




CDER Division Director Summary Review Template  
Version date: October 10, 2017 for all NDAs and BLAs 
 

3 

The proposed changes that were tentatively approved on December 6, 2018 were to the PI in 
sections 2.1, 8.4, 12.1, 12.2, and 14. The changes in Sections 2.1 and 12.2 primarily involve 
revising the dosing regimen to add the option of once-daily dosing for patients 5 years of age 
and older who have undetectable serum and urine succinylacetone concentrations after a 
minimum of 4 weeks on a stable dosage of nitisinone, in addition to the currently labeled 
twice-daily dosing regimen. Changes in the other sections (8.4, 12.1 and 14) were made to 
align with Orfadin, as well.  
 

3. Product Quality 
 
No new CMC-related information was provided in this supplement. 

4. Nonclinical Pharmacology/Toxicology 
  
No new nonclinical data was provided in this supplement. 

5. Clinical Pharmacology  
  
No new clinical pharmacology data was provided in this supplement. 

6. Clinical Microbiology  
 
Not applicable. 

7. Clinical/Statistical-Efficacy 
 
No new clinical efficacy data was provided in this supplement.   

8. Safety 
 
No new safety data were provided in this supplement. The sponsor confirmed during the 
review that no new post marketing adverse reactions have been reported for Nityr. The most 
recent Periodic Adverse Drug Experience Report (PADER) from May 19, 2020 reported no 
new safety signals.   

9. Advisory Committee Meeting   
 
Not applicable. 

10. Pediatrics 
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No new pediatric data were provided, and no pediatric review was conducted.  Unlike Orfadin, 
NITYR does not have Orphan Designation.  This supplement triggered PREA due to addition 
of a new dosage regimen.  

  
The Division met with PeRC on August 18, 2020 and came to an agreement for deferral for 
the conduct of pediatric (<5 years old) studies and for assessment in pediatrics (≥ 5 years old) 
for Nityr. Nityr has fulfilled the requirement for pediatric assessment in patients ≥ 5 years of 
age, based on reliance upon the LD (Orfadin), which submitted data supporting the once-daily 
dose regimen for patient 5 years and older.   Since the Orfadin trial that supported the efficacy 
of once-daily dosing did not evaluate enough patients <5 years of age, the applicant should 
provide a plan to study those patients, as once-daily dosing (if effective) may provide 
improved compliance.  However, since Orfadin has a PMC to provide additional data in that 
age group that is due in September 2020, the applicant may be able to rely on the results of 
that PMC to fulfill the pediatric requirement.   
 

11. Other Relevant Regulatory Issues 
 
Not applicable 
 

12. Labeling 
 
The following is a summary of the substantive proposed labeling changes to the PI.  All the 
proposed changes are aligned with the Orfadin PI.  OPDP, DMEPA and patient labeling have 
reviewed the proposed labeling and concurred with minor edits that were accepted by the 
applicant.  
 
Addition = underline; deletion = strikethrough 
 
INDICATIONS AND USAGE 
The population in whom the drug is approved was added to section (indicated by a double 
underline in the text below).  NITYR is approved for adults and pediatric patients of all ages. 
 

NITYR™ is indicated for the treatment of adult and pediatric patients with hereditary tyrosinemia type 1 
(HT-1) in combination with dietary restriction of tyrosine and phenylalanine. 

 
 
Warnings and Precautions 

• Obtain slit-lamp examination prior to treatment, and re-examination regularly during treatment; 
Reexamine patients if symptoms develop or tyrosine levels are > 500 micromol/L. Assess plasma 
tyrosine levels in patients with an abrupt change in neurologic status. (5.1)  

 
Drug Interactions: 
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TABLE 2 
Clinically Relevant Interactions Affecting Co-Administered Drugs 

Sensitive CYP2C9 Substrates (e.g., celecoxib, tolbutamide) or CYP2C9 Substrates with a Narrow Therapeutic Index(e.g  
phenytoin, warfarin) 
Clinical Impact  Increased exposure of the co-administered drugs metabolized by CYP2C9. [see Clinical 

Pharmacology (12.3)]  
Intervention  
 

Reduce the dosage of the co-administered drugs metabolized by CYP2C9 drug by half. 
Additional dosage adjustments may be needed to maintain therapeutic drug concentrations 
for narrow therapeutic index drugs. See prescribing information for those drugs.  

OAT1/OAT3 Substrates (e.g., adefovir, ganciclovir, methotrexate) 
Clinical Impact  Increased exposure of the interacting drug [see Clinical Pharmacology (12.3)] 
Intervention Monitor for potential adverse reactions related to the co-administered drug. 

 
 
USE IN SPECIFIC POPULATIONS 
8.4 Pediatric Use 
The wording was revised to follow the recommended wording for an approved pediatric 
indication (“safety and effectiveness have been established”) and a summary of the data that 
supported the indication was added. 
 

The safety and effectiveness of NITYR have been established in pediatric patients for the treatment of 
HT-1 in combination with dietary restriction of tyrosine and phenylalanine. Use of NITYR in pediatric 
patients is supported by evidence from one open-label, uncontrolled clinical study conducted with 
another oral formulation of nitisinone in 207 patients with HT-1 ages 0 to 22 years (median age 9 
months) [see Clinical Studies (14)]. 
 

CLINICAL PHARMACOLOGY 
12.1 Mechanism of Action 
 
A statement about the importance of dietary restriction of tyrosine and phenylalanine intake to 
prevent tyrosine toxicity was removed from this section as it does not pertain to the 
mechanism of action and was relocated in Section 12.2 Pharmacodynamics. 
 

Nitisinone inhibits catabolism of the amino acid tyrosine and can result in elevated plasma levels of 
tyrosine. Therefore, treatment with nitisinone requires restriction of the dietary intake of tyrosine and 
phenylalanine to prevent the toxicity associated with elevated plasma levels of tyrosine [see Warnings 
and Precautions (5.1)]. 

 
12.2 Pharmacodynamics 
 
Information on succinylacetone concentrations in urine and plasma, as measured in a clinical 
efficacy and safety study, was moved here from Section 14 Clinical Studies, as it describes the 
biomarker response to treatment.  Biomarker response in another study that supported the once 
daily dosing regimen was added.  As noted above, a statement about restriction of dietary 
intake of tyrosine and phenylalanine to prevent tyrosine toxicity was moved here from Section 
12.1. 

 
In a clinical study, patients with HT-1 were diagnosed by the presence of succinylacetone in urine or 
plasma and treated with another oral formulation of nitisinone [see Clinical Studies (14)]. In all 186 
patients whose urine succinylacetone was measured, the urinary succinylacetone concentration 
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decreased to less than 1 mmol/mol creatinine, the lower limit of quantitation. The median time to 
normalization of urine succinylacetone was 0.3 months. The probability of recurrence of abnormal 
values of urine succinylacetone was 1% at a nitisinone concentration of 37 micromol/L (95% confidence 
interval: 23, 51 micromol/L). In 87% (150/172) of patients whose plasma succinylacetone was 
measured, the plasma succinylacetone concentration decreased to less than 0.1 micromol/L, the lower 
limit of quantitation. The median time to normalization of plasma succinylacetone was 3.9 months.  
 
In another study, comparing two dosing regimens of another oral formulation of nitisinone, 
succinylacetone was measured in urine and/or blood in 16 patients with HT-1 aged 5 years to 24 years. 
All study patients were on a stable nitisinone daily dosage (0.4 mg/kg/day to 1 mg/kg/day) during both 
study dosing regimens. After at least 4 weeks of twice daily dosing with nitisinone, both the urine and/or 
blood succinylacetone concentrations were below the limit of quantitation for the assay. Patients were 
then switched to once daily dosing with the same total daily dosage of nitisinone and blood and/or urine 
succinylacetone concentrations remained undetectable when measured following at least 4 weeks of 
treatment with once daily dosing. 
 
Nitisinone inhibits catabolism of the amino acid tyrosine and can result in elevated plasma levels of 
tyrosine. Therefore, treatment with nitisinone requires restriction of the dietary intake of tyrosine and 
phenylalanine to prevent the toxicity associated with elevated plasma levels of tyrosine [see Warnings 
and Precautions (5.1)]. 
 

CLINICAL STUDIES 
As noted above the information on biomarker response was moved to Section 12.2 
Pharmacodynamics. 

 
12.3 Pharmacokinetics 
For NITYR, the arithmetic mean (SD) terminal half-life of nitisinone is 59.3 (8.9) hours in healthy subjects 
(n=23).  
Metabolism: In vitro studies have shown that nitisinone is relatively stable in human liver microsomes with minor 
metabolism possibly mediated by CYP3A4 enzyme.  
Excretion: Renal elimination of nitisinone is of minor importance, since the mean of the fraction of dose excreted 
as unchanged nitisinone in the urine (fe(%)) was 3.0% (n=3) following multiple oral doses of 80 mg daily in 
healthy subjects. The estimated mean (CV%) renal clearance of nitisinone was 0.003 L/h (25%).  
 
Drug Interaction Studies  

Nitisinone does not inhibit CYP2D6. Nitisinone is a moderate inhibitor of CYP2C9, and a weak inducer of 
CYP2E1 (TABLE 4). Nitisinone is an inhibitor of OAT1/3 (TABLE 4). 
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 TABLE 4 
Percent Change in AUC0-∞ and Cmax for Co-administered Drugs in the Presence of nitisinone in 18 Healthy Subjects 

Co-administered Drug a 
Dose of Co-administered 
Drug (Route of 
Administration) 

Effect of Nitisinone on the Pharmacokinetics of Co-
administered Drug b  

AUC0-∞ Cmax 
CYP2C9 Substrate 
Tolbutamide c 500 mg (oral)  131% ↑ 16% ↑  

CYP2E1 Substrate  
Chlorzoxazone  250 mg (oral)  27% ↓  18% ↓  

OAT1/3 Substrate 
Furosemide  20 mg (intravenous)  72% ↑  12% ↑  

↑ = Increased; ↓ = Decreased 
a The interacting drug was administered alone on Day 1 and together with nitisinone on Day 17. 
b Multiple doses of 80 mg nitisinone were administered daily alone from Day 3 to Day 16. 
c 16 subjects in Period 2 received nitisinone and tolbutamide while 18 subjects in Period 1 received nitisinone alone. 
 
In Vitro Studies Where Drug Interaction Potential Was Not Further Evaluated Clinically 
In vitro studies showed that nitisinone does not inhibit CYP1A2, 2C19, or 3A4. Nitisinone does not induce 
CYP1A2, 2B6 or 3A4/5. Nitisinone does not inhibit P-gp, BCRP, OATP1B1, OATP1B3 and OCT2-mediated 
transports at therapeutically relevant concentrations. 
 

13. Postmarketing 
 
Due to PREA requirements, the applicant should conduct a study to provide PK and PD 
evidence supporting use of a once-daily dosing regimen in pediatric patients aged < 5.  
 

PMR # 1: 
 Collect observational data in HT-1 patients to characterize the pharmacodynamic response 
(urine and blood succinylacetone), pharmacokinetics (plasma nitisinone concentration), 
tolerability, and safety of Nityr treatment given under a once-daily dosing regimen. 
Measurements of succinylacetone (urine and blood) and nitisinone concentration (blood) 
can follow routine clinical practice. The duration of such study should be at least 6 months 
to enable characterization of the tolerability and safety of the once-daily dosage regimen 
and to provide repeated measures of succinylacetone levels and nitisinone concentrations 
on once-daily dosage regimen over an extended period of time. The patient population 
should include patients of any age diagnosed with HT-1 (biochemically, molecularly, or 
both) and, especially, include a sufficient number of patients younger than 5 years old. To 
the extent feasible, the study should provide PD and PK data from treatment-naïve patients 
of any age who are initiated on Nityr treatment under a once-daily dosing regimen. 

 
a. Final Protocol Submission: 09/2021 
b. Study Completion: 11/2022 
c.  Final Report Submission: 11/2023 
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