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a new needle is attached, and the drug is injected. The vial adapter is used in several
other drug products and healthcare providers are familiar with its use. Thus, no human
factors study was required or conducted.
For the convenience of the reader, the assembled vial adapter, drug vial, and syringe
are shown below in this figure.
(b) (4)

The reconsitituted drug product for injection is a thick, viscous suspension. The drug
vial is reconstituted with 5 mL of diluent. As some of this viscous suspension will
cling to the vial, it is not possible to aspirate the full volume of the vial into a syringe
for injection. The CMC team had cycles of Information Requests and responses with
the Applicant to adequately define the dose delivered and the Applicant was able to
address the concerns of the CMC team. The remainder of the application was
acceptable from the CMC perspective.


Facilities review/inspection
Drug substance and drug product facilities have been inspected with a recommendation
of adequate. CDRH/OC has reviewed the vial adapter manufacturing for compliance of
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the 820 regulations. The CDRH/OC reviewer recommends the manufacturer as
adequate in support of this NDA but with a post-marketing inspection required.


Other notable issues
The CMC microbiology review was conducted by Maria Martin Manso, PhD with
secondary concurrence by John Metcalfe, PhD. No microbiology deficiencies were
identified and the microbiology team has recommended the application for approval on
the basis of sterility assurance.
LCDR Keith Marin and CDR Alan Stevens of CDRH reviewed the risk analysis and
data related to the vial adapter and have recommended approval.
OPQ’s final recommendation is as follows:

Adequate data [are] provided to ensure the identity, quality and purity of the drug
substance and drug product manufactured as described in this NDA. Further the overall
facilities recommendation is adequate. Therefore this NDA is recommended for
approval by the OPQ review team.

4. Nonclinical Pharmacology/Toxicology
The nonclinical pharmacology/toxicology review was conducted by Misol Ahn, PhD with
secondary concurrence by Jay Chang, PhD and Dan Mellon, PhD. The pharm/tox team has
recommended approval for the proposed single-use indication.
With the exception of the PLGA microspheres, the excipients in Zilretta are qualified for
safety via the intraarticular (IA) route. Due to the PLGA component, the Applicant conducted
single- and repeat-dose IA toxicity studies. Briefly, the studies showed microscopic changes
(multinucleated macrophages, lymphoplasmacytic infiltration, and hyperplasia) associated
with Zilretta. Similar changes were also observed with IR TCA although they were of shorter
duration. The pharm/tox team believes that the TCA itself may be contributing to these
changes. Special stains showed dose-related cartilage reduction which was severe at the
highest Zilretta dose tested compared to slight to moderate changes with IR TCA. The
cartilage damage recovered by 4 months for IR TCA compared to almost complete recovery at
9 months (end-of-study) for Zilretta. The pharm/tox team writes, “Therefore, the data may not
adequately support the safety of Zilretta if the Applicant pursues a repeat use or chronic
indication in the future from a nonclinical perspective.” The container-closure system was
justified for safety based on adequate extractables and leachables data. Flexion is referencing
Kenalog for the other aspects of the nonclinical package, augmented with a literature search to
address the effects of TCA on reproduction and embryonic development. The nonclinical
team has recommended inclusion of some of the reproductive toxicology data from the
literature into labeling.
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5. Clinical Pharmacology/Biopharmaceutics
The clinical pharmacology review was conducted by Wei Qiu, PhD with secondary
concurrence from Yun Xu, PhD. The clinical pharmacology team has recommended approval
of this NDA.
As a 505(b)(2) application, the Applicant was required to conduct a bridging pharmacokinetic
(PK) study to Kenalog®-40 (IR TCA), the identified listed drug. This was accomplished in
Study FX006-2015-009 (Study 009), an open-label, comparative bioavailability study using a
single IA injection of Zilretta 40 mg (delivered 32 mg) vs. IR TCA, 40 mg in patients with OA
of the knee. In Study 009, both plasma and synovial fluid were sampled for TCA. The
sample size for this study was large for a Phase 1 PK study because, in the Zilretta-treated
patients, synovial fluid was sampled for TCA concentration at 1, 6, 12, 16, and 20 weeks post
injection and the Applicant wanted to avoid serial arthroscentesis. This required five cohorts
for patients randomized to Zilretta. One cohort of 18 patients was used for the IR TCA arm
who underwent synovial fluid sampling at Week 6 only. Plasma was sampled at close
intervals for 12 hours following injection, then at Hour 24 and Week 6 and the corresponding
late synovial fluid sampling visit (where applicable).
Key pharmacokinetic data for the plasma TCA levels are summarized below from Dr. Qiu’s
review.
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)
AUC(0-24h)
(pg.h/mL)
AUCt
(pg.h/mL)
AUCinf
(pg.h/mL)
T1/2 (h)

60

1143.7 (611.06)

18

21062.2 (18466.79)

60

21219.2 (11325.62)

18

297545.3 (222402.77)

60

634513.5 (408327.55)

18

1026652.2 (1251334.91)

33

842149.2 (1062004.97)

14

1567565.0 (1246330.95)

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%)

The plasma PK data show that Zilretta (FX006) had lower Cmax and AUC than IR TCA.
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The figure below summarizes the synovial fluid levels of TCA from 1 to 20 weeks following
injections with Zilretta or IR TCA.
GM [geometric mean] with 95% CI for Synovial Fluid Drug Concentration Curve – FX006 and
TCA IR (Synovial Fluid Concentration Population)

Source: Study 009 CSR, Figure 2, p 79/106

The analysis of serial synovial fluid samplings supports the notion that the Zilretta formulation
is likely to result in higher synovial fluid TCA concentrations for a longer period of time.
However, since synovial fluid in the IR TCA cohort was only sampled once, the findings are
not definitive.
Furthermore, I note that Study 009 did not attempt to establish the clinical significance of the
observed differences in plasma or synovial fluid pharmacokinetics. As will be discussed later,
we can only infer whether the difference in systemic exposure is clinically meaningful
indirectly. It is also not known whether the prolonged presence of triamcinolone in the
synovial fluid will enhance efficacy over time with repeat injections or result in increased
adverse events.
Dr. Qiu notes that plasma PK was also evaluated in Studies FX006-2011-001, FX006-2011002 and FX006-2013-005. These studies differed from Study 009 in that they used a smaller
injection volume of 3 mL compared to the to-be-marketed injection volume of 5 mL. Dr. Qiu
notes that these studies also showed lower systemic exposure to TCA compared to IR TCA.
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One other study (Study 005) also evaluated synovial fluid. Dr. Qiu notes that, at Week 12, the
geometric mean synovial fluid TCA concentrations for patients injected with Zilretta was
923.7 pg/mL (95% CI: 74.24, 11492.46). All patients injected with IR TCA had concentrations
below the LLOQ of 50 pg/mL at Week 12. Again, the Applicant did not attempt to correlate
these findings with clinical outcomes.

6. Clinical Microbiology
Not applicable.

7. Clinical/Statistical- Efficacy
The clinical review was conducted by Pamela Horn, MD. Dr. Horn has recommended
approval from the clinical perspective although, among other comments, she notes that the
(b) (4)
indication
to OA of the knee and the labeling should indicate that the
approval is for a single injection of drug.
The statistical review was conducted by Katherine Meaker, MS with secondary concurrence
by David Petullo, MS. The statistical team has recommended approval.
(b) (4)

As described in the clinical and statistical reviews, the clinical development plan was
discussed and agreed upon in several meetings dating to the PIND meeting for IND 111325 in
2011. During the Pre-NDA meeting, the Agency confirmed that one adequate and well
controlled study would support a finding of efficacy for this 505(b)(2) application.
There are three studies informing the efficacy of Zilretta summarized in the table following
which is truncated and modified slightly from Dr. Horn’s review.
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Study
Number

Treatment Arms in Study
FX006 10 or 20 mg

FX006 40 mg

X (20 mg)
X (10 mg)

X
X
X

008
006
001

FX006 60 mg

Placebo

TCA IR
40 mg

X
X

X

X

X

Study 008, the pivotal study, was a randomized, double-blind, active- and placebo-controlled
study comparing a single 40 mg IA injection of Zilretta against placebo and 40 mg of IR TCA
in adults with OA of the knee. The pharmacist who prepared the syringe for injection and the
healthcare provider who performed the injection were unblinded but the patient and all other
staff were blinded and contact between blinded and unblinded staff was not permitted. Zilretta
and placebo were delivered in a nominal 5 mL volume; IR TCA was delivered in 1 mL. The
study enrolled appropriate patients with pain between 5/10 and 9/10 due to knee OA. The
protocol excluded patients with a body mass index >40 kg/m2. Pain intensity data were
collected daily for 24 weeks with the primary endpoint being calculated at 12 weeks. Typical
OA efficacy data such as WOMAC pain and function and a patient global impression of
change were also collected.
A total of 486 patients were randomized which slightly exceeded the planned sample size of
450. No significant imbalances in the baseline characteristics were noted and there were no
issues with study conduct. The primary efficacy endpoint was the change from baseline to
Week 12 in the average daily pain scores. The primary comparison was Zilretta vs. placebo
with a prespecified secondary endpoint of Zilretta vs. IR TCA.
Efficacy Analysis Results (Study 008)
Zilretta
40mg
N=161

Placebo
N=162

TCA IR
40mg
N=161

Baseline Mean (SD)

6.3 (0.9)

6.3 (1.0)

6.2 (0.9)

Chg Wk 12: Mean (SD)
LS Mean (SE)

-3.1 (2.4)
-3.1 (0.2)

-2.2 (2.1)
-2.1 (0.2)

-2.8 (2.1)
-2.9 (0.2)

LSM Diff. from Placebo
2-sided p-value

-0.98
<0.0001

LSM Diff. from TCA IR
2-sided p-value

-0.26
0.296

FAS Pt. Popln.
Change from
Baseline to Week
12 in Average Daily
Pain

Source: Ms Meaker’s review, limited to primary endpoint
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Pain Curves – Study 008

Source: Ms. Meaker’s review

The sensitivity analyses for Study 008 supported the primary efficacy analysis.
Two other studies were used to support the choice of dose (40 mg nominal). Study 006 was a
randomized, double-blind study similar in most respects to Study 008. As discussed in Ms.
Meaker’s review, this study showed a trend toward a benefit for Zilretta 40 mg compared to
placebo although the p-value calculated (0.08) did not meet statistical significance. Ms.
Meaker noted a slightly larger placebo effect in Study 006 compared to Study 008 with similar
treatment effect sizes for Zilretta 40 mg and clearly demonstrated the superimposition of the
corresponding curves from both studies in Figure 3 from her review. Ms. Meaker and Dr.
Horn have opined that Study 006 supports the finding for efficacy from Study 008.
The figure below shows the pain curves for Study 006. The curves for 20 and 40 mg
superimpose until Week 8 where the 40 mg dose shows a sustained reduction in pain intensity
which supports the choice of the 40 mg for dose for approval.
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Study 006: Least Squares Mean Change from Baseline in the Weekly Mean of Average Daily (24hour) Pain Intensity Score through Week 12 (Primary Endpoint) and Week 24 (Secondary
Endpoint) (FAS; N=306)

Source: Study 006 CSR, page 66/133

Briefly, Study 001 was a randomized, double-blind study of Zilretta, 10, 40, and 60 mg against
IR TCA, 40 mg. The pain curves shown in the figure below do not show clear dose response.
However, the Applicant notes that the 60 mg dose did not perform any better than 40 mg. This
study reasonably justifies the 40 mg dose. While there appears to be some curve separation
between the IR TCA and Zilretta 40 mg at certain points in the study, the p-value at Week 12
for IR TCA vs Zilretta 40 mg is 0.2128 (Table 11-3 of CSR).
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Study 001: LS [least squares] Mean Change from Baseline (±SE) in Weekly Average Daily Pain
Intensity Score (0-10 NRS) Over Time (FAS; N=228)

Source: Study 001 CSR, page 86/593

Efficacy Conclusions:
1. The Applicant has met the statutory requirement for substantial evidence of efficacy in
the knee.
2. The selected dose of 40 mg is justified, predominantly due to curve separation after 8
weeks compared to 20 mg and no evidence of greater efficacy at 60 mg.
3. There is some suggestion that, compared to 40 mg of IR TCA, 40 mg of Zilretta may
offer a small difference in efficacy around Weeks 7 and 8. However, at 12 weeks, the
established standard for the comparison of efficacy for products for osteoarthritis, there
is no difference between Zilretta and IR TCA.

8. Safety
Safety data from clinical trials in patients with osteoarthritis:
At the Pre-NDA meeting a final safety database size of at least 400 was agreed upon. The
final safety database contains 666 patients and subjects who received any dose of Zilretta and
424 at the to-be-marketed dose.
The safety monitoring in the clinical development program was adequate and included
standard safety monitoring (physical exams, vital signs, ECG, clinical laboratory evaluations,
and adverse event reporting). In light of the route of administration, there were clinical
assessments of the index knee at each visit and plain radiographs were conducted at screening
and at end-of-study in Study 008.
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The demographics of the exposed population were reflective of the patient population eligible
for treatment with Zilretta with a mean age of 61 years and slight female predominance. US
sites enrolled 46% of the patients. Also typical for OA patients, the Body Mass Index (BMI)
was high (median and mean both >30 kg/m2). Dr. Horn noted that the protocol excluded
patients with BMI over 40 kg/m2. While a substantial proportion of Americans have extreme
obesity, there were no trends of greater toxicity with greater BMI in the safety data and the
efficacy data also showed no trends by BMI. Thus, I do not recommend any limitation of use
for very elevated BMI.
The major safety findings were unremarkable. There were no deaths or problematic cases in
the serious adverse events or the adverse events leading to discontinuation although, as a
single-dose study, the discontinuation rate would be expected to be low (1.8%). The serious
adverse event rate was 2.3% for all Zilretta-treated patients versus 1.1% in placebo and 2.6%
in IR TCA-treated patients.
The common adverse events also did not reveal any unexpected signals. In most cases,
Zilretta had an adverse event profile similar to placebo and was clearly no worse than IR TCA.
The 120-Day Safety Update was submitted on April 7, 2017 and reported that 107 subjects had
been enrolled and injected in Study 011 (a repeat injection study). No patients had received a
repeat injection. The Applicant reported no deaths, SAEs, or discontinuations due to AE.
Flexion also noted that all AEs (n=7) were Grade 1 except for one Grade 2 event of elevated
temperature.
To summarize, the safety profile for Zilretta, as inferred from the OA trials, showed no
unexpected signals or signals that appeared to be related to the formulation. While Zilretta’s
adverse event profile did not look worse than IR TCA, it did not look better either. There was
no clinically meaningful difference in safety between patients treated with either active agent.
Safety data from special pharmacodynamic studies:
As requested at the Pre-IND meeting, the Applicant conducted a study to assess the effects of
Zilretta on the HPA axis. The Applicant also conducted a study in diabetics to assess the
effects of Zilretta on blood glucose.
Drs. Horn and Qiu have described both studies in their reviews and the Division obtained
consults from the Division of Metabolic and Endocrine Products (DMEP) to provide expert
opinion on the interpretation of the results. The studies and DMEP’s comments will be
summarized here. Please see the corresponding reviews and consults for details.
Study 002
This was a randomized, double-blind, active-controlled study of adults with OA of the knee.
A total of 24 patients were enrolled, randomized (1:1:1:1) and treated with a single injection of
10, 40, or 60 mg of Zilretta or 40 mg of IR TCA into the knee. Blood and urine were collected
for cortisol levels for six weeks post injection. The DMEP consultants opined the urinary
cortisol was not useful to assess HPA suppression in this setting.
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injection and for 2 weeks following the injection using a continuous blood glucose monitoring
device.
Flexion showed a difference (p<0.05) between Zilretta and IR TCA in mean blood glucose
from baseline to Days 1-3 (the primary endpoint) as shown in the figure below.
Mean Average Blood Glucose (mg/dL) at Baseline and 72 Hours Post-Treatment (-72 Hours to 72
Hours)

Source: CSR, Study 010, page 66/94.

DMEP drew the following key conclusions.
1.
2.
3.
4.

The results were reported on an “as treated” analysis, deviating from the ITT principle.
Continuous blood glucose monitoring has accuracy limitations.
The clinical significance of the difference observed is unclear.
One key labeling recommendation was deletion of language proposed by the Applicant
(b) (4)
The relevant text
proposed by Flexion is reproduced verbatim below.
(b) (4)
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