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1 Executive Summary

1.1 Recommendation

The Office of Clinical Pharmacology/Division of Clinical Pharmacology 2 (OCP/DCP-2) 
has reviewed this submission dated December 8, 2016 and finds it acceptable provided 
a mutual agreement can be reached between the sponsor and the Agency regarding the 
language in the package insert.
 

1.2 Phase IV Commitments

None. 

1.3 Summary of Clinical Pharmacology and Biopharmaceutics Findings

Flexion Therapeutics, Inc. submitted a 505(b)(2) NDA 208845 for FX006 as an intra-
articular (IA) injection for the management of osteoarthritis (OA) pain of  

 FX006 is an extended release suspension formulation of 
triamcinolone acetonide (TCA) in 75:25 poly(D,L-lactic-co-glycolic acid) (PLGA) 
microspheres. The intention of this formulation design is to maintain prolonged 
concentrations of TCA in the joint following IA injection and to provide meaningful 
analgesia and limiting systemic exposure. Flexion intends to market FX006 as a single 
formulation in a single dose vial that provides a 5 mL injection with 40 mg of TCA, which 
is the same dose of the LD, Kenalog®-40, an IA immediate-release crystalline 
suspension of TCA, indicated for IA use in OA. 

The sponsor conducted three (3) clinical efficacy/safety studies using FX006, where the 
to-be-marketed formulation/preparation as an injection volume (the volume of diluent 
used to re-suspend the FX006 microspheres) of 5 mL was used in Studies FX006-2014-
006 and FX006-2014-008, and an injection volume of 3 mL was used in the early study 
FX006-2011-001. No change in formulation, other than the resuspension volume, was 
made during development. 

In this 505(b)(2) application, the sponsor proposed to rely on in part on the agency’s 
previous findings of systemic safety of the identified listed drug, Kenalog®-40 
(triamcinolone acetonide [TCA], injectable suspension) (NDA 14-901) by establishing a 
pharmacokinetic bridge in the pivotal comparative bioavailability Study FX006-2015-009. 
Study -009 was conducted in patients with osteoarthritis of the knee to establish PK 
bridge between a single IA injection of FX006 40 mg and a single IA injection of 
Kenalog®-40. The same study also evaluated local synovial concentrations of TCA. The 
to-be-marketed formulation/preparation as an injection volume of 5 mL was used in 
Study -009.

In addition, plasma PK, local synovial concentrations and PD effects were also 
evaluated in 3 earlier studies conducted in patients with osteoarthritis of the knee 
(FX006-2011-001, FX006-2011-002 and FX006-2013-005) where an injection volume of 
3 mL was used.
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Comparative Bioavailability between 40 mg FX006 and Kenalog-40

A single dose IA injection of 40 mg FX006 (as an injection volume of 5 mL) showed a 
substantially lower systemic exposure to TCA in comparison with Kenalog-40 (40 mg 
TCA in a 1 mL injection volume), an immediate release (IR) TCA. 

Table 1 Mean (SD) TCA Plasma Pharmacokinetic Parameters for A Single Dose IA 
Injection of 40 mg FX006 and 40 mg TCA IR and Statistical Analysis (Study -009)
PK 
Parameter

N FX006 40 mg N TCA IR 40 mg

Tmax (h) 60 7.0 (1, 1008)a 18 6.0 (2, 24)a

Cmax 
(pg/mL)

60 1143.7 (611.06) 18 21062.2 (18466.79)

AUC(0-24h) 
(pg.h/mL)

60 21219.2 (11325.62) 18 297545.3 (222402.77)

AUCt 
(pg.h/mL)

60 634513.5 (408327.55) 18 1026652.2 (1251334.91)

AUCinf 
(pg.h/mL)

33 842149.2 (1062004.97) 14 1567565.0 (1246330.95)

T1/2 (h) 33 633.9 (893.0) 14 146.9 (213.29)
Geometric Mean Ratio %

(40 mg FX006/40 mg TCA IR) (90% CI)

Cmax
AUC0-24h
AUC0-inf

8.74% (5.90% – 12.94%)
10.31% (7.11% – 14.96%)

43.49% (26.51% – 71.35%)
a range; b tmax reported as median (min, max)
Source: Table 20, 21, and 22 in study report for protocol FX006-2015-009. 

TCA Cmax and AUC values for FX006 40 mg was lower than that for Kenalog 40. The 
point estimate of the geometric mean ratio (FX006 40 mg/Kenalog-40) for TCA Cmax, 
AUC0-24h and AUCinf were 8.74%, 10.31%, and 43.49%, respectively. The 
corresponding 90% confidence intervals (CIs) were 5.90 – 12.94%, 7.11 – 14.96%, and 
26.51 – 71.35%, respectively. All of these 90% CIs fell below the lower bound of the 80 
to 125% BE limit. Median (min, max) Tmax values were 7.0 (1, 1008) hour for FX006 40 
mg and 6.0 (2, 24) hour for Kenolog-40, respectively. These PK results support for 
bridging to the systemic safety information of Kenalog-40. 

Local Exposure of TCA for FX006 40 mg and Kenalog-40

Geometric mean synovial fluid TCA concentration of 3590 pg/mL (95% CI: 32.89, 
391914.74) observed at Week 6 following the administration of 40 mg FX006 was 
significantly higher than that for Kenalog-40 injection (geometric mean of 7.7 pg/mL 
(95% CI: 0.31, 191.34)). Six (6) out of 8 subjects following the administration of Kenalog-
40 and 1 out of 6 subjects with FX006 40 mg had synovial fluid TCA concentrations 
below LLOQ of 50 pg/mL at Week 6.

Geometric mean synovial fluid TCA concentration for 40 mg FX006 was 290.6 pg/mL 
(95% CI: 15.67, 5390.53) at Week 12, where 2 out of 9 subjects had TCA concentrations 
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below LLOQ of 50 pg/mL. The synovial fluid TCA concentration for all subjects was 
below the LLOQ of 50 pg/mL at Week 16 (n = 2) and Week 20 (N = 4)).  

Figure 1 Synovial Fluid Concentrations following the Administration of a Single dose of 
40 mg FX006 and 40 mg TCA IR

Pharmacodynamics Effect (HPA Axis Function):  

The 24-hour weighted mean serum cortisol and 24-hour urinary cortisol excretion were 
determined to evaluate the effects of various doses of FX006 on HPA axis function in 
comparison to 40 mg TCA IR. Single IA injection of FX006 (10, 40, and 60 mg) appeared 
to result in dose- and time-dependent decreases in serum cortisol and urinary cortisol 
excretion. 

FX006 40 mg and 40 mg triamcinolone acetonide injectable suspension showed 
statistically significantly reduced 24-hour weighted mean serum cortisol from baseline. 
Maximum changes occurring within 24 hour were 42.7% and 59.0% decreases for 
FX006 40 mg and 40 mg triamcinolone acetonide injectable suspension, respectively. 
FX006 40 mg and 40 mg triamcinolone acetonide injectable suspension showed 
statistically significantly reduced 24-hour urinary cortisol excretion from baseline. 
Maximum changes occurring within 24 hour were 43.8% and 58.5% decreases for 
FX006 40 mg and 40 mg triamcinolone acetonide injectable suspension, respectively. 
No significant difference between FX006 40 mg and 40 mg triamcinolone acetonide 
injectable suspension was observed in 24-hour weighted serum cortisol or 24-hour 
urinary cortisol excretion within 24 hour, 2 weeks, or 6 weeks post treatment.
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contains 5 mL of a solution of 0.9% w/w sodium chloride (normal saline) containing 0.5% 
w/w sodium carboxymethylcellulose, and 0.1% w/w polysorbate-80. 

The proposed to-be-marketed formulation of FX006 is reconstituted prior to injection to 
make a suspension by adding 5 mL of diluent to the drug product vial and  tapping 
and swirling with 5 mL withdrawn and injected intra-articularly. The injection volume of 
the suspension of 5 mL (i.e., reconstituted with 5 mL of diluent prior to IA injection to 
deliver 5 mL injection volume) was used in the pivotal bioavailability Study -009 and the 
primary efficacy/safety Studies -006 and -008. The injection volume of the suspension 
was 3 ml (i.e., reconstituted with 3.2 mL of diluent prior to IA injection to deliver a 3 mL 
injection volume) in early PK studies including Studies -001, -002, and -005. According 
to CMC, the sponsor measured the residual amounts in the vials on the clinical batches 
and consistently achieved 32 mg delivery for FX006 40 mg dose. 

3. What are the proposed mechanism(s) of action and therapeutic indication(s)?

Zilretta is an extended release synthetic corticosteroid indicated as an intra-articular 
injection for the management of osteoarthritis pain of  

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

Zilretta is supplied as a  kit containing 40 mg of sterile triamcinolone acetonide 
extended release microsphere powder, 5 mL of sterile diluent, and a sterile vial adapter. 
A 40 mg should be administered as a single intra-articular injection  

2.2 General Clinical Pharmacology

1. What is known about the PK characteristics of triamcinolone for the listed drug 
Kenalog-40 Injection?

Kenalog-40 (triamcinolone acetonide injectable suspension, US) is a synthetic 
glucocorticoid with anti-inflammatory action. This formulation is suitable for intramuscular 
and intra-articular use only. Each mL of the sterile aqueous suspension provides 40 mg 
triamcinolone acetonide, with % sodium chloride for isotonicity, 0.99% (w/v) benzyl 
alcohol as a preservative, % carboxymethylcellulose sodium, and 0.04% 
polysorbate 80. 

According to Kenalog labeling, kenalog-40 injection has an extended duration of effect 
which may be sustained over a period of several weeks. Studies indicate that following a 
single intramuscular dose of 60 mg to 100 mg of triamcinolone acetonide, adrenal 
suppression occurs within 24 to 48 hours and then gradually returns to normal, usually in 
30 to 40 days. 

2. Were the active moieties in the plasma appropriately identified and measured to 
assess the pharmacokinetics?

The activity is primarily due to the parent compound triamcinolone. Triamcinolone 
concentrations were measured in all pharmacokinetic studies. 
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2.3 Intrinsic Factors

1. What is the pediatric plan?

Division agreed with the full waiver  in the 
communication dated March, 15, 2016 because he pediatrics  are 
rarely diagnosed with osteoarthritis and that recruiting pediatric patients with 
osteoarthritis is highly impracticable. 

2.4 General Biopharmaceutics
 
1. What is the relative bioavailability of TCA following a single dose administration of 

the proposed 40 mg FX006 in comparison to the listed drug, Kenalog-40? 

A single dose IA injection of 40 mg FX006 (as an injection volume of 5 mL) showed a 
substantially lower systemic exposure to TCA in comparison with Kenalog-40. The point 
estimate of the geometric mean ratio (FX006 40 mg/Kenalog-40) for TCA Cmax, AUC0-
24h and AUCinf were 8.74%, 10.31%, and 43.49%, respectively. The corresponding 
90% confidence intervals (CIs) were 5.90 – 12.94%, 7.11 – 14.96%, and 26.51 – 
71.35%, respectively. All these 90% CIs fell below the lower bound of 80 to 125% BE 
limit. Median (min, max) Tmax values were 7.0 (1, 1008) hour for FX006 40 mg and 6.0 
(2, 24) hour for Kenolog-40, respectively.  

The pivotal comparative bioavailability Study -009 characterized the systemic PK and 
local exposure of TCA for a single IA injection of FX006 40 mg in comparison to TCA IR 
40 mg in patients with osteoarthritis of the knee. The to-be-marketed preparation, FX006 
40 mg administered with a 5 mL injection volume, was used in this study.  A total of 63 
patients were enrolled into five cohorts for treatment with a single IA injection of FX006 
40 mg administered in a volume of 5 mL. Blood samples for drug concentration 
measurements in plasma were collected from all patients prior to administration of study 
medication, and at 1, 2, 4, 6, 8, 10, 12, and 24 h post-dose, at Week 6 and at the 
assigned Synovial Fluid Visit (Week 1, 6, 12, 16, or 20). Synovial fluid samples for drug 
concentration measurements were obtained from all patients via aspiration on Day 1 
prior to study medication administration and at the Synovial Fluid Visit (depending on 
cohort assignment at either Week 1, 6, 12, 16, or 20). A total of 18 patients received the 
TCA IR 40 mg, blood samples were collected at pre-dose, and at 1, 2, 4, 6, 8, 10, 12, 24 
h, and at Week 6, and synovial fluid samples were collected pre-dose and at Week 6. 

Table 4 Study Cohorts
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The mean TCA plasma concentration-time profiles are shown in Figure 2. Descriptive 
statistics and results of the statistical analyses for FX006 40 mg versus 40 mg TCA IR 
are summarized in Table 1.  

Figure 2 TCA plasma concentration (pg/mL) time profiles for a single injection of 40 mg 
FX006 and TCA IR 40 mg

Mean Cmax values were 1143.7 pg/mL and 21062.2 pg/mL for a single IA injection of 
FX006 40 mg and Kenalog 40, respectively. The mean AUCinf values were 842149.2 
pg.h/mL and 1567565 pg.h/mL for FX006 40 mg and 40 mg TCA IR, respectively. 
Median Tmax (min, max) values were 7.0 (1, 1008) h and 6.0 (2, 24) h for FX006 40 and 
Kenalog 40, respectively (Table 1). 

A single dose IA injection of 40 mg FX006 (as an injection volume of 5 mL) showed a 
substantially lower systemic exposure to TCA in comparison with Kenalog-40. The point 
estimate of the geometric mean ratio (FX006 40 mg/Kenalog-40) for TCA Cmax, AUC0-
24h and AUCinf were 8.74%, 10.31%, and 43.49%, respectively. The corresponding 
90% confidence intervals (CIs) were 5.90 – 12.94%, 7.11 – 14.96%, and 26.51 – 
71.35%, respectively. All these 90% CIs fell below the lower bound of 80 to 125% BE 
limit (Table 1 in Executive Summary).

Reviewer’s Comment: The lower systemic exposure for FX006 40 mg in comparison to 
Kenalog-40 was also demonstrated in studies -001, 002, and -005 where 3 mL injection 
was used. Among studies -001, -002, and -009 where PK parameters of TCA were 
determined, TCA Cmax and AUCinf values for FX006 40 mg were 3.4% to 9.7% and 
43.5% to 51.5% of the values for Kenalog-40, respectively. All studies showed that 
FX006 40 mg has lower TCA systemic exposure of compared to Kenalog-40.

2. Local exposure for FX006 in comparison with Kenalog-40?

Local extent and duration of exposure of TCA from FX006 was determined and 
compared to Kenalog-40 in patients with OA of the knee in the pivotal comparative 
bioavailability study -009. Study -009 was a Phase 2, open label, single dose study. 
Synovial fluid samples for drug concentration measurement were obtained from all 
patients on Day 1 prior to study medication administration, and at the Synovial Fluid Visit 
(depending on cohort assignment at either Week 1, 6, 12, 16, or 20) for patients 
receiving FX006 40 mg or at Week 6 for patients received Kenalog-40. 
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Geometric mean synovial fluid TCA concentration of 3590 pg/mL (95% CI: 32.89, 
391914.74) observed at Week 6 following the administration of 40 mg FX006 was 
significantly higher than that for Kenalog-40 injection (mean of 7.7 pg/mL (95% CI: 0.31, 
191.34)) (Figure 1, Tables 5 and 6). Of note, majority of the subjects (6 out of 8) 
following the administration of Kenalog-40 had synovial fluid TCA concentrations below 
LLOQ of 50 pg/mL at Week 6. In addition, geometric mean synovial fluid TCA 
concentration for 40 mg FX006 was 290.6 pg/mL (95% CI: 15.67, 5390.53) at Week 12. 
The TCA concentration was below the LLOQ of 50 pg/mL for all patients at Week 16 (N 
= 2) and Week 20 (N = 4).  

Table 5 Synovial Fluid TCA Concentration (pg/mL) Following A Single IA Injection of 
FX006 40 mg

Source: Table 23 of study report for protocol FX006-2015-009. 

Table 6 Synovial Fluid TCA Concentration (pg/mL) Following A Single IA Injection of 
Kenalog-40

Source: Table 23 of study report for protocol FX006-2015-009.

Reviewer Comment: Greater local TCA exposures from FX006 than TCA IR 40 mg at 
Week 12 were also demonstrated in Study -005. Study -005 was a Phase 2, open label, 
single dose study in patients with OA of the knee. Patients were enrolled into four FX006 
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cohorts with one cohort receiving 10 mg FX006 (synovial fluid sample was collected at 
Week 12) and three cohorts receiving FX006 40 mg (synovial fluid samples were 
collected at Week 12, 16, and 20, respectively, for three different cohorts), and one 
cohort receiving TCA IR 40 mg (synovial fluid sample was collected at Week 12). At 
Week 12, geometric mean synovial fluid TCA concentrations for patients (n = 6) 
following the administration of 40 mg FX006 was 923.7 pg/mL (95% CI: 74.24, 
11492.46). However, all patients (5 of 5) received Kenalog-40 injection had 
concentrations below the LLOQ of 50 pg/mL. In addition, at Week 16, 6 out 8 patients 
who received 40 mg FX006 had measureable concentration with a geometric mean of 
224.3 (95% CI: 37.42, 1344.70) pg/mL. At Week 20, most patients (9 of 11) who 
received FX006 40 mg had concentration below the LLOQ of 50 pg/mL. 

3. How does FX006 40 mg on HPA axis function in comparison to Kenalog 40?

The 24-hour weighted mean serum cortisol and 24-hour urinary cortisol excretion were 
determined to evaluate the effects of various doses of FX006 on HPA axis function in 
comparison to 40 mg TCA IR. Single IA injection of FX006 (10, 40, and 60 mg) appeared 
to result in dose- and time-dependent decreases in serum cortisol and urinary cortisol 
excretion. 

FX006 40 mg and 40 mg triamcinolone acetonide injectable suspension showed 
statistically significantly reduced 24-hour weighted mean serum cortisol from baseline. 
Maximum changes occurring within 24 hour were 42.7% and 59.0% decreases for 
FX006 40 mg and 40 mg triamcinolone acetonide injectable suspension, respectively. 
FX006 40 mg and 40 mg triamcinolone acetonide injectable suspension showed 
statistically significantly reduced 24-hour urinary cortisol excretion from baseline. 
Maximum changes occurring within 24 hour were 43.8% and 58.5% decreases for 
FX006 40 mg and 40 mg triamcinolone acetonide injectable suspension, respectively. 
No significant difference between FX006 40 mg and 40 mg triamcinolone acetonide 
injectable suspension was observed in 24-hour weighted serum cortisol or 24-hour 
urinary cortisol excretion within 24 hour, 2 weeks, or 6 weeks post treatment.

The HPA axis effect of various doses of FX006 (10, 40, and 60 mg) in comparison to 
TCA IR 40 mg was evaluated in Study -002. This was a Phase 2, double blind, 
randomized, active comparator study in patients with OA of the knee.  Study -002 
evaluated safety and tolerability of FX006, the PK of FX006 relative to 40 mg TCA IR, 
and effects on HPA axis of FX006 relative to 40 mg of TCA IR. Twenty-four patients 
were randomized into one the four treatment groups and treated with a single IA 
injection of 10, 40, or 60 mg of FX006 or 40 mg of TCA IR. The three FX006 doses were 
administered in a volume of 3 mL and the TCA IR 40 mg was administered in a volume 
of 1 mL. 

Blood samples for TCA PK were collected at pre-dose, and at 1, 2, 4, 6, 8, 12, and 24 h 
post dose and on Days 3, 4, 5, 8, 15, 22, 29, 36, and 43. Serial blood samples for serum 
cortisol measurement were obtained from all patients during the in-patient periods from 
Day -1 to Day 1, Day 1 to Day 2, Day 14 to Day 15, and Day 42 to Day 43. For each 
time period, the first sample was collected on the day starting the in-patient period (Time 
0) and then at 1, 2, 4, 6, 8, 12, and 24 hours post dose. Single blood samples for serum 
cortisol measurements were also obtained at Screening and Days 3, 4, 5, 8, 22, 29, and 
36. Twenty-four hour urine collections for evaluation of urinary free cortisol excretion, 6-
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beta-hyroxycortisol and creatinine were obtained from all patients during the in-patient 
periods from Day -1 to Day 1, Day 1, to Day 2, Day 14 to Day 15, and Day 42 to Day 43. 

Change from Baseline in the 24-hour weighted mean serum cortisol suggested that a 
single IA injection of FX006 results in a dose- and time-dependent effect. Serum cortisol 
suppression with 40 mg and 60 mg FX006, and TCA IR 40 mg peaked in the first 24 
hours and gradually returned to near Baseline levels by Week 6 (Figure 3 and Table 7). 
Cortisol suppression appeared to return to near Baseline levels earlier for TCA IR 40 mg 
than 40 mg and 60 mg FX006. FX006 40 mg and 40 mg triamcinolone acetonide 
injectable suspension showed statistically significantly reduced 24-hour weighted mean 
serum cortisol from baseline. Maximum changes occurring within 24 hour were 42.7% 
and 59.0% decreases for FX006 40 mg and 40 mg triamcinolone acetonide injectable 
suspension, respectively. 

Figure 3 Geometric Mean Percent Difference from Baseline in 24-hour Weighted Mean 
Serum Cortisol (nmol/L) by Visit

Table 7 Geometric Mean Percent Change from Baseline in 24-Hour Weighted Mean 
Serum Cortisol (nmol/L) by Visit
LS Means [1]
95% CI

FX006 10 mg 
(N = 5)

FX006 40 mg 
(N=7)

FX006 60 mg 
(N=7)

TCA IR 40 mg 
(N=5)

% Change from 
Baseline at Day 
1 to 2

-7.7
(-38.4, 38.3)

-42.7
(-59.2, -19.4)

-62.2
(-73.2, -46.8)

-59.0
(-72.6, -38.6)

% Change from 
Baseline at Day 
14 to 15

-11.1
(-37.0, 25.5)

-33.4
(-50.2, -10.9)

-49.5
(-62.3, -32.4)

-19.7
(-43.0, 13.3)

% Change from 
Baseline at Day 
42 to 43

-9.0
(-26.2, 12.3)

-18.0
(-32.2, -0.7)

-11.8 (-26.1, 
5.4)

-4.8
(-22.7, 17.4)

[1] Least squares (LS) means are back transformed to obtain the ratio of on treatment response to baseline and then converted to percentage change from baseline as (ratio-1)*100% within each 

treatment group.    

This table is reproduced from Table 14.4.3 Change  from Baseline in Weighted Mean Serum Cortisol (nmol/L) by Visit - Analysis of Covariance - Primary Analysis Population: Full Analysis Set   in 

Study Report for Protocol: FX006-2011-002
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Table 9 summarizes the difference between the LSM of each FX006 group and the TCA 
IR group as well as the 90% confidence interval for the LSM difference (LSMD) and the 
associated p-value.

The LSMD of 40 mg FX006 and TCA IR 40 mg with respect to change in 24-hour 
weighted mean serum cortisol from Baseline to Day 1-2, Day 14-15, and Day 42-43 
were not statistically significant (p=0.1999, p=0.3948, and p=0.2832, respectively). The 
LSMD of 40 mg FX006 and TCA IR with respect to change in 24-hour urinary free 
cortisol excretion from Baseline to Day 1-2, Day 14-15, and Day 42-43 were not 
statistically significant (p=0.3565, p=0.1485, and p=0.3291, respectively).

Table 9 Summary of the Difference between the LSM of Each FX006 group and the 
TCA IR Group as well as the 90% confidence interval for the LSM difference
(LSMD) and the associated p-values

Reviewer’s Comment: 
(1) The 24-hour weighted mean serum cortisol and 24-hour urinary free cortisol 
excretion are commonly used to evaluate the HPA axis effects. In the communication 
during drug development (meeting minutes dated 7/15/11), the Agency recommended 
serum cortisol and 24 hour urinary cortisol excretion would be appropriate safety 
assessments to evaluate the HPA Axis effect. The Agency also recommended that the 
sponsor designs the evaluation of the HPA axis effect carefully to include an adequate 
duration of at least six weeks and an active comparator that perturbs the HPA axis. The 
sponsor decided to use TCA IR 40 mg as the active control for study -002 because when 
administered intra-articularly, 40 mg of TCA IR produced a substantial adrenal effect in 
the first few days following administration (70-80% reduction in serum cortisol) 
(Derendorf et al, Clin Pharmacol Ther 1986;39:313-7) and therefore was able to 
establish assay sensitivity and allow for comparison with the effect of FX006 on the HPA 
axis. Study results showed no significant difference between FX006 40 mg and 40 mg 
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triamcinolone acetonide injectable suspension in 24-hour weighted serum cortisol or 24-
hour urinary cortisol excretion within 24 hour, 2 weeks, or 6 weeks post treatment.

(2). The lower systemic exposure for FX006 40 mg in comparison to Kenalog-40 was 
also demonstrated in study -002 where 3 mL injection was used (Table 10). TCA Cmax 
and AUCinf values for FX006 40 mg were 3.4% and 51.5% of the values for Kenalog-40, 
respectively. In the pivotal comparative BA study -009, a single dose IA injection of 40 
mg FX006 (as an injection volume of 5 mL) showed a lower systemic exposure to TCA 
in comparison with Kenalog-40. TCA Cmax and AUCinf values for FX006 40 mg were 
8.7% and 43.5% of the values for Kenalog-40, respectively. Thus, the PK results from 
studies -002 and -009 are consistent. In addition, the sponsor measured the residual 
amounts in the vials on the clinical batches and consistently obtained a 32 mg delivery 
for FX006 40 mg dose. Therefore, the HPA axis effect results obtained from study -002 
can be applied to the final to-be-marketed product. 

Table 10 Mean (CV%) Plasma Pharmacokinetic Parameters of TCA (Study -002)

2.5 Analytical Section

1. Do the bioanalytical methods adequately validated for determining concentrations of 
TCA?

A validated LC-MS/MS method was used for the determination of TCA in human plasma 
samples in Studies -001, -002, -005, and -009 and synovial fluid measurements in 
Studies -005 and -009. The accuracy and precision are summarized in Table 11. 

Table 11  Summary of Accuracy and Precision Data for TCA
Study LLOQ

Calibration Range

QCs QC Precision 

(%CV)

QC Accuracy 

(%Bias)

Study -001 plasma LLOQ: 50 pg/mL

Calibration Range: 50 to 

150, 375, 2500, and 

3750 pg/mL

2.59 to 5.69% -0.79 to 0.88%
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5000 pg/mL

Study -002 Plasma LLOQ: 50 pg/mL

Calibration Range: 50.00 to 

5000.00 pg/mL

150.00, 375.00, 

2500.00, and 3750.00 

pg/mL

1.56 to 7.02% -1.29 to 1.37%

plasma LLOQ: 10 pg/mL

Calibration Range: 10 to 

1000 pg/mL

30, 75, 500, and 750 

pg/mL

2.54 to 5.57% -1.60 to 4.11%Study -005

Synovial 

fluid

LLOQ: 50 pg/mL

Calibration Range: 50 to 

50000 pg/mL

150, 2500, 25000, 

and 37500 pg/mL

1.82 to 10.01% -2.96 to 10.91%

Plasma LLOQ: 10 pg/mL

Calibration Range: 10 to 

5000 pg/mL

30, 250, 2500, and 

3750 pg/mL

2.98 to 6.44% -1.83 to 1.93%Study -009

Synovial 

fluid

LLOQ: 50 pg/mL

Calibration Range: 50 to 

50000 pg/mL

150, 2500, 25000, 

and 37500 pg/mL

2.30 to 7.78% -4.32 to 4.08%

Note: The bioanalytical reports are in the following locations in the NDA:

Project No. 110538 for Study FX006-2011-002:  See module 5.3.3.2 under the leaf for the study, Study Report Body/Bioanalytical Report 1b

Project No. 1304111 for Study FX006-2013-005:  See module 5.3.3.2 under the leaf for the study, Study Report Body/Bioanalytical Study Report

Project No. 150421 for Study FX006-2015-009:  See module 5.3.3.2 under the leaf for the study, Study Report Body/Bioanalytical Study Report

3 Detailed Labeling Recommendations 

As of August 8, 2017, labeling negotiation is still ongoing. The following changes are 
recommended for Pharmacodynamics in Section 12.2 and pharmacokinetics in Section 12.3. 
(Deletion is shown by Red Strike through, addition is shown by blue underline)

12.2 Pharmacodynamics

Studies indicate that following a single intramuscular dose of 60 to 100 mg of immediate release 
triamcinolone acetonide injectable suspension, adrenal suppression occurs within 24 to 48 hours 
and then gradually returns to normal, usually in 30 to 40 days. To assess potential effects of the 
systemic levels of triamcinolone acetonide associated with a single intra-articular (IA) 
administration of ZILRETTA on hypothalamic pituitary adrenal (HPA) axis function, serum and 
urine cortisol levels were monitored over 6 weeks post injection.  

 
    

adrenal suppression occurred within 12-24 hours and then gradually returned to normal, within 
30-42 days.
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(b) (4)

(b) (4)

(b) (4)







21

Reference ID: 4144826

  

  

       
    

  
  

  
  

  

  

   
    

  
     
     

   

     

  
      

 

    
  

 
   

  
    

  

  

 

         

    
      

      
    
        

       
   

       
     

          
       

 
        

 
       

     
      

      
 

 

 

 

 

 
  

  

 

 

     
      
   

   
   







24

Reference ID: 4144826

         
        
        

         
           

        
          

           
    

         
           
          

              
                  
                

       

            
                

                 
          

               
                 

      

                
                

             
                  

             
               

                
                 

 



25

4.2 Individual Study Synopsis

4.2.1 Study FX006-2011-001
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4.2.2 Study FX006-2011-002
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4.2.3 Study FX006-2013-005
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4.2.4 Study FX006-2015-009
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Clinical Pharmacology and Biopharmaceutics Filing Form/Checklist for NDA_BLA or 
Supplement 

 
Office of Clinical Pharmacology 

New Drug Application Filing and Review Form 
General Information About the Submission 

 Information  Information 
NDA/BLA Number 208845 Brand Name Zilretta 
OCP Division (I, II, III, IV, V) II Generic Name Triamcinolone Acetonide for 

Extended-Release Injectable 
suspension 

Medical Division DAAAP Drug Class Corticosteroid 
OCP Reviewer Wei Qiu, Ph.D. Indication(s) Management of osteoarthritis 

pain of  

OCP Team Leader Yun Xu, Ph.D. Dosage Form   
Pharmacometrics Reviewer  Dosing Regimen A single dose injection 
Date of Submission 12/8/2016 Route of Administration Intra-articular injection 
Estimated Due Date of OCP Review 8/20/2017 Sponsor Flexion Therapeutics, Inc 
Medical Division Due Date 9/3/2017 Priority Classification Standard 

PDUFA Due Date 10/8/2017   

Clin. Pharm. and Biopharm. Information 
 “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. 

          x                                                                

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

          x                                                                   

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

Healthy Volunteers-                                                                                                      

single dose:     
multiple dose:     

Patients-                                                                                                      

single dose:     
multiple dose:     

   Dose proportionality -                                                                                                      
fasting / non-fasting single dose:     

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 -                                                                                                                             
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Phase 2: x 4  FX006-2011-001, FX006-
2011-002, FX006-2013-005 

and FX006-2015-009 
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: x (1)  FX006-2015-009 
alternate formulation as reference:     

    Bioequivalence studies -                                                                                                                               
traditional design; single / multi dose:     

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

    

III.  Other CPB Studies                                                                                                                               
    Genotype/phenotype studies     
    Chronopharmacokinetics     
    Pediatric development plan     
    Literature References     
Total Number of Studies  4   
     

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

 Content Parameter Yes No N/A Comment 
Criteria for Refusal to File (RTF) 
1 Has the applicant submitted bioequivalence 

data comparing to-be-marketed product(s) 
and those used in the pivotal clinical trials? 

  x Sponsor stated that the final 
formulation was used in the pivotal 
comparative bioavailability study 
(FX006-2015-009) and primary 
Phase 3 trials 

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

  x  

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

x    

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

x    

5 Has a rationale for dose selection been 
submitted? 

  x  

6 Is the clinical pharmacology and 
biopharmaceutics section of the NDA 
organized, indexed and paginated in a 
manner to allow substantive review to 
begin? 

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

x    

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

x    

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

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

x   Sponsor submitted plasma 
concentration time dataset as well as 
pharmacokinetic parameter datasets 
in SAS transport format.  

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

    

        Studies and Analyses  
11 Is the appropriate pharmacokinetic 

information submitted? 
x    

12 Has the applicant made an appropriate 
attempt to determine reasonable dose 
individualization strategies for this product 
(i.e., appropriately designed and analyzed 
dose-ranging or pivotal studies)? 

  x  

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

  x  

14 Is there an adequate attempt by the applicant 
to use exposure-response relationships in 
order to assess the need for dose 
adjustments for intrinsic/extrinsic factors 
that might affect the pharmacokinetic or 
pharmacodynamics? 

  x  

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

 x  Agency agreed with the full waiver 
 

in the communication dated 
3/15/2016.  

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

  x  

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

  x  

        General  
18 Are the clinical pharmacology and 

biopharmaceutics studies of appropriate 
design and breadth of investigation to meet 
basic requirements for approvability of this 

x    
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product? 
19 Was the translation (of study reports or 

other study information) from another 
language needed and provided in this 
submission? 

  x  

 
IS THE CLINICAL PHARMACOLOGY SECTION OF THE APPLICATION FILEABLE? 
_____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. 
 
This NDA submission is fillable from clinical pharmacology perspective.  
 
Please identify and list any potential review issues to be forwarded to the Applicant for the 74-day letter.  
 
There is no potential review issue to be included in the 74-day letter.  
 
 
Reviewing Clinical Pharmacologist      Date 
 
 
Team Leader/Supervisor       Date 
 
 
Flexion Therapeutics, Inc. submitted a 505(b) (2) NDA for Zilretta (triamcinolone acetonide for 
extended-release (ER) injection suspension) for the management of osteoarthritis pain of  

. Zilretta is an extended release formulation of triamcinolone acetonide (TCA) in 
75:25 poly(D,L-lactic-co-glycolic acid) (PLGA) microspheres. The intention of this formulation design 
is to maintain prolonged concentrations of TCA in the joint following intra-articular (IA) injection 
thereby providing meaningful analgesia and limiting systemic exposure. FX006 was used for Zilretta 
throughout the development program.  
 
As a 505(b)(2) application, Flexion plans to rely in part on the agency’s finding of the safety and 
efficacy of Kenalog®-40 (triamcinolone acetonide injectable suspension) (NDA 14-901), an immediate 
release (IR) formulation.   
 
The PK data supporting this NDA are generated from 4 Phase 2 studies in OA patients including FX006-
2011-001, FX006-2011-002, FX006-2013-005, and FX006-2015-009. The titles of these studies are 
shown below:  
 

Reference ID: 4051684
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Study FX006-2011-001: Sponsor stated that mean Cmax for FX006 40 mg was approximately 10-fold 
lower than the mean TCA IR Cmax. Mean AUC0-inf and AUC0-t values for FX006 increased with the 
dose. Mean AUC0-inf and AUC0-t for TCA IR 40 mg were approximately 2.21- and 2.94-fold higher 
than that observed for FX006 40 mg.  
 
Study FX006-2011-002: Sponsor stated that following IA injection, FX006 substantially extends the 
residency of TCA in the joint and reduces systemic TCA exposure relative to an equivalent dose of TCA 
IR. Furthermore, it was concluded that FX006 will not compromise the ability to mount a stress response 
in patients without previous impairment of HPA axis function.  
 
Study FX006-2013-005: Sponsor stated that IA administration of FX006 40 mg results in an extended 
and more controlled and stable overall duration of exposure profile of TCA with FX006 relative to TCA 
IR at the injected knee joint.  
 
Study FX006-2015-009: Sponsor stated that IA administration of FX006 40 mg with a 5 mL injection 
volume (the same preparation used in the primary efficacy studies of FX006), resulted in a controlled 
and stable release of TCA from PLGA microspheres into synovial tissues, where concentrations remain 
high relative to plasma concentrations for at least 12 weeks. Relative to TCA IR, FX006 40 mg produced 
substantially lower peak plasma and systemic exposure to TCA. FX006 performed as expected, 
prolonging the residence of TCA in the joint while minimizing systemic exposure to TCA. Average BE 
analysis for plasma PK parameters for FX006 40 mg and TCA IR (Kenalog®-40) showed the systemic 
exposure to TCA when delivered by FX006 40 mg was less than that from the reference product 
(Kenalog®-40).  
 
More details are shown in the attached slides.  
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1

NDA 208845
Zilretta (triamcinolone ER) for Intra-Articular 

Injection
Sponsor: Flexion

Filing Meeting
January 18, 2017

2

• FX006 contains TCA formulated in 75:25 
poly(lactic-co-glycolic acid) (PLGA) microspheres 
with a normal drug load of 25% (w/w)

• Indication: management of osteoarthritis (OA) pain 
of 

• Dosing Regimen: a single dose IA injection
• 505(b)(2)
• Listed drug product: Kenalog®-40 (triamcinolone 

acetonide [TCA], injectable suspension) (NDA 
14901)

Introduction

Reference ID: 4051684
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2

Pre-NDA (5/25/16)

3

Clin Pharm/Clinical Development Program

• Three Phase 3 studies
4

• PK obtained from 3 PK/PD and 1 Phase 3 study 
(001)

Reference ID: 4051684
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Formulation/Preparation Development

• Comprised of 25% (w/w) triamcinolone acetonide 
prepared as an extended-release formulation in 75:25 
poly(lactic-co-glycolic acid) (PLGA) microspheres. 

• Supplied as a sterile, white to off white powder in a 
single unit dose

• Final resuspension volume changed during the course 
of development
– FX006-2011-001, FX006-2011-002, and FX006-2013-005: 

reconstituted with 3.2 mL of diluent prior to IA injection to 
deliver a 3 mL injection volume

– FX006-2015-009, FX006-2014-006, and FX006-2014-008: 
reconstituted with 5 mL of diluent prior to IA injection to 
deliver 5 mL injection volume. 

– Proposed TBM formulation/preparation: same as that used 
in Studies 009, 006, and 008. 5

Study FX006-2011-001
• Phase 2, R, Active comparator Controlled 

study in 229 OA patients
• Objectives: Magnitude and duration of pain 

relief , tolerability, and PK of FX006 10, 40 
and 60 mg, relative to a commercially 
available triamcinolone acetonide injectable 
suspension (TCA IR 40 mg)

• Treatments:
– 10, 40, or 60 mg FX006 or 40 mg of TCA IR

• PK sampling: pre-dose and within 2 hours 
post dose on Day 1, and on Day 2 and 
Weeks 1, 2, 4, 8, and 12. 

6
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Study FX006-2011-001: Mean (±SE) Concentration-Time 
Profiles of TCA in Plasma (Linear and Semi-Log Scales)

• FX006 shows slower release of TCA into the systemic 
circulation as compared to TCA IR

7

• AUC values increased as dose increase for FX006
• Plasma exposures (Cmax and AUC) for FX006 (10, 40 and 60 mg) are 

lower than TCA IR 40 mg
• Mean Cmax for FX006 40 mg was ~ 10-fold lower than the mean TCA IR 

Cmax
8

a n=11, b n=35, c n=32, d n=24 e Median (min-max) f two patients (one from the FX006 10 mg group and one from the FX006 60 mg group) were 
not included in the PK analysis due to all post-baseline plasma samples being below the limit of quantification 
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Study FX006-2011-002
• Phase 2, DB, R, Active comparator study in 24 OA patients
• Objectives: Safety and tolerability, PK and PD effect of 

FX006 relative to 40 mg TCA IR
• Treatments: Single IA injection of 10, 40, or 60 mg FX006 or 

40 mg of TCA IR
• PK blood sampling: pre-dose and at 1, 2, 3, 6, 8, 12, and 24 

hours post dose and on Days 3, 4, 5, 8, 15, 22, 29, 36, and 
43. 

• Synovial fluid: pre-dose and Day 43
• PD assessment (sampling for serum cortisol measurement): 

24 h samples during the in-patient periods from Day -1 to Day 
1, Day 1 to Day 2, Day 14 to Day 15 and Day 42 to Day 43; 
single blood samples at Screening and Days 3, 4, 5, 8, 22, 29, 
and 36. 

• PD assessment (urine samples for urinary free cortisol, 6-
beta-hydroxycortisol and creatinine): 24 h urine collection 
from Day -1 to Day 1, Day 1 to Day 2, Day 14 to Day 15, and 
Day 42 to Day 43. 9

Study FX006-2011-002: Mean Concentration-Time 
Profiles of TCA in Plasma (Linear and Semi-Log Scales)

10
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• Dose proportional increase in Cmax and AUC values for FX006
• Plasma exposures (Cmax and AUC) for FX006 (10, 40 and 60 mg) 

are lower than TCA IR 40 mg
• Mean Cmax for FX006 40 mg was ~ 30-fold lower than the mean 

TCA IR Cmax 11

a n=4, b Median (min-max)

Day 43 Mean Concentration-Time Profiles of TCA in 
Synovial Fluid

• Synovial samples were analyzed for 17 out of 24 patients (n = 5, 
FX006 10 mg; n = 5, FX006 40 mg; n = 4, FX006 60 mg; n = 3, TCA 
IR 40 mg)

• More TCA in the joint when compared to TCA IR administration after 
6 weeks (geometric mean of 78757 pg/mL vs 42 pg/mL). 12

Mean (solid line), Median (dashed line), Interquartile range (25% to 75% of data, Whisker bars (min and max values)
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• Cortisol suppression that is dose- and time-dependent
13

14
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Effect on the HPA Axis 

• Sponsor claimed that it is unlikely that the doses of FX006 tested in 
this study will compromise the ability to mount a stress response in 
patients without previous impairment of HPA axis function because
– Smaller CCS% in comparison to that (CSS% 80-90%) for other 

treatments (e.g., 5-10 mg BID chronic oral methylprednisolone 
(Meibohm et al., 1999) and chronic oral administration of 20 mg of 
prednisone for a period of 3 weeks (Xu et al., 2008))

• 40 mg FX006 vs TCA IR: although smaller CSS% in 24 h, greater 
CSS% at Week 2 and Week 6 15

Study FX006-2013-005

• Phase 2, OL in OA patients
• Objective: Local duration of exposure of TCA for 

FX006 relative to 40 mg TCA IR
• Treatments:

– Single IA injection of 10 or 40 mg FX006 or 40 mg of 
TCA IR

• Blood and synovial fluid samples for drug 
concentration measurements were obtained from 
all patients prior to administration of study drug on 
Day1 and at the final visit. Blood samples were 
also obtained at Week 6. 

16
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Study FX006-2013-005: GM with 95% CI for Plasma 
Drug Concentration of TCA 

• At Week 6, plasma concentrations higher for FX006 40 mg than 
TCA IR 40 mg

• At Week 12, 4 of the 7 FX006 40 mg patients and 5 out of 6 TCA IR 
patients had concentrations below the LLOQ (10 pg/mL)

17

Study FX006-2013-005: GM with 95% CI for Synovial 
     

• At Week 12, synovial fluid concentrations higher for FX006 10 mg 
and 40 mg than TCA IR 40 mg

• All patients in TCA IR cohort had concentrations below the LLOQ 
(50 pg/mL) 

18

Reference ID: 4051684



10

Pivotal Comparative BA Study FX006-2015-009

• Phase 2, OL in OA patients
• Objective: Systemic PK and local extent and duration of 

exposure of TCA of a single IA injection of FX006 40 mg
• Treatments:

– Single IA injection of 40 mg FX006 (5 mL injection volume –
preparation used in the primary efficacy studies of FX006 and to-
be-marketed preparation)

– Single 1 mL IA injection of TCA IR (Kenalog®-40)
• Blood samples for PK: pre-dose and at 1, 2, 4, 6, 8, 10, 12, 

and 24 h, and at Week 6 (last post-treatment time point for 
TCA IR), 12, 16, or 20. 

• Synovial Fluid: pre-dose and Week 1, 6, 12, 16, or 20
• Study results serve as the evidence to support the 

bioavailability “bridge” to Kenalog®-40, which is the reference 
listed drug supporting this 505(b)(2) NDA for FX006 40 mg. 

19

20

• Systemic exposures for FX006 40 mg were lower than 
those from the reference product (Kenalog®-40). 
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Back up Slide
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Study 009

26

Reference ID: 4051684





15

29

30

Reference ID: 4051684



16

31

32

Reference ID: 4051684



17

33

Reference ID: 4051684



---------------------------------------------------------------------------------------------------------
This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.
---------------------------------------------------------------------------------------------------------
/s/
----------------------------------------------------

WEI QIU
02/06/2017

YUN XU
02/06/2017

Reference ID: 4051684




