix Report # Stability at °C 
(days) 

EVG, COBI, 
FTC, TAF, 
TFV, DRV, 
ATZ, RPV, 
EFV 

EVG Plasma 60-1325 

COBI 

 (methods 42­
0831 and 60-1116) 

(b) (4)

FTC 

TAF 

TFV

(b) (4)

2.6.4.5 What is the QC sample plan? 
QCs were included as recommended in FDA guidance23: 

• ≥3 QC concentrations, one within three times LLOQ, one in midrange of standard 
curve, one within 80% of ULOQ 

• QCs comprised ≥5% of unknown samples in sample analysis runs 

2.6.4.6 Are there any other bioanalytical issues? 
(b) (4)

Interference 

Bioanalytical interference among the components of E/C/F/TAF was evaluated and ruled 
out with the exception of the effect of TAF on quantification of TFV. Interference of 
TAF with quantification of TFV was detected at the low QC and was attributed to the 
presence of TFV-related degradants in the TAF reference materials. Because the low QC 
is near TFV Cmin, and at 24 hours postdose (the time corresponding to Cmin) TAF is 
undetectable, any effect of TAF on the quantification of TFV would likely have no 
impact on TFV PK. 

Carryover 

In several sample analysis reports for several analytes, analyte peaks were seen in 
extracted blank or carry-over blank chromatograms. Although not discussed in the 
sample analysis reports, the analytical lab ( (b) (4) had SOPs for addressing carry-over that 
were provided in a response to an FDA Information Request (dated 5/11/2015). Carry-
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over was assessed in each run by placing an extracted matrix blank after each of the two 
ULOQ standards. If the blank had a peak area >20% of the LLOQ peak area, a carry-over 
factor was calculated. This factor was then applied to all samples in the run. If the 
calculated carry-over value for the preceding sample to the subsequent sample was >5%, 
the affected sample would be re-run. We consider carry-over to have been sufficiently 
addressed. 
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5.1 Individual Study Reviews 
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Pharmacodynamics 

Relative to the TDF group, the day 11 change from baseline in HIV-1 RNA (log10 copies/mL) 
was statistically unchanged in the TAF 8 mg group and increased for the TAF 25 mg and 40 mg 
groups (Table 4). 

Table 4. Day 11 change from baseline in HIV-1 RNA (log10 copies/mL). 

Pharmacokinetics 

TAF 

At each dose level, TAF PK was similar after single and multiple doses (Figure 1, Figure 2, 
Table 5). Lack of accumulation was consistent with TAF’s short half-life. As there was no 
accumulation, there is likely no impact of missed doses on the PK of the two affected subjects. 
Consistent with the potential for increased TAF exposure in the two subjects on concomitant Pgp 
inhibitors, subject 0407-4031 had the highest Cmax and AUC in the 25 mg dose group on day 1 
and day 10, and subject 0698-4010 had the highest Cmax and AUC in the 40 mg dose group on 
day 1 and the second highest on day 2 (Table 6). TAF was detected for only 4 hours postdose in 
this study, compared to up to 8 hours postdose in other studies. Using a power model, TAF AUC 
and Cmax increased more than proportionally with dose (Table 7), consistent with an exploratory 
analysis (Table 8). 
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Figure 1. Single dose TAF plasma concentration-time profiles. 

Figure 2. Multiple dose TAF plasma concentration-time profiles. 
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Figure 4. Day 10 TFV plasma concentration-time profiles. 

Table 9. Day 1 and day 10 TFV plasma PK parameters. 
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Intracellular TFV-DP 

TAF is intracellularly converted to TFV and then TFV-DP, which is the active moiety against the 
HIV virus. As the TFV-DP bioanalytical method was not sufficiently validated, definitive 
conclusions cannot be drawn from the TFV-DP PK results. Relative to the TDF group, it does 
appear at day 1 and day 10 that TFV-DP concentrations are similar in the TAF 8 mg group and 
higher in the TAF 25 mg and 40 mg groups (Figure 5, Figure 6, Table 10). 

Figure 5. Day 1 intracellular TFV-DP concentration-time profile. 

Figure 6. Day 10 intracellular TFV-DP concentration-time profile. 
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Table 14. Demographics for study GS-US-120-0109. 
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Pharmacokinetics 

The mean blood-to-plasma ratio of [14C]-radioactivity increased from 0.6 at 0.25 hours postdose 
to 2.4 at 216 hours postdose, suggesting slower clearance from blood cells relative to plasma. In 
plasma, TAF was quantifiable for 6 hours (Figure 9, Table 15), while TFV was quantifiable for 
96 hours (Figure 10, Table 16). Mean ± SD cumulative urinary, fecal, and combined urinary plus 
fecal recovery of total [14C]-radioactivity was 36.2% ± 5.62% (n=8), 47.2% ± 4.62% (n=7 due to 
one subject with insufficient stool samples), and 84.4% ± 2.45%, respectively. 

Figure 9. TAF plasma concentration-time profile. 
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Table 15. TAF plasma PK parameters. 

Figure 10. TFV plasma concentration-time profile. 
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Table 16. TFV plasma PK parameters. 

Plasma samples were pooled across subjects and/or time for analysis of [14C]-TAF and 
metabolites. At the first maximal plasma concentration ~2 hours postdose, TAF was the 
predominant species (72.6% of total radioactivity quantified). At the second maximal plasma 
concentration ~24-48 hours postdose, the predominant species was uric acid (97.6% of total 
quantified radioactivity). Plasma radioactivity AUC over 96 hours contributed by uric acid, TAF, 
and TFV were 73.9%, 1.8%, and 1.5% of the total, respectively. 

Urine samples were pooled across timepoints by subject and analyzed for [14C]-TAF and 
metabolites. Mean ± SD total radioactive dose quantified was 25.8% ± 5.50%, of which TFV, 
uric acid, and TAF comprised 22.2%, 1.93%, and 1.41% of the total radioactive dose, 
respectively. Thus TFV represents 86% of the radioactivity recovered in urine. 

Fecal samples were pooled across timepoints by subject and analyzed for [14C]-TAF and 
metabolites. Mean ± SD total radioactive dose quantified was 31.7% ± 10.5%, with 31.4% of the 
radioactive dose quantified as TFV. Thus TFV represents 99% of the radioactivity recovered in 
feces. Other metabolites were detected in trace amounts. TAF was not detected. 

The tentative TAF biotransformation pathway involves conversion to TFV followed by further 
metabolism via the purine catabolic pathway (Figure 11). 
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Table 20. TFV PK parameters. 

Table 21. Statistical comparison of TFV PK parameters. 

Table 22. TFV-DP PK parameters. 

CV% for mean AUC in the E/C/F/TAF and STB arms were 42% and 83%, respectively. 

Safety 

Common AEs included the following: 

There were no deaths in the study. Overall AEs are summarized below (Table 23). 
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Table 25. Subject demographics. 

Pharmacokinetics 

TAF 

After administration of the E/C/F/TAF FDC or TAF single agent, TAF single- and multiple-dose 
PK was similar (Figure 12, Table 26, Table 27, Table 28). After multiple dosing, there was no 
accumulation of TAF. 
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Figure 12. Mean (SD) TAF steady-state plasma concentration-time profiles. 

Table 26. Single-dose TAF PK parameters. 
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Table 27. Multiple-dose TAF PK parameters. 

Table 28. Comparison of TAF steady-state PK parameters between E/C/F/TAF and TAF single 
agent. 

TFV 

Compared to TFV single agent, TFV AUC in the E/C/F/TAF group was somewhat increased, 
with 90% CIs slightly above 125% (Figure 13, Table 29, Table 30, Table 31). The large 
variability in the F/TAF concentration-time profile at the two hour timepoint was due to one 
subject with a greatly elevated Cmax of ~80 ng/mL (Figure 13). 
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Figure 13. Mean (SD) TFV plasma steady-state concentration-time profiles. 

Table 29. TFV single dose PK parameters. 

NDA 207561 E/C/F/TAF 

Reference ID: 3790589 

37 



   

   

  

 
 

  
 

 
 

 
 

   
   

 
 
 
 
 
 
 
 
 
 
 
 
 

CLINICAL PHARMACOLOGY REVIEW – INDIVIDUAL STUDY REVIEWS
 

Table 30. TFV multiple dose PK parameters. 

Table 31. Comparison of TFV steady-state PK parameters between E/C/F/TAF and TFV single 
agent. 

EVG 

After administration of the E/C/F/TAF FDC or EVG single agent, EVG multiple-dose PK was 
similar, with 90% CIs within 80-125% (Figure 14, Table 32, Table 33). 
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Figure 14. Mean (SD) EVG steady-state plasma concentration-time profiles. 

Table 32. EVG multiple-dose PK parameters. 
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Table 33. Comparison of EVG steady-state PK parameters between E/C/F/TAF and EVG single 
agent. 

COBI 

After administration of the E/C/F/TAF FDC or COBI single agent, COBI multiple-dose PK was 
similar, with only the 90% CI for Ctau being slightly above 125% (Figure 15, Table 34, Table 
35). 

Figure 15. Mean (SD) COBI steady-state plasma concentration-time profiles. 
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Table 34. COBI multiple dose PK parameters. 

Table 35. Comparison of COBI steady-state PK parameters between E/C/F/TAF and COBI 
single agent. 

FTC 

After administration of the E/C/F/TAF FDC or FTCsingle agent, FTC multiple-dose PK was 
similar, with only the 90% CI for Ctau being slightly above 125% (Figure 16, Table 36, Table 
37). 
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Figure 16. Mean (SD) FTC steady-state plasma concentration-time profiles. 

Table 36. Steady-state FTC PK parameters. 
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Table 37. Comparison of FTC steady-state PK parameters between E/C/F/TAF and FTC single 
agent. 

Antiviral activity 

At Week 24, 91.3% of subjects (21 of 23) in the Week 24 full analysis set had virologic success 
(FDA snapshot algorithm, HIV-1 RNA < 50 copies/mL) (Table 38). 

Table 38. Week 24 antiviral activity. 

Safety 

AEs considered related to study drug included one subject who reveived EVG/c and reported 
pruritus, and one subject who received F/TAF and reported dermatitis. There were no SAEs. No 
subject prematurely discontinued due to an AE. 
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Table 42. PK comparison of adolescents versus adults (HIV-infected plus HIV-uninfected). 
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Figure 17. EVG Ctrough by population. 

Figure prepared by reviewer. HV=healthy volunteers. 
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Table 43. PK comparison of adolescents versus HIV-infected adults. 
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Table 46. Demographics. 
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Pharmacokinetics 

Relative to healthy controls, subjects with severe renal impairment had TAF AUC increased 92% 
and Cmax increased 80% (Table 47, Table 48); renal clearance was reduced 88% (Table 49). 
Relative to healthy controls, subjects with severe renal impairment had TFV AUC increased 5.7­
fold (Table 50, Table 51); renal clearance was reduced 75% (Table 52). 

Table 47. TAF plasma PK. 

Table 48. Statistical comparison of TAF plasma PK. 

Table 49. TAF Urine PK. 
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Table 50. TFV plasma PK. 

Table 51. Statistical comparison of TFV plasma PK. 

Table 52. TFV urine PK. 

Safety 

AEs were reported by >40% of subjects in both groups (Table 53). There were no AEs causing 
discontinuation, deaths, or SAEs during the study. 
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(b) (4)
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Table 55. Subject demographics. 

Source: sponsor’s analysis. 

Pharmacokinetics 

TAF and TFV AUC were <13% in mild and moderate hepatic impairment and variability was 
generally higher in hepatic impairment; Cmax was similarly affected in all cases (Table 56). All 
subjects were included in the PK analyses. TAF and TFV protein binding were not significantly 
altered by mild to moderate hepatic impairment (Table 57). There were no apparent graphical 
relationships between TAF and TFV AUC and Cmax and CPT score. 

As there were no PK difference betwee normal and hepatically impaired subjects, urine samples 
were not analyzed. 
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Table 60. Subject demographics. 

Pharmacokinetics 

After a single dose, the components of E/C/F/TAF generally had increased exposures (Cmax 
being most sensitive), with 90% CIs of TAF and TFV not including zero (Table 61, Table 62, 
Table 64, Table 66, Table 68, Table 70). After multiple dosing, all components of E/C/F/TAF 
had decreased exposures (Cmin being most sensitive), with 90% CIs of COBI, FTC, and TFV 
not including zero (Table 61, Table 63, Table 65, Table 67, Table 69, Table 71). After a single 
dose, one Caucasian subject had an EVG Cmin below the its protein-adjusted IC95 value for 
inhibition of HIV-1 virus [45 ng/mL]; no subjects had an EVG Cmin below the IC95 after 
multiple dosing.  
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Table 66. Single dose FTC PK. 

Table 67. Multiple dose FTC PK. 

Table 68. Single dose TAF PK. 

Table 69. Multiple dose TAF PK. 

Table 70. Single dose TFV PK. 
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Table 76. Baseline versus week 2/4/8 or week 24 visit aGFR values. 

Pharmacokinetics 

With the exception of COBI Cmin, which was highly variable, in all cases exposures were 
increased in the eGFRCG<50 mL/min group relative to the eGFRCG≥50 mL/min group (Table 77, 
Table 78, Table 79, Table 80). Similarly, compared to HIV-infected subjects with normal renal 
function, exposures were generally increased in both eGFRCG groups; in particular, in subjects 
with eGFRCG<50 mL/min,  FTC and TFV AUC were increased >2-fold (Table 81, Table 82). 

Table 77. TAF PK by eGFR group. 

Table 78. TFV PK by eGFR group. 
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Table 90. EVG PK. 

Source: sponsor’s analysis. 

Steady-state COBI exposures were reduced when coadministered with EVG+CBZ (Table 91). 
Median half-life was reduced from 3.8 h to 3.1 h when coadministered with EVG+CBZ. All PK 
parameters decreased in each subject. 

Table 91. COBI PK. 

Source: sponsor’s analysis. 

Steady-state CBZ exposures were increased when coadministered with EVG+COBI (Table 92). 
All PK parameters increased in each subject. 
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The effect of COBI on EVG, CBZ, and CBZE PK were consistent with COBI being a known 
CYP3A inhibition. The effect of CBZ on COBI and EVG PK were consistent CBZ being a 
known CYP3A inducer. 

When coadministered with COBI+CBZ, mean EVG Ctau was below its protein-adjusted IC95 

value for inhibition of HIV-1 virus [45 ng/mL], the parameter most associated with antiviral 
activity.7 Adult therapeutic levels of CBZ are 4-12 µg/mL. Per the CBZ label, when given with 
CYP3A inhibitors, close monitoring of CBZ levels in recommended and dose adjustment may be 
required.8 COBI concentrations were also affected by CBZ, which in turn affects TAF and TFV 
concentrations through effects on Pgp. Due to reduced EVG Cmin (below its target 
concentration) and reduced COBI exposures (and likely but unconfirmed reduced TAF and TFV 
exposures), we agree with the sponsor’s recommendation to contraindicate the use of E/C/F/TAF 
with CBZ. 

Conclusions and label recommendations 

We agree with the proposal in section 4 of the E/C/F/TAF label to contraindicate the use of 
E/C/F/TAF with CBZ. 
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Table 95. Demographics. 

Pharmacokinetics 

Relative to the fasted condition, TAF AUCinf was increased 15% and 18% with a light meal and 
high calorie meal, respectively; TAF Cmax was decreased 32% and 37%, respectively (Table 96, 
Table 97). Relative to the fasted condition, TFV AUCinf was increased 14% and 13% with a 
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light meal and high calorie meal, respectively, while TFV AUClast was unchanged in both fed 
conditions; TFV Cmax was decreased 16% in both fed conditions (Table 98, Table 99). 

Table 96. TAF PK by meal condition. 

Table 97. Statistical comparison of TAF PK by meal condition. 
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TFV-DP was measured as a secondary endpoint in a subset of 10 subjects, with one 2 hour 
postdose sample per subject. This data was not reviewed as there was insufficient data to draw 
any conclusions regarding food effect. 

In subjects administered E/C/F/TAF or its components as single agents with food in cross-over 
study 292-0103, PK was comparable for the components of E/C/F/TAF versus single agents, 
suggesting no formulation-related difference in food effect for E/C/F/TAF versus single agents. 

Given the lack of known TAF and TFV exposure-response relationships in subjects administered 
E/C/F/TAF, the TAF and TFV exposure changes observed when given with meals are not 
considered to be clinically significant. EVG and COBI are recommended to be administered with 
food, while FTC and TDF may be taken without regard to food. We agree with the 
recommendation in the E/C/F/TAF label which recommends administration with food. 
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Table 101. Demographics. 

Pharmacokinetics 

Percent changes in PK parameters of each analyte in the E/C/F/TAF + sertraline (test) period 
compared to the E/C/F/TAF (reference) period are summarized in Table 102. Percent changes 
were <16% for each analyte/parameter. 
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Table 104. Demographics. 
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CLINICAL PHARMACOLOGY REVIEW – INDIVIDUAL STUDY REVIEWS 

The sponsor classified TAF as a weak CYP3A inhibitor. As E/C/F/TAF contains COBI, a strong 
CYP3A inhibitor, TAF is not expected to result in addition CYP3A inhibition. 

Label recommendations 

Section 7.2 of the E/C/F/TAF label describes the potential for E/C/F/TAF to affect other drugs. 
We agree with the decision to only describe the effects of COBI on enzymes and transporters in 
this section. 
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Table 108. %Change Values for Time- and Cofactor-Dependent Inhibition of Major Human 
Hepatic Microsomal CYP Enzymes by TAF. 

Label recommendations 

Section 7.2 of the E/C/F/TAF label describes the potential for E/C/F/TAF to affect other drugs. 
We agree with the decision to only describe the effects of COBI on enzymes and transporters in 
this section. 
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Table 110. Human AhR Activation by TAF and Positive Control. 

Discussion/Conclusion 

The positive controls chosen were recommended for evaluating induction of CYP1A2 (β­
naphtholflavone), along with CYP2C8, 2C9, 2C19, and 3A4 (rifampicin).11 

Label recommendations 

Section 7.2 of the E/C/F/TAF label describes the potential for E/C/F/TAF to affect other drugs. 
We agree with the decision to only describe the effects of COBI on enzymes and transporters in 
this section. 
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Table 112. Enzyme Methods for P450-Mediated Metabolite Formation. 

Induction was calculated using the following equations: 
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Results
 

Demographics of hepatocyte donors are described in Table 113.
 

Table 113. Detail of Human Donors Used in the Study. 


Across three donors, TAF 1 µM resulted in ≤3% of positive control CYP1A2, 2B6, and 3A 
induction as assessed by mRNA expression and CYP1A2 activity. In addition, TAF 1 µM 
resulted in ≤5% of positive control UGT1A1 and Pgp induction as assessed by mRNA 
expression. Thus TAF is unlikely to be an in vivo inducer of CYP1A2, CYP2B6, CYP3A, 
UGT1A1, or Pgp. 

Label recommendations 

Section 7.2 of the E/C/F/TAF label describes the potential for E/C/F/TAF to affect other drugs. 
We agree with the decision to only describe the effects of COBI on enzymes and transporters in 
this section. 
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Table 115. Inhibition of OATP1B1/1B3-Mediated Transport of Fluo3, BCRP-Mediated 
Transport of Pheophorbide A, and Pgp-Mediated Transport of Calcein AM by TAF and Control 
Compounds. 

Label recommendations 

Section 7.2 of the E/C/F/TAF label describes the potential for E/C/F/TAF to affect other drugs. 
We agree with the decision to only describe the effects of COBI on enzymes and transporters in 
this section. 

NDA 207561 E/C/F/TAF 

Reference ID: 3790589 

125 





    
 

   
 

  

 
 

 
 

 
 

 
  

 
  

 

 
 

 
 

 
   

 
 

  
 
 
 

CLINICAL PHARMACOLOGY REVIEW – INDIVIDUAL STUDY REVIEWS
 

BSEP fractional transporter activity was calculated as follows: 

Where TA=TAF 

The amount of substrate inside the cells was determined by liquid scintillation/fluorescence. 

Results 

Inhibition data is summarized in Table 117. 

Table 117. Inhibition of Human BSEP, OCT1, OCT2, OAT1, OAT3 and MATE1 Transporters 
by TAF. 

Conclusions 

Tenofovir alafenamide weakly inhibited BSEP, MATE1, OCT1, OAT3 and OAT1 activity by 
43%, 34%, 26%, 16% and 8%, respectively, at the highest concentration tested (100 µM). No 
transporter specific inhibition of OCT2 was observed for TAF when tested at up to 100 µM. 
TAF was found not to be a substrate for OCT1 based on no transporter specific accumulation of 
TAF in the OCT1 transporter-expressing cells. 
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Label recommendations 

Section 7.2 of the E/C/F/TAF label describes the potential for E/C/F/TAF to affect other drugs. 
We agree with the decision to only describe the effects of COBI on enzymes and transporters in 
this section. 
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4.4 Drug-drug interactions 

4.4.1	 AD-120-2013 - Effect of GS-9350 on the Bidirectional Permeability of TAF Through 
Caco-2 Cells 

This study was not reviewed because the interaction between GS-9350 and TAF was evaluated 
in human study GS-US-311-0101. 
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5.2 Pharmacometrics Review 
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Figure 2. TAF VPC (Model 412). 

The lines show median (red), and the 5th and 95th percentiles (blue) of the observed 
concentrations. The shaded regions show the 90% confidence intervals on these quantities 
obtained by simulations. The simulated values were computed from 100 simulations with dosing, 
sampling, and the covariate values of the analysis dataset. 

NDA 207561 Page 8
 

Reference ID: 3790589
 



   

  

 
   

 
 

  
 

  
    

   
 

   
  

 
  

  
 
 

PHARMACOMETRICS REVIEW
 

Table 8. Bootstrap parameter estimates for the TAF final model 412. 

5.3 TFV model 

The final TFV model was a 2-compartment model with sequential zero- and first-order 
absorption. Based on statistical criteria, significant covariates were CrCL, HIV status (infected 
versus healthy), sex, and black race. Parameters were estimated with acceptable precision (Table 
9). Four of nine interindividual variability parameters had shrinkage values >30%. Minimum 
objection function value and PK parameters were nearly identical when the sponsor’s model 
(without modifications) was run at FDA (Table 10). Goodness-of-fit and VPC plots indicated 
good agreement between observed and predicted concentrations, and residual plots were without 
bias (Figure 3, Figure 4). Bootstrap parameter estimates were in close agreement with final 
model parameter estimates (Table 11). 
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Figure 4. TFV prediction-corrected VPC (Model 540). 

The dashed lines show median (red), and the 5th and 95th percentiles (blue) of the observed 
prediction-corrected concentrations. The solid lines show the 90% confidence intervals on these 
quantities obtained by simulations. The simulated values were computed from 100 simulations 
with dosing, sampling, and the covariate values of HIV patients in the analysis dataset. 
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Figure 5. Covariate Effects on TFV Steady-State AUC, Cmax, and Cmin. 

5.4 Joint model 

The joint model results from combination of the TAF and TFV models. The joint model assumes 
100% of TAF is eliminated by conversion to TFV, which is supported by the tentative TAF 
metabolic scheme and the finding that <1.4% of the TAF dose is excreted unchanged. Parameter 
estimates for the joint TAF and TFV model were provided (Table 14); this model could not be 
run in a reasonable amount of time at FDA. In comparison to the separate TAF and TFV models, 
goodness-of-fit plots for the joint model were similar (Figure 1, Figure 3, Figure 6, Figure 7, 
Figure 8, Figure 9). Eight of twelve interindividual variability parameters had shrinkage values 
>30%. 
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PHARMACOMETRICS REVIEW
 

Due to the inability of NONMEM to calculate standard errors of the model parameters, the joint 
model was considered unstable. Comparing the separate and joint models, fixed effect 
parameters were similar with the exception of TFV central volume and intercompartmental 
clearance (Table 15, Table 16). Possible reasons for the inability to calculate standard errors in 
addition to a difference in TFV central volume and intercompartmental clearance are that fewer 
subjects were included in the joint model (only those with both TAF and TFV concentrations 
measured) and the assumption of complete conversion of TAF to TFV. Due to the PK parameters 
being similar between the separate and joint model, and instability of the final model, the 
separate models were considered to be the final model. 

Table 14. Parameter estimates for joint TAF and TFV model (Model 551). 
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