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1 Executive Summary 

1.1 Introduction 

Flexion Therapeutics submitted NDA 208845 seeking marketing approval of ZilrettaTM 
(triamcinolone acetonide (TCA or TAC) USP, extended release injectable suspension) 
for intra-articular (IA) injection for osteoarthritis (OA) pain management.  The NDA 
208845 is a 505(b)(2) application referencing the listed drug, Kenalog-40 (TCA, 
injectable IR suspension, USP, NDA 14901) and literature.   
 
OA is a common chronic condition of the joints, which is characterized by intra-articular 
inflammation, deterioration of articular cartilage, and degenerative changes to 
periarticular and subchondral bone.  OA occurs most often in large weight-bearing joints 
such as the knees and hips, but also occurs in the shoulders, lower back, neck, small 
joints of the fingers, and the bases of the thumb and big toe.   
 
TCA is a corticosteroid approved in the U.S. for administration through multiple routes 
(inhalation, intramuscular, intravitreal, and topical) for various disease conditions 
including OA.  The originally proposed maximum recommended human dose (MRHD) 
of TCA, the active ingredient, in Zilretta was 40 mg; however, the MRHD has been 
changed to 32 mg based on the actual delivered dose in clinical studies (refer to CMC 
and clinical reviews for details about the actual delivered dose).  A comparative 
bioavailability study demonstrated that the systemic exposure levels (AUC and Cmax) to 
TCA following IA administration of Zilretta at the MRHD in human subjects was within 
the approved reference product (Kenalog-40, injectable IR suspension) for the same 
route (refer to clinical pharmacology review for detailed information); therefore the 
systemic safety of TCA can be bridged to the reference product.   
 

1.2 Brief Discussion of Nonclinical Findings 

Zilretta is formulated in 75:25 poly(lactic-co-glycolic acid) (PLGA) microspheres to 
confer extended release of TCA to the synovial tissues with the intention of providing 
more persistent pain relief than currently available IR formulations of TCA.  PLGA has 
not been previously employed for any FDA-approved IA drug and therefore is new for 
the route.  The safety of PLGA was appropriately evaluated through the conduct of IA 
toxicity studies.  All other excipients in Zilretta are considered qualified for safety as they 
are within levels found in FDA-approved products for the IA route.  The specifications 
for the drug substance impurities and drug product degradants are acceptable as they 
were adequately justified.  Moreover, the container closure system of the drug product 
has been adequately qualified through appropriate extractables and leachables data. 
 
Single-dose and repeat-dose GLP IA toxicity studies were conducted in dogs to justify 
the safety of the PLGA excipient and the product formulation.  Notably, NDA 208845 is 
seeking approval for a single-use indication at this time so the single-dose IA studies 
are considered pivotal.  Based on single-dose IA dog study data, Zilretta appears to 
cause slightly higher local toxicities than the active comparator, Kenalog-40 IR (aka IR 
TCA).  Microscopic changes observed in Zilretta-treated animals included increased 
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multinucleated macrophages, lymphocyte infiltration, plasma cell infiltration, and 
hyperplasia, most of which are expected foreign body reactions.  They were generally of 
only slight severity and appear attributed to the PLGA component though there were 
comparable incidences of infiltrates and hyperplasia observed in animals treated with 
the active IR TCA comparator albeit for shorter durations with the IR.  Nevertheless, this 
suggests that the API may contribute to these changes.  In addition, a detailed joint 
evaluation, which included Safranin O staining, showed that Zilretta caused a dose-
dependent loss of cartilage with peak effects at 3 months following administration.  At 3 
months following administration, up to severe cartilage reduction was noted in the 
patellar region at the highest Zilretta dose tested compared to a slight to moderate 
reduction observed with IR TCA.  Changes at the distal femur and tibial plateau were 
more comparable between the two groups.  At 4 months and longer following the single-
dose administration, the effects at the joint were comparable between the Zilretta and IR 
TCA groups with the cartilage effects resolved by 9 months in the IR TCA group and 
nearly fully resolved with Zilretta.  Microscopic evidence of residual polymer in the IA 
space was apparent for up to 3 months but not at 4 months and longer.  This may 
account for the more severe effects with Zilretta at the 3-month time point.  However, 
interestingly, there was no reduction in cartilage with the microspheres alone, which 
suggests that the adverse changes were related to both PLGA microspheres and the 
longer exposure of TCA in the injection site, the knees.  At most time points and for 
most knee regions, the differences were subtle, and therefore it is not clear how 
clinically relevant they are.  In contrast, the local toxicity was more evident in repeat-
dose toxicity studies.  Animals treated with Zilretta showed clear increases in 
microscopic changes to the local tissue and more severe cartilage loss relative to 
control and IR TCA, and these local responses were not fully reversed by the end of the 
9-month recovery period.  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.  We will have to revisit the data and evaluate the findings in the 
context of the risk:benefit for the proposed patient population at that time. 
 
The Applicant is referencing the label of the listed drug product Kenalog-40 IR for 
reproductive toxicology, genetic toxicity, and carcinogenicity information for the 
proposed Zilretta label.  Therefore, no new studies were conducted to address these 
endpoints.  In addition, the Applicant submitted a literature review of published studies 
in animals to address the effects of TCA on reproduction and embryonic development in 
accordance with the Pregnancy Labeling and Lactation Rule (PLLR).  Based on a 
review of the literature submitted, this reviewer has recommended that some of this 
information should be included in the proposed Zilretta label.  The recommended 
changes are detailed in the labeling section of this review and have been incorporated 
in the Division’s recommended labeling changes to be sent to the Applicant. 
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2 Drug Information 

2.1 Drug 

CAS Registry Number (Optional):  
76-25-5 
 
Generic Name:  
Triamcinolone acetonide (TCA) 
 
Code Name:  
FX006 
 
Chemical Name: 
9α-Fluoro-11β,16α,17α,21-tetrahydroxy-1,4-pregnadiene-3,20-dione 16,17-acetonide 
 
Molecular Formula/Molecular Weight:  
C24H31FO6/434.50 
 
Structure: 

 
 
Pharmacologic Class:  
Corticosteroid (FDA Established Pharmacological Class) 
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differentiation, and stimulate apoptosis through increasing I-B expression and 
curtailing activation of NF-B. 
 

Figure 4. Schematic Mechanism of Action of TCA 

 
 

Study Title: Dose Responsive Effects of Intra-articular Immediate Release 
Triamcinolone Acetonide (TCA IR) or FX006 in a Peptidoglycan-polysaccharide 
(PGPS)-Induced Knee Arthritis Model in Rats  

This study was reviewed for IND 111325 by Dr. Leshin and reproduced below from his 
review. 
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4.2 Secondary Pharmacology 

No secondary pharmacology studies were submitted with this NDA submission. 
 

4.3 Safety Pharmacology 

No safety pharmacology studies were submitted with this NDA submission. 

5 Pharmacokinetics/ADME/Toxicokinetics 

5.1 PK/ADME 

Study Title: Effects of Intra-articular Administration of FX006 (25% Triamcinolone 
Acetonide (TCA) in 75:25 PLGA Microspheres, Placebo Microspheres and TCA IR 
in Male Lewis Rats with emphasis on Joint Morphology 

This study was reviewed for IND 111325.  The summary review is excerpted below.  
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Conceptual Structural PK Model for TCA 

 
 
Summary:   

 Noncompartmental analysis (NCA):  The absorption of TCA with FX006 was 
slower than the one of TCA IR at similar dose level (1.125 mg) and the overall 
mean residence time (MRT) was much longer with FX006 compared to the one 
for TCA IR formulation in rats.  Overall, the absolute bioavailability of TCA in the 
systemic circulation was 3-fold lower with FX006 compared to TCA IR.  Similar 
findings, slower absorption and longer MRT, lower absolute bioavailability of TCA 
in the systemic circulation, were predicted in dogs. 

 

 
             MRT (mean residence time extrapolated to infinity), Fab (absolute bioavailability) 
 
 
 

Reference ID: 4150403



NDA 208845 Zilretta  Reviewer: Misol Ahn, PhD 
 

29 

 
 

 
            Vss/F (volume of distribution at steady-state, calculated as MRT0-∞*CL) 
 

 Compartmental Analysis:  Plasma TCA concentrations following a single IA 
injection in the knee were best modeled using a 2-compartment structural model 
with two first-order absorption processes.  The MRT for the early phase was 
similar between the IR and FX006, the MRT during the delayed release phase 
were noticeably longer for FX006.  Also, in rats, there was a linear relationship 
between the fraction absorbed in vivo and the fraction dissolved in vitro with time, 
indicating that the in vivo absorption from the joint is directly related to the 
release of TCA from the microspheres.   
 
 

 
           -2LL (Log-likelihood); AIC (akaike criterion); VAF (visual assessments of fit) 
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Compartmental Plasma PK Parameters of TCA in Rats Following FX006 IA Administration 

 
 

Compartmental Plasma PK Parameter of TCA in Dogs Following FX006 IA Administration 

   
 TCA concentrations in the knee of FX006-treated dogs were maintained higher 

over the period time than the one of the IR formulation-treated dog knee, which 
supports a slower systemic release of TCA by FX006 formulation.  As note, 
synovial TCA concentrations measured from the treated knee of dogs showed 
large variation (See the figure below). 

 

Synovial Fluid Concentration in the Treated Knee of Dog 
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 Allometric scaling and simulation of TCA in human:  TCA PK analysis was 
performed on predicted plasma TCA concentrations and PK parameters (See the 
tables below) and FX006 dose levels up to 60 mg was predicted to cause 
clinically insignificant or no measurable effect on endogenous cortisol production. 

 

 
 

 

6 General Toxicology 

6.1 Single-Dose Toxicity 

Study Title: A Single Intra Articular Dose Toxicity Study with FX006 
(Triamcinolone Acetonide in 75:25 PLGA Microspheres) in Beagle Dogs 

This study was reviewed in a nonclinical review for IND 111325 by Dr. Leshin 
(12/15/2011, See below) as a draft report.  The review is excerpted verbatim below.  
Note that the final study report for the pivotal single dose IA toxicity study (Study 
Number FX006TOX-2011-003) was fully reviewed further below in this review. 
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Adverse Joint Scores 
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Study Title: A Single Intra Articular Dose Toxicity Study with FX006 
(Triamcinolone Acetonide in 75:25 PLGA Microspheres) in Beagle Dogs with a 3, 
4, 6, and 9 Month Recovery  

This study (a draft report) was briefly reviewed in a nonclinical review for IND 111325 by 
Dr. Leshin (12/12/2012).  However, at the time of submission, the 9-month recovery 
data and TK data were not included; therefore, the final report is reviewed here.  The 
final conclusion is the same as for the IND 111325 review of the draft report by Dr. 
Leshin, as reproduced below. 
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Study no.: FX006TOX-2011-003 
Study report location: ECTD 4.2.3.1, SDN 1 12/8/2016 

Conducting laboratory and location:

Date of study initiation: December 28, 2011 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: TCA (Lot L0G322, purity 99.8%) in 75:25 PLGA 

microspheres at 25% loading (w/w), Lot FLX FLX 
11102011-Low (Group 4 and 5); Lot FLX FLX 
11102011-Mid (Group 5), purity: total 0.37% and 
range: 0.05-0.19% for FLX 11102011-Low and 
total 0.38% and range 0.05-0.21% for FLX 
11102011-Mid 

Key Study Findings 

 No mortality/morbidity and no test article-related clinical signs were observed.   
 No test article-related hematology, clinical chemistry, and urinalysis parameter 

changes were observed 
 No test article-related organ weight changes were observed. 
 No test article-related macroscopic findings were observed while there were 

sporadic and incidental observations such as discoloration of right articular fat pad, 
abdominal fat red nodule, intestine, and adrenal gland and small/asymmetrical 
testes. 

 Systemic microscopic findings:  Common hypercortisolism such as slight atrophy of 
adrenal gland and lymphoid depletion were observed in animals treated with 18.75 
mg/mL TCA from the IR and FX groups (Groups 3 and 6, respectively).  Microscopic 
findings in other organs appear to be incidental because there were no clear dose-
dependent relationships.  Systemic findings observed in the FX006 test article 
groups were comparable to the active comparator (Kenalog-40 IR). 

 Local toxicity findings: 
 

Microscopic changes: 
o Left knee (no injection):  Microscopic findings in the left knee appear to be 

sporadic and not related to the test article because there were no dose-
dependent relationships.   

o Right knee (injection site):  Microscopic findings including minimal to mild 
multinucleated macrophage, lymphocyte infiltration, plasma cell infiltration, 
and fibrosis were observed and it appears to be related to both microspheres 
and the API.  These changes were slightly worse in animals treated with the 
test article (Group 6) compared to animals treated with the active comparator 
(Kenalog-40 IR) at Day 92 but these changes were reversible over the course 
of a 9-month recovery period. 
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Joint changes based on Modified Mankin Score based on structure, cellularity, 
Safranin O staining, and Tidemark integrity: 

o Using these scoring systems, dose-dependent cartilage changes were 
observed in animals treated with the test article with effects at the HD (Group 
6) being slightly worse or comparable to animals treated with the active 
comparator, Kenalog-40 IR (Group 3) at all time points.  These changes were 
most severe at the Day 92 sacrifice and full recovery was observed in almost 
all groups by Day 274 except in HD males, which still showed slight changes.   

 TK data are listed in the table below. 

 
Group 1 
Diluent 

Group 2 
Blank M 

Group 3 
Kenalog IR 

Group 4 
LD (2.1 mg) 

Group 5 
MD (6.25 mg) 

Group 6 
HD (18.75 mg) 

Cmax 
(ng/mL) - - 41.7 ± 3.61 0.81 ± 0.51 1.15 ± 0.65 4.32 ± 2.62 

AUC0-1 day 

(ng*day/mL) - - 22.19 ± 5.41 0.56 ± 0.40 0.78 ± 0.47 3.09 ± 1.76 

AUC0-∞ 

(ng*day/mL) - - 69.34 ± 10.65 3.46 ± 1.03 7.57 ± 2.38 38.32 ± 12.58 

T1/2,e  

(day) - - 18.3 5.61 11.2 32.3 ± 20.57 

 The acceptable LOAEL for both systemic and local toxicity is 18.75 mg. 
 
Methods 

Doses: 0, 2.1, 6.25, and 18.75 mg/mL of TCA 
Frequency of dosing: Once 

Route of administration: Aseptic intra-articular injection into the right knee joint 
Dose volume: 1.0 mL/knee 

Formulation/Vehicle: Diluent (sterile isotonic aqueous solution) containing 
0.9% sodium chloride, 0.5% carboxymethylcellulose, 
and 0.1% polysorbate 80), Lot RX501125.003 

Positive Control: Kenalog-40, 40 mg/mL (TCA IR) with sodium chloride 
for isotonicity, 0.99% (w/v) benzyl alcohol, 0.75% 
carboxymethylcellulose sodium and 0.04% polysorbate 
80, Lot 1G66249                                                                

Species/Strain: Beagle dog 
Number/Sex/Group: 8 males and 8 females per group 

Age: 10-13 months old  
Weight: 7.8-10.8 kg (males) and 5.7-8.8 kg (females) at the 

outset (Day 1) of the study 
Satellite groups: None 

Unique study design: None 
Deviation from study 

protocol: 
There were no deviations affecting the integrity of the 
study. 
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Justification for dose selection: 
 

The maximum dose (18.75 mg of TCA) was selected from the maximal workable 
concentration of microspheres in suspension for injection, 75 mg/mL, where 
homogeneity can be maintained and the injection delivered through a needle of 
reasonable gauge for IA administration.  The maximum dose in the single-dose toxicity 
study translates on a weight adjusted basis to about 1.9 mg/kg assuming 10 kg body 
weight for dogs.  As noted, a single definitive literature study of the LD50 of daily oral 
administration of TCA for 3 weeks in dogs is <3.5 mg/kg (1).  Lastly, the maximum dose 
(18.75 mg TCA) is equivalent to 37.5 mg/m2 based on a body surface area.  FX006 is 
developed to provide an extended release  of the active ingredient, 
TCA, and maintain local (intra-articular) concentration. 
 

 
 

Observation and Results 

Mortality 

Animals were observed for mortality/morbidity twice daily (a.m. and p.m.) and once prior 
to the scheduled sacrifices.  No mortality/morbidity was observed during the study.  All 
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animals survived until scheduled euthanization (Days 92/93, 120/121, 176/177, and 
274/275). 
 

Clinical Signs 

Clinical observations were recorded prior to dose administration, at approximately 1-2 h 
post-dose, and additionally as needed.  No test article-related clinical signs were 
observed.  Incidental clinical signs of soft/loose feces, mucus in the feces, or emesis 
were observed in all dose groups. 
 

Body Weights 

No statistically significant test article-related body weight changes were observed.   
 

Food Consumption 

Food consumption of animals of Group 6 was reduced during D26-41 compared to 
other groups and there were fluctuation in food consumption.  However, it does not 
appear to be dose-dependent or test article-related.  
 

Ophthalmoscopy 

No ophthalmoscopy parameters were monitored in this study. 
 

ECG 

No ECG parameters were evaluated in this study. 
 

Hematology 

 
 
No clear test article-related/dose dependent hematological parameter changes were 
observed.  Levels of eosinophil were lower in males of Group 6 at Day 92 and 120 
compared to the control Group 1.  However, considering a large standard deviation in 
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Animals treated with diluent or blank microspheres did not show cellular/structure 
changes or decrease in Safranin O staining in both joints throughout the study.  Mankin 
scores were higher in a dose-dependent manner of TCA but cellular/structural changes 
in the injected right joint appear to be reversible over time.  
 
 

Summary of the Average Joint Scores 
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Summary of Combined Group Incidence of Foreign Response (Macrophage/Multinucleated Giant 
Cell Infiltrates) to Microspheres in the Right Knee Joint Synovium 

 

 

 
 
 

Combined Group Incidence and Severity of Changes in the Right Knee Synovium 
 

Day 92/93 
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Day 120/121

 
 

Day 176/177

 
 

Day 274/275
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hepatocytes of the liver were also observed in a TCA-related/dose-
dependent manner and it appears to be also partially reversible by the end 
of recovery period.  Minimal to moderate cysts in the pituitary gland were 
observed in treated animals and it appears to be more prominent in 
females.  Microscopic findings in other organs appear to be incidental 
because there were no clear dose-dependent relationships.  Systemic 
findings in animals treated with the test article were mostly comparable or 
slightly worse than the ones treated with the active comparator (Kenalog-
40 IR) 

o Local microscopic findings:  Local findings were observed in the injected 
knee.  Microscopic findings including minimal to mild macrophage, 
lymphocyte/plasma cell/neutrophil infiltration, neovascularization, 
granulation tissue, debris, and fibrosis were observed but it appears to be 
mostly related to microspheres.  Note these findings were not observed in 
animals treated with Kenalog-40 IR, but it appears that TCA attenuates 
these local adverse effects because animals at HD showed a slightly 
higher number of incidence and severity than the vehicle control.  These 
changes appear to be partially reversible by the end of 6-month recovery 
period.  Microspheres were observed at Day 210/211 but were not 
observed at the end of recovery period (Day 363/364).  Mild to Moderate 
hyperplasia, macrophage, mineralization, and degeneration were 
observed at the end of recovery period but these findings were a slightly 
worse or comparable with the active comparator, Kenalog-40. 

o There were comparable but slightly worse average joint scores (Modified 
Mankin Score based on surface structure and cellularity, Safranin O 
staining, and tidemark integrity) in animals treated with the test article 
compared to the active comparator, Kenalog-40 IR.  While the joint scores 
were not reversible but even got worse at the end of the recovery period 
compared to Day 210/211, the Safranin O staining levels were partially 
reversible at the end of the recovery period. 

o From the semi-quantitative evaluation per the ISO 10993 Part 6 
guidelines, the test article appears to be a slight irritant at Day 210/211. 
 

 Subset Study (three injections every one month: Group 5 to 8):  
o TCA-related reductions in lymphocytes were observed in animals (Group 

6, 7, and 8) at Day 92/93 but it appears to be reversible by the end of 
recovery period.  TCA-related reductions in eosinophil were observed in 
females at HD (Group 6 and 8) at Day 92/93 but it appears to be 
reversible by the end of recovery period. 

o TCA-related reduction in creatinine levels were observed in animals at HD 
(Group 6 and 8) at Day 92/93 but these changes appear to be reversible 
by the end of recovery period (Day 243/244).  ALP was increased by 
about 2-folds in animals at HD (Group 8) at Day 92/93 but it was 
reversible by the end of recovery period (Day 244). 

o No test article-related gross findings were observed. 
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Justification for dose selection: 
The maximum dose (18.75 mg of TCA) was originally selected from the maximal 
workable concentration of microspheres in suspension for injection, 75 mg/mL, where 
homogeneity can be maintained and the injection delivered through a needle of 
reasonable gauge for IA administration.  The Group 3 dose (6.25 mg, LD) is equivalent 
to a 20 mg TCA dose in patient and the Group 4 dose (18.75 mg, HD – 37.5 mg/m2 
based on a body surface area) is equivalent to the maximum proposed FX006 (60 mg – 
37 mg/m2 based on a body surface area) TCA dose in clinical studies.  Dosing 
frequency in the main study mimics the proposed clinical dosing regimen. 
 
 

 
 

Main Study: 

Subset Study: 
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Observation and Results 

Parameters Measured 
Clinical Findings 

 

 
 

Body weights 

  
Food consumption 

  
Hematology  
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Clinical chemistry  

  
Urinalysis  

  
Gross pathology  

  
Organ weights  

  
Histopathology  Adequate Battery:  yes (X), no ( )  

Note that an adequate battery of organs was collected but selected tissues were 
evaluated microscopically.  Since a clinical BA study demonstrated that the 
systemic exposure to TCA following administration of Zilretta is within the 
reference product, the systemic safety of TCA has been justified and therefore 
the focus of this study is the local effects of the Zilretta.  Nevertheless, TCA is a 
well-characterized corticosteroid and the target tissues are well known.  It 
appears that the selected tissues were selected with this in mind and therefore, 
the organs selected for microscopic evaluations (adrenal glands, brain, femur, 
liver, kidney, knee joint synovium, lymph nodes, patella, pituitary, proximal tibia, 
sternum with bone marrow, spleen, thymus, thyroid, and organs with gross 
findings) are considered acceptable.  
Peer review:   yes (X), no ( )  

Other Synovial fluid samples were collected to measure TCA concentration in the 
synovial fluid of the knees. 
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At Day 210/211, minimal to marked macrophage and multinucleated giant cell infiltration 
in the right knee joint synovium was observed in animals treated with microspheres 
(Group 1, 3, and 4).  These macrophages and multinucleated cells at the synovial 
surface were in direct apposition with multiple, variable-sized round space consistent 
with the PLGA microspheres.  The morphological character of cellular responses to the 
microspheres was similar among microsphere-treated groups but the intensity of 
microphage/multinucleated giant cell responses was dose dependent.  A few additional 
cellular responses in the microsphere-treated right knee of Group 1 compared to the 
diluent-treated left knee of Group 1 include lymphocyte and plasma cell infiltrates.  Also, 
minimal fibrosis, neovascularization, neutrophil infiltrates, and granulation tissue were 
observed in the right synovium of animals treated with microspheres (Group 1, 3, and 
4).  Debris in the synovial surface was observed in all groups.  Cytoplasmic rarefaction 
and hyperplasia of synoviocytes were observed in Group 2.   
 
At Day 363/364, microspheres were no longer apparent microscopically and 
macrophage/multinucleated giant cell infiltrates were reduced in both incidence and 
intensity, indicating that the PLGA microspheres were degraded with reversibility of 
accumulated macrophage and multinucleated giant cells.  Fibrosis, lymphocyte 
infiltration, synovial hyperplasia, and plasma cell infiltration persisted in animals, which 
had structural alterations in articular cartilage, with reduced intensity (minimal to slight).  
Minimal mineralization of the synovium was also observed in Group 2 to 4.  The 
presence of debris and cytoplasmic rarefaction of synoviocytes were not apparent.  
 
 

Summary of Combined Group Incidence (M and F) of Foreign Body Response (Macrophage/ 
Multinucleated Giant Cell Infiltrate) to Microspheres in the Right Knee Joint Synovium 
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Combined Group Incidence and Severity of Selected Changes Noted in the Right and Left Knee 
Joint Synovium at Day 210/211 

 

 
 
 

Combined Group Incidence and Severity of Selected Changes Noted in the Right and Left Knee 
joint Synovium at Day 363/364 
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Fibrosis 
Grade 1 
Grade 2 

Neovascularization 
Grade 1 
Grade 2 

Debris 
Grade 1 
Grade 2 
Grade 3 

Microspheres 
Rarefaction: synov. 

Grade 2 
Fat necrosis 

Grade 3 
Hyperplasia: synov. 

Grade 1 
Grade 2 

Pigment: macrophage 
Grade 1 

Mineralization 
Grade 1 

Degeneration 
Grade 3 

2 
1 
1 
3 
2 
1 
1 
- 
1 
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3 
- 
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- 
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- 

*N=2; **N=1; infiltr (infiltratration); multinuc. (multinucleated giant cell infiltration); hepat. (hepatocytes with 
cytoplasmic rarefaction); synov. (synoviocyte cytoplasm) 

 
 
At Day 92/93, microspheres were present microscopically in all synovial specimens of 
microsphere-treated groups (Group 5, 7, and 8) in association with macrophages and 
multinucleated cells at the synovial surface.  There were increased incidence and/or 
intensity of lymphocyte and plasma cell infiltrates, neovascularization, and neutrophil 
infiltrates for microsphere-treated groups as compared to diluent-treated and TCA IR-
treated animal group (Group 6).  The incidence of fibrosis was slightly increased for 
blank microsphere-treated joints versus the test article-treated joints.  Similar to the 
main study, these findings appears to be expected foreign body responses to PLGA 
microspheres.  The presence of debris on the synovial surface/vacuolation of 
synoviocyte cytoplasm, or cytoplasmic rarefaction of synoviocytes was observed in 
diluent-treated specimen or TCA IR-treated specimens, respectively.   
 
At Day 243/244, microspheres were no longer apparent microscopically.  Foreign 
responses were reduced in both incidence and intensity, suggesting the reversibility of 
macrophage and multinucleated giant cell infiltration related to microsphere treatment.  
Similar to the main study, lymphocyte infiltration and plasma cell infiltration persisted 
with minimal intensity and sporadic/minimal fibrosis was observed.  Other sporadic 
synovial changes at Day 243/244 included synovial hyperplasia, mineralization, 
degeneration, neutrophil infiltration, eosinophil infiltration, and pigmented macrophages.  
Debris was not apparent microscopically and cytoplasmic vacuolation of synoviocytes 
was noted in only two diluent-treated samples, indicating its reversibility. 
 

Reference ID: 4150403



NDA 208845 Zilretta  Reviewer: Misol Ahn, PhD 
 

93 

Summary of Combined Group Incidence (M and F) of Foreign Body Response (Macrophage/ 
Multinucleated Giant Cell Infiltrate) to Microspheres in the Right and Left Knee Joint Synovium 

 

 
 
 

Combined Group Incidence and Severity of Selected Changes Noted in the Right and Left Knee 
Joint Synovium at Day 92/93 
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Combined Group Incidence and Severity of Selected Changes Noted in the Right and Left Knee 
Joint Synovium at Day 243/244 

 

 
 
Semi-Quantitative Mankin Scoring Evaluation 
The following modified Mankin scoring system was used by the pathologist to aid in the 
evaluation. 

 

Reference ID: 4150403



NDA 208845 Zilretta  Reviewer: Misol Ahn, PhD 
 

95 

 

 

 
 
 

Main Study (Group 1 to 4):  At Day 210/211, there were no clear dose-dependent trends 
in the test article treated groups (Group 3 and 4).  Additionally, the average values for 
the test article-treated groups were comparable to the average values for the TCA IR-
treated Group 2.  Increased Mankin score values were related to a consistent decrease 
in Safranin O staining due to loss of extracellular matrix (glycosaminoglycans), which is 
a known effect of corticosteroids when administered directly into synovial joints (Jubb et 
al., 1993).  There were no articular cartilage changes relative to structure, cellularity, or 
tidemark integrity in these groups (Group 2 to 4).  A slight reduction in articular cartilage 
Safranin O staining in the left knee joints for Group 2 to 4 was observed, which likely 
represented a systemic corticosteroid effect in these animals.  At 363/364, similar to 
Day 210/211, there were no clear dose-dependent trends in the test article treated 
groups (Group 3 and 4) and the average values for the test article-treated groups were 
comparable to the average values for the TCA IR-treated Group 2.  There was 
reversibility of decreased Safranin O Staining in animals of Group 2 to 4, but there were 
changes in the structure, cellularity, and/or tidemark integrity present in the articular 
cartilage from bones of the right knee joint from at least one animal/sex/group. 
 
At Day 210/211, there were no articular cartilage changes in the diluent-treated control 
(left knee joint of Group 1).  The average total join scores the blank microsphere-treated 
control (right knee of Group 1) were minor and there were alterations limited to surface 
irregularities, chondrocyte cloning with a slight decrease in Safranin O staining in two 
distal femur specimens.  At Day 363/364, there were no changes in articular cartilage in 
joints treated with the diluent or blank microspheres. 
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Day 364 

Tibial Plateau 
R 0.00 0.67 1.00 1.00 

L 0.00 0.00 0.00 0.00 

Distal Femur 
R 0.00 1.00 1.00 1.00 
L 0.00 0.00 0.00 0.00 

Patella 
R 0.00 0.33 1.67 0.67 
L 0.00 0.00 0.00 0.33 

 
 

Subset Study (Group 5 to 8):  At Day 92/93, the average total join score values for 
Group 8 were comparable to the average values for the TCA IR-treated Group 6.  
Increased Mankin score values were related to a consistent decrease in Safranin O 
staining due to loss of extracellular matrix.  There were dose-dependent Mankin score 
increase in Group 7 and Group 8.  At Day 243/244, reduction in Mankin scores were 
observed compared to Day 92/93 and it appears to be dose-dependent.  There were 
structural and cellular articular cartilage surface changes but the incidence and severity 
of these changes did not worsen during the recovery period. 
 
At Day 92/93, there were no articular cartilage changes in the low concentration of blank 
microsphere-treated control (25 mg/ml, left knee joint of Group 5) while there were tibial 
alterations in articular cartilage structure in the high concentration of blank microsphere-
treated control (75 mg/mL, right knee).   
 

Average Joint Score for Males and Females 
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Applicant noted that a term of small mononuclear cells were used in this report because 
lymphocytes may be hard to differentiate from very small early macrophages based on 
light microscopy alone if the macrophage nuclei are still round. 
 
Main Study (Group 1 to 4):  
With limited samples, for example, only a single value available for some samples, it is 
difficult to make a definitive conclusion but, in general, there was no dose-dependent 
response of WBC, neutrophils, small mononuclear cells, or large mononuclear cells at 
both Day 210/211 and 363/364.  No eosinophils, plasma cells, or mast cells were 
observed in synovial fluids. 
 
Mean Values of White Blood Cells, Neutrophils, Small Mononuclear Cells, and Large Mononuclear 

Cells at Day 210/211 
 

 
 
Mean Values of White Blood Cells, Neutrophils, Small Mononuclear Cells, and Large Mononuclear 

Cells at Day 363/364 
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Subset Study (Group 5 to 8):  
With limited samples, for example, only a single value available for some samples, it is 
difficult to make a definitive conclusion but, in general, there was no dose-dependent 
response of WBC, neutrophils, small mononuclear cells, or large mononuclear cells at 
both Day 210/211 and 363/364.  Only males in Group 7 had 0.03 ± 0.05 x 103/mcL 
eosinophils.  No plasma cells or mast cells were observed in synovial fluids. 
 
Mean Values of White Blood Cells, Neutrophils, Small Mononuclear Cells, and Large Mononuclear 

Cells at Day 92/93 

 
 
 
Mean Values of White Blood Cells, Neutrophils, Small Mononuclear Cells, and Large Mononuclear 

Cells at Day 243/244 
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ISO 10993 Part 6 Evaluation 
 

Semi-quantitative evaluation of the host tissue foreign tissue response to blank 
microspheres and the test article (FX001 microspheres) was performed in accordance 
with the ISO 10993 Part 6 guidelines. 
 
Total irritancy scores = [(sum of inflammation scores)X2] + (sum of tissue response 
scores) 
The ranked irritancy score = [average irritancy score]test article – [average irritancy 
score]blank microsphere 
 

 
 
 
Main Study (Group 1 to 4):  
At Day 210/211, the total irritancy score of Group 1 ranged from 5.0 to 19.0 with an 
average irritancy score of 13.0 and the total irritancy score of Group 4 ranged from 4.0 
to 26.0 with an average irritancy score of 20.2. The test article at 75 mg/ml microsphere 
was determined to be a slight irritant.  At Day 363/364, there were no microspheres 
present so this evaluation could not be performed. 
 
 

Summary of ISO 10993 Part 6 Evaluation Scores at Day 210/211 
 

 
 

 
Subset Study (Group 5 to 8):  
At Day 92/93, the ranked irritancy scores for the FX006 microspheres at 25 mg/ml or 75 
mg/ml were 0.0.  Therefore, the test article at these concentrations was determined to 
be a non-irritant at Day 92/93.  At Day 243/244, there were no microspheres present so 
this evaluation could not be performed. 
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Summary of ISO 10993 Part 6 Evaluation Scores at Day 92/93 

 

 
 

Toxicokinetics 

The systemic TK values (both Cmax and AUC) of TCA were higher in animals treated 
with TCA IR (Group 2) compared to the test article (an ER formulation, Group 3 and 4).  
The systemic levels of TCA were dose-dependent but do not appear to accumulate over 
time in animals treated with the test article (Group 3 and 4).  There was no significant 
difference of systemic TCA levels in males and females. 
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9.1 Fertility and Early Embryonic Development 

Craniofacial and Central Nervous System Malformations Induced by 
Triamcinolone Acetonide in Nonhuman Primates (NHPs): I. General 
Teratogenicity.  Hendrickx AG, Pellegrini M, Tarara R, Parker R, Silverman S, and 
Steffek AJ.  Teratology 22:103-114 (1980) 

o Methods:  Pregnant NHPs (18 rhesus monkeys (Macaca mulatta), 15 bonnet 
monkeys (Macaca radiate), and 6 baboons (Papio cynocephalus)) were treated 
with 5-20 mg/kg triamcinolone acetonide (TAC) between 21 and 43 days of 
gestation on single- or multiple-day treatment schedule. 
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o Key Findings related to teratogenic effects of TAC: Treatment with TAC induced 

severe craniofacial and CNS malformations, accompanied by an increased 
number of nonviable offspring and prenatal deaths, in all groups tested. 

 
 Prenatal deaths (from 80 days gestation to term) were tripled in the bonnet 

monkey and doubled in the rhesus monkey.  No significant increase in pre- or 
perinatal loss was observed in the baboon. 

 The incidence of prenatal mortality and stillbirth was 40%, 22%, and 16% in 
the TAC-treated bonnet monkey, rhesus monkey, and baboon, respectively, 
compared with 14.2%, 11.8%, and 0% incidence in the control colonies. 

 All prenatal deaths and stillbirths occurred in the multiple-day treatment 
groups. 

 One resorption occurred at 49 days gestation in a baboon treated on a 
multiple-day schedule with 10 mg/kg TAC. 
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o Reviewer’s note:  Following review of the literature, TAC treatment during the 

organogenesis appears to induce severe craniofacial and CNS malformations, 
accompanied by an increased number of nonviable offspring and prenatal deaths 
in three different NHPs.  The TAC dosages tested in NHPs (5 to 20 mg/day) were 
higher (167 – 387 mg daily based on the HED conversion) than the range of 
therapeutic dosage (32 mg) used in human.  Nonetheless, there are risks of 
teratogenic effects to human and it is considered appropriate for the Zilretta label. 

 

Comparative Teratogenicity of Triamcinolone Acetonide and Dexamethasone in 
the Rhesus Monkey (Macaca mulatta), Jerome CP and Hendrickx AG.  J Med 
Primatol.  17:195-203 (1988) 

o Method:  Ten adult rhesus females (Macaca multta) were treated with TAC 
(Kenalog-40, ER. Squibb and Sons, Inc., Princeton, New Jersey) at 0.5 or 2.5 
mg/kg IM on 22-50 ± 3 gestational day (GD).  DEX (decadron phosphate, Merck, 
Sharp and Dohme, West Point, PA) was administered at 1.0 or 10 mg/kg IM to 
12 animals at various times between 23 and 49 GD.  A control group consisted of 
2 concurrent untreated animals and 9 animals which had served as untreated 
controls in previous studies (Hendrickx AG et al, 1980).  Pregnancies were 
terminated by hysterotomy on 100 ± 3 GD with the exception of 2 fetuses 
exposed to 2.5 mg/kg TAC and 1 historical control which were removed on 60 
GD. 
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o Key Findings related to teratogenic effects of TAC: 
 Two fetuses treated with 2.5 mg/kg TAC aborted spontaneously prior to 100 

GD: a nongravid uterus by rectal palpation on GD 50 and fragments of 
placental tissue recovered on 97 GD from the other. 

 Three fetuses treated with 2.5 mg/kg TAC were dead at 100 GD. 
 The incidence and severity of gross malformations were greater for those 

treated with TAC than those treated with DEX. 
 TAC-treated fetus showed similar findings from the previous study (Hendrickx 

AG et al, 1980); occipital encephalocele and hydrocephalus, occipital 
meningoceles, poor development of the underlying calvarium and large 
vascular sinuses within the tentorium cerebelli, a cleft in the hard plate, 
aplasia curtis congenita. 

 Significant body weight losses were observed in fetuses treated with 0.5 
mg/kg TAC and brain weights were observed in animals treated with 0.5 
mg/kg TAC and 10.0 mg/kg DEX due to occipital lobe hypoplasia. 

 Markedly decreased ossification of the frontal and parietal bones (cranium 
bifidum) was observed in TAC-treated animals (see table below). 

 The MTD (transverse diameter of mild cranial fossa), PTD (transverse 
diameter of posterior cranial fossa), and lesser wings of the sphenoid 
were significantly smaller in animals treated with 2.5 mg/kg TAC and 
10 mg/kg DEX. 

 
Pregnancy outcome and malformations in fetuses treated with TAC or DEX 
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Mean weights and cephalometric measurements in 100-day rhesus monkey fetuses 
treated with TAC and DEX compared with controls1 

 
 

o Reviewer’s note:  Following review of the literature, TAC treatment during the 
organogenesis appears to induce craniofacial and CNS malformations, 
accompanied by an increased number of nonviable offspring and prenatal deaths 
in NHPs.  The TAC dose ranges tested in NHPs (0.5 to 2.5 mg/day, which 
correspond to 9.7 and 48 mg based on the HED conversion) falls within the 
range of therapeutic dosage (32 mg) in human.  Therefore, there are some risks 
of teratogenic effects to human and it is considered appropriate for the Zilretta 
label. 
 
 

Induction of Cleft Palate in Rabbits by Several Glucocorticoids.  Walker BE. Proc 
Soc Exp Biol Med.  125(4):1281-1284 (1967) 

o Method:  New Zealand White or American Dutch female rabbits were treated with 
various doses of glucocorticoids (see the tables below) intramuscularly for 4 
days, starting 13.3 days post conception.  Animals were euthanized on the 21st 
day post conception. 
 

o Key Findings related to teratogenic effects of TAC: 
 TAC induced cleft palate in daily doses ranging from 0.10 to 1 mg/day and 

litter resorptions were observed at higher doses (1 to 5 mg/day) in New 
Zealand White rabbits. 

 TAC also induced cleft palates in American Dutch rabbits treated from 0.2 to 
2 mg/day and litter resorptions were observed. 

 Although American Dutch rabbits weigh less than half compared to the New 
Zealand White rabbits, Cleft palates were observed at higher (2X) dose 
ranges. 
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Litter Resorption, Fetal Resorption and Cleft Palate Development in New Zealand White 
Rabbits after Various Doses of Three Glucocorticoids 

 
 
Fetal Resorption and Cleft Palate Development in American Dutch Rabbits after Various 

Doses of Triamcinolone 

 
 

o Reviewer’s note:  Following review of the literature, TAC treatment for 4 days 
from GD 13 to 16 appears to induce teratogenic effects such as cleft palate and 
fetal resorption.  The TAC dose ranges showing teratogenic effects in rabbits (0.1 
to 5 mg/day which corresponds 2 to 96 mg based on the HED conversion) fall 
within the range of therapeutic dosages used in human (32 mg).  Therefore, 
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there are some risks of teratogenic effects to human and it is considered 
appropriate for the Zilretta label. 

 

Comparative Teratogenicity of Triamcinolone Acetonide, Triamcinolone, and 
Cortisol in the Rat.  Rowland JM and Hendrickx AG.  Teratogenesis, 
Carcinogenesis and Mutagenesis.  3:313-319 (1983a) 

o Method: Pregnant Sprague-Dawley rats were injected with TAC (Kenalog) via IM.  
At 20 GD, pregnant females were euthanized by cervical dislocation and the 
uterus was examined for the number of live and dead fetuses and resorption.  
Live fetuses were weighed, sexed, and examined for external malformations. 

 
Test Drug Tested Dose Days of Treatment

1 TAC 0.5 mg/kg 12, 13, or 14 GD 

2 
TAC 0.5, 2.5, or 5 mg/kg 13 
Triamcinolone (TA) 10, 20, or 40 mg/kg 13 
Cortisol 125 or 500 mg/kg 13 

 
o Key findings related to teratogenic effects of TAC: 

 While all TAC-treated group at GD 12, 13, or 14 (Test 1) showed an 
increased proportion of fetuses with cleft palate compared to an untreated 
control group (p<0.05), TAC-treated group at 13 GD showed the highest 
incidence of cleft palate, suggesting that GD 13 is the most sensitive day for 
cleft palate induction by TAC in the rat.  Fetal weights were also reduced in 
TAC-treated group but there were no increases in the rate of resorption or 
fetal death in Test 1.  

 Among three different drug tested in Test 2 (see the study design table 
above), TAC was 59 times as potent as TA in inducing cleft palate: ED50 of 
1.1 mg/kg and 65 mg/kg, respectively.  TAC treatment also induced weight 
reduction.  Cortisol treatment induced partial cleft palate but it appears to be 
much less potent compared to TAC.  Other developmental abnormalities from 
TAC treatment include umbilical hernias, resorption, fetal growth retardation 
and fetal death. 
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o Reviewer’s note:  Following review of the literature, the most sensitive day of 
gestation for cleft palate induction by TAC in rats is GD 13.  TAC was the most 
potent inducing cleft palate compared to TA or cortisol.  The TAC dose ranges 
tested in SD rats (0.5 to 5 mg/day which corresponds 4.8 to 48 mg based on the 
HED conversion) fall within the range of therapeutic dosages used in human (32 
mg).  Therefore, there are risks of teratogenic effects to human and it is 
considered appropriate for the Zilretta label. 
 

Teratogenicity of Triamcinolone Acetonide in Rats.  Rowland JM and Hendrickx 
AG.  Teratology. 27:13-18 (1983b) 

o Method:  Pregnant female Sprague-Dawley rats were treated with triamcinolone 
acetonide (TAC) intramuscularly once daily for three consecutive days (GD 9-11, 
12-14, or 15-17) with vehicle alone, 0.125, 0.25, or 0.5 mg/kg TAC and they were 
euthanized on GD 20. 
 

o Key findings related to teratogenic effects of TAC: 
 GD 12-14 was the most sensitive period of teratogenic effects of TAC and 

within the periods, dose-dependent fetal malformation and fetal mortality were 
observed. 

 Umbilical hernias and undescended testes were also observed in the high-
dose group treated on GD 12-14. 

 Reduced degree of ossification was found in all TAC-treated groups but no 
specific skeletal malformation was observed.  

 Fetal weight reduction was also observed in all TAC-treated groups. 
 Teratogenic effects of TAC were elicited at doses causing no maternal 

lethality. 
 Fetal growth retardation can be produced at doses below those required to 

produce malformations and during GD where no malformation are produced. 
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o Reviewer’s note:  Following review of the literature, GD 12-14 was the most 
sensitive period of teratogenic effects of TAC and within the periods, dose-
dependent fetal mortality and fetal malformation such as cleft palate, umbilical 
hernias, undescended testes, and fetal weight reduction were observed.  
Reduced degree of ossification without specific skeletal malformation was 
observed.  The TAC dose ranges tested in SD rats (up to 0.5 mg/day which 
corresponds up to 4.8 mg based on the HED conversion) fall within the range of 
therapeutic dosages used in human (32 mg).  Therefore, there are risks of 
teratogenic effects to human and it is considered appropriate for the Zilretta label. 
 

Palatal slit and cleft palate in rats treated with glucocorticoids II.  Comparative 
Teratogenicity of Prednisolone, Triamcinolone Acetonide and Hydrocortisone.  
Watanabe C, Ishizuka Y, and Nagao T.  Cong. Anom.  35:133-140 (1995) 

o Method:  Pregnant female Sprague-Dawley rats were treated with either 
prednisolone (12.5 to 100 mg/kg/day), triamcinolone acetonide (0.25 to 2 
mg/kg/day), or hydrocortisone (100 mg/kg/day) subcutaneously on GD 14 and 
15. 
 

o Key findings related to teratogenic effects of TAC: 
 The frequencies of cleft palate were significantly higher in the group treated 

with 100 mg/kg/day prednisolone and all groups treated with TAC than the 
control. 

 TAC was 70 times as potent as prednisolone in inducing palatal slit, with ED50 
of 1.0 mg/kg/day and 70 mg/kg/day, respectively. 

 Hydrocortisone showed no potentiality for cleft palate and palatal slit 
induction. 

 Other developmental abnormalities induced by TAC and prednisolone 
included omphalocele and general edema, late resorption, and growth 
retardation. 
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o Reviewer’s note:  Following review of the literature, TAC was significantly more 
potent than prednisolone in inducing cleft palate and palatal slit.  The most 
prevalent malformations other than palatal defects were omphalocele and 
general edema.  The TAC dose ranges tested in SD rats (up to 2 mg/day which 
corresponds up to 19 mg based on the HED conversion) fall within the range of 
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therapeutic dosages used in human (32 mg).  Therefore, there are risks of 
teratogenic effects to human and it is considered appropriate for the Zilretta label. 
 

Reversible Effects of Triamcinolone and Lack of Effects With Aspirin or L-656,224 
on External Genitalia of Male Sprague-Dawley Rats Exposed in Utero.  Wise LD, 
Vetter CM, Anderson CA, Antonello JM, and Clark RL.  Teratology.  44:507-520 
(1991) 

o Method:   
 Study 1: SD female rats were treated with TAC (Kenalog-10) subcutaneously 

at dose levels of 0.05 or 0.1 mg/kg/day in a volume of 2 mL/kg once daily 
from GD 11 to 19.  Aspirin (75 or 150 mg/kg/day), L-656224 (a specific, orally 
active lipoxygenase inhibitor 1000 or 2000 mg/kg/day) were administered by 
oral gavage in a dose volume of 5 mL/kg.  (Note: Data of aspirin or L-656224 
were not included in Key findings listed below.) 

 Study 2:  SD rats were subcutaneously treated with 0.1 or 0.25 mg/kg/day of 
TA either with or without co-administration of 100 mg/kg/day of arachidonic 
acid (AA) once daily from GD14 to 19.  Control groups were treated with the 
vehicle or 100 mg/kg/day AA.  All females were euthanized on GD 20 and 
examined for malformation. 

 
o Key findings related to teratogenic effects of TAC: 

 Study 1:   
 F0 females:  
 No mortality observed 
 Body weight reduction observed in animals treated with 0.05 or 0.1 

mg/kg/day of TAC 
 F1:   
 Mortality at birth observed and moribund litters during the first 

postnatal week in the 0.05 or 0.1 mg/kg/day TAC-treated groups   
 Unusual external appearance of the perineal region in all pups of TAC-

treated groups at GD 23 (flattened genital tubercle and a strip of 
darkened skin (thinned and unusually glossy) between the genital 
tubercle and the anus) 

 Omphaloceles and cleft palate in pups of the 0.1 mg/kg/day of TAC-
treated group 

 Statistically significant reduction (35-46%) in pup weights on GD23 
observed in 0.05 and 0.1 mg/kg/day TCA-treated groups 

 Significant and dose-related reduction in absolute male anogenital 
distance (AGD) on GD23 (11 and 19% below the control value) 
observed 
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 Study 2: 
 F0 females:  
 No mortality observed 
 Body weight reduction observed in animals treated with 0.1 or 0.25 

mg/kg/day TAC with/without 100 mg/kg/day AA during GD 14 to 20 
 F1:   
 Mortality observed in TAC-treated groups (0.1 and 0.25 mg/kg/day) but 

reduced mortality in TAC/AA-treated groups 
 Similar alterations in the appearance of the perineal region above 

(Study 1) and no improvement by co-administration of AA 
 Micrognathia and omphalocele were observed in 0.25 mg/kg/day TAC-

treated groups and AA co-administration reduced the incidence of 
these malformations. 

 Cleft palate were only observed in the TAC-only treated group (0.25 
mg/kg/day) 

 Dose-dependent reduction in fetal weight were observed in TAC 
groups (slightly lower body weight reduction by co-administration of 
AA) 

 Significant reduction in absolute male AGD in all TAC-treated groups 
on GD 20 and little effect by co-administration of AA 
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o Reviewer’s note:  Following review of the literature, TAC between GD 11 to 19 

appears to induce mortality, body reduction of fetus and other malformations 
such as omphalocele and cleft palate in rats.  The TAC dose ranges tested in SD 
rats (from 0.05 to 0.25 mg/day which corresponds to 0.49-2.4 mg based on the 
HED conversion) fall within the range of therapeutic dosages used in human (32 
mg).  Therefore, there are risks of teratogenic effects to human and it is 
considered appropriate for the Zilretta label. 

 

Histopathological Findings of Cleft Palate in Rat Embryos Induced by 
Triamcinolone Acetonide.  Furukawa S, Usuda K, Abe M, and Ogawa I.  J. Vet. 
Med. Sci.  66(4):397-402 (2004) 

o Method: Pregnant Wister Hannover rats were treated with 0.5 mg/kg of TAC 
intramuscularly at GD 12, 13, and 14.  Animals were euthanized on Day 14.5, 15, 
16, and 20 to examine embryonic/fetal external malformation. 
 

o Key findings related to teratogenic effects of TAC: 
 On GD 20, the numbers and weights of alive embryos/fetuses were 

statistically significantly reduced and cleft palate was induced in 100% of 
fetuses as shown in the table below.   

 
 

o Reviewer’s note:  Authors claims that the major factor of TAC-induced cleft 
palate is through inhibition of mesenchymal cell proliferation in the palatal 
shelves at the stage of development.  However, the reviewer was not fully 
convinced with the data; therefore, it is not included as key findings.  However, 
the data showed that 0.5 mg/kg/day of TAC treatment during GD 12 to 14 
induced cleft palate by GD 20.  The TAC dose ranges tested in WH rats (0.5 
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mg/kg/day which corresponds to 4.8 mg based on the HED conversion) fall within 
the range of therapeutic dosages used in human (32 mg).  Therefore, there are 
risks of teratogenic effects to human and it is considered appropriate for the 
Zilretta label. 
  

Cleft Palate Produced in Mice by Human-Equivalent Dosage with Triamcinolone.  
Walker BE.  Science.  149:862-863 (1965) 

o Method:  Five strains of mice (A/J, 129/J, DBA/1J, C57BL/6J, and C3H/HeJ) 
were treated with TAC, desoxycorticosterone acetate, or desoxycorticosterone 
trimethylacetate intramuscularly or subcutaneously from GD 11 to 14 once or for 
4 days as shown in the table below.  Animals were euthanized at GD 18 and fetal 
palate morphology was examined. 
 

o Key findings related to teratogenic effects of TAC: 
 Excessive resorptions were observed in A/J mice treated with 0.025 mg/day 

or higher for 4 days.  Cleft palates were observed in A/J mice treated with 
0.001 mg/day or higher for 4 days. 

 In 129/J mice, resorptions were observed in animals treated with 0.003 
mg/day or higher and cleft palate was observed at dosage of 0.0125 mg/day 
or higher for 4 days. 

 C3H/HeJ, C57BL/6J, and DBA/1J mice treated with 0.0125 mg/day for 4 days 
showed cleft palate. 

 The A/J strain was more susceptible to TAC compared to the 129/J strain. 
 TAC was 200X and 10X more potent as a cleft palate inducing teratogen than 

cortisone and dexamethasone acetate, respectively. 
 

o Reviewer’s note:  Following review of the literature, TAC was more potent as a 
cleft palate teratogen than cortisone or desoxycorticosterone acetate.  Cleft 
palate was observed in all five different strains of mice treated with at least 
0.0125 mg/day of TAC for 4 days.  The TAC dose ranges tested in several 
strains of mice (up to 0.5 mg/day which corresponds up to 2.4 mg based on the 
HED conversion) fall within the range of therapeutic dosages used in human (32 
mg).  Therefore, there are risks of teratogenic effects to human and it is 
considered appropriate for the Zilretta label. 
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Induction of Cleft Palates:  Effects of Triamcinolone Acetonide on Transcription 
in Isolated Nuclei.  Anne L and Bekhor I.  Teratology.  18:343-352 (1978) 

o Method: TAC (13 mg/kg, a dose resulting in cleft palate up to 90% in incidence 
as measured on GD 18.5) was administered to A/J mice on GD 12.5 and animals 
were euthanized at 0, 2, 4, 6, 8, and up to 24 h at 4-h increments. 

 
o Reviewer’s note:  Though this article reports intriguing findings of TAC effects on 

the transcriptional activity in nuclei isolated from maternal A/J mouse livers and 
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o Reviewer’s note: Following review of the literature, it appears that the effects of 
uterus environment are more important in TAC-induced cleft palate formation and 
fetal genotypes are more important in palatal slit occurrence.  The TAC dose 
tested in two strains of mice (2.5 mg/day which corresponds 12 mg based on the 
HED conversion) fall within the range of therapeutic dosages used in human (32 
mg).  This study reports consistent teratogenic effects of TAC in two different 
strains of mice.  Therefore, there are risks of teratogenic effects to human and it 
is considered appropriate for the Zilretta label. 
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Congenital Anomalies Induced by Triamcinolone Acetonide in Murine Embryos.  
Miyagi H, Kubota Y, Tsuda T, Sasaki Y, Ono S, Kimura O, and Iwai N.  Eur. J. 
Pediatr. Surg.  18:164-167 (2008) 

 
o Method:  TAC was administered intramuscularly in a single dose (15 or 30 

mg/kg) to ICR-SLC mice on Embryonic Day 7 (E7), 8, 9, and 10.  Then, mice 
were euthanized on E18 to examine internal and external malformation. 
 

o Key Findings related to teratogenic effects of TAC: 
 All group treated with TAC showed a high survival rate and no macroscopic 

abnormalities except cleft palate. 
 Cleft palate was observed in all TAC-treated mice and the highest incidence 

(100%) of cleft palate was mice treated with 15 mg/kg of TAC on E9. 
 Glucocorticoid receptor expression was induced in the epithelial and 

subepithelial layers of the palatal shelf of mice treated with TAC, but not in the 
ones of the control group on E18. 
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o Reviewer’s note: Following review of the literature, it is consistent that TAC 
treatment in early embryonic stages (E7 to E10) induces cleft palate in ICR-SLC 
mice.  The TAC dose ranges tested this study (15 and 30 mg/day which 
corresponds up to 4.9 and 9.8 mg based on the HED conversion) fall within the 
range of therapeutic dosages used in human (32 mg).  Therefore, this study also 
supports teratogenic risks to human and it is considered appropriate for the 
Zilretta label. 

 

9.2 Embryonic Fetal Development 

No embryonic fetal development studies were conducted and no relevant literature 
articles were submitted for review.  Several of the above studies test TAC during the 
typical EFD dosing range and therefore the studies reviewed above contribute to our 
understanding of the teratogenic risk of TAC. 
 

9.3 Prenatal and Postnatal Development 

No prenatal and postnatal studies were conducted and no relevant literature was 
submitted for review. 
 
 

10 Special Toxicology Studies 

10.1 Extractable Study 

Title:  Extractable Study Report for Components of FX006 – A Dry Powder for 
Injection Drug Product 

Study Number: RPT49852.02 AB4890 
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10.2 Leachable Studies 

Title:  Leachables Simulation Study Report for Vial Adapter Used with the FX006 
Product 

Study Number: 05120-001 
 
The object of the study:  To assess potential leachable compounds from the vial 
adaptor for the FX006 product 
 
Screening Methods 
The vial adaptor was exposed to a lab-prepared diluent at ambient conditions for 4 h to 
simulate actual use conditions or exposed for 24 h as a worst-case exposure condition. 
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The reporting threshold was  mcg/day, which is % (an uncertainty factor for 
analytical evaluation threshold selected by the Applicant) of the most conservative 
safety concern threshold (SCT) for carcinogens and irritants (1.5 mcg/day, ICH M7 
TTC). 

 
Acceptable Intakes for an Individual Impurity (ICH M7) 

 
 
Results 
 

 No non-volatile extractables above the reporting threshold were observed in any 
of the extracted samples. 
 

 No semi-volatile extractables above the reporting threshold were observed in any 
of the extracted samples. 

 

 No volatile extractables above the reporting threshold were observed in any of 
the extracted samples. 

 

 From the needle/luer extractions, the only metal/elemental leachable from 
needle/luer extractions above the sensitivity threshold  mcg/needle-luer 
assembly) was  mcg/needle-luer assembly at 4 h and 24 h 
(extraction time), respectively.  As note, the parenteral PDE for  
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10.3 In Vitro Release (Dissolution) Study 

For detailed review, see the CMC review.  
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Figure 5. Linear and Log Scale Geometric Mean (GM) with 95% CI for Plasma Drug Concentrations 
(pg/mL) Curve – FX006 and TCA IR (Plasma Drug Concentration Population) 

 
Note: This is Figure 1 in the Clinical Study Report: FX006-2015-009 
 
The extended-release properties of Zilretta are due to the incorporation of TCA in the 
PLGA microspheres.  Note that PLGA has not been previously employed in an FDA-
approved IA drug product and therefore its use is considered novel.  The safety of 
PLGA was appropriately evaluated through the conduct of IA toxicity studies.  All other 
excipients in Zilretta are considered qualified for safety as they are within levels found in 
FDA-approved products for the IA route.   
 
Also of note, clinical comparative bioavailability studies demonstrated that the systemic 
exposure levels (AUC and Cmax) to TCA following IA administration of Zilretta at the 
maximum recommended human dose (MRHD) in human subjects was within the 
approved reference product, Kenalog-40 (refer to clinical pharmacology review for 
detailed information).  Therefore the systemic safety of TCA can be bridged to the 
reference product and the primary focus of the nonclinical evaluation is on the potential 
local toxicity of the PLGA microspheres and the Zilretta drug product.     
 
 
General Toxicity Studies 
The Applicant conducted two GLP studies to evaluate general toxicity studies in dogs:  
a single dose toxicity study with 3-, 4-, 6-, and 9-month recovery periods and a repeat-
dose toxicity study with a 6-month recovery period (See the table below).   

Table 9. Single- and Repeated-Dose General Toxicology Studies in Dogs 

Study Number FX006-TOX-2011-003 FX006-TOX-2012-001 

Dose regimen A single IA injection 
3 repeated injections 

with a 1-month interval 
(subset study) 

3 repeated injections 
with a 3-month interval 

(main study) 

Dosages of API  
(Note TCA:PLGA=1:4) 

2.1, 6.25, and 18.75 
mg/mL 

6.25, and 18.75 mg/mL 
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Controls 
Diluent, Blank PLGA Microspheres (75 mg/mL, the same concentration in 

HD), and the Active Comparator (Kenalog-40, 18.75 mg TCA) 

Clinical Signs 
 No mortality/morbidity was observed. 
 No test article-related adverse clinical symptoms were observed. 

Hematology/ Clinical 
Chemistry/ Urinalysis  

No notable test article-
related changes 

TCA-related reduction in 
lymphocytes, eosinophil, 
and creatinine: 
reversible within a 6-
month of recovery period

TCA-related reduction in 
lymphocytes, eosinophil, 
and creatinine: 
reversible within a 6-
month of recovery period 

Systemic Microscopic 
Finding 

 Common hypercortisolism (atrophy in adrenal glands, lymphoid depletion) 
 Mostly reversible by the end of recovery period (6 or 9 months) 
 Severity/Incidence:  Single IA injection of IR TCA (Kenalog-40) = Single IA 

injection < Main study (3 injections every 3 month) < Subset Study (3 
injections every 1 month) 

Local Microscopic 
Finding 

 Multinucleated macrophages, lymphocyte/plasma cell infiltration, and 
fibrosis – appears to be microsphere-related 

 Mankin/Safranin O staining joint scores: Slightly worse than the active 
comparator (Kenalog-40) 
o Single dose: mostly reversible by the end of the recovery period 
o Repeat dose (main and subset): not fully reversible  

 Severity/Incidence:  Single IA injection of IR TCA (Kenalog-40) < Single IA 
injection < Subset Study (3 injections every 1 month) ≤ Main Study (3 
injections every 3 month) 

Toxicokinetics at 
acceptable LOAELs 

Cmax: 4.32 ± 2.62 mg/mL 
AUC0-∞: 38.32 ± 12.58 
ng●day/mL 
T1/2: 32.3 ± 20.57 days 

After the 3rd dose, 
Cmax: 3.81 ± 0.88 mg/mL 
AUC0-∞: 48.1 ± 6.26 
ng●day/mL 
T1/2: 14.1 ± 3.26 days 

After the 3rd dose, 
Cmax: 4.94 ± 1.07 mg/mL 
AUC0-∞: 46.2 ± 8.70 
ng●day/mL 
T1/2: 20.9 ± 14.88 days 

Acceptable LOAELs 
Systemic: 18.75 mg/mL 

Local: 18.75 mg/mL 
Systemic: 18.75 mg/mL 
Local: not determined 

Systemic: 18.75 mg/mL 
Local: not determined 

Safety Margin based on 
AUC0-∞* 

1.5X 1.9X (at Dose 3) 1.8X (at Dose 3) 

Safety Margin based on 
AUC0-24* 

3.7X 3.5X (at Dose 3) 4.1X (at Dose 3) 

Safety Margin based on 
estimated synovial 

concentrations  
2.9X NA NA 

*Based on the human PK data (Study Number: FX006-2015-009) 
** Based on synovial volumes of human (7 mL) (2) and dog (1.4 mL) (3) 

 
 
A Single-Dose Toxicity Study in Dogs (FX006TOX-2011-003) 
Beagle dogs were treated with the vehicle control (diluent), blank microspheres, the 
active comparator (Kenalog-40 IR, 18.75 mg of TCA), LD (2.1 mg TCA), MD (6.25 mg 
TCA), and HD (18.75 mg TCA) via a single intraarticular injection.  Note, the ratio of 
microsphere:TCA is 4:1 and the concentration of blank microspheres is the same as in 
the Zilretta HD group.  Animals were euthanized at 3, 4, 6, and 9 month following dose 
administration.  No mortality/morbidity and no test article-related clinical symptoms were 
observed.  No notable test article-related changes in hematology, clinical chemistry, and 
urinalysis were observed.   
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Local safety margin 
The single dose IA dog study provides a 2.9X safety margin for local safety based on a 
comparison of the estimated synovial TCA concentrations between dog and human 
(see the calculation below). 
 

Estimated synovial TCA concentration from Zilretta: 
Human:  32 mg (TCA at MRHD) / 7 mL (human synovial volume) = 4.6 mg/mL 
Dog:  18.75 mg (TCA at LOAEL) / 1.4 mL (dog synovial volume) = 13.4 mg/mL  
Safety margin = 13.4 / 4.6 = 2.9X 

 
 
A Repeat-Dose Toxicity Study in Dogs (FX006TOX-2012-001) 
The proposed indication for Zilretta is for single use similarly to the reference product; 
therefore, this repeat-dose study is not required to assess the safety of Zilretta at this 
time.  Nonetheless, a brief summary is included to provide potential concerns for a 
possible chronic use.  The Applicant submitted a repeat-dose toxicity study in dogs: 
three repeated dosages of Zilretta with two different dosing intervals: 1-month (subset 
study) or 3-month (main study).   
 
Main Study (three dosing with 3-month intervals, a 6-month recovery period): 
The main study appears to be designed for a chronic use of Zilretta every 3 months.  As 
note, the Applicant proposed that Zilretta delivers TCA to the synovial tissues for 
approximately 3 months.  Beagle dogs were treated with blank microspheres, the active 
comparator (Kenalog-40, 18.75 mg of TCA), LD (6.25 mg TCA), and HD (18.75 mg 
TCA) via a single intraarticular injection.  The ratio of microsphere:TCA is 4:1 and the 
concentration of blank microspheres is same as one in the HD.  No mortality/morbidity 
and no test article-related clinical signs were observed in all groups.  There were some 
changes (about 10%) in body weights but they do not appear to be test article-related.  
There were TCA-related reductions in lymphocytes, eosinophils, and creatinine but 
these changes were reversible by the end of the 6-month recovery period (Day 
363/364).  TCA-related liver weight increases were observed in animals treated with 
18.75 mg TCA (Kenalog-40 and HD) but these changes were reversible by the end of 
the recovery period.  The common hypercortisolism-related microscopic findings were 
observed:  slight to severe atrophy of adrenal gland and lymphoid depleting.  Minimal to 
moderate cell swelling in hepatocytes of the liver was also observed in a TCA dose-
dependent manner.  These changes were not fully reversible by the end of the recovery 
period.  Systemic findings in animals treated with the test article were mostly 
comparable or slightly worse than animals treated with the active comparator (Kenalog-
40).  Local microscopic findings include minimal to mild macrophage, 
lymphocyte/plasma cell/neutrophil infiltration, neovascularization, granulation tissue, 
microsphere/debris, and fibrosis were observed and these findings appear to be mostly 
related to the PLGA microspheres and TCA attenuates these local adverse effects.  
Note that these local effects were not observed in animals treated with Kenalog-40.  
These local findings were partially reversible by the end of the 6-month recovery period.  
HD animals had comparable but slightly worse average joint scores (Modified Mankin 
Score based on surface structure and cellularity, Safranin O staining, and tidemark 
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12 Appendix/Attachments 
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NDA Number: 208845 Applicant: Flexion Therapeutics, Inc. Stamp Date: 12/08/2016

Drug Name: Zilretta
(triamcinolone acetonide extended 
release injectable suspension)

NDA Type: 505 (b)(2)

On initial overview of the NDA/BLA application for filing:
Content Parameter Yes No Comment

1 Is the pharmacology/toxicology section 
organized in accord with current regulations 
and guidelines for format and content in a 
manner to allow substantive review to 
begin?  

X

2 Is the pharmacology/toxicology section 
indexed and paginated in a manner allowing 
substantive review to begin? X

3 Is the pharmacology/toxicology section 
legible so that substantive review can 
begin? X

4 Are all required  and requested IND studies 
in accord with 505 (b)(1) and (b)(2) 

including referenced literature) completed 
and submitted (carcinogenicity, 
mutagenicity, teratogenicity, effects on 
fertility, juvenile studies, acute and repeat 
dose adult animal studies, animal ADME 
studies, safety pharmacology, etc)?

X

5 If the formulation to be marketed is 
different from the formulation used in the 
toxicology studies, have studies by the 
appropriate route been conducted with 
appropriate formulations?  (For other than 
the oral route, some studies may be by 
routes different from the clinical route 
intentionally and by desire of the FDA).

N/A

The to-be-marketed formulation was used in 
the pivotal toxicology studies via the 
clinical route (intra-articular injection).

6 Does the route of administration used in the 
animal studies appear to be the same as the 
intended human exposure route?  If not, has 
the applicant submitted a rationale to justify 
the alternative route?

X

7 Has the applicant submitted a statement(s) 
that all of the pivotal pharm/tox studies 
have been performed in accordance with the 
GLP regulations (21 CFR 58) or an 
explanation for any significant deviations?

X

8 Has the applicant submitted all special
studies/data requested by the Division 
during pre-submission discussions? X

The NDA included an extractable/leachable 
evaluation.  Based on a preliminary review, 
the data appear inadequate to support the 
safety of the drug product for approval.  
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Content Parameter Yes No Comment
However, from a nonclinical perspective, it 
is not a filing issue.  See potential review 
issue comments below.

9 Are the proposed labeling sections relative 
to pharmacology/toxicology appropriate 
(including human dose multiples expressed 
in either mg/m2 or comparative 
serum/plasma levels) and in accordance 
with 201.57?

X

10 Have any impurity, degradant, 
extractable/leachable, etc. issues been 
addressed?    (New toxicity studies may not 
be needed.) X

The proposed drug product specifications 
for specified and unspecified degradants 
exceed ICH Q3B(R2) thresholds.  The 
Applicant has provided a justification for 
their proposed specifications, but it appears 
inadequate based on a preliminary review.  
See potential review issue comments below. 

11 If this NDA/BLA is to support a Rx to OTC 
switch, have all relevant studies been 
submitted?

N/A

12 If the applicant is entirely or in part 
supporting the safety of their product by 
relying on nonclinical information for 
which they do not have the right to the 
underlying data (i.e., a 505(b)(2) application 
referring to a previous finding of the agency 
and/or literature), have they provided a 
scientific bridge or rationale to support that 
reliance? If so, what type of bridge or 
rationale was provided (e.g., nonclinical, 
clinical PK, other)?

X

The NDA is a 505(b)(2) application 
referencing the approved product, Kenalog-
40 (NDA 14901).  To bridge to the systemic 
safety of the referenced product, the 
Applicant has demonstrated that there is no 
systemic exposure to the API following 
intra-articular injection.  To justify the local 
safety of the product, appropriate 
nonclinical intra-articular toxicology studies 
were submitted.

IS THE PHARMACOLOGY/TOXICOLOGY SECTION OF THE APPLICATION 
FILEABLE? __YES__

If the NDA/BLA is not fileable from the pharmacology/toxicology perspective, state the reasons 
and provide comments to be sent to the Applicant.

N/A

Please identify and list any potential review issues to be forwarded to the Applicant for the 74-
day letter.

1. The proposed drug product specifications of NMT % for individual specified degradants and 
NMT % for individual unspecified degradants exceed the qualification threshold (0.5% or 
200 m TDI, whichever is lower) and identification threshold (0.2% or 2 mg TDI, 
whichever is lower), respectively, per the ICH Q3B(R2) guidance:  Impurities in New Drug 
Products, which is available at:  
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http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidance
s/ucm073389.pdf.  We acknowledge that you have based your proposed specifications on the 
maximum daily exposure of triamcinolone acetonide over the intended prolonged release 
facilitated by the PLGA polymer ( ); however, we do not agree with this 
rationale for establishing degradant specifications.  Unless the rate of exposure to individual 
degradants can be demonstrated to be similar to triamcinolone acetonide, you must assume 
that the total amount of individual impurities may be exposed on the first day post-injection 
and specifications must be based on the maximum daily dose of 40 mg.  Therefore, you must 
either reduce the specifications for specified and unspecified degradants to be within the ICH 
Q3B(R2) thresholds outlined above, or provide data to justify the safety of the proposed 
specifications that exceed these thresholds.  Based on submitted data for registration batches 
on stability testing, the levels of several impurities (  

) appear to remain within ICH thresholds and their 
specifications should be reduced.  Another consideration may be to shorten the expiry of your 
drug product so that the impurity specifications are within the ICH Q3B(R2) qualification 
threshold.  To adequately qualify impurities/degradants in accordance with ICH Q3B(R2), 
you must provide the following data: 

a. You must complete a minimal genetic toxicology screen (two in vitro genetic 
toxicology studies, e.g., one point mutation assay and one chromosome aberration 
assay) with the isolated impurity, tested up to the limit dose for the assay. 

b. In addition, you must conduct a repeat-dose toxicology study of appropriate duration 
via an adequate route to support the proposed indication.  In this case, duration of 90 
days is appropriate.

c. You may be able to justify the safety of a drug product degradant via comparative 
analytical studies demonstrating that the levels of the degradant in your drug product 
are equal to or below the levels found in the referenced drug product.  If you elect to 
pursue this approach, refer to the FDA guidance for industry: ANDAs:  Impurities in 
Drug Products, available at,   
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/G
uidances/UCM072861.pdf.

2. Based on a preliminary review of your NDA submission, it does not appear that an adequate 
extractables/leachables evaluation was performed.  In pre-NDA written responses sent on 
5/25/2016, we specifically stated that “although a toxicological risk assessment based on the 
results of the extraction study may be adequate to support the safety assessment during the 
development, you should still evaluate at least three batches of your drug product over the 
course of your stability studies and base the final safety assessment on the levels of 
leachables identified to determine the safe level of exposure via the label-specified route of 
administration.”  However, only two batches were evaluated  

 and, only two batches were evaluated for 
the diluent of which only one batch (Lot 023C15) was evaluated in the inverted position at 
one time point   As the container system consists of a glass vial and rubber stopper, 
our primary concern is the potential exposure to patients from leachables arising from the 
rubber stopper of the diluent.  To address this issue, we strongly recommend that you provide 
leachables data, as soon as possible during this review cycle, from at least three batches of the 
FX006 Diluent placed on stability in the inverted position at multiple time points over the 
course of your stability studies, preferably at release, an intermediate time point, and towards 
the proposed expiry, in order to identify trends in leachable levels over time.  Establish your 
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AET to be able to detect potentially carcinogenic or genotoxic compounds as per ICH M7 
qualification thresholds (e.g., not more than 1.5 mcg/day or up to 120 mcg/day depending on 
the duration of treatment).  However, from a general toxicology perspective, for parenteral 
products, the AET must be able to detect and identify any leachable that is present in the 
product at  in order, unless justified otherwise, to permit an adequate 
toxicological risk assessment.

For additional guidance on extractables and leachables testing, refer to the following 
documents:

 USP <1663>:  Assessment of Extractables Associated with Pharmaceutical 
Packaging/Delivery Systems

 USP <1664>:  Assessment of Drug Product Leachables Associated with 
Pharmaceutical Packaging/Delivery Systems 

 FDA guidance for industry:  Container Closure Systems for Packaging Human Drugs 
and Biologics, available at, 
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/G
uidances/UCM070551.pdf

The extractable/leachable data must be accompanied by an adequate toxicological risk 
assessment.  Although a toxicological risk assessment based on the results of the extraction 
studies may be adequate to support the safety assessment during development, evaluate at 
least three batches of your drug product that have been tested at multiple time-points over the 
course of your stability studies, as discussed above, and base the final safety assessment on 
the maximum predicted levels of leachables identified to determine the safe level of exposure 
via the label-specified route of administration.  The approach for toxicological evaluation of 
the safety of leachables must be based on good scientific principles and take into account the 
specific container closure system or patch, drug product formulation, dosage form, route of 
administration, and dose regimen (chronic or short-term dosing).  The safety assessment 
should be specifically discussed in Module 2.6.6.8 (Toxicology Written Summary/Other 
Toxicity) of the NDA submission.  The risk assessment should be based on the maximum 
level of each leachable detected in long-term stability samples that include any intended 
secondary container closure system(s) unless otherwise justified.  Include copies of all 
referenced studies upon which a safety assessment is based.  

 If you employ a Permissible Daily Exposure (PDE) assessment as described in ICH 
Q3C, provide justification for all safety factors employed.

 Published literature to support the safety of any compound rarely provides adequate 
detail of the study design and study results to permit a thorough independent 
evaluation of the data.  Summary reviews, (e.g., BIBRA, CIR, HERA), although they 
can be potentially useful to identify original source materials, are not acceptable as 
the source material is not provided and the conclusions cannot be independently 
verified.  Submission of any published study reports must be accompanied by a 
detailed comparison to modern toxicology study endpoints and any shortcomings of 
the study must be discussed and justification must be provided to support your 
assertion that these data are adequate to support the safety of your drug product 
formulation.  
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 Safety justifications based on analogous compounds are also not acceptable unless 
you can provide adequate data to support your conclusions that a risk assessment 
based on one compound can be logically interpolated to represent an adequate safety 
evaluation for your extractables/leachables.  This should include a detailed 
understanding of the absorption, distribution, metabolism, and elimination of the 
compounds and an adequate scientific bridge to interpolate a NOAEL for the novel 
leachable.
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