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Table 1: Key Clinical Pharmacology Review Issues 
Review Issue Recommendations and Comments 

Supportive evidence of • The efficacy and safety of Toivaz ER tablets were deminstrated in 
effectiveness pediatric patients (6-17 years old) with NDO in the Phase 3 study 

(A0221047) and and its long-term extension study (A0221109). 
• The Phase 2, dose-escalation study (A0221066), population PK 

analyses, and the E-R analyses provided supportive evidence. 
General dosing instructions The recommended dosage for pediatric patients aged 6 years and older 

with NDO is as follows: 
• Pediatric patients weighing greater than 25 kg and up to 35 kg: 

The recommended dosage of Toviaz® is 4 mg orally QD. If 
needed, dosage may be increased to Toviaz® 8 mg orally QD. 

• Pediatric patients weighing greater than 35 kg: The 
recommended starting dosage of Toviaz® is 4 mg orally QD.  
After 1 week, increase to Toviaz® 8 mg orally QD. 

Dosing in patient subgroups • Pediatric patients weighing greater than 25 kg and up to 35 kg: 
(intrinsic and extrinsic factors) Toviaz® is not recommended in patients with severe renal 

impairment or those taking strong CYP3A4 inhibitors. 
• Pediatric patients weighing greater than 35 kg: Toviaz® is 

recommended to be reduced to 4 mg QD in patients with severe 
renal impairment or in those taking strong CYP3A4 inhibitors. 

Labeling Refer to Section 2.4 for the review team’s recommendations. 
Bridge between the to-be 
marketed and clinical study 
formulations 

The Phase 3 study (A0221047) was conducted using the currently 
approved commercial formulation. 

Other (specify) None 

1.2 Post-Marketing Requirements and Commitments 

None. 
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2. SUMMARY OF CLINICAL PHARMACOLOGY ASSESSMENT 

2.1 Pharmacology and Clinical Pharmacokinetics 

Fesoterodine is a competitive muscarinic receptor antagonist. After oral administration, fesoterodine is 
rapidly and extensively hydrolyzed by nonspecific esterases to its active metabolite, 5-hydroxymethyl 
tolterodine (5-HMT), which is responsible for the antimuscarinic activity of fesoterodine. 

Muscarinic receptors play a role in contractions of urinary bladder smooth muscle. Inhibition of these 
receptors in the bladder is presumed to be the mechanism by which fesoterodine produces its effects. 

Absorption: 
After oral administration in healthy adults, fesoterodine is well absorbed. Due to rapid and extensive 
hydrolysis by nonspecific esterases to its active metabolite 5-HMT, fesoterodine cannot be detected in 
plasma. BA of the active metabolite is 52%. After single or multiple-dose oral administration of 
fesoterodine in doses from 4 mg to 28 mg, plasma concentrations of the active metabolite are proportional 
to the dose. Maximum plasma concentrations are reached after approximately 5 hours. No accumulation 
occurs after multiple-dose administration. There is no clinically relevant effect of food on the PK of 
fesoterodine.  The PK of fesoterodine were not significantly influenced by age, gender, or race. 

For a pediatric patient (from 6 years to 17 years of age) with NDO weighing 35 kg with a CYP2D6 extensive 
metabolizer (EM) status receiving Toviaz® tablets, the mean values of apparent oral clearance, volume of 
distribution and absorption rate constant of 5-HMT are estimated to be approximately 72 L/h, 68 L and 
0.09 h-1, respectively. The Tmax and half-life of 5-HMT are estimated to be approximately 2.55 h and 
7.73 h, respectively. Like adults, the 5-HMT exposure in CYP2D6 poor metabolizers (PMs) was estimated 
to be approximately 2-fold higher compared with EMs. The post-hoc estimaes of steady-state exposures 
of 5-HMT in NDO patients weighing greater than 25 kg following Toviaz® 4 mg and 8 mg tablets QD are 
summarized in Table 2. 

Table 2: Summary of Geometric Mean [%CV] PK Parameters for the Active Metabolite After Steady-State Dosing 
of Fesoterodine in Pediatric Patients with NDO, Ages 6-17 years Weighing Greater Than 25 kg 

Dosage N Cmax,ss (ng/mL) AUCtau,ss (ng*h/mL) 
4 mg once daily 32 4.88 (48.2) 59.1 (51.7) 
8 mg once daily 39 8.47 (41.6) 103 (46.2) 

CV = coefficient of variation; Cmax,ss = steady-state maximum plasma concentration,  
AUCtau,ss = steady-state area under the concentration time curve over the 24-hour dosing interval,  
N = number of patients with PK data  

Distribution 
Plasma protein binding of the active metabolite is low (approximately 50%) and is primarily bound to 
albumin and alpha-1-acid glycoprotein. The mean steady-state volume of distribution following intravenous 
infusion of the active metabolite is 169 L. 

Metabolism 
After oral administration, fesoterodine is rapidly and extensively hydrolyzed to its active metabolite, 5 
HMT. 5-HMT is further metabolized in the liver to its carboxy, carboxy-N-desisopropyl, and N 
desisopropyl metabolites via two major pathways involving CYP2D6 and CYP3A4. None of these 
metabolites contribute significantly to the antimuscarinic activity of fesoterodine. A subset of individuals 
(approximately 7% of Caucasians and approximately 2% of African Americans) are PMs for CYP2D6. 
Cmax and AUC of the active metabolite are increased 1.7- and 2-fold, respectively, in CYP2D6 PMs, as 
compared to EMs. 
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Excretion 
Hepatic metabolism and renal excretion contribute significantly to the elimination of the active metabolite, 
5-HMT. After oral administration of fesoterodine, approximately 70% of the administered dose was 
recovered in urine as the active metabolite (16%), carboxy metabolite (34%), carboxy-N-desisopropyl 
metabolite (18%), or N-desisopropyl metabolite (1%), and a smaller amount (7%) was recovered in feces.  
The terminal half-life of the active metabolite is approximately 4 hours following an intravenous 
administration.  The apparent terminal half-life following oral administration is approximately 7 hours. 

2.2 Dosing and Therapeutic Individualization 

2.2.1 General dosing 

Toviaz® should be swallowed as whole with liquid. Do not chew, divide, or crush. Take with or without 
food 

The recommended dosage for pediatric patients aged 6 years and older with NDO is as follows: 

Pediatric patients weighing greater than 25 kg and up to 35 kg: The recommended dosage of Toviaz® is 
4 mg orally QD.  If needed, dosage may be increased to Toviaz® 8 mg orally QD. 

Pediatric patients weighing greater than 35 kg: The recommended starting dosage of Toviaz® is 4 mg 
orally QD. After one week, increase to Toviaz® 8 mg orally QD. 

The recommended dosage in pediatric patients with renal impairment is as follows: 

Pediatric patients weighing greater than 25 kg and up to 35 kg: The recommended dosage of Toviaz® in 
pediatric patients with renal impairment weighing greater than 25 kg and up to 35 kg is described in Table 
3. 

Table 3: Toviaz® Recommended Dose in Pediatric Patients Aged 6 Years and Older Weighing Greater than 25 kg 
and up to 35 kg with Renal Impairment (Administered Orally QD) 

Estimated Glomerular Filtration Rate (eGFR)1 Recommended Dose 
eGFR 30 to 89 mL/min/1.73 m2 4 mg 
eGFR 15 to 29 mL/min/1.73 m2 Use is Not Recommended 

eGFR <15 mL/min/1.73 m2 or requiring dialysis Use is Not Recommended 
1 Estimate GFR using a validated GFR estimating equation for the pediatric age range of the approved indication.  
2 Dosing was derived assuming similar proportional effects of renal impairment in adults and pediatric patients 6 years and older.  

Pediatric patients weighing greater than 35 kg: The recommended dosage of Toviaz® in pediatric patients 
with renal impairment weighing greater than 35 kg is described in Table 4. 

Table 4: Toviaz® Recommended Dose in Pediatric Patients Aged 6 Years and Older Weighing Greater Than 35 kg 
with Renal Impairment (Administered Orally QD) 

Estimated GFR1 Recommended Dose 
eGFR 30 to 89 mL/min/1.73 m2 8 mg2 

eGFR 15 to 29 mL/min/1.73 m2 4 mg 
eGFR <15 mL/min/1.73 m2 or requiring dialysis Use is Not Recommended 

1 Estimate GFR using a validated GFR estimating equation for the pediatric age range of the approved indication. 
2 The recommended starting dosage of Toviaz is 4 mg orally QD. After one week, increase to the recommended dosage of Toviaz® 

8 mg orally QD. 
3 Dosing was derived assuming similar proportional effects of renal impairment in adults and pediatric patients 6 years and older. 
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The following Toviaz® dosage modifications are recommended due to strong CYP3A4 inhibitors: 

Pediatric patients with NDO weighing greater than 25 kg and up to 35 kg: The use of Toviaz® in pediatric 
patients weighing greater than 25 kg and up to 35 kg and taking strong CYP3A4 inhibitors is not 
recommended. 

Pediatric patients with NDO weighing greater than 35 kg: The maximum recommended dosage is Toviaz® 

4 mg orally QD in pediatric patients weighing greater than 35 kg and taking strong CYP3A4 inhibitors. 

2.2.2 Therapeutic individualization 

Renal Impairment 
In adult patients with severe renal impairment (CLCR <30 mL/min), Cmax and AUC of 5-HMT are increased 
2.0- and 2.3-fold, respectively. Doses of Toviaz® greater than 4 mg are not recommended in patients with 
severe renal impairment. In adult patients with mild or moderate renal impairment (CLCR ranging from 
30-80 mL/min), Cmax and AUC of the 5-HMT are increased up to 1.5- and 1.8-fold, respectively, as 
compared to healthy adult subjects. No dose adjustment is recommended in adult patients with mild or 
moderate renal impairment.  

In pediatric patients, the increase in median Cmax and AUC of 5-HMT with mild renal impairment (CLCR 
60-89 mL/min or eGFR 60-89 mL/min/1.73 m2; 4 subjects in Cohort 1 of Study A0221047 and 3 subjects 
in Study A0221066) were within 2-fold, compared with those with normal renal function (CLCR > 90 
mL/min or eGFR > 90 mL/min/1.73 m2). Subjects with clinically significant renal disease were not eligible 
to participate in the Phase 2 study, A0221066 and subjects with clinically relevant out-of-range serum 
creatinine values were excluded from the Phase 3 study, A0221047. 

In general, for children over the age of 2 years, kidney function maturation is considered complete. Since 
the target pediatric population for this supplement are 6 years of age and older and no dose adjustment is 
needed in adult patients with mild or moderate renal impairment, assuming similar proportional effects of 
renal impairment in adults and the pediatric patients, no dose adjustment is recommended in pediatric 
patients with mild or moderate renal impairment (eGFR 30-89 mL/min/1.73 m2). Because 2-fold or higher 
Cmax and AUC was observed in adults with severe renal impairment compared to adults with normal renal 
function and the recommended dose of Toviaz® in these adult patients is reduced to 4 mg (from 8 mg which 
is recommended for patients with normal renal function), Toviaz® dose in pediatric patients with severe 
renal impairment (eGFR 15-29 mL/min/1.73 m2) weighing > 35 kg is recommended to be reduced from 8 
mg to 4 mg, and Toviaz® is not recommended for use in pediatric patients with kidney failure (eGFR < 15 
mL/mL/1.73 m2 or requiring dianlysis) and in pediatric patients with severe renal impairment weigheing 
25 to 35 kg. 

Hepatic Impairment 
Adult patients with severe hepatic impairment (Child-Pugh C) have not been studied; therefore Toviaz® is 
not recommended for use in these patients. Since pediatric patients with severe hepatic impairment were 
excluded from the Phase 3 study, A0221047, Toviaz® is not recommended for use in pediatric patients with 
severe hepatic impairment. 

In adult patients with moderate (Child-Pugh B) hepatic impairment, Cmax and AUC of 5-HMT are increased 
1.4- and 2.1-fold, respectively, as compared to healthy adult subjects. No dose adjustment is recommended 
in adult patients with mild or moderate hepatic impairment. Since the metabolic capacity of liver in pediatric 
patients 6 years of age and older is expected to be similar to that in adults, no dose adjustment is 
recommended in pediatric patients with mild or moderate hepatic impairment.  
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Drug Interactions 
The Cmax and AUC of 5-HMT from a single dose of Toviaz® 8 mg increased 2.0- and 2.3-fold, respectively, 
after oral administration of a strong CYP3A4 inhibitor, ketoconazole, 200 mg twice daily (BID) for 5 days 
in adult CYP2D6 EMs. Likewise, in adult CYP2D6 PMs, Cmax and AUC of 5-HMT increased 2.1- and 2.5 
fold, respectively, during coadministration of ketoconazole 200 mg BID for 5 days. Doses of Toviaz® 

greater than 4 mg are not recommended in adult patients taking strong CYP3A4 inhibitors. Pediatric 
patients required to take or expected to initiate concomitant administration with strong CYP3A4 inhibitors 
were excluded from the Phase 3 study, A0221047. As mentioned above, the metabolic capacity of liver in 
pediatric patients 6 years of age and older is expected to be similar to that in adults. To ensure that 5-HMT 
exposure would be maintained within a well-tolerated range in pediatric patients taking strong CYP3A4 
inhibitors, it is recommended to reduce the dose by half to account for the approximately 2-fold increase in 
5-HMT exposure. Thus, for pediatric patients weighing > 35 kg, fesoterodine dose is recommended to be 
reduced to 4 mg QD in patients taking strong CYP3A4 inhibitors.  For pediatric patients with body weight 
greater than 25 kg and up to 35 kg, fesoterodine administration is not recommended in patients taking strong 
CYP3A4 inhibitors. No dose adjustments are recommended in the presence of CYP3A4 inducers or 
CYP2D6 inhibitors. 

2.3 Outstanding Issues 

None. 

2.4 Summary of Labeling Recommendations 

The Clinical Pharmacology review team’s labeling recommendations include the following: 

Section 2 Dosage & Administration 
• Revised the entire section together with DUOG and the Division of Pediatrics and Maternal Health 

(DPMH) for clarity of dosage recommendations in different subgroups and to be consistent with 
the format of dosage recommendations for pedfiatric patients with other drug products. 

• For renal impairment catgorization, used creatinine clearance for adults to be consistent with how 
renal impairment studies were done; while for pediatric patients, used estimated GFR in units 
normalized by body surface area which is more appropriatefor the pediatric patients compared to 
the Applicant’s proposal of using creatinine clearance without accounting for body surface area. 

Section 12.3 Pharmacokinetics 
• Added information regarding PK in pediatric patients. 
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Table 7: Overview of PK Modeling & Simulation Reports 

Source: Table 2, Module 2.7.2 

3.2 General Pharmacology and Pharmacokinetic Characteristics 

Table 8: General Pharmacology and PK Chacteristics 
Pharmacology 

Mechanism of Action 

Fesoterodine is a competitive muscarinic receptor antagonist. After oral administration, 
fesoterodine is rapidly and extensively hydrolyzed by nonspecific esterases to its active 
metabolite, 5-hydroxymethyl tolterodine, which is responsible for the antimuscarinic 
activity of fesoterodine. 

Muscarinic receptors play a role in contractions of urinary bladder smooth muscle. 
Inhibition of these receptors in the bladder is presumed to be the mechanism by which 
fesoterodine produces its effects. 

Active Moieties Fesoterodine and 5-HMT (active metabolite) 
QT Prolongation Fesoterodine at doses of 4 and 28 mg/day did not prolong the QT interval.

  General Information 
Bioanalysis A liquid chromatography – tandem mass spectrometry (LC-MS/MS) method was used 

to measure plasma 5-HMT concentrations. 

Healthy vs. Patients No comparison of PK between pediatric NDO patients and healthy pediatrics was 
conducted. 

PK 
PK in Pediatrics 

Estimated 5-HMT PK 
Parametersa 

Mean values of apparent oral clearance, volume of distribution and absorption rate 
constant of 5-HMT are estimated to be approximately 72 L/h, 68 L and 0.09 h-1, 
respectively. The Tmax and half-life of 5-HMT are estimated to be approximately 2.6 h 
and 7.7 h, respectively. 

Post-hoc Estimates of 5 
HMT exposure at steady 
state (Geometric mean 
[%CV])b 

AUCtau,ss for 4 mg QD: 59.1 (47.6) ng·h/mL (N=32) 
Cmax,ss for 4 mg QD: 4.88 (44.0) ng/mL (N=32) 

AUCtau,ss for 8 mg QD: 103.0 (45.0) ng·h/mL (N=39) 
Cmax,ss for 8 mg QD  8 47 (39 4) ng/mL (N 39) 

Metabolism 

Human Metabolism Pathways 

After oral administration, fesoterodine is rapidly and extensively hydrolyzed to its active 
metabolite, 5-HMT. 5-HTM is further metabolized in the liver to its carboxy, carboxy 
N-desisopropyl, and N-desisopropyl metabolites via two major pathways involving 
CYP2D6 and CYP3A4. None of these metabolites contribute significantly to the 
antimuscarinic activity of fesoterodine. 
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Variability in CYP2D6 
Metabolism 

A subset of individuals (approximately 7% of Caucasians and approximately 2% of 
African Americans) are PMs for CYP2D6. Cmax and AUC of 5-HMT are increased 1.7- 
and 2-fold, respectively, in CYP2D6 PMs, as compared to extensive metabolizers. 

Excretion 

Primary excretion 
pathways (% dose) 

Hepatic metabolism and renal excretion contribute significantly to the elimination of the 
active metabolite. After oral administration of fesoterodine, approximately 70% of the 
administered dose was recovered in urine as the active metabolite (16%), carboxy 
metabolite (34%), carboxy-N-desisopropyl metabolite (18%), or N-desisopropyl 
metabolite (1%), and a smaller amount (7%) was recovered in feces. 

Terminal half-life 
The terminal half-life of 5-HMT is approximately 4 hours following an intravenous 
administration. The apparent terminal half-life following oral administration is 
approximately 7 hours. 

a For a pediatric patient (from 6 years to 17 years of age) with NDO weighing 35 kg with a CYP2D6 EM status receiving Toviaz®  

tablets.  
b In pediatric patients with NDO, ages 6-17 years weighing greater than 25 kg  

3.3 Clinical Pharmacology Review Questions 

3.3.1 To what extent does the available clinical pharmacology information provide pivotal or supportive 
evidence of effectiveness? 

The Phase 2 study, A0221066, was an 8-week, open-label, uncontrolled, dose-escalation study that 
evaluated the PK and safetystudy of fesoterodine 4 mg and 8 mg QD in 20 pediatric participants with OAB 
(age 8 to 17 years and weighing > 25 kg). Approximately 50% of the study population was comprised of 
participants with NDO. Starting dose was 4 mg QD (Week 1-4) and was escalated to 8 mg QD (Weeks 5 
8). The key Clinical Pharmacology information obtained from this study was as follows: 

•  Variability in 5-HMT PK was primarily affected by body weight, and clearance of 5-HMT was 
similar in pediatric participants compared to adults when allometrically scaled by patient weight 
(64.5 L/hr vs 60.6 L/hr, respectively). 

•  The observed concentrations of 5-HMT in the pediatric patients were comparable to those in adults 
at the approved doses. 

The Phase 3 study, A0221047 was a randomized, open-label study to evaluate the efficacy, safety, PK, and 
tolerability of fesoterodine in participants aged 6 to 17 years with symptoms of NDO. The study consisted 
of 2 parts as follows: 

• Part 1: 12 week 3-arm phase with active comparator (oxybutynin XL release)  
• Part 2: 12 week, 2-arm phase without active comparator  

The treatment cohorts were: 
• Cohort 1 (> 25 kg): 4 mg and 8 mg ER tablets or oxybutynin XL release (3 arms) 
• Cohort 2 (25 kg or less): 2 mg and 4 mg sustained release (SR) BIC (2 arms) 

The key study outcomes were as follows: 
• Like adults, the 5-HMT exposures in CYP2D6 PMs were estimated to be approximately 2-fold 

higher compared with extensive metabolizers. 
•  The primary efficacy analyses of change from baseline to Week 12 in maximum cystometric 

bladder capacity (MCBC) demonstrated that treatment with Toviaz® 8 mg or Toviaz® 4 mg resulted 
in improvements in MCBC with numerically higher changes from baseline for Toviaz® 8 mg than 
for Toviaz® 4 mg. Results of urodynamic or patient urinary diaries-derived secondary efficacy 
endpoints were generally supportive of the improvements from baseline observed. 
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Table 9: Participants with Renal Impairment in Study A0221066 
Subject ID Age Sex Renal Class eGFR (bedside Renal Class eGFR Renal Class CLCR 

(mL/min) based on Schwartz) based on (MDRD) based on 
(mL/min/1.73 m2) eGFR (mL/min/1.73 eGFRCLCR 

m2)(bedside (MDRD) 

(b) (6)
Schwartz) 

17 F 86.5 Mild 68.8 Mild 73.9 Mild 
9 F 71.2 Mild 76.4 Mild 119.5 Normal 
9 M 92.9 Normal 82.9 Mild 177.8 Normal 

Source: Table 16.2.8.1.2, SDN 1488 (May 19, 2021)  

Table 10: Participants with Renal Impairments in Study A0221047  
Subject 

ID 
Age Sex Fesoterodine 

Dose Group 
CLCR 

(mL/min) 
Renal 
Class 

based on 
CLCR 

eGFR 
(bedside 

Schwartz) 
(mL/min/1.73 

m2) 

Renal 
Class 

based on 
eGFR 

(bedside 
Schwartz) 

eGFR 
(MDRD) 

(mL/min/1.73 
m2) 

Renal 
Class 

based on 
eGFR 

(MDRD) 

(b) (6) 7 M 4 mg 86.2 Mild 86 Mild 212.6 Normal 
9 F 4 mg 120.4 Normal 81 Mild 125.5 Normal 
16 F 8 mg 89.1 Mild N/A N/A 59.9 Moderate 
15 M 8 mg 86.1 Mild 83 Mild 152.4 Normal 

Source: Table 16.2.8.1.2a,, SDN 1488 (May 19, 2021) 

For most of the subjects, the renal class determined based on eGFR from the bedside Schwartz equation 
appears to be the most conservative among the 3 different methods compared in Tables 9 and 10. The 
increase in Cmax and AUC of 5-HMT in pediatric patients with mild renal impairment (CLCR 60-89 mL/min 
or eGFR 60-89 mL/min/1.73 m2) (4 subjects in Cohort 1 of Study A0221047 and 3 subjects in Study 
A0221066) appears not to be clinically significant, with a similar range of exposures and median Cmax and 
AUC values within 2-fold, compared with those in patients with normal renal function (CLCR > 90 mL/min 
or eGFR > 90 mL/min/1.73 m2). In addition, in the Phase 3 study, A0221047, patients with mild renal 
impairment receiving fesoterodine did not experience adverse events with any change in frequency or 
severity compared to those patients with normal or undetermined renal function as far as can be determined 
within the limitations of the sample sizes. Therefore, no dose adjustment is recommended for pediatric 
patients with mild renal impairment. 

In general, for children over the age of 2 years, kidney function maturation is considered complete. Since 
the target pediatric population for this supplement are 6 years of age and older and as no dose adjustment 
is needed in adult patients with moderate renal impairment, assuming similar proportional effects of renal 
impairment in adults and the pediatric patients, no dose adjustment is recommended in pediatric patients 
with moderate renal impairment (eGFR 30-89 mL/min/1.73 m2). Because 2-fold or higher Cmax and AUC 
was observed in severe renal impairment in adults compared to adults with normal renal function and the 
recommended dose of Toviaz® in these adult patients is reduced to 4 mg (from 8 mg which is recommended 
for patients with normal renal function), Toviaz® dose in pediatric patients with severe renal impairment 
(eGFR 15-29 mL/min/1.73 m2) weighing > 35 kg is recommended to be reduced from 8 mg to 4 mg, and 
Toviaz® is not recommended for use in pediatric patients with kidney failure (eGFR < 15 mL/mL/1.73 m2 

or requiring dianlysis) and in pediatric patients with severe renal impairment weigheing 25 to 35 kg.  
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respectively, as  compared to healthy adult subjects.  No dose adjustment is recommended in adult patients 
with mild or moderate hepatic impairment. 

As the expected clearance of fesoterodine in pediatric population, including hepatic metabolism and renal 
excretion, is unlikely to be different than that in adults, no dose adjustment is recommended in pediatric 
patients with mild or moderate hepatic impairment. Toviaz® is not recommended for use in pediatric 
patients with severe hepatic impairment (Child-Pugh C). 

3.3.4 Are there clinically relevant food-drug or drug-drug interactions and what is the appropriate 
management strategy? 

Drug Interactions 
The Cmax and AUC of 5-HMT increased 2.0- and 2.3-fold, respectively after oral administration of a strong 
CYP3A4 inhibitor (ketoconazole 200 mg BID for 5 days) with fesoterodine in CYP2D6 EMs. Likewise, 
in CYP2D6 PMs, Cmax and AUC of 5-HMT increased 2.1- and 2.5-fold, respectively, during 
coadministration of ketoconazole 200 mg BID for 5 days. To ensure that 5-HMT exposure would be 
maintained within a well-tolerated range in patients taking strong CYP3A4 inhibitors, it is recommended 
to reduce the dose by half to account for the 2-fold increase in 5-HMT exposure in those patients. Thus, 
for pediatric patients weighing > 35 kg, fesoterodine dose is recommended to be reduced to 4 mg QD in 
patients taking strong CYP3A4 inhibitors. For pediatric patients with body weight > 25 kg and up to 35 
kg, fesoterodine administration is not recommended in patients taking strong CYP3A4 inhibitors. 

3.3.5 What formulations were used in the clinical studies of this sNDA? 

The studies included in this sNDA evaluated the efficacy, safety, tolerability, and PK of two ER dosage 
forms, which were included in the pediatric program: 

• Fesoterodine 4 and 8 mg tablet dosage form (currently approved for adults with OAB) 
• Fesoterodine 2 and 4 mg BIC dosage form 

(b) (4)

The formulations used in each clinical study are summarized in Table 11 below. 
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The acceptance criteria and performance of the 5-HMT bioanalytical methods are in compliance with the 
Agency’s Bioanalytical Method Validation Guidance. In summary, the method validation and performance 
of the bioanalytical methods used for this application are acceptable. 
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4.2 Clinical Studies 

4.2.1 Phase 2 Study (A0221066): Dose Escalating Study of PK, Safety, and Tolerability 

Title: An Open-Label, Dose-Escalating Study of the Pharmacokinetics, Safety and Tolerability of 
Fesoterodine in Pediatric Overactive Bladder Patients Aged 8-17 Years 

Primary Objective: To determine the PK of 5-HMT in pediatric OAB subjects aged 8 to 17 years. 

Study Design, Treatments, Drug Administration, and Dose Titration Scheme: 
This was an 8-week open label, uncontrolled study in male and female subjects with OAB (Figure A-1). A 
total of 21 pediatric OAB subjects, aged between 9 and 17 years, were enrolled in the study and 20 subjects 
completed the study. Approximately 50% of the study population were subjects with NDO (11 out of 21 
subjects). 

Figure A-1: Study Overview 

For Weeks 1 to 4, the dose for all subjects was to be fesoterodine 4 mg QD, for Weeks 5 to 8, the study 
dose was to be escalated to 8 mg QD based on the investigator’s assessment of individual subject’s 
tolerability and safety. Subjects were advised to take their medication between 7 and 10 am during Weeks 
1 to 4 prior to Visit 3, and between 7 and 10 pm for Weeks 5 to 8 prior to Visit 4. Subjects were instructed 
to swallow each tablet whole with water regardless of meals. 

To limit the blood sampling in pediatric subjects, PK samples at earlier time points post-dose (absorption 
phase) were collected after dosing in the morning up to Visit 3 (Weeks 1 to 4), and the samples at later time 
points post-dose (terminal elimination phase) were to be collected after dosing in the evening after Visit 3 
up to Visit 4 (Weeks 5 to 8).  See the PK Sampling and Characterization section below for details. 

A bladder diary, noting the number of micturitions/catheterizations events, volume of urine of each 
micturition or catheterization, urinary urgency and incontinence episodes, was to be completed for 3 
consecutive days during the week prior to Visits 2, 3, and 4. Safety parameters included clinical laboratory 
evaluations, physical examination, vital signs, post-void residual volume (PVR) in subjects who were not 
performing clean intermittent bladder catheterization (CIC) and the frequency and intensity of adverse 
events were collected according to the Schedule of Activities (Table A-1). 
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Table A-1: Schedule of Activities (Study A0221066) 

Key Inclusion Criteria Related to Clinical Pharmacology: 
• Male or female subjects between the ages of 8 and 17 years (age at time of first dose), inclusive;  
• A total body weight > 25 kg (55 lb);  
• OAB as defined by:  

◦  Idiopathic or Neurogenic: OAB as defined by symptoms of urinary frequency (≥ 8 
micturitions on average per 24 hours) and urgency (defined as a sudden and compelling 
desire to pass urine which is difficult to defer), with or without urgency incontinence, for 
at least 6 months prior to enrollment; 

or 
◦  Subjects with stable neurological disease and urodynamically confirmed detrusor 

overactivity, who may have required intermittent catheterization for management of 
urinary drainage; 
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Key Exclusion Criteria Related to Clinical Pharmacology: 
Subjects presenting with any of the following were not to be included in the study: 

• Evidence or history of clinically significant hematological, renal, endocrine, pulmonary, 
gastrointestinal, cardiovascular, hepatic, psychiatric, neurologic (other than neurogenic detrusor 
overactivity), or allergic (including drug allergies, but excluding untreated, asymptomatic, seasonal 
allergies at time of dosing) disease that would have impaired their ability to participate reliably in 
the study, or increased the risk to themselves or others by participating; 

• Any condition possibly affecting drug absorption (e.g., gastrectomy); 
• Treatment with an investigational drug within 4 weeks or 5 half-lives (whichever was the longer) 

preceding the first dose of study medication; 
• A 12-lead electrocardiogram (ECG) at Screening with clinically significant abnormality; 
• Subjects required to take concomitant medications that could have interacted with the PK and/or 

pharmacodynamics (PD) of fesoterodine, such as: 
◦ Potent Cytochrome CYP3A4 inhibitors or inducers; 
◦ Potent CYP2D6 inhibitors; 
◦ Drugs for treatment of OAB; 
◦ Drugs with antispasmodic, parasympathetic, or cholinergic effects; or 
◦ Drugs known to affect lower urinary tract function (eg, desmopressin); 

The above concomitant medications must have had a minimum washout of 1 week, or other period 
as determined by the investigator prior to the enrollment visit. The subject should have discontinued 
such agents for at least 3 days prior to beginning the completion of the first bladder diary; 

PK Sampling 
Blood samples (2 mL each) to provide a minimum of 1.0 mL of plasma for PK analysis of 5-HMT were 
collected according to the following schedule: 

• Visit 3 (Week 4): predose and at 0.5-2, 2-4, and 4-6 hours post-dose (relative to dose on that 
morning). 

• Visit 4 (Week 8): at 8-10, 10-14, 14-16, and 16-20 hours postdose (relative to dose on the previous 
night). 

In the event of an early withdrawal post Visit 2 but prior to Visit 3, PK samples, if possible, were collected 
at 0.5-2, 2-4, 4-6, 8-10, 10-14, and 14-16 hours post-dose. In the event of an early withdrawal post Visit 3 
but prior to Visit 4, PK samples, if possible, were collected at 8-10, 10-14, 14-16, and 16-20 hours post-
dose. 

PK Analysis Sets 
The PK concentration population was defined as all subjects randomized and treated who had at least 1 
concentration during the study. Subjects with < 80% compliance with dosing, or concentrations with 
sampling time deviation > 20% from nominal collection time, were excluded from calculation of summary 
statistics, but were included in Population PK analysis if dosing on 3 days prior to PK sampling was 
confirmed and accurate PK sampling was recorded. The PK parameter analysis population was defined as 
all subjects randomized and treated who had at least 1 of the PK parameters of primary interest during the 
study 

PK Analysis Endpoints 
Model-based PK parameter estimates for Ka, apparent oral clearance, and volume of distribution (Vd) were 
used to predict the area under the plasma drug concentration versus time curve; a measure of drug exposure 
(AUC), maximum concentration (Cmax), time to reach maximum concentration (Tmax), and half-life in 
pediatric OAB subjects aged 8 to 17 years. 
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PK Analysis 
The population PK modeling approach was used to analyze the plasma concentration-time data for the 
fesoterodine 4 mg and 8 mg doses for the estimation of population PK parameters (CL/F, Ka, and Vd) in 
pediatric subjects in this study. Population mean estimates for the PK parameters were obtained by fitting 
the PK and variance models to the whole data set of all individuals. The inter-subject variability was 
estimated and 95% confidence intervals (CIs) were reported for all population parameter estimates. For the 
residual variability, various models were fitted, including but not restricted to additive and proportional 
models. Adequacy of model fitting was judged by the objective function as well as goodness of fit plots 
and parameter precision estimates. Exploratory analyses were performed to investigate the effect of 
covariates including, but not limited to age, weight, CYP2D6 status, and sex. 

Safety Evaluations 
Safety was evaluated by the incidence, severity, and relatedness to treatment of all reported and treatment-
emergent adverse events and withdrawals from the study due to AEs. Safety assessments included vital 
signs measurements collected at each visit and medical history and complete physical examination, ECG, 
and laboratory evaluations (including blood chemistry, hematology, and urinalysis) as defined in the study 
protocol. 

Sample Size Determination: 
Based on the adult fesoterodine population PK model, the interindividual variability (IIV) for CL/F was 
reported to be 26% CV (coefficient of variation) and the IIV for Ka was fixed at 10% CV; the residual 
variability was reported to be 42.5%. The study design and sample size of 20 subjects was to provide a 
precise (% standard error [SE] <10%) estimate of clearance (CL). 

Bioanalytical Methods: 
Samples were analyzed for 5-HMT concentrations at (b) (4) using a 
validated LC-MS/MS method. Samples were stored at approximately -20°C until analysis and assayed 
within the 355 days of established stability data generated during validation.  

Calibration standard responses were linear over the range of 0.02-20.0 ng/mL; using a weighted 
(l/concentration2) linear least squares regression. Those samples with concentrations above the upper limits 
of quantification were adequately diluted into calibration range 0.02-20.0 ng/mL. The LLOQ for 5-HMT 
was 0.02 ng/mL. Samples with 5-HMT concentrations below the LLOQ are reported as below LLOQ. The 
between-day assay accuracy, expressed as Percent Relative Error (%RE), for Quality Control (QC) 
concentrations, 0.06, 0.80, 8.0, to 14.0 ng/mL, ranged between 1.8% and 7.5%. Assay precision, expressed 
as the between-day percent coefficients of variation (%CV) of the mean estimated concentrations of QC 
samples, was ≤ 3.3 %. 

Disposition of Subjects 
A total of 21 subjects were assigned to study treatment and treated (Table A-2). Twenty subjects completed 
the study, and all enrolled and treated subjects were analyzed for safety (adverse events and laboratory 
values). One subject was no longer willing to participate and discontinued from the study. 

Table A-2: Subject Evaluation Groups 
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Reviewer Comment: 19 subjects and 18 subjects were analyzed for PK from the fesoterodine 4 mg QD 
group and 8 mg QD group, respectively. 

Demography and Baseline Characteristics 
Demographic characteristics and primary diagnoses/durations are summarized in Tables A-3 and A-4, 
respectively. 

Table A-3: Demographic Characteristics 

Table A-4: Primary Diagnoses and Durations 

Protocol Deviations 
There were no significant protocol deviations that would have impacted the safety or the overall outcome 
of the study. 

Concomitant Medication Results 
The most frequently used concomitant medications were ibuprofen, docusate, dornase, ferrous sulfate, 
meropenem, paracetamol, salbutamol, tobramycin, vancomycin, and loratadine. 

PK Analyses 
The results excluding the concentrations in the three 17-year-old subjects were evaluated to assess the 
influence of these subjects on the overall interpretation of study results for pediatric subjects across the age 
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Figure A-2: Plasma 5-HMT Concentrations for  
Fesoterodine 4 mg QD (Panel A) and Fesoterodine 8 mg QD (Panel B)  

Panel A: Fesoterodine 4 mg QD 

For the purposes of plotting data, the dosing time and corresponding concentrations were set to 0 for each subject. 

Panel B: Fesoterodine 8 mg QD 

For the purposes of plotting data, the dosing time and corresponding concentrations were set to 0 for each subject. 

The 5-HMT concentrations observed in subjects with idiopathic OAB and NDO are shown in Figure A-3.  
Subjects with NDO did not appear to have any remarkable differences in 5-HMT PK when compared with  
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subjects with idiopathic OAB. The Applicant believes that somewhat higher exposures in NDO subjects 
may have been due to the generally lower body weights in this subject group compared with idiopathic 
subjects. 

Figure A-3: Plasma 5-HMT Concentrations Following Once Daily Doses of Fesoterodine 
4 mg and 8 mg Administered to Pediatric Subjects With Idiopathic OAB and NDO 

The red line indicates Loess (multi-dimensional scatter plot smoother) Local Regression Model. 

Population PK analyses were conducted via nonlinear mixed-effects modeling with NONMEM® software; 
the data were adequately described by a one-compartment model with first-order absorption and elimination.  
Population PK parameters (CL/F, VC/F) were standardized to a 70 kg person, using the allometric size 
model. Age or sex were not included as covariates in the final pop PK model due to convergence failure 
and lack of improvement to explain PK variability. Importantly, the available data from this study contained 
a small number of children with a limited age range. 

The final population PK model provided appropriate description of the data, with the least inter-individual 
variance values and best precision in point estimates. Goodness-of-fit criteria revealed that the final model 
was consistent with the observed data and indicated no systematic bias. The point estimates, SEs, and 
relative standard errors (calculated as standard error/point estimate and expressed as a percentage, %RSE) 
are presented in Table A-6. 

Table A-6: Final Model Parameters 
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PK modeling & simulation results, based on the adult 5-HMT population PK parameters and allometric 
scaling of the adult population parameters applied to a distribution of pediatric patients meeting the age and 
body weight criteria for this study, were used to determine pediatric doses. The actual observed 5-HMT 
plasma concentrations from this study were in agreement with the simulation results. 

Safety Evaluation Results: 
There were no deaths, severe adverse events, or permanent withdrawals due to AEs reported. One subject 
receiving fesoterodine 8 mg QD experienced an severe adverse event that resulted in temporary 
discontinuation of study treatment. A total of 8 subjects receiving fesoterodine 4 mg QD and 13 subjects 
receiving fesoterodine 8 mg QD reported adverse events (all causalities). The treatment related adverse 
events that occurred were 1 adverse event each of dry mouth (mild), constipation (moderate), dry eyes 
(mild), and vision blurred (moderate), and 2 adverse events of mild nausea and mild residual urine volume 
increased (increased PVR volume). 

Conclusions: 
•  Clearance of 5-HMT appeared to be similar in pediatric patients compared to adults when 

allometrically scaled by patient weight. 
•  Administration of fesoterodine 4 mg QD and 8 mg QD doses to pediatric patients of ages 8 to 17 

years with body weight > 25 kg provided steady-state plasma 5-HMT exposures similar to those in 
adults. 

•  There were no deaths or permanent discontinuations due to adverse events in this study; there was 
one severe adverse event of constipation during treatment with fesoterodine 8 mg QD resulting in 
hospitalization and temporary discontinuation of study treatment. Based on the safety results, 
fesoterodine treatment was well tolerated by pediatric patients, and there were no significant safety 
issues. 
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4.2.2 Phase 3 Study (A0221047): Phase 3, Efficacy, Safety, PK, and Tolerability Study 

Title: A 24-Week Randomized, Open-Label, Study to Evaluate the Safety and Efficacy of Fesoterodine in 
Subjects Aged 6 to 17 Years With Symptoms of Detrusor Overactivity Associated With a Neurological 
Condition (Neurogenic Detrusor Overactivity) 

Primary Objectives: 
• To determine the safety and efficacy of fesoterodine 4 mg and 8 mg following once daily treatment 

for 12 weeks in pediatric NDO subjects with weight >25 kg. 
• To determine the safety and efficacy of fesoterodine 2 mg and 4 mg following once daily treatment 

for 12 weeks in pediatric NDO subjects with weight ≤25 kg. 

Secondary PK Objectives: 
• Determine the steady-state population PK of 5-HMT following fesoterodine 4 mg and 8 mg once 

daily treatment in pediatric NDO subjects with weight >25 kg. 
• Determine the steady-state population PK of 5-HMT following treatment with 2 doses of 

fesoterodine 2 mg and 4 mg once daily in pediatric NDO subjects. 

Study design 
This was a Phase 3, randomized, open-label study to evaluate the efficacy, safety, PK, and tolerability of 
fesoterodine in participants aged 6 to 17 years with symptoms of NDO. Participants must have had a stable 
neurological disease and clinically- or urodynamically-demonstrated NDO with no history of indwelling 
catheter within 4 weeks prior to study participation, no history of autonomic dysreflexia, and no clinically 
significant UTI at screening. Participants not requiring intermittent catheterization who had a post-void 
residual volume >20 mL, as determined by transabdominal ultrasound immediately after urination, were 
excluded. 

The study included 2 weight cohorts (Cohort 1 included participants > 25 kg dosed with fesoterodine 4 and 
8 mg (commercial) ER tablets or oxybutynin XL; Cohort 2 included participants ≤ 25 kg dosed with 
fesoterodine 2 and 4 mg SR BIC) that were analyzed separately. 

Reviewer’s Comment: As only the approved 4 and 8 mg ER tablets are subject to this sNDA this review 
will only focus on Cohort 1 of this study. 

At baseline, participants in Cohort 1 were randomized in a 1:1:1 ratio to one of 3 treatment arms: 
fesoterodine 4 or 8 mg or oxybutynin. Subjects swallowed 1 tablet each day without chewing. Subjects 
took their first dose of study medication in the clinic, to ensure correct dosing and tablet swallowing ability.  
Subjects in Cohort 1 (weight >25 kg) randomized to oxybutynin received oxybutynin XL tablets at a starting 
dose in accordance with approved pediatric labeling and accepted practice (e.g., oxybutynin XL 5 mg QD).  
Dose optimization was achieved by either up or down titration in 5-mg increments on an approximately 
weekly basis to achieve a balance of efficacy and tolerability. All subjects should have achieved a minimum 
total daily dose of oxybutynin XL 10 mg by the end of the dose adjustment period at Week 4. The maximum 
dose used in this study did not exceed the recommended dose consistent with approved pediatric labeling 
and accepted practice. 

After 12 weeks, at the end of the Active Comparator Phase, participants in the oxybutynin treatment arm 
were allocated by the investigator to fesoterodine 4 or 8 mg tablets for the 12-week Safety Extension Phase.  

34  

Reference ID: 4803560 



Figure A-4: Study Design Schematic - Cohort 1 

Table A-7: Study Design Schematic - Cohort 1  
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PK data from pediatric participants in this study were combined with pediatrics from the Phase 2 study 
(A0221066) using population PK analysis. The results of this analysis and the effects of covariates, 
including body weight, CYP2D6 genotype, race, dose, and formulation on 5-HMT plasma concentrations 
are presented in Section 4.2.1.  E-R analysis was also performed using data from this study (A0221047) to 
investigate the relationship between the post-hoc estimates of 5-HMT exposures and the primary efficacy 
endpoint of MCBC in pediatric participants. The results of this analysis are presented in Section 4.2.2. 

Prohibited Concomitant Medications 
Strong CYP3A4 inhibitors within 3 weeks prior to Visit 2 (baseline), or the expectation to start such a 
treatment during the study, as well as medications capable of inducing CYP3A4 enzyme metabolism were 
prohibited. 
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PK Analyses and Sampling 
At Visit 3 (Week 4), blood samples (2 ml each) to provide approximately 1 mL of plasma for the analysis 
of 5-HMT were collected. A maximum of three (3) PK blood samples were collected from each subject 
assigned to receive fesoterodine treatment. Sampling times for the PK samples were determined on an 
individual subject basis as follows: 

•  If the dose was administered at the clinic, a blood sample would be obtained just prior to dose 
administration. If the dose was taken up to 3 hours before coming to the clinic, a blood sample 
would be obtained just after arrival at the clinic. 

• One blood sample was obtained from each subject at about 5 hours (4-6 hrs) post-dose. 
• When it was possible for a subject to remain at the clinic, a blood sample could be drawn 8-10 

hours after dose administration. 

Bioanalysis 
Samples was analyzed for 5-HMT using a validated LC-MS/MS method. 

PK Results 
The observed plasma concentrations of 5-HMT in fesoterodine-treated subjects in Cohort 1 increased as 
the dose increased from 4 mg QD to 8 mg QD.  

Table A-8: Summary of PK Concentrations - PK Concentration Analysis Set - Cohort 1 

* Dosing day refers to dosing day of treatment period for crossover studies and dosing study day for parallel group studies.  
Summary statistics have been calculated by setting concentration values below the lower limit of quantification to zero.  
NALQ = Number of observations Above Lower limit of Quantification.  
N = Number of observations (non-missing concentrations  

In pediatric patients, from 6 years to 17 years of age with NDO weighing 35 kg with CYP2D6 extensive 
metabolizer status receiving Toviaz® tablets, the mean values of apparent oral clearance (CL/F), volume of 
distribution (Vd/F) and absorption rate constant (Ka) of 5-HMT are estimated to be approximately 71.6 (6.7) 
L/hour, 68.1 (29.7) L, and 0.0897 (5.99)/hour, respectively. The Tmax and half-life of 5-HMT are estimated 
to be approximately 2.55 h and 7.73 h, respectively. Like adults, the 5-HMT exposures in CYP2D6 poor 
metabolizers was estimated to be approximately 2-fold higher compared with extensive metabolizers. 
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The post-hoc estimates of steady-state exposures of 5-HMT in NDO patients weighing greater than 25 kg 
following Toviaz® 4 mg and 8 mg tablets once daily are summarized in Table A-9. 

Table A-9: Summary of geometric mean [%CV] PK parameters for the active metabolite after steady-state dosing of 
fesoterodine in pediatric patients with NDO, ages 6-17 years weighing > 25 kg 

Dosage N Cmax,ss (ng/mL) AUCtau,ss (ng*h/mL) 
4 mg once daily 32 4.88 (48.2) 59.1 (51.7) 
8 mg once daily 39 8.47 (41.6) 103 (46.2) 

CV = coefficient of variation; Cmax,ss = steady-state maximum plasma concentration, AUCtau,ss = steady-state area under the 
concentration time curve over the 24-hour dosing interval, N = number of patients with PK data 

Efficacy Results 
The primary efficacy endpoint was the mean change from baseline in maximum cystometric bladder 
capacity (MCBC) at Week 12. Treatment with Toviaz 4 mg or 8 mg resulted in improvements from baseline 
to Week 12 in the primary efficacy endpoint, MCBC, with numerically higher changes from baseline for 
Toviaz 8 mg than for Toviaz 4 mg.  Results for the primary endpoint MCBC are reported in Table A-10. 

Table A-10: Mean Baseline and Change from Baseline to Week 12 for Maximum Cystometric Bladder Capacity 
(mL) in Pediatric NDO Patients Receiving Toviaz 4 mg or Toviaz 8 mg and Weighing > 25 kg 

Toviaz 4 mg tablet Toviaz 8 mg tablet 
N 41 41 
Baseline 195.1 173.3 

Change from baseline (95% CI)† 58.1 
(28.8, 87.4) 

83.4 
(54.2, 112.5) 

CI = confidence interval  
Baseline is defined as the last available measurement prior to the start of treatment.  
N is the number of patients who took at least one dose and provided a valid value for MCBC at baseline.  
† Least squares mean change and 95% CI are based on an analysis of covariance model with terms for treatment group, baseline 
maximum cystometric bladder capacity and baseline weight. Last observation carried forward/baseline observation carried 
forward was used for imputing missing values at Week 12. 

Safety Results 
Treatment with fesoterodine 4 and 8 mg once daily for 12 weeks and for up to 24 weeks was well tolerated 
in pediatric subjects with NDO aged 6 to 17 years weighing >25 kg. There were no treatment-related severe 
adverse events and no deaths. Treatment-related adverse events were mostly of mild to moderate severity. 

Refer to Clinical review for more details regarding efficacy and safety assessment. 

Reviewer’s Comment: It should be noted that Study A0221109 was also conducted. This was a Phase 3, 
multi-center, open-label, long-term extension study in Japanese subjects aged 6 to 17 years with NDO who 
participated in and completed the precedent Study A0221047 (N = 12). The study consisted of a 28-week 
open-label treatment period followed by a 4-week follow-up period. In addition, subjects in the oxybutynin 
arm of the precedent Study A0221047 continued the fesoterodine treatment to which they had been assigned 
in the Safety Extension Phase of Study A0221047 until Week 40 visit in this study, in order to obtain 
fesoterodine 1-year treatment data. It should be noted that this study was not reviewed in detail by the 
Clinical Pharmacology review team.  The safety assessment is deferred to the Clinical review team. 
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4.4 Exposure Response Analyses 

Aim: 1) To investigate the PK/PD relationship between the average concentration at steady-state (Cavg,ss) 
and change in maximum cystometric capacity (MCC) in pediatric subjects with NDO aged 6-17 years; 2) 
To assess different dosing regimens based on the PK/PD model. 

Data: This analysis included 242 MCC observations at baseline or Week 12 from 121 pediatric subjects 
aged 6 to 16 years with body weight ranging from 11.7 to 85.0 kg. The baseline characteristics are 
summarized in Table A-14. 

PK/PD Model: The final model was developed from a base Emax model. Age was incorporated into the 
final model with effects on Base and Emax. The final model structure is shown in Table A-15. The final 
model parameter estimates are shown in Table A-16. The final model was further assessed via goodness-
of-fit indicators and prediction performance (e.g., plots, see Figure A-8). There was no systematic bias or 
lack of fit observed, suggesting adequacy of the final model. The observed median was generally similar to 
the simulated median and generally contained within the 95% CI with a slight deviation at higher body 
weight, indicating that the final model adequately describes the central tendency and the variability of the 
MCC across all body weights in the NDO pediatric population. 

Simulations: Based on the final population PK and PK/PD models established, various dosing regimens 
have been assessed for their performance on the efficacy for a given weight category. The prediction of 
change from baseline in MCC by Cavg,ss from 1000 simulations for the dosing regimens used in Study 
A0221047 was performed (see Figure A-9). Cavg,ss of approximately 3.5 to 4.0 ng/mL are predicted to 
provide adequate levels of efficacy (e.g., 55 mL change in MCC), although this model suggested that EC50 
may be relatively higher compared to Cavg,ss predicted in this study. In addition, change from baseline in 
MCC were simulated when subjects received 4 or 8 mg tablet QD in accordance with different body weight 
thresholds (20 to 35 kg). These simulations suggest that for patients with body weight of 25-35 kg, the dose 
change from 4 mg QD to 8 mg QD would have minimal impact on predicted median of change from 
baseline MCC: 46.9 mL at 4 mg QD and 48.3 mL at 8 mg QD. This supports the label statement (b) (4)

. 
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Table A-15: Final PK/PD Model Structure. 

Source: Page 26 in the PK/PD report 1069. 

Table A-16: Final PK/PD Model Parameter Estimates. 

Source: Table 6 in the PK/PD report 1069. 
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Figure A-8: Final PK/PD Model Assessment Plots. 
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