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1.0 Executive Summary 

1.1 Recommendation 
From the Clinical Pharmacology perspective, NDA 207233 submitted on 

12/23/2014 is acceptable.   

1.2 Phase 4 Commitments 
None 

1.3.  Summary of Clinical Pharmacology Findings 
Iroko Pharmaceuticals, LLC submitted a 505 (b) (2) application for VIVLODEX 
capsules, an immediate-release (IR) formulation of meloxicam for the  

 pain in adults. The applicant conducted a Pivotal Phase 3 safety and 
efficacy placebo controlled trial (MEL3-12-02) and using the to-be-marketed (TBM) 
formulation, in conjunction with the Agency’s previous findings of safety and efficacy 
for the reference drug Mobic (NDA-020938).  As a 505(b)(2) NDA, for establishing the 
clinical bridge, Iroko conducted a comparative bioavailability (BA), dose proportionality 
and food effect trial with TBM formulation (MELl-12-04) against Mobic 15 mg IR 
tablets of NDA-020938 (Boehringer Ingelheim Pharmaceuticals Inc).  
 
The dose strengths for VIVLODEX oral capsules are 5 and 10 mg that are 
compositionally proportional.  The sponsor proposed dosing regimen of once daily for 
either strengths. The proposed dosing regimen for both strengths is similar when 
compared to reference Mobic 7.5 and 15 mg tablets, which are both dosed once daily. 
  
Mobic (meloxicam) IR oral tablets were originally approved on Thursday, April 13th 
2000. Since then another dosage form in the form of Oral Suspension (NDA-021530) was 
also approved in 2004.  The proposed VIVLOEX capsules are a reformulation of 
meloxicam with reduced particle size made by the sponsor’s trademarked SoluMatrix™ 
technology. The VIVLODEX capsules contain 5 mg or 10 mg of meloxicam as the sole 
analgesic ingredient, representing a 33% lower meloxicam dose compared to reference 
Mobic (7.5 mg and 15 mg).   
 
The 33% lower dose calculation of 5 mg and 10 mg VIVLODEX capsules was made 
based on meloxicam free-drug (7.5 and 15 mg Mobic capsules contain 7.5 and 15 mg of 
meloxicam and other excipients, respectively). 
Sponsor’s rationale of reduced particle size is to increase the surface area to-mass ratio 
and thereby facilitate the rapid absorption in the GI tract.  This Sponsor has an approval 
for Zorvolex capsules (Diclofenac) and TIVORBEX (Indomethacin) with the similar 
rationale. With regard to improving of absorption / bioavailability of the proposed 
product; for reference drug Mobic immediate release tablets, the peak concentrations 
(Cmax) of meloxicam appear at 5 hours (Tmax) and the bioavailability (BA) of 
meloxicam after oral administration is almost 89%. Therefore, there may be little room 
for a new formulation to improve on the extent of absorption in terms of bioavailability 
of the drug, but there is potential to improve the rate of absorption to reduce the Tmax.  
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For this NDA, the safety, the end of Phase 2 were held on 01/18/2012, 11/13/2012 
respectively under IND 114045. The clinical development program includes one clinical 
pharmacology study with TBM formulation (reviewed) and two clinical pharmacology 
studies with pilot formulation (not reviewed), one phase 3 safety clinical study and one 
pivotal phase 3 safety and efficacy study using the TBM formulation.  
 
Clinical Pharmacology Studies:  
Three clinical pharmacology studies, MEL1-11-01, population-PK and MELl-12-04 were 
conducted for this application. Out of these three studies, MEL1-11-01 and population-
PK studies were conducted with initial proof of concept formulations for the sponsor’s 
internal decision making and hence not reviewed. The study MELl-12-04 was conducted 
with commercial scale formulation that fulfills the clinical pharmacology information of 
the proposed product from regulatory requirement perspective.  
      Phase 1 Study MELl-12-04 (with commercial scale formulation):  

 Relative bioavailability (BA), dose-proportionality and food effect study.   
 
Clinical Studies:  
Sponsor conducted two Phase 3 clinical studies. The two Phase 3 studies, MEL3-12-02 
and MEL3-12-03 were conducted with commercial scale formulation serve for assessing 
the clinical safety and efficacy for this product.  

Phase 3 Studies (with commercial scale formulation): 
 MEL3-12-02 (Pivotal Phase 3 Efficacy and Safety study): Multicenter, 

Randomized, Double-Blind, Double-Dummy, Placebo-Controlled, Fixed-Dose, 
Parallel-Group, Efficacy, and Safety Study of Meloxicam SoluMatrix™ Capsules 
in Patients with Pain Due to Osteoarthritis of the Knee or Hip.  

 MEL3-12-03 (Phase 3 Safety study): A Multicenter, Open-Label, Safety Study of 
Meloxicam SoluMatrix™ Capsules in Subjects with Osteoarthritis of the Knee or 
Hip 
 

Relative bioavailability of VIVLODEX capsules compared to reference meloxicam 
tablets (MELl-12-04): 
The relative BA of VIVLODEX 10 mg capsules was compared to meloxicam 15 mg 
capsules as a part of the study MELl-12-04, under fasting conditions in 27 healthy 
subjects.  
  

 VIVLODEX 10 mg dose not result in similar systemic exposure as reference 
meloxicam 15 mg tablets and are not bioequivalent.  

 When taken under fasted conditions, 33% lower dose of VIVLODEX capsules 
(10 mg) compared to meloxicam tablets (15 mg) results in equivalent (geometric 
mean) peak concentrations (Cmax), and 18 and 33 % lower (geometric mean) 
AUC0-t and AUC0-∞, respectively. Since the 33% lower dose of VIVLODEX 
results in 33% lower AUC0-∞ compared to Mobic, the new formulation does not 
improved the bioavailability of meloxicam. The median time to reach peak 
concentrations (Tmax) for VIVLODEX capsules is two hours earlier compared to 
meloxicam tablets (VIVLODEX 2 hours versus Mobic 4 hours).  
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 There were no significant differences in elimination half-life (t1/2) between 
VIVLODEX capsules and Mobic tablets (VIVLODEX 22.04 hours vs. Mobic 
tablets 23.64 hours).   

 
Dose Proportionality between 5 and 10 VIVLODEX capsules:  

 The two strengths VIVLODEX 5 and 10 mg capsules are compositionally 
proportional. The 5 and 10 mg strengths show dose proportional 
pharmacokinetics for Cmax and AUC under fasted conditions. 

 
Food Effect on VIVLODEX and mobic tablets:  
The food effect was assessed for VIVLODEX 10 mg capsules in 27 (Fasted) and 26 
(Fed) healthy subjects, respectively.  

 When taken under fed conditions, VIVLODEX capsules results in decreasing rate 
(Cmax and Tmax) but not the overall extent of meloxicam absorption (AUC0-∞).   

o Under fed conditions, VIVLODEX 10 mg capsules results in 22% lower 
Cmax, 6% lower AUC0-t and 8% lower AUC0-∞ respectively compared to 
the fasted conditions. Taking VIVLODEX with food delayed the Tmax by 
3 hours (2 hours fasted vs. 5.00 hours fed).   

 Under fed conditions, the reference Mobic tablet results in 22% higher Cmax and 
no change in AUC compared to fasted conditions. Taking Mobic tablets with food 
resulted in Tmax achieved between 5 and 6 hours.  The source of reference food 
effect data is from the label of the reference drug.  

 The Mobic label states that can be administered without regard to timing of meals. 
The observed food effect for VIVLODEX capsules though not comparable to the 
reference meloxicam tablets, significant changes were not observed in the overall 
exposure and hence it can be labeled to be taken without regard to timing of meal.  

 
Overall, adequate information has been provided characterizing the clinical 

pharmacology aspects of VIVLODEX capsules. 
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2.0 Question Based Review  

2.1 General Attributes of the Drug 
 
2.1.1 What are the highlights of the chemistry and physical-chemical properties of 
the drug substance, and the formulation of the drug product?   
  

 
 
Formulation: 
VIVLODEX capsules are a reformulation of meloxicam with reduced particle size. 
VIVLODEX capsules are 33% lower in meloxicam dose compared to Mobic capsules.  
The two strengths of VIVLODEX capsules are 5 mg and 10 mg compared to the 7.5 mg 
and 15 mg strengths of Mobic.  
 
2.1.2. What is the regulatory history of Meloxicam products? 
Meloxicam is an approved drug that is already available and marketed in the United 
States as a treatment for multiple indications as shown in Table 2.1.2.  
 
Table 2.1.2: Oranage Book Meloxicam products:    
Drug name 
and 
Application # 

Dosage 
form/Route 

Strength Company 

N021530 Suspension;oral 7.5MG/5ML BOEHRINGER INGELHEIM 
A077882 Tablet;oral 15MG APOTEX INC 
A077882 Tablet;oral 7.5MG APOTEX INC 
A078008 Tablet;oral 15MG AUROBINDO PHARMA 
A078008 Tablet;oral 7.5MG AUROBINDO PHARMA 
A077920 Tablet;oral 15MG BRECKENRIDGE PHARM 
A077920 Tablet;oral 7.5MG BRECKENRIDGE PHARM 
A077918 Tablet;oral 15MG CARLSBAD 

Table 2.1.1: Physical-Chemical Properties of  Meloxicam Acid 
Drug Name  Meloxicam 
Chemical Name  4-hydroxy-2-methyl-N-(5-methyl-2-thiazolyl)-2H-1,2- 

benzothiazine-3-carboxamide-1,1-dioxide 
Structure  

 
Molecular  Formula C14H13N3O4S2 
Molecular Weight 351.4 
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A077918 Tablet;oral 7.5MG CARLSBAD 
A077929 Tablet;oral 15MG CIPLA LTD 
A077929 Tablet;oral 7.5MG CIPLA LTD 
A077931 Tablet;oral 15MG DR REDDYS LABS INC 
A077931 Tablet;oral 7.5MG DR REDDYS LABS INC 
A077932 Tablet;oral 15MG GLENMARK GENERICS 
A077932 Tablet;oral 7.5MG GLENMARK GENERICS 
A077944 Tablet;oral 15MG LUPIN PHARMS 
A077944 Tablet;oral 7.5MG LUPIN PHARMS 
A077923 Tablet;oral 15MG MYLAN 
A077923 Tablet;oral 7.5MG MYLAN 
A077938 Tablet;oral 15MG PURACAP PHARM 
A077938 Tablet;oral 7.5MG PURACAP PHARM 
A077928 Tablet;oral 15MG STRIDES PHARMA 
A077928 Tablet;oral 7.5MG STRIDES PHARMA 
A077937 Tablet;oral 15MG SUN PHARM INDS INC 
A077937 Tablet;oral 7.5MG SUN PHARM INDS INC 
A078102 Tablet;oral 15MG TARO 
A078102 Tablet;oral 7.5MG TARO 
A077936 Tablet;oral 15MG TEVA PHARMS 
A077936 Tablet;oral 7.5MG TEVA PHARMS 
A077927 Tablet;oral 15MG UNICHEM 
A077927 Tablet;oral 7.5MG UNICHEM 
A077921 Tablet;oral 15MG ZYDUS PHARMS USA 
A077921 Tablet;oral 7.5MG ZYDUS PHARMS USA 
N020938 Tablet;oral 15MG BOEHRINGER INGELHEIM 
N020938 Tablet;oral 7.5MG BOEHRINGER INGELHEIM 
 
2.1.3 What is the composition of the to-be-marketed formulation of VIVLODEX 
capsules?   

The proposed commercial dosage forms of VIVLODEX capsules include 5 mg 
and 10 mg strengths of Meloxicam. Table 2.1.3 provides the quantitative composition for 
both capsule strengths and the function of each component.   
Table 2.1.3: Composition of VIVLODEX capsules 20 and 40 mg strengths 

Component  
Quality 
Standard  Function  

Strength  
5 10  
Amount per 
Capsule 
(mg/capsule 
weight) 

Amount per 
Capsule 
(mg/capsule 
weight) 

Meloxicam USP Active pharmaceutical 
ingredient 

5 10  

Lactose monohydrate NF 
Sodium lauryl sulfate NF 

Microcrystalline 
cellulose 

NF 

Croscarmellose sodium NF 
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Sodium stearyl fumarate NF  
Total capsule fill weight  -  125 250 

NF - National Formulary, USP = United States Pharmacopeia 
 
2.1.4 What are the proposed mechanism(s) of action and therapeutic indication(s)?  
Meloxicam is a nonsteroidal anti-inflammatory drug (NSAID) that exhibits anti-
inflammatory, analgesic, and antipyretic activities in animal models. Like other NSAIDs, 
the mechanism of action of meloxicam is thought to be related to inhibition of 
prostaglandin synthetase (cyclooxygenase). The proposed indication for VIVLODEX 
capsules is the management of OA pain. 
 
2.1.5 What are the proposed dosage and route of administration? 
VIVLODEX capsules are intended for oral administration. The proposed dosage is 5 mg 
or 10 mg once daily.  
 
2.1.6 What is the core studies submitted in this NDA? 
The core clinical development program includes one clinical pharmacology study, one 
clinical safety and efficacy study and one Phase 3 safety study using the final to-be 
marketed formulation. 
 MEL1-12-04: A Phase 1, randomized, 4-period, 4-treatment, 4-sequence, single-

dose, crossover pharmacokinetic (PK) trial evaluated the pharmacokinetic properties 
of Vivlodex Capsules 5 mg and 10 mg (Commercial Formulation) and Mobic 15 mg 
tablets in healthy subjects under fed and fasted conditions.  

 MEL3-12-02: A Phase 3, multicenter, randomized, double-blind, double-dummy, 
placebo-controlled, fixed-dose, parallel-group trial evaluated the efficacy and safety 
of Vivlodex Capsules 5 mg and 10 mg (Commercial Formulation) in subjects with 
pain due to OA of the knee or hip.  

 MEL3-12-03: A Phase 3, multicenter, open-label trial evaluated the safety and 
tolerability of Vivlodex Capsules 10 mg (Commercial Formulation) in subjects with 
pain due to OA of the knee or hip.  

 

2.2 General Clinical Pharmacology 
 
 
The clinical efficacy studies, MEL3-12-02 and MEL3-12-03 for  of pain due to 
OA of the knee or hip and the MEL1-12-04 clinical pharmacology study characterizing 
the formulation form the basis to support the dosing for this NDA 
 
For final assessment of the safety and efficacy findings, see Clinical review by Dr. Mary 
A. Luckett (Clinical Reviewer).   
 
2.2.2 What efficacy and safety information (e.g., biomarkers, surrogate endpoints, 
and clinical endpoints) contribute to the assessment of clinical pharmacology study 
data? How was it measured? 
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No biological biomarker was assessed in this NDA.  In two placebo-controlled studies the 
primary endpoint was mean change in the WOMAC pain subscale score from Visit 2 
(Baseline) to Visit 5 (Week 12). 

  
2.2.3. What are the general PK characteristics of the drug? 
The absorption, distribution, metabolism, and excretion of Meloxicam as a molecular 
entity are described in the label for the reference listed drug (Mobic Label). 
 
2.2.4 Were the active moieties in the plasma (or other biological fluid) appropriately 

identified and measured to assess pharmacokinetic parameters and exposure 
response relationships? 

Meloxicam is extensively metabolized in the liver to 4 pharmacologically inactive 
metabolites. VIVLODEX analgesic activity is primarily due to the parent compound 
Meloxicam; only the parent compound was measured to assess the PK parameters. 
 
2.2.5. What are the characteristics of drug absorption? Are VIVLODEX parameters 
dose proportional? 
The absolute bioavailability of meloxicam tablets was 89% following a single oral dose 
of 30 mg compared with 30 mg IV bolus injection. Following single intravenous doses, 
dose-proportional pharmacokinetics were shown in the range of 5 mg to 60 mg. After 
multiple oral doses the pharmacokinetics of meloxicam tablets was dose-proportional 
over the range of 7.5 mg to 15 mg (per Mobic label). Dose proportionality was similarly 
demonstrated for the Vivlodex Capsules 5 mg and 10 mg doses (MEL1-12-04) in 
Vivlodex Capsules clinical trial. 

 
Dose-proportionality of VIVLODEX Capsules:  
The dose proportionality between two strengths, 5 and 10 mg VIVLODEX capsules was 
assessed as part of study MEL1-12-04 under fasted conditions.  Note that the two 
strengths VIVLODEX, 5 and 10 mg were compositionally proportional. 
Treatments:  

 VIVLODEX capsules  5  mg Fasted   (Batch # L0309610) 
 VIVLODEX capsules 10 mg  Fasted  (Batch #  L0309611) 

 
The mean ± SD concentration-time profiles and PK parameters for 5 and 10 mg 
VIVLODEX capsules are shown in the Figures 2.2.5 and Table 2.2.5a, respectively.  The 
dose proportionality for dose normalized meloxicam plasma PK parameters (5 mg vs. 10 mg) 
is shown in the Table 2.2.5b. The dose normalized PK parameters show that 5 and 10 mg 
VIVLODEX capsules results in dose proportional pharmacokinetics for Cmax and AUC 
under fasted conditions  
 
Figure 2.2.5. Mean dose-normalized plasma concentration-time profiles after single dose 
administration of VIVLODEX 5 and 10 mg under fasted conditions.  
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Table 2.2.5a: PK parameters for VIVLODEX 5 and 10 mg dose strengths under fasted 
conditions. 
Parameter   
 

VIVLODEX® 
10 mg 
Geometric LS 
mean 

Geometric LS 
Means 95% CI 

VIVLODEX® 
5 mg 
Geometric LS 
mean 

Geometric LS Means 
95% CI 

Cmax (ng/mL)  1230.62 (1129.67, 1340.60) 626.74 (574.93, 683.22) 
AUC0-t 
(hr*ng/mL)  

27213.63 (24285.61, 30494.66) 13672.43 (12196.44, 15327.05) 

AUC0-∞ 
(hr*ng/mL)  

27857.69  (24918.55, 31143.49) 13913.03 (12430.29, 15572.63) 

 
 
 
 
Table 2.2.5b: Dose proportionality for dose normalized meloxicam plasma PK 
parameters for 10 mg versus 5 mg. 
Parameter  Geometric LS mean ratio  

(10 mg / 5 mg)                              
90% CI of ratio 

Cmax (ng/mL)  0.982  0.935, 1.031 
AUC0-t (hr*ng/mL)  0.995 0.955, 1.037 
AUC0-∞ (hr*ng/mL)  1.001  0.954, 1.050 
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2.3. Intrinsic factors 
 
2.3.1. What is the pediatric plan? 
Pediatric Study Plan (PSP) for VIVLODEX for  of osteoarthritis pain states that 
development of a pediatric formulation, the conduct of non-clinical studies, pediatric 
pharmacokinetic studies, and clinical effectiveness and safety studies are “not 
applicable.” Based on this, they intended to seek a waiver from the requirements of the 
Pediatric Research Equity Act (PREA) in the NDA submission for the proposed 
indication. The initial PSP contained the “Request for Waiver from Pediatric Research 
Equity Act,” based on the finding that pediatric “studies are impossible or highly 
impractical” in the proposed indication.  
 
Reviewer comments:  
The initial PSP for VIVLODEX was reviewed and the agency agreed with the sponsor’s 
intent to not conduct studies in pediatric subjects and to request a full waiver from 
conducting pediatric studies in all pediatric age groups based on the finding that 
pediatric studies are impossible or highly impractical in the proposed indication. 
 

2.4. General Biopharmaceutics 
 
2.4.1. What is the relative bioavailability of VIVLODEX® capsules compared to the 
reference drug, Meloxicam Tablet? 

The relative bioavailability of VIVLODEX® 10 mg capsules was compared to 
reference Meloxicam 15 mg Tablets (Mobic) under fasted conditions as a part of study 
MEL1-12-04. This study was done using commercial scale formulation of VIVLODEX. 
A total number of 27 healthy subjects completed the treatments.  
 
Treatments:  

 Test VIVLODEX capsules 5 mg (Batch # L0309610) Fasted   
 Test VIVLODEX capsules 10 mg (Batch # L0309611) Fasted  
 Test VIVLODEX capsules 10 mg (Batch # L0309611) Fed    
 Reference  Mobic tablets 15 mg Fasted  

There was at least a 14-day washout interval between doses. Blood samples for PK were 
collected for 96 hours after dosing. 
 
Results:  
The plasma concentration-time profiles comparing VIVLODEX 40 mg capsules and 
meloxicam 50 mg IR capsules under fasted conditions are shown in figures 2.4.1.  The 
corresponding PK parameters are shown in Table 2.4.1a. The geometric mean ratios and 
the 90% CIs for AUC0-t and AUC0-∞ and Cmax are shown in the Table 2.4.1b. The 
summary of results is shown below: 

 VIVLODEX 10 mg capsules does not result in similar systemic exposure as 
reference meloxicam 15 mg IR capsules and are not bioequivalent.  

 When taken under fasted conditions, 33% lower dose of VIVLODEX capsules 
(10 mg) compared to mobic tablets (15 mg) results equivalent peak concentrations 
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(Cmax) and 18 and 33 % lower (geometric mean) AUC0-t and AUC0-∞, 
respectively.  The median time to reach peak concentrations (Tmax) for 
VIVLODEX capsules is 2 hours earlier compared to Meloxicam tablets 
(VIVLODEX 2 hours versus mobic tablets 4 hours).   

 There were no differences in elimination half-life (t1/2) between VIVLODEX 
capsules and mobic tablets (VIVLODEX 22.04 hours vs. mobic tablets 23.64 
hours).   

 
Figure 2.4.1a: Mean meloxicam plasma concentration-time profiles after 
administration of VIVLODEX capsules (5mg & 10 mg) and mobic tablet (15mg) 
under fasted conditions. 

 
 
 
Table 2.4.1a. Pharmacokinetic parameters comparing VIVLODEX capsules and mobic 
tablets under fasted conditions. 

Parameter 
Arithmetic mean ± SD (n) 

VIVLODEX capsules Fasted Mobic tablets  (15 
mg) Fasted (27) 5 mg (26) 10 mg (27) 

Cmax (ng/mL)  642.4±138.5 1252.8±254.2 1288.8±424.4 
AUC0-t (hr*ng/mL)  14206.5±5415.3 28190.5±9264.7 39093.8±16500.2 
AUC0-∞ (hr*ng/mL)  13610.5±3342.7 29173.0±11042.1 40875.6±11733.5 
Tmax (hr)* 2.00 (0.50, 4.07) 2.00 (1.00, 5.00) 4.00 (2.02, 8.00) 
T1/2 (hr)  22.32±10.91 22.04±10.08 23.64±10.04 
*Median (min, max);   
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Table 2.4.1b: Geometric LS mean ratios and 90% confidence intervals for Cmax AUC0-t 
and AUC0-∞ of VIVLODEX (10 mg) versus mobic tablets (15 mg) in fasted conditions.  

Parameter Geometric LS mean (Geometric LS Mean 95%, CI) Geometric LS 
mean ratio (90% 

CI of ratio) 
[VIVLODEX 10 

mg / Mobic 15 mg] 
 VIVLODEX (10 mg) Mobic (15 mg)  
Cmax (ng/mL) 1225.36 (1043.79, 1438.51) 1135.03 (966.79, 1332.54) 1.080 (0.905, 1.288)  
AUC0-t (ng.h/mL) 26971.67 (22146.05, 

32848.79) 
32793.86 (26921.01, 
39947.88) 

0.822 (0.676, 1.001)  

AUC0-∞ (ng h/mL) 28041.55 (25081.98, 
31350.35) 

41616.78 (37166.78, 
46599.59) 

0.674 (0.641, 0.708)  

 
 
2.4.2 What is the effect of food on the BA of VIVLODEX in comparison to the 
mobic tablets? 
 
The food effect was assessed for VIVLODEX 10 mg capsules in 27 (Fasted) and 26 
(Fed) healthy subjects, respectively.  
 
There was at least a 14-day washout interval between doses. Blood samples for PK were 
collected for 96 hours after dosing. 
 
Results:  
The Figure 2.4.2 shows the plasma concentration-time profiles of VIVLODEX 10 mg 
under fasted and fed conditions. The food effect PK parameters and geometric mean 
ratios and the 90% CIs for AUC0-t and AUC0-∞  and Cmax for meloxicam are presented in 
Table 2.4.2a and Table 2.4.2b. The summary of results is shown below: 

 When taken under fed conditions, VIVLODEX capsules results in decreased the 
rate (Cmax and Tmax) but not the overall extent of meloxicam absorption 
(AUC0-∞).   

 Under fed conditions, VIVLODEX 10 mg capsules results in 22% lower Cmax, 
6% lower AUC0-t and 8% lower AUC0-∞ respectively compared to the fasted 
conditions. Taking VIVLODEX with food delayed the Tmax by 3 hours (2 hours 
fasted vs. 5.00 hours fed).   

 Under fed conditions, the reference Mobic tablets results in 22% higher Cmax no 
change in AUC compared to fasted conditions. Taking mobic tablets with food 
resulted in Tmax achieved between 5 and 6 hours.  The source of reference food 
effect data is from the label of the reference drug.  
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Figure 2.4.2a: Mean meloxicam plasma conc.-time profiles for 10 mg 
VIVLODEX capsules under fasted and fed conditions (Study MEL1-12-04) 

 
 
 
 
Table 2.4.2a.   Pharmacokinetic parameters of meloxicam after administration of 
VIVLODEX capsules under fasted and fed conditions  
 
Parameter   VIVLODEX 

Geometric LS Mean (Geometric LS Mean 95% CI) 
(Study MEL1-12-04) 

Fasted Fed 
Cmax (ng/mL)  1255.36 (1043.79, 1438.51) 959.69 (815.01, 1130.05) 
AUC0-t (hr*ng/mL)  26971.67 (22146.05, 32848.79) 25249.69 (20661.53, 30856.71) 
AUC0-∞ (hr*ng/mL)  28041.55 (25081.98, 31350.35) 25644.63 (22919.15, 28694.22) 
Tmax (hr) 2.22 (1.85 – 2.66) 5.18 (4.31 – 6.24) 
 
 
Table 2.4.2b:  Ratio of geometric LS means and 90% CI of AUC and Cmax comparing 
VIVLODEX capsules under fasted and fed conditions. 
PK parameter Treatment Ratio (90% CI of ratio) 

VIVLODEX Fasted / VIVLODEX Fed 
Cmax  0.783 (0.655, 0.936) 
AUC0-t 0.936 (0.767, 1.142) 
AUC0-∞ 0.915 (0.870, 0.961) 
Tmax (hr)* 3.00 (2.02, 4.01) 
* Hodges-Lehman Estimate of Median Difference (90% CI for estimate of Median Difference) 
Reviewer comments: 
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The Mobic label states that it can be administered without regard to timing of meals. 
The observed food effect for VIVLODEX capsules though not comparable to the 
reference meloxicam tablets, significant changes were not observed in the overall 
exposure and hence it can be labeled to be taken without regard to timing of meal.  

 

2.5.Analytical Section 
 
2.5.1 Are the active moieties identified and measured in the plasma in the clinical 
pharmacology and biopharmaceutics studies?  What is the QC sample plan?  What 
are the accuracy, precision and selectivity of the method?   
 
Clinical Facility: 
PAREXEL Early Phase Clinical Unit, 3001 Hanover Street, Baltimore, Maryland 21225. 

 Clinical study MEL1-12-04 study duration was between 05 September 2012 to 20 
November 2012 

 
Bio-analytical Facility:  

  
Assay of samples were conducted from 30 Jul 2013 (receipt of first samples) to 21 Aug 
2013 (date of last injection) 

 
 
The plasma concentrations of Meloxicam were analyzed using validated LC-MS/MS 
assays.  

 
Bio-analytical Validation:  
 
Study Number:      QPS 42-1358 

Analyte Name:     Meloxicam 

Internal Standard (IS):    13C,d3 Meloxicam 

Analytical Method Type:    LC-MS/MS 

Extraction Method:     Protein Precipitation 

Sample Volume:     50 L 

QC Concentrations:     10, 30, 250, 2250, and 4000 ng/mL 

Standard Curve Concentrations: 10, 20, 50, 150, 500, 1500, 4500, and  
5000 ng/mL 

Lower Limit of Quantitation: 10 ng/mL 

Upper Limit of Quantitation:    5000 ng/mL 

Average Recovery of Analyte (%):   110.4 

Average Recovery of Internal Standard (%): Not applicable since a stable isotope  

Reference ID: 3813727

(b) (4)
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labeled internal standard was used. 

LLOQ QC Intraday Precision Range (%CV): 2.4 to 5.5 

LLOQ QC Intraday Accuracy Range (%RE): -7.8 to 2.0 

Analytical QC Intraday Precision Range (%CV): 0.7 to 2.1 

Analytical QC Intraday Accuracy Range (%RE): 0.3 to 10.0 

LLOQ QC Interday Precision (%CV):  6.1 

LLOQ QC Interday Accuracy (%RE):  -1.9 

Analytical QC Interday Precision Range (%CV): 1.2 to 2.2 

Analytical QC Interday Accuracy Range (%RE): 0.5 to 8.0 

Stock Solution Stability in DMSO: 91 Days at -20  7 Hours at Room  
Temperature 

Spiking Solution Stability in DMSO: 86 Days at 4  7 Hours at Room  

Temperature 

Processed Sample Stability:    143 Hours at 4  

Benchtop Stability in Plasma:    21 Hours at Room Temperature 

Freeze/Thaw Stability in Plasma:   5 Cycles at -20  and -70  

Benchtop Stability in Whole Blood:   2 Hours at Room Temperature 

Long-term Storage Stability in Plasma:  98 Days at -20  and -70  

Dilution Integrity:     25000 ng/mL diluted 10-fold 

Selectivity:      20% LLOQ for analyte; 5.0% for IS 
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4.0 Appendices  

4.1 Sponsor’s Proposed Label  
  

Reference ID: 3813727

27 Page(s) of Draft Labeling has been Withheld in Full as B4 (CCI/TS) immediately following this 
page
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4.2 Individual Study Synopses:  
Note: Study synopses in this section were extracted from the NDA submission 

4.2.1 Study Designs:  
 
MELl-12-04: Relative bioavailability (BA), dose-proportionality and food effect study.   
This study was conducted with commercial scale formulation and it fulfills the clinical 
pharmacology information of the proposed product from regulatory requirement 
perspective.  
 

4.2.2 Study Synopses 
Study MELl-12-04 
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2.7.2.1.1 Introduction

2.7.2.1.2 Overview of Vivlodex Capsules Clinical Trials
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2.7.2.1.2.1 Overview of the Clinical Pharmacology Program
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QP09C03 MEL1-11-01 MEL1-12-04 

Trial dates 

Vivlodex 
Capsules 
Formulation 

Trial design 

Trial objectives

Trial population 

Dosing regimen 
and duration

Treatment 
groups

Reference ID: 3813727



QP09C03 MEL1-11-01 MEL1-12-04 

Total subjects 
enrolled

Demographics 

Pharmacokinetic 
assessments

Reference ID: 3813727



2.7.2.2.1 Methodology
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2.7.2.2.2 Clinical Trial MEL1-12-04
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Pharmacokinetic 
Parameter

Mean±SD
(n)

Vivlodex 
Capsules 10 mg

Fasted

Vivlodex 
Capsules 10 mg

Fed

Vivlodex 
Capsules 5 mg

Fasted

Mobic 15 mg
Tablets
Fasted

2.7.2.2.2.1 Rate and Extent of Absorption
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Pharmacokinetic 
Parameter

Least Squares Geometric Mean

GMRc 90% CI 

Vivlodex Capsules 
10 mg Fasted

n=27a

Mobic 15 mg 
Tablets Fasted

n=27b

2.7.2.2.2.2 Dose Proportionality

Reference ID: 3813727



Pharmacokinetic
Parameter

Least Squares Geometric Mean

GMRc 90% CI 

Vivlodex Capsules 
10 mg Fasted

n=27a

Vivlodex Capsules 
5 mg Fasted

n=26b

2.7.2.2.2.3 Food Effect
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Pharmacokinetic 
Parameter

Least Squares Geometric Mean

GMRc 90% CI 

Vivlodex Capsules 
10 mg Fasted

n=27a

Vivlodex Capsules 
10 mg Fed

n=26b

Reference ID: 3813727



Parameter
(unit) Treatment Comparison n 

Hodges-Lehman 
Estimate Median 

Difference

90% CI for 
Estimate of 

Median Difference

Vivlodex Capsules 10 mg (Fasted)
Vivlodex  Capsules 10 mg (Fed)

2.7.2.2.2.4 Conclusions

Reference ID: 3813727



2.7.2.2.3 Clinical Trial MEL1-11-01

A Randomized, 5-Period, 5-Treatment, 5-Sequence Single-Dose Crossover, 
Pharmacokinetic Study of Meloxicam SoluMatrix™ Capsules 6 mg under Fasted 
Conditions and Meloxicam SoluMatrix™ Capsules 12 mg and Mobic® 15 mg under 
Fed and Fasted Conditions
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Mean±SD
(Min, Max)

Vivlodex Capsules Mobic Tablets 

12 mg
Fasted
n=27

12 mg
Fed

n=27

6 mg
Fasted
n=27

15 mg
Fasted
n=28

15 mg
Fed

n=27

2.7.2.2.3.1 Rate and Extent of Absorption
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Pharmacokinetic 
Parameter

Least Squares Geometric Mean

GMRa 90% CI 
Vivlodex Capsules 

12 mg Fasted
Mobic 15 mg 

Tablets Fasted

2.7.2.2.3.2 Dose Proportionality

2.7.2.2.3.3 Food Effect
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Pharmacokinetic 
Parameter

Least Square Geometric Mean

GMRa 90% CI 
Vivlodex Capsules 

12 mg Fasted
Vivlodex Capsules 

12 mg Fed

Reference ID: 3813727



Vivlodex Capsules  12 mg (Fasted)

Vivlodex Capsules 12 mg (Fed)
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Pharmacokinetic 
Parameter

Least Square Geometric Mean

GMRa 90% CI 
Mobic 15 mg 

Tablets Fasted
Mobic 15 mg 
Tablets Fed

2.7.2.2.3.4 Conclusions
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2.7.2.2.4 Clinical Trial QP09C03

Single-Dose, 4-Way Crossover, Relative Bioavailability Study of Meloxicam 
Nanoformulation 7.5 mg Capsules and Mobic® 7.5 mg Capsules in Healthy Subjects 
under Fed and Fasted Conditions

Reference ID: 3813727



Mean±SD 

Vivlodex Capsules Mobic Capsules

7.5 mg
Fasted
n=14

7.5 mg
Fed

n=14

7.5 mg
Fasted
n=14

7.5 mg
Fed

n=14

2.7.2.2.4.1 Rate and Extent of Absorption

P
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Pharmacokinetic 
Parameter

Least Squares Geometric Mean

GMRa 90% CI 
Vivlodex Capsules 

7.5 mg Fasted
Mobic Capsules 
7.5 mg Fasted

P
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2.7.2.2.4.2 Food Effect
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Pharmacokinetic 
Parameter

Least Squares Geometric Mean

GMRa 90% CI 
Vivlodex Capsules 

7.5 mg Fed
Mobic Capsules 

7.5 mg Fed

2.7.2.2.4.3 Conclusions
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2.7.2.3.1 Rate and Extent of Absorption
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2.7.2.3.2 Dose Proportionality

2.7.2.3.3 Food Effect

2.7.2.3.4 Conclusions Across Studies
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2.7.2.4.1.1 Absorption
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2.7.2.4.1.2 Distribution and Plasma Protein Binding

2.7.2.4.1.3 Metabolism

2.7.2.4.1.4 Excretion
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2.7.2.4.1.5 Effect of Dose on Key Pharmacokinetic Parameters

2.7.2.4.1.6 Single-Dose and Multiple-Dose Pharmacokinetics

2.7.2.4.1.7 Drug-Demographic Interactions
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2.7.2.4.1.8 Drug-Drug Interaction Clinical Trials
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2.7.2.4.1.9 Drug-Disease Interactions

2.7.2.4.1.9.1 CARDIOVASCULAR DISEASE

2.7.2.4.1.9.2 ULCER DISEASE AND GASTROINTESTINAL BLEEDING
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2.7.2.4.1.10 Pregnancy and Lactation

2.7.2.4.1.11 Population Pharmacokinetics in Patients and Healthy Subjects

P

P
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2.7.2.4.1.12 Pharmacodynamic Dose-Range and Dose-Response Clinical Trials

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

File name: 5_Clinical Pharmacology and Biopharmaceutics Filing Form/Checklist for 
NDA_BLA or Supplement 090808

Office of Clinical Pharmacology
New Drug Application Filing and Review Form

General Information About the Submission

Information Information
NDA/BLA Number NDA-207233 Brand Name Vivlodex
OCP Division (I, II, III, IV, V) II Generic Name Meloxicam
Medical Division DAAAP Drug Class NSAID
OCP Reviewer Suresh B Naraharisetti Indication(s) Chronic pain
OCP Team Leader Yun Xu Dosage Form Immediate- release 

Capsule
Pharmacometrics Reviewer Dosing Regimen 5 or 10 mg QD
Date of Submission 12/23/2014 Route of Administration Oral
Estimated Due Date of OCP Review Sponsor Iroko Pharma
Medical Division Due Date Priority Classification
PDUFA Due Date 10/ 23/ 2015  

Clin. Pharm. and Biopharm. Information
“X” if included 

at filing
Number of 
studies 
submitted

Number of 
studies 
reviewed

Critical Comments If any

STUDY TYPE                                                                                                                           

Table of Contents present and sufficient to 
locate reports, tables, data, etc.

                                                

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

X 1                      

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

Healthy Volunteers-
                                                                                                 

single dose:
multiple dose:

Patients-
                                                                                                 

single dose:
multiple dose:

Dose proportionality - 1                                                                               
fasting / non-fasting single dose:

fasting / non-fasting multiple dose:
Drug-drug interaction studies -                                                                                                                           

In-vivo effects on primary drug:
In-vivo effects of primary drug:

In-vitro:
Subpopulation studies -                                                                                                                           

ethnicity:
gender:

pediatrics:
geriatrics:

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

File name: 5_Clinical Pharmacology and Biopharmaceutics Filing Form/Checklist for 
NDA_BLA or Supplement 090808

hepatic impairment:
PD -                                                                                                  

Phase 2:
Phase 3:

PK/PD -                                      
Phase 1 and/or 2, proof of concept:

Phase 3 clinical trial:
Population Analyses -                                                  

Data rich:
Data sparse:

II.  Biopharmaceutics                                                                                                                           
Absolute bioavailability
Relative bioavailability -                                                                                                                          

solution as reference:
alternate formulation as reference: X 1 Mobic (NDA020938) as 

reference 
Bioequivalence studies -                                                                                                                           

traditional design; single / multi dose:
replicate design; single / multi dose:

Food-drug interaction studies X 1
Bio-waiver request based on BCS
BCS class
Dissolution study to evaluate alcohol induced
dose-dumping

III.  Other CPB Studies                                                                                                                          
Genotype/phenotype studies
Chronopharmacokinetics
Pediatric development plan Yes
Literature References

Total Number of Studies 4

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

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

marketed product(s) and those used in the pivotal clinical trials?
X

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

X

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

X

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

X

5 Has a rationale for dose selection been submitted? X
6 Is the clinical pharmacology and biopharmaceutics section of the NDA 

organized, indexed and paginated in a manner to allow substantive 
review to begin?

X

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

X

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

X

Criteria for Assessing Quality of an NDA (Preliminary Assessment of Quality)
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FILING FORM/CHECKLIST FOR NDA/BLA or Supplement

File name: 5_Clinical Pharmacology and Biopharmaceutics Filing Form/Checklist for 
NDA_BLA or Supplement 090808

Data
9 Are the data sets, as requested during pre-submission discussions, 

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

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

X

Studies and Analyses
11 Is the appropriate pharmacokinetic information submitted? X
12 Has the applicant made an appropriate attempt to determine reasonable 

dose individualization strategies for this product (i.e., appropriately 
designed and analyzed dose-ranging or pivotal studies)?

X

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

X

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

X

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

X

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

X

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

X

General
18 Are the clinical pharmacology and biopharmaceutics studies of 

appropriate design and breadth of investigation to meet basic 
requirements for approvability of this product?

X

19 Was the translation (of study reports or other study information) from 
another language needed and provided in this submission?

X

IS THE CLINICAL PHARMACOLOGY SECTION OF THE APPLICATION FILEABLE? 
Yes

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

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

BACKGROUND
Iroko Pharmaceuticals submitted a 505 (b) (2) NDA (207233) for Vivlodex capsules for the management 
of osteoarthritis pain in adults.  As a 505(b) (2) NDA Sponsor is relying on the Agency’s findings on the 
safety and efficacy of Mobic, NDA 020938 (7.5 and 15 mg tablets). For establishing the clinical bridge, 
Iroko has conducted a relative bioavailability (BA) against Mobic 15 mg tablets.

In support of this NDA, sponsor conducted the following Clinical Pharmacology/Clinical studies:
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Clinical Pharmacology Studies:
Phase 1 MEL1-12-04: Relative BA, food effect and dose proportionality study (pivotal study
with commercial formulation)

o Design: A randomized, 4-period, 4-treatment, 4-sequence, single-dose, crossover, 
pharmacokinetic trial of meloxicam test capsules 5 mg and 10 mg and mobic® 15 mg in 
healthy subjects (n=25).

o This study was conducted with commercial scale formulation. The study is pivotal study 
assessing relative bioavailability, dose proportionality and food effect of Vivlodex
capsules.

Clinical Studies: 
Phase 3 MEL3-12-02 - Pivotal trail (with commercial formulation):

o Design: A Phase 3, multicenter, randomized, double-blind, double-dummy, placebo-
controlled, fixed-dose, parallel-group, efficacy, and safety study of meloxicam test
capsules in patients with pain due to osteoarthritis of the knee or hip (n= 402)

o This study was conducted with a commercial scale formulation 
Phase 3 MEL3-12-03 (with commercial formulation):

o Design: A multicenter, open-label, safety study of meloxicam test capsules in subjects 
with osteoarthritis of the knee or hip (n=390)

o This study was conducted with a commercial scale formulation 

Suresh Babu Naraharisetti January 22, 2015
Reviewing Clinical Pharmacologist Date
Xu Yun January 22, 2015
Team Leader/Supervisor Date
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