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may have an effect on drug absorption and bioavailability via induction of P-glycoprotein and 
cytochrome p450 enzymes. In this study, the authors noted that the dose-dependent increase in 
protein expression of P-gp, CYP3A4, and CYP2D1 (the rat equivalent of the human enzyme 
CYP2D6) after 12 week-treatment of Splenda® (1.1% sucralose) at doses higher than 100 
mg/kg/day Splenda®.  On the other hand, no effects of Splenda® on intestinal P-gp, CYP3A4, or 
CYP2D1 protein expression were observed at 100 mg/kg/day, the dose equivalent to 1.1 
mg/kg/day sucralose2.  
  This study provided preliminary evidence that sucralose may alter transporter and/or metabolic 
enzyme expression in the gastrointestinal tract and thus affect bioavailability of drug substrates.
However, this study done in rats using Splenda® product has several important limitations, 
including failure to assess transporter and enzyme activity. Additionally, other components of 
the marketed Splenda product, such as maltodextrin, were not adequately controlled for to 
conclude the contribution of sucralose on the observed dose-dependent increase in P-gp, 
CYP3A4, or CYP2D1 protein expression. No data is available to evaluate the potential effects 
of sucralose on p-glycoprotein and P450 enzyme in humans.  

                                                
2 Abou-Donia MB, El-Masry EM, Abdel-Rahman AA, McLendon RE, Schiffman SS. Splenda alters gut microflora 
and increases intestinal p-glycoprotein and cytochrome p-450 in male rats. J Toxicol Environ Health A. 
2008;71(21):1415-29.
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4 Appendices
4.1 Memoradum
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4.4 OCP Filing Form
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Trade Name: Kuvan
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Established Name: Sapropterin Dihydrochloride
Date of 
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Indication: 

Reduce blood phenylananine 
(Phe) levels in patients with 
hyperphenylalaninemia (HPA) 
due to tetrahydropbiopterin-
(BH4) responsive
Phenylketonuria (PKU).

Type of Submission: 
New Drug Application  505(b)(1)

Formulation/
strengths

Powder for oral solution

Route of 
Administration

Oral

Type of Review: Review of dissolution data to support biowaiver request

SUMMARY:

Background: BioMarin currently markets an approved Kuvan (sapropterin dihydrochloride) 
Tablet, 100 mg, under NDA 022181 (approved December 13, 2007). Kuvan Tablets should be 
dissolved in 4 – 8 oz. (120 – 140 mL) of water or apple juice and taken within 15 minutes of 
dissolution. Kuvan tablets are administered orally with food to increase absorption. BioMarin has 
developed a new powder formulation for administration as an oral solution to be packaged in a 
unit dose packet. Kuvan powder formulation is designed to improve the taste, flavor and 
appearance of sapropterin dihydrochloride, and is expected to offer a convenient alternative to 
tablets.

The Applicant submitted the current NDA to seek approval for Kuvan (sapropterin 
dihydrochloride) Powder for Oral Solution. A Type C meeting was held on June 21, 2012 to 
discuss the biowaiver of in vivo bioavailability and bioequivalence studies for Kuvan Powder.1 In 
response to the Applicant’s query if Kuvan Powder is eligible for a biowaiver, the FDA requested 
the Applicant submit information/justification to address the following concerns:

1. There is evidence in the scientific literature, although not totally conclusive, that sucralose 

                                                
1 DARRTS: NDA 022181, TRAN-ZWANETZ, CATHERINE A, Submit/Final Date: 07/20/2012, COR-
MEET-03(Meeting Minutes)
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may potentially affect the absorption and bioavailability of drugs (Abou-Donia et al. 2008, 
Brusick et al. 2009). This may apply to your product depending on the elimination 
pathway of sapropterin dihydrochloride.

2. Your proposed product (after it is dissolved in water or apple juice) may have a markedly 
different osmolarity compared to the reference product, potentially impacting the 
bioavailability of sapropterin dihydrochloride.

Discussion from Type C meeting: Based on new data/information provided in the sponsor’s 
response, FDA believes a biowaiver may be granted. However, final determination of the 
acceptance of the biowaiver will be made during the review of the NDA. FDA stated that the 
sponsor should include these data/information (response to bullet point numbers 1 and 2 above) 
as well as solubility data for the API and dissolution profile data for the proposed product in their 
NDA submission.

Submission: The Applicant requested a biowaiver for the Kuvan powder formulation per 21 CFR 
320.22 (b)(3)(i), and per the Type C meeting for NDA 022181, Kuvan (sapropterin 
dihydrochloride) Tablets (June 21, 2012).

Review: The Biopharmaceutics review summarizes the information supporting the biowaiver 
request, and makes conclusions and recommendations about the biowaiver request. 

The Applicant’s bases for a biowaiver request are summarized below:
1. The powder formulation delivers an identical quantity of active pharmaceutical ingredient 

and  levels of the primary excipient, mannitol, as the tablet formulation.
2. Sapropterin dihydrochloride is very soluble in aqueous solutions (greater than 1 g/mL)

and exhibits rapid dissolution.
3. The excipient sucralose, which is present in the powder formulation but not in the tablet 

formulation, does not affect drug absorption and bioavailability.
4. The osmolarity of Kuvan Powder is similar to that of Kuvan Tablets in water and in apple 

juice.

RECOMMENDATION: 
Based on the information submitted for the composition, solubility, and osmolarity of Kuvan 
(sapropterin dihydrochloride) Powder for Oral Solution, the waiver for in-vivo 
bioavailability/bioequivalence studies is granted. From the Biopharmaceutics perspective, NDA 
205065 for Kuvan (sapropterin dihydrochloride) Powder for Oral Solution is recommended for 
approval.

Signature                                                                  Signature  
Kelly M. Kitchens, Ph.D.                                          Tapash Ghosh, Ph.D.
Biopharmaceutics Reviewer                                     Acting Biopharmaceutics Team Leader 
Office of New Drug Quality Assessment                Office of New Drug Quality Assessment

cc. ADorantes; RLostritto.
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BIOPHARMACEUTICS ASSESSMENT

Drug Substance:

Sapropterin dihydrochloride is an off-white to light yellow crystalline powder. The 
chemical structure of sapropterin dihydrochloride is:

Drug Product:

Kuvan (sapropterin dihydrochloride) Tablets, 100 mg, are currently marketed to reduce 
blood phenylananine (Phe) levels in patients with hyperphenylalaninemia (HPA) due to 
tetrahydropbiopterin- (BH4) responsive Phenylketonuria (PKU). Kuvan is used in 
conjunction with a Phe-restricted diet. Kuvan Tablets were filed under NDA 22181 and 
approved on December 13, 2007. The Applicant has developed a new powder 
formulation for the same indication to be packaged in a unit dose packet for 
administration as an oral solution. Kuvan powder formulation is designed to improve the 
taste, flavor and appearance of sapropterin dihydrochloride and is expected to offer a 
convenient alternative to tablets. The powder formulation comprises ingredients that 
dissolve completely in water and offers the benefit of short reconstitution time and 
solution clarity upon powder dissolution.

Kuvan powder is packaged in an individual, two inch square, white, printed, multi-
layered,  laminate packet which is heat sealed on four sides. An 
internal tear notch is located in the corner of the packet to facilitate opening the 

 container. Each packet contains 100 mg active pharmaceutical ingredient 
sapropterin dihydrochloride, equal to 76.8 mg sapropterin. The target fill weight for each 
packet is . Thirty packets are placed into a carton along with the package insert. 
The compositions for Kuvan Powder and Kuvan Tablet formulations are described in the 
following table:
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the proposed amount of sucralose in the powder formulation ( ) does 
not affect drug absorption and bioavailability.

 Based on a maximum daily dose of 20 mg/kg, the maximum daily 
dose of sucralose in the powder formulation corresponds to  

. Abou-Donia et al. reported in vivo evidence that a 
sucralose dose of  did not affect the levels of P-gp, 
CYP3A4, and CYP2D1. At this sucralose dose decreased 
beneficial intestinal bacteria, increased fecal pH, and increased 
body weight were observed, and these adverse events remained 
after 12-week recovery. These adverse events were also observed 
at higher sucralose doses (3.3 – 5.5 mg/kg/day), as well as 
increased expression of P-gp, CYP3A4, and CYP2D1. At 11 
mg/kg/day, decreased P-gp and increased CYP3A4, and CYP2D1 
levels were observed. The Applicant suggests that since the 
amount of sucralose in the Kuvan powder formulation  

) is comparable to the amount of sucralose that did not 
affect P-gp, CYP3A4, and CYP2D1 expression in vivo (  

), the sucralose will not affect the absorption and 
bioavailability of sapropterin dihydrochloride.

 Brusick et al. reported that the conclusions reached by Abou-Donia 
et al. are not scientifically valid, and are inconsistent with 
published literature. Studies have shown that ~85% of an oral dose 
of sucralose is unabsorbed, and rapidly excreted, protein binding of 
sucralose has not been observed, and a study with high doses of 
sucralose (7.5 mg/kg/day for 3 months) were not associated with 
any changes in diabetic therapeutic regimens. Although Brusick et 
al. point out deficiencies in the study design and methodology 
conducted by Abou-Donia et al., Brusick et al. suggests that 
sucralose does not affect drug absorption.

 Per Davis et al., sapropterin dihydrochloride is prone to rapid auto-
oxidation in-vitro, and is rapidly eliminated via an oxidative 
pathway to 7, 8 dihydrobiopterin (BH2) and biopterin (B) in-vitro 
at buffer pH comparable to plasma pH. The Applicant suggests 
that cytochrome isoenzymes are unlikely to be involved in the 
elimination pathway for sapropterin dihydrochloride due to its 
rapid auto-oxidation.

o The Pharm/Tox reviewer, Dr. Yuk-Chow Ng, agreed that the amount of 
sucralose in the powder formulation is acceptable and is not expected to 
affect drug absorption and bioavailability.

Overall Conclusions:
 The Kuvan powder formulation contains the same active ingredient in the same 

concentration as the Kuvan tablet formulation.
 Kuvan Powder is highly soluble in aqueous solution.
 Kuvan Powder exhibits rapid dissolution (i.e. % dissolved in 5 minutes) 

using the dissolution method for Kuvan Tablets.
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 Kuvan Powder has similar osmolarity as Kuvan Tablets in water and apple juice.
 The inactive ingredients in the powder formulation are not expected to affect drug 

absorption and bioavailability.
 The amount of sucralose in the powder formulation is acceptable and is not 

expected to affect drug absorption and bioavailability.
 The waiver for in-vivo bioavailability/bioequivalence studies is granted.

Recommendation:
Based on the information submitted for the composition, solubility, and osmolarity of 
Kuvan (sapropterin dihydrochloride) Powder for Oral Solution, the waiver for in-vivo 
bioavailability/bioequivalence studies is granted. From the Biopharmaceutics perspective, 
NDA 205065 for Kuvan (sapropterin dihydrochloride) Powder for Oral Solution is 
recommended for approval.
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Office of Clinical Pharmacology 
New Drug Application Filing and Review Form 

General Information About the Submission 

 Information  Information 
NDA/BLA Number 205-065 Brand Name Kuvan 
OCP Division (I, II, III, IV, V) DCP III Generic Name sapropterin dihydrochloride 
Medical Division  Drug Class  

OCP Reviewer Insook Kim, Ph.D. Indication(s) Reduction of phenylalanine levels in 
patients with hyperphenylalaninemia due 

to tetrahydropbiopterin-responsive 
Phenylketonuria 

OCP Team Leader Sue-Chih Lee, Ph.D. Dosage Form Powder for oral solution 
Pharmacometrics Reviewer  Dosing Regimen Start at 10 mg/kg/day and adjust doses by 

blood Phe level in the range of 5-20 
mg/kg/day 

Date of Submission February 9, 2013 Route of 
Administration 

Oral 

Estimated Due Date of OCP Review  Sponsor Biomarin 
Medical Division Due Date  Priority Classification  

PDUFA Due Date 
December 6, 2013   

Clin. Pharm. and Biopharm. Information 
 “X” if included 

at filing 
Num
ber 
of 
studi
es 
subm
itted 

Number of 
studies 
reviewed 

Critical Comments If any 

STUDY TYPE                                                                                                                

Table of Contents present and sufficient to 
locate reports, tables, data, etc. 

                                     

Tabular Listing of All Human Studies                                       
HPK Summary                                       
Labeling                                       
Reference Bioanalytical and Analytical 
Methods 

                                     

I.  Clinical Pharmacology                                                                                       
    Mass balance:     
    Isozyme characterization:     
    Blood/plasma ratio:     
    Plasma protein binding:     
    Pharmacokinetics (e.g., Phase I) -                                                                                       

Healthy Volunteers- 
                                                                                      

single dose:     
multiple dose:     

Patients- 
                                                                                      

single dose:     
multiple dose:     

   Dose proportionality -                                                                                       
fasting / non-fasting single dose:     
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NDA_BLA or Supplement 090808 

fasting / non-fasting multiple dose:     
    Drug-drug interaction studies -                                                                                                                

In-vivo effects on primary drug:     
In-vivo effects of primary drug:     

In-vitro:     
    Subpopulation studies -                                                                                                                

ethnicity:     
gender:     

pediatrics:     
geriatrics:     

renal impairment:     
hepatic impairment:     

    PD -                                                                                                                
Phase 2:     
Phase 3:     

    PK/PD -                                                      
Phase 1 and/or 2, proof of concept:     

Phase 3 clinical trial:     
    Population Analyses -                                                      

Data rich:     
Data sparse:     

II.  Biopharmaceutics                                                                                                                
    Absolute bioavailability     
    Relative bioavailability -                                                                                                                

solution as reference:     
alternate formulation as reference:     

    Bioequivalence studies -                                                                                                                
traditional design; single / multi dose:     

replicate design; single / multi dose:     
    Food-drug interaction studies     
    Bio-waiver request based on BCS     
    BCS class     
   Dissolution study to evaluate alcohol induced 
   dose-dumping 

    

III.  Other CPB Studies                                                                                                                
    Genotype/phenotype studies     
    Chronopharmacokinetics     
    Pediatric development plan     
    Literature References X 2  Two references to support the 

insignificant effects of sucralose on 
oral absorption 

Total Number of Studies  2   
     

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

 Content Parameter Yes No N/A 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? 
  X  

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

  X  

3 Has the sponsor submitted bioavailability data satisfying the CFR 
requirements? 

  X Biowaiver is 
requested 

4 Did the sponsor submit data to allow the evaluation of the validity of 
the analytical assay? 

  X  

5 Has a rationale for dose selection been submitted?   X  
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6 Is the clinical pharmacology and biopharmaceutics section of the 
NDA organized, indexed and paginated in a manner to allow 
substantive review to begin? 

  X  

7 Is the clinical pharmacology and biopharmaceutics section of the 
NDA legible so that a substantive review can begin? 

  X  

8 Is the electronic submission searchable, does it have appropriate 
hyperlinks and do the hyperlinks work? 

X    

 
Criteria for Assessing Quality of an NDA (Preliminary Assessment of Quality) 
        Data  
9 Are the data sets, as requested during pre-submission discussions, 

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

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

  X  

        Studies and Analyses  
11 Is the appropriate pharmacokinetic information submitted?   X  
12 Has the applicant made an appropriate attempt to determine 

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

  X  

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

  X  

14 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  

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

  X  

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

  X  

17 Is there adequate information on the pharmacokinetics and 
exposure-response in the clinical pharmacology section of the label? 

  X  

        General  
18 Are the clinical pharmacology and biopharmaceutics studies of 

appropriate design and breadth of investigation to meet basic 
requirements for approvability of this product? 

  X  

19 Was the translation (of study reports or other study information) 
from another language needed and provided in this submission? 

  X  

 
IS THE CLINICAL PHARMACOLOGY SECTION OF THE APPLICATION FILEABLE? 
___X_____ 
 
If the NDA/BLA is not fileable from the clinical pharmacology perspective, state the reasons and provide 
comments to be sent to the Applicant. 
 
 
Please identify and list any potential review issues to be forwarded to the Applicant for the 74-day letter. 
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Background 
Kuvan Tablet (100 mg) is currently on the market.  For oral administration, the current Kuvan Tablet 
should be dissolved in water or apple juice. 
 
The proposed product is a new powder formulation for Kuvan® (sapropterin dihydrochlolride) for oral 
solution.  The powder formulation will dissolve completed in water.  The sponsor stated that Kuvan 
powder for oral solution dosage form was developed to facilitate administration of the drug product with 
various liquids and to offer the benefit of short reconstitution time and solution clarity upon powder 
dissolution. The sponsor claims that the drug substance in the powder formulation is highly soluble and 
will rapidly dissolve in the prescribed volume i.e. 4 – 8 oz liquid (118 – 237 mL) of liquids during 
preparation of dosing solutions. There are no studies conducted in human using the proposed product. 
 
Biowaiver request 
 The sponsor requested a biowaiver based on the 21 CFR 320.22(b)(3)(i) entitled:“Bioavailability and 
Bioequivalence (April 2011)”, in-vivo BA and/or BE can be waived for oral solutions on the assumption 
that release of the drug substance is self-evident provided “that the solutions do not contain any excipient 
that significantly affects drug absorption”.  
However, the current label states that the tablets may not dissolve completely.  The sponsor should 
provide the evidence of complete dissolution of active ingredient after dissolution of tablet and the 
powder.  The reconstituted concentration should be equivalent.  This issue was discussed with the review 
team including a CMC reviewer and biopharm reviewer on March 19, 2013.   
 
The decision on the necessity of an in vivo BE study is pending and is considered as a review issue for 
this submission as discussed at a team meeting on March 19, 2013. 
 
Insook Kim, Ph.D.        March 19, 2013 
Reviewing Clinical Pharmacologist      Date 
 
Sue-Chih Lee, Ph.D.        March 19, 2013 
Team Leader/Supervisor       Date 
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