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1. Executive Summary 

1.1 Recommendations 

The Office of Clinical Pharmacology reviewed the submission and found acceptable from a clinical 
pharmacology standpoint.  

We found the . Nevertheless the final 
decision on the optimal starting dose for all age groups should be made with the conclusion on safety 
assessment into consideration.  

(b) (4)

1.2 Phase IV Commitments 
None. 

1.3 Summary of Clinical Pharmacology and Biopharmaceutics Findings 

Kuvan (sapropterin dihydrochloride) is a Phenylalanine Hydroxylase activator and a synthetic 

preparation of the dihydrochloride salt of naturally occurring tetrahydrobiopterin (BH4). Kuvan® is 

indicated to reduce blood phenylalanine (Phe) levels in patients with hyperphenylalaninemia (HPA) 

due to BH4-responsive Phenylketonuria.  Kuvan is to be used in conjunction with a Phe-restricted diet. 

The approved starting dose is 10 mg/kg once a day and the dose should be adjusted within the range of 

5-20 mg/kg based on the control of blood Phe level.    

In this supplement, the sponsor proposes to update the labeling regarding safety and efficacy of Kuvan 

in patients <4 years old based on a clinical trial conducted in response to the Written Request as well 

as in fulfilment of a Post-Marketing Commitment. 

In the sponsor’s new proposal, Kuvan should be discontinued 

(b) (4)

in non-responders after one month of treatment at 20 mg/kg instead of screening for responders in a 

sequential treatment at 10 mg/kg/day followed by 20 mg/kg for up to one month at each dose.     

Exposure (Dose)-Response Relationship 

In Study PKU-015, only one dose level of 20 mg/kg was studied (patients <6 years old) and as such a 

dose-response relationship was not evaluated in patients < 6 years old. Nevertheless according to the 

analysis by Dr.Yu, a Pharmacometrics reviewer, a concentration-dependent increase in the proportion 

of responders (patients with > 30% decrease in blood Phe level from baseline after 4 week treatment) 

was observed. The E-R relationship for the proportion of responder indicates that efficacy reaches a 
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plateau at the higher end of concentration range by 20 mg/kg and there is a trend of loss of efficacy at 

lower concentrations in patients. Please see the attached Pharmacometrics Review for more details. 

Previously a dose-response relationship was explored in patients older than 8 years in an open-label, 

forced dose-titration study in which patients were sequentially treated with Kuvan at 5 mg/kg, 20 

mg/kg and 10 mg/kg for two weeks each (Study PKU-004 in the original submission).  The clinical 

pharmacology review of original NDA22-181 noted the following1: 

 The mean change in blood Phe level at 20 mg/kg was greater than 5 mg/kg and 10 mg/kg and 

statistically different (p <0.001). 

 The percentage of patients with a ≥ 30% reduction in blood Phe levels was 25%, 46%, 55% 

after dosing for 2 weeks with 5, 10, and 20 mg/kg/day, respectively. 

 No apparent relationship between the dose of Kuvan and the incidence of AE was noted. 

Starting Dose 

with proper 
(b) (4)

selection of patients for Kuvan treatment in addition to the dietary Phe management. 

 In patients on Phe-controlled diet, one-week treatment with 20 mg/kg decreased the mean 

blood Phe concentration from 333 mol/L to 143 mol/L. 

o	 Similarly in a trial previously conducted in patients aged 4-12 years and on Phe-

controlled diet, one-week treatment with 20 mg/kg decreased the mean blood Phe 

concentrations from 321 mol/L to 110 mol/L. 

	 In Study PKU-015, a plasma concentration-dependent increase in the proportion of responders2 

was observed.  The decreasing trend of the proportion of responders in lower concentration 

range indicates that doses lower than 20 mg/kg may not be as efficacious as 20 mg/kg. In 

addition the E-R relationship indicates that potential responders at 20 mg/kg may not be 

identified at lower doses.  This positive E-R relationship for the proportion of responders is 

consistent with the positive dose-response relationship observed in patients aged >8 years in a 

dose-titration study (PKU-003).  

o	 In patients aged < 8 years on Phe-controlled diet (included in Studies PKU-015 and 

PKU-006 3 ), doses other than 20 mg/kg were not studied so the dose-response 

relationship in this age group on Phe-controlled diet was not evaluated. 

	 In Study PKU-015, some patients had blood Phe levels lower than 120 mol/L during Kuvan 

treatment.  After one week of treatment, blood Phe level was reduced to < 120 mol/L in 60% 

(12/20), and 25% (13/52) of patients with blood Phe level of 120-240 mol/L and >240 

mol/L at week 0, respectively. Therefore, the labeling should include languages to caution 

1 Page 5, Clinical pharmacology review of original NDA 22-181 by Dr. Hae-Young Ahn 
2 > 30% blood Phe reduction from baseline 
3 Submitted in the original NDA 22-181, Included patients aged > 4, and < 12 years old 
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about the decrease in blood Phe level lower than target range within one week treatment with 

20 mg/kg especially for patients on Phe-controlled diet.  

	 In addition, in some patients (n=14), blood Phe fell below 120 mol/L prior to the Kuvan 

treatment.  It is unclear if an improved compliance to dietary control played a role in lowering 

blood Phe level prior to treatment while a significant fluctuation of blood Phe level within 

patients was generally observed. In those patients, an additional blood Phe measurement 

should have been performed to determine the necessity and timing of Kuvan treatment. As 

such a close monitoring of blood Phe level before and during Kuvan treatment should be 

performed and the dose for Kuvan should be adjusted accordingly. The review of the clinical 

management of blood Phe in PKU patients is deferred to the clinical review by Dr. Epps.  

	 As for the starting dose in other age groups, in patients for whom a rapid control of blood Phe 

is desired, a higher starting dose would be preferred. Non-responders to the dose of 10 mg/kg 

may respond to 20 mg/kg based on the positive exposure-response relationship for the 

proportion of responders. Starting at the dose of 20 mg/kg would eliminate the screening 

period with 10 mg/kg for potential responders who would respond to 20 mg/kg than 10 mg/kg 

and for non-responders for whom treatment with Kuvan should be discontinued. 
(b) (4)

While the dose-related increase in 

adverse events was not apparent especially in patients who were not on Phe-restricted diets, 

there is a concern of exaggerated pharmacological effect of Kuvan to reduce blood Phe level 

lower than desired level in patients on Phe-controlled diets. The review of safety is deferred to 

the clinical review by Dr. Epps.  

Dose adjustment within the range of 5-20 mg/kg/day 

Although doses other than 20 mg/kg/day were not studied in pediatric patients younger than 8 years 

old for the efficacy, the dosage adjustment is reasonable with proper blood Phe monitoring. 

Pharmacokinetic/ Biopharmaceutics Properties 

In population PK analysis, the body weight but no other covariates were found to significantly affect 

clearance and volume of distribution supporting the body weight based dosing. 

(b) (4)
20 mg/kg dose provides comparable Kuvan exposure levels across different weight 

groups among pediatric patients.  Compared to the systemic exposure in adults, the AUC at steady-

state following 20 mg/kg dosing was lower in pediatric patients 1-12 years old tended to be lower 

while it was similar in patients < 1 year old and >12 years old. Please see the Pharmacometrics 

Review in Appendix for more details. 

In Study PKU-015, the approved Kuvan Tablets but no other formulations were used. Prior to 

administration, Kuvan was dissolved in as little as 5 ml water or apple juice and administered to 

patients using an oral syringe and a cup as appropriate. The protocol also allowed mixing Kuvan in 
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soft foods. Per reviewer’s request, the sponsor clarified that patients’ families were given the option to 

mix Kuvan into soft foods at 9 of the 18 sites. These foods included apple sauce, yogurt, porridge, 

pudding, and mashed potatoes.  The sponsor also cited4 a published literature on the stability of Kuvan 

in various food media including rice cereal and PKU compatible formula. As the mixing Kuvan in 

soft foods was allowed during the clinical trial and the publication of Kuvan stability in food media 

other than approved water and apple juice is available, the labeling update on the compatible food 

vehicle should be recommended. The review of stability of Kuvan in other food media is deferred to 

the CMC reviewer. 

2 Question-Based Review 

2.1 General Attributes of the drug 

2.1.1 What pertinent regulatory background to the current assessment of the clinical 
pharmacology of this drug? 

Kuvan (sapropterin dihydrochloride) is a Phenylalanine Hydroxylase activator and a synthetic 

preparation of the dihydrochloride salt of naturally occurring tetrahydrobiopterin. Kuvan® is 

indicated to reduce blood phenylalanine (Phe) levels in patients with hyperphenylalaninemia due to 

tetrahydrobiopterin-responsive Phenylketonuria. Kuvan is to be used in conjunction with a 

Phe-restricted diet.  Kuvan® Tablet was originally approved in 2007 and Kuvan® Powder for oral 

solution was approved in 2013.  The approved starting dose is 10 mg/kg once a day and dose should 

be adjusted within the range of 5-20 mg/kg/day based on the control of blood phenylalanine.    

For this submission, Study PKU-015 which had two sub-studies was conducted in pediatric PKU 

patients as specified in the Written Request dated October 31, 2011. These sub-studies were also 

conducted in fulfillment of Postmarketing Commitment # 1 in the Kuvan NDA approval letter dated 

December 13, 2007 as below.  

“BioMarin commits to designing and implementing a safety, efficacy, and pharmacokinetics study 

with Kuvan (sapropterin dihydrochloride) in patients with PKU who are four years of age or 

younger at study entry. Efficacy is to be assessed by the pharmacodynamic outcome measure of 

blood phenylalanine levels over a six-month period of treatment.” 

The original approval was based on studies in patients older than 4 years.   The review of the original 

submission also noted that a limited number of patients 4 to 6 years of age were included.  So the 

additional data was requested in patients 4 to 6 years of age in the Written Request. 

4 
Striepeke et al., In Vitro Stability of Sapropterin Dihydrochloride from Crushed Tablets Mixed in Applesauce, Pudding, and Infant 

Formula”. Infant, Child, & Adolescent Nutrition 2009; 1; 267 
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2.1.2 What are the highlights of the formulation of the drug product as they relate to 
clinical pharmacology review? 

Kuvan is originally approved in Tablet formulation. Kuvan Tablets should be dissolved in 120-240 ml 

water or apple juice prior to administration. The administration of Kuvan as whole tablets and Kuvan 

Powder for oral solution was approved in 2013. In Study PKU-015, the administration of Kuvan 

Tablets after dissolving in water or apple juice was studied.   

2.1.3 What are the proposed dosage(s) and route(s) of administration?

5-20 mg/kg in all age groups. 

(b) (4)
 dosage may be adjusted in the range of 

The approved dosage is as follows: 

The recommended starting dose of Kuvan is 10 mg/kg/day taken once daily. Response to therapy is 

determined by change in blood Phe following treatment with Kuvan at 10 mg/kg/day for a period of 

up to 1 month. If blood Phe does not decrease from baseline at 10 mg/kg/day, the dose may be 

increased to 20 mg/kg/day. Patients whose blood Phe does not decrease after 1 month of treatment 

at 20 mg/kg/day are non-responders, and treatment with Kuvan should be discontinued in these 

patients.  Once responsiveness to Kuvan has been established, the dosage may be adjusted within 

the range of 5 to 20 mg/kg/day according to response to therapy. 

The clinical 

pharmacology review of original submission5 noted following: 

(b) (4)

Doses of 
(b) (4)

Kuvan may be adjusted in the range of 5-20 mg/kg. It is, however, suggested that the 10 

mg/kg/day be the starting dose and the patients be titrated up and down based on the response” 

The review noted that although there is clear dose-response relationship (i.e., the higher dose, the 

more efficacy), the dose of 10 mg/kg/day was used in the pivotal, controlled, phase 3 study (Study 

PKU-003) and proven to be efficacious. Please see the Clinical Pharmacology Review for original 

submission for more details. 

At the time of approval, the long-term safety and efficacy was yet to be established.  

5 The clinical pharmacology review of original NDA 22-181 
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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? 

For this submission, Study PKU-015 which had two sub-studies was conducted in pediatric PKU 

patients. Study PKU-015 is consisted of two parts: Part 1 to select potential responders to Kuvan and 

Part 2 for long-term safety and efficacy of Kuvan (Figure 1). In substudy Part 1 a change in blood 

phenylalanine (Phe) levels from baseline in response to treatment with Kuvan 20 mg/kg/day was 

examined in patients on Phe-controlled diet to identify potential responders to Kuvan treatment. In 

addition, a total of three or four plasma samples were to be collected from patients younger than 1 year 

old and from patients aged 1-4 years, respectively for population PK analysis. 

Figure 1. Study Scheme of PKU-015 

Kuvan-responsive subjects who scored at least 80 on age-appropriate cognitive measures when tested 

within 6 weeks of determining Kuvan responsiveness continued to Part 2 of the ongoing study (up to 7 

years), which is designed to investigate long-term safety and efficacy. This second substudy analyzes 

safety and efficacy after 6 months of Kuvan treatment at 20 mg/kg/day. 

In addition to Study PKU-015, clinical trials conducted in support of the original approval were 

referred in support of the proposed labeling changes (Figure 2). For more information, please see the 

clinical pharmacology review of original NDA 22-181. 
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Figure 2. Design of clinical trials included in the original NDA6 

6 PKU-001:  A phase 2, multicenter, open-label study to evaluate the response to and safety of an 8-day course of 
Phenoptin (Kuvan) treatment in subjects with phenylketonuria who have elevated phenylalanine levels 
PKU-003: A phase 3, randomized, double-blind, placebo-controlled study to evaluate the safety and efficacy of Phenoptin 
in subjects with phenylketonuria 
PKU-004: A phase 3, multicenter, open-label extension study of Phenoptin in subjects with phenylketonuria who have 
elevated phenylalanine levels 
PKU-006: A Phase 3, multicenter, randomized, double-blind, placebo-controlled study to evaluate the safety and efficacy 
of Phenoptin 20 mg/kg/day to increase phenylalanine tolerance in phenylketonuric children on a phenylalanine-restricted 
diet 
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2.2.2 What is the basis for selecting the blood phenylalanine and how are they measured in 

clinical pharmacology and clinical studies? 

The high concentration of blood Phe is associated with neurotoxicity.  In Study PKU-015, the response 

to Kuvan was determined based on the > 30% reduction of blood Phe from baseline after 4 week 

treatment. The same criteria i.e. > 30% reduction of blood Phe from baseline after 8 day treatment 

was employed to identify potential responders to Kuvan treatment in previous studies PKU-001 and 

PKU-004.  

Reviewer’s comments: Blood Phe was measured at each site with various bioanalytical assay methods 

(See 2.3.2. Analytical Section for more discussion) 

2.2.3 Exposure-Response Evaluation 

2.2.3.1 What are the characteristics of the exposure-response relationships (dose-response, 
concentration-response) for efficacy?  

As only one dose i.e. 20 mg/kg was studied, a dose-response relationship was not evaluated in Study 

PKU-015 which included patients < 6 years old.  The response is defined as > 30% reduction in blood 

Phe from baseline after 4 week treatment. According to the analysis by Dr. Yu, there was a 

concentration dependent increase in the proportion of responders7 in Study PKU-015 (Figure 3).  The 

decreasing trend of the proportion of responders in lower concentration range suggests lower doses 

may not be as efficacious as 20 mg/kg.  This positive E-R relationship for the proportion of responders 

is consistent with the positive dose-response relationship observed in patients aged >8 years in a dose-

titration study PKU-003. Of note, patients in PKU-015 were on Phe-controlled diet while patients in 

PKU-003 were not on Phe-controlled diet. 

Figure 3.  Proportion of Responders in patients younger than 6 years old by AUCss 

n=20 

n=20 

n=20 n=20 

7 > 30% blood Phe reduction from baseline 
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Dose-response relationship in other age groups 

A dose-response relationship was not studied in patients younger than 8 years.  In study PKU-0068 

which included patients 4-12 years old, only one dose i.e. 20 mg/kg was studied and in this study 

patients were on a Phe-restricted diet. 

In patients older than 8 years, a dose-response relationship was explored in an open-label, forced dose-

titration study (Study PKU-004 in the original submission).  The clinical pharmacology review of 

original NDA22-181 notes the following9: 

 The mean change in blood Phe level at 20 mg/kg was greater than 5 mg/kg and 10 mg/kg and 

statistically different (p <0.001). 

 The percentage of patients with a ≥ 30% reduction in blood Phe levels was 25%, 46%, 55% 

after dosing for 2 weeks with 5, 10, and 20 mg/kg/day, respectively. 

	 In Study PKU-004, 85% of subjects experienced at least one AE. The sponsor reported that 

during the fixed-dose period, the percentage of subjects who had an AE was similar between 

the 5 mg/kg/day and the 20 mg/kg/day doses (50% and 57%), but slightly lower for the 10 

mg/kg/day dose group (38%). There seemed to be no apparent relationship between the dose of 

Kuvan and the incidence of AE. 

2.3 Factors that affect PK and PD response of Kuvan 

2.3.1. Which intrinsic factors affect PK of Kuvan? 

Population PK analysis showed that the body weight but no other covariates were found to 
significantly affect the clearance; therefore, body weight based dose is acceptable (Figure 4). 

See the Pharmacometrics Review by Dr. Yu for more details. 

Figure 4. Apparent total clearance by body weight following 20 mg/kg once daily dosing 
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8 In original submission of NDA 22-181 
9 Page 5, Clinical pharmacology review of original NDA 22-181 by Dr. Hae-Young Ahn 
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 20 mg/kg dose provides comparable Kuvan exposure levels across different weight 
(b) (4)

groups (Figure 5). In addition, the exposure levels in pediatric populations are lower or similar to that 
in adults following 20 mg/kg dose (Figure 6). 

Figure 5. Kuvan systemic exposure across different body weight groups following 20 mg/kg once 
daily dosing 
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Figure 6.  Kuvan exposure (AUCss) across different age groups following 20 mg/kg once daily 
dosing 
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2.3.2. How Kuvan treatment affects the blood Phe level? 

Blood Phe levels vary significantly within and among patients before and during Kuvan treatment 

(Figure 7). In addition blood Phe level changed by dietary intake of Phe.   In Study PKU-015, the 

adjustment in dietary Phe was allowed especially in Part 2 while the dose of Kuvan remained the same 

and the blood Phe level increased as the prescribed dietary Phe increased. 

While the comparison of blood Phe between patients is limited by the use of various assay methods for 

blood Phe analysis at each study site, per the sponsor for a patient blood Phe level was monitored 

using a same method over the trial. 

Figure 7. Distribution of blood Phe at each visit 

In Study PKU-015, upon treatment of Kuvan the substantial reduction of blood Phe was observed at 

week 1 visit in patients who responded to Kuvan. The mean blood Phe level decreased upon Kuvan 

treatment and overall the mean value remained below 360 mol/L with dietary Phe adjustment over 

time.  In Part 1, the extent of blood Phe reduction was similar with the results in Study PKU-006 

which included patients aged 4-12 years on a Phe-controlled diet (Table 1). It was noted that some 

patients had blood Phe level within or below the target range i.e. 120-240 mol/L immediately prior to 

Kuvan treatment i.e. week 0.  

In some patients, blood Phe fell below 120 mol/L before Kuvan treatment. In these patients whose 

blood Phe was <120 mol/L prior to Kuvan treatment, another blood Phe measurement should have 
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been performed before treatment with Kuvan to determine the necessity and the timing of Kuvan 

treatment.  In patients whose blood Phe was lower than 120 mol/L, mean blood Phe stayed below 

<120 mol/L for weeks (Figure 8) raising a concern of insufficient Phe level for growth and 

development. Especially in responders, mean blood Phe further decreased after Kuvan treatment 

started (Figure 9 (A)).  To compensate for the low blood Phe, the prescribed dietary Phe was increased 

in case blood Phe decreased <120 mol/L. On the other hand, in the subgroup of patients whose blood 

Phe > 240 mol/L among those enrolled in Part 2, the mean blood Phe level after one-week treatment 

was about 200 mol/L indicating that the reduction of blood Phe below the target range is also 

dependent on the baseline blood Phe level prior to Kuvan treatment. 
In Part 1 study, 

•		 In patients whose blood Phe was < 120 mol/L, 64% (9/14) patients had blood Phe level < 120 

mol/L after one week treatment with Kuvan at 20 mg/kg. 

•		 In patients whose blood Phe was between 120 and 240 mol/L, 60% (12/20) patients had blood 

Phe level < 120 mol/L after one week treatment with Kuvan at 20 mg/kg. 

•		 In patients whose blood Phe was > 240 mol/L, 25% (13/52) patients had blood Phe level < 

120 mol/L after one week treatment with Kuvan at 20 mg/kg. 

Table 1. Mean Blood Phe concentration (PKU-003, PKU-006, and PKU-015) 
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Reviewer’s comments: In Study PKU-015, for most of patients, screening was done within one week 

before the week 0 visit but in some cases the interval between screening and week 0 was longer than 

one week but shorter than a month. 

Figure 8.   Mean blood Phe level in subgroups based on blood Phe level at week 0 

Included all patients (responder and non-responders) 

In those patients the adjustment of dietary Phe was allowed at the discretion of principal investigators 

to maintain blood Phe level within the target range (Figures 9 and 10). 
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Figure 9. Mean Blood Phe Concentration- and Mean Prescribed Dietary Phe by Visit in Patients 

Subgrouped by Blood Phe Level at Week 0 * (only included patients enrolled in Part 2) 

(A) (B) (C) 

 Scheduled Visits: 1=Screening, 2=Week 0, 3=Week 1, 4=Week 2, 5=Week 3, 6=Week 4 (End of Part 1), 

7=Month 2, 8=Month 3, 9=Month 4, 10=Month 5, 11=Month 6
	

 Note that the scales of y-axis are not consistent among figures (In amendment 7 submitted on 1/23/14)
	

Figure 10. Blood Phe concentration and Prescribed Dietary Phe Time Profile in Selected 

Patients 

 Scheduled Visits: 1=Screening, 2=Week 0, 3=Week 1, 4=Week 2, 5=Week 3, 6=Week 4 (End of Part 1), 

7=Month 2, 8=Month 3, 9=Month 4, 10=Month 5, 11=Month 6 

 Note that the scales of y-axis are not consistent among figures (In amendment 7 submitted on 1/23/14) 

In some patients, the blood Phe significantly fluctuated within patients even during the period when 

the prescribed dietary Phe remained constant. It is unclear if it was due to the non-compliance to 

dietary Phe restriction (Figure 11). 
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Figure 11. Blood Phe concentration and Prescribed Dietary Phe Time Profile in Selected 

Patients
	

 Solid line: Blood Phe; dotted line: Prescribed dietary Phe (mg/kg) 

 Scheduled Visits: 1=Screening, 2=Week 0, 3=Week 1, 4=Week 2, 5=Week 3, 6=Week 4 (End of Part 1), 

7=Month 2, 8=Month 3, 9=Month 4, 10=Month 5, 11=Month 6 

 Note that the scales of y-axis are not consistent among figures (In amendment 7 submitted on 1/23/14) 

Reviewer’s comments: The sponsor stated that for a patient, blood Phe was assayed with the same 

method over time. 

2.3.3. Which extrinsic factors affect the pharmacodynamics effects of Kuvan? 

Kuvan is recommended to be used with Phe-controlled diet.  As the approved indication states, not all 

patients are expected to respond to Kuvan treatment.  In Study PKU-015, patients were to be on Phe-

controlled diet at least during the Part I to identify responders to Kuvan.   On the other hand in Part 2 

of Study PKU-015, per protocol the adjustment in prescribed dietary Phe by 5 mg/kg was allowed at a 

discretion of principal investigators when blood Phe level falls out of the target range. In general, the 

total prescribed dietary Phe amount was increased over time especially during the part 2 when the 

adjustment of dietary Phe was allowed. During PKU-015, 64.6% of the prescribed dietary Phe 

modifications were increases because blood Phe concentration fell < 120 μmol/L (73.8%).  

Prior to initiation of Kuvan treatment, the range of prescribed dietary Phe per body weight was similar 

across age group with a trend of higher dietary Phe prescription for infants than for older children 

(Figure 12).   
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Figure 12. Prescribed ietary Phe by Age before Kuvan treatment in patients who were enrolled 

in Part 2 Study 

A relationship between the prescribed dietary Phe at week 0 and baseline blood Phe (mean of blood 

Phe at screening and baseline) was not apparent (Figure 13). When patients were subgrouped by the 

blood Phe level at week 0, the mean dietary Phe was lower in patients with blood Phe < 120 mol/L 

than in patients with higher blood Phe (Table 3). 

Figure 13.  Baseline blood Phe by Daily Prescribed Dietary Phe before Kuvan treatment in 

patients who were enrolled in Part 2 Study 
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Table 3. Mean Daily Prescribed Dietary Phe at week 0 in patients enrolled in Part 2 by blood 

Phe at week 0 

Subgroup 

Blood Phe at week 0 (mol/L) 

Mean Daily Prescribed Dietary Phe at week 0 

mg/kg mg 

< 120 (n=8) 21.32 331.5 

120 – 240 (n=36) 30.6 398.3 

>240 (n=15) 33.48 389.4 

2.4 Analytical Section 

2.4.1. How are the active moieties identified and measured in the plasma? 

Sapropterin concentrations were obtained indirectly from measurement of L-biopterin due to the 

instability of BH4 in human plasma and also the fact that BH4 can be oxidized to L-biopterin under 

basic conditions.  The LC/MS/MS method was validated to indirectly determine the concentration of 

“BH4” by measuring the concentration of L-biopterin and applying a correction factor. The correction 

factor, 2.150 is calculated according to the conversion ratio of the spiked BH4 concentration in treated 

human plasma to the determined concentration of L-biopterin in human plasma.  

This analysis was carried out by the method outlined in 
(b) (4)

Study Number 146-0402 entitled 

“Determination of Tetrahydrobiopterin (BH4) in Human Plasma By LC/MS/MS.” The same method 

was used in other clinical pharmacology studies that previously submitted for review. 

Reviewer’s comments: Of these 93 subjects, 80 were included in the population PK analysis; of the 

345 blood samples collected, 53 samples from 13 subjects were analyzed beyond the established 161-

day stability period and, therefore, were excluded from the Population PK analysis. It is acceptable. 
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2.4.2 How is blood Phenylalanine level measured? 

In Study PKU-015, blood phenylalanine was measured at local laboratories certified by the College of 

American Pathologists (CAP) Laboratory Accreditation or CLIA (Clinical Laboratory Improvement 

Act) and the 7 Canadian sites were certified by provincial health authorities. 

The sponsor clarified that clinical sites were consistent in their use of local laboratories throughout the 

6-Month study period. And individual local laboratories used the same method of blood Phe analysis 

during the 6-Month study period. 

According to the sponsor, although individual local laboratories used the same method throughout the 

study, there was variation in the type of method used between some local laboratories. The type of 

method, number of sites utilizing each method and the affected patient number (that enrolled in the 6-

Month study) is listed as follows: Tandem Mass Spectrometry (MS/MS), 7 sites (n=21); High-

Performance Liquid Chromatography (HPLC) 4 sites (n=9); Amino Acid Analyzer (AAA), 3 sites 

(n=2); Ion Exchange Chromatography (IEC), 2 sites (n=15); Colorimetry, 1 site (n=2); MS/MS or 

Ultra HPLC, 1 site (n=16) depending on whether they needed Phe and Tyrosine levels only or a 

complete amino acid panel, respectively. Fifty percent of sites (25 patients) used a filter paper method 

to collect whole blood for analysis and 50% of sites (40 patients) sent plasma samples for analysis. 

Reviewer’s comment: The details for different blood Phe assays were not submitted. Use of various 

methods for blood Phe analysis makes comparison of blood Phe between patients at different sites 

unreliable so it is not ideal.  However, it is not considered invalidating the study results because the 

blood Phe levels in individual patients were assessed consistently and each patient served as their own 

reference. The sponsor referred a study report titled “Phenylalanine Testing Equivalency Report” 

which was previously submitted in the original NDA (#22-181) with the PKU-006 Clinical Study 

Report. This study evaluated IEC, HPLC, Fluorimetric, and MS/MS methods at 17 local laboratories 

and found a high level of consistency across methods and laboratories. The clinical pharmacology 

review of the equivalency report noted that the report demonstrated comparable results. Please see the 

clinical pharmacology review of original NDA 22-181 by Dr. Ahn for more details. 

2.4.3. What is the range of the standard curve for L-biopterin? What are the lower and 
upper limits of quantification (LLOQ/ULOQ)? What is the accuracy, precision and 
selectivity at these limits? 

Standard curve concentrations were 5, 15, 50, 100, 300, 500 and 1000 ng/mL and quality control 

samples levels were 5, 15, 150 and 800 ng/mL. The LLOQ and ULOQ were the same concentration as 
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Table 5. In-study QC results for L-biopterin 

concentration 

(ng/ml) 

15 (n=30) 30 (n=30) 150 (n=29) 800 (n=30) 

Mean 14.807 29.653 163.746 797.549 

S.D. 1.619 2.705 98.476 49.518 

%C.V. 10.9 9.1 60.1* 6.2 

%RE -1.3 -1.2 9.2 -0.3 
Percent Relative Error (%RE) = (Determined Concentration - Nominal Concentration)/ Nominal Concentration x 100 

Reviewer’s comment: The inter-day accuracy (% Difference) was acceptable (Table 5).  The inter-day 

precision for QC samples was within acceptable range except for the QC sample of 150 ng/ml. 

For the QC sample of 150 ng/ml, % C.V. of 60.1% was reported.   The high %CV was due to one 

measurement with the value of 673.057 ng/ml for nominal concentration of 150 ng/ml.  The sponsor 

did not exclude the value for the % C.V. calculation.   The %CV from the calibration standards 

covering the concentration of 150 ng/ml ranged from 5.2-7.7% and was found acceptable (Table 6).  

Table 6. In-study inter-day precision and accuracy for L-biopterin in calibration standards 
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3 Appendices 

3.1 Major Labeling Comments 

	 The labeling should include languages to caution about the decrease in blood Phe level lower 
than target range within one week treatment with 20 mg/kg in patients on a Phe-controlled diet.  

	 As the mixing Kuvan in soft foods was allowed during the clinical trial and the publication of 
Kuvan stability in food media other than approved water and apple juice is available, the 
labeling update on the compatible food vehicle should be recommended. 
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3.3. OCP Filing Form
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