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Executive Summary

Nitisinone is a synthetic reversible inhibitor of 4-hydroxyphenylpyruvate dioxygenase.
Orfadin capsules containing nitisinone 2 mg, 5 mg, and 10 mg were approved in 2002
under NDA 21232 for use as an adjunct to dietary restriction of tyrosine and
phenylalanine in the treatment of hereditary tyrosinemia type 1 (HT-1), a disease caused
by the deficiency of an enzyme at the tailend of the tyrosine degradation pathway. This
disorder is characterized by progressive liver failure, increased risk of hepatocellular
carcinoma, coagulopathy, painful neurologic crises, and renal tubular dysfunction
resulting in rickets.
This NDA submission (NDA 206356) provides for a new oral suspension formulation,
which was developed to afford easier dosing in pediatric patients. To support the
proposed suspension formulation, the sponsor conducted a bioequivalence and food
effect study (Sobi.NTBC-001). In addition, a taste and palatability study (Sobi.NTBC002) in pediatric patients was also submitted, which is being reviewed by DGIEP. The
(b) (4)
dosing regimen for the proposed suspension
for the approved
capsule product, i.e., 1 mg/kg/day divided into two daily doses. The dose may be
increased up to 2 mg/kg/day based on erythrocyte PBG-synthase activity and urine 5
ALA and urine succinylacetone. Currently, Orfadin capsules are to be taken at least one
hour before, or two hours after a meal, since food effect is unknown (see Clinical
Pharmacology Review of NDA 21-232 for Orfadin capsules dated 02/02/2001). For the
proposed suspension, the sponsor evaluated the food effect on nitisinone
pharmacokinetics (PK).

1.1

Recommendations

The Office of Clinical Pharmacology has reviewed this NDA submission and found it
acceptable from a clinical pharmacology standpoint provided that a mutually satisfactory
agreement can be reached between the sponsor and Agency regarding the labeling
language.

1.2

Post-Marketing Commitments

None.

1.3 Summary of Clinical Pharmacology and Biopharmaceutics
Findings
In Study Sobi.NTBC-001 (entitled “A study to evaluate the bioequivalence of Orfadin
suspension 4 mg/ml compared to Orfadin capsules 10 mg, and the effect of food on the
bioavailability of the suspension. An open-label, randomized, cross-over, single-dose
study in healthy volunteers”), twelve male healthy subjects received single oral 30-mg
doses of nitisinone as a suspension (under fasting and fed conditions) and as 3x10-mg
capsules (fasting only) in a 3-way crossover fashion.
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Nitisinone serum pharmacokinetic parameters following administration of the proposed
suspension formulation (under fasting and fed conditions, respectively) and the approved
capsules (under fasting conditions) are presented in Table 1. This study conducted in
healthy male volunteers only was accepted for review as another BE study in both male
and female subjects for the capsule formulation did not reveal a higher intersubject or
intrasubject variability. Due to the very long half-life of nitisinone, the PK samples were
collected for only 72 hours and truncated AUC72h was used in the analysis.
Table 1: Summary of serum pharmacokinetic parameters of nitisinone.

Geometric mean (min-max) is presented, expect for tmax: median (min-max).
PPSBE = Per-protocol set (bioequivalence): subjects with available PK data for capsule fasting and suspension fasting
treatments (n=12).
PPSFE = Per-protocol set (food effect): subjects with available PK data for suspension fasting and suspension fed
treatments (n=11). One subject did not complete the breakfast when the suspension was administered after food intake
and thus was excluded from per-protocol set for food effect analysis.

Proposed Orfadin Suspension vs. Approved Orfadin Capsule: Bioequivalence under
fasting conditions
Bioequivalence testing was conducted and the corresponding geometric mean ratios (and
90% CI) for Cmax and AUC are presented in Table 2.
Table 2: Statistical analysis of bioequivalence.

CI = confidence interval; LS = least squares.
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The 90% confidence intervals for the oral suspension/capsule ratios under fasting
conditions were contained entirely within the bioequivalence range (0.80 to 1.25) with
respect to Cmax and AUC72h.
Orfadin Suspension: Food Effect on nitisinone PK
Statistical analysis of the food effect for the suspension formulation is presented in Table
3. The 90% confidence interval for AUC72h of the fed/fasting ratio was within the
bioequivalence range (0.80 to 1.25). However, the fed/fasting ratio for Cmax was 0.82,
with a 90 % CI of 0.74-0.90 for the per-protocol set of analysis. The sensitivity analysis
results with the full analysis population (FAS) are consistent with those for the perprotocol set for food effect analysis, with a fed/fasting ratio for Cmax of 0.80 and 90% CI
of 0.71-0.90.
Table 3: Statistical analysis of the food effects.

CI = confidence interval; LS = least squares.
FAS = Full analysis set (n=12).
PPSFE = Per-protocol set (food effect): subjects with available PK data for suspension fasting and suspension fed
treatments (n=11). One subject did not complete the breakfast when the suspension was administered after food intake
and thus was excluded from per-protocol set for food effect analysis.

Administration of a single 30 mg dose of nitisinone as an oral suspension (7.5 mL; 4
mg/mL) under fasting and fed conditions provided equivalent AUC72h, but failed the BE
criteria for Cmax. Because of the long half-life of nitisinone and the BID dosing, the
accumulation ratio is estimated to be 7.0 and the Cmax differences (suspension/fed vs
suspension/fasting) at steady state will be diminished because of similar AUC under both
fed and fasting conditions. As such, we recommend that the suspension can be taken
without regard to meal.
Inspection of the BE study by OSIS:
A request to conduct an inspection of the clinical and bioanalytical sites for the BE study
was submitted to the Office of Study Integrity and Surveillance (OSIS). Based on the
recent inspection results unrelated to this study, OSIS considers the conduct of the
clinical and bioanalytical sites for this study acceptable without an on-site inspection (see
Appendix II).
Formulation of the proposed Orfadin suspension:
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Excluded Medications and Dietary Products
All regular use of non-topical medications was prohibited from 1 month before the first
admission. All other medication (including over-the-counter medication, health
supplements, and herbal remedies) had to be stopped at least 14 days prior to the first
admission.
None of the subjects used concomitant medication during this study.
Study Population: The study included healthy male volunteers aged 18-55 years,
inclusive, with a BMI between 18.5-30.0 kg/m2. 12 volunteers were enrolled and all 12
volunteers received study medication and completed the study as per protocol, except for
Subject 003 who did not complete his breakfast when the suspension was administered
after food intake. Subject 003 was included in the full analysis set and per protocol set
for bioequivalence, but excluded from per protocol set for food effect analysis.
Three analysis populations were used to assess the PK by the sponsor:
• The full analysis set (FAS) was used in the analysis of variance (ANOVA).
subjects with available AUC72h and Cmax data for at least one of the treatments.
• Per-protocol set (bioequivalence) (PPSBE) was used for descriptive statistics:
subjects with available PK data for capsule fasting and suspension fasting
treatments.
• Per-protocol set (food effect) (PPSFE) was used for descriptive statistics: subjects
with available PK data for suspension fasting and suspension fed treatments.
Pharmacokinetic Measurements:
Blood PK samples were collected at predose, and at 0.25, 0.5, 0.75, 1, 1.5, 2, 2.5, 3, 3.5,
4, 6, 8, 10, 12, 24, 36, 48, and 72 hours postdose in each period to determine serum
nitisinone concentrations.
PK Parameters Analysis:
Pharmacokinetic parameter estimates for nitisinone, were calculated using WinNonlin
Professional Version 5.0.1 with non-compartmental methods.
Statistical analysis was performed using a pre-defined ANOVA model to compare the
log-transformed PK parameters AUC72h and Cmax of nitisinone. The ANOVA model
included sequence, treatment and period as fixed effects and subject nested in sequence
as a random effect. Bioequivalence (BE) between the regimens was concluded if the
90% CIs would fall within 0.80 to 1.25 for both AUC72h and Cmax.
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Due to a period effect observed for both AUC72h and Cmax, the sponsor also conducted
post-hoc sensitivity analyses by including a treatment by period interaction in the
statistical model, in addition to the effects described above.
Bioanalytical Method:
(b) (4)
Bioanalytical analysis of nitisinone in the serum samples was performed at
Serum samples were stored frozen at -20oC or colder until
analysis.
Serum nitisinone concentrations were measured using a protein precipitation liquid
chromatography with tandem mass spectrometry (LC-MS/MS) method with electrospray
detection in negative mode and using [13C6] nitisinone as an internal standard. The assay
method had a lower quantification limit of 60 nM for nitisinone using 20 μL of serum.
Dilution integrity was demonstrated for a 10-fold dilution.
Assay validation calibration standard curve consisted of 9 levels ranged from 60 to 50000
nM in human serum, and was calculated using least squares quadratic regression with the
reciprocal of the concentration (1/x) as weighting. The R2 ranged between 0.9972 and
0.9998. Precision (% CV) for the calibration standards ranged from 1.3% to 7.8%, while
accuracy (% Bias) ranged from -5.1% to 6.6%. Overall mean recovery of nitisinone at
60, 1500, and 40000 nM was 100.9%, 100.7%, and 97.9%, respectively. Stability of
nitisinone in human serum was demonstrated to be 28 hours at room temperature and 122
days at -20 ºC. Stability was shown up to four freeze-thaw cycles. No matrix
interference was noted.
Calibration standard curve for this study consisted of 9 levels ranged from 60 to 50000
nM in human serum, and the R2 ranged between 0.9973 and 1.0000. Quality control
samples at 3 different concentrations (180, 2750, and 40000 nM) of nitisinone were
prepared. Precision (%CV) for the calibration standards for this study ranged from 1.2%
to 5.0%, while precision for the quality controls ranged from 3.5% to 3.9%. Accuracy
(%Bias) ranged from -2.5% to 2.5% for calibration standards, and from -1.5% to 2.0%
for quality controls. No interfering peaks (>20% of the LLOQ) were detected at the
expected retention time of the analyte or internal standard. There were 72 samples
(10.5% of a total of 684 analyzed samples) reanalyzed to test the reproducibility of the
method. Acceptance criteria were met for incurred sample reanalysis as 75% (54 out of
72) of the repeat results and original results were within 20% of their mean value.
There were 4 samples reanalyzed for analytical reasons (0.58% of the total). All 4
samples contained a high internal standard response upon initial analysis. The repeat
results confirmed the original results therefore the original result was reported.
Reviewer’s Note: The largest percent difference between the repeated result and the
original value was 10.4%.
Pharmacokinetics Results:
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Concentration-time profiles for suspension and capsule under fasting conditions:
After administration of the capsule under fasting conditions, individual profiles had
multiple peaks up to several hours after dosing.
After administration of the suspension under fasting conditions, the pattern was similar
with multiple peaks occurring during the absorption phase. The mean profile showed 2
almost equally high maxima; one at 45 minutes and the other at 3.5 hours postdose.
During the first 1.5 hours postdose, the mean concentrations for the suspension exceeded
those of the capsule, but from 2 hours onward the concentrations for the suspension were
lower than for the capsule.
Combined individual plots of serum concentration profiles for the suspension (left) and
capsules (right) under fasting conditions (N=12).

Geometric mean nitisinone serum concentration-time profiles for suspension and capsule
under fasting conditions

Concentration-time profiles for suspension under fed and fasting conditions
Administration of the nitisinone suspension under fed conditions resulted in a slower
absorption than for the 2 fasting administrations described above. Multiple peaks were
also seen here during the absorption phase, with the maximum concentrations usually
appearing either at 3.5 to 4 hours (5 subjects) or 8-10 hours (6 subjects). One subject
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Geometric mean (min-max) is presented, expect for tmax: median (min-max).
PPSBE = Per-protocol set (bioequivalence); PPSFE = Per-protocol set (food effect).

Analysis of bioequivalence between Orfadin oral suspension and capsules
The 90 % CI of the ratio suspension/capsule of Cmax (0.85 - 1.07) and AUC72h
(0.81 - 0.91) were within the 0.80 - 1.25 acceptance range for bioequivalence. The
point estimate for Cmax was 0.954 and for AUC72h was 0.858.

CI = confidence interval; LS = least squares.

Analysis of food effect on the bioavailability of Orfadin oral suspension
The comparison of AUC72h resulted in a 90 % CI of 0.93 – 1.09 for the food effect
analysis set, indicating that food did not influence the bioavailability of nitisinone. The
fed/fasting ratio for Cmax was 0.815, with a 90 % CI of 0.74-0.90 in the per-protocol set
for food effect analysis. The sensitivity analysis results with the full analysis population
are consistent with those for the per-protocol set for food effect analysis, with a
fed/fasting ratio for Cmax of 0.802 and 90% CI of 0.71-0.90.
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CI = confidence interval; FAS = Full analysis set (n=12); LS = least squares; PPSFE = Per-protocol set for
food effect analysis (n=11).

Reviewer’s Comments:
• This study was conducted in 12 healthy male volunteers only. No female
volunteers were included. This approach is being allowed because another BE
study in both male and female subjects for the capsule formulation revealed a low
variability in the study.
•

In this BE/food-effect study, the sponsor evaluated AUC72h instead of AUCinf in
this BE study, citing the long half-life of nitisinone (54 hours). This approach is
acceptable. Per the current FDA guidance, an AUC truncated at 72 hours
(AUC0-72 hr) can be used in place of AUC0-t or AUC0-inf for drugs that
demonstrate low intrasubject variability in distribution and clearance.
Intrasubject variability for nitisinone is not reported by the sponsor. Reviewer’s
analysis results indicate that intrasubject variability on Cmax and AUC72h of
nitisinone is less than 30%.

•

The bioanalytical method used to determine serum nitisinone concentrations
is acceptable. A request to conduct a thorough inspection of the clinical and
bioanalytical sites to determine acceptability of the data has been submitted to
the Office of Study Integrity and Surveillance (OSIS). OSIS recommends
accepting data without an on-site inspection of the clinical site or
bioanalytical site.

•

A washout period of 2 weeks is reasonable as the mean t1/2 of nitisinone in
healthy male volunteers was reported as 54 hours previously (Orfadin label
approved on 05/21/2014). At the start of Periods 2 and 3, predose concentrations
for nitisinone were quantifiable in all subjects, but were all less than 5 % of the
corresponding Cmax value.

•

The sponsor’s PK analysis and PK bioequivalence have been repeated by the
reviewer. The results confirmed the sponsor’s conclusion that the oral suspension
(7.5 mL; 4 mg/mL) is bioequivalent to the three 10-mg capsules under fasting
conditions. The 90 % CI for both AUC72h and Cmax were contained entirely

11
Reference ID: 3908350

within the 0.80 - 1.25 range for bioequivalence. The reviewer’s analysis results
are presented below.
Reviewer’s bioequivalence analysis for suspension formulation and capsule
formulation under fasting conditions:
Geometric LS Means
Population

Parameter

FAS

AUC72h
(µM*h)
Cmax (nM)

PPSBE

AUC72h
(µM*h)
Cmax (nM)

•

Ratio
(Suspension fasting/Capsule fasting)

Capsule
fasting
(reference)

Suspension
fasting
(test)

Estimate
(%)

Lower
90% CI

Upper
90% CI

403

346

85.84

81.03

90.93

10213

9741

95.38

84.99

107.04

403

346

85.84

81.58

90.32

10213

9741

95.38

83.22

109.31

The sponsor’s food effect analyses have been repeated by the reviewer. The
results confirmed the sponsor’s conclusion that an oral suspension (7.5 mL; 4
mg/mL) under fasting and fed conditions provided equivalent AUC72h, but failed
the BE for Cmax.
Reviewer’s food effect analysis for suspension formulation:
Geometric LS Means
Suspension
fasting
(reference)

Suspension
fed
(test)

Estimate
(%)

Lower
90% CI

Upper
90% CI

AUC72h
(µM*h)

346

350

101.3

95.62

107.3

Cmax (nM)

9741

7808

80.16

71.43

89.96

AUC72h
(µM*h)

342

346

101.16

93.46

109.49

Cmax (nM)

9627

7844

81.48

73.86

89.89

Population

Parameter

FAS

PPSFE

Ratio
(Suspension fed/Suspension fasting)

In addition, the reviewer also performed the food-effect analysis comparing the
bioavailability between the suspension formulation (fed) vs capsules (fasting). The
results indicate that AUC72h is also similar between the suspension formulation
(fed) and capsules (fasting), but failed the BE for Cmax.
Reviewer’s food effect analysis for suspension formulation (fed) vs capsules
(fasting):
Geometric LS Means
Population

Parameter

FAS

AUC72h
(µM*h)
Cmax (nM)

Capsule
fasting
(reference)

Suspension
fed
(test)

Estimate
(%)

Lower
90% CI

Upper
90% CI

403

350

86.95

82.08

92.11

10213

7808

76.45

68.12

85.8
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Ratio
(Suspension fed/Capsule fasting)

PPSFE

AUC72h
(µM*h)
Cmax (nM)

396

345

87.08

81.78

92.72

9965

7871

78.99

70.06

89.06

Based on the half-life of nitisinone, the accumulation ratio is estimated to be 7
following BID dosing. At steady state the Cmax ratio (suspension/fed vs
suspension/fasting) will be greatly influenced by the AUC ratio for the single dose
administration. This is due to the long half-life and BID dosing. As such, the
difference in Cmax observed following single dose administration will be
diminished at steady state.
•

The ADME characteristics and DDI potential information from the package
insert of approved Orfadin Capsules is noted below:
Per the approved label for Orfadin capsules, the median tmax of nitisinone was 3
hours following a single-dose of nitisinone. The effect of food on the
pharmacokinetics of nitisinone following administration of Orfadin capsules has
not been studied. In vitro binding of nitisinone to human plasma proteins is
greater than 95% at 50 μM concentration. In vitro studies have shown that
nitisinone is relatively stable in human liver microsomes with minor metabolism
possibly mediated by CYP3A4 enzyme. The mean terminal plasma half-life of
nitisinone was 54 hours.
Based on in vitro studies, there is a potential for nitisinone to inhibit CYP2C9 at
clinical dose. Nitisinone is not expected to inhibit CYP 1A2, 2C19, or 3A4 based
on in vitro studies. Nitisinone’s potential to inhibit CYP2D6 and CYP2E1 at the
clinical dose is unknown due to limited data.
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Appendix II: OSIS Inspection Reports
A.

Clinical Study Site

22
Reference ID: 3908350

23
Reference ID: 3908350

25
Reference ID: 3908350

--------------------------------------------------------------------------------------------------------This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.
--------------------------------------------------------------------------------------------------------/s/
---------------------------------------------------SHEN LI
03/25/2016
SUE CHIH H LEE
03/25/2016

Reference ID: 3908350

