
CENTER FOR DRUG EVALUATION AND 
RESEARCH 

 
 
 

APPLICATION NUMBER: 
 

202276Orig1s000 
 
 

CLINICAL PHARMACOLOGY AND 
BIOPHARMACEUTICS REVIEW(S) 



OFFICE OF CLINICAL PHARMACOLOGY REVIEW ADDENDUM 
 
NDA 202276 
sdn1-13; sdn16; sdn 29 

Submission 
Date(s) 

6/29/11; 8/10/11; 9/15/11; 9/21/11; 
9/28/11; 9/30/11; 10/5/11; 10/20/11; 
10/27/11; 11/3/11; 12/21/11; 4/25/12 

Brand Name Stendra 
Generic Name Avanafil  
Reviewer LaiMing Lee, PhD 
Acting Team Leader  Hyunjin Kim, PharmD, MS 
OCP Division Division of Clinical Pharmacology 3 
OND Division Division of Reproductive and Urologic Products 
Sponsor Vivus, Inc. 
Relevant IND 051235 
Submission Type; Code Original; 1S  
Formulation; Strengths; 
Regimen 

Immediate Release Oral tablet; 50 mg, 100 mg, 200 mg; 100 
mg approximately 30 min before sexual activity on an as 
needed basis, no more than once a day 

Proposed Indication Treatment of erectile dysfunction  
 
1 Executive Summary 
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1.1 Recommendation 
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202276 acceptable. 
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Individual Study Reviews 
 
Study HP-01 
 
Title: A Double-Blind, Ascending Single Oral Dose, Safety, Tolerability and Pharmacokinetic Study of 
TA-1790 (avanafil) in Healthy Male Volunteers 
 
Objectives: The primary objective is to investigate the safety and tolerability of avanafil after a single 
oral administration of 12.5, 25, 50, 100, 200 400, 600, and 800 mg in healthy male subjects. The second 
objective is to assess the PK profile of avanafil and its metabolite in plasma and urine, and to preliminary 
assess the effect of food on its PK profiles.  
 
Methods: This study was a single center, randomized, double-blind, placebo-controlled, 8 single 
ascending doses in 8 parallel groups of healthy male subjects. Seven groups of subjects received a single 
dose under fasting conditions. The 100 mg group has two periods: first single dose of 100 mg under 
fasting conditions, followed a single dose of 100 mg after a high fat (high calorie) meal. There were 6 
subjects per group. Formulation I was evaluated in this study.   
  
Pharmacokinetic Sampling: Blood samples were collected for avanafil determination in plasma 
according to the following schedule: 0 (predose), 15, 30, 45, 60, 75 and 90 min, 2, 3, 4, 6, 8, 12, and 24 
hrs post-dose. Urine samples were collected for avanafil determination according to the following 
schedule: 0 (predose), 0-3, 3-6, 6-12, and 12-24 hrs post-dose. Plasma and urine concentrations and its 
metabolite M2 were analyzed by  using LC-MS/MS.  
 
Results: 
The median Tmax ranged from 0.63 to 1.25 hr. Mean half-life (t1/2) ranged from 6.0 to 20 hrs and varied 
according the dose. AUC0-inf ranged from 381 to 24,457 ng.hr/mL after a dose of 12.5 to 800 mg and 
appeared to be dose proportional from 12.5 to 600 ng.hr/mL. Cmax ranged from 166 to 7249 µg /mL after 
a dose of 12.5 to 800 mg and appeared dose proportional from 12.5 to 600 mg. Concomitant food intake 
decreased the Cmax of avanafil by 24%, increased AUC0-inf (~18% extrapolation from AUC0-t) of 
avanafil by 14%, and delayed Tmax by approximately 1 hr. Based on AUC0-t, the effect of food 
increased exposure by 24%.   
 
The following is the mean (+SD) plasma concentration versus time profiles for avanafil after single oral 
administration of increasing doses of avanafil from 12.5 to 800 mg in healthy male volunteers (sponsor’s 
figure 1) 
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The following table is a summary of geometric mean pharmacokinetic parameters of avanafil in plasma 
following a single dose of avanafil in healthy male subjects (sponsor’s table 10). 

 
 
The following table is a summary of geometric mean pharmacokinetic parameters of avanafil in plasma 
following a single dose of 100 mg avanafil in healthy male subjects under fasted and fed conditions 
(sponsor’s table 12) 
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The following figure is the plasma concentration versus time profile for avanafil after a single oral 
administration of 100 mg avanafil under fasted condition (sponsor’s table 14.4.4) 

 
 
The following figure is the plasma concentration versus time profile for avanafil after a single oral 
administration of 100 mg avanafil under fed condition (sponsor’s table 14.4.5) 
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The Sponsor states the following: 
 Concomitant food intake decreased the Cmax of avanafil by 24% and increased AUC0-inf of avanafil 

by 14%.  
 Absorption of avanafil was rapid and plasma concentrations decline was biexponential with a 

terminal half-life ranging from 6 to 12 hrs, which was not statistically different across dose groups 
 Concentrations of avanafil metabolite M2 were very low thus preventing any further analysis 
 Maximum concentrations of avanafil increased proportionally with the dose between 12.5 and 600 

mg 
 Extent of avanafil absorption increased proportionally with the dose across the entire range of 12.5 to 

800 mg dose tested.  
 
Reviewer’s Comment:  
 Concomitant food intake decreased the Cmax of avanafil by 24%, increased AUC0-inf (~18% 

extrapolation from AUC0-t) of avanafil by 14%, and delayed Tmax by approximately 1 hr. Based on 
AUC0-t, the effect of food increased exposure by 24%.   

 The most common adverse event was headache and was not reported in the placebo group. 
 Urinary excretion of avanafil were all very with the highest measurable amount of 170.3 µg in the 0-3 

hr sample in subject #58 given 800 mg, representing 2.5 % of the administered dose. LLOQ in urine 
was 10 ng/mL and most urine samples were below the LLOQ.  

 Metabolite M2 were below the LLOQ of 2.00 ng/mL. 
 Noted in the PK profile, at doses of 50 mg and higher, return to baseline was not achieved by the last 

blood draw at 24 hrs post-dose.  
 Estimation of terminal half-life was conducted with only 3 to 4 time points (6, 8 , 12, and 24 hrs) after 

the initial elimination phase from 0-6 hrs and is therefore inaccurate estimation of the true terminal 
half-life.  

 Additionally, subject #26 from the 100 mg dose group had an estimated half-life significantly longer 
than others at 49.4 hrs, while subject #48 from the 400 mg dose group had an estimated half-life of 
76.9 hrs.  

 Dose proportionality for Cmax, AUC0-t, and AUC0-inf appeared to be linear for up to 600 mg. The 
sponsor claims a linear increase in AUC0-inf for doses 12.5 to 800 mg; however, there was a small 
increase in exposure (2068 ng.hr/mL) going from 600 to 800 mg representing less than a linear 
increase from 600 to 800 mg as seen with the lower doses.  
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Study TA-02  
 
Title: A Double-Blind, Randomized, Parallel Evaluation of the Pharmacokinetics and Safety of Single 
and Multiple Doses of TA-1790 
 
Objectives: The objective of the study was to evaluate the PK effects of TA-1790 following single and 
multiple tablet dosing and to assess the safety and tolerance of multiple doses of TA-1790 (avanafil).  
 
Methods: This was a randomized, double-blind, single- and multiple-doses, parallel design study. 
Subjects were randomly assigned to one of three treatment groups (A, B, or C) with the drug: placebo 
ratio of 12:4 per group. The study consisted of a single dose PK evaluation over a 72-hr period, followed 
by a multiple dose PK evaluation over a 17-day period. Formulation I was evaluated in this study.  
 
The single dose PK evaluation consisted of subjects receiving a single dose of avanafil on Day 1. During 
Days 1-3, blood samples for avanafil PK were collected, physical exams and vital signs were collected. 
An ECG was performed immediately prior to dosing and 1, 2, 4, 8 and 24 hrs postdose to evaluate QT 
interval. Subjects were in the study clinic for the first 72 hrs (Days 1-3) and then were discharges on Day 
4 with instructions to return in morning to begin the multiple dose PK portion of the study. 
 
On Days 4-17, subjects returned to the study site each morning to receive their daily dose and was 
observed for 2 hrs postdose before being discharged. On the last QD dosing day, subjects returned to the 
clinic for 72 hrs (Days 17-20) of follow-up that consisted of blood collection, physical examination and 
vital signs, including ECG.      
 
The following is a summary of scheduled events for the single and multiple dose study (sponsor’s table 
9.1:1) 
 

 
 
A total of 48 male subjects were enrolled in the study with 46 subjects completing the study. Subject 6 
was dropped from the study by the Investigator due to failure to return to Day 16 events. Subject 16 was 
dropped from the study by the Investigator due to a serious adverse event – pharyngolaryngeal pain. PK 
analysis were conducted on 36 subjects treated with avanafil (N=12 in each group). Of the enrolled 
subjects, the mean age was 41.2 yrs (range: 30-54 yrs), mean height was 69.2 in (range: 61.5-75.0 in), and 
mean weight was 178.9 lbs (range: 134-226 lbs). Of the 46 subjects who completed the study, 28 were 
Caucasian, 14 were Hispanic and 4 were Black.   
 
Treatment A: avanafil 50 mg QD (1 x 50 mg tablet) or placebo 
Treatment B: avanafil 100 mg QD (1x 100 mg tablet) or placebo 
Treatment C: avanafil 200 mg QD (2 x 100 mg tablet) or placebo 
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Avanafil or placebo-matched tablets were given with 240 mL room temperature tap water. 
 
Pharmacokinetic Sampling: Blood samples (5 mL) for single dose PK were collected on Day 1 of the 
study according to the following schedule: (predose), 0.33, 0.67, 1, 1.5, 2, 3, 4, 5, 6, 9, 12, 16, 24, 26, 48, 
60, and 72 hrs. For trough concentrations on Days 10, 15, 16, and 17, blood samples were taken 216, 336, 
and 360 hrs post-Day 1 dose. For multiple dose PK, blood samples were collected for 72 hrs following 
the last (14th) QD dose according to the following schedule:, 383.75, 384.33, 384.67, 385, 385.5, 386, 
387, 388, 389, 390, 393, 396, 400, 408, 420, 432, 444, and 456 hrs post-Day 1 dose. All PK data were 
collected after 12 hrs of fasting.  
 
Results: The selection of doses 50, 100 and 200 mg that were evaluated in this study was based both pre-
clinical pharmacology studies conducted to assess the potency with which avanafil inhibits PDE5 
enzyme, and on clinical trial results demonstrating the safety and PK of single doses of avanafil ranging 
from 12.5 to 800 mg in health male subjects.  
 
Single Dose PK:  
In healthy male subjects given a single dose of avanafil (50, 100 or 200 mg), mean maximum avanafil 
concentrations (Tmax) were reached between 0.6 and 0.7 hr. Single dose half-life (t1/2) ranged from 1.1 to 
1.2 hrs. At the proposed dose of 100 mg, AUC0-t and Cmax is 1.406 µg*hr/mL and 0.871 µg/mL, 
respectively.  
 
The following is the plasma concentration versus time profiles for avanafil (TA-1790) following a single 
dose (sponsor’s figure 14.4.1.1) 

 
 
The following is the plasma concentration versus time profiles for avanafil (TA-1790) following a single 
dose (data replotted by this reviewer) 
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Multiple Dose PK: 
In healthy male subjects given 14 daily doses of avanafil (50, 100 or 200 mg) for 14 days, mean 
maximum avanafil concentrations (Tmax) were reached between 0.6 and 0.7 hr. Elimination half-life (t1/2) 
ranged from 1.3 to 1.5 hrs. At the proposed dose of 100 mg, AUC0-t and Cmax is 1.635 µg*hr/mL and 
0.892 µg/mL, respectively. Accumulation (R) was calculated based Day 17 AUC0-t/Day 1 AUC0-inf. R 
was minimal and ranged from 1.09 to 1.28 for all three doses. A more accurate determination of R would 
be based on AUC0-t on Days 1 and 17 (Day 17 AUC0-t/Day 1 AUC0-t). This reviewer’s calculation of R 
is 1.29, 1.16, and 1.08 for 50, 100, and 200 mg avanafil; however, concentrations of avanafil were not 
measurable after 6 hrs, due to the concentrations being less than LOQ.  
 
The following is the plasma concentration versus time profiles for avanafil (TA-1790) following 14 days 
of daily doses (sponsor’s figure 14.4.1.5) 

 
 
The following is the plasma concentration versus time profiles for avanafil (TA-1790) following 14 days 
of daily doses (data replotted by this reviewer) 
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Blood samples were taken on Days 10, 17, 18, and 19 during the multiple dose study to assess time to 
reach steady state. The sponsor were not able to quantify avanafil following 50, 100, and 200 mg avanafil 
tablets and makes no conclusion about achieving steady state.   
 
Adverse Events 
The number of subjects who reported experiencing adverse events was similar among the three groups 
and placebo. Headache was most frequently reported and was highest in the highest dose group (3 with 50 
mg, 3 with 100 mg, 5 with 200 mg, and 3 with placebo). 
 
The following is a summary of adverse event frequency by treatment group – number of subjects 
reporting the event (% of subjects dosed) (sponsor’s table 14.3.1.1) 
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Study TA-04 
 
Title: A Double-Blind, Randomized, Crossover Evaluation of the Hemodynamic Response to Sublingual 
Glyceryl Trinitrate in Patients Receiving TA-1790, Sildenafil, and Placebo 
 
Objectives: The objective of this study was to evaluate the hemodynamic response to a sublingual dose 
of glyceryl trinitrate in subjects receiving oral avanafil, sildenafil, and placebo. 
 
Methods: This was a single center, double blind, randomized, 3-way crossover study in healthy male 
subjects age 30 to 60 years. Subjects were divided among 5 study groups, with the study groups differing 
in the time interval between treatment with avanafil, sildenafil, or placebo and glyceryl trinitrate 
administration. Group 1: 12 hrs; Group 2: 8 hrs; Group 3: 4 hrs; and Group 5: 30 minutes. Of the 106 
subjects enrolled, eighty-eight subjects completed the study (Group 1:12; Group 2: 16; Group 3: 26; 
Group 4: 24; and Group 5: 24). Subjects were assigned to study groups sequentially and hemodynamic 
results from the previous group were reviewed for serious events before the next group received 
treatment.  
 
Of the 106 male subjects, 55 were Caucasian, 42 were Hispanic, 8 were Black, and 1 was Asian. The 
mean age was 43.4 yrs (range 30 to 60 yrs) and the mean weight was 186.7 lbs. Eight subjects were 
discontinued due to adverse events, 6 subjects were lost to follow-up, 1 subject failed the drug/alcohol 
screen, 1 subject was unable to return, 1 subject withdrew due to personal reasons, and 1 subject was 
withdrawn due to a prolonged QTc at baseline.  
 
Each subject was dosed with avanafil, sildenafil, and placebo in random order. Subjects received a single 
100 mg (2x50 mg capsules) of sildenafil (Pfizer), a single 200 mg (2x100 mg) of avanafil or placebo (2 
capsules). Following the study medication, subjects were challenged with 0.4 mg glyceryl trinitrate 
(Nitrostat®, Parke-Davis)) sublingual tablet. The time intervals between administration of avanafil and 
glyceryl trinitrate varied from 0.5 to 12 hrs. A waiting period between each treatment period was 2 to 10 
days.  
 
Pharmacokinetic Sampling: No blood samples were taken for PK of avanafil 
 
Hemodynamic Endpoint: The following are hemodynamic endpoints: (1) maximum change (post-dose 
maximum decrease (blood pressure) or maximum increase (pulse)) from pre-dose hemodynamic values; 
(2) the mean change in these values from pre-dose across all post-dose time points; and (3) proportion of 
subjects with clinically significant decreases in blood pressure. Clinically significant decreases in blood 
pressure was defined by the sponsor as a decrease in systolic blood pressure of >30 mm HG or a decrease 
in diastolic blood pressure of >20 mm Hg. Symptomatic hypotension were defined as palpitations, 
tachycardia, visual disturbances, blurry vision, nausea, vomiting, dizziness, syncope, hypotension, and 
pallor). Baseline vital signs were done at 3 time points (-15, -10, and -5 min) prior to administration of 
avanafil, sildenafil, or placebo.   
 
Results: The sponsor states that despite statistically significant differences, there were no clinically 
significant treatment differences in mean maximum blood pressure or pulse rate changes from baseline 
for avanafil, compared with placebo, following administration of glyceryl trinitrate. It appears that 
avanafil has slightly greater effect on standing diastolic blood pressure, compared to placebo. Overall, the 
effect on blood pressure and pulse rate from avanafil + glyceryl trinitrate or sildenafil + glyceryl trinitrate 
appears to be slightly greater than placebo + glyceryl trinitrate. The avanafil dose evaluated in this study 
is a single 200 mg dose, which is higher than the proposed dose of 100 mg. The blood pressure lowering 
effect can be significant with repeat dosing, which this study was not designed to evaluate.  
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The standing mean maximum systolic blood pressure decrease appears to be less significant with avanafil, 
compared with sildenafil, especially after 12 hrs of treatment. However, the degree of variability is high 
in both groups. 
 
The following figure is the placebo-subtracted point estimates (with 90% CI) of standing mean maximal 
systolic blood pressure effects of pre-dosing with 200 mg avanafil or 100 mg sildenafil at 0.5, 1, 4, 8, and 
12 hrs before 0.4 mg glyceryl trinitrate (sponsor’s figure 5) 

 
 
The following figure is the placebo-subtracted point estimates (with 90% CI) of standing mean maximal 
diastolic blood pressure effects of pre-dosing with 200 mg avanafil or 100 mg sildenafil at 0.5, 1, 4, 8, 
and 12 hrs before 0.4 mg glyceryl trinitrate (sponsor’s figure 7) 

 
 
The following table is the mean maximum change from pre-dose to post-dose in systolic and diastolic 
blood pressure (mm Hg) and pulse (bpm) by study group following glyceryl trinitrate administration 
(sponsor’s table 4) 
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The mean maximum change in systolic and diastolic blood pressure (SBP and DBP) occurred in Group 5 
- 30 min between administration of avanafil and glyceryl trinitrate. The mean maximum change from 
predose to postdose in sitting SBP was -19.2, -17.8, and -14.3 mmHg in subjects given avanafil, 
sildenafil, and placebo, followed by glyceryl trinitrate 0.5 hr later. The difference observed with avanafil 
and sildenafil was determined to be statistically significant from placebo. The mean maximum change 
from predose to postdose in standing SBP was -24.1, -24.8, and -22.7 mmHg in subjects given avanafil, 
sildenafil, and placebo, followed by glyceryl trinitrate 0.5 hr later. The difference between treatment 
groups and placebo are not statistically different.  
 
The mean maximum change from predose to postdose in sitting SDP was -16.7, -17.4, and -14.3 mmHg 
in subjects given avanafil, sildenafil, and placebo, followed by glyceryl trinitrate 0.5 hr later. The mean 
maximum change from predose to postdose in standing SDP was -21.5, -20.3, and -17.5 mmHg in 
subjects given avanafil, sildenafil, and placebo, followed by glyceryl trinitrate 0.5 hr later. Only the 
change in standing DBP with avanafil + glyceryl trinitrate co-administration was statistically different 
from placebo + glyceryl trinitrate. 
 
The mean maximum change in pulse rate occurred in Group 2 - 8 hrs between administration of avanafil 
and glyceryl trinitrate. The mean maximum change from predose to postdose in sitting pulse rate was 
18.6, 15.7, and 19.1 bpm in subjects given avanafil, sildenafil, and placebo, followed by glyceryl trinitrate 
0.5 hr later. The mean maximum change from predose to postdose in standing pulse rate was 19.8, 24.7, 
and 16.8 bpm in subjects given avanafil, sildenafil, and placebo, followed by glyceryl trinitrate 0.5 hr 
later. Only the change in standing pulse rate with sildenafil + glyceryl trinitrate co-administration was 
statistically different from placebo + glyceryl trinitrate. 
 
The following table is the mean change from pre-dose to post-dose in systolic and diastolic blood pressure 
(mm Hg) and pulse (bpm) by study group following glyceryl trinitrate administration (sponsor’s table 4) 
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Before administration of glyceryl trinitrate, few subjects exhibited decreases in blood pressure. With the 
administration of glyceryl trinitrate, the number of subjects with symptomatic hypotension increased in 
subjects who received avanafil, compared to placebo, and was not different from subjects given sildenafil. 
There was no difference between treatment groups based on the time of administration of avanafil, 
sildenafil or placebo and glyceryl trinitrate. Overall, the potentiation of hypotension is a concern in 
patients requiring sublingual glyceryl trinitrate and taking avanafil. 
 
The following table summarizes the number of subjects with symptomatic hypotension adverse events 
after administration of glyceryl trinitrate (sponsor’s table 10). 
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Study TA-07 
 
Title: A Study to Assess the Pharmacokinetic Parameters of Avanafil Administered Twice Daily in 
Healthy Men 
 
Objectives: The objective of this study was to assess the single dose PK and steady-state PK of avanafil 
following twice daily (BID) dosing in healthy men.  
 
Methods: This was a single center, non-randomized, non-blinded study to assess and compare the single 
dose PK and the steady-state PK of 200 mg avanafil taken BID at 12-hr intervals in healthy male subjects. 
The 200 mg dose was chosen because the sponsor noted that 200 mg was likely the maximum dose. 
Fifteen subjects healthy male (1 Black, 4 Caucasian, and 10 Hispanic) subjects with a mean age of 40 
years (30 and 55 years) were enrolled; 13 completed the study. On Day 1, subjects were given a single 
200 mg oral dose of avanafil (2 x 100 mg tablets) followed by a 48-hr washout period. On the morning of 
Day 3, subjects then received 200 mg avanafil (2 x 100 mg tablets) every 12 hrs (BID) for 7 days (Days 
3-9), followed by a single dose on Day 10. Avanafil tablets were administered orally with 240 mL water. 
Formulation I was evaluated in this study. 
 
Pharmacokinetic Sampling: Blood samples for single-dose PK were taken at baseline (pre-dose) and at 
5, 10, 20, 30, 40, 50 60, 90 120, and 180 min and 4, 6, 8, 12, 16, 24, 36, and 48 hrs post-dose on Day 1. 
Blood sampling was done prior to morning dosing only on Days 3-9. Blood samples for assessment of 
steady-state PK were drawn at baseline (pre-dose) and at 5, 10, 20, 30, 40, 50, 60, 90, 120, and 180 min 
and 4, 6, 8, 12, 16, 24, 36, and 48 hrs post-dose on Day 10.  
 
Results: Compared to single-dose PK, steady-state PK parameters of avanafil were slightly higher with a 
small degree of accumulation. Steady-state was reached by 24 hrs following the initiation of BID dosing.   
 
The following figure is the arithmetic mean (SD) of plasma avanafil versus time on Day 1 (sponsor’s 
figure 14.4.2) 

 
 
 
The following figure is the arithmetic mean (SD) of plasma avanafil versus time on Day 10 (sponsor’s 
figure 14.4.5) 
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Median tmax after a single-dose (Day 1) and at steady-state (Day 10) were similar at 0.5 hrs. Mean (SD) 
t1/2 was 8.13 (4.12) and 9.08 (4.09) hrs after a single dose (Day 1) and multiple dosing (Day 10), 
respectively.  
 
Mean (SD) Cmax was 3150 (1290) and 3490 (1200) ng/mL after a single dose (Day 1) and after 7 days of 
BID dosing (Day 10) of avanafil, respectively. The geometric mean ratio for Cmax is 1.20. 
 
Mean (SD) AUC0-t was 8108 (3136) and 9594 (2658) ng*hr/mL after a single dose (Day 1) and after 7 
days of BID dosing (Day 10) of avanafil, respectively. The geometric mean ratio for AUC0-t is 1.26.  
 
Mean (SD) AUC0-inf was 8200 (3084) and 9928 (2709) ng*hr/mL after a single dose (Day 1) and after 7 
days of BID dosing (Day 10) of avanafil, respectively. The geometric mean ratio for AUC0-inf is 1.28.   
 
The accumulation ratio (RAAUC), calculated as AUC0-t, Day 10/AUC0-12, Day 1 is 1.24. The accumulation index 
(AI), calculated as AUC0-t, Day 10/AUC0-inf, Day 1 is 1.07.  
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The following table summarizes the single-dose and steady-state mean (+SD) PK parameters of avanafil 
(sponsor’s table 11.4.1.2:1) 

 
 
Based on the mean trough (pre-dose) avanafil concentration of approximately 150 ng/mL in the following 
table and the concentration versus time profile in the following figure, it appears that steady-state is 
reached on Day 4 (24 hrs after beginning BID dosing). This reviewer concurs that steady-state is reached 
by 24 hrs after BID dosing.  
 
The following table is the pre-dose plasma avanafil concentrations (ng/mL) following multiple oral 
administrations of 200 mg avanafil from Day 3-10 (sponsor’s table 14.2.6) 
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The following figure is the mean pre-dose plasma avanafil concentrations versus time following BID dose 
administrations on Days 3-10 (sponsor’s figure 11.4.1.3:1) 

 
 
The sponsor confirmed that steady-state concentrations were obtained on Day 4 with statistical analysis - 
regressing pre-dose plasma avanafil concentrations with time. If steady-state is reached, slope of line 
through the trough points should be zero or near zero (horizontal) and not statistically different from zero. 
This reviewer concurs that steady-state is reached by 24 hrs after BID dosing on Day 4 and that the 
statistical analysis demonstrates that there is no difference in the trough concentrations from Day 4 
through Day 10.  
   
The following table is the steady-state assessment of plasma avanafil concentrations following BID dose 
administration (sponsor’s table 11.4.1.3:1) 

 
 
 
Safety:  
Two subjects (#9 and #12) withdrew from the study due to adverse events possibly-related to the  
treatment. Adverse events consisted of bilateral eye redness, blurred vision, bilateral hamstring cramping, 
low back pain, testicular pain, difficulty sleeping, and acidic stomach.  
 
The most frequent adverse event in the single dose and BID dosing groups was headache. After headache, 
back pain, muscle pain, and pain in extremity were most prominent in the 200 mg BID group. Compared 
to one single administration of 200 mg avanafil, it appears as though twice daily administered of 200 mg 
avanafil resulted in significantly more adverse events such as insomnia, cough, dyspnea, nasal congestion, 
and rhinorrhea.   
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Study TA-011 
 
Title: A Phase I, Single-Center, Open-Label, Randomized, One-Sequence Crossover, Three Parallel 
Group Study to Evaluate the Effect of Ketoconazole, Ritonavir and Erythromycin on the Safety and 
Pharmacokinetics of Avanafil (TA-1790) in Healthy Male Subjects 
 
Objectives: The objectives of this study were to assess the effect of co-administration of ketoconazole, 
ritonavir or erythromycin on the PK of avanafil and evaluate the safety of avanafil when co-administered 
with ketoconazole, ritonavir or erythromycin.  
 
Methods: This was an open-label, randomized, one-sequence crossover, three-way parallel study. Forty-
four male subjects were enrolled with 41 subjects having completed the study (1 subject from Group 1 
failed drug screening and 2 subjects from Group 3 left the study for personal reasons).  There were13-15 
subjects per treatment group. All 44 subjects were included in the safety analyses and in the analysis of 
the PK parameters for avanafil, M4 and M16.  Of the forty-four subjects, 36 were Caucasian, 3 were 
Black, 3 were Hispanic, 1 was American Indian, and 1 Asian. The mean age for all subjects was 27.9 yrs 
(range 21-43 yrs) and the mean weight was 79.1 kg (range 59.4-98.9 kg). 
 
On Day -1, subjects checked into the study clinic. On Day 1 after an overnight fast of at least eight hrs, 
subjects were dosed with a single dose (50 mg or 200 mg) of avanafil. On Day 2, subjects were permitted 
to leave the study site and then return to the site for administration of ketoconazole, erythromycin, or 
ritonavir (morning and evening, if applicable). When the next avanafil dosing was due on Days 6 or 8, 
subjects were required to be checked in the night before (Day 5 for Groups 1 & 2 and Day 7 for Group 3). 
Subjects were randomly assigned to one of three treatment groups: 
 
Group 1: Ketoconazole 400 mg (2 x 200 mg) once daily for 5 days (Days 2-6) and a single 50 mg (1 x 50 
mg) dose of avanafil on Days 1 & 6 

Group 2: Erythromycin 500 mg (2 x 250 mg) every 12 hrs for 5 days (Days 2-6) and a single 200 mg (2 x 
100 mg) dose of avanafil on Days 1 & 6 

Group 3: Ritonavir 300 mg (3 x 100 mg) twice daily (BID) for 1 day (Day 2), 400 mg (4 x 100 mg) BID 
for 1 day (Day 3), 600 mg (6 x 100 mg) BID for 5 days (Days 4-8) and a single 50 mg (1 x 50 mg) dose 
of avanafil on Days 1 & 8 
 
Pharmacokinetic Sampling: Blood samples were taken 0 (30 min predose), 0.25, 0.5, 0.75, 1, 1.25, 1.5, 
2, 3, 4, 8, 12, and 24 hrs postdose to determine plasma avanafil concentrations. For Group 1, blood 
samples to determine plasma ketoconazole concentrations at predose on Days 4 & 5. For Group 2, blood 
samples to determine plasma erythromycin concentrations at predose on the morning and evening of Day 
5. For Group 3, blood samples to determine plasma ritonavir concentrations at predose of Day 7. Steady-
state was assessed by the Helmert’s contrast method analysis of trough concentrations on Days 4, 5, & 6 
for ketoconazole; on Days 5 & 6 for erythromycin; and Days 7 & 8 for ritonavir.   
 
Results: The sponsor concluded from in vitro studies that avanafil is predominately metabolized by 
CYP3A4 and therefore conducted this clinical study to evaluate the effect of concomitant administration 
of CYP3A4 inhibitors and avanafil. Group 1 subjects were given ketoconazole, a strong CYP3A4 
inhibitor, with the 50 mg avanafil - lowest avanafil dose being sought for approval. Group 3 subjects were 
given ritonavir, a potent CYP3A4 inhibitor, with the 50 mg avanafil - lowest avanafil dose being sought 
for approval. Group 2 subjects were given erythromycin, a moderate CYP3A4 inhibitor, with 200 mg 
avanafil – the highest avanafil dose sought for approval. The sponsor did not evaluate the affect of a mild 
CYP3A4 inhibitor on avanafil PK.  
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Strong CYP3A4 inhibitors ketoconazole and ritonavir increased plasma avanafil PK parameters Cmax, 
AUC0-t, and AUC0-inf by approximately 2 to 3-, 12-, and 12-fold, respectively.  
 
Moderate CYP3A4 inhibitor erythromycin increased plasma avanafil exposure AUC0-t and AUC0-inf to 
a much lower extent, compare to ketoconazole and ritonavir. Cmax, AUC0-t, and AUC0-inf by 
approximately 2-, 3.5-, and 3.6-fold, respectively, following avanafil and erythromycin co-administration.  
 
Strong CYP3A4 inhibitor - Ketoconazole & Avanafil (Group 1) 
The following figure is the geometric mean (SD) plasma avanafil concentrations vs time profile on Day 1 
following 50 mg avanafil and Day 6 following 50 mg avanafil and ketoconazole (sponsor’s figure 
14.4.1.1)  

 
 
The following is the arithmetic mean (SD) and geometric mean PK parameters for plasma avanafil 50 mg 
on Day 1 and Day 6 following avanafil and ketoconazole (sponsor’s table 4) 
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The arithmetic mean Cmax of avanafil increased 3.1-fold from 535 to 1660 ng/mL when avanafil was co-
administered with ketoconazole, compared to avanafil alone.  
 
The arithmetic mean AUC0-t of avanafil increased 12.5-fold from 1040 to 13000 ng.hr/mL when avanafil 
was co-administered with ketoconazole, compared to avanafil alone.  
 
The arithmetic mean AUC0-inf of avanafil increased 12.8-fold from 1130 to 14500 ng.hr/mL when 
avanafil was co-administered with ketoconazole, compared to avanafil alone.  
 
The median tmax increased by 0.5 hr from 0.5 to 1.0 hr when avanafil was co-administered with 
ketoconazole, compared to avanafil alone.  
 
The arithmetic mean t1/2 increased by 6.7 hrs from 1.8 to 8.5 hrs when avanafil was co-administered with 
ketoconazole, compared to avanafil alone.  
 
Potent CYP3A4 inhibitor - Ritonavir & Avanafil (Group 3) 
The following figure is the geometric mean (SD) plasma avanafil concentrations vs time profile on Day 1 
following 50 mg avanafil and Day 8 following 50 mg avanafil and ritonavir (sponsor’s figure 14.4.3.1)  

 
 
The following is the arithmetic mean (SD) and geometric mean PK parameters for plasma avanafil 50 mg 
on Day 1 and Day 6 following avanafil and ritonavir (sponsor’s table 24) 
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The arithmetic mean Cmax of avanafil increased 2.4-fold from 568 to 1360 ng/mL when avanafil was co-
administered with ritonavir, compared to avanafil alone.  
 
The arithmetic mean AUC0-t of avanafil increased 12.2-fold from 935 to 11400 ng.hr/mL when avanafil 
was co-administered with ritonavir, compared to avanafil alone.  
 
The arithmetic mean AUC0-inf of avanafil increased 12.8-fold from 1050 to 13200 ng.hr/mL when 
avanafil was co-administered with ritonavir, compared to avanafil alone.  
 
The median tmax increased by 1.0 hr from 0.5 to 1.5 hr when avanafil was co-administered with ritonavir, 
compared to avanafil alone.  
 
The arithmetic mean t1/2 increased by 7.4 hrs from 1.4 to 8.8 hrs when avanafil was co-administered with 
ritonavir, compared to avanafil alone.  
 
Moderate CYP3A4 inhibitor – Erythromycin & Avanafil (Group 2) 
The following figure is the geometric mean (SD) plasma avanafil concentrations vs time profile on Day 1 
following 200 mg avanafil and Day 6 following 200 mg avanafil and erythromycin (sponsor’s figure 
14.4.2.1)  
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The following is the arithmetic mean (SD) and geometric mean PK parameters for plasma avanafil 2000 
mg on Day 1 and Day 6 following avanafil and erythromycin (sponsor’s table 14) 

 
 
The arithmetic mean Cmax of avanafil increased 2.0-fold from 2030 to 4230 ng/mL when avanafil was 
co-administered with erythromycin, compared to avanafil alone.  
 
The arithmetic mean AUC0-t of avanafil increased 3.5-fold from 4690 to 16400 ng.hr/mL when avanafil 
was co-administered with erythromycin, compared to avanafil alone.  
 
The arithmetic mean AUC0-inf of avanafil increased 3.6-fold from 5120 to 18300 ng.hr/mL when 
avanafil was co-administered with erythromycin, compared to avanafil alone.  
 
The median tmax increased by 0.25 hr from 0.5 to 0.75 hr when avanafil was co-administered with 
erythromycin, compared to avanafil alone.  
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The arithmetic mean t1/2 increased by 5.7 hrs from 2.4 to 8.1 hrs when avanafil was co-administered with 
rythromycin, compared to avanafil alone.  
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Study TA-012 
 
Title: A Phase I, Open Label, Non-Randomized, Single-Dose, Parallel-Cohort, Matched-Control Study to 
Evaluate the Pharmacokinetics and Safety of Avanafil (TA-1790) In Subjects With Hepatic Impairment 
and in Healthy Control Male Subjects 
 
Objectives: The primary objective of this study was to assess a single 200 mg (1 x 200 mg) dose PK of 
avanafil in subjects with hepatic impairment and in healthy control subjects. The secondary objectives 
were evaluate the safety and tolerability of avanafil in subjects with hepatic impairment. 
 
Methods: This was an open-label, non-randomized, single-dose, parallel-cohort, matched-control study. 
Subjects in Cohorts 1 and 2 were matched to the subjects in the moderate hepatic group (Cohort 3) with 
respect to age and body weight. There were 24 subjects (21 were White/Caucasian and 3 Black/African 
American). The mean age of all 24 subjects was 58.0, 57.3, and 58.6 yrs (range 45-69 yrs) for Cohorts 1, 
2, 3, respectively. The mean weight was 72.1 kg (range 62.0-87.2 kg). Subjects were given a single 200 
mg (1 x 200 mg) avanafil, Formulation II (lot # 17TA90090020). 
 
All doses were administered in the morning with 240 mL water following an overnight fast of at least 10 
hrs. Subjects reported to the study clinic the evening before treatment on Day 1 and remained at the site 
until the 24-hr PK sample was taken. Subjects were given a standard meal at approximately 4 and 9 hrs 
after dosing. Eight subjects were assigned to one of three cohorts based on hepatic function: 
 
Cohort 1: Normal Hepatic Function – Child Pugh Class/Score: not applicable 
Cohort 2: Mild Hepatic Impairment – Child Pugh Class A (Score: 5-6) 
Cohort 3: Moderate Hepatic Impairment – Child Pugh Class B (Score: 7-9) 
 
Pharmacokinetic Sampling: Blood samples were taken at 0 (predose), 0.25, 0.5, 0.75, 1, 1.25, 1.5, 2, 3, 
4, 8, 12, 18, and 24 hrs postdose for plasma avanafil, M4, and M16 concentrations. Blood samples were 
collected predose and at 0.5 hrs postdose for determination of avanafil plasma protein binding.  
 
Results: The sponsor assessed the effect of hepatic impairment on the PK of a single 200 mg dose of 
avanafil. The sponsor did not evaluate the affect of severe renal impairment or end stage renal disease on 
PK of avanafil.  
 
Subjects with normal hepatic function and mild hepatic impairment had similar arithmetic mean (SD) 
Cmax, AUC0-t, and AUC0-inf for avanafil. In subjects with mild hepatic impairment, mean (SD) Cmax, 
AUC0-t, and AUC0-inf for avanafil decreased by 2.7%, increased by 7.0%, and increased by 3.8%, 
respectively. Given the degree of inter-subject variability, these changes do not appear to be significant.  
 
In contrast, in subjects with moderate hepatic impairment, the arithmetic mean (SD) Cmax was reduced 
by approximately 51% from 2610 (796) to 1270 (739) ng/mL, compared to healthy subjects with normal 
hepatic function. Arithmetic mean (SD) AUC0-t was reduced by approximately 8.2% from 7960 (2160) 
to 7310 (4210) ng.hr/mL, whereas arithmetic mean (SD) AUC0-inf increased by approximately 11.2% 
from 9260 (2210) to 10300 (4490) ng.hr/mL in subjects with moderate hepatic impairment, compared to 
healthy subjects with normal hepatic function. 
 
Mild headache was the most common AE. It was reported a total of 12 times by 11 (46%) of all subjects: 
5 with normal hepatic function, 3 with mild hepatic impairment, and 3 with moderate hepatic impairment. 
Despite the reduction of approximately 51% in Cmax and 11% increase AUC0-inf in subjects with 
moderate hepatic impairment compared to normal hepatic function, the number and percent of subjects 
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reporting AEs was similar in all three cohorts. Therefore the small changes in avanafil PK in subjects with 
mild and moderate hepatic impairment do not appear to contribute to additional adverse events. Because 
subjects with severe hepatic impairment were not included in this study, avanafil is not recommended for 
use in that population.    
  
The following is the geometric mean (SD) avanafil concentrations vs time profile in subjects with normal 
hepatic function, mild hepatic impairment, and moderate hepatic impairment (sponsor’s figure 2) 

 
The following is the geometric mean (SD) M4 concentrations vs time profile in subjects with normal 
hepatic function, mild hepatic impairment, and moderate hepatic impairment (sponsor’s figure 3) 
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The following is the geometric mean (SD) M16 concentrations vs time profile in subjects with normal 
hepatic function, mild hepatic impairment, and moderate hepatic impairment (sponsor’s figure 4) 

 
 
The following table summarizes the arithmetic mean (SD) and geometric mean PK for avanafil in 
subjects with normal hepatic function, mild hepatic impairment, and moderate hepatic impairment 
(sponsor’s table 3) 
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Subjects with normal hepatic function and mild hepatic impairment had similar arithmetic mean Cmax, 
AUC0-t, and AUC0-inf for avanafil. In subjects with mild hepatic impairment, mean Cmax, AUC0-t, and 
AUC0-inf for avanafil decreased by 2.7%, increased by 7.0%, and increased by 3.8%, respectively. Given 
the degree of inter-subject variability, these changes do not appear to be significant.  
 
In contrast, in subjects with moderate hepatic impairment, the arithmetic mean(SD) Cmax was reduced by 
approximately 51% from 2610 (796) to 1270 (739) ng/mL, compared to healthy subjects with normal 
hepatic function. Arithmetic mean (SD) AUC0-t was reduced by approximately 8.2% from 7960 (2160) 
to 7310 (4210) ng.hr/mL, whereas arithmetic mean (SD) AUC0-inf increased by approximately 11.2% 
from 9260 (2210) to 10300 (4490) ng.hr/mL in subjects with moderate hepatic impairment, compared to 
healthy subjects with normal hepatic function. 
 
The following table is a statistical comparison of geometric LS Means PK parameters for avanafil, M4, 
and M16 from subject with mild hepatic impairment vs normal hepatic function  

 34

Reference ID: 3099646



 
For avanafil, the geometric LS mean ratio for Cmax, AUC0-t, and AUC0-inf was 96%, 105%, and 100%, 
respectively, between subjects with mild hepatic impairment and normal hepatic function.  
 
For M4 (a metabolite of avanafil that accounts for approximately 4% of the pharmacologic activity of 
avanafil), the geometric LS mean ratio for Cmax, AUC0-t, and AUC0-inf was 96.9%, 100%, and 101%, 
respectively, between subjects with mild hepatic impairment and normal hepatic function.   
 
For M16 (a downstream metabolite of M4 with no pharmacologic activity), the geometric LS mean ratio 
for Cmax, AUC0-t, and AUC0-inf was significantly higher at 137%, 130%, and 150%, respectively, 
between subjects with mild hepatic impairment and normal hepatic function. 
 
Tmax was 0.5 hr in both groups. Half-life increased by 0.5 hr from 6.4 to 6.9 hrs in subjects with mild 
hepatic impairment, compared to subjects with normal hepatic function.   
 
The following table is a statistical comparison of PK parameters for avanafil, M4, and M16 from subject 
with moderate hepatic impairment vs normal hepatic function  
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For avanafil, the geometric LS mean ratio for Cmax, AUC0-t, and AUC0-inf was 43%, 81%, and 103%, 
respectively, between subjects with moderate hepatic impairment and normal hepatic function.  
 
For M4, the geometric LS mean ratio for Cmax, AUC0-t, and AUC0-inf was 46%, 69%, and 89%, 
respectively, between subjects with moderate hepatic impairment and normal hepatic function.   
 
For M16, the geometric LS mean ratio for Cmax, AUC0-t, and AUC0-inf was 73%, 108%, and 119%, 
respectively, between subjects with moderate hepatic impairment and normal hepatic function. 
 
Tmax increased by 0.6 hr from 0.5 to 1.1 hrs and t1/2 increased 0.7 hr from 6.4 to 7.1 hrs in subjects with 
moderate hepatic impairment, compared to subjects with normal hepatic function.  
 
The following table summarizes geometric LS mean ratios of PK parameters of M4 and M16 metabolites 
to avanafil (sponsor’s table 21) 

 
The geometric LS mean ratios of M4/avanafil PK parameters Cmax, AUC0-t, and AUC0-inf were similar 
in subjects in all three cohorts and ranged from 18.4 to 27.8%. However, the geometric LS mean ratios of 
M16/avanafil PK parameters Cmax, AUC0-t, and AUC0-inf appears to be higher in subjects with mild 
and moderate hepatic impairment ranging from 26.0 to 44.6%, compared to subjects with normal hepatic 
function with a range of 22.5 to 26.3%.  
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Plasma protein binding for avanafil, M4, and M16 was generally the same irrespective of hepatic 
function. For avanafil and M4, protein binding was high and ranged from 95.5 to 99.1% 0.5 hr after 
avanafil administration. For M16, protein binding was moderate and ranged from 82.6 to 85.7% 0.5 hr 
after avanafil administration.  
 
The following table presents the incidence of treatment-emergent adverse events (AE) by cohort 
(sponsor’s table 22): 

 
 
Mild headache was the most common AE. It was reported a total of 12 times by 11 (46%) of all subjects: 
5 with normal hepatic function, 3 with mild hepatic impairment, and 3 with moderate hepatic impairment.  
 
Despite the reduction of approximately 51% in Cmax and 11% increase AUC0-inf in subjects with 
moderate hepatic impairment compared to normal hepatic function, the number and percent of subjects 
reporting AEs was similar in all three cohorts. Therefore the small changes in avanafil PK in subjects with 
mild and moderate hepatic impairment do not appear to contribute to additional adverse events. Because 
subjects with severe hepatic impairment were not included in this study, avanafil is not recommended for 
use in that population.    
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Study TA-013 
 
Title: A Phase I, Open-Label, Parallel-Group, Single Dose, Non-Randomized Study to Compare the 
Pharmacokinetics of Avanafil in Male Subjects with Mild and Moderate Renal Impairment to Subjects 
with Normal Renal Function 
 
Objectives: The primary objective of this study was to compare the PK of avanafil in subjects with mild 
and moderate renal impairment to subjects with normal renal function. The secondary objective was to 
assess the safety and tolerability of avanafil in subjects with mild and moderate renal impairment. 
 
Methods: The sponsor completed this study in February 2010 before FDA issued the new renal 
impairment guidance in March 2010 with updated classification of chronic kidney disease. At the request 
of this reviewer and the avanafil Clinical team, the sponsor conducted a post-hoc PK analysis of this study 
based on reclassification of subjects according to FDA’s Draft Guidance for Industry Pharmacokinetics in 
Patients with Impaired Renal Function – Study Design, Data Analysis, and Impact on Dosing and 
Labeling (March 2010). According to the new guidance, subjects are categorized to various renal function 
based on the following estimated glomerular filtration rate (eGFR) or estimated creatinine clearance by 
the Cockcroft-Gault equation (CLcr) (guidance table 1) 
 

 
 
This was a single-center, open-label, parallel group, non-randomized, single 200 mg (1 x 200 mg) dose 
PK study in male subjects with varying degrees of renal impairment. Based on post-hoc re-classification 
of renal function based on CLcr, there were 5 subjects with normal renal function, 9 subjects with mild 
renal impairment, and 10 subjects with moderate renal impairment.   
 
The mean age was 61.6, 68.9 and 70.4 yrs (range 52-78 yrs) for Cohort 1, 2, and 3, respectively, 
according to the original classification scheme.  
 
Pharmacokinetic Sampling: Blood samples were taken at 0 (30 min predose), 0.25, 0.5, 0.75, 1, 1.25, 
1.5, 2, 3, 4, 8, 12, 16, and 24 hrs postdose for determination of avanafil and metabolites M4 and M16 
concentrations. Blood samples were collected at 0 and 0.5 hr postdose to assess avanafil plasma protein 
binding.  
 
Results: The sponsor evaluated the affect of mild and moderate renal impairment on avanafil and 
metabolites M4 and M16 PK. The sponsor did not evaluate the affect of severe renal impairment or end 
stage renal disease on PK of avanafil. Overall, there were some small changes in avanafil PK. The most 
prominent change in avanafil PK was in the total exposure in subjects with moderate renal impairment, 
compared to normal renal function; however, given the degree of inter-subject variability, these changes 
do not appear to be significant.    
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Arithmetic mean (SD) Cmax was similar in all three groups: 2870 (1060), 2950 (1090), and 2790 (1010) 
ng/mL in subjects with normal renal function, mild renal impairment, and moderate renal impairment, 
respectively.  
 
Median tmax was similar in all three groups: 0.75, 0.5, and 0.75 hr in subjects with normal renal function, 
mild renal impairment, and moderate renal impairment, respectively.  
 
Arithmetic mean (SD) t1/2 was similar in subjects with normal renal function and mild renal impairment at 
6.4 (4.4) and 6.2 (3.0), respectively. However, mean (SD) t1/2 was reduced by 1.5 hrs from 6.4 (4.4) to 4.9 
(2.2) in subjects with moderate renal impairment, compared to subjects with normal renal function.  
 
Arithmetic mean (SD) AUC0-inf for avanafil decreased by 3.0%  from 8490 (1180) to 8240 (2800) 
ng*hr/mL and increased by approximately 9.1% from 8490 (1180) to 9260 (2920) ng*hr/mL in subjects 
with mild renal impairment and moderate renal impairment, respectively, compared to healthy subjects 
with normal renal function.  
 
Arithmetic mean (SD) and geometric mean PK parameters for avanafil in subjects with normal renal 
function, and mild and moderate renal impairment based on CLcr (sponsor’s table 2, serial 0018) 
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Arithmetic mean (SD) and geometric mean PK parameters for M4 in subjects with normal renal function, 
and mild and moderate renal impairment based on CLcr (sponsor’s table 3, serial 0018) 

 
 
Arithmetic mean (SD) and geometric mean PK parameters for M16 in subjects with normal renal 
function, and mild and moderate renal impairment based on CLcr (sponsor’s table 4, serial 0018) 
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Arithmetic mean (SD) avanafil concentrations vs. time following 200 mg avanafil in subjects with normal 
renal function, and mild and moderate renal impairment based on CLcr (sponsor’s figure 14.4.1.1a) 

 
Arithmetic mean (SD) M4 concentrations vs. time following 200 mg avanafil in subjects with normal 
renal function, and mild and moderate renal impairment (based on CLcr) (sponsor’s figure 14.4.2.1a) 
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Arithmetic mean (SD) M16 concentrations vs. time following 200 mg avanafil in subjects with normal 
renal function, and mild and moderate renal impairment (based on CLcr) (sponsor’s figure 14.4.3.1a) 
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Study TA-014 
 
Title: A Phase I, Single-Center, Open-Label, Non-Randomized, Two-Cohort, Pharmacokinetic Study to 
Assess the Effect of Age on the Pharmacokinetics of Avanafil and to Determine Avanafil Semen 
Exposure and the Acute Effect of Avanafil on Sperm Function in Healthy Young Male Subjects 
Following a Single Oral Dose of 200 mg Avanafil 
 
Objectives: The primary objectives of this study were (1) to determine avanafil semen exposure; (2) to 
determine the acute effect of avanafil on sperm motility, count, density, morphology, vitality, ejaculate 
volume and viscosity; and (3) to assess the effects of age on the PK of avanafil and its metabolites 
following a single oral dose of avanafil. The secondary objectives were to evaluate the safety and 
tolerability of avanafil in healthy young and elderly male subjects. 
 
Methods: This was a single-center, open-label, non-randomized, two-cohort, single 200 mg dose (1 x 200 
mg) PK study in healthy young non-vasectomized (Cohort A) and healthy elderly subjects (Cohort B).    
 
There were 32 subjects who were enrolled and completed the study with 18 subjects enrolled in Cohort A 
(17 Caucasians and 1 Other) and 14 enrolled in Cohort B (14 Caucasians). The mean age was 31.6 yrs 
(range 19-43 yrs) and 72.6 yrs (range 65-80 yrs) for Cohort A and B, respectively. The mean weight was 
73.7 (range 61.7-82.9 kg) and 83.3 (range 69.8-97.1 yrs) for Cohort A and B, respectively.  
 
All study drugs were administered in the morning with 240 mL water after an overnight fast for at least 
10 hrs. Subjects refrained from food until 4 hrs (+30 min) after the morning daily dose of avanafil on the 
PK days (Day 1). Subjects were confined at the clinical site approximately 12-16 hrs prior to avanafil 
dosing and remained at the site until approximately 24 hrs after the avanafil. 
 
Pharmacokinetic Sampling: Blood samples were taken at 0 (30 min predose), 0.25, 0.5, 0.75, 1, 1.5, 2, 
3, 4, 8, 12, 18, and 24 hrs postdose for determination of plasma avanafil, M4, and M16 concentrations. 
Seminal fluid and plasma were collected from Cohort A. Plasma samples were collected from Cohort B. 
 
Sperm Evaluation: Subjects in Cohort A visited the clinic site on Day -4 for a predose semen sample 
collection and sperm function test. On Day 1, semen was collected 1 hr postdose for determination of 
avanafil, metabolites M4 and M16, and sperm function test.  
 
Results: Men treated for ED are generally older; therefore, the sponsor conducted this study to assess 
whether age affects PK of avanafil. PDE5 inhibitors are known to partition to seminal fluid; therefore, the 
sponsor conducted this study to assess avanafil localization in semen compared to plasma, the effect of 
avanafil on sperm motility, count, density, morphology, ejaculate volume and viscosity. This reviewer did 
not review the sperm morphology and count data.    
 
The geometric LS mean ratio for Cmax, AUC0-t, and AUC0-inf between elderly and young subjects was 
100, 112, and 98%, respectively. The 90% confidence intervals of the mean ratios were outside the 80% 
to 125% range, but the overall differences observed between the elderly and young subjects are not 
significantly different given the variability observed between subjects.  
 
Headache was the only adverse event reported by > 10% of the subjects in this study, which was reported 
by 6 of 32 (19%) subjects (4 young subjects and 2 elderly subjects). Other adverse events due to avanafil 
include dizziness, fatigue, and myalgia, but were reported less frequently. Overall, there is no difference 
in the incidence or frequency of adverse events related to avanafil between young and elderly subjects. 
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The mean semen/plasma concentration ratio of avanafil was 0.07 indicating very low fraction of avanafil 
in the semen, compared to plasma. The mean semen/plasma concentration ratio of M4 and M16 was 0.83, 
and 0.74, respectively, indicating that these metabolites are in near equal presence in semen as in plasma. 
The results from this study has limited applicability to long term sperm outcomes primarily due to a 
single administration of avanafil and limited sampling (only one at hr postdose).  
 
Pharmacokinetics in Young vs. Elderly 
The following figure is the arithmetic mean (SD) plasma avanafil concentrations vs time in young and 
elderly subjects (sponsor’s figure 14.4.1.1) 

 
The following table is a summary of arithmetic mean (SD) and geometric mean of avanafil PK 
parameters in young and elderly subjects (sponsor’s table 2) 

 
The arithmetic mean (SD) Cmax for avanafil was similar in young and elderly subjects at 2850 (877) 
ng/mL and 2790 (837), respectively.  
 
The arithmetic mean AUC0-t for avanafil was 1.19-fold higher in elderly subjects, compared to young 
subjects. The arithmetic mean AUC0-inf for avanafil was 1.07-fold higher in elderly subjects, compared 
to young subjects. 
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Median tmax increased by 0.19 hr from 0.56 to 0.75 hr in elderly subjects, compared to young subjects.  
Mean t1/2 decreased by 0.9 hr from 6.5 to 5.6 hrs in elderly subjects, compared to young subjects.   
 
The following tablet is a statistical comparison of geometric LS means of avanafil PK parameters 
between elderly and young subjects (sponsor’s table 4) 

 
The geometric LS mean ratio for Cmax, AUC0-t, and AUC0-inf between elderly and young subjects was 
100, 112, and 98%, respectively. The 90% confidence intervals of the mean ratios were outside the 80% 
to 125% range, but the overall differences observed between the elderly and young subjects are not 
significantly different given the variability observed between subjects.  
 
The following table is a summary of arithmetic mean (SD) and geometric mean of M4 PK parameters in 
young and elderly subjects (sponsor’s table 7) 
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The following table is a summary of arithmetic mean (SD) and geometric mean of M16 PK parameters in 
young and elderly subjects (sponsor’s table 12) 

 
 
Semen Concentration 
The sponsor collected seminal fluid to determine avanafil and metabolite concentrations in seminal fluid 
of young healthy subjects 1 hr administration of 200 mg avanafil. The mean total amount in seminal fluid 
of avanafil, M4, and M16 was 366, 1030, and 1223 ng, respectively. The mean concentration of avanafil, 
M4, and M16 in seminal fluid was 151, 443, and 588 ng/mL, respectively. The mean concentration of 
avanafil, M4, and M16 in plasma was 2290, 531, and 800 ng/mL, respectively. Therefore, the mean 
semen/plasma concentration ratio of avanafil was 0.07 indicating very low fraction of avanafil in the 
semen, compared to plasma. The mean semen/plasma concentration ratio of M4 and M16 was 0.83, and 
0.74, respectively, indicating that these metabolites are in near equal presence in semen as in plasma.   
 
The results from this study has limited applicability to long term sperm outcomes primarily due to a 
single administration of avanafil and limited sampling (only one at hr postdose).  
 
Safety 
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There were no severe adverse events reported in this study and the principal investigator did not 
discontinue any subjects due to an adverse. A total of 19 treatment-emergent adverse events were reported 
by 10 (31%) subjects dosed – 7 (39%) in young subjects (Cohort A) and 3 (21%) in elderly subjects 
(Cohort B). The sponsor considered 10 of the treatment-emergent adverse events to be related to avanafil 
and 9 not related to avanafil. Headache was the only adverse event reported by > 10% of the subjects in 
this study, which was reported by 6 of 32 (19%) subjects (4 young subjects and 2 elderly subjects). Other 
adverse events due to avanafil include dizziness, fatigue, and myalgia, but were reported less frequently. 
Overall, there is no difference in the incidence or frequency of adverse events related to avanafil between 
young and elderly subjects. 
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Study TA-015 
 
Title: A Phase 1, Single-Center, Double-Blind, Randomized, Placebo-Controlled, Three-Period, Three-
Way Crossover Study of the Hemodynamic Interactions of Avanafil and Alcohol in Healthy Male 
Subjects. 
 
Objectives: The primary objective of the study was to investigate the pharmacodynamic effects of 
concomitant administration of avanafil and alcohol on blood pressure and heart rate in healthy male 
subjects. The secondary objective was to assess the safety and tolerability of co-administration of avanafil 
and alcohol in healthy male subjects. 
 
Methods: This was a single center, double-blind, randomized, placebo-controlled, three-period, three-
way crossover study. There were 15 subjects (14 Hispanic and 1 Caucasian) who were enrolled with 14 
completed the study (Subject 7 was discontinued from the study due to elevated blood creatinine 
phosphokinase level at check-in). The mean age of all 15 subjects was 31.9 yrs (range 22-44 yrs) and 
mean weight was 72.1 (range 62.0-87.2 kg) 
 
All doses were administered in the morning following an overnight fast of at least 10 hrs. The prepared 
alcohol or placebo drinks with fruit juice were consumed over a 15-min period. Avanafil or placebo 
tablets were administered at approximately the same time for each treatment with 50 mL of water after 
administering the drink. All subjects were confined to the study unit for approximately 13 hrs prior to 
administration of avanafil and drink and remained confined for approximately 8 hrs following drug 
administration. Alcohol was Everclear grain alcohol (95% alcohol by volume). Food was restricted until 4 
hrs (+30 min) after the morning dose on the Day 1 when pharmacodynamic measurements were taken. 
Subjects were randomized to one of the following three treatments with a washout period of at least five 
days between treatments: 
 
Treatment A: a single oral dose of 1 x 200 mg avanafil tablet plus an oral dose of alcohol mixed with fruit 
juice (0.5 gm of absolute ethanol/kg of body weight) 

Treatment B: a single dose of 1 placebo tablet plus an oral dose of alcohol drink mixed with fruit juice 
(0.5 g of absolute ethanol/kg body weight)  

Treatment C: a single oral dose of 1 x 200 mg avanafil tablet plus an oral dose of placebo drink mixed 
with fruit juice. 

 
Hemodynamic Measurements: Supine blood pressure (BP), including systolic BP (SBP) and diastolic 
BP (DBP), and pulse rate were recorded every 15 min for 4 hrs postdose with DataScope automatic 
system. The primary hemodynamic endpoints were AUEC0-t for supine SBP and DBP, and the maximum 
increase in pulse rate.  
 
Blood Alcohol Analysis: An alcohol breath test was preformed at screening and at Day -1 of each 
treatment. After drug administration on Day 1, blood alcohol concentrations were obtained at 0 (30 
predose), 0.5, 1, 2, 4, 6, and 8 hrs.  
 
Results: The purpose of this study was to compare avanafil and alcohol (Treatment A) versus placebo 
and alcohol (Treatment B) and avanafil and placebo alcohol (Treatment C).  
 
The following figure is the mean (SD) change from baseline for supine SBP vs time (sponsor’s figure 
14.4.1.2) 
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The following figure is the mean (SD) change from baseline for supine DBP vs time (sponsor’s figure 
14.4.1.4) 

 
 
The following figure is the mean (SD) change from baseline for supine pulse rate vs time (sponsor’s 
figure 14.4.1.6) 
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The following table is a summary of the mean supine blood pressures, area under the effect vs time 
curves, and pulse rates by treatment group (sponsor’s table 2) 
 

 
 
The following table is a statistical comparison of the area under the effect vs time curves, and maximum 
changes in supine blood pressure and pulse rate following administration of avanafil + alcohol (Treatment 
A) and placebo + alcohol (Treatment B) (sponsor’s table 3) 
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When comparing avanafil + alcohol and placebo + alcohol, there was no statistically significant effect (p-
value > 0.05) on the maximum mean supine SBP and systolic AUEC0-t. However, despite the lack of 
statistical difference between the two treatment groups, there was a significant difference in the LS means 
of SBP of -3.53 mm Hg and systolic AUEC0-t of -12.48 mmHg*hr in subjects given avanafil + alcohol, 
compared to placebo + alcohol. There were statistically significant changes in the maximum decrease in 
DBP (p-value 0.0454) and diastolic AUEC0-t (p-value 0.0230) with a mean difference in the LS means of 
-4.54 mm Hg and -16.32 mmHg*hr, respectively. This trend was also observed with pulse rate - a 
statistically significant changes in the maximum increase in pulse rate (p-value 0.0454) and pulse rate 
AUEC0-t (p-value 0.0230) with a mean difference in the LS means of +9.3bpm and +25.07 bpm*hr, 
respectively. Overall, there was an additive hypotensive effect from avanafil treatment.  
 
The following table is a statistical comparison of the area under the effect vs time curves, and maximum 
changes in supine blood pressure and pulse rate following administration of avanafil + alcohol (Treatment 
A) and avanafil + placebo alcohol (Treatment C) (sponsor’s table 4) 
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When comparing avanafil + alcohol and avanafil + placebo alcohol, there was no statistically significant 
effect (p-value > 0.05) on the maximum decreases supine SBP/DBP and decreases in systolic and 
diastolic AUEC0-t. Additionally, there was no statistically significant increase in mean pulse rate and 
pulse rate AUEC0-t . However, despite the lack of statistical difference between avanafil + alcohol and 
avanafil + placebo alcohol, there was a significant mean difference in LSM SBP and DBP AUEC0-t of -
5.91 and -12.53 mmHg*hr, respectively,. Additionally, the mean difference in LSM pulse rate AUEC0-t 
was +16.53 bpm*hr with avanafil administration with alcohol, compared to avanafil + placebo alcohol. 
Overall, there was an hypotensive effect from avanafil, irrespective of alcohol co-administration. 
 
The following table is a statistical comparison of the area under the effect vs time curves, and maximum 
changes in supine blood pressure and pulse rate following administration of placebo + alcohol (Treatment 
b) and avanafil + placebo alcohol (Treatment C) (sponsor’s table 5) 
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When comparing Treatment Groups B and C, the sponsor essentially compared the blood pressure and 
pulse rate effect of avanafil against alcohol as measured by hemodynamic changes. Though none of the 
parameters compared were statistically significant (p-value > 0.05), there were significant decreases in the 
BP and pulse rate AUEC0-t when avanafil + placebo alcohol was given with placebo alcohol, as compared 
to placebo + alcohol. The LS mean for systolic and diastolic AUEC0-t was 6.57 and 3.89 mmHg*hr lower, 
respectively, for avanafil + placebo alcohol compared to placebo + alcohol. Additionally, the LS mean for 
pulse rate AUEC0-t was 8.54 bpm*hr higher, respectively, for avanafil + placebo alcohol compared to 
placebo + alcohol.  
 
The following figure is the mean (SD) of blood alcohol concentration vs time profile for all treatment 
groups (sponsor’s figure 14.4.2.1)  
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There was a rapid increase in maximum alcohol concentration (~0.056%) approximately 30 min after 
intake with a steady decline to about half the maximum after 2 hrs in Treatment Groups, followed by a 
return to baseline (0%) by 6 hrs.  
 
 

 
Headache occurred with the same frequency (14%) in subjects given avanafil + alcohol and avanafil + 
placebo drink, and occurred less frequently (7%) in subjects given placebo + alcohol. 
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Study TA-016 
 
Title: A Phase I, Single-Center, Double-Blind, Randomized, Placebo-Controlled, 2-Way Crossover Study 
to Assess the Potential Interaction of Avanafil on the Pharmacokinetics and Pharmacodynamics of 
Warfarin in Healthy Male Subjects 
 
Objectives: The primary objective of this study was to evaluate the effect of avanafil on the PK and PD 
of warfarin in healthy male subjects. PD was measured as prothrombin time (PT) and international 
normalized ratio (INR). The secondary objectives were to assess the effect of avanafil on the platelet 
aggregation and to assess the safety and tolerability of co-administration of avanafil and warfarin in 
healthy male subjects; and effect of avanafil on color discrimination.  
 
Methods: This was a single-center, double-blind, randomized, placebo-controlled, two-way crossover 
study to assess the interaction of avanafil and warfarin. There were 24 subjects (24 Hispanic) who were 
enrolled and 23 completed the study (1 subject had elevated creatine kinase). The mean age was 30.5 yrs 
(range 21-45 yrs) and mean weight was 75.3 (range 60.0-95.3 kg).  
 
Subjects were randomized to receive either 200 mg (1 x 200 mg) avanafil or matching placebo for 9 days. 
On Day 3 of each period, subjects received a single 25 mg (2 x 10 mg and 1 x 5 mg) oral dose of warfarin 
Coumadin®). All study drugs were administered with 240 mL of water with at least 21 days for washout 
between warfarin doses and following an overnight fast of at least 10 hrs. Following warfarin 
administration, PK and PD sampling were taken for 7 days. Effect of avanafil on color vision impairment 
was assessed by Farnsworth-Munsell 100-Hue Test at screening, Day -2 (Period 1 only), Day -1, and at 
approximately 0.667 hrs postdose on Day 1. All subjects were confined to the clinical site beginning on 
Day -2 for diet equilibration and remained confined for approximately 24 hrs following the last avanafil 
administration on Day 9. 
 

Pharmacokinetic Sampling: For determination of plasma R- and S-warfarin concentrations, blood 
samples were taken on Day 3 prior to warfarin administration, and at 0.5, 1, 1.5, 2, 4, 6, 9, 12, 24, 48, 72, 
96, 120, 144, and 168 hrs after warfarin administration. For determination of plasma avanafil, M4, and 
M16 concentrations, blood samples were taken on Day 3 prior to avanafil or placebo administration and 
at 0.5, 1, and 2 hrs after avanafil or placebo administration.  
 
Pharmacodynamic Measurements: To evaluate PT and INR, blood samples were taken at screening, 
check-in, on Day 3 prior to warfarin administration, and at 6, 12, 24, 36, 48, 72, 96, 120, 144, and 168 hrs 
post warfarin administration. To evaluate platelet aggregation, blood samples were taken on Day 3 prior 
to warfarin administration and at 1, 4, 6, 12, and 24 hrs post warfarin administration. For VKORC1 and 
CYP2C9 genotyping, a blood sample was taken at check-in at Period 1, but the samples were not 
analyzed.   
 
Results: The sponsor evaluated the effect of multiple doses of avanafil on the PK and PD of single dose 
of warfarin in healthy young men. Multiple doses of avanafil had essentially no effect on the PK of a 
single dose of warfarin; the PK parameters of R-warfarin and S-warfarin were similar in both treatment 
groups. Multiple doses of avanafil had essentially no effect on the PD of a single dose of warfarin as 
determined by INR, PT, and platelet aggregation; the % mean ratios were all approximately 100% (range 
96% to 110%) between subjects administered with warfarin + avanafil and warfarin+ placebo avanafil.  
 
R-Warfarin PK 
Following warfarin + placebo administration, the arithmetic mean (SD) Cmax, AUC0-inf, and Cl/F of R-
warfarin was 1870 (252) ng/mL, 100,000 (18,600) ng*hr/mL, and 120 (19.8) mL/hr, respectively. Median 
(range) tmax and mean (SD) t1/2 was 1.0 (0.5, 4.0) hr and 50 (7.7) hr, respectively 
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Following warfarin + avanafil administration, the arithmetic mean (SD) Cmax, AUC0-inf, and Cl/F of R-
warfarin was 1840 (283) ng/mL, 101,000 (16,300) ng*hr/mL, and 119 (21.3) mL/hr, respectively. Median 
(range) tmax and mean (SD) t1/2 was 1.5 (0.5, 2.0) hr and 51 (6.8) hr, respectively 
 
S-Warfarin PK 
Following warfarin + placebo administration, the arithmetic mean (SD) Cmax, AUC0-inf, and Cl/F of S-
warfarin was 1940 (322) ng/mL, 57,400 (8960) ng*hr/mL, and 208 (35.5) mL/hr, respectively. Median 
(range) tmax and mean (SD) t1/2 was 1.0 (0.5, 2.0) hr and 33 (4.3) hr, respectively 
 
Following warfarin + avanafil administration, the arithmetic mean (SD) Cmax, AUC0-inf, and Cl/F of S-
warfarin was 1840 (312) ng/mL, 58,300 (9850) ng*hr/mL, and 206 (38.8) mL/hr, respectively. Median 
(range) tmax and mean (SD) t1/2 was 1.5 (0.5, 2.0) hr and 34 (4.3) hr, respectively 
 
As expected, elimination rate constant and clearance of R-warfarin was approximately one-half (0.67 and 
0.58, respectively) of S-warfarin. Whereas, half-life and exposure of R-warfarin was approximately 
slightly less than 2-fold higher (1.5 and 1.7 fold, respectively) than S-warfarin.  
 
For determination of warfarin PK, the sponsor collected blood samples from 0 to 168 hrs following 
administration of warfarin. This time frame covered the duration necessary to capture the elimination 
phase of R- and S-warfarin: 3.4 half-lives of R-warfarin and 4.9 half-lives of S-warfarin.  
 
Warfarin is extensively metabolized by CYP2C9 and to a lesser degree CYP2C19, 2C8, 2C18, 1A2, and 
3A4. In vitro, avanafil has been shown to inhibit CYP2C19, 2C8, and 2D6. A clinical study to evaluate 
the potential inhibitory effect of avanafil on the omeprazole, rosiglitazone, and desipramine was 
conducted in study TA-018. The results showed avanafil had no effect CYP2C19, 2C8, and 2D6 
enzymes. The results of this study with warfarin as the substrate showed that avanafil does not inhibit 
CYP2C9 in vivo.   
 
Pharmacokinetics Data 
Warfarin PK  
Arithmetic mean (SD) R-warfarin concentration vs. time following administration of warfarin+ avanafil 
and warfarin + placebo (sponsor’s figure 14.4.1.1) 
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Arithmetic mean (SD) and geometric mean PK parameters for plasma R-warfarin following 
administration of warfarin + avanafil vs. warfarin + placebo (sponsor’s table 2) 

 
 
Arithmetic mean (SD) S-warfarin concentration vs. time following administration of warfarin+ avanafil 
and warfarin + placebo (sponsor’s figure 14.4.2.1) 
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Arithmetic mean (SD) and geometric mean PK parameters for plasma S-warfarin following 
administration of warfarin + avanafil vs. warfarin + placebo (sponsor’s table 5) 

 
 
 
Statistical comparison of plasma R-/S-warfarin PK Parameters following administration of warfarin + 
avanafil vs. warfarin + placebo  
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Study TA-017 
 
Title: A Phase I, Single-Center, Double-Blind, Randomized, Placebo-Controlled, Two-Cohort, Two-
Period Crossover Study of the Hemodynamic Interactions Between Avanafil and Two α-Adrenergic 
Blockers, Doxazosin and Tamsulosin, in Middle-Aged Healthy Male Subjects 
 
Objectives: The primary objective of the study was to investigate the hemodynamic interactions between 
avanafil and two α-adrenergic blockers, doxazosin and tamsulosin, in middle-aged healthy male subjects. 
The secondary objective as to assess the safety and tolerability of co-administration of avanafil and 
doxazosin or tamsulosin in healthy male subjects.   
 
Methods: This study was a single center, randomized, double-blind, placebo-controlled, two-way 
crossover study in older healthy male subjects. There were 48 subjects (46 Caucasians, 1 Black, and 1 
Native Hawaiian/Pacific Islander) who were enrolled and completed the study with 12 subjects 
randomized to each treatment sequence (2 sequences/cohort). The mean age was 46.5 yrs (range 40-61 
yrs) and mean weight was 81.4 (range 58.2-105.6 kg).  
 
All study drugs were administered in the morning with 240 mL water after an overnight fast or at least 10 
hrs. Subjects refrained from food until 1.5 hrs (+30 min) after the morning daily dose of avanafil or 
placebo each day. On the hemodynamic assessment days after doxazosin or tamsulosin dosing, subjects 
refrained from food until 4 hrs after the morning dose. Subjects remained at the clinical site throughout 
the study until approximately 24 hrs after the avanafil or placebo administration on Day 18 (Cohort A) or 
Day 11 (Cohort B). The two study cohorts were: 
 
Cohort A (doxazosin): subjects received oral doses of doxazosin once daily in the morning at 1 mg for 1 
day (Day 1), 2 mg for 2 days (Days 2-3), 4 mg for 4 days (Days 4-7), and 8 mg for 11 days (Days 8-18) 
and a single oral dose of either 200 mg (1x200mg) avanafil or placebo administered after the doxazosin 
on Days 15 and 18. (sponsor’s figure 1) 
 

 
 
Cohort B (tamsulosin): subjects received oral doses of 0.4 mg tamsulosin once daily in the morning for 11 
consecutive days (Days 1-11) and a single oral dose of either 200 mg (1x200mg) avanafil or placebo 
administered 3.3 hrs after tamsulosin on Days 8 and 11.(sponsor’s figure 1) 
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Hemodynamic Measurements: Blood pressure (BP), including systolic BP (SBP) and diastolic BP 
(DBP), and pulse rate were recorded with DataScope automatic system.  
 
During the alpha blocker only treatment period, sitting BP and pulse rate measurements were taken 
following the first dose and with each increase in dose. For Cohort A & B: sitting BP and pulse rate were 
taken predose, 1, 2, 4, and 8 hrs postdose on Days 1, 2, 4, and 8.  
 
During the alpha blocker + avanafil/placebo treatment days (Cohort A, Days 15 & 18; Cohort B, Days 8 
& 11), supine and sitting BP and pulse rate measurements were recorded before avanafil or placebo 
dosing, then every 15 min for the first 2 hrs, every 30 min for the next 2 hrs, hourly for the next 4 hrs and 
again at 10, 12, 18, and 24 hrs after avanafil or placebo dosing. The baseline/predose value was the mean 
of three consecutive measurements 30, 20, and 10 min before dosing. Measurements were taken after 
subjects had been supine for at least 5 min. Subjects then sat for 1 min, and stood for 2 min, before 
standing BP and heart rate were measured.  
 
The primary hemodynamic endpoint was the maximum post-baseline decrease in standing SBP (i.e. the 
most negative change in standing SBP from baseline). The secondary hemodynamic endpoints were the 
maximum post-baseline decrease in supine SBP, maximum post-baseline decreases in standing and 
supine DBP, maximum post-baseline compensatory increases in standing and spine pulse rates, and the 
area under effect-time curve of the supine and standing SBP and DBP and pulse rate from 1 to 12 hrs post 
dose (AUEC0-12) 
 
Results: The sponsor states that men with ED have a high incidence of hypertension and benign prostatic 
hyperplasia (BPH) and are likely to take medications such as alpha blockers that affect blood pressure. 
This study was conducted to investigate the hemodynamic interactions between avanafil and two alpha 
blockers, doxazosin or tamsulosin, in healthy male subjects. Overall, blood pressure decreased and pulse 
rate increased with the administration of avanafil after subjects were given doxazosin or tamsulosin for 
multiple days prior to avanafil dosing. The clinical effect appeared to have diminished after several hours 
with blood pressure and pulse rate returning to baseline. However, this study was not designed to evaluate 
the long term effect of co-administration of alpha blockers and avanafil (single dose administered in this 
study). Additionally, subjects enrolled in this study had a mean age of 46.5 yrs (range 40-61 yrs), which 
appears to be low and the applicability of these findings may not be relevant to an older population with 
hypertension and BPH. The effect on blood pressure and heart rate can be more significant with frequent 
use of alpha blockers and avanafil, and in an older population.   
   
Cohort A: doxazosin + avanafil/placebo 
The following figure is the mean (SD) change from baseline for standing SBP vs time following 
administration of doxazosin with avanafil or placebo (Cohort A) (sponsor’s figure 2) 
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The following figure is the mean (SD) change from baseline for standing DBP vs time following 
administration of doxazosin with avanafil or placebo (Cohort A) (sponsor’s figure 3) 

 
 
The following figure is the mean (SD) change from baseline for standing pulse rate vs time following 
administration of doxazosin with avanafil or placebo (Cohort A) (sponsor’s figure 4) 
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The following table is a statistical comparison of the maximum changes in standing blood pressure and 
pulse rate, and area under the effect vs time curves following administration of doxazosin with avanafil or 
placebo (Cohort A) (sponsor’s table 4) 

 
 
Statistically significant differences were not observed in the maximum decrease from baseline in the 
standing SBP (p-value 0.2114) or in the AUEC0-12 for standing SBP (p-value 0.9737) between subjects 
who received avanafil or placebo.  
 
Statistically significant differences were observed in the maximum decrease from baseline in the standing 
DBP (p-value 0.0003) and in the AUEC0-12 for standing DBP (p-value 0.0137) between subjects who 
received avanafil or placebo. The differences in the least-squares means (LSM) for maximum decrease in 
standing DBP and AUEC0-12 were -6.42 mm Hg and -32.17 mmHg*hr, respectively. 
 
Statistically significant differences were observed in the maximum decrease from baseline in the standing 
pulse rate (p-value 0.0002) and in the AUEC0-12 for standing pulse rate (p-value 0.0006) between subjects 
who received avanafil or placebo. The differences in the LSM for maximum decrease in standing pulse 
rate and AUEC0-12 were +7.21 bpm and +44.54 bpm*hr, respectively. 
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The following table is a statistical comparison of the maximum changes in supine blood pressure and area 
under the effect vs time curves following administration of doxazosin with avanafil or placebo (Cohort A) 
(sponsor’s table 6) 

 
 
Statistically significant differences were observed in the maximum decrease from baseline in the supine 
SBP (p-value 0.0005). The difference in LSM for supine SBP was -6.00 mm Hg. There was no 
statistically significant difference in the AUEC0-12 for supine SBP (p-value 0.0968) between subjects who 
received avanafil or placebo.  
 
Statistically significant differences were observed in the maximum decrease from baseline in the supine 
DBP (p-value 0.0015) and in the AUEC0-12 for supine DBP (p-value 0.0034) between subjects who 
received avanafil or placebo. The differences in the LSM for maximum decrease in supine DBP and 
AUEC0-12 were -3.58 mm Hg and -31.40 mmHg*hr, respectively. 
 
Statistically significant differences were not observed in the maximum decrease from baseline in the 
supine pulse rate (p-value 0.2564) between subjects who received avanafil or placebo. There was a 
dramatic and statistically significant difference in the AUEC0-12 for supine pulse rate (p-value <0.0001) 
with a difference in LSM for supine pulse rate AUEC0-12 of +45.84 bpm.hr. 
 
The differences in the LSM for maximum decrease in supine pulse rate and AUEC0-12 were +7.21 bpm 
and +44.54 bpm.hr, respectively. 
 
Cohort B: tamsulosin + avanafil/placebo 
The following figure is the mean (SD) change from baseline for standing SBP vs time following 
administration of tamsulosin with avanafil or placebo (Cohort B) (sponsor’s figure 5) 
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The following figure is the mean (SD) change from baseline for standing DBP vs time following 
administration of tamsulosin with avanafil or placebo (Cohort B) (sponsor’s figure 6) 

 
 
The following figure is the mean (SD) change from baseline for standing pulse rate vs time following 
administration of tamsulosin with avanafil or placebo (Cohort B) (sponsor’s figure 7) 
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The following table is a statistical comparison of the maximum changes in standing blood pressure and 
pulse rate, and area under the effect vs time curves following administration of tamsulosin with avanafil 
or placebo (Cohort B) (sponsor’s table 9) 

 
There were no statistically significant differences in the maximum decrease from baseline in standing 
SBP (p-value 0.1101), standing DBP (p-value 0.0835), the AUEC0-12 for standing SBP (p-value 0.8047) 
or DBP (p-value 0.1094), and the maximum increase from baseline in standing pulse rate (p-value 
0.1913) between subjects who received avanafil or placebo. Though not statistically significant, the 
AUEC0-12 mean difference for standing DBP was -20.71 mmHg*hr, which may represent a clinically 
significant difference.    
 
The only statistically significant difference in the standing hemodynamic measurements was the standing 
pulse rate (p-value 0.0471). The difference in the LSM for the standing pulse rate was +31.56 bpm.hr.  
 
The following table is a statistical comparison of the maximum changes in supine blood pressure and 
pulse rate, and area under the effect vs time curves following administration of tamsulosin with avanafil 
or placebo (Cohort B) (sponsor’s table 11) 
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Statistically significant differences were not observed in the maximum decrease from baseline in the 
supine SBP (p-value 0.0580), the AUEC0-12 for supine SBP (p-value 0.6023), or AUEC0-12 for supine 
DBP (p-value 0.3439) between subjects who received avanafil or placebo.  
 
Statistically significant differences were observed in the maximum decrease from baseline in the supine 
DBP (p-value 0.0392) between subjects who received avanafil or placebo. The difference in the LSM for 
maximum decrease in supine DBP was -3.33 mm Hg. 
 
Statistically significant differences were observed in the maximum decrease from baseline in the supine 
pulse rate (p-value 0.0344) and AUEC0-12 for supine pulse rate (p-value 0.0013) with differences in LSM 
for supine pulse rate and AUEC0-12 for supine pulse rate of +4.67 bpm and +40.76 bpm.hr, respectively. 
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Study TA-018 
 
Title: A Phase I, Single-Center, Open-Label, Crossover Study of the Effect of Avanafil on the 
Pharmacokinetics of Omeprazole, Desipramine and Rosiglitazone in Healthy Male Subjects 
 
Objectives: The primary objective of this study was to compare the PK of omeprazole, rosiglitazone, and 
desipramine when administered alone and in combination with a single oral dose of avanafil in healthy 
male subjects. The secondary objective was to assess the safety of c-administration of avanafil with 
omeprazole, rosiglitazone, or desipramine in healthy male subjects.  
 
Methods & PK Sampling: This was a single center, open-label, crossover study with three cohorts to 
evaluate the potential of avanafil to affect the PK of omeprazole (a CYP219 substrate), rosiglitazone (a 
CYP2C8 substrate), and desipramine (a CYP2D6 substrate). There were a total of 60 subjects enrolled 
with 57 completed the study (3 subjects were dropped or disenrolled for personal reasons or a failed drug 
screen; none were related to adverse events). Of the 60 subjects enrolled, 56 were White, 2 were Black or 
African-American, 1 was American Indian or Alaskan Native, and 1 was Asian. Avanafil dose was given 
as 1 x 200 mg tablet. Formulation II was used in this study.  
 
Cohort A (omeprazole): This cohort was an open-label, non-randomized, one-sequence crossover study. 
Twenty healthy male subjects were administered a single oral dose of 40 mg omeprazole delayed-release 
capsule once daily for 8 days (Days 1 - 8) then a single oral dose of 200 mg avanafil on Day 8. On Days 7 
and 8, avanafil and/or omeprazole doses were administered following an overnight fast of at least 10 hrs. 
All subjects were confined at the clinical site the day prior to the omeprazole administration on Day 7 and 
remained confined for approximately 13 hrs following the dosing on Day 8. The following are the two 
treatments in Cohort A: 

 Treatment O: once daily 40 mg oral dose of omeprazole for 7 days (Days 1 - 7) 
 Treatment O+A: once daily 40 mg oral doses of omeprazole for 8 days plus 200 mg avanafil (Day 8) 

 
Blood samples for determination of plasma omeprazole concentrations were taken from all subjects at 0 
(10 min predose), 20 and 40 min, and 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10, and 12 hrs postdose on Days 7 and 8. 
Predose blood samples for determination of omeprazole were also taken in the morning prior to dosing on 
Days 5 - 6. 
 
Cohort B (rosiglitazone): This cohort was a randomized, open-label, two-period crossover study. Twenty 
healthy male subjects were administered a single dose of 8 mg rosiglitazone tablet then a single oral dose 
of 200 mg avanafil in the R+A group. The two treatments in this cohort were separated by a washout 
period of at least 7 days. All subjects were confined at the clinical site from the morning of Day -1 to the 
morning of Day 2 in both treatment periods. Subjects were randomized to one of the following treatment 
groups following an overnight fast of at least 10 hrs: 

 Treatment R: a single oral dose of 8 mg rosiglitazone 
 Treatment R+A: a single oral dose of 8 mg rosiglitazone plus a single oral dose of 200 mg avanafil 

 
Blood samples for determination of plasma rosiglitazone concentrations were taken from all subjects at 0 
(10 min predose) and at 0.25, 0.5, 0.75, 1, 2, 4, 6, 8, 10, 12, 16, and 24 hrs postdose on Day 2. 
 
Cohort C (desipramine): This cohort was a randomized, open-label, two-period, crossover study. Twenty 
healthy male subjects, identified as CYP2D6 extensive metabolizers by genotyping, were administered a 
single oral dose of 50 mg desipramine tablet then a single oral dose of 200 mg avanafil in the D+A group. 
The two treatments in this cohort were separated by a washout period of at least 10 days. All subjects 
were 
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confined at the clinical site from the morning of Day -1 to the morning of Day 2 in both treatment 
periods. Subjects were randomized to one of the following treatment groups following an overnight fast 
of at least 10 hrs: 

 Treatment D: a single oral dose of 50 mg desipramine 
 Treatment D+A: a single oral dose of 50 mg desipramine plus a single oral dose of 200 mg avanafil. 

The avanafil dose was administered 2 hrs after the desipramine administration 
 

Blood samples for determination of plasma desipramine concentrations were taken from all subjects at 0 
(10 min predose) and at 1, 2, 4, 6, 8, 10, 12, 24, 48, 72, and 96 hrs postdose. Subjects visited the study site 
as outpatients the morning of Days 3-5 for their remaining PK blood sample collections. 
   
Results: Based on in vitro studies using human hepatocytes, the sponsor found that avanafil inhibited 
CYP2C19, CYP2C8, and CYP2D6 with a Ki of 2.9, 15.2, and 43.9 µM, respectively. The sponsor 
indicated that the mean maximum plasma concentration of 200 mg avanafil was about 5.2 uM, thereby 
resulting in Cmax/Ki ratios greater than >0.1. Therefore, the sponsor evaluated the affect of a single 200 
mg dose of avanafil on the PK of omeprazole (a CYP219 substrate), rosiglitazone (a CYP2C8 substrate), 
and desipramine (a CYP2D6 substrate) in vivo.  
 
In vivo results from this PK study showed that avanafil is not an inhibitor of CYP2C19, CYP2C8, and 
CYP2D6 enzymes. The potential of a single dose to affect multiple doses of omeprazole, a single dose 
rosiglitazone or a single dose of desipramine is unlikely; however, it is unclear what how multiple doses 
of avanafil can affect multiple doses of rosiglitazone or desipramine. The magnitude of a drug interaction 
between avanafil and CYP2C19, CYP2C8, and CYP2D6 substrates is unknown in chronic users of 
avanafil and these CYP substrates.   
 
Cohort A (omeprazole) 
The following is the arithmetic mean (SD) plasma omeprazole concentration vs time profile following 
omeprazole and omeprazole + avanafil administration (sponsor’s table 14.4.1.1) 

 
The following table is arithmetic mean (SD) and geometric mean PK parameters for plasma omeprazole 
(sponsor’s table 5) 
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The arithmetic mean Cmax of omeprazole increased 1.09 fold (8.6%) from 1520 to 1650 ng/mL 
following omeprazole and avanafil co-administration, compared to omeprazole alone.  
 
The arithmetic mean AUC0-t of omeprazole increased 1.06 fold from 5380 to 5700 ng.hr/mL following 
omeprazole and avanafil co-administration, compared to omeprazole alone.  
 
The median tmax of omeprazole remained unchanged at 2.0 hrs following omeprazole and avanafil co-
administration and omeprazole alone.  
 
The arithmetic mean t1/2 of omeprazole increased by 0.1 hr from 1.8 to 1.9 hrs following omeprazole and 
avanafil co-administration, compared to omeprazole alone.  
 
AUC0-inf was not reported. It appears that blood sampling until 12 hrs was insufficient and may result in 
a >20% extrapolation to calculate AUC0-inf from AUC0-t.  
 
Cohort B (rosiglitazone) 
The following is the arithmetic mean (SD) plasma omeprazole concentration vs time profile following 
omeprazole and rosiglitazone + avanafil administration (sponsor’s table 14.4.2.1) 
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The following table is arithmetic mean (SD) and geometric mean PK parameters for plasma rosiglitazone 
(sponsor’s table 8) 

 
The arithmetic mean Cmax of rosiglitazone decreased 14% from 648 to 560 ng/mL following 
rosiglitazone and avanafil co-administration, compared to rosiglitazone alone.  
 
The arithmetic mean AUC0-t of rosiglitazone increased 1.02 fold from 2980 to 3040 ng.hr/mL following 
rosiglitazone and avanafil co-administration, compared to rosiglitazone alone.  
 
The arithmetic mean AUC0-inf of rosiglitazone increased 1.02 fold from 3040 to 3010 ng.hr/mL 
following rosiglitazone and avanafil co-administration, compared to rosiglitazone alone.  
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The median tmax of rosiglitazone increased 0.25 hr from 0.75 to 1.0 hr following rosiglitazone and 
avanafil co-administration, compared to rosiglitazone alone.  
 
The arithmetic mean t1/2 of rosiglitazone decreased by 0.1 hr from 4.0 to 3.9 hrs following rosiglitazone 
and avanafil co-administration, compared to rosiglitazone alone.  
 
Cohort C (desipramine) 
The following is the arithmetic mean (SD) plasma desipramine concentration vs time profile following 
omeprazole and desipramine + avanafil administration (sponsor’s table 14.4.3.1) 

 
 
The following table is arithmetic mean (SD) and geometric mean PK parameters for plasma desipramine 
(sponsor’s table 11) 
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The arithmetic mean Cmax of desipramine increased 1.05 fold from 19.0 to 20.0 ng/mL following 
desipramine and avanafil co-administration, compared to desipramine alone.  
 
The arithmetic mean AUC0-t of desipramine increased 1.06 fold from 452 to 480 ng.hr/mL following 
desipramine and avanafil co-administration, compared to desipramine alone.  
 
The arithmetic mean AUC0-inf of desipramine increased 1.06 fold from 472 to 499 ng.hr/mL following 
desipramine and avanafil co-administration, compared to desipramine alone.  
 
The median tmax of desipramine was unchanged at 6.0 hrs following desipramine and avanafil co-
administration and desipramine alone.  
 
The arithmetic mean t1/2 of desipramine was unchanged at 14 hrs following desipramine and avanafil co-
administration and desipramine alone.  
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Study TA-019 
 
Title: A Phase I, Double-Blind, Randomized, Placebo-Controlled, Two-Period, Two-Cohort Crossover 
Study to Assess the Potential Interaction of Avanafil on the Pharmacokinetic and/or Hemodynamic 
Effects of Enalapril or Amlodipine in Healthy Subjects 
 
Objectives: The primary objective of this study was to evaluate the hemodynamic interactions between 
avanafil and two anti-hypertensive drugs (enalapril, an ACE inhibitor, and amlodipine, a calcium channel 
blocker) in healthy male subjects. The secondary objectives were to assess the PK interaction between 
amlodipine and avanafil, and to assess the safety and tolerability of co-administration of avanafil and 
enalapril or amlodipine in healthy male subjects.  
 
Methods: This study was a single center, randomized, double-blind, placebo-controlled, two-way 
crossover study in older healthy male subjects. There were 48 subjects (43 White, 4 Black or African 
American, and 1 American Indian or Alaskan Native) who were enrolled and 47 completed the study with 
24 subjects randomized to each cohort. The mean age was 48.9 yrs (range 40-63 yrs) and mean weight 
was 81.4 (range 58.2-105.6 kg).  
 
All study drugs were administered in the morning with 240 mL water after an overnight fast or at least 10 
hrs. Sitting and standing blood pressure (BP) and pulse rate were monitored predose and at 4 hrs 
following the morning and evening doses of enalapril on Day 1 (Cohort A), and predose and at 4 hrs 
following the amlodipine dose on Day 3 (Cohort B). Sitting and standing BP and pulse rate were 
monitored daily prior to the morning doses of enalapril and amlodipine except on the days serial 
hemodynamic measurements were taken. The two study cohorts were: 
 
Cohort A (enalapril): subjects received 10 mg oral doses of enalapril twice daily (every 12 hrs) for 11 
days. On Days 8 and 11, subjects also received either 1 x 200 mg avanafil or matching placebo 2 hrs after 
the morning dose of enalapril. Subjects were confined to the clinical site beginning on Day -1 until Day 
12 after completion of all study procedures. 
 
Cohort B (amlodipine): subjects received 1 x 200 mg avanafil on Day 1. On Day 3, subjects received 5 
mg oral doses of amlodipine in the morning for 18 days (Days 3-20). On Days 12 & 19, subjects also 
received either 1 x 200mg oral avanafil or matching placebo 2 hrs after amlodipine. Subjects were 
confined to the clinical site beginning on Day -1 until Day 21 after completion of all study procedures.   
 
Hemodynamic Measurements: The primary hemodynamic endpoint was the mean difference in 
maximum post-baseline decrease in standing BP. The secondary hemodynamic endpoints are the mean 
differences in maximum post-baseline changes in supine BP and maximum post-baseline changes in 
standing and supine pulse rates and the area under he effect vs time curve of the change from baseline 
supine and standing SBP and DBP and pulse rate from 0-4 hr (AUEC0-4), 0-10 hrs (AUEC0-10), and 0-22 
hrs (AUEC0-22). Hemodynamic measurements were recorded prior to avanafil/placebo dosing (predose), 
0.5, 1, 1.5, 2, 3, 3, 4, 5, 6, 7, 8, 10, and 22 hrs following dosing of avanafil or placebo. Predose baseline 
BP was calculated as the mean of three consecutive measurements at -30, -20, and -10 min prior to 
avanafil or placebo dosing.  
 
Pharmacokinetic Sampling: The PK endpoints are the multiple-dose PK parameters for amlodipine and 
the single-dose PK parameters for avanafil and its metabolites M4 and M16 for Cohort B. The sponsor 
determined whether steady-state was achieved by evaluating trough concentrations. For trough plasma 
enalaprilat concentrations, blood samples were taken predose on Day 7 at 0 & 12 hrs, and Day 8 at 0 hr. 
For trough plasma amlodipine concentrations, blood samples were taken predose on Days 10, 11, and 12 
at 0 hr.  
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Cohort A: Enalapril and enalaprilat concentrations were determined by taking blood samples prior to the 
morning and evening enalapril dose on Days 7 & 10, prior to the morning dose of enalapril on Days 8 & 
11, and at 0.75 hrs following avanafil or placebo dosing on Days 8 & 11. Avanafil, M4, and M16 
concentrations were determined by taking blood samples 0.75 hrs following avanafil or placebo dosing on 
Days 8 & 11.   
   
Cohort B: Amlodipine concentrations were determined by taking blood samples prior to dosing on Days 
10, 11, 12, 17, 18, and 19 and at 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 16, and 24 hrs after amlodipine dosing on 
Days 12 & 19. Avanafil, M4, and M16 concentrations were determined by taking blood samples prior to 
dosing and at 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 8, 12, 18, 24, 36, and 48 hrs following avanafil or placebo 
dosing on Days 1, 12 & 19.    
 
Results: A single 200 mg dose of avanafil given to subjects who received 10 mg doses of enalapril twice 
daily for 11 days had a minor effect on BP and pulse rate. Standing SBP decreased by 0.8 mm Hg, DBP 
increased by 0.2 mm Hg, and pulse rate increased by 0.6 bpm in subjects who received avanafil and 
enalapril, compared to placebo and enalapril. A mean maximum decrease in supine SBP/DBP of -1.75/-
3.46 mmHg and increase in pulse rate of 0.96 bpm was observed in subjects co-administered with 
avanafil and enalapril, compared to placebo and enalapril.  
 
A single 200 mg dose of avanafil given to subjects who received 5 mg doses of amlodipine once daily for 
18 days had minor effect on BP. Standing SBP and DBP decreased by 1.6 mm Hg and  1.4 mm Hg, 
respectively, in subjects who received avanafil and amlodipine, compared to placebo and amlodipine. The 
effect on standing pulse rate was a little more significant, which increased by 5.4 bpm in subjects who 
received avanafil and amlodipine, compared to placebo and amlodipine. A mean maximum change in 
supine SBP/DBP of -1.18/1.47 mm Hg was observed in subjects co-administered with avanafil and 
amlodipine, compared to placebo and amlodipine.  
 
Amlodipine PK: When a single 200 mg dose of avanafil was co-administered with multiple doses of 
amlodipine, the arithmetic mean Cmax of amlodipine decreased 8.9% from 12400 to 11300 pg/mL, 
compared to placebo + amlodipine. Arithmetic mean AUC0-t of amlodipine decreased 3.8% from 234000 
to 225000 pg*hr/mL, compared to placebo + amlodipine. Median tmax of amlodipine remained 
unchanged at 8 hrs with a single dose of avanafil + multiple doses of amlodipine and placebo + 
amlodipine co-administration. 
 
Avanafil PK: When a single 200 mg dose of avanafil was co-administered with multiple doses of 
amlodipine, the arithmetic mean Cmax of avanafil increased 22% from 3190 to 3890 ng/mL, compared to 
avanafil alone. Arithmetic mean AUC0-t of avanafil increased 65% from 9100 to 15000 ng.hr/mL, 
compared to avanafil alone. Arithmetic mean AUC0-inf of avanafil increased 70% from 9590 to 16300 
ng.hr/mL, compared to avanafil alone. Median tmax of avanafil increased by 0.12 hr from 0.63 to 0.75 hr 
with a single dose of avanafil + multiple doses of amlodipine, compared to avanafil alone. Arithmetic 
mean t1/2 of avanafil increased by 2.9 hr from 7.0 to 9.9 hrs with a single dose of avanafil + multiple doses 
of amlodipine, compared to avanafil alone. 
 
Headache was the most common adverse event in both cohorts and was more prevalent in subjects who 
received avanafil + amlodipine, and avanafil alone, compared to placebo avanafil + enalapril and placebo 
avanafil + amlodipine. Number of subjects reporting dizziness was the same in subjects who received 
enalapril only and avanafil + enalapril; 1 of 24 subjects in Cohort A. In contrast, there were 2 of 24 
subjects who reported dizziness in the amlodipine only group of Cohort B. It appears that increases in 
Cmax and AUC0-inf of avanafil of 22% and 70%, respectively, from co-administration with amlodipine 
did not result in a corresponding increase in adverse events.    
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Cohort A: enalapril + avanafil/placebo 
The following figure is the arithmetic mean (SD) Standing Systolic Blood Pressure vs. time following 
avanafil + enalapril and placebo + enalapril (sponsor’s figure 14.4.1.1.1) 

 
The following figure is the arithmetic mean (SD) Standing Diastolic Blood Pressure vs. time following 
avanafil + enalapril and placebo + enalapril (sponsor’s figure 14.4.1.3.1) 

 
 
 
Statistical comparison of geometric LS means of area under the effect time curve and maximum changes 
in STANDING blood pressure and pulse rate following avanafil + enalapril and placebo + enalapril 
(sponsor’s table 4) 
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Statistical comparison of geometric LS means of area under the effect time curve and maximum changes 
in SUPINE blood pressure and pulse rate following avanafil + enalapril and placebo + enalapril 
(sponsor’s table 6) 

 
 
 
Cohort B: amlodipine + avanafil/placebo 
The following figure is the arithmetic mean (SD) Standing Systolic Blood Pressure vs. time following 
avanafil + amlodipine and placebo + amlodipine (sponsor’s figure 14.4.1.1.2) 
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The following figure is the arithmetic mean (SD) Standing Diastolic Blood Pressure vs. time following 
avanafil + amlodipine and placebo + amlodipine (sponsor’s figure 14.4.1.3.2) 
 
 

 
Statistical comparison of area under the effect vs time curve and maximum changes in STANDING blood 
pressure and pulse rate  
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Statistical comparison of area under the effect vs time curve and maximum changes in SUPINE blood 
pressure and pulse rate  

 
The mean maximum decrease in supine systolic blood pressure was 1.18 mm Hg when a single 200 mg 
dose of avanafil was co-administered with multiple 5 mg doses of amlodipine (-10.09 mm Hg), compared 
to placebo and amlodipine (-8.91 mm Hg). The mean maximum decrease in supine diastolic blood 
pressure was 8.81 mm Hg and 10.28 mm Hg in subjects administered with avanafil + amlodipine and 
placebo + amlodipine, respectively; therefore, avanafil had no net effect on the supine diastolic blood 
pressure. 
 
The following figure is the arithmetic mean (SD) amlodipine concentrations vs. time following avanafil + 
amlodipine and avanafil alone (sponsor’s figure 14.4.4.1) 
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The following figure is the arithmetic mean (SD) avanafil concentrations vs. time following avanafil + 
amlodipine and avanafil alone (sponsor’s figure 14.4.5.1) 

 
 
The following table is a summary of the arithmetic mean (SD) and geometric mean of amlodipine PK 
(sponsor’s table 15) 
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When a single 200 mg dose of avanafil was co-administered with multiple doses of amlodipine, the 
arithmetic mean Cmax of amlodipine decreased 8.9% from 12400 to 11300 pg/mL, compared to placebo 
+ amlodipine.  
 
Arithmetic mean AUC0-t of amlodipine decreased 3.8% from 234000 to 225000 pg*hr/mL, compared to 
placebo + amlodipine.  
 
Median tmax of amlodipine remained unchanged at 8 hrs with a single dose of avanafil + multiple doses 
of amlodipine and placebo + amlodipine co-administration. 
 
The following table is a summary of statistical comparisons of geometric LS means of amlodipine PK 
following avanafil + amlodipine vs. placebo + amlodipine   

  
 
 
The following table is a summary of the arithmetic mean (SD) and geometric mean of avanafil PK 
(sponsor’s table 18) 
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When a single 200 mg dose of avanafil was co-administered with multiple doses of amlodipine, the 
arithmetic mean Cmax of avanafil increased 22% from 3190 to 3890 ng/mL, compared to avanafil alone.  
 
Arithmetic mean AUC0-t of avanafil increased 65% from 9100 to 15000 ng.hr/mL, compared to avanafil 
alone. Arithmetic mean AUC0-inf of avanafil increased 70% from 9590 to 16300 ng.hr/mL, compared to 
avanafil alone.  
 
Median tmax of avanafil increased by 0.12 hr from 0.63 to 0.75 hr with a single dose of avanafil + 
multiple doses of amlodipine, compared to avanafil alone. Arithmetic mean t1/2 of avanafil increased by 
2.9 hr from 7.0 to 9.9 hrs with a single dose of avanafil + multiple doses of amlodipine, compared to 
avanafil alone. 
 
The following table is a summary of statistical comparisons of geometric LS means of avanafil PK 
following avanafil + amlodipine vs. avanafil alone 

 
 
Safety 
Incidence of treatment-emergent adverse events (sponsor’s table 24) 
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Headache was the most common adverse event in both cohorts and was more prevalent in subjects who 
received avanafil + amlodipine, and avanafil alone, compared to placebo avanafil + enalapril and placebo 
avanafil + amlodipine. Number of subjects reporting dizziness was the same in subjects who received 
enalapril only and avanafil + enalapril; 1 of 24 subjects in Cohort A. In contrast, there were 2 of 24 
subjects who reported dizziness in the amlodipine only group of Cohort B. It appears that an increase in 
Cmax and AUC0-inf of avanafil of 22% and 70%, respectively, from co-administration with amlodipine 
did not result in a corresponding increase in adverse events.    
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TA-022 Dose equivalence 1 50, 100, 200 mg 200 mg 

 
TA-022 is a Phase I Study conducted to evaluate the dose equivalence between 4 x 50, 2 x 100, and 1 x 
200 mg strengths. The study report was submitted after filing of this NDA.  
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Results: In this four-way crossover study, the sponsor evaluated the effect of food on Formulation II (to-
be-marketed formulation), relative bioavailability of Formulation I vs Formulation II, and dose 
proportionality of Formulation II. The sponsor selected the 200 mg dose to evaluate food effect and 
relative bioavailability of two formulations because it was the highest dose planned for the Phase III study 
and was well tolerated in the Phase I and II studies.  
 
The following figure is the geometric mean plasma avanafil concentration versus time profile following 
the four different treatment regimens (sponsor’s figure 14.4.1.2). 

 
 
Table of the arithmetic and geometric mean PK parameters of avanafil (sponsor’s table 2) 
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The following table summarizes the statistical comparison of geometric least squares means of avanafil 
PK following 2x100 mg tablets Formulation II, fasted (Treatment A) versus 2x100 mg tablet Formulation 
I, fasted (sponsor’s table 4) 

 
 
Dose Proportionality: To evaluate the dose proportionality of Formulation II avanafil tablets, subjects 
were given 1 x 50 mg (Treatment D) and 2 x 100 mg (Treatment A) tablets under fasted conditions. The 
arithmetic mean (SD) for Cmax was 672 (231) and 2920 (911) ng/mL following administration of 1 x 50 
mg and 2 x 100 mg, respectively. The arithmetic mean (SD) for AUC0-t was 1510 (636) and 8060 (2630) 
ng*hr/mL following administration of 1 x 50 mg and 2 x 100 mg, respectively. The arithmetic mean (SD) 
for AUC0-inf was 1620 (681) and 8490 (3060) ng*hr/mL following administration of 1 x 50 mg and 2 x 
100 mg, respectively. Based on the arithmetic mean values and the mean ratios of Cmax, AUC0-t, and 
AUC0-inf, it appears as though there was a greater increase in the rate and extent of avanafil exposure as 
the dose increased. It is important to note that only two doses were evaluated in this study and there was 
significant variability in the data (>30%). 
 
The following table summarizes the statistical comparison of geometric least squares means of dose-
normalized avanafil PK following 1 x 50 mg tablets Formulation II, fasted (Treatment D) versus 2 x 100 
mg tablets Formulation II, fasted (Treatment A) (sponsor’s table 5) 
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Study TA-022 
 
Title: A Phase 1, Single-Centre, Open-Label, Randomized, Three-Period Crossover Study to Determine 
the Dose Equivalence of Three Avanafil Tablet Dose Strengths in Healthy Male Subjects. 
 
Objectives: The objective of this study was to assess the dose equivalence of three dose strengths of 
avanafil tablets (Formulation II) in healthy male subjects.  
 
Methods: This was a Phase I, single-center, open-label, randomized, three-period crossover study in 
healthy male subjects given the to-be-marketed formulation (Formulation II). Subjects reported to the 
study site before each treatment and remained at the study site until the 24-hr PK sample had been drawn. 
A single oral dose of avanafil tablets was administered with 240 mL water. Subjects fasted at least 10 hrs 
prior to treatment and at least 4 hrs following dosing. A washout period of at least 5 days were permitted 
between treatments. Standard meals were provided to all subjects at approximately 4 and 9 hrs after 
dosing, and an evening snack was provided approximately 12-13 hrs after dosing.  
 
Twenty-three (21 White, 1 Black, and 1 American Indian) subjects enrolled; 22 completed the study. The 
mean age was 32.3 yrs (range 20-45) and mean weight was 78.1 kg (range 50.3-98.4 kg). The sponsor did 
not include 5, 5, and 4 subjects in Treatment Groups A, B, and C, respectively, in the statistical analysis 
of AUC0-inf due to difficulties in calculating Kel. Each subject received the following 3 treatments:  
 
Treatment A: 4 x 50 mg avanafil tablets 
Treatment B: 2 x 100 mg avanafil tablets 
Treatment C: 1 x 200 mg avanafil tablets 
 
Pharmacokinetic Sampling: Blood samples for plasma avanafil concentrations were taken at 0 (30 min 
pre-dose), 0.25, 0.5, 0.75, 1, 1.25, 1.5, 2, 3, 4, 6, 8, 10, 12, 18 and 24 hrs post-dose for each treatment 
period.  
 
Results: In this study, the sponsor evaluated the dose proportionality of 4 x 50 mg, 2 x 100 mg, and 1 x 
200 mg avanafil tablets.  
 
The arithmetic mean + SD for Cmax in subjects given a total dose of 200 mg avanafil as either 4x50 mg 
(Treatment A), 2x100 mg (Treatment B) and 1x200 mg (Treatment C) was similar at 2660 + 1150, 2520 
+ 971, and 2620 + 1150 ng/mL, respectively.  
 
The arithmetic mean + SD for AUC0-t in subjects given a total dose of 200 mg avanafil as either 4x50 mg 
(Treatment A), 2x100 mg (Treatment B) and 1x200 mg (Treatment C) was similar at 6000 + 2750, 6340 
+ 3430, and 6240 + 2800 ng*hr/mL, respectively.    
 
The arithmetic mean + SD for AUC0-inf in subjects given a total dose of 200 mg avanafil as either 4x50 
mg (Treatment A), 2x100 mg (Treatment B) and 1x200 mg (Treatment C) was similar at 6510 + 3360, 
6990 + 4020, and 7000 + 3050 ng*hr/mL, respectively. 
 
Based on statistical comparisons of the geometric mean for Cmax, AUC0-t, and AUC0-inf, the sponsor 
demonstrated dose proportionality between 50 mg, 100 mg, and 200 mg with Formulation II (to-be-
marketed formulation).  
 
The following figure is the geometric mean plasma avanafil concentration versus time profile (sponsor’s 
figure 2). 
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The following table summarizes the mean (SD) PK parameters of avanafil after administration of 200 mg 
avanafil given as 4x100 mg (Treatment A), 2x100 mg (Treatment B), and 1x200 mg tablets (Treatment C) 
(sponsor’s table 2) 

 
 
Statistical comparison of Cmax, AUC0-t, and AUC0-inf showed that the rate and extent of exposure of 
avanafil were equivalent following a total dose of 200 mg given as either one 200 mg or  four 50 mg 
tablets. The 90% CIs of the LSM ratios fell within 80% to 125% and the point estimate is nearly 100%; 
thereby demonstrating dose proportionality between 50 and 200 mg. 
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The following table is a statistical comparison of plasma avanafil PK parameters following Treatment C 
(1x200 mg) versus Treatment A (4x50 mg) (sponsor’s table 3) 

 
 
 
Statistical comparison of Cmax, AUC0-t, and AUC0-inf showed that the rate and extent of exposure of 
avanafil were equivalent following a total dose of 200 mg given as either one 200 mg or  two 100 mg 
tablets. The 90% CIs of the LSM ratios fell within 80% to 125% and the point estimate is nearly 100%; 
thereby demonstrating dose proportionality between 100 and 200 mg. 
 
The following table is a statistical comparison of plasma avanafil PK parameters following Treatment C 
(1x200 mg) versus Treatment B (2x100 mg) (sponsor’s table 4) 

 
 
Safety 
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As noted in the QBR portion of this NDA review, the calculation of half-life was affected by the
sampling program used by the sponosr.  In study TA-02 the terminal half-life was reported by the
sponsor as ~1.2hr, while in study TA-07 the terminal half-life was ~8.4hrs.  Avanafil undergoes a
biphasic elmination, and thus the calculation of elmination half-life can be affected by sub-optimal
sampling schemes.  In the QBR portion of this review the Review Team has discussed this issue in
more detail has has determined that the "hybrid" elimination rate is ~5hrs and represents a melding
of the amount and relative contributions toward AUC of the resulting elimination rates.  I concur
with this approach and acknowledge that the data presented in these study reports reflects the
Sponsors calculation of half-life and not the FDA's. The reader is referred to the QBR portion of the
review for more details on this issue.
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1 Executive Summary 

 
Vivus, Inc. is seeking approval of avanafil (also referred to as TA-1790) for the treatment 
of erectile dysfunction (ED). Avanafil is a phosphodiesterase 5 (PDE5) inhibitor, which 
increases penile blood flow and erection in response to sexual stimulation.  
 
Avanafil is a solid, oval, pale yellow immediate-release (IR) oral tablet and is intended to 
be used on an as needed basis. The proposed dosing regimen is one 100 mg tablet 30 
minutes prior to initiation of sexual activity and no more than once daily. The dose may 
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between 0.6 and 0.7 hr. At the proposed dose of 100 mg, AUC0-t and Cmax is 1.6 
µg*hr/mL and 0.9 µg/mL, respectively. Accumulation (R) is 1.3, 1.2, and 1.1 for 50, 100, 
and 200 mg avanafil, respectively. 
 
Avanafil showed biphasic elimination. The sponsor reports a half-life of approximately 
1.2-1.5 hrs following single and multiple doses of avanafil in Study TA-02. This half-life 
was based mainly on the first elimination phase as the second phase was not well 
characterized. On the other hand, the sponsor reports a half-life of approximately 5 hrs 
(range 4.5 to 6.4 hrs) following a single 50 to 200 mg avanafil in the majority of other 
clinical pharmacology studies. This half-life was mostly based on second elimination 
phase. Therefore, the terminal elimination half-life is approximately 5 hrs. 
 
Avanafil was approximately 99% bound to albumin, 43% to γ-globulin, and 66% to α1-
acid glycoprotein.  
 
Cmax was reached 0.5 to 0.75 hrs in healthy young men given a single 200 mg dose of 
avanafil, Formulation II.  
 
The following table is a summary of the PK parameters for avanafil following a single 
dose 200 mg avanafil, Formulation II, fasted in healthy young male subjects (data from 
Study TA-022).  
 

PK parameter* 
Avanafil 200 mg 

 (N=22) 

AUC0-inf (ng*hr/mL) 7000 (3050) 

AUC0-t (ng*hr/mL) 6240 (2800) 

Cmax (ng/mL) 2620 (61.8) 

tmax (hr)1 0.75 (0.25, 2.0) 

t1/2 (hr) 5.0 (2.6) 

Kel (1/hr) 0.18 (0.10) 

*arithmetic mean (SD) 
1tmax: median and range 

 
Dose-Response Relationship 
Efficacy Endpoints 
The three co-primary efficacy endpoints for the two 12-week pivotal Phase III studies are 
(1) change from baseline in the percentage of sexual attempts resulting in successful 
intercourse [Sexual Encounter Profile question 3 (SEP3)]; (2) change from baseline in the 
percentage of sexual attempts resulting in successful vaginal penetration (SEP2); and (3) 
change from baseline in the International Index of Erectile Function (IIEF) erectile 
function domain score. 
 
Efficacy 
In study TA-301, treatment with avanafil at 50 mg, 100 mg, and 200 mg doses leads to 
statistically significant improvements in SEP3, SEP2, and IIEF erection function domain 
score compared to placebo. As the dose increased 2-fold from 50 to 100 mg, SEP3, 
SEP2, and IIEF domain score increased approximately 2-fold. SEP3 was higher by 
13.8%, 29.3% and 30.2% following 50 mg, 100 mg and 200 mg avanafil, respectively, 
compared to placebo. SEP2 was higher by 11.1%, 20.1% and 22.7% following 50 mg, 
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100 mg and 200 mg avanafil, respectively, compared to placebo. The change from 
baseline in the IIEF erectile function domain score was 2.6, 5.5 and 6.7 following 50 mg, 
100 mg and 200 mg avanafil, respectively, compared to placebo.   
 
In study TA-302, treatment with avanafil at 100 and 200 mg doses leads to statistically 
significant improvements in SEP3, SEP2, and IIEF erection function domain score, 
compared to placebo. SEP3 was higher by 15.6% and 16.4% following 100 mg and 200 
mg avanafil, respectively, compared to placebo. SEP2 was higher 9.0% and 11.7% 
following 100 mg and 200 mg avanafil, respectively, compared to placebo. The change 
from baseline in the IIEF erectile function domain score was 2.9 and 4.1 following 100 
mg and 200 mg avanafil, respectively, compared to placebo. 
 
Safety 
The most frequently reported drug-related treatment-emergent adverse events (TEAEs) 
by treatment are as follows: 
 

Placebo: hot flush (0.6%), feeling hot (0.6%), nasal congestion (0.6%), and postnasal drip 
(0.6%) 
Avanafil 50 mg: headache (3.8%), flushing (3.8%), and back pain (1.3%) 
Avanafil 100 mg: headache (6.2%), flushing (6.2%), and nasal congestion (2.5%) 
Avanafil 200 mg: headache (7.4%), flushing (3.7%), and nasal congestion (1.9%) 
 
Similar to the efficacy outcome, of the three doses evaluated in the Phase III study TA-
301, the highest frequency of adverse events occurred at the two highest doses (100 and 
200 mg), compared to placebo. It is difficult to distinguish if a difference in frequency of 
adverse events exists between 100 and 200 mg dose. 
 
Intrinsic and Extrinsic Factors 
The sponsor conducted studies to evaluate intrinsic and extrinsic factors that may affect 
the PK of avanafil. Factors that may affect the PK of avanafil were evaluated in the 
following studies: renal impairment, hepatic impairment, age effect, food effect, drug 
interaction with ketoconazole (a strong CYP3A4 inhibitor), drug interaction with 
ritonavir (a strong CYP3A4 inhibitor), and drug interaction with erythromycin (a 
moderate CYP3A4 inhibitor).  
 
The sponsor conducted studies to evaluate the effect of avanafil on the PK and/or 
pharmacodynamic (PD) of other drugs. Clinical studies were conducted to evaluate the 
PD effects of avanafil and glyceryl trinitrate, avanafil and alcohol, avanafil and alpha-
blockers (doxazosin and tamsulosin), and avanafil and antihypertensives (enalapril and 
amlodipine), and avanafil and warfarin. Clinical studies were conducted to evaluate the 
effect of avanafil on the PK of omeprazole (a CYP2C19 substrate), rosiglitazone (a 
CYP2C8 substrate), and desipramine (a CYP2D6 substrate). 
 
Renal impairment on avanafil PK 
Mild and moderate renal impairment did not significantly impact the systemic exposure 
of a single 200 mg dose of avanafil. AUC0-inf decreased by 3.0% and increased by 9.1% 
in subjects with mild and moderate renal impairment, respectively. Cmax increased by 
2.8% and decreased by 2.8% in subjects with mild and moderate renal impairment, 
respectively. In the context of inter-subject variability of approximately 30%, the changes 
in Cmax and AUC0-inf of approximately 3-9% are not significant. The sponsor did not 
evaluate the effect of severe and end stage renal impairment on avanafil PK. No dose 
adjustment in patients with mild and moderate renal impairment is recommended.  
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Hepatic impairment on avanafil PK 
Mild and moderate hepatic impairment did not significantly impact the systemic exposure 
of a single 200 mg dose of avanafil. AUC0-inf increased by 3.8% and 11.2% in subjects 
with mild and moderate hepatic impairment, respectively. Cmax decreased by 2.7% and 
51% in subjects with mild and moderate hepatic impairment, respectively. In the context 
of inter-subject variability of approximately 30%, the change in AUC0-inf of 3.8% and 
Cmax of 2.7% in subjects with mild hepatic impairment is not significant. Maximum 
concentration was significantly reduced in subjects with moderate hepatic impairment. 
On the other hand, systemic exposure in subjects with moderate impairment increased by 
11.2%; therefore, moderate hepatic impairment does not significantly impact the total 
exposure of avanafil. Clearance increased slightly – 4.0% and 9.0% in subjects with mild 
and moderate hepatic impairment, compared with subjects with normal hepatic function. 
The sponsor did not evaluate the effect of severe hepatic impairment on avanafil PK. No 
dose adjustment in patients with mild and moderate hepatic impairment is recommended.  
 
QT Prolongation 
The supratherapeutic dose (800 mg) produced avanafil Cmax values 6.8-fold higher than 
the mean Cmax for the starting therapeutic dose (100 mg). The LS mean of ΔΔQTcF was 
9.4 ms and the 90% confidence interval (CI) for ΔΔQTcF was 7.2 – 11.6 ms with 800 mg 
avanafil dose. The upper bound of the 90% CI for ΔΔQTcF exceeded 10 ms (11.6 ms) at 
one time point for the supratherapeutic dose and therefore failed to exclude a 10 ms 
increase in QT, the regulatory threshold for regulatory concern. 
  
Interaction with strong CYP3A4 inhibitors such as ketoconazole and ritonavir increased 
Cmax by 3.1- and 2.4-fold, respectively, while AUC0-inf increased by approximately 13-
fold. Renal and hepatic impairment did not significantly increase avanafil concentrations. 
The therapeutic dose of avanafil or the proposed adjusted avanafil dose co-administered 
with a strong CYP3A4 inhibitor is not expected to prolong the QT interval greater than 
10 ms.    
 
Effect of strong CYP3A4 inhibitors, ketoconazole and ritonavir, on avanafil PK 
Ketoconazole 400 mg inhibited avanafil 50 mg metabolism leading to an approximate 13-
fold increase in avanafil mean AUC0-inf. Cmax increased 3.1-fold. Tmax increased 
slightly from 0.5 to 1.0 hr.   
 
Ritonavir 300-600 mg inhibited avanafil 50 mg metabolism leading to an approximate 
13-fold increase in avanafil mean AUC0-inf. Cmax increased 2.4-fold. Tmax increased 
slightly from 0.5 to 1.5 hrs. 
 
The sponsor reports an increase in avanafil half-life from 1.8 to 8.5 and from 1.4 to 8.8 
hrs following administration of ketoconazole and ritonavir, respectively. This increase in 
half-life is reported by the sponsor due to a low estimation of half-life for avanafil alone. 
The estimation of half-life was based on the first elimination phase and, in the study with 
CYP3A4 inhibitors, was likely due to a deficiency in time points between 12 and 24 hrs. 
With the exception of the CYP3A4 inhibition study TA-011 and SD/MD PK study TA-
02, all other clinical pharmacology studies report an elimination half-life of 
approximately 5 hrs (range 4.5 to 6.4 hrs) following a single 50 to 200 mg avanafil. 
Therefore, half-life of avanafil is estimated to increase approximately by 3-4 hrs with 
administration of a strong CYP3A4 inhibitor.  
 
The incidence of headache, postural hypotension, nausea, and fatigue increased 
significantly in the subjects given a single dose of 400 mg, 600 mg, and 800 mg as shown 
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total exposure changed to a negligible degree (1.5%). Based on these small changes, no 
dose adjustment or special dosing instructions in the presence of food is necessary. 
Additionally, the Phase III study was conduced with no restrictions on food intake.  
 
Effect of age on avanafil PK 
The arithmetic mean AUC0-t for avanafil was 1.2-fold higher in elderly (65-80 yrs) 
subjects, compared to young (19-43 yrs) subjects. The arithmetic mean AUC0-inf for 
avanafil was 1.1-fold higher in elderly subjects, compared to young subjects. Median 
tmax increased by 0.19 hr from 0.56 to 0.75 hr and mean t1/2 decreased by 0.9 hr from 6.5 
to 5.6 hrs in elderly subjects, compared to young subjects.   
 
Overall differences observed between the elderly and young subjects are not significantly 
different given the variability observed between subjects. 
 
Effect of avanafil and glyceryl trinitrate on blood pressure and pulse rate 
Avanafil and glyceryl trinitrate decreased sitting and standing systolic and diastolic blood 
pressure to a greater degree than glyceryl trinitrate and placebo avanafil. The mean 
maximum decrease in standing systolic blood pressure/diastolic blood pressure 
(SBP/DBP) was 24/22 mmHg. Overall, avanafil lowered blood pressure and increased 
pulse rate. The blood pressure lowering effect can be significant with repeat dosing, 
which this study was not designed to evaluate. Overall, the potentiation of hypotension is 
a concern in patients requiring sublingual glyceryl trinitrate and taking avanafil; 
therefore, avanafil should not be used with nitroglycerin.  
 
Effect of avanafil and alcohol on blood pressure and pulse rate 
When comparing avanafil + alcohol and placebo + alcohol, there was no statistically 
significant effect on the maximum mean supine SBP and systolic area under the effect 
curve (AUEC0-t). However, despite the lack of statistical difference between the two 
treatment groups, there was a decrease in the SBP of 3.5 mmHg and systolic AUEC0-t of 
12.5 mmHg*hr in subjects given avanafil + alcohol, compared to placebo + alcohol. 
There were statistically significant changes in the maximum decrease of 4.5 mmHg in 
DBP and 16.3 mmHg*hr in diastolic AUEC0-t. This trend was also observed with pulse 
rate - a statistically significant changes in the maximum increase in pulse rate of 9.3 beats 
per minute (bpm) and pulse rate AUEC0-t of 25.1 bpm*hr. Overall, there was an additive 
hypotensive effect from avanafil treatment with a decrease SBP/DBP of 3.5/4.5 mmHg. 
 
Effect of avanafil and alpha-blockers (doxazosin and tamsulosin) on blood pressure 
and pulse rate 
Blood pressure decreased and pulse rate increased with the administration of avanafil 
after subjects were given doxazosin or tamsulosin for 18 days prior to avanafil dosing. 
The mean maximum supine SBP/DBP decrease was 6.0/3.6 mmHg. The mean maximum 
increase in pulse rate was 7.2 bpm. The clinical effect appeared to have diminished after 
several hours with blood pressure and pulse rate returning to baseline.  
  
Effect of avanafil and antihypertensives (enalapril and amlodipine) on blood 
pressure and pulse rate 
Standing SBP decreased by 0.8 mmHg, DBP increased by 0.2 mmHg, and pulse rate 
increased by 0.6 bpm in subjects who received avanafil and enalapril, compared to 
placebo and enalapril. A mean maximum decrease in supine SBP/DBP of 1.8/3.5 mmHg 
and increase in pulse rate of 1.0 bpm was observed in subjects co-administered with 
avanafil and enalapril, compared to placebo and enalapril.  
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Standing SBP/DBP decreased by 1.6/1.4 mmHg, respectively, in subjects who received 
avanafil and amlodipine, compared to placebo and amlodipine. The effect on standing 
pulse rate was a little more significant, which increased by 5.4 bpm in subjects who 
received avanafil and amlodipine, compared to placebo and amlodipine. A mean 
maximum decrease in supine SBP of 1.2 mmHg and increase in DBP of 1.5 mmHg was 
observed in subjects co-administered with avanafil and amlodipine, compared to placebo 
and amlodipine.  
 
Effect of avanafil and warfarin PK/PD 
Avanafil had no effect on the PK of a single 25 mg dose of warfarin; the PK parameters 
of R-warfarin and S-warfarin were similar in both treatment groups. Multiple doses of 
avanafil had essentially no effect on the PD of a single dose of warfarin as determined by 
international normalized ratio (INR), prothrombin time (PT), and platelet aggregation; 
the % mean ratios (subjects administered with warfarin + avanafil/ subjects administered 
with warfarin+ placebo) of INR, PT, and platelet aggregation were all approximately 
100% (range 96% to 110%)  
 
Effect of avanafil on omeprazole, a CYP2C19 substrate, PK 
Avanafil given to subjects who received omeprazole delayed-release capsules had a 1.1-
fold increase in AUC0-t, compared to omeprazole alone. Cmax of omeprazole increased 
1.1-fold, compared to omeprazole alone. The median tmax of omeprazole remained 
unchanged at 2.0 hrs and the arithmetic mean t1/2 of omeprazole increased by 0.1 hr from 
1.8 to 1.9 hrs following omeprazole and avanafil co-administration, compared to 
omeprazole alone. 
 
Effect of avanafil on rosiglitazone, a CYP2C8 substrate, PK 
Avanafil given to subjects who received rosiglitazone had a 1.0-fold increase in AUC0-
inf, compared to rosiglitazone alone. Cmax of rosiglitazone decreased by 14%, compared 
to rosiglitazone alone. The median tmax of rosiglitazone remained increased by 0.25 hr 
from 0.75 to 1.0 hr and the arithmetic mean t1/2 of rosiglitazone decreased slightly by 0.1 
hr from 4.0 to 3.9 hrs following rosiglitazone and avanafil co-administration, compared 
to rosiglitazone alone. 
 
Effect of avanafil on desipramine, a CYP2D6 substrate, PK 
Avanafil given to subjects who received desipramine had a 1.1-fold increase in AUC0-inf, 
compared to desipramine alone. Cmax of desipramine increased by 1.1-fold, compared to 
desipramine alone. The median tmax and the arithmetic mean t1/2 of desipramine 
remained unchanged at 6 and 14 hrs, respectively, following desipramine and avanafil co-
administration, compared to desipramine alone. 
 

2 Question-Based Review 

2.1 General Attributes of the drug 

2.1.1 What pertinent regulatory background or history contributes to the current 
assessment of the clinical pharmacology and biopharmaceutics of this drug? 
 
Vivus is seeking approval of avanafil for ED in males. ED is defined as the inability of 
the male to attain and maintain erection of the penis sufficient to permit satisfactory 
sexual performance. The proposed dose and dosing regimen is 100 mg oral tablet to be 
taken approximately 30 minutes before sexual activity on an as needed basis. Avanafil 
should not be taken more than once daily and may be taken with or without food. The 
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2.1.3 What are the proposed mechanism(s) of action and therapeutic indication(s)? 

 
The sponsor is seeking approval to market avanafil for the treatment of ED. Avanafil is a 
PDE5 inhibitor. It increases penile blood flow and erection in response to sexual 
stimulation. In men, sexual stimulation causes nitric oxide to be released by nerves and 
endothelial cells and diffused into smooth muscle cells in the walls of penile arteries and 
spongy erectile tissues. Nitric oxide stimulates the guanylate cyclase enzyme to 
synthesize cyclic guanosine monophosphate (cGMP), which leads to decreased calcium 
(Ca+2) concentrations in the smooth muscles of erectile tissues, smooth muscle relaxation, 
and increased blood flow into the penis . The PDE5 enzyme is responsible for the 
degradation cGMP. Through the inhibition of PDE5, avanafil inhibits cGMP degradation 
and thereby increasing cGMP concentrations, which results in enhanced smooth muscle 
relaxation and greater blood flow to the erectile tissues in response to sexual stimulation. 

2.2 General Clinical Pharmacology 

2.2.1 What are the design features of the clinical pharmacology and clinical studies used 
to support dosing or claims? 

 
The clinical program included 18 Phase I studies, 3 Phase II studies, and 2 Phase III 
studies. The proposed dosing instruction for avanafil is a starting dose of 100 mg to be 
taken orally as needed approximately 30 min before sexual activity. The dosing 
frequency is once per day and with or without food. Based on individual efficacy and 
tolerability, the dose may be increased to a maximum dose of 200 mg or decreased to 50 
mg. 
 
In the Phase III study TA-301, the doses were 50 mg, 100 mg, and 200 mg and were 
administered in multiples of 50 mg tablets. In the second Phase III study TA-302, the 
doses were 100 and 200 mg and were administered in multiples of 100 mg tablets, 
Formulation II. In both studies, subjects were instructed to take one dose of avanafil or 
placebo approximately 30 min prior to initiation of sexual activity. No restrictions were 
placed on the timing or consumption of food or alcohol.   
 
The supporting Phase II study TA-05 evaluated the safety and efficacy of 50, 100, 200, 
and 300 mg avanafil, Formulation I. Each dose group received 2 capsules with multiples 
of 12.5, 50 and 100 mg tablets encapsulated. Subjects were instructed to take one dose of 
avanafil or placebo approximately 30 min prior to initiation of sexual activity.  
 
The majority of Phase I clinical pharmacology studies evaluating drug-drug interactions, 
food effect, and intrinsic factors were conducted with a single tablet of 200 mg avanafil, 
Formulation II.  

2.2.2 What are the clinical endpoints measured in clinical pharmacology and clinical 
studies? 

 
The three co-primary efficacy endpoints for the 12-week pivotal Phase III studies are (1) 
change from baseline in the percentage of sexual attempts resulting in successful 
intercourse [Sexual Encounter Profile question 3 (SEP3)]; (2) change from baseline in the 
percentage of sexual attempts resulting in successful vaginal penetration (SEP2); and (3) 
change from baseline in the International Index of Erectile Function (IIEF) erectile 
function domain score. These are the current clinical efficacy endpoints recommended to 
all sponsors seeking approval for the treatment of ED.  
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Cialis® (tadalafil) and Levitra® (vardenafil), PDE5 inhibitors, were approved under 
NDAs 021368 (November 21, 2003) and 021400 (August 19, 2003), respectively. Both 
Cialis and Levitra were approved with the same clinical efficacy endpoints as those 
presented in this NDA. The primary endpoints used for the approval of Viagra (sildenafil) 
on March 27, 1998 under NDA 020895 were different from the current recommendations 
and were based on two questions from the IIEF. Staxyn (vardenafil) is an orally 
disintegrating tablet of Levitra and was approved under NDA 200179 (June 17, 2010) 
based on the clinical findings of Levitra.    
 
In the Phase II proof-of-concept study TA-05, the three efficacy endpoints were similar to 
those used in Phase III studies and were recorded in the subjects diary.  
 
In clinical pharmacology studies, the endpoints for the majority of studies were PK 
parameters of avanafil. In some cases such as drug-drug interactions, the endpoints were 
PK parameters of the interacting drug. For pharmacodynamic studies with alcohol, 
glyceryl nitrate, alpha-blockers, and antihypertensives, the endpoints were changes in 
blood pressure and pulse rate. For one study with avanafil and warfarin, the endpoints 
were INR, PT, platelet aggregation, and PK of warfarin.     

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

 
In an open-label study in six healthy male subjects, the sponsor evaluated the metabolism 
of a single oral suspension dose of 600 mg 14C-radiolabeled avanafil (Study TA-010). 
Metabolite profiling was done in human plasma, urine, and feces. Blood, urine, and fecal 
samples were collected up 168, 216, and 216 hrs after dosing, respectively. Avanafil was 
extensively metabolized in humans. Fecal excretion was the major route of elimination of 
radioactivity. After oral dosing of 14C-radiolabeled avanafil through 216 hrs, 61% of the 
radioactive dose was recovered in feces and 21% in urine. Recovery of total radioactivity 
in urine and feces ranged from 85 to 94%.  
 
Unchanged avanafil was the major radioactive component in plasma and accounted for 
about 37% of total radioactivity within 12 hrs postdose. The major circulating metabolite 
was M16, an open pyrrolidine ring carboxylic acid avanafil, which accounted for about 
11% of the total radioactivity or 29% of unchanged avanafil. M10, a carboxylic acid 
avanafil and M16 were the major metabolites in feces. M16 was the major metabolite 
excreted in urine. About 6% of radioactive dose was excreted as unchanged avanafil in 
fecal samples. Unchanged avanafil was not detected in pooled urine samples. 
 
Metabolism of avanafil is likely completed through phase I metabolism. Phase II 
metabolism is a minor pathway. Biotransformation of avanafil is likely completed 
through hydroxylation, oxidation, multiple N-dealkylation reactions, demethylation and 
glucuronide conjugation. Modification of the pyrrolidine ring is likely to result in the 
majority of the identified metabolites. 
 
Percent of total radioactivity as avanafil metabolites in pooled plasma, urine, and feces 
(Study TA-010) 
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Percent of radioactive dose excreted as avanafil or its metabolites in pooled urine and 
feces (Study TA-010) 

 
 
The figure below is the proposed metabolite pathways of avanafil in humans (Study TA-
010). 
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2.2.4 Exposure-Response Evaluation 

2.2.4.1 What are the characteristics of the dose-response relationships for efficacy?   

 
The sponsor submitted data from two Phase III studies conducted in multiple centers in 
the United States to support the proposed indication, treatment of ED in men. Three doses 
(50, 100, and 200 mg) were evaluated for safety and efficacy in Study TA-301. Two 
doses (100 and 200 mg) were evaluated in safety and efficacy in Study TA-302.  
 
The three co-primary efficacy endpoints for the 12-week pivotal Phase III studies are (1) 
change from baseline in the percentage of sexual attempts resulting in successful 
intercourse [Sexual Encounter Profile question 3 (SEP3)]; (2) change from baseline in the 
percentage of sexual attempts resulting in successful vaginal penetration (SEP2); and (3) 
change from baseline in the International Index of Erectile Function (IIEF) erectile 
function domain score. 
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In study TA-301, treatment with avanafil at 50 mg, 100 mg, and 200 mg doses led to 
statistically significant improvements in SEP3, SEP2, and IIEF erection function domain 
score compared to placebo. As the dose increased 2-fold from 50 to 100 mg, SEP3, 
SEP2, and IIEF erectile function domain score increased approximately 2-fold. SEP3 was 
higher by 13.8%, 29.3% and 30.2% following 50 mg, 100 mg and 200 mg avanafil, 
respectively, compared to placebo. SEP2 was higher by 11.1%, 20.1% and 22.7% 
following 50 mg, 100 mg and 200 mg avanafil, respectively, compared to placebo. The 
change from baseline in the IIEF erectile function domain score was 2.6, 5.5 and 6.7 
following 50 mg, 100 mg and 200 mg avanafil, respectively, compared to placebo.   
 
In study TA-302, treatment with avanafil at 100 mg and 200 mg doses led to statistically 
significant improvements in SEP3, SEP2, and IIEF erection function domain score, 
compared to placebo. SEP3 was higher by 15.6% and 16.4% following 100 mg and 200 
mg avanafil, respectively, compared to placebo. SEP2 was higher by 9.0% and 11.7% 
following 100 mg and 200 mg avanafil, respectively, compared to placebo. The change 
from baseline in the IIEF erectile function domain score was 2.9 and 4.1 following 100 
mg and 200 mg avanafil, respectively, compared to placebo. 

 
Change from baseline in percentage of SEP3 and SEP2, and change from baseline in IIEF erectile 
function domain score between the run-in period and the treatment period – intent-to-treat 
population (LOCF) 

LS mean difference  
(p-value) 

Study Endpoint 

Avanafil 50 mg Avanafil 100 mg Avanafil 200 mg 
Study TA-301 (n) 154 157 156 
  Compare vs. placebo (P-value) 

Change in % of sexual attempts with successful SEP3 13.8% (0.0002) 29.3% (<0.0001) 30.2% (<0.0001) 
Change in % of sexual attempts with successful SEP2 11.1% (0.0009) 20.1% (<0.0001) 22.7% (<0.0001) 
Change in IIEF EF domain score  2.6 (0.0014) 5.5 (<0.0001) 6.7 (<0.0001) 
Dose is Effective vs. placebo? (Yes / No) Yes Yes Yes 

  Compare vs. Avanafil 50 mg (P-value) 

Change in % of sexual attempts with successful SEP3 15.6% (<0.0001) 16.4% (<0.0001) 

Change in % of sexual attempts with successful SEP2 9.0% (0.0064) 11.7% (0.0004) 
Change in IIEF EF domain score  2.9 (0.0003) 4.1 (<0.0001) 
Dose is Effective vs. Avanafil 50 mg? (Yes / No) 

 

Yes Yes 

  Compare vs. Avanafil 100 mg 

Change in % of sexual attempts with successful SEP3 0.8% (0.8198) 

Change in % of sexual attempts with successful SEP2 2.6% (0.4221) 
Change in IIEF EF domain score  1.2 (0.1366) 
Dose is Effective vs. Avanafil 100 mg?(Yes / No) 

 

No 
Study TA-302 (n)  126 126 

  Compare vs. placebo  

Change in % of sexual attempts with successful SEP3 15.2% (<0.0001) 20.4% (<0.0001) 
Change in % of sexual attempts with successful SEP2 14.0% (0.0004) 18.4% (<0.0001) 
Change in IIEF EF domain score  2.8 (0.0017) 3.6 (<0.0001) 
Dose is Effective vs. placebo? (Yes / No) Yes Yes 

  Compare vs. Avanafil 100 mg  

Change in % of sexual attempts with successful SEP3 5.3% (0.1724) 

Change in % of sexual attempts with successful SEP2 4.4% (0.2719) 
Change in IIEF EF domain score  0.8 (0.3387) 
Dose is Effective vs. Avanafil 100 mg?(Yes / No) 

 

 

No 
Source: table from statistical review by Jia Guo, Ph.D. 
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Subjects were stratified by duration of ED subgroup: subjects who had ED <24 months, 
subjects who had ED >24 months and <60 months, and subjects who had ED >60 months 
at baseline.   
 
The following table summarizes the percentage of sexual attempts between run-in period 
and treatment period in which the subject was able to maintain an erection sufficient to 
have successful intercourse (SEP3) (Study TA-301). 

 
 
The following table summarizes the percentage of sexual attempts between run-in period 
and treatment period in which the subject was able to insert his penis into his partner’s 
vagina (SEP2) (Study TA-301). 

 
 
The following table summarizes the change in IIEF erection function domain score from 
baseline to end of treatment (Study TA-301). 
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Final conclusions of efficacy are pending review by Guodong Fang, MD.  

 
2.2.4.2. What are the characteristics of the exposure-response relationships (dose-response, 

concentration-response) for safety?  
 
The following table is a summary of treatment-emergent adverse events (>1% of subjects 
in any treatment group) by system organ class and preferred term (Study 301). 
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The most frequently reported drug-related treatment-emergent adverse events (TEAEs) 
by treatment in Study TA-301 are as follows: 

  
Placebo 
(N=161) 
n (%) 

Avanafil 50 mg 
(N=160) 
n (%) 

Avanafil 100 mg 
(N=161) 
n (%) 

Avanafil 200 mg 
(N=162) 
n (%) 

Headache 2 (1.2) 7 (4.4) 12 (7.5) 15 (9.3) 

Flushing 0 (0.0) 6 (3.8) 10 (6.2) 6 (3.7) 

Nasal congestion 2 (1.2) 1 (0.6) 7 (4.3) 3 (1.9) 

Back pain 1 (0.6) 4 (2.5) 4 (2.5) 3 (1.9) 

Nasopharyngitis 2 (1.2) 1 (0.6) 2 (1.2) 6 (3.7) 
 

Similar to the efficacy outcome, of the three doses evaluated in the Phase III study, the 
highest frequency of adverse events occurred at the two highest doses (100 and 200 mg), 
compared to placebo. 
 
Final conclusions of safety are pending review by Guodong Fang, MD. 

2.2.4.3 Is the dose and dosing regimen selected by the sponsor consistent with the known 
relationship between dose-response? 

 
Yes. The sponsor evaluated the safety and efficacy of various doses (50, 100, 200, and 
300 mg) of avanafil in 263 subjects (mean age 56.1; range 32 to 70 yrs) with mild or 
moderate ED (based on IIEF) in a pivotal Phase II study. The three primary endpoints 
were: (1) the success rate of the subject’s responses to Subject Diary question #6 “Were 
you able to insert your penis into your partner’s vagina?”; (2) the success rate of the 
subject’s response to Subject Diary question #7 “Did your erection last long enough for 
you to have successful intercourse?”; and (3) erectile function domain score (EFS) of the 
IIEF questionnaire.    
 
The following figure and tables are from Study TA-05 
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* and ** represents statistically significant difference versus placebo with p-value <0.05 
 

 
 
Treatment-emergent adverse events reported by >2% subjects in the intent-to-treat (ITT) 
population 

 
 
Based on the outcome of this Phase II study, the sponsor selected 50, 100, and 200 mg for 
their Phase III studies. The 300 mg dose was not included in the Phase III studies as it did 
not provide additional efficacy benefits and resulted in additional adverse events such as 
headache and flushing. 

 19

Reference ID: 3099632



2.2.5 Pharmacokinetic Characteristics 

2.2.5.1 What are the PK characteristics of the drug and its major metabolite? 

 
Avanafil is extensively metabolized to various metabolites, mainly by CYP3A4 and to a 
minor extent by CYP2 enzymes. M4 and M16 are the two major metabolites with a 
plasma concentration of approximately 23% and 29% of avanafil, respectively. In vitro 
studies showed that M4 has an inhibitory potency of 18% of avanafil for PDE5 and 
accounts for approximately 4% of the pharmacological activity of avanafil. M16 was 
inactive against PDE5.  
 
The following figure is the arithmetic mean plasma avanafil, M4, and M16 concentration 
vs. time following a single dose of 200 mg avanafil, Formulation II, fasted (Study TA-
022) 

 
M4 represents a minor contribution (4%) to the overall pharmacologic activity of 
avanafil, while M16 is inactive against the PDE5 enzyme; therefore, PK parameters 
reported in the majority of this review are for the parent drug avanafil only.  

 
2.2.5.2  What are the single dose and multiple dose PK parameters? 

 
The sponsor developed two formulations during the course of the clinical development 
program. Formulation II is the to-be-marketed formulation and the one used in the Phase 
III clinical trials. Single dose and multiple dose PK of the proposed 50 mg, 100 mg, and 
200 mg dose strengths were conducted with Formulation I only. Single dose PK of 200 
mg avanafil Formulation II was evaluated in a subsequent Phase I study. Formulation I 
and II were evaluated for relative bioavailability and are bioequivalent. The analytical 
method used in Study TA-02 was HPLC, not LC-MS/MS as in most other clinical 
pharmacology studies; therefore, the actual PK parameters are different between early 
and late Phase I studies.   
 
Single Dose PK of avanafil, Formulation I (Study HP-01) 
Single dose PK for Formulation I was characterized in healthy male subjects (Study HP-
01). AUC0-inf ranged from 381 to 24457 ng*hr/mL after a single dose of 12.5 to 800 mg 
and is dose proportional from 12.5 to 600 ng*hr/mL. Cmax ranged from 166 to 7249 µg 
/mL after a single dose of 12.5 to 800 mg and is dose proportional from 12.5 to 600 mg. 
The median Tmax ranged from 0.63 to 1.25 hr. 
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The plasma concentration-time profile for these doses are shown in the following figure 
(Study HP-01). 

 
 
The following table is a summary of geometric mean (SD) PK parameters of avanafil, 
Formulation I in plasma following a single dose of avanafil in healthy male subjects 
(Study HP-01). 

 
 
Multiple Dose PK of avanafil, Formulation I (Study TA-02) 
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with the study evaluating the effect of CYP3A4 inhibitors (Study TA-011) on avanafil 
PK. On the other hand, the sponsor reports a half-life of approximately 5 hrs (range 4.5 to 
6.4 hrs) following a single 50 to 200 mg avanafil, which was reported in all other clinical 
pharmacology studies. This half-life was mostly based on second elimination phase. 
Therefore, the half-life of approximately 5 hrs is the approximate terminal elimination.  
 
Single Dose PK of avanafil, Formulation II (Study TA-022) 
Single dose PK of 200 mg avanafil, Formulation II was characterized in healthy young 
male subjects. Cmax was reached 0.5 to 0.75 hrs in healthy young men given a single 200 
mg dose of avanafil, Formulation II. The arithmetic mean half-life of avanafil ranged 
from 5.0 to 6.4 hrs.  
 
The following table is a summary of PK parameters for avanafil following a single dose 
200 mg avanafil, Formulation II, fasted in healthy young male subjects (data from Study 
TA-022) 
 

 Avanafil Dose 

PK parameter* 
4 x 50 mg 

(N=22) 
2 x 100 mg 

 (N=23) 
1 x 200 mg 

 (N=22) 

AUC0-inf (ng*hr/mL) 6510 (3360) 6990 (4020) 7000 (3050) 

AUC0-t (ng*hr/mL) 6000 (2750) 6340 (3440) 6240 (2800) 

Cmax (ng/mL) 2660 (1150) 2520 (971) 2620 (61.8) 

tmax (hr)1 0.5 (0.33, 0.76) 0.5 (0.5, 1.5) 0.75 (0.25, 2.0) 

t1/2 (hr) 6.4 (3.2) 6.0 (2.9) 5.0 (2.6) 

Kel (1/hr) 0.16 (0.12) 0.16 (0.10) 0.18 (0.10) 

*arithmetic mean (SD) 
1tmax: median and range 
 
 

The following is the plasma concentration versus time profiles for avanafil, Formulation 
II following a single 200 mg dose (Study TA-022). 
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2.2.5.3 How does the PK of the drug and its major active metabolites in healthy volunteers 
compare to those in patients? 

 
The sponsor did not evaluate PK of avanafil in men with ED. The population evaluated in 
a PK study that best represents the target population is healthy elderly men. In Study TA-
014 the sponsor evaluated the effect of age on the PK of avanafil in a single-center, open-
label, non-randomized, two-cohort, single 200 mg dose PK study in healthy young, non-
vasectomized (mean age 31.6 years) and healthy elderly subjects (mean age 72.6 years). 
Subjects were given 1 x 200 mg tablet, Formulation II of avanafil under fasted 
conditions.  
 
The following table summarizes the PK parameters of avanafil for young and elderly 
subjects (data from Study TA-014) 
 

 Subjects 

PK parameter* 
Young Subjects 

(N=18) 
Elderly Subjects 

(N=14) 

AUC0-inf (ng*hr/mL) 7970 (1960) 8510 (4330) 

Cmax (ng/mL) 2850 (887) 2790 (837) 

tmax (hr)1 0.6 (0.25, 1.0) 0.75 (0.5, 0.8) 

t1/2 (hr) 6.5 (2.9) 5.6 (3.1) 

Kel (1/hr) 0.14 (0.10) 0.17 (0.09) 

*arithmetic mean (SD) 
1tmax: median and range 

 
Mean (SD) Cmax for avanafil was similar in young and elderly subjects at 2850 (877) 
ng/mL and 2790 (837), respectively. Mean AUC0-inf for avanafil was 1.07-fold higher in 
elderly subjects, compared to young subjects. 
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2.3 Intrinsic Factors 

2.3.1 What intrinsic factors (renal impairment, hepatic impairment, age, gender, race) 
influence exposure (PK) and/or response and what is the impact of any differences 
in exposure on efficacy or safety responses? 

 
Renal Impairment 
The effect of mild renal impairment (creatinine clearance (CLcr): 60-89 mL/min) and 
moderate renal impairment (CLcr: 30-59 mL/min) on PK of avanafil was evaluated by 
the sponsor and compared against subjects with normal renal function (CLcr > 90 
mL/min). Patients were administered a single oral dose of 200 mg in a single-center, 
open-label, parallel group, non-randomized study. The sponsor did not evaluate the effect 
of severe renal impairment or end stage renal disease on PK of avanafil.  
 
Mean (SD) AUC0-inf for avanafil was 3.0% and 9.1% lower in subjects with mild renal 
impairment and moderate renal impairment, respectively, compared to healthy subjects 
with normal renal function.  
 
Mean (SD) Cmax was similar in all three groups: 2870 (1060), 2950 (1090), and 2790 
(1010) ng/mL in subjects with normal renal function, mild renal impairment, and 
moderate renal impairment, respectively.  
 
Median tmax was similar in all three groups: 0.75, 0.5, and 0.75 hr in subjects with 
normal renal function, mild renal impairment, and moderate renal impairment, 
respectively.  
 
Mean (SD) t1/2 was similar in subjects with normal renal function and mild renal 
impairment at 6.4 (4.4) and 6.2 (3.0), respectively. However, mean (SD) t1/2 was reduced 
by 1.5 hrs from 6.4 (4.4) to 4.9 (2.2) in subjects with moderate renal impairment, 
compared to subjects with normal renal function.  
 
Mild and moderate renal impairment did not significantly impact the systemic exposure 
of a single 200 mg dose of avanafil. AUC0-inf decreased by 3.0% and increased by 9.1% 
in subjects with mild and moderate renal impairment, respectively. Cmax increased by 
2.8% and decreased by 2.8% in subjects with mild and moderate renal impairment, 
respectively. In the context of inter-subject variability of approximately 30%, the changes 
in Cmax and AUC0-inf of approximately 3-9% are not significant. The sponsor did not 
evaluate the effect of severe and end stage renal impairment on avanafil PK. No dose 
adjustment in patients with mild and moderate renal impairment is recommended.  
 
Arithmetic mean (SD) avanafil concentrations vs. time following 200 mg avanafil in 
subjects with normal renal function, and mild and moderate renal impairment based on 
CLcr (Study TA-013). 
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The following table summarizes the PK parameters of avanafil for patients with mild and 
moderate renal impairment and normal renal function (data from Study TA-013). 
 

PK parameter* 
Normal Renal 

Function 
(N=5) 

Mild Renal 
Impairment 

(N=9) 

Moderate Renal 
Impairment 

(N=10) 

AUC0-inf (ng*hr/mL) 8490 (1180) 8240 (2800) 9260 (2920) 

Cmax (ng/mL) 2870 (1060) 2950 (1090) 2790 (1010) 

tmax (hr)1 0.75 (0.5, 1.0) 0.5 (0.5, 0.5) 0.75 (0.5, 1.5) 

t1/2 (hr) 6.4 (4.4) 6.2 (3.0) 4.9 (2.2) 

CL/F (mL/min) 23.9 (3.5) 27.8 (12.6) 23.8 (8.6) 

*arithmetic mean (SD) 
1tmax: median and range 

 
Hepatic Impairment 
The effects of mild (Child-Pugh Class A) and moderate (Child-Pugh Class B) hepatic 
impairment on the PK of avanafil following a single oral dose of 200 mg were evaluated 
in an open-label, non-randomized, single dose, parallel-cohort study. The sponsor did not 
evaluate the effect of severe hepatic impairment on PK of avanafil.  
 
Mild and moderate hepatic impairment did not significantly impact the systemic exposure 
of a single 200 mg dose of avanafil. Subjects with normal hepatic function and mild 
hepatic impairment had similar mean Cmax, AUC0-t, and AUC0-inf for avanafil. In 
subjects with mild hepatic impairment, mean Cmax, AUC0-t, and AUC0-inf for avanafil 
was lower by 2.7%, higher by 7.0%, and higher by 3.8%, respectively. In the context of 
inter-subject variability of approximately 30%, the change in AUC0-inf of 3.8% and 
Cmax of 2.7% in subjects with mild hepatic impairment is not significant.  
 
Maximum concentration was significantly reduced in subjects with moderate hepatic 
impairment. On the other hand, systemic exposure in subjects with moderate impairment 
increased by 11.2%; therefore, moderate hepatic impairment does not significantly 
impact the total exposure of avanafil. The sponsor did not evaluate the effect of severe 
hepatic impairment on avanafil PK. Clearance increased slightly – 4.0% and 9.0% in 
subjects with mild and moderate hepatic impairment, compared with subjects with 
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normal hepatic function. No dose adjustment in patients with mild and moderate hepatic 
impairment is recommended.  
 
Mild headache was the most common AE. It was reported a total of 12 times by 11 (46%) 
of all subjects: 5 with normal hepatic function, 3 with mild hepatic impairment, and 3 
with moderate hepatic impairment. Despite the reduction of approximately 51% in Cmax 
and 11% increase of AUC0-inf in subjects with moderate hepatic impairment compared 
to normal hepatic function, the number and percent of subjects reporting AEs were 
similar in all three cohorts. Therefore, the small changes in avanafil PK in subjects with 
mild and moderate hepatic impairment do not appear to contribute to additional adverse 
events.  
 
The following is the geometric mean (SD) avanafil concentrations vs. time profile in 
subjects with normal hepatic function, mild hepatic impairment, and moderate hepatic 
impairment (Study TA-012). 

 
 
The following table summarizes the PK parameters of avanafil for patients with mild and 
moderate hepatic impairment and normal hepatic function (data from Study TA-012). 
 

PK parameter* 
Normal Hepatic 

Function 
(N=8) 

Mild Hepatic 
Impairment 

(N=8) 

Moderate Hepatic 
Impairment 

(N=8) 

AUC0-inf (ng*hr/mL) 9260 (2210) 9610 (3660) 10300 (4490) 

Cmax (ng/mL) 2610 (796) 2540 (886) 1270 (739) 

tmax (hr)1 0.5 (0.5, 1.0) 0.5 (0.5, 2.1) 1.1 (0.5, 3.0) 

t1/2 (hr) 7.5 (2.8) 6.9 (1.8) 6.1 (1.9) 

CL/F (mL/min) 22.5 (4.8) 23.4 (8.6) 24.5 (15.6) 

*arithmetic mean (SD) 
1tmax: median and range 

 
QT Prolongation 
The sponsor evaluated the effect of avanafil on QT prolongation in a randomized, double-
blind, 4-arm crossover study. Fifty-seven subjects received avanafil 100 mg, avanafil 800 
mg, placebo, and moxifloxacin 400 mg (positive control). The least-squares (LS) mean of 
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ΔΔQTcF was 9.4 ms and the 90% CI for ΔΔQTcF was 7.2 – 11.6 ms. The upper bound 
of the 90% CI for ΔΔQTcF exceeded 10 ms (11.6 ms) at one time point for the 
supratherapeutic dose and therefore failed to exclude a 10 ms increase in QT, the 
regulatory threshold for regulatory concern.  
 
Interaction with strong CYP3A4 inhibitors such as ketoconazole and ritonavir increased 
Cmax by 3.1- and 2.4-fold, respectively, while AUC0-inf increased by approximately 13-
fold. Renal and hepatic impairment did not significantly increase avanafil concentrations. 
Supratherapeutic dose of 800 mg avanafil was sufficient to cover the 13-fold increase in 
avanafil exposure from administration of 100 mg avanafil with a strong CYP3A4 
inhibitor and an accumulation ratio of 1.09. After accounting for known intrinsic and 
extrinsic factors, the therapeutic dose is not expected to cause >10 ms increase in QT. 
Refer to the QT review by Jeffry Florian for additional information. 
 
Age 
The sponsor evaluated the effect of age on the PK of avanafil in a single-center, open-
label, non-randomized, two-cohort, single 200 mg dose (1 x 200 mg) PK study in healthy 
young non-vasectomized (mean age 31.6 years; range 19-43 years) and healthy elderly 
subjects (mean age 72.6 years; range 65-80 years) (Study TA-014). Subjects were given 1 
x 200 mg tablet, Formulation II of avanafil under fasted conditions.  
 
The following figure is the arithmetic mean (SD) plasma avanafil concentrations vs. time 
in young and elderly subjects (Study TA-014). 

 
 
The following table summarizes the PK parameters of avanafil for young and elderly 
subjects (data from Study TA-014). 
 

PK parameter* 
Young Subjects 

(N=18) 
Elderly Subjects 

(N=14) 

AUC0-inf (ng*hr/mL) 7970 (1960) 8510 (4330) 

Cmax (ng/mL) 2850 (887) 2790 (837) 

tmax (hr)1 0.6 (0.25, 1.0) 0.75 (0.5, 0.8) 

t1/2 (hr) 6.5 (2.9) 5.6 (3.1) 

Kel (1/hr) 0.14 (0.10) 0.17 (0.09) 
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*arithmetic mean (SD) 
1tmax: median and range 

 
Mean (SD) Cmax for avanafil was similar in young and elderly subjects at 2850 (877) 
ng/mL and 2790 (837), respectively. Mean AUC0-inf for avanafil was 1.07-fold higher in 
elderly subjects, compared to young subjects. 
 
The geometric LS mean ratio for Cmax, AUC0-t, and AUC0-inf between elderly and 
young subjects was 100, 112, and 98%, respectively. The 90% CIs of the mean ratios 
were 77.5% to 145.5%. The overall differences observed between the elderly and young 
subjects are not significantly different given the variability observed between subjects.  
 
Headache was the only adverse event reported by > 10% of the subjects in this study, 
which was reported by 6 of 32 (19%) subjects (4 young subjects and 2 elderly subjects). 
Other adverse events due to avanafil include dizziness, fatigue, and myalgia, but were 
reported less frequently. Overall, there is no difference in the incidence or frequency of 
adverse events related to avanafil between young and elderly subjects. 
 
Race 
The majority of subjects in the Phase I clinical pharmacology studies were Caucasian. 
The sponsor did not evaluate the effect of race on avanafil PK. 
 

2.4 Extrinsic Factors 

2.4.1 What extrinsic factors (CYP3A4 inhibitors and alcohol use) influence dose- 
exposure and/or response and what is the impact of any differences in exposure on 
response? 

 
Effect of ketoconazole (a strong CYP3A4 inhibitor) 
The sponsor evaluated the influence of multiple doses of the potent CYP3A4 inhibitor 
ketoconazole on the PK of avanafil (Study TA-011). This study was an open-label, 
randomized, one sequence, three-way parallel study in healthy male subjects. A single 50 
mg dose of avanafil was administered with 240 mL of water after ketoconazole 400 mg 
was given once daily for 5 days.  

 
Mean AUC0-inf and Cmax of avanafil increased 12.8-fold and 3.1-fold, respectively, 
when avanafil was co-administered with ketoconazole, compared to avanafil alone. 
Median tmax increased by 0.5 hr from 0.5 to 1.0 hr.  
 
The following figure is the arithmetic mean (SD) plasma avanafil concentrations vs. time 
profile on Day 1 following 50 mg avanafil and Day 6 following 50 mg avanafil and 
ketoconazole (Study TA-011).  
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The following table summarizes the PK parameters of avanafil for subject given 50 mg 
avanafil and 50 mg avanafil + 400 mg ketoconazole (data from Study TA-011). 
 

PK parameter* 
Avanafil 
(N=15) 

Avanafil + Ketoconazole 
(N=14) 

AUC0-inf (ng*hr/mL) 1130 (450) 14500 (2880) 

Cmax (ng/mL) 535 (164) 1660 (328) 

tmax (hr)1 0.5 (0.25, 1.5) 1.0 (0.5, 2.0) 

t1/2 (hr) 1.8 (1.2) 8.5 (1.3) 

*arithmetic mean (SD) 
1tmax: median and range 

 
The recommended dose in adults of ketoconazole is a single administration of 200 mg 
and may be increased to 400 mg once daily. The sponsor anticipated the highest clinical 
dose of avanafil to be 200 mg; however, the avanafil dose administered in this study was 
50 mg. The lower dose selected for this study allowed for a safety margin in the event of 
a substantial increase in avanafil exposure due to co-administration with a strong 
CYP3A4 inhibitor. The study design and dose selections for this completed study are 
acceptable. 
 
Effect of ritonavir (a strong CYP3A4 inhibitor) 
The sponsor evaluated the influence of multiple doses of the potent CYP3A4 inhibitor 
ritonavir on the PK of avanafil (Study TA-011). This study was an open-label, 
randomized, one sequence, three-way parallel study in healthy male subjects. Ritonavir 
300 mg was given twice daily (BID) for 1 day (Day 2), 400 mg BID for 1 day (Day 3), 
600 mg BID for 5 days (Days 4-8) and a single 50 mg dose of avanafil on Days 1 & 8. 
 
Mean AUC0-inf and Cmax of avanafil increased 12.8-fold and 2.4-fold, respectively, 
when avanafil was co-administered with ritonavir, compared to avanafil alone. Median 
tmax increased by 1.0 hr from 0.5 to 1.5 hrs.  
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The following figure is the arithmetic mean (SD) plasma avanafil concentrations vs. time 
profile on Day 1 following 50 mg avanafil and Day 8 following 50 mg avanafil and 
ritonavir (Study TA-011).  

 
 
The following table summarizes the PK parameters of avanafil for subject given 50 mg 
avanafil and 50 mg avanafil + 300 mg ritonavir ((data from Study TA-011). 
 

PK parameter* 
Avanafil 
(N=14) 

Avanafil + Ritonavir 
(N=13) 

AUC0-inf (ng*hr/mL) 1050 (434) 13200 (2740) 

Cmax (ng/mL) 568 (165) 1360 (253) 

tmax (hr)1 0.5 (0.25, 0.75) 1.5 (0.5, 3.0) 

t1/2 (hr) 1.4 (0.53) 8.8 (1.7) 

*arithmetic mean (SD) 
1tmax: median and range 

 
The sponsor reports an increase in avanafil half-life from 1.8 to 8.5 and from 1.4 to 8.8 
hrs following administration of ketoconazole and ritonavir, respectively. This increase in 
half-life is reported by the sponsor due to a low estimation of half-life for avanafil alone. 
The estimation of half-life was based on the first elimination phase and, in the study with 
CYP3A4 inhibitors, was likely due to a deficiency in time points between 12 and 24 hrs. 
With the exception of the CYP3A4 inhibition study TA-011 and SD/MD PK study TA-
02, all other clinical pharmacology studies report an elimination half-life of 
approximately 5 hrs (range 4.5 to 6.4 hrs) following a single 50 to 200 mg avanafil. 
Therefore, half-life of avanafil is estimated to increase approximately by 3-4 hrs with 
administration of a strong CYP3A4 inhibitor. 
 
The recommended dosage in adults of ritonavir is 600 mg twice daily. Treatment-
emergent adverse events from ritonavir administration can be reduced with a dose 
titration scheme such as a starting dose of no less than 300 mg twice daily and increased 
at 2 to 3 day intervals by 100 mg twice daily. Ritonavir is a mechanism-based CYP3A4 
inhibitor. The dose and dosing regimen of ritonavir in this completed drug interaction 
study is optimized to minimize treatment-emergent adverse events resulting from 
ritonavir and to achieve a maximum in vivo irreversible inhibitory effect of CYP3A4. The 
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sponsor anticipated the highest clinical dose of avanafil to be 200 mg; however, the 
avanafil dose administered in this study was 50 mg. The lower dose selected for this 
study allowed for a safety margin in the event of a substantial increase in avanafil 
exposure due to co-administration with a strong CYP3A4 inhibitor. The study design and 
dose selections for this completed study are acceptable. 

 
Concomitant administration of avanafil and a strong CYP3A4 inhibitor increased avanafil 
exposure by approximately 13-fold. With linear PK, a 50 mg avanafil dose would be 
equivalent to approximately 650 mg when given with a strong CYP3A4 inhibitor. The 
maximum dose evaluated in Phase III studies is 200 mg; it is also the highest 
recommended dose. Therefore, an adjustment in avanafil dose is needed for patients 
taking a strong CYP3A4 inhibitor. The dose should be reduced to address the 13-fold 
increase in AUC. Increasing the dosing interval from 24 to 48 hrs can address the  
increase in half-life and ensure that 4-5 half-lives have elapsed between doses. Assuming 
the highest approvable dose will be 200 mg, a dose of approximately 15 mg would 
account for the 13-fold increase in exposure. Considering the inter-subject variability of 
approximately 30%, non-life threatening adverse event profile, as needed dosing regimen, 
and manufacturing of another dose strength, an avanafil dose of “no more than 25 mg 
once every 48 hrs as needed” is recommended for patients taking avanafil with a strong 
CYP3A4 inhibitor, although it would achieve approximately 63% higher exposure 
compared to the exposure from 200 mg avanafil alone. 
 
Effect of erythromycin (a moderate CYP3A4 inhibitor) 
The sponsor evaluated the influence of multiple doses of the potent CYP3A4 inhibitor 
ritonavir on the PK of avanafil (Study TA-011). This study was an open-label, 
randomized, one sequence, three-way parallel study in healthy male subjects. 
Erythromycin 500 mg was given every 12 hrs for 5 days followed by a single 200 mg 
dose of avanafil on Days 1 & 6. 
 
Mean AUC0-inf and Cmax of avanafil increased 3.6-fold and 2-fold, respectively, when 
avanafil was co-administered with erythromycin, compared to avanafil alone.  
 
Median tmax increased by 0.25 hr from 0.5 to 0.75 hr. The sponsor reports an increase in 
avanafil half-life from 2.4 to 8.1 hrs following administration of erythromycin. This 
increase in half-life is reported by the sponsor due to a low estimation of half-life for 
avanafil alone. The estimation of half-life was based on the first elimination phase and, in 
the study with CYP3A4 inhibitors, was likely due to a deficiency in time points between 
12 and 24 hrs. With the exception of the CYP3A4 inhibition study TA-011 and SD/MD 
PK study TA-02, all other clinical pharmacology studies report an elimination half-life of 
approximately 5 hrs (range 4.5 to 6.4 hrs) following a single 50 to 200 mg avanafil. 
Therefore, half-life of avanafil is estimated to increase by approximately 3 hrs with 
administration of a moderate CYP3A4 inhibitor. 
 
The following figure is the arithmetic mean (SD) plasma avanafil concentrations vs. time 
profile on Day 1 following 200 mg avanafil and Day 6 following 200 mg avanafil and 
erythromycin (Study TA-011).  
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The following table summarizes the PK parameters of avanafil for subject given 200 mg 
avanafil and 200 mg avanafil + 500 mg erythromycin ((data from Study TA-011). 
 

PK parameter* 
Avanafil 
(N=15) 

Avanafil + Erythromycin 
(N=14) 

AUC0-inf (ng*hr/mL) 5120 (1010) 18300 (7430) 

Cmax (ng/mL) 2030 (678) 4230 (1300) 

tmax (hr)1 0.5 (0.5, 1.5) 0.75 (0.5, 1.2) 

t1/2 (hr) 2.4 (0.4) 8.1 (1.6) 

*arithmetic mean (SD) 
1tmax: median and range 

 
The sponsor did not evaluate the effect of a mild CYP3A4 inhibitor on avanafil PK. 
The usual dose of erythromycin in adults is 250 mg four times daily. If twice daily 
dosage is desired, the recommended dose is 500 mg every 12 hours. Due to the short half-
life of 1.5 hrs and as a mechanism-based CYP3A4 inhibitor, erythromycin given over 
multiple days allows for a maximum in vivo irreversible inhibitory effect of CYP3A4. 
Therefore, the erythromycin dose and dosing regimen as evaluated by the sponsor is 
appropriate and optimizes the potential for a drug-drug interaction between avanafil and 
erythromycin. The sponsor anticipated the highest clinical dose of avanafil to be 200 mg 
and therefore selected 200 mg dose for this study. The study design and dose selections 
for this completed study are acceptable. 

 
Patients who take a moderate CYP3A4 inhibitor and avanafil are susceptible to higher 
systemic concentrations of avanafil. In the scenario evaluated, the 200 mg dose would be 
equivalent to approximately 720 mg.  Assuming the highest approvable dose will be 200 
mg, a reduced avanafil dose of approximately 56 mg would account for the 3.6-fold 
increase in exposure in the presence of a moderate CYP3A4 inhibitor. An avanafil dose 
of 50 mg once every 24 hrs as needed is recommended for patients taking avanafil with a 
moderate CYP3A4 inhibitor.  
 
Headache was the most frequent adverse event in subjects given avanafil and a strong or 
moderate CYP3A4 inhibitor and appeared to double in frequency compared to avanafil 

 33

Reference ID: 3099632





positive control 25 µM rifampicin. This effect observed at high avanafil concentration is 
insignificant; therefore, no in vivo study to evaluate CYP3A4 induction by avanafil was 
conducted by the sponsor.  
 
The sponsor has shown in vitro that avanafil moderately inhibits CYP2C19, CYP2C8, 
and CYP2D6 with Ki values of 2.9, 15.2, and 43.9 µM, respectively. Therefore, the 
sponsor decided to conduct clinical studies (Study TA-018) to evaluate the effect of a 
single 200 mg dose of avanafil on the PK of omeprazole (a CYP219 substrate), 
rosiglitazone (a CYP2C8 substrate), and desipramine (a CYP2D6 substrate) in vivo. 
 
Is avanafil a CYP2C19 inhibitor: effect on omeprazole? 
Twenty healthy male subjects were administered a single oral dose of 40 mg omeprazole 
delayed-release capsule once daily for 8 days (Days 1 - 8) then a single oral dose of 200 
mg avanafil on Day 8. Subjects were randomized to one of the following treatment 
groups following an overnight fast of at least 10 hrs:  

 Once daily 40 mg oral dose of omeprazole for 7 days (Days 1 - 7) 
 Once daily 40 mg oral doses of omeprazole for 8 days plus 200 mg avanafil (Day 8) 

 
Mean AUC0-t and Cmax of omeprazole increased 1.06-fold and 1.09-fold, respectively, 
following omeprazole and avanafil co-administration, compared to omeprazole alone.  
 
Median tmax of omeprazole remained unchanged at 2.0 hrs. Mean t1/2 of omeprazole 
increased by 0.1 hr from 1.8 to 1.9 hrs following omeprazole and avanafil co-
administration, compared to omeprazole alone.  
 
The following table summarizes the PK parameters of omeprazole for subject given 
omeprazole and omeprazole + avanafil ((data from Study TA-018). 

PK parameter* 
Omeprazole 

(N=19) 
Omeprazole + Avanafil 

(N=19) 

AUC0-t (ng*hr/mL) 5380 (3290) 5700 (2970) 

Cmax (ng/mL) 1520 (773) 1650 (572) 

tmax (hr)1 2.0 (1.0, 4.0) 2.0 (1.0, 6.0) 

t1/2 (hr) 1.8 (0.7) 1.9 (0.7) 

*arithmetic mean (SD) 
1tmax: median and range 

 
Omeprazole is a proton pump inhibitor approved for the treatment of duodenal ulcer, 
gastric ulcer, and gastroesophageal reflux disease in adults. The recommended starting 
dose ranges from 20 to 60 mg daily in adults.  

 
Is avanafil a CYP2C8 inhibitor: effect on rosiglitazone? 
Twenty healthy male subjects administered a single dose of 8 mg rosiglitazone tablet then 
a single oral dose of 200 mg avanafil or rosiglitazone alone. The two treatments in this 
cohort were separated by a washout period of at least 7 days. Subjects were randomized 
to one of the following treatment groups following an overnight fast of at least 10 hrs:  

 A single oral dose of 8 mg rosiglitazone 
 A single oral dose of 8 mg rosiglitazone plus a single oral dose of 200 mg avanafil 

 
Mean AUC0-inf of rosiglitazone increased 1.02-fold from 3040 to 3010 ng.hr/mL 
following rosiglitazone and avanafil co-administration, compared to rosiglitazone alone. 
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Mean Cmax of rosiglitazone decreased 14% from 648 to 560 ng/mL following 
rosiglitazone and avanafil co-administration, compared to rosiglitazone alone.  
 
Median tmax of rosiglitazone increased 0.25 hr from 0.75 to 1.0 hr. Mean t1/2 of 
rosiglitazone decreased by 0.1 hr from 4.0 to 3.9 hrs following rosiglitazone and avanafil 
co-administration, compared to rosiglitazone alone.  
 
The following table summarizes the PK parameters of rosiglitazone for subject given 
rosiglitazone and rosiglitazone + avanafil ((data from Study TA-018) 

PK parameter* Rosiglitazone (N=19) 
Rosiglitazone + Avanafil 

(N=20) 

AUC0-inf (ng*hr/mL) 3040 (647) 3100 (691) 

Cmax (ng/mL) 648 (181) 560 (167) 

tmax (hr)1 0.75 (0.5, 4.0) 1.0 (0.5, 4.0) 

t1/2 (hr) 4.0 (0.75) 3.9 (0.8) 

*arithmetic mean (SD) 
1tmax: median and range 

 
Rosiglitazone is a thiazolidinedione antidiabetic agent used to improve glycemic control 
in adults with type 2 diabetes mellitus. The recommended starting dose is 4 mg daily in 
divided doses or as a single dose and may increase to 8 mg daily in patients not 
responding adequately in the initial treatment phase. The adverse events associated with 
rosiglitazone therapy include cardiac failure and cardiovascular events such as 
myocardial infarction and cardiovascular death. A study design that includes a single 
dose of the substrate drug and inhibitor allows for assessment of the most significant 
changes in rosiglitazone exposure. Though 8 mg rosiglitazone is clinically relevant, a 
lower dose of 4 mg would be suitable for this study. The sponsor anticipated the highest 
clinical dose of avanafil to be 200 mg and therefore selected 200 mg dose for this study. 
The study design and dose selections for this completed study are acceptable. 
 
Is avanafil a CYP2D6 inhibitor: effect on desipramine? 
Twenty healthy male subjects were administered a single oral dose of 50 mg desipramine 
tablet then a single oral dose of 200 mg avanafil or desipramine alone. The avanafil dose 
was administered 2 hrs after the desipramine administration. The two treatments in this 
cohort were separated by a washout period of at least 10 days. Subjects were randomized 
to one of the following treatment groups following an overnight fast of at least 10 hrs: 

 A single oral dose of 50 mg desipramine 
 A single oral dose of 50 mg desipramine plus a single oral dose of 200 mg avanafil 

 
Mean AUC0-inf and Cmax of desipramine increased 1.06-fold and 1.05-fold, 
respectively, following desipramine and avanafil co-administration, compared to 
desipramine alone.  
 
Median tmax of desipramine was unchanged at 6.0 hrs following desipramine and 
avanafil co-administration and desipramine alone. Mean t1/2 of desipramine was 
unchanged at 14 hrs following desipramine and avanafil co-administration and 
desipramine alone.  
 
The following table summarizes the PK parameters of desipramine for subject given 
desipramine and desipramine + avanafil (data from Study TA-018). 
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PK parameter* 
Desipramine 

(N=19) 
Desipramine + Avanafil 

(N=20) 

AUC0-inf (ng*hr/mL) 472 (185) 499 (188) 

Cmax (ng/mL) 19.0 (5.2) 20.0 (6.0) 

tmax (hr)1 6.0 (6.0, 8.0) 6.0 (6.0, 8.0) 

t1/2 (hr) 14 (3.0) 14 (2.8) 

*arithmetic mean (SD) 
1tmax: median and range 

 
Desipramine is a tricyclic antidepressant approved for the treatment of depression. The 
recommended initial dose for adults is 100 to 200 mg per day in divided doses or as a 
single dose. The recommended initial dose for adolescents and geriatrics is 25 to 100 mg 
per day in divided doses or as a single dose. Desipramine has cardiovascular, psychiatric, 
neurological effects such as hypotension, hypertension, hallucinations, numbness, etc.  
Using a low dose of desipramine such as 50 mg for this drug interaction study provides a 
margin of safety in the event avanafil inhibits CYP2D6 and results in high systemic 
concentrations of desipramine. A study design that includes a single dose of the substrate 
drug and inhibitor allows for assessment of the most significant changes in desipramine 
exposure. The sponsor anticipated the highest clinical dose of avanafil to be 200 mg and 
therefore selected 200 mg dose for this study. The study design and dose selections for 
this completed study are acceptable. 
 
Overall, in vivo results from this PK study showed that avanafil is not an inhibitor of 
CYP2C19, CYP2C8, and CYP2D6 enzymes. The potential of a single 200 mg dose of 
avanafil to affect multiple doses of omeprazole, a single dose rosiglitazone or a single 
dose of desipramine is unlikely. The magnitude of a drug-drug interaction between 
avanafil and CYP2C19, CYP2C8, and CYP2D6 substrates is unknown in chronic users of 
avanafil and these CYP substrates. 
 

2.4.2.3. What other co-medications are likely to be administered to the target population? 
 
The target population for avanafil is men with ED who are likely to be middle age and 
older and prone to having hypertension and benign prostatic hyperplasia (BPH). 
Medications commonly used to treat hypertension and BPH include nitrates (i.e. glyceryl 
trinitrate), alpha-adrenergic blockers (i.e. doxazosin and tamsulosin) and angiotensin 
converting enzyme inhibitors (i.e. enalapril) and calcium channel blockers (i.e. 
amlodipine). Use of warfarin to regulate the coagulation pathway may be a concern in the 
ED target population. As such, the sponsor evaluated the effect of avanafil co-
administration with the above mentioned drugs as determined by hemodynamic responses 
and various coagulation parameters.       
 
Glyceryl trinitrate 
The sponsor evaluated the hemodynamic response to a sublingual dose of glyceryl 
trinitrate in subjects receiving oral avanafil, sildenafil, and placebo (Study TA-04) in a 
single center, double blind, randomized, 3-way crossover study in healthy male subjects 
aged 30 to 60 years. Subjects were divided into 5 study groups, with the study groups 
differing in the time interval (0.5, 1, 4, 8, and 12 hrs) between treatment with avanafil 
(200 mg), sildenafil (100 mg), or placebo and glyceryl trinitrate (0.4 mg) administration. 
Usual dose of nitroglycerin is 03 to 0.6 mg. 
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The mean maximum change in SBP and DBP occurred in the group administered 
avanafil and glyceryl trinitrate with 0.5 hr separation. The mean maximum decreases 
from predose to postdose in sitting SBP were 19.2, 17.8, and 14.3 mmHg in subjects 
given avanafil, sildenafil, and placebo, followed by glyceryl trinitrate 0.5 hr later. The 
difference observed with avanafil and sildenafil was determined to be statistically 
significant from placebo. The mean maximum decreases from predose to postdose in 
standing SBP were 24.1, 24.8, and 22.7 mmHg in subjects given avanafil, sildenafil, and 
placebo, followed by glyceryl trinitrate 0.5 hr later. The difference between treatment 
groups and placebo are not statistically different.  
 
The mean maximum decreases from predose to postdose in sitting SDP were 16.7, 17.4, 
and 14.3 mmHg in subjects given avanafil, sildenafil, and placebo, followed by glyceryl 
trinitrate 0.5 hr later. The mean maximum decreases from predose to postdose in standing 
SDP were 21.5, 20.3, and 17.5 mmHg in subjects given avanafil, sildenafil, and placebo, 
followed by glyceryl trinitrate 0.5 hr later. Only the change in standing DBP with 
avanafil + glyceryl trinitrate co-administration was statistically different from placebo + 
glyceryl trinitrate. 
 
The mean maximum increase in pulse rate occurred in the group administered avanafil 
and glyceryl trinitrate separated by 8 hrs. The mean maximum increases from predose to 
postdose in sitting pulse rate were 18.6, 15.7, and 19.1 bpm in subjects given avanafil, 
sildenafil, and placebo, followed by glyceryl trinitrate 8 hrs later. The mean maximum 
increases from predose to postdose in standing pulse rate were 19.8, 24.7, and 16.8 bpm 
in subjects given avanafil, sildenafil, and placebo, followed by glyceryl trinitrate 8 hrs 
later. Only the change in standing pulse rate with sildenafil + glyceryl trinitrate co-
administration was statistically different from placebo + glyceryl trinitrate. 
 
Before administration of glyceryl trinitrate, few subjects exhibited decreases in blood 
pressure. With the administration of glyceryl trinitrate, the number of subjects with 
symptomatic hypotension increased in subjects who received avanafil, compared to 
placebo, and was not different from subjects given sildenafil. There was no difference 
between treatment groups based on the time of administration of avanafil, sildenafil or 
placebo and glyceryl trinitrate. Overall, the potentiation of hypotension is a concern in 
patients requiring sublingual glyceryl trinitrate and taking avanafil; therefore, this 
reviewer recommends avanafil not be used with nitroglycerin. The sponsor proposed to 
include a cautionary statement in the full prescribing label regarding the potentiation of 
hypotensive effects of nitrates by avanafil and a contraindication in Highlights of the 
label. This reviewer recommends including the corresponding data to convey the 
decrease in sitting and standing SBP/DBP after administration of avanafil and glyceryl 
trinitrate separated by 30 min.  
 
Doxazosin and Tamsulosin 
The sponsor evaluated the hemodynamic interactions between avanafil and two α-
adrenergic blockers, doxazosin and tamsulosin, in middle-aged healthy male subjects in a 
single center, randomized, double-blind, placebo-controlled, two-way crossover study 
(Study TA-017). 
 
Doxazosin was given once daily in the morning at 1 mg for 1 day (Day 1), 2 mg for 2 
days (Days 2-3), 4 mg for 4 days (Days 4-7), and 8 mg for 11 days (Days 8-18) and a 
single oral dose of either 200 mg avanafil or placebo administered after the doxazosin on 
Days 15 and 18. Doxazosin has a terminal elimination half-life of about 22 hours. The 
initial dosage of doxazosin in patients with hypertension and/or benign prostatic 

 38

Reference ID: 3099632



hyperplasia (BPH) is 1 mg given once daily with a maintenance dose ranging from 1 to 
16 mg once daily. The starting dose of 1 mg is intended to minimize the frequency of 
postural hypotension and first-dose syncope associated with doxazosin therapy. The 
design of this study between doxazosin and avanafil is appropriate as doxazosin is titrated 
for safety and the dose is a clinically relevant dose, and avanafil is the anticipated highest 
clinical dose. 
 
Tamsulosin 0.4 mg was administered once daily in the morning for 11 consecutive days 
(Days 1-11) and a single oral dose of either 200 mg avanafil or placebo. Recalling that 
avanafil tmax is 0.5-0.7 hrs, administration of avanafil 3.3 hrs after tamsulosin will 
coincide with the tmax of tamsulosin of 4-5 hrs and thereby maximizing the additive 
hypotensive effects of both drugs. The recommended dose is 0.4 mg once daily, and can 
increase to 0.8 mg once daily for patients who fail to respond to 0.4 mg dose. Postural 
hypotension, dizziness, and vertigo are concerns with tamsulosin therapy. In combination 
with avanafil, orthostasis can be a concern if a PD interaction is shown; therefore, the 
initial dose of 4 mg is preferred over the maximum dose of 8 mg. The design of the study 
was appropriate.  
 
Overall, blood pressure decreased and pulse rate increased with the administration of 
avanafil after subjects were given doxazosin or tamsulosin for multiple days prior to 
avanafil dosing. The clinical effect appeared to have diminished after several hours with 
blood pressure and pulse rate returning to baseline. Subjects enrolled in this study had a 
mean age of 46.5 yrs (range 40-61 yrs), which appears to be low and the applicability of 
these findings may not be relevant to an older ED population with hypertension and BPH. 
The effect on blood pressure and heart rate can be more significant with frequent use of 
alpha blockers and avanafil, and in an older ED population.   
 
 doxazosin + avanafil 
Statistically significant differences were observed in the maximum decrease from 
baseline in the supine SBP. Maximum decrease in supine SBP was 6.0 mmHg. There was 
no statistically significant difference in the AUEC0-12 for supine SBP between subjects 
who received avanafil or placebo.  
 
Statistically significant differences were observed in the maximum decrease from 
baseline in the supine DBP and in the AUEC0-12 for supine DBP between subjects who 
received avanafil or placebo. The maximum decrease in supine DBP and AUEC0-12 were 
3.6 mmHg and 31.4 mmHg*hr, respectively. 
 
Statistically significant differences were not observed in the maximum decrease from 
baseline in the supine pulse rate between subjects who received avanafil or placebo. 
There was a statistically significant increase in the AUEC0-12 for supine pulse rate of 45.8 
bpm*hr. 
 
The maximum increase in supine pulse rate and AUEC0-12 were 7.2 bpm and 44.5 
bpm*hr, respectively. 
 
 tamsulosin + avanafil 
Statistically significant differences were not observed in the maximum decrease from 
baseline in the supine SBP, the AUEC0-12 for supine SBP, or AUEC0-12 for supine 
DBP between subjects who received avanafil or placebo.  
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Statistically significant differences were observed in the maximum decrease from 
baseline in the supine DBP between subjects who received avanafil or placebo. The 
maximum decrease in supine DBP was 3.3 mmHg. 
 
Statistically significant differences were observed in the maximum decrease from 
baseline in the supine pulse rate and AUEC0-12 of 4.7 bpm and 40.76 8 bpm*hr, 
respectively. 
 
Enalapril and Amlodipine 
The sponsor evaluated the hemodynamic interactions between avanafil and two anti-
hypertensive drugs (enalapril maleate (an ACE inhibitor) and amlodipine (a calcium 
channel blocker)) in healthy middle-age men in a single center, randomized, double-
blind, placebo-controlled, two-way crossover study (Study TA-019). 

 
 enalapril + avanafil 
A single 200 mg dose of avanafil given to subjects who received 10 mg doses of enalapril 
twice daily for 11 days had a minor effect on BP and pulse rate. Standing SBP decreased 
by 0.8 mmHg, DBP increased by 0.2 mmHg, and pulse rate increased by 0.6 bpm in 
subjects who received avanafil and enalapril, compared to placebo and enalapril. A mean 
maximum decrease in supine SBP/DBP of 1.8/3.5 mmHg and increase in pulse rate of 1.0 
bpm was observed in subjects co-administered with avanafil and enalapril, compared to 
placebo and enalapril. 
 
 amlodipine + avanafil 
A single 200 mg dose of avanafil given to subjects who received 5 mg doses of 
amlodipine once daily for 18 days had minor effect on BP. Standing SBP and DBP 
decreased by 1.6 mmHg and 1.4 mmHg, respectively, in subjects who received avanafil 
and amlodipine, compared to placebo and amlodipine. The effect on standing pulse rate 
was a little more significant, which increased by 5.4 bpm in subjects who received 
avanafil and amlodipine, compared to placebo and amlodipine. A mean maximum 
decrease in supine SBP of 1.18 mmHg and increase in DBP of 1.5 mmHg was observed 
in subjects co-administered with avanafil and amlodipine, compared to placebo and 
amlodipine.  
 

 Amlodipine PK: Mean Cmax of amlodipine decreased 8.9%, compared to 
placebo + amlodipine. Mean AUC0-t of amlodipine decreased 3.8%, compared 
to placebo + amlodipine. Median tmax of amlodipine remained unchanged at 8 
hrs with a single dose of avanafil + multiple doses of amlodipine and placebo + 
amlodipine co-administration. 

 
 Avanafil PK: Mean Cmax and AUC0-inf of avanafil increased 22% and 70%, 

respectively, compared to avanafil alone. Median tmax and mean t1/2 of avanafil 
increased by 0.12 hr from 0.63 to 0.75 hr and by 2.9 hr from 7.0 to 9.9 hrs, 
respectively, with a single dose of avanafil + multiple doses of amlodipine, 
compared to avanafil alone.  

 
Headache was the most common adverse event in both cohorts and was more 
prevalent in subjects who received avanafil + amlodipine, and avanafil alone, 
compared to placebo + enalapril and placebo + amlodipine. Number of subjects 
reporting dizziness was the same in subjects who received enalapril only and 
avanafil + enalapril; 1 of 24 subjects in Cohort A. In contrast, there were 2 of 24 
subjects who reported dizziness in the amlodipine only group of Cohort B. It 
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Formulation II and I, respectively.  Based on the above data and statistical comparisons 
presented in the following table, formulation changes did not change the rate and extent 
of avanafil absorption. The two formulations are found to be bioequivalence by this 
reviewer.  
 
The following table summarizes the statistical comparison of geometric least squares 
means of avanafil PK following 2 x 100 mg tablets Formulation II, fasted (Treatment A) 
versus 2 x 100 mg tablet Formulation I, fasted (Study TA-020). 

 
 

2.5.2 What data support or do not support a waiver of in vivo BE data? 

 
The three proposed dosage strengths of Formulation II are produced  

The sponsor evaluated the relative bioavailability of Formulation I and 
Formulation II (TA-020) with 2 x 100 mg tablets. The sponsor has requested a waiver to 
study the 50 and 200 mg tablets based on the dissolution data and use of a  
to prepare all three tablet strengths. Dissolution data is being reviewed by ONDQA 
Reviewer. 

 

2.5.3 What is the effect of food on the bioavailability (BA) of the drug from the dosage 
form? What dosing recommendation should be made, if any, regarding 
administration of the product in relation to meals or meal types? 

 
The sponsor evaluated the effect of food on avanafil PK (TA-020). This was a single-
center, open-label, randomized, four-way crossover study in healthy young men. Subjects 
fasted at least 10 hrs prior to treatment and at least 4 hrs following dosing. Subjects began 
to eat a standardized high fat (800 to 1000 total calories with 150 calories from protein, 
250 calories from carbohydrates, and 500-600 calories from fat) breakfast 30+5 min prior 
to dosing in the Fed group. Subjects were given 200 mg avanafil (2 x 100 mg) under fed 
(Treatment B) and fasted (Treatment A) conditions.  
 
Mean (SD) for Cmax was 1760 (526) and 2920 (911) ng/mL under fed and fasted 
conditions, respectively. Food reduced the mean Cmax by approximately 40%. Mean 
(SD) for AUC0-t was 8070 (2560) and 8060 (2630) ng*hr/mL under fed and fasted 
conditions, respectively. The arithmetic mean (SD) for AUC0-inf was 8360 (2380) and 
8490 (3060) ng*hr/mL under fed and fasted conditions, respectively. Food had 
essentially no effect on the extent of avanafil absorption as both AUC0-t and AUC0-inf 
remained relatively unchanged.  
 
The following table summarizes the arithmetic mean of avanafil PK parameters and 
statistical comparison following 2x100 mg tablets Formulation II, under fed and fasted 
conditions (Study TA-020). 

PK Parameters 
Fed 

(N=23) 
Fasted 
(N=23) 

% mean ratio 
(Fed/Fasted) 

90% CI 

Cmax (ng/mL) 1760 (526) 2920 (911) 61.0 (52.6, 70.8) 
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AUC0-t (ng*hr/mL) 8070 (2560) 8060 (2630) 100.7 (92.3, 110.0) 

AUC0-inf (ng*hr/mL) 8360 (2830) 8490 (3060) 96.2 (88.9, 104.1) 

Tmax (hr) 2.0 (1.2, 4.0) 0.75 (0.5, 2.0)   

t1/2 (hr) 4.5 (1.9) 5.1 (2.9)   

 
Patients in the Phase III studies were instructed to take avanafil without regard to food 
intake. In the proposed product label, the sponsor states that avanafil may be taken with 
or without food. This reviewer concurs with the proposed dosing instruction based on the 
Phase III study design and outcome of the food effect study.  

 

2.6  BIOANALYTICAL METHODS 

 
The sponsor used LC-MS/MS for the majority of clinical pharmacology studies and 
validated the method for the determination of avanafil (TA-1790), M4 and M16 in human 
plasma. The method was validated for precision, accuracy, specificity, and recovery; the 
results are acceptable (Reports p862 & CP005301).  The sponsor met the Agency’s 
recommended acceptance criteria of <20% for precision (CV%) and within +20% for 
accuracy at the lower limit of quantitation and <15% or within +15% at all 
concentrations. There were 8 calibration standards with concentrations 1, 1.8, 3, 10, 30, 
90, 210, and 250 ng/mL. There were QC samples at 4 different concentrations: 60.0 
ng/mL, 300 ng/mL, 3000 ng/mL, and 10000 ng/mL for avanafil and 15.0 ng/mL, 75.0 
ng/mL, 750 ng/mL, and 2500 ng/mL for M4 stereoisomers and M16 stereoisomers. 

 

3  DETAILED LABELING RECOMMDENDATIONS 

Detailed labeling recommendations will be incorporated into DRUP’s proposed 
label. 
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4    APPENDIX 

4.1 OFFICE OF CLINICAL PHARMACOLOGY FILING REVIEW 

 
NDA Number: 202276 Applicant: Vivus Stamp Date: June 29, 2011 

Drug Name: Avanafil NDA Type: Original  

 
On initial overview of the NDA/BLA application for filing: 
 

 Content Parameter Yes No Comment 
Criteria for Refusal to File (RTF) 
1 Has the applicant submitted bioequivalence data 

comparing to-be-marketed product(s) and those used in 
the pivotal clinical trials? 

  n/a  
Formulation II is the 
TBM product and was 
used in the entire Phase 
3 program, as well as in 
most ClinPharm 
studies. 

2 Has the applicant provided metabolism and drug-drug 
interaction information? 

X   

Criteria for Assessing Quality of an NDA 
        Data 
3 Are the data sets, as requested during pre-submission 

discussions, submitted in the appropriate format (e.g., 
CDISC)?  

x   

4 If applicable, are the pharmacogenomic data sets 
submitted in the appropriate format? 

  n/a 

        Studies and Analyses 
5 Has the applicant made an appropriate attempt to 

determine the reasonable dose individualization strategy 
for this product (i.e., appropriately designed and analyzed 
dose-ranging or pivotal studies)? 

X   

6 Did the applicant follow the scientific advice provided 
regarding matters related to dose selection? 

X   

7 Are the appropriate exposure-response (for desired and 
undesired effects) analyses conducted and submitted in a 
format as described in the Exposure-Response guidance? 

X   

8 Is there an adequate attempt by the applicant to use 
exposure-response relationships in order to assess the 
need for dose adjustments for intrinsic/extrinsic factors 
that might affect the pharmacokinetic or 
pharmacodynamics? 

X   

9 Are the pediatric exclusivity studies adequately designed 
to demonstrate effectiveness, if the drug is indeed 
effective? 

  n/a 

10 Did the applicant submit all the pediatric exclusivity data, 
as described in the WR? 

  n/a 

11 Is the appropriate pharmacokinetic information 
submitted? 

X   

12 Is there adequate information on the pharmacokinetics 
and exposure-response in the clinical pharmacology 

X   
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section of the label? 
        General 
13 On its face, is the clinical pharmacology and 

biopharmaceutical section of the NDA organized in a 
manner to allow substantive review to begin? 

X   

14 Is the clinical pharmacology and biopharmaceutical 
section of the NDA indexed and paginated in a manner to 
allow substantive review to begin? 

X   

15 On its face, is the clinical pharmacology and 
biopharmaceutical section of the NDA legible so that a 
substantive review can begin? 

X   

16 Are the clinical pharmacology and biopharmaceutical 
studies of appropriate design and breadth of investigation 
to meet basic requirements for approvability of this 
product? 

X   

17 Was the translation from another language important or 
needed for publication? 

 X  

 
IS THE CLINICAL PHARMACOLOGY SECTION OF THE APPLICATION 
FILEABLE? ___YES_____ 
 
The following will be Clinical Pharmacology review issues to be conveyed to the Sponsor:  
 The Phase 3 studies were conducted using multiple units of either 50 or 100 mg tablets. How 

the data from studies using 50 and 100 mg tablets can be extrapolated to support the safety and 
efficacy of the higher dose strength (200 mg tablets). Refer to the pre-NDA meeting on October 
20, 2011 regarding the lack of dose proportionality of the to-be-marketed formulation. 

 The effect of p-glycoprotein (P-gp) was not studied based on the in vitro study results. Potential 
effects of avanafil on a P-gp substrate or P-gp inhibition on avanafil PK.   

  
 The demonstration of safety and recommended starting dose in the elderly population (> 65 

yo). 
 The impact of severe renal impairment and End Stage Renal Disease on avanafil PK was not 

studied. Use of avanafil in these patients  
 The impact of severe hepatic impairment on avanafil PK was not studied. Use of avanafil in 

these patients. 
 The effect of a mild CYP3A4 inhibitor on avanafil PK was not studied. Use of avanafil in 

patients taking a mild, moderate and strong CYP3A4 inhibitor.   
 Drug interaction studies conducted with a single dose can be extrapolated to multiple dose use 

(i.e. Study TA-018 with rosiglitazone and desipramine). 
 
Information Request 
 Submit the renal impairment study results based on the new classification scheme of renal 

impairment as described in FDA’s Draft Guidance for Industry Pharmacokinetics in Patients 
with Impaired Renal Function - Study Design, Data Analysis, and Impact on Dosing and 
Labeling (March 2010). 

 Provide justification how drug interaction studies conducted with a single dose (i.e. Study 
TA-018 with rosiglitazone and desipramine) can be extrapolated to multiple dose use.  

 
 
LaiMing Lee        August 10, 2011  
Reviewing Clinical Pharmacologist     Date 
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CLINICAL PHARMACOLOGY 
 FILING CHECKLIST FOR NDA/BLA or Supplement 

Office of Clinical Pharmacology Filing Memo 

 
NDA: 202276 Submission Date: June 29, 2011 
Compound: Avanafil   Filing Review Date: July 20, 2011 
Sponsor: Vivus Inc. Reviewer: LaiMing Lee, Ph.D. 
  
Avanafil (also referred to as TA-1790) is developed by Vivus for the treatment of erectile dysfunction 
(ED). Avanafil is a phosphodiesterase 5 (PDE5) inhibitor, which increases penile blood flow and 
erection in response to sexual stimulation.  
 
Avanafil is a solid, oval, pale yellow immediate-release (IR) oral tablet and is intended to be used on an 
as needed basis. The proposed dosing regimen is one 100 mg tablet 30 minutes prior to initiation of 
sexual activity and no more than once daily. The Sponsor states that avanafil  

 and can be taken without regard to food intake. The dose 
may be increased to 200 mg or decreased to 50 mg based on efficacy and/or tolerability. The Sponsor is 
seeking approval for 50, 100, and 200 mg tablets.     
 
The clinical program includes 17 Phase 1 studies, 3 Phase 2 studies, and 4 Phase 3 studies. There were 
7 in vitro studies evaluating the metabolism of avanafil and potential for drug-drug interactions.     
 
Below is a table summarizing avanafil formulations used in clinical studies: 
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TA-03 was a double-blind, randomized, crossover study in adult male subjects with a subjective 
complaint of ED. Subjects were treated with avanafil 200 mg or sildenafil 100 mg in random order 
during treatment periods 1 and 2 and were instructed to initiate sexual activity within 5-10 minutes after 
dosing. During treatment period 3, all subjects were treated with avanafil 200 mg and were instructed to 
wait for 2 hours before initiating sexual activity. Each treatment period was 3-4 weeks in duration.  
 
TA-05 was a randomized, double-blind, parallel-design, placebo-controlled, multicenter study in adult 
male subjects with a subjective complaint of mild to moderate ED. The study consisted of a 4-week 
non-treatment run-in period followed by a 12-week treatment period. Eligible subjects were assigned 
randomly in a 1:1:1:1:1 ratio to one of the following treatments: placebo, avanafil 50 mg, 100 mg, 200 
mg or 300 mg. During the treatment period, subjects were instructed to take one dose of study drug 
approximately 30 minutes prior to initiation of sexual activity.  
 
Phase 1 Clinical Pharmacology Studies 
The following is a brief description of the seventeen Phase 1 Clinical Pharmacology studies: 
 
HP-01 (single ascending dose, first-in-human) was an ascending single-dose, randomized, placebo-
controlled, double-blind study in healthy male subjects, which evaluated safety and tolerability and 
compared the PK profiles of 8 avanafil doses under fasted condition.  HP-01 also assessed the effect of 
food on the PK profile of 100 mg avanafil formulation I in a crossover design. 
 
Following a single dose of up to 800 mg avanafil, median Tmax was reached between 0.5 to 1.25 hours. 
The Sponsor states that the PK of avanafil appeared linear and the AUC0-inf increased in a dose 
proportional manner over the dose range of 12.5 to 800 mg, while Cmax increased in a dose 
proportional manner over the dose range of 12.5 to 600 mg. 
  
TA-02 (multiple dose, once daily) was a single- and multiple-dose, randomized, placebo-controlled, 
double-blind, parallel study in healthy male subjects, which evaluated safety and tolerability and 
compared the PK profiles of avanafil 50 mg, 100 mg, and 200 mg given once daily for 14 days. 
 
Following single dosing, dose proportionality was observed for AUC0-inf of avanafil and was slightly 
more than dose proportional for Cmax.  Following multiple dosing (14 days), it appears as though there 
was dose proportionality for Cmax, but not for AUC0-tau (AUC0-inf not reported).  
 
TA-04 (nitrate interaction) was a randomized, placebo-controlled, double-blind, 3-way crossover study 
to assess the hemodynamic effects to a single dose of 0.4 mg sublingual glyceryl trinitrate (Nitrostat®) 
in healthy male subjects receiving 200 mg avanafil, 100 mg sildenafil or placebo. Subjects were divided 
among five study groups, with the study group being determined by the time interval (12 hrs, 8 hrs, 4 
hrs, 1 hr and 30 min) between treatment with study drug and nitrate administration. 
 
The Sponsor concludes both avanafil and sildenafil potentiated the hypotensive effect of nitrates.  
Overall, 11 (12%) subjects with placebo, 15 (15%) subjects with avanafil and 28 (29%) subjects with 
sildenafil had clinically significant drops in standing systolic blood pressure (>30 mmHg) after nitrate 
administration.   
 
The Sponsor states administration of avanafil to patients who use any form of organic nitrate is 
contraindicated due to the potentiation of hypotension. They advise patients taking avanafil wait at least 
12 hours after the last dose of avanafil before nitrate administration is considered, and advised close 
medical supervision with appropriate hemodynamic monitoring. 
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TA-013 (renal impairment) was a single dose (200 mg), non-randomized, open-label, parallel-group, 
matched-control study which assessed the PK of avanafil in male subjects with normal renal function 
and male subjects with mild or moderate (CrCl >30 to <50 mL/min) renal impairment. Age range was 
52 to 78 years. 
The Sponsor defined mild renal impairment as those subjects with a CrCl >50 to <80 mL/min. 
According to FDA’s Draft Guidance for Industry Pharmacokinetics in Patients with Impaired Renal 
Function - Study Design, Data Analysis, and Impact on Dosing and Labeling (March 2010), patients 
with mild renal impairment are those with eGFR or CLcr between 60 and 89 mL/min/1.73 m2 or 
mL/min, respectively. The Sponsor claims that, compared to subjects with normal renal function, mild 
or moderate renal impairment had little influence on the maximum and systemic exposure of avanafil 
with the 90% CIs of the mean ratios of Cmax and AUC0-inf contained 100%. Cmax % mean ratio for 
avanafil was 104.02 and 99.96 for subjects with mild and moderate renal impairment, respectively. 
AUC0-inf % mean ratio for avanafil was 88.09 and 118.93 for subjects with mild and moderate renal 
impairment, respectively. 
 
The Sponsor indicates no dose adjustment is required in patients with mild or moderate renal 
impairment, and use in patients with severe renal impairment or end stage renal disease (ESRD) is not 
recommended. No studies in patients with severe renal impairment or ESRD on hemodialysis were 
conducted. 
 
TA-014 (age and sperm function) was a single dose (200 mg), non-randomized, open-label, 2-cohort 
study in healthy male subjects, which assessed the effect of age on the PK of avanafil. Subjects in the 
young group were 19 to 43 yo, while the subjects in the elderly group were 65-80 yo. Avanafil semen 
exposure and the acute effect of avanafil on sperm function in healthy, young male subjects were also 
evaluated. 
 
The Sponsor claims the following: avanafil was highly bound to plasma protein in young and elderly 
subjects (mean plasma protein binding at ~99%) and was age and concentration independent; mean 
total amount of avanafil in seminal fluid collected at 1 hour postdose was <0.0002% of the 200 mg 
administered; mean sperm motility did not change by >20% from baseline and there was no acute effect 
on morphological normal forms, sperm count, sperm concentrations and forward progress.  
 
According to the Sponsor, following a single oral dose of avanafil 200 mg, systemic exposures to 
avanafil, M4 and M16 were generally comparable in elderly and young subjects. However, there 
appears to be a slightly greater exposure of M16 in the elderly, compared to avanafil and M4. 
 
TA-015 (alcohol interaction) was a single dose (200 mg), randomized, double-blind, placebo-
controlled, 3-way crossover study in healthy male subjects (age 22 to 44 yrs), which assessed the 
hemodynamic interactions of avanafil and alcohol. 
 
Treatment A: a single oral dose of 200 mg avanafil tablet plus an oral dose of alcohol drink mixed with 
fruit juice (0.5 g of absolute ethanol per kg of BW) 
Treatment B: a single oral dose of placebo tablet plus an oral dose of alcohol drink mixed with fruit 
juice (0.5 g of absolute ethanol per kg of BW) 
Treatment C: a single oral dose of 200 mg avanafil plus an oral dose of placebo drink mixed with fruit 
juice. 
 
According to the Sponsor, alcohol administered at a dose of 0.5 g/kg is equivalent to approximately 3 
oz of 80-proof vodka in a 70 kg male. There appears to be small potentiation of hypotensive effects due 
to avanafil co-administered with alcohol.  In the proposed label, the Sponsor advises patients to be 
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aware that both alcohol and avanafil act as  vasodilators,  
   

 
TA-016 (warfarin interaction) was a randomized, double-blind, placebo-controlled, 2-way crossover 
study in healthy male subjects, which assessed the effects of daily avanafil dosing (200 mg for 9 days) 
on the PK and pharmacodynamics (prothrombin time (PT) and international normalized ratio (INR) of a 
single dose (25 mg) of warfarin. 
 
Based on the 90% CI of the geometric LS mean ratios for warfarin Cmax, AUC0-t, and AUC0-inf 
falling within 90% to 125%, there appears to be no alteration in warfarin PK with avanafil co-
administration. PT and INR also appear to be unchanged in the presence of avanafil. 
 
TA-017 (α-adrenergic blocker interaction) was a randomized, double-blind, placebo-controlled, 2-
cohort, 2-period crossover study which assessed the effects of the co-administration of 200 mg avanafil 
on the hemodynamic effects of doxazosin (1 to 8 mg daily for 11 days) or tamsulosin (0.4 mg daily for 
11 days) in healthy, middle-aged (40 to 61 yo) male subjects. 
 
The Sponsor states there were statistically significant differences in the maximum decrease from 
baseline in supine SBP, standing DBP, and supine DBP and the maximum increase from baseline in 
standing pulse rate, following co-administration of doxazosin and avanafil, compared to doxazosin and 
placebo.  
 
The Sponsor states there were statistically significant differences in the maximum decrease from 
baseline in supine DBP and the maximum increase from baseline in supine pulse rate were observed 
following co-administration of tamsulosin and avanafil, compared with tamsulosin and placebo.  
 
The Sponsor advises caution when avanafil is co-administered with alpha-blockers. Patients should be 
stable on α-blocker therapy prior to initiating treatment with avanafil, and avanafil should be initiated at 
the lowest 50 mg dose. 
 
TA-018 (Effects of avanafil on CYP2C and CYP2D6)  
 
Omeprazole (CYP2C19 substrate): Subjects received oral doses of omeprazole 40 mg QD for 8 days 
(Days 1 to 8) plus a single oral dose of avanafil 200 mg on Day 8. Co-administration of avanafil and 
omeprazole did not appear to significantly alter omeprazole AUC0-tau (4940 vs. 4420 ng.hr/mL). Cmax 
of  omeprazole was slightly higher at 16.7% when avanafil was co administered.  
 
Rosiglitazone (CYP2C8 substrate): Subjects were randomized to receive a single oral dose of 
rosiglitazone 8 mg or a single oral dose of rosiglitazone 8 mg plus a single oral dose of avanafil 200 
mg. Co-administration of rosiglitazone and avanafil did not affect the systemic exposure (AUC0-inf or 
AUC0-t) of rosiglitazone; however, Cmax of rosiglitazone was slightly lowered.  
 
Desipramine (CYP2D6 substrate): Subjects were randomized to receive a single oral dose of 
desipramine 
50 mg or a single oral dose of desipramine 50 mg plus a single oral dose of avanafil 200 mg. 
Co-administration of desipramine and avanafil did not affect the systemic exposure (AUC0-inf or 
AUC0-t) or maximum exposure of desipramine.  
 
TA-019 (enalapril or amlodipine) was a randomized, double-blind, placebo-controlled, 2-cohort 
crossover study in healthy male subjects, which assessed the PK and hemodynamic effects of the 
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co-administration of avanafil (200 mg) with enalapril (10 mg twice daily for 11 days) or amlodipine (5 
mg once daily for 18 days). 
 
The Sponsor states that a single dose of avanafil 200 mg co administered with enalapril caused a mean 
maximum change in SBP of -1.75/-3.46 mmHg compared to placebo. Single doses of avanafil 200 mg 
co-administered with amlodipine caused a mean maximum change in SBP of -1.18/+1.47 mmHg 
compared to placebo. They claim no statistically significant difference in the maximum change from 
baseline in standing SBP (primary endpoint) was observed following co-administration of avanafil with 
enalapril or amlodipine compared to placebo. 
 
TA-020 (food effect, bioavailability, dose proportionality) was a single-dose, randomized, open-label, 
4-period, crossover study in healthy male subjects, which assessed the effect of food on the PK of 
avanafil (2x100 mg Formulation II tablets), the relative bioavailability of two avanafil tablet 
formulations (2x100 mg Formulation I vs. 2x100 mg Formulation II), and the dose proportionality of 
avanafil (1x50 mg vs. 2x100 mg Formulation II). 
 
The Sponsor states that systemic exposures (AUC0-inf) to avanafil in the presence of high fat meal 
were considered of minimal clinical significance. Avanafil tmax was delayed by 1.25 hrs from 0.75 to 
2.0 hrs, while Cmax was reduced by 39% in the presence of a high fat meal. The Sponsor proposes 
avanafil may be taken without regard to food intake. 
 
The increases in Tmax and AUC0-inf to avanafil between 50 and 200 mg doses under fasted conditions 
were shown to be slightly greater than dose proportional. The Sponsor states the lack of dose 
proportionality is likely due to the insufficient detectable concentration vs. time points during the 
elimination phase following the 50 mg dose.    
 
TA-021 (sperm motility and concentration) was a single dose (200 mg), randomized, double-blind, 
placebo-controlled, 2-period crossover study which assessed the effect of avanafil on sperm function in 
healthy, young male subjects. 
 
TA-140 (thorough QTc) was a single dose (100 or 800 mg), randomized, blinded, placebo- and active-
controlled crossover thorough QT study in healthy male subjects (mean age: 28 years). 
 
Following a single oral dose administration of avanafil, at dose levels of 100 mg or 800 mg, Cmax, 
AUC0-t, and AUC0-inf increased approximately dose proportionally by 6.9, 10.8, and 10.5 fold, 
respectively, with an 8 fold increase in dose level from 100 mg to 800 mg. The time-matched analysis 
for the QTcI data revealed that all time points had a placebo and baseline corrected result less than 10 
msec for the upper CI, except for the 3 hour time point for the 800 mg dose of avanafil, which reached 
10.2 msec. 
 
 In Vitro Studies 
10-AVANAFIL-BCS-01 and 10-AVANAFIL-PGP-01  
In Caco-2 monolayers, the apical to basolateral apparent permeability (Papp) of avanafil was 
determined to be 44.6 x 10-6 cm/sec, while the basolateral to apical Papp was 73.4 x 10-6 cm/sec.  With 
an efflux ratio (RE) less than 2, the Sponsor states that avanafil is a weak substrate of P-glycoprotein 
transporter (P-gp). Based on studies in multi-drug resistance gene and Madin-Darby canine kidney wild 
type cells, the Sponsor estimated RE (RE(MDR1)/RE(MDCK-WT)) to be 1.8, which is lower than the suggested 
value of 2 according to OCP’s drug interaction guidance on assessing whether a drug molecule is a P-
gp substrate. Based on the in vitro study results, the Sponsor determined that in vivo studies to assess 
the effect of P-gp inhibition on avanafil PK or the effect of avanafil on P-gp substrates such as digoxin 
were not necessary.   
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10-AVANAFIL-PK-12 (protein binding) 
The extent of avanafil binding to plasma proteins was determined by ultrafiltration in human plasma 
over a concentration range of 0.3 to 3.0 mcg/mL.  At 0.3 mcg/mL, mean unbound fraction of avanafil 
was ~1%. The Sponsor states protein binding was reversible and did not appear to be saturable over the 
concentration range studied. Avanafil was 99% bound to albumin, 43% to γ–globulin, and 66% to α-
glycoprotein. 
 
10-AVANAFIL-PK-15, 10-AVANAFIL-PK-16 and 10-AVANAFIL-PK-17 
Metabolism of avanafil by CYP450s was evaluated in vitro using immunoinhibition and recombinant 
human CYP450s. The Sponsor states the formation of major metabolites of avanafil was catalyzed 
primarily by CYP3A4, with a minor contribution by CYP2C.   
 
Based on in vitro results obtained from human liver microsomes, the Sponsor determined that there was 
a low potential for drug interactions with substrates of CYP1A1/2, 2A6, 2E1 and 2B6; a likely potential 
for drug interaction with substrates of 2C19; and possible interaction with substrates of CYP3A4, 2D6 
and 2C8/9.      
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NDA: 202276 Submission Date: June 29, 2011 
Compound: Avanafil   Filing Review Date: July 20, 2011 
Sponsor: Vivus Inc. Reviewer: LaiMing Lee, Ph.D. 
  
Avanafil (also referred to as TA-1790) is developed by Vivus for the treatment of erectile dysfunction (ED). 
Avanafil is a phosphodiesterase 5 (PDE5) inhibitor, which increases penile blood flow and erection in 
response to sexual stimulation.  
 
Avanafil is a solid, oval, pale yellow immediate-release (IR) oral tablet and is intended to be used on an as 
needed basis. The proposed dosing regimen is one 100 mg tablet 30 minutes prior to initiation of sexual 
activity and no more than once daily. The Sponsor states that avanafil  

 and can be taken without regard to food intake. The dose may be increased 
to 200 mg or decreased to 50 mg based on efficacy and/or tolerability. The Sponsor is seeking approval for 
50, 100, and 200 mg tablets.     
 
The clinical program includes 17 Phase 1 studies, 3 Phase 2 studies, and 4 Phase 3 studies. There were 7 in 
vitro studies evaluating the metabolism of avanafil and potential for drug-drug interactions.     
 
Below is a table summarizing avanafil formulations used in clinical studies: 
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TA-03 was a double-blind, randomized, crossover study in adult male subjects with a subjective complaint of 
ED. Subjects were treated with avanafil 200 mg or sildenafil 100 mg in random order during treatment 
periods 1 and 2 and were instructed to initiate sexual activity within 5-10 minutes after dosing. During 
treatment period 3, all subjects were treated with avanafil 200 mg and were instructed to wait for 2 hours 
before initiating sexual activity. Each treatment period was 3-4 weeks in duration.  
 
TA-05 was a randomized, double-blind, parallel-design, placebo-controlled, multicenter study in adult male 
subjects with a subjective complaint of mild to moderate ED. The study consisted of a 4-week non-treatment 
run-in period followed by a 12-week treatment period. Eligible subjects were assigned randomly in a 
1:1:1:1:1 ratio to one of the following treatments: placebo, avanafil 50 mg, 100 mg, 200 mg or 300 mg. 
During the treatment period, subjects were instructed to take one dose of study drug approximately 30 
minutes prior to initiation of sexual activity.  
 
Phase 1 Clinical Pharmacology Studies 
The following is a brief description of the seventeen Phase 1 Clinical Pharmacology studies: 
 
HP-01 (single ascending dose, first-in-human) was an ascending single-dose, randomized, placebo-controlled, 
double-blind study in healthy male subjects, which evaluated safety and tolerability and compared the PK 
profiles of 8 avanafil doses under fasted condition.  HP-01 also assessed the effect of food on the PK profile 
of 100 mg avanafil formulation I in a crossover design. 
 
Following a single dose of up to 800 mg avanafil, median Tmax was reached between 0.5 to 1.25 hours. The 
Sponsor states that the PK of avanafil appeared linear and the AUC0-inf increased in a dose proportional 
manner over the dose range of 12.5 to 800 mg, while Cmax increased in a dose proportional manner over the 
dose range of 12.5 to 600 mg. 
  
TA-02 (multiple dose, once daily) was a single- and multiple-dose, randomized, placebo-controlled, double-
blind, parallel study in healthy male subjects, which evaluated safety and tolerability and compared the PK 
profiles of avanafil 50 mg, 100 mg, and 200 mg given once daily for 14 days. 
 
Following single dosing, dose proportionality was observed for AUC0-inf of avanafil and was slightly more 
than dose proportional for Cmax.  Following multiple dosing (14 days), it appears as though there was dose 
proportionality for Cmax, but not for AUC0-tau (AUC0-inf not reported).  
 
TA-04 (nitrate interaction) was a randomized, placebo-controlled, double-blind, 3-way crossover study to 
assess the hemodynamic effects to a single dose of 0.4 mg sublingual glyceryl trinitrate (Nitrostat®) in 
healthy male subjects receiving 200 mg avanafil, 100 mg sildenafil or placebo. Subjects were divided among 
five study groups, with the study group being determined by the time interval (12 hrs, 8 hrs, 4 hrs, 1 hr and 30 
min) between treatment with study drug and nitrate administration. 
 
The Sponsor concludes both avanafil and sildenafil potentiated the hypotensive effect of nitrates.  Overall, 11 
(12%) subjects with placebo, 15 (15%) subjects with avanafil and 28 (29%) subjects with sildenafil had 
clinically significant drops in standing systolic blood pressure (>30 mmHg) after nitrate administration.   
 
The Sponsor states administration of avanafil to patients who use any form of organic nitrate is 
contraindicated due to the potentiation of hypotension. They advise patients taking avanafil wait at least 12 
hours after the last dose of avanafil before nitrate administration is considered, and advised close medical 
supervision with appropriate hemodynamic monitoring. 
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Based on the 90% CI of the geometric LS mean ratios for warfarin Cmax, AUC0-t, and AUC0-inf falling 
within 90% to 125%, there appears to be no alteration in warfarin PK with avanafil co-administration. PT and 
INR also appear to be unchanged in the presence of avanafil. 
 
TA-017 (α-adrenergic blocker interaction) was a randomized, double-blind, placebo-controlled, 2-cohort, 2-
period crossover study which assessed the effects of the co-administration of 200 mg avanafil on the 
hemodynamic effects of doxazosin (1 to 8 mg daily for 11 days) or tamsulosin (0.4 mg daily for 11 days) in 
healthy, middle-aged (40 to 61 yo) male subjects. 
 
The Sponsor states there were statistically significant differences in the maximum decrease from baseline in 
supine SBP, standing DBP, and supine DBP and the maximum increase from baseline in standing pulse rate, 
following co-administration of doxazosin and avanafil, compared to doxazosin and placebo.  
 
The Sponsor states there were statistically significant differences in the maximum decrease from baseline in 
supine DBP and the maximum increase from baseline in supine pulse rate were observed following co-
administration of tamsulosin and avanafil, compared with tamsulosin and placebo.  
 
The Sponsor advises caution when avanafil is co-administered with alpha-blockers. Patients should be stable 
on α-blocker therapy prior to initiating treatment with avanafil, and avanafil should be initiated at the lowest 
50 mg dose. 
 
TA-018 (Effects of avanafil on CYP2C and CYP2D6)  
 
Omeprazole (CYP2C19 substrate): Subjects received oral doses of omeprazole 40 mg QD for 8 days (Days 1 
to 8) plus a single oral dose of avanafil 200 mg on Day 8. Co-administration of avanafil and omeprazole did 
not appear to significantly alter omeprazole AUC0-tau (4940 vs. 4420 ng.hr/mL). Cmax of  omeprazole was 
slightly higher at 16.7% when avanafil was co administered.  
 
Rosiglitazone (CYP2C8 substrate): Subjects were randomized to receive a single oral dose of rosiglitazone 8 
mg or a single oral dose of rosiglitazone 8 mg plus a single oral dose of avanafil 200 mg. Co-administration 
of rosiglitazone and avanafil did not affect the systemic exposure (AUC0-inf or AUC0-t) of rosiglitazone; 
however, Cmax of rosiglitazone was slightly lowered.  
 
Desipramine (CYP2D6 substrate): Subjects were randomized to receive a single oral dose of desipramine 
50 mg or a single oral dose of desipramine 50 mg plus a single oral dose of avanafil 200 mg. 
Co-administration of desipramine and avanafil did not affect the systemic exposure (AUC0-inf or AUC0-t) or 
maximum exposure of desipramine.  
 
TA-019 (enalapril or amlodipine) was a randomized, double-blind, placebo-controlled, 2-cohort crossover 
study in healthy male subjects, which assessed the PK and hemodynamic effects of the 
co-administration of avanafil (200 mg) with enalapril (10 mg twice daily for 11 days) or amlodipine (5 mg 
once daily for 18 days). 
 
The Sponsor states that a single dose of avanafil 200 mg co administered with enalapril caused a mean 
maximum change in SBP of -1.75/-3.46 mmHg compared to placebo. Single doses of avanafil 200 mg co-
administered with amlodipine caused a mean maximum change in SBP of -1.18/+1.47 mmHg compared to 
placebo. They claim no statistically significant difference in the maximum change from baseline in standing 
SBP (primary endpoint) was observed following co-administration of avanafil with enalapril or amlodipine 
compared to placebo. 
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TA-020 (food effect, bioavailability, dose proportionality) was a single-dose, randomized, open-label, 4-
period, crossover study in healthy male subjects, which assessed the effect of food on the PK of avanafil 
(2x100 mg Formulation II tablets), the relative bioavailability of two avanafil tablet formulations (2x100 mg 
Formulation I vs. 2x100 mg Formulation II), and the dose proportionality of avanafil (1x50 mg vs. 2x100 mg 
Formulation II). 
 
The Sponsor states that systemic exposures (AUC0-inf) to avanafil in the presence of high fat meal were 
considered of minimal clinical significance. Avanafil tmax was delayed by 1.25 hrs from 0.75 to 2.0 hrs, 
while Cmax was reduced by 39% in the presence of a high fat meal. The Sponsor proposes avanafil may be 
taken without regard to food intake. 
 
The increases in Tmax and AUC0-inf to avanafil between 50 and 200 mg doses under fasted conditions were 
shown to be slightly greater than dose proportional. The Sponsor states the lack of dose proportionality is 
likely due to the insufficient detectable concentration vs. time points during the elimination phase following 
the 50 mg dose.    
 
TA-021 (sperm motility and concentration) was a single dose (200 mg), randomized, double-blind, placebo-
controlled, 2-period crossover study which assessed the effect of avanafil on sperm function in healthy, young 
male subjects. 
 
TA-140 (thorough QTc) was a single dose (100 or 800 mg), randomized, blinded, placebo- and active-
controlled crossover thorough QT study in healthy male subjects (mean age: 28 years). 
 
Following a single oral dose administration of avanafil, at dose levels of 100 mg or 800 mg, Cmax, AUC0-t, 
and AUC0-inf increased approximately dose proportionally by 6.9, 10.8, and 10.5 fold, respectively, with an 
8 fold increase in dose level from 100 mg to 800 mg. The time-matched analysis for the QTcI data revealed 
that all time points had a placebo and baseline corrected result less than 10 msec for the upper CI, except for 
the 3 hour time point for the 800 mg dose of avanafil, which reached 10.2 msec. 
 
 In Vitro Studies 
10-AVANAFIL-BCS-01 and 10-AVANAFIL-PGP-01  
In Caco-2 monolayers, the apical to basolateral apparent permeability (Papp) of avanafil was determined to be 
44.6 x 10-6 cm/sec, while the basolateral to apical Papp was 73.4 x 10-6 cm/sec.  With an efflux ratio (RE) less 
than 2, the Sponsor states that avanafil is a weak substrate of P-glycoprotein transporter (P-gp). Based on 
studies in multi-drug resistance gene and Madin-Darby canine kidney wild type cells, the Sponsor estimated 
RE (RE(MDR1)/RE(MDCK-WT)) to be 1.8, which is lower than the suggested value of 2 according to OCP’s drug 
interaction guidance on assessing whether a drug molecule is a P-gp substrate. Based on the in vitro study 
results, the Sponsor determined that in vivo studies to assess the effect of P-gp inhibition on avanafil PK or 
the effect of avanafil on P-gp substrates such as digoxin were not necessary.   
 
10-AVANAFIL-PK-12 (protein binding) 
The extent of avanafil binding to plasma proteins was determined by ultrafiltration in human plasma over a 
concentration range of 0.3 to 3.0 mcg/mL.  At 0.3 mcg/mL, mean unbound fraction of avanafil was ~1%. The 
Sponsor states protein binding was reversible and did not appear to be saturable over the concentration range 
studied. Avanafil was 99% bound to albumin, 43% to γ–globulin, and 66% to α-glycoprotein. 
 
10-AVANAFIL-PK-15, 10-AVANAFIL-PK-16 and 10-AVANAFIL-PK-17 
Metabolism of avanafil by CYP450s was evaluated in vitro using immunoinhibition and recombinant human 
CYP450s. The Sponsor states the formation of major metabolites of avanafil was catalyzed primarily by 
CYP3A4, with a minor contribution by CYP2C.   
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Based on in vitro results obtained from human liver microsomes, the Sponsor determined that there was a low 
potential for drug interactions with substrates of CYP1A1/2, 2A6, 2E1 and 2B6; a likely potential for drug 
interaction with substrates of 2C19; and possible interaction with substrates of CYP3A4, 2D6 and 2C8/9.      
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