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acid levels. In addition, multiple sclerosis patients also have low uric acid levels. Please
consider labeling implications of this for multiple sclerosis patients due to the possible
additive effects (additional discussion on page 29).
2. Including information regarding the potential increase in toxicity with the
coadministration of immunosuppressants, particularly methotrexate and mitoxantrone
may be considered for the label as these drugs could be used for multiple sclerosis.
Teriflunomide is an inhibitor of BCRP and OAT3. Methotrexate is a substrate of both the
transporters. A drug interaction study with leflunomide and methotrexate did not show
any PK differences but co-administration led to increased hepatoxicity (as per Arava®
label). Mitoxantrone is associated with cardiac toxicity and is also a substrate of BCRP.
There could be increased exposure of mitoxantrone when co-administered with
teriflunomide. Although methotrexate did not show a pharmacokinetic interaction, the
theoretical possibility for a interaction with mitoxantrone cannot be ruled out as the
relative potencies of these drugs to inhibit the transported is unknown (for additional
information, please refer to page 38).
PHASE 4 REQUIREMENT
The following PMR is requested:
1. An in vivo drug-drug interaction study with a substrate of OATP1B1 and BCRP:
Rosuvastatin
Rationale: Teriflunomide is an inhibitor of OATP1B1 and BCRP. Rosuvastatin is a
substrate of OATP1B1 and BCRP. Inhibition of both transporters could results in an
increase in systemic exposure of the substrates of these transporters. Statins are widely
used, hence there is a potential of an increase in statin related adverse events with the
increase in exposure of these statins. Rosuvastatin was chosen as it is a substrate of these
two transporters and would give an estimate of the worst case by inhibiting the two
together, although it will not be able to differentiate the inhibition potential between the
two transporters. Depending on the magnitude of interaction observed, additional studies
may need to be considered.
1.2 OVERALL SUMMARY OF CLINICAL PHARMACOLOGY AND
BIOPHARMACEUTICS FINDINGS
The findings from overall clinical pharmacology and biopharmaceutics section are as follows.
Additional details on each can be found in Section 2 of this review.
Exposure-Response for Effectiveness:
In the Phase 3 study, teriflunomide doses evaluated in the treatment of MS were 7 and 14
mg once daily. There is an exposure response relationship between the primary endpoint,
annualized relapse rate (ARR) and teriflunomide concentrations. The model predicts
similar ARR at the median concentrations of each dose (0.38 at 16 ng/ml (7mg/day) and
0.37 at 37 ng/ml (14mg/day). However, more patients who are on the low end of
exposure of 7mg may lose efficacy that that on 14 mg as it does not reach a plateau. –
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Exposure-Response for Safety:
Teriflunomide shows higher risk in ALT increase compared to placebo but there is little
difference between the 7 and 14 mg dose groups.
General Pharmacokinetics (ADME characteristics) of Teriflunomide:
Absorption: Following oral administration, plasma teriflunomide concentrations peaked at a
median time of 1 to 4 hours. In a cross study comparison (IV and oral) after normalizing
for dose, the bioavailability of teriflunomide seemed complete.
Distribution: In vitro, teriflunomide exhibited a high plasma protein binding in human (99.5% to
99.7%). Protein binding was linear in human plasma in the concentration range 0.75 to
570 μg/mL [this is more than 10 times the mean steady-state teriflunomide plasma
concentration (45 μg/mL ) observed after repeated doses of 14 mg]. Consistent with the
in vitro results, the ex vivo binding was also high (99.7%) with mean unbound fractions
being 0.25% to 0.27%. Teriflunomide had a limited Vss (11 liters compared to a volume
of human plasma fluid of ~3 liters).
Metabolism: Unchanged teriflunomide was the only major component detected in systemic
circulation. 4-TFMA was detected in very small amount after repeated dosing in clinical
trials. 4-TFMA plasma concentrations were measurable at relatively low concentrations
after repeated teriflunomide doses of 7 mg (≤1.7 ng/mL) and 14 mg (≤5.31 ng/mL) for
468 weeks. In the urine, 18.1% (13.7-22.5%) of the dose was the metabolite 4-TFMA
oxanillic acid. In the feces, 35.7% ±12.7 (17.8-52.5%) of the dose was unchanged
teriflunomide. Human cytochrome P450 (CYP) enzymes (CYPs 1A2, 2B6, 2C8, 2C9,
2C19, 2D6, 3A4 and 3A5) or flavine monoxidase (FMO) enzymes (FMOs 3 and 5) were
not involved in the metabolism of teriflunomide.
Elimination: There was no assessment of teriflunomide t1/2z in healthy volunteers after repeated
doses. Based on post-hoc individual prediction of pharmacokinetic parameters using the
PopPK model of teriflunomide in healthy volunteers and MS patients, median terminal
half-life was 17.8 and 19.4 days for the 7 mg and the 14 mg doses, respectively.
Rapid Elimination Procedure: The elimination of teriflunomide from the circulation can be
accelerated by administration of cholestyramine or activated charcoal. Administration of
cholestyramine (8 g tid for 7 days) increased the overall mean recovery of radioactivity
from 60.1% to 83.2% of the administered dose over 28 days. There was increased
excretion of radioactivity in feces particularly (37.5% to 61.3%) following
cholestyramine treatment in the radiolabeled study. The apparent terminal half-life is
reduced from ~20 days to 2-3 days.
Dose proportionality: Dose proportionality was established between a 7 and 14 mg dose. The
pharmacokinetics are linear from 7-20 mg after single doses in healthy volunteers.
Pharmacokinetics in patients: The pharmacokinetics in patients was evaluated by population
analysis of Phase 2/3 studies. Data to make direct steady state comparisons (14 mg QD to
SS) were not available, but the attainment of steady state via loading dose (70 mg QD for
4 days followed by 14 mg QD for 11 days) in healthy subjects was not appreciably
different.
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Partition coefficient (flask shaking method, pH 3): Log Po/w = 2.7
Formulation: Only the 14 mg strength tablet is proposed, but chemistry information on the 7 mg
strength is also submitted. The qualitative composition of both dosage strengths is
the same, with exception of the colorant ferric oxide, which is not contained in the
14 mg strength. The manufacturing process is the same for both strengths.
Composition

Components

Percentage
[%]

Tablet core
Teriflunomide

(b) (4)

Function

Per unit
(1 film-coated
tablet) [mg]

Drug substance

14.0
(b) (4)

Lactose monohydrate

(b) (4)

Maize starch
[Corn starch]
Hydroxypropylcellulose
Microcrystalline cellulose
Sodium starch glycolate
[Sodium starch glycolate]

(b) (4)

Magnesium stearate
(b) (4)

Film-coating
(b) (4)

Hypromellose
Titanium dioxide

(b) (4)

(b) (4)

Talc
Macrogol
[Polyethylene glycol]
Indigo carmine aluminum lake
(b) (4)
[FD&C Blue #2],
]

(b) (4)

(b) (4)

Mass of film-coated tablet
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2.2

2.2.1

GENERAL CLINICAL PHARMACOLOGY

What are the clinical studies used to support dosing or claims and
what are their design features?

The clinical development program included 5 studies to support the dosing regimen and the
indication (as monotherapy).
Studies providing evidence of the efficacy of teriflunomide in the proposed indication
Study

Phase

Main objective

Comparator

Treatment

Number

Status

Monotherapy
Core studies
2001

2

Assess the effect on MRI
activity, clinical efficacy,
and safety of teriflunomide
7 and 14 mg

Placebocontrolled

36 weeks

179

Completed

EFC6049/TEMSO

3

Evaluate the efficacy and
safety of teriflunomide 7
and 14 mg in reducing
the frequency of relapses
in patients with relapsing
MS

Placebocontrolled

108 weeks

1088

Completed

EFC10531/TOWER

3

Evaluate the efficacy and
safety of teriflunomide 7
and 14 mg in reducing
the frequency of relapses
in patients with relapsing
MS

Placebocontrolle

Fixed end
for all
48 weeks for
last patient
randomized

1096

Ongoing
Interim
analysis

LTS6048
(extension of 2001)

2

Assess the long-term
safety and efficacy of
teriflunomide in patients
who had completed
Study 2001

Uncontrolled

Open-ended

147

Ongoing,
Interim
analysis

LTS6050
(extension of
EFC6049)

3

Assess the long-term
safety and efficacy of
teriflunomide in patients
who had completed
Study EFC6049

Uncontrolled

Open-ended

742

Ongoing,
Interim
analysis

Extension studies

Two Phase 2 studies assessing the efficacy of teriflunomide as adjunct therapy to either IFN-β
([Study PDY6045]) or glatiramer acetate (GA) ( [Study PDY6046]) for 24 weeks, as well as an
extension for an additional 24 weeks of treatment ([Study LTS6047]), provide indirect
supportive data to the monotherapy program. Results of the combined initial plus extension
studies (PDY6045+LTS6047 and PDY6046+LTS6047) were also included in the submission.

Reference ID: 3151674

Page 14 of 194

Figure: The model predicted relationship for ARR and teriflunomide concentration with
95% prediction interval (blue shaded area). The dots indicate the observed ARR at decile
of teriflunomide concentration. Also two boxplots are the distribution of teriflunomide
concentration at each dose.

In addition, the reviewer further looked into the relationship between MRI endpoints and
concentration as the sponsor’s claim for approval of 14 mg rather than 7 mg was mainly driven
by the efficacy analyses with MRI endpoints where 14 mg showed superiority to 7 mg. Two
MRI endpoints were examined: the total number of Gadolinium-enhanced T1 lesions per number
of scans, and total number of unique active lesions per number of scans, which are consistent
with the efficacy analyses.
The following Figure shows the results from the reviewer’s analyses where the number of lesions
for both endpoints clearly decrease concentration-dependent manner.
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Figure: The model predicted relationship for the number of Gd-enhancing T1 lesions per
scan and teriflunomide concentration relationship (left) and the relationship for the
number of unique active lesions per scan (right) with 95% prediction interval (blue shaded
area). The dots indicate the observed mean of the number of lesions at octile of
teriflunomide concentration. Also two boxplots are the distribution of teriflunomide
concentration at each dose. The broken vertical lines indicate the predicted lesions at the
median of each dose

2.3.4

What are the characteristics of exposure-safety relationships?

According to Dr. Joo-Yeon Lee’s review, a clear exposure-response relationship is not apparent
for some safety endpoints such as ALT increase.
To see the safety of teriflunomide related to concentration level, the incidence of ALT increase
was analyzed as it was main concern for the safety of teriflunomide. Data from one phase II
(HMR1726D/2001) and one phase III study (EFC6049 (TEMSO)) were pooled for exposuresafety analyses.
The left panel (A) of the following Figure shows the time profile of ALT level at each treatment
group. Clearly teriflunomide shows higher risk in ALT increase compared to placebo but there is
little difference between two dose groups. Instead of mean ALT level, the reviewer further
looked into the incidence of ALT elevation taken from adverse event dataset where it is recorded
by ULN (Upper Limit of Normal). The result is shown in the right panel (B) with no clear
concentration-dependent increase in the incidence, although teriflunomide has higher probability
than placebo.
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Day 12
(N = 59)

30.5
(27)

4.00
(0.00 , 23.8)

627
(27)

24.8
(32)

These values are somewhat below than the median values obtained from the population analysis,
but are within the 5th and 95th percentiles.

2.2.9

What are the general ADME characteristics of teriflunomide?

The key ADME characteristics of teriflunoamide are summarized below:
Absorption:
• Following oral administration, plasma teriflunomide concentrations peaked at a median
time of 1 to 4 hours.
• In a cross study comparison (IV and oral) after normalizing for dose, the bioavailability
of teriflunomide seemed complete. Consistent with this in the radiolabeled study, <2% of
the dose was unabsorbed (assuming that the cumulative radioactive dose excreted in the
feces over 48 hours reflects the unabsorbed teriflunomide).
• Solubility of teriflunomide is low at pH values below 4.0 and increases at higher pH.
There is no solubility limited absorption at the 14 mg teriflunomide doses which is
soluble in 250 mL of buffers at pH 4.5 to 8.0
• It is a high permeability (213 x 10-7 cm.s-1) using the Caco-2 TC7 cell culture model.
Distribution:
• In vitro, teriflunomide exhibited a high plasma protein binding in humans (99.5% to
99.7%). Protein binding was linear in human plasma in the concentration range 0.75 to
570 μg/mL [more than 10 times the mean steady-state teriflunomide plasma
concentration (45 μg/mL) observed after repeated doses of 14 mg] (99.5% bound and
0.49% unbound), while at the concentration of 839 μg/mL the binding fraction decreased
(98.7% bound and 1.26% unbound).
• Teriflunomide (at 50 μg/mL nominal concentration) appeared to be highly bound to
serum albumin (>96%), and the binding was dependent upon the concentrations of
albumin (unbound fraction 3.28% at 10 g/L and 0.41% at 60 g/L).
• Consistent with the in vitro results, the ex vivo binding was also high (99.7%) with mean
unbound fractions being 0.25% to 0.27%.
• Radioactivity in blood (blood to plasma ratio ~0.5) and red blood cells (red blood cells to
plasma ratio ~0.2) was lower than that in plasma.
• Following a single IV dose administration, teriflunomide had a limited Vss (11 liters
compared to a volume of human plasma fluid of ~3 liters)
Metabolism:
In vitro:
• In human hepatocytes teriflunomide was metabolically stable.
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•
•
•

In human liver microsomes teriflunomide was metabolized and two metabolites were
observed: 4-TFMA oxanilic acid and 4-TFMA glycolanilide, accounting for 1.2% and
4.4% of total radioactivity, respectively.
In human hepatocytes and microsomes, 4-TFMA (a minor metabolite of teriflunomide
seen in vivo) was metabolized to 2-hydroxy-TFMA, N-acetyl-TFMA, and 4-TFMA
oxalinic acid.
Human cytochrome P450 (CYP) enzymes (CYPs 1A2, 2B6, 2C8, 2C9, 2C19, 2D6, 3A4
and 3A5) or flavine monoxidase (FMO) enzymes (FMOs 3 and 5) were not involved in
the metabolism of teriflunomide.

In Vivo:
• In human, following a 70 mg/50 μCi single oral 14C-teriflunomide, teriflunomide was
~20% metabolized. The primary biotransformation pathway for teriflunomide is
hydrolysis, with oxidation being a minor pathway. Secondary pathways involved
oxidation, N-acetylation and sulfate conjugation.
• In plasma:
o Unchanged teriflunomide was the only major component detected in systemic
circulation
o 4-TFMA was not detected in the single dose metabolism study, but was detected
in very small amount after repeated dosing in clinical trials 4-TFMA plasma
concentrations were measurable at relatively low concentrations after repeated
teriflunomide doses of 7 mg (≤1.7 ng/mL) and 14 mg (≤5.31 ng/mL) for 468
weeks. On a molar basis (4-TFMA molecular weight 167 versus teriflunomide
molecular weight 270), 4-TFMA concentrations at steady-state were
approximately 12,000 and 17,000 times lower than the teriflunomide
concentrations after 7 and 14 mg repeated doses at Week 36.
• In feces:
o 35.7% ±12.7 (17.8-52.5%%) of the dose was unchanged teriflunomide
o <2% of the dose was 3 metabolites
o Total recovery of radioactivity in the feces was 37.5±12.7%
• In urine:
o ≤1.3% of the administered dose was teriflunomide+ methyl hydroxyl
teriflunomide, out of which 0.147% was unchanged teriflunomide.
o 18.1% ± 3.3 (13.7-22.5%) of the dose was the metabolite 4-TFMA oxanillic acid.
o In addition there were 8 other radioactive metabolites identified, total urinary
metabolites accounted for 22.6±4.5% (16.7-28.6%) of the dose.
Total recovery of radioactivity between the urine and feces was 60.1±10.4%
Figure: Percent recovery of radioactivity
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•

•

There was no assessment of teriflunomide t1/2z in healthy volunteers after repeated doses.
Based on post-hoc individual prediction of pharmacokinetic parameters using the PopPK
model of teriflunomide in healthy volunteers and MS patients, median terminal half-life
was 17.8 and 19.4 days for the 7 mg and the 14 mg doses, respectively.
After a single IV infusion administration of 10 mg teriflunomide, mean teriflunomide
total body clearance was 30.5 mL/h.

Rapid Elimination Procedure:
The elimination of teriflunomide from the circulation can be accelerated by administration of
cholestyramine or activated charcoal presumably by trapping the teriflunomide excreted
unchanged in the gastrointestinal tract mainly by bile and also possibly by direct secretion and
therefore interrupting the reabsorption process.
Cholestyramine is a cholesterol lowering agent. It is an ion exchange resin with a high affinity
for biliary acids. Maximal dose administered to lower cholesterol is 24 g (8g tid) a day. AEs that
could be experienced during treatment with cholestyramine include bowel disturbances, nausea,
vomiting, and transient elevation of transaminases. Cholestyramine (4g tid) was better tolerated
in the studies compared to 8g tid.
Activated charcoal given at the dose of 50 g, 2 or 4 times a day for 11 days is also efficient to
bind and eliminate teriflunomide. It is generally well tolerated but may cause constipation.
Administration of cholestyramine (8 g tid for 7 days) increased the overall mean recovery of
radioactivity from 60.1% to 83.2% of the administered dose over 28 days. There was increased
excretion of radioactivity in feces particularly (37.5% to 61.3%) following cholestyramine
treatment in the radiolabeled study. The apparent terminal half-life is reduced from ~20 days to
2-3 days.
Based on data from various studies, 8 g cholestyramine tid was the most efficient and 50 g
activated charcoal bid was the least.
Figure: Mean (SD) teriflunomide plasma concentration-time profiles before and during rapid
elimination procedure
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Table: teriflunomide recovery (3 regimens):
Treatment Description

Percent %CV

Teriflunomide + Cholestyramine 8 g tid

99.8

0.432

Teriflunomide + Cholestyramine 4 g tid

99.6

0.805

Teriflunomide + Activated charcoal 50 g bid

97.8

2.53

In the clinical pharmacology studies, the higher increase in AST/ALT was seen in the phase of
cholestyramine administration. Cholestyramine is also known to increase AST/ALT levels.

2.2.10

Do the pharmacokinetic parameters change with time
following chronic dosing?

There was no steady-state administration of teriflunomide to assess accumulation from repeated
dose studies in healthy volunteers. However, a PopPK analysis of teriflunomide in healthy
volunteers and MS patients showed that plasma concentrations of teriflunomide accumulate over
time following multiple oral doses of teriflunomide (see section 2.2.9). Based on post-hoc
individual predicted pharmacokinetic parameters from this PopPK model, it takes ~90 to 100
days or 3 to 3.5 months to attain 95% of steady state concentrations based on a median t1/2z of ~8
to 19 days), and the estimated AUC accumulation ratio was 30.3 for 7 mg (median, 5th - 95th
percentile: 25.8, 12.0 - 62.9) and 33.6 for 14 mg (median, 5th - 95th percentile: 28.1, 11.8 - 73.7).

2.2.11

What is the variability in the PK data?

In healthy subjects, after a single 7 and 14 mg dose, teriflunomide exhibited a low variability in
Cmax, AUClast and AUC. The total and within-subject variability of teriflunomide Cmax were
20.5% and 12.4%, of AUClast were 27.0% and 7.5% and of AUC were 27.2% and 10.1%,
respectively (analysis combining data from studies BDR6639 and BEQ10169).
The steady state data came from a population analysis of the completed Phase 3 studies. With a
supratherapeutic dose (70 mg for 14 days), the variability was higher for both Cmax and AUC
(39%). Steady state had not been reached in this study. Teriflunomide dosing of 70 mg of 4 days
followed by 14 mg for 8 days produces steady state levels. Variability seen with this dosing
(Study TES10852) showed inter-individual variability of 27% for both Cmax and AUClast (see
section 2.2.9)
Based on the PopPK analysis of teriflunomide in healthy volunteers and MS patients, interpatient variability in teriflunomide clearance, central volume, peripheral volume, and absorption
constant in MS patients was large (CVs of 55.2%, 22.4%, 105%, and 149%, respectively). The
variability in steady state Cmax and AUClast was 66.2%. The residual (intra-individual)
variability was quite moderate with a 21.3% CV.

2.2.12
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Dose proportionality in terms of trough concentrations of teriflunomide was also observed after 7
or 14 mg multiple oral dosing to MS patients at steady-state. In addition, dose was not a
significant covariate of the teriflunomide pharmacokinetics.

2.3
2.3.1

INTRINSIC FACTORS

What intrinsic factors influence exposure and/or response
and what is the impact of any differences in exposure on the
pharmacodynamics? Based on what is known about
exposure response relationships and their variability, is
dosage adjustment needed for any of the subgroups?

The intrinsic factors have been discussed below:
2.3.2

Effect of Renal Impairment:

Mean pharmacokinetic parameters were similar between severe renal impaired subjects (n=8)
creatinine clearance <30mL/min) and matched subjects with normal renal function (creatinine
clearance >80mL/min, n=8) after a single oral dose of teriflunomide at 14 mg. In addition, the
fraction unbound in healthy subjects (0.25%) was similar to that in patients with severe renal
impairment (0.25%).
Table: Effect of renal impairment
Severe Renal Impairment vs. Healthy
(Cockroft-Gault)
Parameter
Cmax
AUClast
AUC
t1/2z
CL/F
Unbound Cmax
Unbound AUClast
Unbound AUC

Estimate
1.16
1.02
1.03
0.99
0.97
1.15
1.01
1.02

90% CI
(0.97 to 1.39)
(0.63 to 1.66)
(0.61 to 1.74)
(0.65 to 1.52)
(0.57 to 1.64)
(0.93 to 1.42)
(0.64 to 1.60)
(0.62 to 1.66)

As seen in the above Table, the point estimates suggested no difference between the severe and
the healthy group. There was once subject that had about twice the exposure than the rest of the
subjects. This subject was on Actrapid, Protophan, ASS100, Simvastain, Bondiol, Allopurinol,
Bisoprlol, Telmisartan. Other than simvastatin, which is an OATP1B1 substrate, no known
mechanism for an interaction could be identified (teriflunomide is an OATP1B1 inhibitor). On
the contrary, the subject with the lowest exposure in the severe group was on pravastatin, which
is also an OATP1B1 substrate. No correlation to CrCL was identified for these subjects.
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This figure shows that there is one outlier with an AUC of 4730 μg.h/ml (bilirubin=31), which is
driving the mean values to be 1.73 fold higher. Excluding this subject the AUC was 988 μg.h/ml
which is not different from the mean value in subjects with bilirubin <17μmol/L (AUC 1030
μg.h/ml). According to the Safety Reviewer, this patient only had rhinitis on Day 424 and
increased amylase and lipase on Day 1008 x 7 days. There were other subjects with bilirubin >31
that did not have such high exposures. Therefore, though the pharmacometrics review, suggests
bilirubin to be a significant covariate in the POP PK analysis, the clinical relevance of this
finding for subjects with higher bilirubin values is minimal.
Albumin data is not presented as no difference was observed and all patients had normal values
of albumin.
Dosage adjustment:
No dosage adjustment is necessary patients with mild and moderate hepatic impairment. A study
in severe hepatic impairment is not conducted and is not recommended in patients with severe
hepatic impairment.
2.3.4

Effect of uric acid secretion:

The pharmacokinetic/pharmacodynamic analysis (conducted using teriflunomide plasma
concentrations (mean trough concentrations after 8 weeks of treatment) from Study 2001 and
Study EFC6049/TEMSO showed that an increase in teriflunomide plasma concentrations led to a
decrease in uric acid. There was a decrease in uric acid levels of 26.5 % and 26.6% of mean
baseline levels for the mean trough concentration at 7 mg dose (15.9 μg/mL) and at 14 mg dose
(36.8 μg/mL). The mean baseline uric acid level was 23.9 % lower in female compared to male
patients. Upon cessation of treatment and subsequent elimination of teriflunomide by
cholestyramine, the values of uric acid in plasma returned to baseline/placebo values.
In the thorough QTc study (TES10852) which is conducted in healthy subjects, serum uric acid
decreased by 71 to 82 μmol/L during treatment days (Day 5 and Day 13 post dosing) and was
associated with an increase urinary clearance of uric acid. The values then progressively
increased during washout to baseline values at Day 24 (end of washout). An in vitro study
showed that teriflunomide was more potent than probenecid inhibiting tubular reabsorption of
urate.
A decrease in serum uric acid was also observed with leflunomide (Perez-Ruiz F, Nolla JM.
Influence of leflunomide on renal handling of urate and phosphate in patients with rheumatoid
arthritis. J Clin Rheumatol. 2003 Aug;9(4):215-8)
This suggests that teriflunomide appears to be a uricosuric agent and blocks renal tubular
reabsorption of urate.
In addition, lower serum values of uric acid have been associated with multiple sclerosis (Toncev
G, Milicic B, Toncev S, Samardzic G (May 2002). "Serum uric acid levels in multiple sclerosis
patients correlate with activity of disease and blood-brain barrier dysfunction". European
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Teriflunomide was found to be teratogenic in laboratory animals and therefore double
contraception is required for all the teriflunomide studies. In addition, patients are instructed to
follow a rapid elimination procedure with cholestyramine or activated charcoal to reach a certain
plasma exposure, if they want to become pregnant or in case of suspected pregnancy. This
(b) (4)
exposure was 0.02 μg/ml as per the ARAVA label, but this limit has been
based on new animal studies in this NDA. This will be reviewed by the
Pharmacology/Toxicology reviewer.
2.3.9 Effect of genotype/phenotype of relevant metabolizing enzymes and transporters
The sponsor conducted comprehensive genotyping of ten drug metabolizing enzymes and five
transporters of potential pharmacogenetic relevance to teriflunomide in 8 Phase 1 and 3 Phase
2/3 clinical trials. This was reviewed by Dr. Jeffery Kraft (Pharmacogenomics).
According to his review, teriflunomide concentrations were approximately 2 times higher in
CYP2C9 poor metabolizers and approximately 25% higher in UGT1A1 poor metabolizers,
compared to extensive metabolizers of each enzyme. These findings were not replicated across
healthy subject and patient studies and could potentially be false-positives, particularly given the
limited evidence for these pathways as major routes of metabolism in vitro. Otherwise, no
significant effects of genotype/phenotype were identified.
No dose modification for any intrinsic or extrinsic factors has been proposed by the sponsor,
although no effect of this magnitude was observed. The Pharmacometrics review identified an
exposure/response relationship for efficacy but not for safety (particularly hepatotoxicity).
Consequently, the exposure differences based on CYP2C9 or UGT1A1 genotype are not likely to
be clinically relevant and dose adjustment is not indicated at this time.
BCRP has previously been associated with differences in teriflunomide exposure when
administered as the prodrug, leflunomide (PMID: 20972558). The data submitted by the sponsor
suggest that BCRP genotype does not have a major effect on systemic teriflunomide exposure.
While tissue concentrations (e.g., liver) may differ according to BCRP genotype, additional
clinical PK studies related to this transport pathway may be of limited utility.
Results of relationship between genotype/phenotype of enzymes or transporters and exposure
from Phase 2/3 studies that showed an effect on CYP2C9 and UGT1A1 poor metabolism are
summarized below. For results of Phase 1 SD and MD studies that did not show an effect of
genotype, please refer to the Pharmacogenomics review.
Figure: Drug metabolizing enzyme genotype/phenotype effects on teriflunomide exposure
in Phase 2/3 trials.
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at 3 times
the
therapeutic
levels
I=167 μM or 45.3 μg/ml with 14 mg QD, MW=270.2
Fraction Unbound: 0.25-0.27%

Based on the above Table, substrates of CYP1A2, 2B6, 2C9, 2C19, 2C8, 3A4 and 2D6 are all
likely to show an interaction with teriflunomide. The sponsor conducted studies with substrates
of all these CYP isozymes. Based on the rank order of I/Ki’s, substrates of CYP2C8 and
CYP2C9 are most likely to show an interaction with teriflunomide. Amongst these a drug
interaction was shown with a substrate of CYP2C8, repaglinide, but not a significant
pharmacokinetic interaction with a CYP2C9 substrate, warfarin (see section 2.4.5).
In vitro data (mRNA and enzyme activity) showed inductive effect on CYP2C9 and CYP3A
activity at teriflunomide concentrations ≥15.4 μm (4.16 μg/mL) and ≥139 μm (37.5 μg/mL),
respectively, but not on CYP1A1/1A2. Hence, teriflunomide could also reduce exposure of drugs
that are substrates of CYP2C9 and CYP3A4. This was not observed in vivo. (See discussion in
section 2.4.5).
The confirmation of these in vitro results was based on in vivo studies (See section 2.4.5 for
additional details of in vivo findings and its correlation to in vitro findings).
Transporter Based Interactions:
•
•

Teriflunomide is a substrate of BCRP in vitro
Terifluniomide is an inhibitor of BCRP, OAT3, OATP1B1, OCT2 in vitro as shown in
the Table below.

The sponsor has not conducted any in vivo studies to confirm these in vitro findings.
Teriflunomide as a substrate of transporters: No significant effect of BCRP (ABCG2)
genotypes on teriflunomide was observed. According to Dr. Jeffery Kraft’s review
(Pharmacogenomics), given the lack of BCRP genotype effect throughout the studies (Phase
2/3), drug interaction studies related to BCRP will be of limited utility.
The net flux ratio for BCRP as a substrate using Funitremorgin as an inhibitor was 10.87. In
a bi-directional transporter assay, the net flux ratio of ≥2 supports the need for conducting an
in vivo study to confirm these findings. Therefore a drug interaction study with a BCRP
inhibitor (cyclosporine, elacridar, eltrombopag or gefitinib) should be considered. But,
teriflunomide is highly permeable drug. In a cross study comparison, the bioavailability
appears to be complete. Therapeutic dose of 14 mg is soluble in 250 mL of buffers at pH
4.5-8.0. But at lower pH’s, it is not quite soluble. The solubility in water is 31 mg/L. Given
all this, the potential of an interaction with a BCRP inhibitor is probably questionable.
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Midazolam

70 mg QD for 3 days then 14 mg QD for 11

14

27.9

Oral contraceptive

21a

41.3

Warfarin

70 mg QD for 4 days then 14 mg QD for 10
d
70 mg QD for 3 days then 14 mg QD for 8

5

18.7

Cocktail

70 mg QD for 4 days then 14 mg QD for 9

12

30.0

70 mg QD for 4 days then 14 mg QD for 10

12

36.1

Bupropion
a

d
teriflunomide coadministered
with oral contraceptive

Due to the long half-life for teriflunomide, it would have taken several weeks of QD
administration of 14 mg to approach steady state plasma concentration. Therefore, a loading dose
of 70 mg for 3 to 4 days was administered followed by a maintenance dose of 14 mg for 8 to 11
days to reach steady state therapeutic concentrations. Teriflunomide concentrations achieved in
the various interaction studies (Table above) were within 5th and 95th percentile of the range
observed in the efficacy/safety studies, although the median steady state trough concentration in
the Phase 3 studies was slightly higher (45 μg/ml).
Overall significant interactions were observed with:
1. Rifampin: A 40% decrease in teriflunomide AUC∞ and 17% increase in Cmax was
observed with coadministration of a single dose of teriflunomide and multiple doses of
rifampin. The % of AUC extrapolated in this study was >30% in many subjects, hence
appears that differences based on AUC0-360 is more reliable. AUC0-360 decreased by 20%
with coadministration. There was a 40% increase in peak levels of this moiety and AUC
being unaffected when ARAVA® was administered with Rifampin. Reduction in
teriflunomide exposure with rifampin (a CYP2B6, 2C8, 2C9, 2C19, 3A inducer, as well
as an inducer of P-gp-) coadministration, suggests that CYPs and P-gp involvement was
minor. The in vitro studies did not suggest that teriflunomide is a substrate of CYPS or Pgp. In addition to this, rifampin is a substrate of OAT1P1 and teriflunomide is inhibitor of
this transporter. Changes in Cmax are likely to be due to absorption effects and not the
inhibition of hepatic uptake. Hence, the mechanism behind these changes is not clear (see
assessment through population analysis below).
2. Repaglinide: The AUC of repaglinide was increased by 2.3 fold with coadministration.
A lower dose (0.25 mg) of repaglinide was used in this study. The recommended dose
range is 0.5-16 mg, hence, the magnitude of interaction could be higher with higher dose
of repaglinide. Teriflunomide is an inhibitor of both CYP2C8 and OATP1B1, and
repaglinide is a substrate of both. The contribution of each of these to the overall increase
in exposure cannot be established. Since the dose of repaglinide is titrated based on
glucose monitoring, no dose reduction is recommended in the label. Dose reduction
should be base don glucose monitoring.
3. Warfarin: No change in PK was observed, suggesting CYP2C9 involvement is
negligible, but a 25% decrease in peak INR was observed.
4. Oral Contraceptives: ~60% increase in ethinyl estradiol exposure was observed. This
effect does not appear to be related to CYP3A4 as a drug interaction study with
midazolam, a sensitive substrate of CYP3A4 did not show any appreciable increase in
midazolam levels. This increase may be due to inhibition of OATP1B1 by teriflunomide.
5. Caffeine: Caffeine and paraxanthine exposure was decreased by ~50%. Teriflunomide
was not an inducer of CYP1A2 in vitro, but appeared to be in vivo based on this study.
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Recovery: 93.2%
Stability: room temp for 24 hrs, -20C fro 4 months, 3
freeze-thaw cycle

LC/MS/MS

CV%

RE%

≤ 6.8

-5.0 to 1.7

LLOQ: 0.01 μg/ml for teriflunomide
Curve range (μg/mL): 0.010-100
Between run accuracy -7.8 to 6.7 of nominal value
Between run precision CV%

1.8 to 6.8%

Within-run accuracy: -4.9 to 3.1 of nominal value
Within-run precision: CV%

2.9 to 5.8%

Recovery: 93.2%
Stability: room temp for 24 hrs, -20C for 5 months, 7
freeze-thaw cycle

LC/MS/MS

LLOQ: 0.1 μg/ml for teriflunomide
Curve range (μg/mL): 0.100-25
Between run accuracy -7.0 to 3 of nominal value
Between run precision CV%

1.9 to 8.8%

Within-run accuracy: 3.0 to 7 of nominal value
Within-run precision: CV%

1.9 to 12.6%

Recovery: 93.2%
Stability: room temp for 24 hrs, -20C for 480 days, 7
freeze-thaw cycle

These assays are acceptable from a CP perspective.
24 Page(s) of Draft Labeling have been Withheld in Full as b4 (CCI/TS) immediately following this page
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OFFICE OF CLINICAL PHARMACOLOGY:
PHARMACOMETRIC REVIEW
Summary of Findings
Key Review Questions

The purpose of this review is to address the following key questions.
Is there any covariate which affects teriflunomide PK?
Yes, the sponsor’s analysis showed that clearance (CL/F) was related to bilirubin and albumin
plasma levels as well as on inducers co-administration and sex, and volume of distribution
(V2/F) was related to patient’s albumin plasma levels, age, race (Caucasians vs. non-Caucasians)
and body weight.
The sponsor conducted the population PK analysis using dataset composed of 834 patients
enrolled into a phase II (HMR1726D/2001) and a Phase III (EFC6049) study, and of 10 healthy
subjects enrolled in a Phase I study (TDR10892).
The results showed that for a typical patient, CL/F was decreased of 23% in females as compared
to males whereas CL/F was increased by about 10% in the patients who were co-administered
with inducers. The influence of bilirubin on CL/F was also limited (4% decrease at bilirubin= 17
μmol/L compared to 7 μmol/L). CL/F was decreased of 3% when the albumin increased from its
median value (43 g/L) to its 95th percentile value (48 g/L).
There was about 25% increase of V2/F in non-Cauccasians (n=16) as compared to Caucasians.
V2/F was increased by 35% in a typical patient of 99.5kg (95th percentile of patient’s weight) as
compared to a patient with 68.3kg (median weight). The influence of albumin on V2/F was
moderate with a decrease of 0.8 L (around 11 %) of V2/F for a typical patient with an albumin
level of 53 g/L (95th percentile of albumin level in the population of the study) in comparison
with a patient with an albuminemia of 43 g/L (median value of albumin). There was also a
significant relationship between the patients’ age and V2/F: V2/F was decreased by about 7 %
for a 53-year old patient (95th percentile value) as compared to a 39-year old patient (median age
in the study).
The effect of the covariates on the steady state exposure parameters was limited and below the
inter-individual variability, except for bilirubin. For this covariate, while no major alteration of
exposure parameters could be observed for the 7 mg dose, a 1.73-fold increase of mean AUC 024SS was observed for the 14 mg dose between patients with a bilirubin > 17 μmol/L and the
patients with bilirubin < 17 μmol/L.
However, dose, renal function (measured by CLcr), ALT and AST on the PK of teriflunomide
was not found to be statistically significant.
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Also the sponsor’s population PK analysis estimated the median terminal half-life (t 1/2β) as 427
hrs (17.8 days) and 466 hrs (19.4 days) at 7 mg and 14 mg, respectively, which gives
approximately 89-97 days to reach steady-state.
Is there any significant exposure-response relationship? And does the relationship support
the proposed dose?
Yes, it shows a clear exposure-response relationship for efficacy but the relationship is not
apparent in some of safety endpoints such as ALT increase. The sponsor’s proposed dose seems
to be reasonable based on both the reviewer and sponsor’s analyses.
The study of EFC6049, which is a randomized, double-blind, placebo-controlled, parallel-group
design study with 108-weeks duration, is only pivotal study completed in this submission. In the
study two doses were tested- 7mg/day and 14mg/day, and the sponsor is seeking the approval for
14 mg/day.
The primary endpoint was annualized relapse rate (ARR), and there were other secondary
endpoints such as time to disability progression sustained for 12-week, total number of
Gadolinium-enhanced T1 lesions per scan, total number of unique active lesions per scan,
number of patients free of active lesions and burden of disease at week 108.
The primary analysis showed that teriflunomide significantly reduced annualized relapse rate
(ARR) after a 2-year treatment: 0.539, 0.370, and 0.369 for placebo, 7 mg/day and 14 mg/day,
respectively, corresponding to statistically significant risk reductions of 31.2% (p=0.0002) in the
7 mg group and 31.5% (p=0.0005) in the 14 mg group relative to placebo. Some of the findings
from the analyses for the secondary endpoints are summarized below:
5) The risk of disease progression was significantly reduced (29.8%) by 14 mg/day
compared to placebo while the reduction observed (23.7%) for the 7 mg/day.
6) There were significantly fewer T1-Gd lesions per scan in 14 mg compare to 7 mg
(p=0.0024).
7) The percentage of patients free from Gd-T1 lesions was significantly higher in 14 mg
compared to 7 mg (p <0.001).
8) Difference in the number of unique active lesions per scan was statistically significant in
14 mg compared to 7 mg (p < 0.001).
In order to support or confirm the claim from the primary efficacy analyses the reviewer
conducted the exposure-response analyses using data from one phase III study (EFC6049
(TEMSO)), and steady-state mean concentration (MCONC) for each patient was used as an
exposure.
Figure displays the model-predicted relationship between ARR and teriflunomide concentration
with observed data at eight bins of ranked concentrations, which shows clear exposure-response
relationship. The model predicts similar ARR at the median concentrations of each dose (0.38
and 0.37 at 16ng/ml (7mg/day) and 37ng/ml (14mg/day), respectively). However, it should be
noticed that patients who are on the low end of exposure of 7mg may lose efficacy as it does not
reach a plateau.
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Figure 1. The model predicted relationship for ARR and teriflunomide concentration with 95%
prediction interval (blue shaded area). The dots indicate the observed ARR at decile of
teriflunomide concentration. Also two boxplots are the distribution of teriflunomide
concentration at each dose.

In addition, the reviewer further looked into the relationship between MRI endpoints and
concentration as the sponsor’s claim for approval of 14 mg rather than 7 mg was mainly driven
by the efficacy analyses with MRI endpoints where 14 mg showed superiority to 7 mg. Two
MRI endpoints were examined: the total number of Gadolinium-enhanced T1 lesions per number
of scans, and total number of unique active lesions per number of scans, which are consistent
with the efficacy analyses.
Figure shows the results from the reviewer’s analyses where the number of lesions for both
endpoints clearly decrease concentration-dependent manner.
Figure 2. The model predicted relationship for the number of Gd-enhancing T1 lesions per scan
and teriflunomide concentration relationship (left) and the relationship for the number of unique
active lesions per scan (right) with 95% prediction interval (blue shaded area). The dots indicate
the observed mean of the number of lesions at octile of teriflunomide concentration. Also two

Reference ID: 3151674

boxplots are the distribution of teriflunomide concentration at each dose. The broken vertical
lines indicate the predicted lesions at the median of each dose.

To see the safety of teriflunomide related to concentration level, the incidence of ALT increase
was analyzed as it was main concern for the safety of teriflunomide.
The left panel of Figure shows the time profile of ALT level at each treatment group. Clearly
teriflunomide shows higher risk in ALT increase compared to placebo but there is little
difference between two dose groups.
Instead of mean ALT level, the reviewer further looked into the incidence of ALT elevation
taken from adverse event dataset where it is recorded by ULN (Upper Limit of Normal). The
result is shown in the right panel of Figure with no clear concentration-dependent increase in the
incidence, although teriflunomide has higher probability than placebo. Those who had the
incidence of ALT increase were divided by adverse event severity-mild, moderate and severe.
Majority patients had mild condition in ALT elevation and a total of 4 patients had severe ALT
increase; 2 patients in placebo, 1 patient in the lowest exposure range (0.2-11.4 ng/ml) and 1
patient in the concentration range 31.8-40.8 ng/ml (see Table).
Given the efficacy and safety profile, the sponsor’s proposed dose of 14 mg for approval seems
to be reasonable.
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Figure 3. The time profile (mean± se) of ALT level (IU/L) at each dose (left) and the percent of
patients who had ALT increase at least once during the study (right).

Best
Available
Copy

Recommendations

The Division of Pharmacometrics has reviewed the submission (NDA 202992) and finds it
acceptable, provided that satisfactory agreement is reached between the sponsor and the Agency
regarding language in the labeling text.
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for Q/F for which no inter-individual term could be provided), while a proportional error model
was used to model the residual variability.
The covariates tested in the population PK analysis are gender (0 for males, 1 for females),age,
dose,race (coded 1 for Caucasians, 2 for Blacks, 3 for Orientals, 4 for “Other races”), body
weight(kg), BMI, Creatinine Clearance (CLCR , ml.min), estimated glomerular filtration rate
(GFR, mL/min), albumin (g/L), total bilirubin (μmol/L), alanine amino transferase (IU/L),
aspartate amino transferase (IU/L). Also co-administration of any non-specific inducer
(amobarbital, carbamazepine,dexamethasone, efavirenz, isoniazid, modafinil, nevirapine,
norethindrone, omeprazole,oxcarbamazepine, phenobarbital, phenytoin, pioglitazone,
prednisone, prednisolone, primidone, rifabutin, rifampin, rifampicin, rifapentin, ritonavir,
secobarbital, St John’swort, troglitazone) was tested as INDU = 0 if none of the above
concomitant medications was administered, INDU = 1 if at least one of the above concomitant
medications was administered with at least 3 INDU administrations between –96 hours (4 days)
and teriflunomide administration.
Table 1 summarizes the descriptive statistics for the covariates included in the population pk
analysis, and Figure 4 displays the distribution of continuous covariates.
Table 1. Descriptive statistics of covariates included in the population PK analysis.
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Figure 4. The distribution of continuous covariates in the population PK analysis.

Reference ID: 3151674

Best Available Copy

The final PopPK model included four covariates on elimination clearance and four covariates on
central distribution volume. CL/F was related to bilirubin and albumin plasma levels as well as
on non specific inducers co-administration and sex according to the following equation:

where 7 and 43 are the median bilirubin (BILI) and albumin (ALB) plasma concentration values
in the dataset. Sex is coded zero for males and one for females.
V2/F was related to patient’s albumin plasma levels, age, race (Caucasians vs. non-Caucasians)
and body weight according to the following equation:

where 43, 68.25 and 39 are the median albumin, weight and age values in the data set.
Caucasians were coded zero while non-Caucasians were given the value of one. Table 2
summarizes the parameter estimates from the sponsor’s final PK model.
Table 2. The parameter estimates from the sponsor’s final PK model

Source: the sponsor’s pop pk report, page5.
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The sponsor’s model indicates that for a typical patient, CL/F was decreased of 23% in females
as compared to males whereas CL/F was increased by about 10% in the patients who were coadministered with an inducer. The influence of bilirubin on CL/F was limited (4% decrease at
bilirubin= 17 μmol/L compared to 7 μmol/L). CL/F was decreased of 3% when the albumin
increased from its median value (43 g/L) to its 95th percentile value (48 g/L).
There was about 25% increase of V2/F in non-Caucasians (n=16) as compared to Caucasians.
V2/F was increased by 35% in a typical patient of 99.5kg (95th percentile of patient’s weight) as
compared to a patient with 68.3kg (median weight). The influence of albumin on V2/F was
moderate with a decrease of 0.8 L (around 11 %) of V2/F for a typical patient with an albumin
level of 53 g/L (95th percentile of albumin level) in comparison with a patient with an
albuminemia of 43 g/L (median value of albumin). There was also a significant relationship
between the patients’ age and V2/F:V2/F was decreased by about 7 % for a 53-year old patient
(95th percentile value of age in the study) as compared to a 39-year old patient (median value of
age).
Dose, renal function (measured by CLcr), ALT and AST on the PK of teriflunomide was not
found to be statistically significant.
Once the model qualified and validated, the additional steady-state PK parameters were
calculated from the individual estimates from the sponsor’s final model as follows;
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and 466 hrs (19.4 days) at 7 mg and 14 mg respectively, which gives approximately 89-97 days
to reach steady-state.
Table 3. Steady-state PK parameter estimates from the final PK model.

Source: the sponsor’s pop pk report, page 70.

The sponsor also examined the effect of the covariates on the steady state exposure parameters.
Most covariates were found to be minimal effect but 1.73-fold increase of mean AUC 0-24SS was
observed for the 14 mg dose between patients with a bilirubin value greater than 17 μmol/L
(n=17) and the patients with bilirubin value lower than 17 μmol/L although no major alteration
of exposure parameters was observed for the 7 mg dose (Figure 5). Similar trend were observed
for Cmax,ss and Cmin,ss (Figure 6, Figure 7).
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Figure 5. AUC 0-24,SS as a function of covariates

Source: the sponsor’s pop pk report, page 74.

Figure 6. C max,ss as a function of covariates

Source: the sponsor’s pop pk report, page 73.
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Figure 7. C min,ss as a function of covariates

Source : the sponsor’s pop pk report, page 75.

Exposure-Response Analyses
Data from one phase II (HMR1726D/2001) and one phase III study (EFC6049 (TEMSO)) were
pooled for exposure-safety analyses whereas only one phase III study was included for exposureefficacy analyses.
Steady-state mean concentration for each patient was used as an exposure in the analyses.
Patient’s characteristics such as sex, age, race, weight, CLCR, ALT, non-steroidal antiinflammatory drugs (NSAID), Acetaminophen(ACET), Systemic steroids (STER) use, dose,
baseline EDSS, baseline number of active lesion and co-medication use related to hepatotoxic,
hematoxic and blood pressure were tested as a covariate.
Six endpoints were examined to relate to teriflunomide blood level: annual relapse rate (ARR:
primary endpoint), time to disability progression sustained for 12-week (TDP), Total number of
Gadolinium-enhanced T1 lesions / number of scans over the treatment period (NBT1NORM),
total number of unique active lesions / number of scans over the treatment period
(NBACTNORM), number of patients free of active lesions (T1GDFREE), burden of disease at
week 108 (BOD).
For the safety analyses, twelve different safety variables were evaluated such as alanine
aminotransferase (ALT), neutrophils, lymphocytes, white blood cells, lipase and amylase, Supine
systolic (BPSYST) and diastolic (BPDIAST) blood pressure, alopecia, creatinine clearance
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(CLCR), phosphate, uric acid. The variables were log-transformed except for phosphate and
alopecia. For alopecia a binomial scale was used to represent the number of patients with
alopecia: 0 indicating the patients free from alopecia and 1 indicating the patients with alopecia.

Efficacy Results
The sponsor’s analyses showed that the endpoints of ARR and BOD were not significantly
related to teriflunomide concentration. The detailed descriptions of the sponsor’s analyses for
efficacy endpoints are summarized below.
Annual Relapse Rate
Individual ARR was used for the response variable after taking log-transformation as
Ln(ARR+1). The Quasi-poisson distribution was assumed for the response variable. However,
the sponsor failed to link this endpoint to teriflunomide concentration.
Time to Disability Progression sustained for 12 weeks
The disability progression was defined as at least a 1-point increase on the EDSS from the
baseline if the baseline is EDSS ≤5.5 or at least a 0.5-point increase from the baseline on the
EDSS if the baseline is EDSS >5.5 and was persistent for at least 12 weeks.
The time to disability progression sustained for 12 weeks (TDP) was analyzed using a survival
analysis model (Kaplan-Meier method) by mean teriflunomide concentrations category (0, 0 to
25th percentile, 25th percentile to median, median to 75th percentile and > 75th percentile). The
range of each mean teriflunomide concentrations category and the mean and SD of mean
teriflunomide concentrations in each category are summarized in Table 4.
Table 4. Mean teriflunomide concentration category

Source : the sponsor’s PK/PD report, page 90.

The cox regression model showed a significant decrease of risk of disability progression as mean
concentration increases (p-value=0.033), and the result is shown in Figure 8.
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Figure 8. Kaplan Meier plot for time to disability progression sustained for 12 weeks at week
108 presented per mean teriflunomide concentrations category

Source : the sponsor’s PK/PD report, page 91.

Total number of Gadolinium-enhanced T1 lesions per number of / Total number of unique
active lesions per number of scans
For both endpoints the variables were log-transformed as log(NUM+1), and quasi-poisson
distribution was assumed. The final models with parameter estimates are presented in Appendix.
Although the sponsor successfully linked these variables to teriflunomid concentrations, the
sponsor’s model performed poorly in terms of prediction: precision estimates are 207% and
146%, average fold error values are 2.44 and 2.28 for Gadolinium-enhanced T1 lesions and
unique active lesions, respectively.
Number of patients free of active lesions
A binomial scale was used to represent the number of patients free of active lesions: 0 indicating
the patients who were not free active lesions and 1 indicating the patients free of active lesions.
A logistic regression model was used to model the probability of patients to be free of active
lesions in relation with the teriflunomide concentrations.
The predicted probability to be free of active lesions for 39 years old were 59.8%, 67.8% and
76.8% at placebo, 7mg and 14mg, respectively for those who had no active lesion at baseline
whereas those were 16.2%, 21.4% and 30.1% for those who had at least one active lesion at
baseline.
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The final model with parameter estimates are presented below:

Source : the sponsor’s PK/PD report, page 93.

Burden of Disease at week 108
The burden of disease (BOD) was the volume of abnormal brain tissue detected on MRI.
The change from baseline in cubic root transformed BOD at week 108 (CRCBBOD) was used as
the response variable after log-transformed as ln(CRCBBOD+1). However, the sponsor could
not relate the variable to teriflunomide concentration.

Safety Results
The sponsor’s analyses showed that Lipase, BPSYS and creatinine clearance were not found to
be significantly related to mean teriflunomide concentrations. The brief summary of the
sponsor’s analyses for other variables are discussed below, and the final model with parameter
estimates are presented in the Appendix.
ALT
The sponsor’s final model indicates that the mean ALT for placebo group was 9.64% higher in
patients with steroids co-administration compared to patients without steroids co-administration
and 11.3% higher in male compared to female patients. Also the model predicts that ALT levels
are 13.3% and 17.4% higher at the median concentrations of 7 mg and 14 mg (MCONC=15.9
μg/mL, 36.8 μg/mL, respectively) than placebo (MCONC=0).
Neutrophils
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The mean neutrophil level for placebo group was 20.9% higher in patients with steroids coadministration compared to patients without steroids co-administration. The model predicts that
neutrophils levels at 7mg and 14 mg decrease 14.4% and 21.0% of that in placebo group , which
were estimated at the median concentrations of 7mg and 14mg (MCONC=15.9 μg/mL, 36.8
μg/mL, respectively).
Lymphocytes
Lymphocytes count model also shows that lymphocyte counts decrease in concentration
dependent manner; 1.87, 1.66 and 1.60 at MCONC=0 (placebo), 15.9 μg/mL (7 mg) and 36.8
μg/mL (14 mg), respectively.
White blood cells
The mean white blood cell counts for placebo group was 15.0 % higher in patients with steroids
co-administration compared to patients without steroids co-administration. Also the model
predicts that WBC levels are 12.4% and 16.7% lower at the median concentrations of 7 mg and
14 mg (MCONC=15.9 μg/mL, 36.8 μg/mL, respectively) than placebo (MCONC=0).
Amylase/ Supine diastolic blood pressure
The relative effect of teriflunomide on amylase and supine diastolic blood pressure levels are
negligible; compared to those of placebo group the amylase levels are 1.41% and 3.24% lower,
and 0.94 and 1.63% higher at the median concentrations of 7 mg and 14 mg (MCONC=15.9
μg/mL, 36.8 μg/mL, respectively) based on the sponsor’s model prediction.
Phosphate
The mean phosphate level for placebo group was 2.73 % higher in female compared to male
patients, also phosphate levels are 8.56% and 11.5% lower at the median concentrations of 7mg
and 14mg than that of placebo group.
Alopecia
The predicted probability of Alopecia were 3.0%, 3.8% and 5.3% at the placebo (MCONC=0),
7mg (MCONC=15.9 μg/mL) and 14mg (MCONC=36.8 μg/mL), respectively.
Uric Acid
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Uric Acid levels appears to decrease with teriflunomide but there is little difference between two
dose groups; 26.5% and 26.6% lower than placebo.

Reviewer’s comments:
-

-
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The sponsor’s population PK analyses are acceptable. However, the conclusion on the
effects of several covariates on PK should be understood with caution.
o Majority patients in the dataset are normal or mild renal impaired subjects, only
10 subjects were moderately impaired and no subjects were severely impaired.
o There is no elderly subject (age > 64 yrs).
o Majority are Caucasian (96%) compared to non-Caucasian.
For the sponsor’s exposure-response analyses
o The distributional assumptions for some of endpoints for the efficacy analyses
may not be correct
 Individual ARR is not count data anymore so quasi-poisson may not be
right distributional assumption.
 The reviewer recommends to use the number of relapse for a patient
rather than individual ARR for the response variable using negative
binomial model (individual study duration can be used as a offset
variable).

Reviewer’s Analyses
Introduction

The sponsor’s exposure-efficacy analyses for the primary endpoint (annualized relapse rate)
showed no significant relationship between ARR and teriflunomide concentration. The analysis
was conducted using individual ARR as a response variable with the assumption of quasipoisson distribution for the variable. The reviewer re-assessed the relationship using the number
of relapse as a response variable. A negative binomial model was applied in the analysis.
Also two MRI endpoints-the number of T1 Gd-enhancing lesions and unique active lesions were
re-analyzed using negative binomial model as a sensitivity analysis.
In addition, the reviewer also looked into the safety measure such as the incidence of ALT
increase as the liver toxicity is a main concern with teriflunomide safety.

Objectives

-

To reassess the relationship between ARR and teriflunomide concentration.

-

To examine whether the incidence of ALT increase is related to high teriflunomide
concentration.

Methods

Data from one Phase III study (TEMSO) was used for both efficacy and safety analyses.
Unlike the sponsor’s analysis, the number of relapse or lesion number in the MRI endpoints was
used as a response variable using negative binomial distribution assumption. For the structure of
the relationship Emax model was applied for both ARR and MRI endpoints to relate to
concentration based on the exploratory look from the observed data. The detailed model applied
for the analyses are presented below:
ARR-Concentration relationship
Yi ~ NB ( μ i , k )
log(μ i ) = β 0 × (1 − f i (concentration) + log(t i )
where
Yi is the number of confirmed relapse for a patient i,
Ti is the annualized study duration for a patient I, i.e, study day/365.25, which is a offset variable
to account for a patient’s different study period in negative binomial model,
k is a dispersion parameter in the negative binomial model,
fi(concentration)=0 if placebo
E max× concentration
if teriflunomide
f i (concentration) =
EC50 + concentration
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MRI endpoints-concentration relationship
Yi ~ NB ( μ i , k )
log(μ i ) = E 0 +

E max× concentration
+ log( si )
EC 50 + concentration

where
Yi is the number of Gadolinium-enhanced T1 lesions or unique active lesions for a patient i,
si is the number of scan to be consistent with the sponsor’s secondary endpoints.
k is a dispersion parameter in the negative binomial model.
Data Sets

Data sets used are summarized in Table 5.
Table 5. Analysis Data Sets
Study Number

Name

Link to EDR

EFC6049 (TEMSO)

Software
SAS 9.2 and R 2.5 were used for the analysis.
Model Results

Figure 9 displays the model-predicted relationship between ARR and teriflunomide
concentration with observed data at eight bins of ranked concentrations. Unlike the sponsor’s
conclusion that there is no significant relationship between ARR and concentration the reviewer
could link ARR to concentration. The model predicts similar ARR at the median of each dose
(0.38 and 0.37 at 7mg and 14mg). However, it is apparent that patients who are on the low end of
exposure of 7mg may lose efficacy as it does not reach a plateau.
Figure 9. The model predicted relationship for ARR and teriflunomide concentration with 95%
prediction interval (blue shaded area). The dots indicate the observed ARR at decile of
teriflunomide concentration. Also two boxplots are the distribution of teriflunomide
concentration at each dose.
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In addition, the reviewer further looked into the relationship between MRI endpoints and
concentration as the sponsor’s claim for approval of 14 mg rather than 7 mg was mainly driven
by the efficacy analysis with MRI endpoints where 14 mg showed superiority to 7 mg. Two MRI
endpoints were examined: the total number of Gadolinium-enhanced T1 lesions per number of
scans and total number of unique active lesions per number of scans to be consistent with the
efficacy analysis. Figure 10 shows the results from the reviewer’s analyses where the number of
lesions for both endpoints clearly decrease concentration-dependent manner.
Figure 10. The model predicted relationship for the number of Gd-enhancing T1 lesions per scan
and teriflunomide concentration relationship (left) and the relationship for the number of unique
active lesions per scan (right) with 95% prediction interval (blue shaded area). The dots indicate
the observed mean of the number of lesions at decile of teriflunomide concentration. Also two
boxplots are the distribution of teriflunomide concentration at each dose. The broken vertical
lines indicate the predicted lesions at the median of each dose.
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As a next step, the incidence of ALT increase was analyzed. The left panel of Figure 11 shows
the time profile of ALT level for each dose group. Clearly teriflunomide shows higher risk in
ALT increase compared to placebo but there is little difference between two dose groups.
Instead of mean ALT level, the reviewer further looked into the incidence of ALT elevation
taken from adverse event dataset where it is recorded by ULN (Upper Limit of Normal).
The result is shown in the right panel of Figure 11 with no clear concentration-dependent
increase in the incidence, although teriflunomide has higher probability than placebo.
Those who had the incidence of ALT increase were divided by adverse event severity-mild,
moderate and severe (Table). Majority patients had mild condition in ALT elevation and a total
of 4 patients had severe ALT increase; 2 patients in placebo, 1 patient in the lowest exposure
range (0.2-11.4 ng/ml) and 1 patient in the concentration range 31.8-40.8 ng/ml.
Given the efficacy and safety profile the sponsor’s proposed dose of 14 mg for approval seems to
be reasonable.

Reference ID: 3151674

Figure 11. The time profile (mean± se) of ALT level (IU/L) at each dose (left) and the percent of
patients who had ALT increase at least once during the study (right): Study EFC6049(TEMSO).

Table 6. The percent of patients who had ALT increase by severity: Study EFC6049(TEMSO).
Concentration range (ng/mL)
Placebo
Severity
(N=24)
Mild
Moderate
Severe

0.2-

11.6-

15.2-

19.2-

23.9-

31.8-

40.8-

58.9-

11.4

15.2

19.1

23.9

31.7

40.8

58.5

218.7

(N=7) (N=8) (N=14) (N=10) (N=15) (N=14) (N=12) (N=9)

50.0

42.9

62.5

71.4

70.0

60.0

78.6

83.3

77.8

(%)

(%)

(%)

(%)

(%)

(%)

(%)

(%)

(%)

41.7

42.9

37.5

28.6

30.0

40.0

14.3

16.7

22.2

(%)

(%)

(%)

(%)

(%)

(%)

(%)

(%)

(%)

8.3

14.3

—

—

—

—

7.1

—

—

(%)

(%)

(%)

Listing of Analyses Codes and Output Files
File Name
Description

efficay.sas
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The reviewer’s exposure-efficacy

Location in
\\cdsnas\pharma
cometrics\

MRI.sas

analysis

P_alt.sas

The reviewer’s exposure-safety analysis

Appears This Way On Original
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Lymphocytes

White blood cells
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Amylase

Supine diastolic blood pressure
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Phosphate

Alopecia
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Uric Acid
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PHARMACOGENOMICS REVIEW

TABLE 1. Summary of clinical trials included in meta-analysis of genotype data.
Study
Phase N
Dose
Multiple- Endpoint
dose
POP6507
1
8
14 mg x 1
No
Cmax, AUC0-72
POP11432
1
8
14 mg x 1
No
Cmax, AUC0-72
INT11697
1
20
70 mg QD x 4 +
Yes
Ctrough
14 mg QD x 8
INT11720
1
36
70 mg QD x 4 +
Yes
Ctrough
14 mg QD x 9
INT11932
1
17
70 mg QD x 4 +
Yes
Ctrough
14 mg QD x 10
TES10852
1
61
70 mg QD x 4 +
Yes
Cmax, AUC014 mg QD x 8
24, Ctrough
EFC6049
2/3
623
7-14 mg
Yes
Ctrough, modelgenotyped;
derived
Cmax
HMR1726D/2001
431
Ctrough,
and
AUC0-24
PDY6045/6
372
Cmax/AUC024

Study Day
1
1
12
12
12
12

Phenotypes were predicted for each genotype for several of the CYP enzymes and NAT1/2 in a
manner consistent with literature reports of function. Four different types of assays were used to
measure genetic variation: Taqman Allelic Discrimination, Illumina GoldenGate, Taqman RealTime PCR, and Fragment Analysis. The alleles tested and the phenotype inference were
acceptable for the purposes of this exploratory analysis.
Log-transformed PK parameters Cmax (Day 1 and Day 12), AUC0-72 (only at Day 1), AUC0-24
(only at Day 12) and Ctrough at Day 12 of teriflunomide were analyzed using a linear fixed
effects model for CYP2C19, CYP2C9, CYP2D6 and UGT1A1 phenotype with fixed terms for
study, log(dose) (only for SD analysis), gender and phenotype. For all other
transporters/enzymes, a linear fixed effects model with fixed terms for study, log(dose) (only for
single-dose analysis), gender and genotype. Only p-values for the genotype main effect were
reported.
3

Key Questions and Summary of Findings

3.1

Does the PK profile of teriflunomide differ by genotype/phenotype of relevant
metabolizing enzymes and transporters?

Genotype data are summarized below for Phase 1 studies (SD & RD) as well as Phase2/3 studies
(Figures 1-4). CYP2C9 and UGT1A1 poor metabolism were associated with higher
teriflunomide Cmax and AUC in patient studies (nominally significant), but not in healthy
subjects. None of the other genes tested showed a significant relationship between
genotype/phenotype and exposure.
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Figure 1. Drug metabolizing enzyme genotype/phenotype effects on teriflunomide exposure in
SD Phase 1 trials
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Figure 2. Drug metabolizing enzyme genotype/phenotype effects on teriflunomide exposure in
RD Phase 1 trials
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Figure 3. Drug metabolizing enzyme genotype/phenotype effects on teriflunomide exposure in
Phase 2/3 trials.
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Figure 4. Transporter genotype/phenotype effects on teriflunomide exposure in Phase 2/3 trials

4

Summary and Conclusions

The sponsor conducted comprehensive genotyping of ten drug metabolizing enzymes and five
transporters of potential pharmacogenetic relevance to teriflunomide in 8 Phase 1 and 3 Phase
2/3 clinical trials.
Teriflunomide concentrations were approximately 2 times higher in CYP2C9 poor metabolizers
and approximately 25% higher in UGT1A1 poor metabolizers, compared to extensive
metabolizers of each enzyme. These findings were not replicated across healthy subject and
patient studies and could potentially be false-positives, particularly given the limited evidence
for these pathways as major routes of metabolism in vitro. Otherwise, no significant effects of
genotype/phenotype were identified.
No dose modification for any intrinsic or extrinsic factors has been proposed by the sponsor,
although no effect of this magnitude was observed. The Pharmacometrics review identified an
exposure/response relationship for efficacy but not for safety (particularly hepatotoxicity).
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Consequently, the exposure differences based on CYP2C9 or UGT1A1 genotype are not likely to
be clinically relevant and dose adjustment is not indicated at this time.
BCRP has previously been associated with differences in teriflunomide exposure when
administered as the prodrug, leflunomide (PMID: 20972558). The data submitted by the sponsor
suggest that BCRP genotype does not have a major effect on systemic teriflunomide exposure.
While tissue concentrations (e.g., liver) may differ according to BCRP genotype, additional
clinical PK studies related to this transport pathway may be of limited utility.
5

Recommendations

The Genomics Group has reviewed the NDA submission for teriflunomide in the treatment of
MS. Overall, the submitted results are satisfactory from the perspective of the Genomics Group.
No additional action is indicated.
5.1

Post-marketing studies

None.
5.2

None.
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Label Recommendations

6.0

INDIVIDUAL STUDY REVIEW
OF

CLINICAL PHARMACOLOGY STUDIES

Reviewer: Veneeta Tandon, Ph.D.
Team Leader: Angela Men, MD. Ph.D.
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produce an exposure to HMRI726 that is comparable to a tablet
containing 20 mg leflunomide.
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Figure - Mean (SD) cumulative percentage of radioactive dose recovered in urine and
feces at specified intervals after a single oral dose of 70 mg (50 μCi) 14C-HMR1726

Metabolite Profiling and Indentification:

Plasma:
The recovery of radioactivity after the extraction of the pooled plasma samples at 1, 4, 24, 72,
120, and 504 hours post dose ranged from 97.0% to 100.9%, with an average of 98.7 ± 1.4%.
Unchanged HMR1726 was the only radioactivity peak detected in the pooled plasma at the all
time points analyzed.
Urine:
The recovery of dosed radioactivity from urine collected between 0-504 h (0-21 days) ranged
from 16.7% to 28.6% with an average of 22.6 ± 4.5%
At least nine radioactive peaks were detected in addition to HMR1726 as given below:
Table– Percent Distribution of [14C]-HMR1726 and Its Metabolites in Urine from Human after
Oral Dosing
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Mean (SD) pharmacokinetic parameters of warfarin following a single oral
administration of 25 mg warfarin and combined treatment with teriflunomide

The effect of coadministration on S-warfarin PK parameters (90% CI)

The effect of coadministration on R-warfarin PK parameters
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21

Estimates of treatment ratios with 90% CIs – ethinylestradiol

Levonorgestrel
Mean ± SD (Geometric Mean) [CV%] of levonorgestrel pharmacokinetic parameters on Day
21

Table - Estimates of treatment ratios with 90% CIs – levonorgestrel

The 90% CIs for both ethinylestradiol and levonorgestrel AUC0-24 ratios were entirely
outside the protocol-specified boundaries of 0.80-1.25, indicating a pharmacokinetic
interaction with teriflunomide. Stick plots showed that all subjects showed an increase in
174
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Trough concentrations of teriflunomide showed that steady state had reached.
The PK parameters of cocktail probes/analytes were summarized as below:
Mean ± SD (Geometric Mean) [CV%] of caffeine pharmacokinetic parameters
PK parameter

Cocktail alone
(N= 36)

Teriflunomide + Cocktail
(N= 34)

Cmax
(ng/mL)

2210 ± 366
(2180) [16.5]

1820 ± 403
(1780) [22.1]

tmax a
(h)

1.00
(0.50 – 2.00)

0.50
(0.47 – 2.00)

AUClast
(ng.h/mL)

18900± 7520
(17500) [39.8]

8580 ± 4010
(7910) [46.8]

AUC
(ng.h/mL)

19900 ± 8110
(18500) [40.7]

8930 ± 4160
(8220) [46.5]

t1/2z
(h)

5.45 ± 2.43
(5.04) [44.7]

2.65 ± 0.794
(2.55) [29.9]

Mean ± SD (Geometric Mean) [CV%] of paraxanthine pharmacokinetic parameters
PK parameter

Cocktail alone
(N= 36)

Teriflunomide + Cocktail
(N= 34)

Cmax
(ng/mL)

623 ± 88.3
(616) [14.2]

658 ± 79.3
(653) [12.1]

tmax a
(h)

7.00
(1.00 – 12.00)

3.00
(1.00 – 8.00)

AUClast
(ng.h/mL)

11000 ± 2820
(10700) [25.7]

6540 ± 1930
(6280) [29.5]

AUC
(ng.h/mL)

12100 ± 3240
(11700) [26.7]

7080± 1920
(6850) [27.1]

t1/2z
(h)

8.69 ± 2.87
(8.21) [33.0]

4.69 ± 2.64
(4.27) [56.4]

Mean ± SD (Geometric Mean) [CV%] of omeprazole pharmacokinetic parameters
PK parameter

Cocktail alone
(N=36)

Teriflunomide + Cocktail
(N=34)

Cmax
(ng/mL)

193 ± 132
(160) [68.7]

188 ± 113
(154) [60.2]

tmax a
(h)

2.00
(1.00 – 5.00)

2.00
(0.92 – 4.00)

AUClast
(ng.h/mL)

425 ± 333
(330) [78.2]

394 ± 311
(302) [78.9]

AUC
(ng.h/mL)

458 ± 337
(371) [73.6]

418 ± 315
(330) [75.3]

t1/2z
(h)

0.876 ± 0.305
(0.835) [34.8]

0.825 ± 0.217
(0.800) [26.4]
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AUClast
AUC
t1/2z
CL/F
Unbound Cmax
Unbound AUClast
Unbound AUC

1.02
1.03
0.99
0.97
1.15
1.01
1.02

(0.63 to 1.66)
(0.61 to 1.74)
(0.65 to 1.52)
(0.57 to 1.64)
(0.93 to 1.42)
(0.64 to 1.60)
(0.62 to 1.66)

The fraction unbound in healthy subjects (0.25%) was similar to that in patients with severe
renal impairment (0.25%).
Estimates of group ratio with 90% CI for teriflunomide (based on MDRD)
Comparison

Parameter

Severe Renal Impairment vs. Healthy

Cmax
AUClast
AUC
t1/2z
CL/F
Unbound Cmax
Unbound AUClast
Unbound AUC

Estimate
1.13
0.76
0.72
0.75
1.38
1.21
0.81
0.77

90% CI
(0.98 to 1.46)
(0.40 to 1.44)
(0.36 to 1.41)
(0.0.53 to 1.30)
(0.71 to 2.7)
(0.90 to 1.62)
(0.44 to 1.50)
(0.40 to 1.46)

Individual and Mean parameters are shown in the following Figure (C-G):

Best Available
Copy

Comment: The effective half life and predicted accumulation ratio is similar in both severe
renal impaired group and the healthy subjects. Hence, significant changes in steady exposure
are not expected in the severe renal impaired group.
There was one subject (#1007) in the severe group that had a different profile with drug
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Figure 2. Mean Comparative Dissolution Profiles of Teriflunomide Film-Coated IR
Tablets 7 mg Clinical and Commercial Formulations using the Proposed
Dissolution Method

II.

For Teriflunomide 14 mg IR Tablets:

Table 7.

Mean Dissolution Data of Teriflunomide IR 14 mg Tablets (n=12)

For teriflunomide 14 mg IR tablets, the values of similarity factor (f2) are calculated to be
60.7 (No. 6 vs. No. 5) and 52.7 (No. 7 vs. No. 5) indicating the formulation Nos. 6 and 7
are similar to formulation No. 5.
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NDA 202-992 for Teriflunomide IR Tablets 14 mg

Appendix 1
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Summary of Dissolution Development Report
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CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS
FILING FORM/CHECKLIST FOR NDA/BLA or Supplement

Clinical pharmacology studies
The PK and PD of teriflunomide were assessed in 18 clinical pharmacology studies. Two
hundred thirty two (232) healthy subjects were exposed to a single oral dose from 7 to 70 mg.
Among them, 6 subjects were exposed to a single 10 mg intravenous (IV) administration. Two
hundred twenty three (223) subjects were exposed to repeated doses of teriflunomide
following a supratherapeutic regimen (repeated QD) oral doses of 70 mg up to 14 days) or a
dosing regimen used to achieve concentrations in the therapeutic range (70 mg once daily for 3
to 4 days followed by 14 mg once daily for 8 to 11 days orally) or 2 consecutive doses of 100
mg/day.
At the end of all clinical studies, either cholestyramine or activated charcoal was administered
to the subjects and the patients to accelerate the elimination of teriflunomide.

File name: Clinical Pharmacology and Biopharmaceutics Filing Form/Checklist for NDA_BLA
or Supplement
Reference ID: 3021481

CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS
FILING FORM/CHECKLIST FOR NDA/BLA or Supplement

All isoenzymes have been evaluated in these in vitro and in vivo studies

Formulation BE
The in vitro bridging strategy to compare clinical and commercial formulations was agreed by
the Agency (19 May 2010 letter to the Sponsor). Accordingly, no in vivo bioequivalence study
was performed comparing the TBM and Phase 3 drug products.

“X” if included
at filing

Number of
studies
submitted

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

X
X
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CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS
FILING FORM/CHECKLIST FOR NDA/BLA or Supplement
HPK Summary
Labeling
Reference Bioanalytical and Analytical
Methods
I. Clinical Pharmacology
Mass balance:
Isozyme characterization:
Blood/plasma ratio:
Plasma protein binding:

X
X
X

X
X

1

X
X

2
2

1

Pharmacokinetics (e.g., Phase I) Healthy Volunteerssingle dose:
multiple dose:
Patientssingle dose:
multiple dose:
Dose proportionality fasting / non-fasting single dose:
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

X
X
X
X
X
X
X

6
All isoenzymes conducted

X
X

X
X

1
1

X
X
X
X

2

X
X

2

Rich sampling from Phase 1
studies
Sparse sampling from Phase
2/3 study
cross studies comparison

X

2
X
X
X

2
II

X
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CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS
FILING FORM/CHECKLIST FOR NDA/BLA or Supplement
Sponsor requesting a deferral
and a partial waiver in pediatric
patients 10-17 years and less
than 10 years of age,
respectively

Pediatric development plan

Literature References
Total Number of Studies

18 PK
2 PopPK
1 PK-PD
6 in vitro studies
(19 reports)
6 assay
validation reports
(assays and
metabolite ID)

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

Content Parameter

Yes No N/A

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?
2 Has the applicant provided metabolism and drug-drug
interaction information?
3 Has the sponsor submitted bioavailability data satisfying
the CFR requirements?
4 Did the sponsor submit data to allow the evaluation of the
validity of the analytical assay?
5 Has a rationale for dose selection been submitted?

Yes

6

Yes

7
8

Is the clinical pharmacology and biopharmaceutics section
of the NDA organized, indexed and paginated in a manner
to allow substantive review to begin?
Is the clinical pharmacology and biopharmaceutics section
of the NDA legible so that a substantive review can begin?
Is the electronic submission searchable, does it have
appropriate hyperlinks and do the hyperlinks work?

Comment

Yes
Yes
Yes
Yes

Yes
Yes

Criteria for Assessing Quality of an NDA (Preliminary Assessment of Quality)
Data
9 Are the data sets, as requested during pre-submission
Yes
discussions, submitted in the appropriate format (e.g.,
CDISC)?
10 If applicable, are the pharmacogenomic data sets
Yes
submitted in the appropriate format?
Studies and Analyses
11 Is the appropriate pharmacokinetic information submitted? Yes
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CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS
FILING FORM/CHECKLIST FOR NDA/BLA or Supplement
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)?
13 Are the appropriate exposure-response (for desired and
undesired effects) analyses conducted and submitted as
described in the Exposure-Response guidance?
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?
15 Are the pediatric exclusivity studies adequately designed
to demonstrate effectiveness, if the drug is indeed
effective?

Yes

16 Did the applicant submit all the pediatric exclusivity data,
as described in the WR?
17 Is there adequate information on the pharmacokinetics and
exposure-response in the clinical pharmacology section of
the label?
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?
19 Was the translation (of study reports or other study
information) from another language needed and provided
in this submission?

NA

Two doses were tested in
phase 2 and 3 studies.
PK/PD and PopPK was
conducted.

Yes
Yes

NA

Sponsor requesting a
deferral and a partial
waiver in pediatric
patients 10-17 years
and less than 10 years
of age, respectively

Yes

Yes

NA

IS THE CLINICAL PHARMACOLOGY SECTION OF THE APPLICATION FILEABLE?
____Yes____
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.
None.
Inspection: none

Reviewing Clinical Pharmacologist

Date

Team Leader/Supervisor

Date
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