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approvability issues. Based on discussion with the clinical team, there is no adequate 
efficacy data to support onset of action in the first 4 hours after the first dose, 

 Hence, this application 
would not be approved in this cycle due to the reasons mentioned above.  

(b) (4)

1. Executive Summary 

1.1. Recommendation 
From Clinical Pharmacology perspective, Sponsor’s response to complete 

response (CR) action for NDA 210583, submitted on September 24, 2018, has no 

1.2. Phase 4 Commitments 
None 

1.3.  Deficiencies Noted in CR Letter 
Based on the review of Anjeso in the first review cycle, there were deficiencies identified 
by the Clinical, Non-clinical, and Product Quality divisions leading to the non-approval 
of the drug and issuance of a Complete Response (CR) letter. No approvability issues 
were identified by Clinical Pharmacology in the first cycle. The clinical deficiency 
identified in the first CR letter is related to this clinical pharmacology review and listed 
as follows: 

CLINICAL 
1. Although you have demonstrated a statistically significant difference between 
ANJESO and placebo on the primary endpoint in Studies REC-15-015 and REC-15-016, 
the results of the secondary analyses, including pain intensity difference over time curves, 
SPID18- 24, and SPID42-48, indicate that the analgesic effect does not persist through 
the dosing interval. This results in a significant period of inadequate analgesic effect of 
approximately six hours with your product. Additionally, the results for time to 
meaningful pain relief and time to first rescue use indicate a delayed onset of action that 
is not consistent with expectations for an intravenous analgesic for acute pain, and the 
frequent use of rescue medication suggests that ANJESO does not provide analgesia 
suitable to manage postoperative pain. 

1.4. Response to CR Letter 
As a response to all the deficiencies identified in the CR letter, the sponsor resubmitted 
the NDA on September 24th, 2018. As a part of the resubmission to address the clinical 
deficiencies, the sponsor submitted labeling changes along with the justification for the 
suggested labeling language changes. 

The sponsor stated that it continues to believe that the data gathered throughout the 
development of ANJESO adequately support a finding of 24-hour efficacy. ANJESO met 
every primary efficacy endpoint across all clinical trials, including the sum of pain 
intensity difference (SPID) primary endpoint in its two pivotal efficacy studies. The 
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clinical trials also showed that only a portion of subjects receiving ANJESO required 
rescue medication, whereas others experienced adequate pain relief over the full 24-hour 
period from ANJESO alone. Yet to accommodate the issues raised in the CR letter the 
sponsor issued revised proposed labeling which includes information that will (i) clarify 
that ANJESO can be used with other analgesics as needed, (b) (4)

Addition to Indication Statement: 

First, Recro proposes to modify the indication statement in Section 1 (Indications and 
Usage) of the ANJESO label as follows: “ANJESO is an NSAID indicated for use in 

(b) (4)
adults for the management of moderate to severe pain, alone or in combination with 

analgesics.” This change in the labeling language would communicate to the 
prescribers that they may supplement the use of ANJESO with other analgesics as 
needed, including for management of pain at the beginning of treatment or near the end 
of each ANJESO dosing period. The sponsor also included in its justification the example 
of Ofirmev™ (acetaminophen) injection (NDA 022450). The sponsor mentioned that for 
Ofirmev, although not explicitly stated in the review documents, it appears that it was 
approved despite this end-of-dose failure by including in its indication statement that 
Ofirmev may be used “with adjunctive opioid analgesics. 

(b) (4)
Addition to the Dosage and Administration Section: Use of Supplemental 

 Immediate-Release Analgesics with ANJESO 

(b) (4)

In addition to the revisions to the indication, the sponsor also proposed to add the 
following statement to Section 2 (Dosage and Administration): 

The addition of this statement 
is to make clear to the prescriber that ANJESO may be supplemented with 
analgesics . 

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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Additionally, it is clear from the pharmacokinetic data that compared to Mobic, this IV 
product has higher drug exposure in the early hours after injection (Figure 1.5.1). 
However, based on discussion with the clinical team, in clinical efficacy studies, there is 
a lack of efficacy, or slow onset of action, for this product in the first four hours after first 
dose (Figure 1.5.2). Thus, there appears to be a delayed response on efficacy after the 
first dose; and alternative dosing schemes such as use of a loading dose or longer infusion 
times may not solve the issue of delayed response in earlier timepoints after first dose. 

Figure 1.5.1: Mean plasma concentration-time profiles after administration of 
ANJESO and Mobic (30 mg). 

Figure 1.5.2:  Mean Pain Intensity Difference (PID) Values from time 0 to 48 hours. 
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2. Detailed Labeling Recommendations 

The following labeling comments are proposed by this reviewer. Deletion is shown by 
Strike through text and addition is shown by underline text. No labeling negotiation will 
be performed with the Sponsor since this submission will receive a CR action in this 
review cycle. 

HIGLIGHTS 

DRUG INTERACTIONS 
(b) (4)

7.0 Drug Interactions 
(b) (4)

8.5 Geriatric Use 

Elderly patients, compared to younger patients, are at greater risk for NSAID-associated 
serious cardiovascular, gastrointestinal, and/or renal adverse reactions. If the anticipated 
benefit for the elderly patient outweighs these potential risks monitor patients for adverse 
effects [see Warnings and Precautions (b) (4)

(b) (4)

Of the total number of patients in clinical studies of ANJESO, 197 patients were age 65 

(b) (4)
and over. No overall differences in safety or effectiveness were observed between these 

(b) (4) and younger , and other reported clinical experience has not identified 
differences in responses between the elderly and younger patients. 

8.8 Poor Metabolizers of CYP2C9 Substrates: 

In patients who are known or suspected to be poor CYP2C9 metabolizers based on 
genotype or previous history/experience with other CYP2C9 substrates (such as warfarin 
and phenytoin) consider dose reduction as they may have abnormally high plasma levels 
due to reduced metabolic clearance, and monitor patients for adverse effects. 
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12.3 Pharmacokinetics 
Following intravenous administration of ANJESO to healthy volunteers, plasma 
concentrations of 30 mg ANJESO exceed that of 15 mg oral meloxicam for the first 24 
hours. 

Following multiple dosing, ANJESO exhibited predictable accumulation 
slightly higher than 2-fold) without a change in the terminal elimination half-life 

(b) (4)

(b) (4)

(b) (4)

(b) (4)

Specific Populations 
Based on population pharmacokinetics analyses, age, sex and race do not have a 
clinically meaningful effect on the PK of ANJESO. 

Renal Impairment: ANJESO pharmacokinetics have been investigated in elderly subjects 
with mild renal impairment (eGFR 60 – 90) compared to young healthy volunteers. A 5% 
and 7% increase of Cmax and AUC, respectively, was observed in elderly subjects with 
mild renal impairment. No dosage adjustment is necessary in patients with mild renal 
impairment. Patients with moderate and severe renal impairment have not been 
adequately studied. The use of ANJESO in subjects with moderate to severe renal 
impairment is not recommended [see Warnings and Precautions 

, Use in Specific Populations 

(b) (4)

(b) (4)

12.5 Pharmacogenomics 

CYP2C9 activity is reduced in individuals with genetic variants such as CYP2C9*2 and 
CYP2C9*3 polymorphisms. Limited data from three published reports showed that 
meloxicam AUC was substantially higher in individuals with reduced CYP2C9 activity, 
particularly in poor metabolizers (e.g., *3/*3), compared to normal metabolizers (*1/*1). 
The frequency of CYP2C9 poor metabolizer genotypes varies based on racial/ethnic 
background but is generally present in <5% of the population 
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Reviewer Comments: The labeling comments on the drug-drug interaction 

Most of these 
labeling changes were made in the original NDA submission were incorporated in the 
original review. Additional changes were made to the label in second cycle. 

(b) (4)
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1. Executive Summary 

1.1. Recommendation 
From the Clinical Pharmacology perspective, NDA 210583 submitted on 

07/26/2017 is acceptable. Labeling negotiation with the Applicant was still ongoing when 
this review was being documented in Darrts. 

1.2. Phase 4 Commitments 
None 

1.3.  Summary of Clinical Pharmacology Findings 
In accordance with Section 505(b) of the Federal Food Drug and Cosmetic Act and 
Section 314.50 of the United States Code of Federal Regulation, Recro Pharma Inc. has 
submitted an Original New Drug Application for ANJESO (meloxicam) Injection, 30 
mg/mL for the indication of management of moderate to severe pain. In addition to the 
studies conducted under IND 105172, this 505(b)(2) application depends on information 
from the reference listed drug, Mobic® (meloxicam) Tablets (NDA 0209384). ANJESO 
has been evaluated for safety, efficacy, and pharmacokinetics (PK) in eleven clinical 
studies (1517 subjects exposed to ANJESO), including four Phase 1 studies, four Phase 2 
studies, and three Phase 3 studies. 

ANJESO Injection is a sterile opaque, pale-yellow, aqueous dispersion containing the 
active pharmaceutical ingredient meloxicam for intravenous administration. Each mL of 

(b) (4)
aqueous dispersion contains 30 mg of meloxicam, povidone, sodium deoxycholate 

sucrose, and water for injection. The proposed commercial dose is 30 
mg administered once daily administered by IV bolus injection over 15 seconds. 

N1539 drug product, formulated as 25.5 mg/mL was used in the initial development 
program (Studies N1539-01, N1539-02, N1539-03 and N1539-04); the 30 mg/mL 
product was administered in other studies (N1539-05, REC-15-014, REC-15-018 and 
REC-15-019) and all pivotal Phase 3 studies (REC-15-015, REC-15-016 and REC-15
017) and is the same as the to-be-marketed product. All the excipients were the same 
between the two formulations, only the excipients in the initial 25.5 mg/mL formulation 

(b) 
(4)were proportionally increased (by approximately %) to create a 30 mg/mL formulation. 

This is an IV formulation and there is relatively small difference between the two 
formulations. In addition, the PK parameters are comparable between the two 
formulations using cross-study comparison. Therefore, the PK parameters obtained using 
the 25.5mg/mL drug product can be used to support the final 30 mg/mL product. The 
ANJESO formulation uses proprietary NanoCrystal technology to increase the 
dissolution rate of meloxicam. 

Meloxicam administered orally has a slow onset of action, largely due to poor water 
solubility, and is not currently approved for the treatment of acute pain. It has a 
prolonged absorption, with the time of maximum observed plasma concentration (Tmax) 
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approximately 5-6 hours following oral administration, which is consistent with its poor 
aqueous solubility. The ANJESO formulation uses proprietary NanoCrystal technology to 
increase the dissolution rate of meloxicam. By increasing the dissolution rate of the active 
meloxicam moiety using the proprietary NanoCrystal technology, N1539 administered by 
IV bolus is purported to have a rapid onset of action. 

For this NDA, the two end of Phase-II and the pre-NDA meetings were held on 
December 2010, August 2015 and January 2017, respectively under IND 105172. The 
overall development program includes four Phase-I, four Phase-II and three Phase-III 
studies. 

Clinical Pharmacology Studies: 
The clinical pharmacology program supporting the 505(b)(2) NDA of ANJESO for the 
management of moderate to severe pain consists of 10 studies. 

1.3.1.1. Phase 1 Studies (with commercial scale formulation): 
N1539-01: SAD, Relative bioavailability (BA), dose-proportionality study. 
N1539-03: MAD study 
REC-15-018: Renal Impairment Study 
REC-15-019: QTc prolongation study 

Clinical Studies: 
Sponsor conducted 3 Phase 2 studies with the proof of concept formulation and one 
Phase 2 study and three Phase 3 clinical studies with the commercial formulation. 

1.3.1.2. Phase 2 studies (with proof- of concept formulation): 
N1539-02: randomized, double-blind, double dummy, placebo controlled, 

adaptive design, single-dose study of intravenous N1539 in the treatment of 
pain secondary to dental impaction surgery. 

N1539-04: A randomized, double-blind, placebo- and active controlled, 
dose ranging study to evaluate the analgesic efficacy, safety and tolerability of 
intravenous ANJESO in subjects after open abdominal hysterectomy followed 
by optional continuation of intravenous ANJESO in responders and 
randomization of placebo and morphine subjects to intravenous ANJESO. 

N1539-05: A randomized, placebo-controlled, double-blind study to 
evaluate the analgesic efficacy, safety and tolerability of intravenous ANJESO 
in subjects after abdominal laparoscopic surgery 

1.3.1.3. Phase 2 studies (with commercial scale formulation): 
REC-15-014: A Phase 2, Single center, randomized, double-blind, 

placebo-controlled, evaluation of the safety, efficacy, and pharmacokinetics of 
ANJESO following bunionectomy 

1.3.1.4. Phase 3 Efficacy Studies (with commercial scale formulation): 
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REC-15-015: A Phase 3, multicenter, randomized, double blind, placebo 
controlled, evaluation of the efficacy and safety of ANJESO following 
abdominoplasty surgery. 
REC-15-016: A Phase 3, multicenter, randomized, double blind, placebo 
controlled, evaluation of the efficacy and safety of ANJESO following 
bunionectomy. 

1.3.1.5. Phase 3 Efficacy Studies (with commercial scale formulation): 
REC-15-017: A Phase 3, multicenter, randomized, double blind, placebo 
controlled, evaluation of safety of ANJESO following major surgery. 

Relative bioavailability of ANJESO IV compared to reference Mobic tablets: 
Mobic 15 mg is approved for once daily dosing, whereas the proposed treatment dose of 
ANJESO is 30 mg once daily. 

A single IV dose of ANJESO 30 mg produced an approximately 2-fold higher 
AUC and 4-fold higher Cmax relative to Mobic PO 15 mg in Study N1539-01. 

Relative BA (IV to PO) of ANJESO ranged from 1.03 to 1.07 across the dose 
range based on dose-normalized exposure; an ad hoc BA analysis using parallel group 
and crossover (dose-normalized to Mobic 15 mg) comparisons affirmed the BA. 

Mobic reached Cmax around 5 to 7 hours postdose in Study N1539-01, which is 
similar to the tmax reported in the prescribing information (Mobic 2016). In contrast, tmax 
occurred shortly after administration of ANJESO in all clinical studies, which is expected 
with IV administration. The comparative PK data between the proposed formulation and 
the approved formulation are described in table 1.3.3. 

Table 1.3.3: Single-Dose Pharmacokinetics of ANJESO injection (30 mg) and Oral 
Meloxicam (15 mg) 
Parameter ANJESO 

30 mg IV 
Oral Meloxicam 

15 mg PO 
Cmax (ng/mL) 5642.9±1009.0 1221.9±289.5 
AUC0-∞ (hr*ng/mL) 107508.7±34443.0 53988.8±23207.7 
Tmax (hr)* 0.12±0.04 6.57 ±4.12 
T1/2 (hr) 23.3±9.36 26.4 ±12.1 

Dose Proportionality between various doses of ANJESO: 
PK data from Study N1539-01 (SAD study with 25.5 mg/mL formulation) 

included doses of ANJESO 15 mg, 30 mg, and 60 mg. Study REC-15-019 PK data 
included dose of ANJESO 30 mg, 120 mg, and 180 mg (TQT study with 30 mg/mL 
formulation). The individual and pooled analysis, for both studies suggested that 
meloxicam peak and overall exposure increase proportionally with dose administered. 

Multiple dose accumulation of ANJESO: 
PK data from Study N1539-03 (MAD study with 25.5 mg/mL formulation) 

showed that after seven consecutive days of once a day dosing of AMJESO 30 mg, 
steady state was achieved, and accumulation was observed, with slightly higher than 2
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fold increase in AUC0-∞. Population PK estimates of ANJESP exposure were also 
consistent with observed values in clinical studies. 

Effect of ANJESO on QT prolongation: 
Study REC-15-019 showed that therapeutic and supratherapeutic doses of up to 

180 mg of ANJESO did not affect cardiac repolarization, as measured by QTc intervals 
and other ECG results including heart rate and PR and QRS intervals. Further, safety data 
from clinical studies also did not show untoward cardiac effects in subjects treated with 
ANJESO. Refer to QT-IRT review for more details. 

Effect of renal impairment on the PK of ANJESO: 
Study REC-15-018 evaluated the pharmacokinetics and safety of N1539 30 mg 

administered as an IV bolus in older subjects with mild impaired renal function (GFR 60
89 mL/min/1.73 mP2P) compared to healthy controls. Findings from this study identified 
no differences between subjects with impaired renal function and those with normal renal 
function in terms of Cmax (5% higher in subjects with renal impairment). While the study 
could not conclude that there was no statistical difference between the groups in terms of 
AUC (7% higher in subjects with renal impairment), it is reasonable to conclude that 
there was not a meaningful clinical difference between the subjects with mildly impaired 
renal function subjects with normal renal function in terms of meloxicam exposure. 

2. Question Based Review 

2.1. General Attributes of the Drug 

What are the highlights of the chemistry and physical-chemical properties of the 
drug substance, and the formulation of the drug product? 
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(b) (4)

(b) (4

(b) (4)

Table 2.1.1: Physical-Chemical Properties of Meloxicam 
Drug Name Meloxicam 
Chemical Name 4-hydroxy-2-methyl-N-(5-methyl-1,3-thiazolyl-2-yl)-2H-1,2

benzothiazine-3-carboxamide 1,1-dioxide 
Structure 

Molecular Formula C14H13N3O4S2 
Molecular Weight 351.4 

2.1.1.1. Formulation: 
Three formulations were used during development program. 25.5 mg/mL, 15mg/mL and 
30mg/mL with the 30mg/mL being the final to be marketed formulation. The first 
formulation was used in early PK (SAD and MAD) studies and two early Phase 2 studies. 
The 15-mg formulation was used in a study that was terminated early and is not being 
reviewed. The final to be marketed formulation was used in the renal impairment study, 
TQT study, two phase 2 studies and all the pivotal phase 3 studies. The amounts of the 
API and excipients in the initial 25.5 mg/mL formulation were proportionally increased 

(b) 
(4)(by approximately %) to create a 30 mg/mL formulation. The ratio of meloxicam and 

excipients was kept constant throughout the formulations. The components of the three 
formulations are described below in Table 2.1.1.1. 

Table 2.1.1.1: Chemical composition of different formulation of ANJESO used in 
different clinical studies 

Component, Grade 

Component Amount 

Function25.5 mg/mL DP 15 mg/mL DP 
30 mg/mL 

DP 

Meloxicam, USP 25.5 15 30 Active 
ingredient 

Sodium deoxycholate 
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Sucrose, NF 

WFI, USP/EP 
Total 

N1539-05a 

REC-15-014b 

N1539-01 N1539 REC-15-015 
Clinical study 02 N1539-03 N1539-05a REC-15-016 

N1539-04 REC-15-017 
REC-15-018b 

REC-15-019 

(b) (4)

a Study N1539-05 was terminated early due to business reasons. No PK analyses were performed. 
(b) (4)b Prior to dose administration, N1539 30 mg/mL drug product was diluted with for a final 

concentration of 25.5 mg/mL. 

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: Orange Book Meloxicam products: 
Application # Dosage form Route Strength Company 

N207233 Capsule Oral 5mg Iroko pharmaceuticals llc 

N207233 Capsule Oral 10mg Iroko pharmaceuticals llc 

A077882 Tablet Oral 7.5mg Apotex inc etobicoke site 

A078008 Tablet Oral 7.5mg Aurobindo pharma ltd 

A077920 Tablet Oral 7.5mg Breckenridge pharmaceutical inc 

A077929 Tablet Oral 7.5mg Cipla ltd 

A077931 Tablet Oral 7.5mg Dr reddys laboratories inc 

A077932 Tablet Oral 7.5mg Glenmark generics ltd 

A077944 Tablet Oral 7.5mg Lupin pharmaceuticals inc 

A077923 Tablet Oral 7.5mg Mylan pharmaceuticals inc 

A077938 Tablet Oral 7.5mg Puracap pharmaceutical llc 

A077928 Tablet Oral 7.5mg Strides pharma global pte ltd 

A078102 Tablet Oral 7.5mg Taro pharmaceutical industries ltd 

A077936 Tablet Oral 7.5mg Teva pharmaceuticals usa 

A077927 Tablet Oral 7.5mg Unichem laboratories ltd 

A077918 Tablet Oral 7.5mg Yung shin pharmaceutical industrial co ltd 

A077921 Tablet Oral 7.5mg Zydus pharmaceuticals usa inc 

A077882 Tablet Oral 15mg Apotex inc etobicoke site 

A078008 Tablet Oral 15mg Aurobindo pharma ltd 

A077920 Tablet Oral 15mg Breckenridge pharmaceutical inc 
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A077929 Tablet Oral 15mg Cipla ltd 

A077931 Tablet Oral 15mg Dr reddys laboratories inc 

A077932 Tablet Oral 15mg Glenmark generics ltd 

A077944 Tablet Oral 15mg Lupin pharmaceuticals inc 

A077923 Tablet Oral 15mg Mylan pharmaceuticals inc 

A077938 Tablet Oral 15mg Puracap pharmaceutical llc 

A077928 Tablet Oral 15mg Strides pharma global pte ltd 

A078102 Tablet Oral 15mg Taro pharmaceutical industries ltd 

A077936 Tablet Oral 15mg Teva pharmaceuticals usa 

A077927 Tablet Oral 15mg Unichem laboratories ltd 

A077918 Tablet Oral 15mg Yung shin pharmaceutical industrial co ltd 

A077921 Tablet Oral 15mg Zydus pharmaceuticals usa inc 

N020938 Tablet Oral 7.5mg Boehringer ingelheim pharmaceuticals inc 

N020938 Tablet Oral 15mg Boehringer ingelheim pharmaceuticals inc 

N021530 Suspension Oral 7.5mg/5ml Boehringer ingelheim pharmaceuticals inc 

A077935 Tablet Oral 7.5mg Anda repository llc 

A078039 Tablet Oral 7.5mg 
China resources double crane pharmaceutical co 
ltd 

A077930 Tablet Oral 7.5mg Impax laboratories inc 

A077934 Tablet Oral 7.5mg Mylan pharmaceuticals inc 

A077925 Tablet Oral 7.5mg Roxane laboratories inc 

A077937 Tablet Oral 7.5mg Sun pharmaceutical industries inc 

A077933 Tablet Oral 7.5mg Yabao pharmaceutical co ltd beijing 

A077935 Tablet Oral 15mg Anda repository llc 

A078039 Tablet Oral 15mg 
China resources double crane pharmaceutical co 
ltd 

A077930 Tablet Oral 15mg Impax laboratories inc 

A077934 Tablet Oral 15mg Mylan pharmaceuticals inc 

A077925 Tablet Oral 15mg Roxane laboratories inc 

A077937 Tablet Oral 15mg Sun pharmaceutical industries inc 

A077933 Tablet Oral 15mg Yabao pharmaceutical co ltd beijing 

What is the composition of the to-be-marketed formulation of ANJESO? 
ANJESO (meloxicam/N1539 Injectable NanoCrystal® Colloidal Dispersion or 

(NCD Meloxicam IV) is a pale yellow, aqueous dispersion containing the active 
(b) (4)pharmaceutical ingredient meloxicam and the additional components Povidone , 

sodium deoxycholate, sucrose and water for injection. NCD Meloxicam IV 30mg/mL is a 
ready to use sterile aqueous dispersion for intravenous (IV) administration. 

(b) (4)
Each vial is 

filled with a target of Drug Product. Using a syringe, 1mL of aqueous 
dispersion is withdrawn from the vial for dosing. The fill overage is to provide assurance 
that 1mL can be withdrawn from the vial to deliver 30 mg of drug product for dosing. 
The composition of ANJESO is described in Table 2.1.3 
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Table 2.1.3: Composition of ANJESO: N1539 Injectable NANOCRYSTAL® Colloidal 
Dispersion, Intravenous 

Component 
Quality 
Standard Function 

Percent 
Concentration mg/mL 

Meloxicam USP Active 30 
Sodium Deoxycholate Non-Compendial 
Povidone USP 

Sucrose NF 

Water for Injection (WFI) USP 
NF - National Formulary, USP = United States Pharmacopeia 

(b) (4)

(b) (4)

(b) (4)

(b) (4)

What are the proposed mechanism(s) of action and therapeutic indication(s)? 
The active ingredient in ANJESO, meloxicam, is an NSAID that has analgesic, anti-
inflammatory, and antipyretic properties. The mechanism of action of ANJESO, like that 
of other NSAIDs, is not completely understood but involves inhibition of the 
cyclooxygenase (COX-1 and COX-2) pathways. Meloxicam has demonstrated to be 10X 
more potent at inhibiting COX-2 activity than COX-1. Meloxicam is a potent inhibitor of 
prostaglandin synthesis in vitro. 
Meloxicam concentrations reached during therapy have produced in vivo effects. 
Prostaglandins sensitize afferent nerves and potentiate the action of bradykinin in 
inducing pain in animal models. Prostaglandins are mediators of inflammation. Because 
meloxicam is an inhibitor of prostaglandin synthesis, its mode of action may be due to a 
decrease of prostaglandins in peripheral tissues. 
ANJESO is an NSAID indicated in adults for the management of moderate to severe 
pain. 

What are the proposed dosage and route of administration? 
ANJESO Meloxicam IV 30 mg/mL is a ready to use sterile aqueous dispersion for 
intravenous (IV) administration. For the treatment of moderate to severe pain, the 
recommended dose of ANJESO is 30 mg once daily, administered by intravenous bolus 
injection over 15 seconds. 

What are the core studies submitted in this NDA? 
ANJESO has been evaluated for safety, efficacy, and pharmacokinetics (PK) in eleven 
clinical studies (1517 subjects exposed to ANJESO), including four Phase 1 studies, four 
Phase 2 studies, and three Phase 3 studies. 

•	 N1539-01 (Phase 1 study using initial formulation): Single-Ascending-Dose 
Crossover Study to Evaluate the Pharmacokinetics of ANJESO Following 
Intravenous Administration. 

•	 N1539-03 (Phase 1 study using initial formulation) Multiple-Ascending-Dose Study 
to Evaluate the Safety, Tolerability, and Pharmacokinetics of ANJESO Following 
Intravenous Administration. 
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•	 REC-15-019 (Phase 1 study using commercial scale formulation): A Randomized, 
Double-Blind, Placebo-Controlled Single-Ascending-Dose Study to Assess the 
Tolerability and Effect of Therapeutic and Supratherapeutic Doses of ANJESO on the 
QTc Intervals in Healthy Subjects. 

•	 REC-15-018 (Phase 1 study using commercial scale formulation): Single-Center, 
Evaluation of the Pharmacokinetics and Safety of ANJESO in Subjects with Impaired 
Renal Function. 

•	 N1539-02 (Phase 2 study using initial formulation): randomized, double-blind, 
placebo controlled, single-dose study, to evaluate the analgesic efficacy of single 
doses of ANJESO 15, 30, and 60 mg after dental impaction surgery. 

•	 N1539-04 (Phase 2 study using initial formulation) double-blind, placebo- and active 
controlled study to determine the analgesic efficacy, duration of effect, and safety of 
single doses of ANJESO in subjects undergoing open abdominal hysterectomy. 

•	 N1539-05 (Phase 2 study using commercial scale formulation): A Randomized, 
Double-Blind, Placebo-Controlled Study to determine the analgesic efficacy of 
ANJESO compared with placebo in subjects undergoing abdominal laparoscopic 
surgery. 

•	 REC-15-014 (Phase 2 study using commercial scale formulation): A Randomized, 
Double-Blind, Placebo-Controlled Study to evaluate the effect size of two dose levels 
of ANJESO using the SPID48 in subjects with moderate to severe pain following 
unilateral bunionectomy. 

•	 REC-15-016 (Phase 3 Efficacy study using commercial scale formulation): A 
Randomized, Double-Blind, Placebo-Controlled Study to demonstrate the analgesic 
efficacy of ANJESO compared with placebo using the SPID48 in subjects with 
moderate to severe pain following unilateral bunionectomy. 

•	 REC-15-015 (Phase 3 Efficacy study using commercial scale formulation): A 
Randomized, Double-Blind, Placebo-Controlled Study to demonstrate the analgesic 
efficacy of ANJESO compared with placebo using the SPID24 in subjects with 
moderate to severe pain following abdominoplasty surgery. 

•	 REC-15-017 (Phase 3 Safety study using commercial scale formulation): A 
Randomized, Double-Blind, Placebo-Controlled Study to evaluate the safety and 
tolerability of ANJESO. 

2.2. General Clinical Pharmacology 
What are the design features of the clinical pharmacology and clinical studies used 
to support dosing or claims? 
The clinical efficacy studies, REC-15-015 and REC-15-016 for treatment of acute 
postoperative pain after abdominoplasty surgery and bunionectomy respectively, 4 Phase 
1 studies, 2 Phase 2 studies study characterizing the formulation as well as a population 
pharmacokinetic (popPK) analysis performed using data from 4 Phase 1 studies (N1539
01, N1539-03, REC-15-018 and REC-15-019) and 3 Phase 2/3 studies (REC-15-014, 
REC-15-015, REC-15-016) who underwent bunionectomy or abdominoplasty all taken 
together form the basis to support the dosing for this NDA. 
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During the pre-NDA meeting concerns were raised regarding the potential of the 
formulation to sustain the efficacy over the entire 24-hour period, especially the end of 
the dosing interval of the 24-hour dosing period. In response to these concerns, the 
sponsor had agreed to include secondary efficacy analysis of the 12-24 and 36-48 hour 
intervals in the study reports for the two phase 3 studies. 

Overall, the review team has significant concerns regarding the efficacy of this product 
for the proposed indication. Thus, the NDA will have a complete response which will be 
mainly due to these concerns regarding efficacy. For final assessment of all the safety and 
efficacy findings, see Clinical review by Dr. Timothy T. Jiang (reviewing Medical 
Officer). For the review of the Pop PK/E-R analyses and its conclusions, see Appendix 1: 
Pharmacometrics review by Dr. Kevin Krudys. 

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? 
No biomarker was assessed in this NDA. In the various Phase-2 and Phase 3 efficacy 
studies, the primary endpoint was the Sum of pain intensity difference (SPID) over either 
0 to 24 hours or 0 to 48 hours. Table 2.2.2 is the summary of the primary end points for 
each of the relevant clinical studies. 

Table 2.2.2: Sum of Pain Intensity Difference (SPID) Using the Primary Endpoint for 
Each of the ANJESO Phase 2 and Phase 3 Clinical Studies (Studies 02, 04, 14, 15, and 
16) 

REC-15-015a 
Abdominoplasty 

REC-15-016a 
Bunionectomy 

N1539-02b Third Molar 
Extraction 

N1539-04b 
Hysterectomy 

REC-15-014c 
Bunionectomy 

30 mg Placebo 30 mg Placebo 30 mg Placebo 30 mg Placebo 30 mg Placebo 

N=110 N=109 N=100 N=101 N=50 N=30 N=60 N=60 N=20 N=19 

Baseline PI 
Mean (SD) 7 2 (1 6) 7 4 (1 7) 6 7 (1 9) 7 0 (1 8) 77 7 (13 2) 78 0 (13 0) 59 4 (10 0) 57 8 (7 49) 7 7 (2 0) 7 7 (2 2) 

Primary 
SPID 
Endpoint 

SPID24 SPID24 SPID48 SPID48 SPID24 SPID24 SPID24 SPID24 SPID48 SPID48 

LS Mean -4262 07 -3535 73 -6956 -4829 28 -59101 9 -509 53 -56369 8 3769 62 -9241 89 -1991 34 

p-value 0 0145 - 0 0034 - <0 0001 - <0 0001 - 0 0007 -

Effect size 
(95% CI) 

0 33 
(0 07, 0 60) - 0 42 

(0 14, 0 70) - 1 53 
(1 07, 1 98) - 2 00 

(1 64, 2 36) - 1 15 
(0 51, 1 79) -

What are the general PK characteristics of the drug? 
The distribution, metabolism, and excretion of meloxicam as a molecular entity are 
described in the label for the reference listed drug (Mobic 2016). 

2.2.2.1. Absorption: 
Meloxicam is almost completely absorbed after PO administration, with an absolute BA 
of 89% (Mobic 2016). After intramuscular administration, meloxicam is fully absorbed. 
Meloxicam exposure was consistently greater after IV administration of ANJESO 
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compared to oral administration of Mobic at equivalent doses. The Cmax and AUC for 
ANJESO were similar across studies, although some variability in exposure was noted in 
studies with smaller sample sizes. As expected, IV administration of ANJESO resulted in 
substantially higher Cmax and earlier Tmax compared with oral administration of Mobic at 
equivalent doses over a range of 15 to 60 mg. Eight to 12 hours after administration of 
equivalent doses of IV and oral meloxicam, plasma concentration-time curves were 
similar. Ad hoc analyses from the Phase 1 studies demonstrated that a single dose of 
ANJESO 30 mg administered IV resulted in a slightly more than 2-fold higher AUC0-∞ 

and 4.65-fold higher Cmax relative to a single dose of Mobic 15 mg administered orally. 

After seven consecutive days of once a day dosing of ANJESO 30 mg, steady state was 
achieved, and accumulation was observed, with a roughly 2-fold increase in AUC0-∞. 
Population PK estimates of ANJESO exposure were generally consistent with observed 
values in clinical studies. The Tmax for ANJESO occurred almost immediately after IV 
administration in all studies, whereas absorption after oral administration of Mobic was 
prolonged (≈ 5 to 7 hours) and similar to what is reported in the Mobic label. No 
clinically meaningful changes in ANJESO exposure (Cmax and AUC) were observed after 
a single 30 mg IV dose in older subjects (≈ 71 years old) with mild renal impairment 
compared with younger subjects (≈ 31 years old) with normal renal function. Population 
PK analyses indicated that age, sex, race, surgery type, study, and dose, did not 
significantly affect N1539 exposure. 

Were the active moieties in the plasma (or other biological fluid) appropriately 
identified and measured to assess pharmacokinetic parameters and exposure 
response relationships? 
ANJESO analgesic activity is primarily due to the parent compound meloxicam; only the 
parent compound was measured to assess the PK parameters. 

What are the characteristics of drug absorption? Are ANJESO parameters dose 
proportional? 
Since ANJESO is delivered IV, the bioavailability of meloxicam is presumed to be 
100%. 

2.2.2.2. Dose-proportionality of ANJESO: 
For the treatment of moderate to severe pain, the recommended dose 
of ANJESO is 30 mg once daily, administered by intravenous bolus injection over 15 
seconds. Dose-proportionality was assessed during the development. Linear regression 
model with ln-transformed parameter and ln-transformed dose was performed for Studies 
N1539-01 (SAD) and REC-15-019 (TQT) individually and pooled to assess 
proportionality of PK parameters (Cmax and AUC) across the range of doses studied in the 
Phase 1 program. Pharmacokinetic data from Study N1539-01 included doses of 
ANJESO 15 mg, 30 mg, and 60 mg (Table 2.2.5.1a). Study REC-15-019 pharmacokinetic 
data were obtained following single doses of N1539 30 mg, 120 mg, and 180 mg (Table 
2.2.5.1b). In the individual and pooled analyses, the 95% confidence interval for the slope 
included a value of 1 suggesting that meloxicam peak (Cmax) and overall exposure 
(AUC and AUC0–∞) increased proportionally with dose administered. 
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Table 2.2.5.1a: Study N1539-01 Dose Proportionality Model Results. 
Ln-Transformed 
PK Parameter 

Slope 95% Confidence 
Interval for Slope 

P-value for 
Slope=1 

Cmax 0.9907 0.8757-1.1057 0.8677 
AUC0-t 0.904 0.7141 - 1.0950 0.3074 
AUC0-∞ 0.845 0.5722-1.1194 0.2549 

Table 2.2.5.1b: Study REC-15-019 Dose Proportionality Model Results. 
Ln-Transformed 
PK Parameter 

Slope 95% Confidence 
Interval for Slope 

P-value for 
Slope=1 

Cmax 1.0874 0.9739-1.2009 0.1269 
AUC0-t 1.0145 0.9221-1.1070 0.7512 
AUC0-∞ 1.0125 0.8641-1.1609 0.8639 

2.2.2.3. Comparison of PK of the two N1539 Drug Product Concentrations: 
As previously noted in section 2.1.1 of the review, two N1539 formulations were used in 
the 4 phase 1 clinical studies. A formulation with a concentration of 25.5 mg/mL was 
used in the early development phase for Studies N1539-01 and N1539-03, and the 30 
mg/mL to be marketed product was used in Study REC-15-019. The ratio of API to 
excipients and the ingredients were the same for these 2 formulations No formal studies 
directly comparing the 2 drug products have been conducted performed to affirm that the 
concentration change did not influence in vivo performance of the formulation, but 
general cross-study comparisons indicate that there is no significant difference between 
the PK of the two formulations. As such for a 30 mg dose the volume of drug product 
injected is minimally different between the two concentrations ( (b) (4)  vs 1mL for the 
25.5mg/mL product vs 30mg/mL product) and should not significantly impact the PK as 
the other excipients are proportional and through IV delivery bioavailability is self-
evident. Additionally, the efficacy and safety of the to be marketed formulation has been 
established using three Phase 3 efficacy and safety studies. 

In all studies, meloxicam plasma concentrations peaked shortly after IV administration of 
N1539 (Table 2.2.5.2). Among healthy subjects, mean maximum plasma concentrations 
were generally similar, ranging from 5563 to 7669.1 ng/mL. The mean AUC0-24 were 
higher in studies using the 25.5 mg/mL drug product compared with 30 mg/mL. But the 
total number of subjects is low and the numbers are not that significantly different to be 
clinically meaningful using a cross study comparison. 

Table 2.2.5.2: Comparison of Mean (SD) Pharmacokinetic Results between Two 
Concentrations of N1539 Drug Product after IV Administration of a Single 30 mg Dose 

Parameter 

25.5 mg/mL Drug Product 30 mg/mL Drug 
Product 

N1539-01 N1539-03 REC-15-019 
N=7 N=8 N=12 
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Cmax (ng/mL) 

Geometric Mean (CV) 5563.4 (18.5) 7669.1 (29.1) 6452.54 (35.6) 
Min, Max 4370, 6700 6130, 13000 3640, 11400 

AUC0-24, ng•h/mL 

Geometric Mean (CV) 53,787.4 (12.4) 58,952.1 (31.3) 47,765 (25.4) 
Min, Max 46352, 64080 43514, 102765 34,563, 75305 

This is an IV formulation and there is relatively small difference between the two 
formulations. In addition, the PK parameters are comparable between the two 
formulations using cross-study comparison. Therefore, the PK parameters obtained 
using the 25.5mg/mL drug product can be used to support the final 30 mg/mL 
product. 

2.3. Intrinsic factors 

Age, Sex and BMI 
Population PK analysis was performed on pooled data from multiple studies. The final 
PK population was composed of 316 subjects; most were female (76.3%), White 
(66.1%), and nonelderly (i.e., < 65 years old; 94.3%). Covariate analysis included 
evaluations of age, sex, BMI, renal and hepatic function, race, surgery type, study, and 
dose. The effects of these covariates on PK parameters were not considered to be 
clinically relevant. 

Renal Impairment: 

Sponsor conducted a Phase 1, single-center, open-label evaluation of the PK and safety of 
single doses of ANJESO in older subjects with impaired renal function (high-risk group) 
compared with younger subjects with normal renal function (low-risk group) (Study 
REC-15-018). Subjects were assigned to 1 of 2 treatment groups (6 subjects each): 1 
treatment group for subjects aged 65 to 80 years with impaired renal function (glomerular 
filtration rate [GFR] of 60 to 89 mL/min/1.73 m2) and 1 treatment group for subjects aged 
18 to 55 years with normal renal function (GFR of ≥90 mL/min/1.73 m2). It needs to be 
noted that glomerular filtration rate [GFR] of 60 to 89 mL/min/1.73 m2 falls into the 
category of mild renal impairment. A total of 12 subjects were enrolled and completed 
the study. The mean (SD) age was 70.83 (3.25) and 31.17(8.38) years in subjects with 
impaired and normal renal function, respectively. 

Meloxicam PK parameters were generally similar between cohorts (Table 2.3.2a, Figure 
2.3.2a). There was no difference in Tmax, and geometric means of Cmax were 5870 ng/mL 
for the renally impaired subjects and 5580 ng/mL for those with normal renal function. 
While total exposures to meloxicam were similar between treatment groups, a slightly 
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prolonged t½ was observed in the renally impaired subjects compared with the healthy 
control subjects (mean [SD] of 21.3 [4.19] hours vs 17.5 [5.16] hours, respectively). 

Table 2.3.2a: PK parameters of ANJESO in subjects with normal renal function Vs renal 
mildly impaired subjects. 
Parameter Mild Renal Impairment 

Geometric mean (CV) N = 6 
Normal Renal Function 

Geometric mean (CV) N = 6 
Cmax (ng/mL) 5870 (14.3) 5580 (13.4) 
AUC0-t (hr*ng/mL) 69,100 (24.7) 64,500 (37.5) 
AUC0-∞ (hr*ng/mL) 69,800 (25.6) 65,100 (37.6) 
Tmax (hr)* 0.08 (0) 0.08 (0) 
T1/2 (hr) 20.9 (17.2, 28.5) 17.9 (9.85, 23.0) 

Figure 2.3.2a: Graphical representation of PK parameters of ANJESO in subjects with 
normal renal function Vs renal impaired subjects. 
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The least square (LS) geometric mean ratio indicated that there were no differences 
between cohorts in Cmax (as the 90% CI lied within the bounds 80% to 125%) and tmax. 
For AUC the LS geometric mean ratio was also similar for renal impaired vs normal 
renal function subjects but the upper bound of the 90% CI for AUC0-t and AUC0-∞ was 
148% and 149% respectively and the lower bound of the 90% CI for AUC0-t and AUC0-∞ 

was 78% and 77% respectively (Table 3.3.2b). The low value of the LS geometric mean 
ratio along with the small sample size of the study indicates 

Table 2.3.2b: Geometric LS mean ratio and 90% CI of the ratio for PK parameters of 
ANJESO in subjects with normal renal function Vs mildly renal impaired subjects. 
Parameter Geometric LS mean ratio (%) 

(Renal Impaired/Normal) 
90% CI of ratio (%) 

Cmax (ng/mL) 105 91.02, 121.46 
AUC0-t (hr*ng/mL) 107 77.50, 147.83 
AUC0-∞ (hr*ng/mL) 107 77.36, 148.83 

Hepatic Impairment 

A dedicated study to see the effects of hepatic impairment on the PK of the product has 
not been conducted in this application. In general, use of NSAIDs may cause liver 
enzyme elevations < 3 times the upper limit of normal in approximately 15% of patients 
and liver enzyme elevations ≥3 times the upper limit of normal in approximately 1% of 
patients (Mobic 2016). However, per the Mobic label, dose adjustments are not necessary 
in patients with mild or moderate hepatic impairment. Patients with severe hepatic 
impairment have not been adequately studied to inform dosing recommendations. Studies 
in literature suggest higher inter subject variability in patients with cirrhosis but not 
enough information is present to further guide dosing in these subjects. 

What is the pediatric plan? 
ANJESO is an IV formulation and this application triggers PREA because it is a new 
dosage form. The sponsor has an agreed upon iPSP with the agency. As a part of the 
iPSP, for pediatric studies, Sponsor requested a deferral for the pediatric age groups 
mentioned below with the exception of the birth to <1 year pediatric age group for which 
a waiver had been requested. 

Adolescents: 12 to <17 years
 
Children: 7 to <12 years
 
Children: 2 to <7 years
 
Infants: 1 to <2 years.
 

Justification of Deferral (as per iPSP): 
No pediatric subjects have been included in clinical studies of ANJESO to date. 
Phase 2 clinical studies have evaluated doses of ANJESO ranging from 5 to 60 

mg. Study N1539-02 demonstrated the analgesic efficacy of a single dose of N1539 at 15, 
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30 and 60 mg administered following third molar extraction. All three dose levels of 
N1539 resulted in a SPID24 value that was statistically superior to placebo. The SPID24 
value for the 60 mg dose of N1539 was also statistically significantly greater than that of 
the 15 or 30 mg doses of N1539. In a subsequent study of 460 female subjects 
undergoing open abdominal hysterectomy (Study N1539-04), subjects were randomized 
to N1539 doses of 5, 7.5, 15, 30, or 60 mg, as well as an active control arm (morphine) or 
placebo. All N1539 dose levels showed statistically significant improvement compared to 
placebo in SPID24 results. However, in this study, the LS mean SPID24 value for the 30 
mg N1539 was numerically greater than that of the 60 mg dose. A third study of N1539 
was conducted in subject undergoing laparoscopic abdominal surgery with doses of 7.5 
or 15 mg every 12 hours, or 30 mg once daily, compared to placebo (Study N1539-05). 
This study was discontinued early and efficacy analyses were not completed. All study 
doses were well tolerated in these studies, and there was no evidence of any dose related 
safety concerns. 

Sponsor will confirm the safety and efficacy of N1539 in adult subjects with 
moderate to severe pain in Phase 3 studies including bunionectomy, abdominoplasty, and 
major surgical procedures. 

Meloxicam has been demonstrated to be safe and effective in pediatric subjects 
following oral administration (Mobic®), in the treatment of pauciarticular or 
polyarticular course Juvenile Rheumatoid Arthritis in patients 2 years of age and older. 
Boehringer Ingelheim Pharmaceuticals reports on three studies of oral meloxicam 
completed in this population, including 387 subjects treated with meloxicam with doses 
ranging from 0.125 to 0.375 mg/kg per day. Safety observations were reported to be 
generally consistent with findings in studied adult populations (including rheumatoid 
arthritis and osteoarthritis) 

The timeline for the pediatric development plan are the following: 

Table 2.3.4: Timeline for the pediatric development plan. 
Clinical Trial Final Protocol 

Submission Date 
Trial Start Date Trial 

Completion 
Date 

Final Report 
Submission 

2 to <17 years 1-Oct-18 1-Apr-19 1-Apr-21 1-Oct-21 
1 to <2 years 1-Oct-21 1-Apr-22 1-Apr-24 1-Oct-24 

Reviewer comments: 
The Division agreed to grant a partial waiver in pediatric patients aged birth to less than 
one year because there is evidence strongly suggesting that the drug product would be 
ineffective or unsafe in this pediatric age group. The Division also agreed to grant a 
deferral in patients aged 1 to less than 17 years and agreed to the timeline submitted by 
the sponsor. 

2.4. General Biopharmaceutics 

What is the relative bioavailability of ANJESO compared to the reference drug, 
Mobic? 
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Dedicated SAD study was conducted comparing the exposure of ANJESO to Mobic. 
Mobic 15 mg is approved for once daily dosing, whereas the proposed treatment dose of 
N1539 is 30 mg once daily. 

N1539-01: In study N1539-01 (SAD) three doses (15, 30, and 60 mg) of meloxicam were 
both administered IV and PO. Subjects were required to fast for 10 hours before and 4 
hours after dosing. Blood samples for PK analysis were collected prior to dosing, 
immediately after completion of IV administration, and at 5, 10, 15, 20, 30, and 45 
minutes, and 1, 2, 4, 6, 8, 12, 18, 24, 36, 48, 60, and 72 hours after completion of the 
dose. Treatments were administered no sooner than 6 days 18 hours and no later than 15 
days apart. 

Figure 2.4.1a: Mean plasma concentration-time profiles after administration of 
ANJESO and Mobic (30 mg). 

Results: 
The plasma concentration-time profiles comparing ANJESO and Mobic (30 mg) are 
shown in figure 2.4.1a. The corresponding PK parameters for all three doses are shown 
in Table 2.4.1a. The log-plasma concentration-time profiles of meloxicam after a Single 
Dose of N1539 30 mg (treatment dose) in comparison to Mobic 15 mg (approved dose) 
are shown in figures 2.4.1b. The summary of results is shown below: 

Overall, N1539 was well tolerated; subjects experienced fewer AEs after IV 
administration compared with PO dosing. 

Plasma concentrations at 5 minutes postdose for N1539 (approximation of Cmax) were 
approximately 2-fold higher than the Cmax of Mobic (occurring 5 to 7 hours postdose) 
across the dose range. However, within 8 to 12 hours after dosing, the plasma 
concentration-time curves for IV and oral administration were similar within each 
treatment group. 
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Consistent with the results for Cmax, the mean AUCs were greater after N1539 
administration compared with Mobic tablets, and these parameters increased as the dose 
increased. The plasma concentration at 24 hours postdose (approximation of Cmin based 
on a once daily dosing frequency) and AUC0-t was similar after IV and PO meloxicam 
administration in each treatment group. The t½ was also similar between those receiving 
N1539 and Mobic in each treatment group and tended to decrease with increasing doses. 

The relative BA (IV to PO) of N1539 ranged from 1.03 to 1.07 across the dose range; an 
ad hoc BA analysis using parallel group and crossover (dose-normalized to Mobic 15 
mg) comparisons affirmed the BA. These results align with the reported BA (PO:IV) of 
Mobic (0.89) as per the Mobic label. 

A single IV dose of N1539 30 mg produced an approximately 2-fold higher AUC and 4
fold higher Cmax relative to Mobic PO 15 mg in Study N1539-01. Half-lives between 
these two treatment groups are comparable. 

Table 2.4.1. Pharmacokinetic parameters comparing ANJESO and Mobic (15, 30 and 60 
mg). 

Meloxicam 15 mg Meloxicam 30 mg Meloxicam 60 mg 

N1539 Mobic N1539 Mobic N1539 Mobic 

N=7 N=7 N=7 N=7 N=7 N=7 

Cmax (ng/mL) 

Mean (SD) 2850.00 
(228.76) 

1221.9 
(289.5) 

5562.86 
(1114.86) 

2611.4 
(571.6) 

11,338.57 
(1734.46) 

4810.0 
(867.5) 

Cmin (ng/mL) 

Mean (SD) 663.29 
(221.23) 

699.00 
(195.54) 

1375.71 
(298.38) 

1521.43 
(280.32) 

2452.86 
(408.15) 

2465.71 
(384.14) 

AUCt, (ng•h/mL) 

Mean (SD) 46094.8 
(14565.8) 

42949.2 
(11662.8) 

92575.9 
(18456.0) 

88340.6 
(16547.1) 

156042.6 
(24041.4) 

146677.3 
(21925.3) 

GV 0.3 0.3 0.2 0.2 0.2 0.1 

GM 44094.8 41463 90988.8 86875 154517 145356 
AUC∞, 
(ng•h/mL) 

Mean (SD) 57314.4 
(27233.2) 

53988.8 
(23207.7) 

107508.7 
(34443.0) 

104400.0 
(30656.2) 

171229 
(344439.1) 

163854.7 
(32916.7) 

GV 0.5 0.4 0.3 0.3 0.2 0.2 

GM 52043.9 49880.7 103275.9 100572.6 168495.9 161247.4 

tmax, h 

Mean (SD) 0.08 6.57 (4.12) 0.08 6.86 (5.87) 0.08 5.14 (2.27) 
Median (min, 

max) 
0.08 (0.08, 

0.08) 
4.00 (2.00, 

12.0) 
0.08 (0.08, 

0.08) 
4.00 (2.00, 

18.0) 
0.08 (0.08, 

0.08) 
4.00 (2.00, 

8.0) 
t1/2, h 

Mean (SD) 27.3 (15.7) 26.4 (12.1) 23.3 (9.36) 23.4 (8.78) 20.3 (4.32) 20.6 (5.14) 
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Median (min, 
max) 

24.4 (11.7, 
51.0) 

28.0 (11.6, 
48.1) 

22.1 (14.5, 
42.6) 

20.3 (16.1, 
41.1) 

18.7 16.0, 
29.3) 

19.5 (15.9, 
30.3) 

Figure 2.4.1b: Mean plasma concentration-time profiles (log transformed) after 
administration of ANJESO (30 mg) and Mobic (15 mg). 

What is the steady state PK of ANJESO? 
Study N1539-03 was a multiple-ascending-dose, randomized, double-blind, 

placebo-controlled, parallel-group study of 2 doses of N1539 (25.5 mg/mL). Healthy 
subjects were randomized to receive N1539 (30 or 60 mg; 8 per treatment group) or 
placebo (D5W; 2 per treatment group), administered undiluted by IV push over 1 minute. 
Subjects received a single dose on Day 1, and then once daily every morning from Day 7 
through Day 13. Blood samples were collected for PK analysis prior to the first dose 
(Day 1); 5, 10, 20, 40, and 45 minutes after the first dose; and 1, 2, 4, 6, 12, 18, 24, 48, 
60, 72, 96, 120, and 144 hours after the first dose. On Days 7 through 13, a single blood 
sample was collected prior to each daily dose. On Days 13 through 20, blood samples 
were collected at the same time points as described for the first dose (Day 1) and at 168 
hours. 

Results: 
The Figure 2.4.2a and 2.4.2b shows the dose normalized plasma concentration-time 
profiles of N1539 30 and 60 mg on Days 1 and 13 respectively. The mean PK parameters 
for Day 1 and Day 13 (steady state) are presented in Table 2.4.2a. The summary of 
results is shown below: 

The plasma concentrations at the 5-minute sampling time (approximation of N1539 
Cmax) and the AUCs were approximately 2-fold higher in the 60 mg treatment group 
compared with the 30 mg. 
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On Days 1 and 13, the dose-normalized plasma concentration-time curves were nearly 
identical for both treatment groups, except on Day 13 from approximately 12 to 96 hours 
postdose, when the concentrations for the 30 mg treatment group were slightly lower than 
the 60 mg treatment group. 

Meloxicam accumulation occurred with repeated dosing, as evidenced by increases in 
AUC from Days 1 to 13, and a RAC of 2.2 and 2.7 for the 30 and 60 mg treatment 
groups, respectively, which is consistent with the t½ of approximately 24 hours, overall. 

The mean t½ of N1539 was longer on Day 13 than on Day 1 in both treatment groups; t½ 
was also longer for subjects receiving 30 mg compared with 60 mg 

Figure 2.4.2a: Dose-Normalized Geometric Mean Plasma Concentration-Time 
Profiles of N1539 30 and 60 mg on Day 1 

Figure 2.4.2b: Dose-Normalized Geometric Mean Plasma Concentration-Time 
Profiles of N1539 30 and 60 mg on Day 13 
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Table 2.4.2. Pharmacokinetic parameters of N1539 (30 mg and 60 mg) on Day 1 and on 
Day 13 (at steady state) 

Parameter N1539 30 mg 
N = 8 

N1539 60 mg 
N = 8 

Day 1 Day 13 Day 1 Day 13 
Cmax (ng/mL) 
Mean (SD) 

7810.0 (2235.98) 10,632.5 (4729.77) 16,250.0 (3690.92) 20,600.0 (7585.73) 

Cmin (ng/mL) 
Mean (SD) 

1757.5 (721.82) 3935.0 (2932.70) 3238.8 (1053.21) 7950.0 (4349.57) 

AUC0-t (hr*ng/mL) 
Mean (SD) 

118,074.3 
(59,913.38) 

287,458.2 
(225985.20) 

205,075.1 
(71,640.24) 

584,790.1 
(371027.87) 

AUC0-∞ (hr*ng/mL) 
Mean (SD) 

121,438 (64,506) 297,771.6 
(241604.01) 

207,196.8 
(75,763.33) 

596,695.0 
(393541.19) 

T1/2 (hr) 
Median (min, max) 

22.8 (12.8, 42.6) 24.6 (14.2, 40.8) 16.2 (13.5, 29.4) 19.6 (16.8, 41.3) 

2.5. Analytical Section 
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? 

Method MLXHPP was used for the analysis of meloxicam in human plasma treated with 
the anticoagulant di-potassium ethylene diamine tetra-acetic acid (K2EDTA). Meloxicam 
and the internal standard, meloxicam-d3, were extracted from human plasma by protein 
precipitation. The supernatant was then diluted and analyzed using high performance 
liquid chromatography with tandem mass spectrometry (HPLC-MS/MS). The calibration 
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curve range for meloxicam was 10.0 to 10,000 ng/mL, with a human plasma sample 
volume of 50.0 μL. 

Validation of the method (Study 8202301) demonstrated that the MLXHPP assay was 
precise and accurate within the acceptance criteria outlined in the protocol for all 
validation parameters. During the initial validation, a negative bias was noted from the 
contribution of meloxicam to the internal standard channel. A method modification was 
proposed to reduce this contribution, and additional experiments were run with the 
method change (Study 8328975). All required tests for the additional validation work 
were completed with a minimum of 1 run. The results were calculated using peak area 
ratios of analyte (meloxicam) to internal standard (meloxicam-d3). The additional work 
passed the acceptance criteria and reduced the contribution to acceptable levels and 
showed equivalency to the original, acceptable validation data. Therefore, this validation 
was deemed acceptable for the determination of meloxicam in human plasma, over the 
range of 10.0 to 10,000 ng/mL in a maximum validation run size of 92 injections with a 
maximum injection volume of 6.00μL. In addition, meloxicam in human plasma was 
demonstrated to be stable for 328 days when stored in a freezer at -60°C to -80°C or for 
205 days when stored in a freezer set to -10°C to 30°C. 

Bio-analytical Validation: 

Table2.5.1: Assay Performance for Meloxicam during Validation in Human Plasma 
(Source: Final Validation report 8202301) 

Method Validation 
Parameter Acceptance Criteria Results 

Calibration Range 85.0% to 115.0% (80.0% to 120.0% at 
the LLOQ) 

10.0 ng/mL = 96.3% 
20.0 ng/mL = 104.0% 
50.0 ng/mL = 106.8% 
250 ng/mL = 106.8% 
1000 ng/mL = 104.0% 
5000 ng/mL = 98.6% 
8000 ng/mL = 93.5% 
10000 ng/mL = 90.5% 

Precision/reproducibility 
and accuracy 

Precision: 
RSD ≤ 15.0% for intra- and inter-assay 
results 
Accuracy: 
85.0% to 115.0% for intra- and inter-
assay results 

Precision (RSD): 
Intra-assay (n = 6): 

30.0 ng/mL = 2.2% 
750 ng/mL = 1.5% 
7500 ng/mL = 1.0% 

Inter-assay (n=18): 
30.0 ng/mL = 2.2% 
750 ng/mL = 2.2% 
7500 ng/mL = 1.2% 

Accuracy: 
Intra-assay (n=6): 

30.0 ng/mL = 104.3% 
750 ng/mL = 105.6% 
7500 ng/mL = 94.9% 

Inter-assay (n=18): 
30.0 ng/mL = 106.3% 
750 ng/mL = 108.0% 
7500 ng/mL = 95.5% 

Sensitivity RSD ≤ 20.0% 
Accuracy: 80.0% to 120.0% 

RSD: 
Intra-assay ( n = 6): 

10.0 ng/mL = 4.3% 

(b) (4)
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Inter-assay (n = 18): 
10.0 ng/mL = 3.9% 

Accuracy: 
Intra-assay (n = 6): 

10.0 ng/mL = 98.7% 
Inter-assay (n=18): 

10.0 ng/mL = 97.0% 
Sample dilution analysis RSD ≤ 20.0% 

Accuracy: 80.0% to 120.0% 
10X Dilution 
RSD = 1.1% 
Accuracy: 88.0% 

Stability 

Intermediate 
(working) standard 
solution 

Difference between intermediate 
standard solutions of meloxicam at low 
(20 ng/mL) and high (25,000 ng/mL) 
concentrations, as compared to a newly 
prepared standard solution must be ≤ 
10.0% 

Low internal standard difference = 0.8% 
High internal standard difference = 1.3% 

Short-term matrix Mean accuracy at LQC and HQC must 
be within 85.0% to 115.0% 

Freeze/Thaw (n = 6): 
LQC = 105.7% 
HQC = 96.1% 
Room Temperature (n = 6): 
LQC =103.0% 
HQC = 95.6% 

Frozen matrix Mean accuracy at LQC and HQC must 
be within 85.0% to 115.0% 

Accuracy (n = 6): 
LQC =100.3% 
HQC = 96.3% 

Processed sample Mean accuracy at LQC, MQC, and 
HQC must be within 85.0% to 115.0% 

Accuracy (n = 6): 
LQC = 88.3% 
MQC = 109.6% 
HQC = 94.3% 

Sample collection Mean peak area ratios of the samples at 
2 h at RT and 2 h on wet ice must be 
within 85.0% to 115.0% of the main 
peak area ratios at the initial 
(immediate) sampling time 

Accuracy from initial sampling time (n=6): 
2 h at RT = 96.0% 
2 h on wet ice = 95.5% 
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3. Detailed Labeling Recommendations 

The following labeling comments are proposed by this reviewer. Deletion is shown by 
Strike through text and addition is shown by underline text. 

HIGLIGHTS 

DRUG INTERACTIONS 
(b) (4)

7.0 Drug Interactions 
(b) (4)

8.5 Geriatric Use 

Elderly patients, compared to younger patients, are at greater risk for NSAID-associated 
serious cardiovascular, gastrointestinal, and/or renal adverse reactions. If the anticipated 
benefit for the elderly patient outweighs these potential risks monitor patients for adverse 
effects [see Warnings and Precautions (5.1, 5.2, 5.6)]. 

(b) (4)

Of the total number of patients in clinical studies of ANJESO, 197 patients were age 65 

(b) (4)
and over. No overall differences in safety or effectiveness were observed between these 

(b) (4)and younger , and other reported clinical experience has not identified 
differences in responses between the elderly and younger patients. 

12.3 Pharmacokinetics 
Following intravenous administration of ANJESO to healthy volunteers, plasma 
concentrations of 30 mg ANJESO exceed that of 15 mg oral meloxicam for the first 24 
hours. 

Following multiple dosing, ANJESO exhibited predictable accumulation ( (b) (4)

slightly higher than 2-fold) without a change in the terminal elimination half-life 
(Table 9). 

(b) (4)
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(b) (4)

Specific Populations 
Based on population pharmacokinetics analyses, age, sex and race do not have a 
clinically meaningful effect on the PK of ANJESO. 

Renal Impairment: ANJESO pharmacokinetics have been investigated in elderly subjects 
with mild renal impairment (eGFR 60 – 90) compared to young healthy volunteers. A 5% 
and 7% increase of Cmax and AUC, respectively, was observed in elderly subjects with 
mild renal impairment. No dosage adjustment is necessary in patients with mild renal 
impairment. Patients with moderate and severe renal impairment have not been 
adequately studied. The use of ANJESO in subjects with moderate to severe renal 
impairment is not recommended [see Warnings and Precautions (5.6), Use in Specific 
Populations (8.7)] 

Reviewer Comments: The labeling comments on the drug-drug interaction (b) (4)
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4. Appendices 

4.1. Pharmacometrics Review 

4.1.1 Population PK Review 

The purpose of the Applicant’s population PK analysis was to assess sources of 
variability in meloxicam pharmacokinetics. Data from 4 Phase 1 studies, one Phase 2 
study and 2 Phase 3 studies were pooled for analysis. A brief description of these studies 
is provided in Table 1. 

Table 1: Summary of the Characteristics of the Studies used for PopPK Analyses 

Study ID Subjects Doses Description of data 

N1539-01 
Phase 1 Single 
Ascending Dose 
(n=21 planned) 

15 mg, 30 mg and 60 mg 
administered 
intravenously and orally 

Pre-dose and 5, 10, 15, 20, 20 and 45 
min and 1, 2, 4, 6, 8, 12, 18, 24, 36, 48, 
60 and 72 hours post-dose 

N1539-03 
Phase 1 Multiple 
Ascending Dose 
(n=20 planned) 

30 mg and 60 mg 

Frequent blood samples on Day 1 and 
Days 13-20 through 168 hours post-
dose. 
Pre-dose samples on Days 7-13 

REC-15-018 
Phase 1 Renal 
Impairment Study 
(n=12 planned) 

30 mg 
Pre-dose and 5, 10, 20, 30 and 45 
minutes and 1, 2, 4, 6, 12, 18, 24, 36 
and 48 hours post-dose 

REC-15-019 TQT Study (n=48 
planned) 

30 mg, 120 mg, 180 mg 
and placebo 

Pre-dose and immediately after IV 
infusion, 5, 10, 15, 30 and 45 minutes 
and 1, 2, 4, 6, 8, 12, 18 and 23 hours 
after start of IV infusion 

REC-15-014 
Phase 2 Study in 
Bunionectomy 
(n=up to 60) 

30 mg, 60 mg or placebo 

Pre-dose and after the first dose at 5 
and 30-60 minutes and 4-8, 12-16 and 
24 hours post-dose. After the 2nd dose 
at 5 and 30-60 minutes and 4-8, 12-16 
and 24 hours post-dose 

REC-15-015 
Phase 3 Study in 
Abdominoplasty 
(n=100 per group) 

30 mg or placebo 5 minutes and 1-8 and 14-24 hours 
post-Dose 1 and Dose 2 

REC-15-016 
Phase 3 Study in 
Bunionectomy 
(n=100 per group) 

30 mg or placebo 5 minutes and 1-8 and 14-24 hours 
post-Dose 1 and Dose 2 

Overall, the final dataset included 316 subjects with 3496 concentration values. A total of 
26 samples from 2 subjects were removed from the analysis due to inconsistent PK 
profiles. Median (range) age and body weight were 40 years (18 – 75) and 71 kg (46 – 
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122). There were 147 subjects with normal renal function, 161 with mild renal 
impairment, 8 with moderate renal impairment and 0 with severe renal impairment. Of 
the 8 subjects with moderate renal impairment, eGFR values were 45, 52, 53, 55, 56, 58, 
59 and 59 mL/min. A summary of baseline characteristics is provided in Table 2. 

Table 2: Summary of Baseline Characteristics in the PK Population 

Population PK analyses were performed in Phoenix NLME (Version 7.3). A 3
compartment model was found to provide a better fit to the data compared to a 2
compartment model and was thus chosen as the base model. The effect of body weight on 
clearance and volume was also included in the base model with power functions. 
Residual error was described with a mixed additive and proportional error model. A 
stepwise forward addition and backward elimination covariate analysis was performed 
with the following covariates: age, sex, eGFR, liver function measures, race, surgery 
subtype, study and dose level. The final model included effects of eGFR and study 
(N1539-01 and N1539-03) on meloxicam clearance. The parameter estimates of the final 
model are displayed in Table 3 and basic goodness of fit plots are provided in Figure 1. 
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Table 3: Parameter Estimates of the Final PK Model 

Source: RECR-PCS-102, Table 6 on page 23 of 106. 

Figure 1: Goodness of Fit Plots for the Final PK Model 

Source: RECR-PCS-102, Figure 3 on page 25 of 106. 

The Applicant attributes the effect of study (N1539-01 and N1539-03) on meloxicam 
clearance to differences in concentration in the formulation (25.5 mg/mL vs. 30 mg/mL), 
rate of injection (1 minute vs. 15-30 second) and bioanalytical methods used in those 
studies. The population PK model was used to generate PK parameters in patients with 
varying degrees of renal impairment (Table 4). 
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Table 4: Predicted PK Parameters of Meloxicam Following a 30 mg Dose in Subjects with Renal 
Impairment 

Source: RECR-PCS-102, Table 7 on page 27 of 106. 

Reviewer’s Comments: The Applicant’s population PK model provides a reasonable 
description of the data. There appears to be some model misspecification at later time 
points after dose, but this is not expected to alter the overall conclusions. The deviation 
in the CWRES at later times (bottom left plot of Figure 1) is most likely due to steady-
state dosing in Study N1539-03 which used a different formulation and bioanalytical 
method. The reviewer agrees with the Applicant that age, sex and race do not have a 
clinically meaningful effect of the PK of meloxicam. For mild renal impairment, the 
conclusions from the population PK analysis are consistent with the dedicated study, as 
expected. The reviewer advises caution drawing conclusions for patients with moderate 
and severe impairment from Table 4. There were no subjects in the analysis with severe 
renal impairment and of the 8 categorized with moderate impairment, the lowest eGFR 
was 45 mL/min and 5 subjects had eGFR values on the borderline with mild impairment 
(i.e. > 55 mL/min). It is worth noting that the Applicant advises against dosing in these 
populations in the label. 

4.1.2 Exposure-Response Review 

At an End of Phase 2 Meeting (2015) and the Pre NDA Meeting (2017), the Agency 
expressed concern regarding the ability of the Applicant’s proposed dosing regimen to 
sustain efficacy over a 24-hour period. To address these concerns, the Applicant 
originally planned to assess the effect of meloxicam longitudinally on pain intensity data. 
However, due to the high frequency of rescue medication use, their approach changed to 
analysis of SPID 24 endpoints. Analyses were performed using data from REC-15-014, 
REC-15-016 and REC-15-015. 

Reviewer’s Comments: We acknowledge and agree that the high rate of rescue 
medication use in the pivotal trials makes it impracticable to perform an exposure-
response analysis using longitudinal data. The Applicant’s exposure-response analysis 
using SPID24 does not address the key question about dosing regimen and sustained 
efficacy over a 24-hour period and was therefore not reviewed further. 

In December 2015, the Sponsor submitted an Executive Summary of a PK/PD modeling 
report to the IND. The report used data from earlier studies (N1539-02, N1539-04 and 
N1539-05) to investigate different dosing regimens (qd and bid) and concluded that 30 
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mg qd and 60 mg qd dosing regimens were appropriate for evaluation in Phase 3 studies. 
OCP was not aware of the submission and did not review it at the time. Upon later 
review, the reviewer does not agree that the analyses support the conclusions.PK data 
was collected from only one of the 3 studies used in the analysis, rescue medication use 
was still high in these studies and goodness of fit diagnostics showed that the model did 
not provide an acceptable description of the data. For these reasons, this Executive 
Summary document is not further considered in this review. 

28 Page(s) of Draft Labeling have been Withheld in Full as b4 (CCI/TS) immediately following this page

5 Page(s) has been Withheld in Full as b4 (CCI/TS) immediately following this page
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	Addition to Indication Statement: 
	First, Recro proposes to modify the indication statement in Section 1 (Indications and 
	Usage) of the ANJESO label as follows: “ANJESO is an NSAID indicated for use in 
	adults for the management of moderate to severe pain, alone or in combination with 
	Figure
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	Addition to the Dosage and Administration Section: Use of Supplemental  Immediate-Release Analgesics with ANJESO 
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	3 .
	Additionally, it is clear from the pharmacokinetic data that compared to Mobic, this IV product has higher drug exposure in the early hours after injection (Figure 1.5.1). However, based on discussion with the clinical team, in clinical efficacy studies, there is a lack of efficacy, or slow onset of action, for this product in the first four hours after first dose (Figure 1.5.2). Thus, there appears to be a delayed response on efficacy after the first dose; and alternative dosing schemes such as use of a lo
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	 and younger 
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	8.8 Poor Metabolizers of CYP2C9 Substrates: 
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	Specific Populations 

	Based on population pharmacokinetics analyses, age, sex and race do not have a clinically meaningful effect on the PK of ANJESO. 
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	12.5 Pharmacogenomics 
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	approvability issues. Based on discussion with the clinical team, there is no adequate efficacy data to support onset of action in the first 4 hours after the first dose,  Hence, this application would not be approved in this cycle due to the reasons mentioned above.  
	sponsor issued revised proposed labeling which includes information that will (i) clarify that ANJESO can be used with other analgesics as needed, 
	Figure
	In addition to the revisions to the indication, the sponsor also proposed to add the following statement to Section 2 (Dosage and Administration): The addition of this statement is to make clear to the prescriber that ANJESO may be supplemented with analgesics . 
	Figure
	Figure
	Figure 1.5.1: Mean plasma concentration-time profiles after administration of ANJESO and Mobic (30 mg). Figure 1.5.2:  Mean Pain Intensity Difference (PID) Values from time 0 to 48 hours. 
	DRUG INTERACTIONS 
	Figure
	benefit for the elderly patient outweighs these potential risks monitor patients for adverse effects [see Warnings and Precautions 
	Figure
	Figure
	Figure
	adequately studied. The use of ANJESO in subjects with moderate to severe renal impairment is not recommended [see Warnings and Precautions , Use in Specific Populations 
	Figure
	Figure
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	1. Executive Summary 
	1.1. Recommendation 
	From the Clinical Pharmacology perspective, NDA 210583 submitted on 07/26/2017 is acceptable. Labeling negotiation with the Applicant was still ongoing when this review was being documented in Darrts. 
	1.2. Phase 4 Commitments 
	None 
	1.3. Summary of Clinical Pharmacology Findings 
	In accordance with Section 505(b) of the Federal Food Drug and Cosmetic Act and Section 314.50 of the United States Code of Federal Regulation, Recro Pharma Inc. has submitted an Original New Drug Application for ANJESO (meloxicam) Injection, 30 mg/mL for the indication of management of moderate to severe pain. In addition to the studies conducted under IND 105172, this 505(b)(2) application depends on information from the reference listed drug, Mobic® (meloxicam) Tablets (NDA 0209384). ANJESO has been eval
	ANJESO Injection is a sterile opaque, pale-yellow, aqueous dispersion containing the active pharmaceutical ingredient meloxicam for intravenous administration. Each mL of aqueous dispersion contains 30 mg of meloxicam, povidone, sodium deoxycholate 
	Figure

	sucrose, and water for injection. The proposed commercial dose is 30 mg administered once daily administered by IV bolus injection over 15 seconds. 
	N1539 drug product, formulated as 25.5 mg/mL was used in the initial development program (Studies N1539-01, N1539-02, N1539-03 and N1539-04); the 30 mg/mL product was administered in other studies (N1539-05, REC-15-014, REC-15-018 and REC-15-019) and all pivotal Phase 3 studies (REC-15-015, REC-15-016 and REC-15017) and is the same as the to-be-marketed product. All the excipients were the same between the two formulations, only the excipients in the initial 25.5 mg/mL formulation were proportionally incre
	Figure

	%) to create a 30 mg/mL formulation. This is an IV formulation and there is relatively small difference between the two formulations. In addition, the PK parameters are comparable between the two formulations using cross-study comparison. Therefore, the PK parameters obtained using the 25.5mg/mL drug product can be used to support the final 30 mg/mL product. The ANJESO formulation uses proprietary NanoCrystal technology to increase the dissolution rate of meloxicam. 
	Meloxicam administered orally has a slow onset of action, largely due to poor water solubility, and is not currently approved for the treatment of acute pain. It has a prolonged absorption, with the time of maximum observed plasma concentration (Tmax) 
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	approximately 5-6 hours following oral administration, which is consistent with its poor aqueous solubility. The ANJESO formulation uses proprietary NanoCrystal technology to increase the dissolution rate of meloxicam. By increasing the dissolution rate of the active meloxicam moiety using the proprietary NanoCrystal technology, N1539 administered by IV bolus is purported to have a rapid onset of action. 
	For this NDA, the two end of Phase-II and the pre-NDA meetings were held on December 2010, August 2015 and January 2017, respectively under IND 105172. The overall development program includes four Phase-I, four Phase-II and three Phase-III studies. 
	Clinical Pharmacology Studies: 
	The clinical pharmacology program supporting the 505(b)(2) NDA of ANJESO for the management of moderate to severe pain consists of 10 studies. 
	1.3.1.1. Phase 1 Studies (with commercial scale formulation): 
	N1539-01: SAD, Relative bioavailability (BA), dose-proportionality study. N1539-03: MAD study REC-15-018: Renal Impairment Study REC-15-019: QTc prolongation study 
	Clinical Studies: 
	Sponsor conducted 3 Phase 2 studies with the proof of concept formulation and one Phase 2 study and three Phase 3 clinical studies with the commercial formulation. 
	1.3.1.2. Phase 2 studies (with proof- of concept formulation): 
	N1539-02: randomized, double-blind, double dummy, placebo controlled, adaptive design, single-dose study of intravenous N1539 in the treatment of pain secondary to dental impaction surgery. 
	N1539-04: A randomized, double-blind, placebo- and active controlled, dose ranging study to evaluate the analgesic efficacy, safety and tolerability of intravenous ANJESO in subjects after open abdominal hysterectomy followed by optional continuation of intravenous ANJESO in responders and randomization of placebo and morphine subjects to intravenous ANJESO. 
	N1539-05: A randomized, placebo-controlled, double-blind study to evaluate the analgesic efficacy, safety and tolerability of intravenous ANJESO in subjects after abdominal laparoscopic surgery 
	1.3.1.3. Phase 2 studies (with commercial scale formulation): 
	REC-15-014: A Phase 2, Single center, randomized, double-blind, placebo-controlled, evaluation of the safety, efficacy, and pharmacokinetics of ANJESO following bunionectomy 
	1.3.1.4. Phase 3 Efficacy Studies (with commercial scale formulation): 
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	REC-15-015: A Phase 3, multicenter, randomized, double blind, placebo controlled, evaluation of the efficacy and safety of ANJESO following abdominoplasty surgery. REC-15-016: A Phase 3, multicenter, randomized, double blind, placebo controlled, evaluation of the efficacy and safety of ANJESO following bunionectomy. 
	1.3.1.5. Phase 3 Efficacy Studies (with commercial scale formulation): 
	REC-15-017: A Phase 3, multicenter, randomized, double blind, placebo controlled, evaluation of safety of ANJESO following major surgery. 
	Relative bioavailability of ANJESO IV compared to reference Mobic tablets: 
	Mobic 15 mg is approved for once daily dosing, whereas the proposed treatment dose of ANJESO is 30 mg once daily. A single IV dose of ANJESO 30 mg produced an approximately 2-fold higher AUC and 4-fold higher Cmax relative to Mobic PO 15 mg in Study N1539-01. 
	Relative BA (IV to PO) of ANJESO ranged from 1.03 to 1.07 across the dose range based on dose-normalized exposure; an ad hoc BA analysis using parallel group and crossover (dose-normalized to Mobic 15 mg) comparisons affirmed the BA. 
	Mobic reached Cmax around 5 to 7 hours postdose in Study N1539-01, which is similar to the tmax reported in the prescribing information (Mobic 2016). In contrast, tmax occurred shortly after administration of ANJESO in all clinical studies, which is expected with IV administration. The comparative PK data between the proposed formulation and the approved formulation are described in table 1.3.3. 
	Table 1.3.3: Single-Dose Pharmacokinetics of ANJESO injection (30 mg) and Oral Meloxicam (15 mg) 
	Parameter 
	Parameter 
	Parameter 
	ANJESO 30 mg IV 
	Oral Meloxicam 15 mg PO 

	Cmax (ng/mL) 
	Cmax (ng/mL) 
	5642.9±1009.0 
	1221.9±289.5 

	AUC0-∞ (hr*ng/mL) 
	AUC0-∞ (hr*ng/mL) 
	107508.7±34443.0 
	53988.8±23207.7 

	Tmax (hr)* 
	Tmax (hr)* 
	0.12±0.04 
	6.57 ±4.12 

	T1/2 (hr) 
	T1/2 (hr) 
	23.3±9.36 
	26.4 ±12.1 


	Dose Proportionality between various doses of ANJESO: 
	PK data from Study N1539-01 (SAD study with 25.5 mg/mL formulation) included doses of ANJESO 15 mg, 30 mg, and 60 mg. Study REC-15-019 PK data included dose of ANJESO 30 mg, 120 mg, and 180 mg (TQT study with 30 mg/mL formulation). The individual and pooled analysis, for both studies suggested that meloxicam peak and overall exposure increase proportionally with dose administered. 
	Multiple dose accumulation of ANJESO: 
	PK data from Study N1539-03 (MAD study with 25.5 mg/mL formulation) showed that after seven consecutive days of once a day dosing of AMJESO 30 mg, steady state was achieved, and accumulation was observed, with slightly higher than 2
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	fold increase in AUC0-∞. Population PK estimates of ANJESP exposure were also consistent with observed values in clinical studies. 
	Effect of ANJESO on QT prolongation: 
	Study REC-15-019 showed that therapeutic and supratherapeutic doses of up to 180 mg of ANJESO did not affect cardiac repolarization, as measured by QTc intervals and other ECG results including heart rate and PR and QRS intervals. Further, safety data from clinical studies also did not show untoward cardiac effects in subjects treated with ANJESO. Refer to QT-IRT review for more details. 
	Effect of renal impairment on the PK of ANJESO: 
	Study REC-15-018 evaluated the pharmacokinetics and safety of N1539 30 mg administered as an IV bolus in older subjects with mild impaired renal function (GFR 6089  mP2P) compared to healthy controls. Findings from this study identified no differences between subjects with impaired renal function and those with normal renal function in terms of Cmax (5% higher in subjects with renal impairment). While the study could not conclude that there was no statistical difference between the groups in terms of AUC (
	mL/min/1.73

	2. Question Based Review 
	2.1. General Attributes of the Drug 
	What are the highlights of the chemistry and physical-chemical properties of the drug substance, and the formulation of the drug product? 
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	Table 2.1.1: Physical-Chemical Properties of Meloxicam 
	Table 2.1.1: Physical-Chemical Properties of Meloxicam 
	Table 2.1.1: Physical-Chemical Properties of Meloxicam 

	Drug Name 
	Drug Name 
	Meloxicam 

	Chemical Name 
	Chemical Name 
	4-hydroxy-2-methyl-N-(5-methyl-1,3-thiazolyl-2-yl)-2H-1,2benzothiazine-3-carboxamide 1,1-dioxide 

	Structure 
	Structure 
	TD
	Figure


	Molecular Formula 
	Molecular Formula 
	C14H13N3O4S2 

	Molecular Weight 
	Molecular Weight 
	351.4 


	2.1.1.1. Formulation: 
	Three formulations were used during development program. 25.5 mg/mL, 15mg/mL and 30mg/mL with the 30mg/mL being the final to be marketed formulation. The first formulation was used in early PK (SAD and MAD) studies and two early Phase 2 studies. The 15-mg formulation was used in a study that was terminated early and is not being reviewed. The final to be marketed formulation was used in the renal impairment study, TQT study, two phase 2 studies and all the pivotal phase 3 studies. The amounts of the API and
	Figure

	%) to create a 30 mg/mL formulation. The ratio of meloxicam and excipients was kept constant throughout the formulations. The components of the three formulations are described below in Table 2.1.1.1. 
	Table 2.1.1.1: Chemical composition of different formulation of ANJESO used in different clinical studies 
	Component, Grade 
	Component, Grade 
	Component, Grade 
	Component Amount 
	Function

	25.5 mg/mL DP 
	25.5 mg/mL DP 
	15 mg/mL DP 
	30 mg/mL DP 

	Meloxicam, USP 
	Meloxicam, USP 
	25.5 
	15 
	30 
	Active ingredient 

	Sodium deoxycholate 
	Sodium deoxycholate 
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	Sucrose, NF 
	WFI, USP/EP Total 
	N1539-05REC-15-014N1539-01 N1539
	a 
	b 

	REC-15-015 Clinical study 
	02 N1539-03 
	02 N1539-03 
	02 N1539-03 
	N1539-05
	a 


	REC-15-016 

	N1539-04 
	N1539-04 
	REC-15-017 REC-15-018REC-15-019 
	b 


	Figure
	 Study N1539-05 was terminated early due to business reasons. No PK analyses were performed.  Prior to dose administration, N1539 30 mg/mL drug product was diluted with for a final concentration of 25.5 mg/mL. 
	a
	Figure
	b

	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: Orange Book Meloxicam products: 
	Application # 
	Application # 
	Application # 
	Dosage form 
	Route 
	Strength 
	Company 

	N207233 
	N207233 
	Capsule 
	Oral 
	5mg 
	Iroko pharmaceuticals llc 

	N207233 
	N207233 
	Capsule 
	Oral 
	10mg 
	Iroko pharmaceuticals llc 

	A077882 
	A077882 
	Tablet 
	Oral 
	7.5mg 
	Apotex inc etobicoke site 

	A078008 
	A078008 
	Tablet 
	Oral 
	7.5mg 
	Aurobindo pharma ltd 

	A077920 
	A077920 
	Tablet 
	Oral 
	7.5mg 
	Breckenridge pharmaceutical inc 

	A077929 
	A077929 
	Tablet 
	Oral 
	7.5mg 
	Cipla ltd 

	A077931 
	A077931 
	Tablet 
	Oral 
	7.5mg 
	Dr reddys laboratories inc 

	A077932 
	A077932 
	Tablet 
	Oral 
	7.5mg 
	Glenmark generics ltd 

	A077944 
	A077944 
	Tablet 
	Oral 
	7.5mg 
	Lupin pharmaceuticals inc 

	A077923 
	A077923 
	Tablet 
	Oral 
	7.5mg 
	Mylan pharmaceuticals inc 

	A077938 
	A077938 
	Tablet 
	Oral 
	7.5mg 
	Puracap pharmaceutical llc 

	A077928 
	A077928 
	Tablet 
	Oral 
	7.5mg 
	Strides pharma global pte ltd 

	A078102 
	A078102 
	Tablet 
	Oral 
	7.5mg 
	Taro pharmaceutical industries ltd 

	A077936 
	A077936 
	Tablet 
	Oral 
	7.5mg 
	Teva pharmaceuticals usa 

	A077927 
	A077927 
	Tablet 
	Oral 
	7.5mg 
	Unichem laboratories ltd 

	A077918 
	A077918 
	Tablet 
	Oral 
	7.5mg 
	Yung shin pharmaceutical industrial co ltd 

	A077921 
	A077921 
	Tablet 
	Oral 
	7.5mg 
	Zydus pharmaceuticals usa inc 

	A077882 
	A077882 
	Tablet 
	Oral 
	15mg 
	Apotex inc etobicoke site 

	A078008 
	A078008 
	Tablet 
	Oral 
	15mg 
	Aurobindo pharma ltd 

	A077920 
	A077920 
	Tablet 
	Oral 
	15mg 
	Breckenridge pharmaceutical inc 
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	A077929 
	A077929 
	A077929 
	Tablet 
	Oral 
	15mg 
	Cipla ltd 

	A077931 
	A077931 
	Tablet 
	Oral 
	15mg 
	Dr reddys laboratories inc 

	A077932 
	A077932 
	Tablet 
	Oral 
	15mg 
	Glenmark generics ltd 

	A077944 
	A077944 
	Tablet 
	Oral 
	15mg 
	Lupin pharmaceuticals inc 

	A077923 
	A077923 
	Tablet 
	Oral 
	15mg 
	Mylan pharmaceuticals inc 

	A077938 
	A077938 
	Tablet 
	Oral 
	15mg 
	Puracap pharmaceutical llc 

	A077928 
	A077928 
	Tablet 
	Oral 
	15mg 
	Strides pharma global pte ltd 

	A078102 
	A078102 
	Tablet 
	Oral 
	15mg 
	Taro pharmaceutical industries ltd 

	A077936 
	A077936 
	Tablet 
	Oral 
	15mg 
	Teva pharmaceuticals usa 

	A077927 
	A077927 
	Tablet 
	Oral 
	15mg 
	Unichem laboratories ltd 

	A077918 
	A077918 
	Tablet 
	Oral 
	15mg 
	Yung shin pharmaceutical industrial co ltd 

	A077921 
	A077921 
	Tablet 
	Oral 
	15mg 
	Zydus pharmaceuticals usa inc 

	N020938 
	N020938 
	Tablet 
	Oral 
	7.5mg 
	Boehringer ingelheim pharmaceuticals inc 

	N020938 
	N020938 
	Tablet 
	Oral 
	15mg 
	Boehringer ingelheim pharmaceuticals inc 

	N021530 
	N021530 
	Suspension 
	Oral 
	7.5mg/5ml 
	Boehringer ingelheim pharmaceuticals inc 

	A077935 
	A077935 
	Tablet 
	Oral 
	7.5mg 
	Anda repository llc 

	A078039 
	A078039 
	Tablet 
	Oral 
	7.5mg 
	China resources double crane pharmaceutical co ltd 

	A077930 
	A077930 
	Tablet 
	Oral 
	7.5mg 
	Impax laboratories inc 

	A077934 
	A077934 
	Tablet 
	Oral 
	7.5mg 
	Mylan pharmaceuticals inc 

	A077925 
	A077925 
	Tablet 
	Oral 
	7.5mg 
	Roxane laboratories inc 

	A077937 
	A077937 
	Tablet 
	Oral 
	7.5mg 
	Sun pharmaceutical industries inc 

	A077933 
	A077933 
	Tablet 
	Oral 
	7.5mg 
	Yabao pharmaceutical co ltd beijing 

	A077935 
	A077935 
	Tablet 
	Oral 
	15mg 
	Anda repository llc 

	A078039 
	A078039 
	Tablet 
	Oral 
	15mg 
	China resources double crane pharmaceutical co ltd 

	A077930 
	A077930 
	Tablet 
	Oral 
	15mg 
	Impax laboratories inc 

	A077934 
	A077934 
	Tablet 
	Oral 
	15mg 
	Mylan pharmaceuticals inc 

	A077925 
	A077925 
	Tablet 
	Oral 
	15mg 
	Roxane laboratories inc 

	A077937 
	A077937 
	Tablet 
	Oral 
	15mg 
	Sun pharmaceutical industries inc 

	A077933 
	A077933 
	Tablet 
	Oral 
	15mg 
	Yabao pharmaceutical co ltd beijing 


	What is the composition of the to-be-marketed formulation of ANJESO? 
	ANJESO (meloxicam/N1539 Injectable NanoCrystal® Colloidal Dispersion or (NCD Meloxicam IV) is a pale yellow, aqueous dispersion containing the active pharmaceutical ingredient meloxicam and the additional components Povidone 
	Figure

	, sodium deoxycholate, sucrose and water for injection. NCD Meloxicam IV 30mg/mL is a ready to use sterile aqueous dispersion for intravenous (IV) administration. Each vial is filled with a target 
	Figure

	of Drug Product. Using a syringe, 1mL of aqueous dispersion is withdrawn from the vial for dosing. The fill overage is to provide assurance that 1mL can be withdrawn from the vial to deliver 30 mg of drug product for dosing. The composition of ANJESO is described in Table 2.1.3 
	Page 10 of 66 30Jun2017 
	Reference ID: 4253179
	Dispersion, Intravenous Component Quality Standard Function Percent Concentration mg/mL Meloxicam USP Active 30 Sodium Deoxycholate Non-Compendial Povidone USP Sucrose NF Water for Injection (WFI) USP NF - National Formulary, USP = United States Pharmacopeia 
	Table 2.1.3: Composition of ANJESO: N1539 Injectable NANOCRYSTAL Colloidal 
	Table 2.1.3: Composition of ANJESO: N1539 Injectable NANOCRYSTAL Colloidal 
	®



	What are the proposed mechanism(s) of action and therapeutic indication(s)? 
	The active ingredient in ANJESO, meloxicam, is an NSAID that has analgesic, anti-inflammatory, and antipyretic properties. The mechanism of action of ANJESO, like that of other NSAIDs, is not completely understood but involves inhibition of the cyclooxygenase (COX-1 and COX-2) pathways. Meloxicam has demonstrated to be 10X more potent at inhibiting COX-2 activity than COX-1. Meloxicam is a potent inhibitor of prostaglandin synthesis in vitro. Meloxicam concentrations reached during therapy have produced in 
	What are the proposed dosage and route of administration? 
	ANJESO Meloxicam IV 30 mg/mL is a ready to use sterile aqueous dispersion for intravenous (IV) administration. For the treatment of moderate to severe pain, the recommended dose of ANJESO is 30 mg once daily, administered by intravenous bolus injection over 15 seconds. 
	What are the core studies submitted in this NDA? 
	ANJESO has been evaluated for safety, efficacy, and pharmacokinetics (PK) in eleven clinical studies (1517 subjects exposed to ANJESO), including four Phase 1 studies, four Phase 2 studies, and three Phase 3 studies. 
	•. 
	•. 
	•. 
	N1539-01 (Phase 1 study using initial formulation): Single-Ascending-Dose Crossover Study to Evaluate the Pharmacokinetics of ANJESO Following Intravenous Administration. 

	•. 
	•. 
	N1539-03 (Phase 1 study using initial formulation) Multiple-Ascending-Dose Study to Evaluate the Safety, Tolerability, and Pharmacokinetics of ANJESO Following Intravenous Administration. 
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	•. 
	•. 
	•. 
	REC-15-019 (Phase 1 study using commercial scale formulation): A Randomized, Double-Blind, Placebo-Controlled Single-Ascending-Dose Study to Assess the Tolerability and Effect of Therapeutic and Supratherapeutic Doses of ANJESO on the QTc Intervals in Healthy Subjects. 

	•. 
	•. 
	REC-15-018 (Phase 1 study using commercial scale formulation): Single-Center, Evaluation of the Pharmacokinetics and Safety of ANJESO in Subjects with Impaired Renal Function. 

	•. 
	•. 
	N1539-02 (Phase 2 study using initial formulation): randomized, double-blind, placebo controlled, single-dose study, to evaluate the analgesic efficacy of single doses of ANJESO 15, 30, and 60 mg after dental impaction surgery. 

	•. 
	•. 
	N1539-04 (Phase 2 study using initial formulation) double-blind, placebo- and active controlled study to determine the analgesic efficacy, duration of effect, and safety of single doses of ANJESO in subjects undergoing open abdominal hysterectomy. 

	•. 
	•. 
	N1539-05 (Phase 2 study using commercial scale formulation): A Randomized, Double-Blind, Placebo-Controlled Study to determine the analgesic efficacy of ANJESO compared with placebo in subjects undergoing abdominal laparoscopic surgery. 

	•. 
	•. 
	REC-15-014 (Phase 2 study using commercial scale formulation): A Randomized, Double-Blind, Placebo-Controlled Study to evaluate the effect size of two dose levels of ANJESO using the SPID48 in subjects with moderate to severe pain following unilateral bunionectomy. 

	•. 
	•. 
	REC-15-016 (Phase 3 Efficacy study using commercial scale formulation): A Randomized, Double-Blind, Placebo-Controlled Study to demonstrate the analgesic efficacy of ANJESO compared with placebo using the SPID48 in subjects with moderate to severe pain following unilateral bunionectomy. 

	•. 
	•. 
	REC-15-015 (Phase 3 Efficacy study using commercial scale formulation): A Randomized, Double-Blind, Placebo-Controlled Study to demonstrate the analgesic efficacy of ANJESO compared with placebo using the SPID24 in subjects with moderate to severe pain following abdominoplasty surgery. 

	•. 
	•. 
	REC-15-017 (Phase 3 Safety study using commercial scale formulation): A Randomized, Double-Blind, Placebo-Controlled Study to evaluate the safety and tolerability of ANJESO. 


	2.2. General Clinical Pharmacology 
	What are the design features of the clinical pharmacology and clinical studies used to support dosing or claims? 
	The clinical efficacy studies, REC-15-015 and REC-15-016 for treatment of acute postoperative pain after abdominoplasty surgery and bunionectomy respectively, 4 Phase 1 studies, 2 Phase 2 studies study characterizing the formulation as well as a population pharmacokinetic (popPK) analysis performed using data from 4 Phase 1 studies (N153901, N1539-03, REC-15-018 and REC-15-019) and 3 Phase 2/3 studies (REC-15-014, REC-15-015, REC-15-016) who underwent bunionectomy or abdominoplasty all taken together form 
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	During the pre-NDA meeting concerns were raised regarding the potential of the formulation to sustain the efficacy over the entire 24-hour period, especially the end of the dosing interval of the 24-hour dosing period. In response to these concerns, the sponsor had agreed to include secondary efficacy analysis of the 12-24 and 36-48 hour intervals in the study reports for the two phase 3 studies. 
	Overall, the review team has significant concerns regarding the efficacy of this product for the proposed indication. Thus, the NDA will have a complete response which will be mainly due to these concerns regarding efficacy. For final assessment of all the safety and efficacy findings, see Clinical review by Dr. Timothy T. Jiang (reviewing Medical Officer). For the review of the Pop PK/E-R analyses and its conclusions, see Appendix 1: Pharmacometrics review by Dr. Kevin Krudys. 
	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? 
	No biomarker was assessed in this NDA. In the various Phase-2 and Phase 3 efficacy studies, the primary endpoint was the Sum of pain intensity difference (SPID) over either 0 to 24 hours or 0 to 48 hours. Table 2.2.2 is the summary of the primary end points for each of the relevant clinical studies. 
	Table 2.2.2: Sum of Pain Intensity Difference (SPID) Using the Primary Endpoint for Each of the ANJESO Phase 2 and Phase 3 Clinical Studies (Studies 02, 04, 14, 15, and 16) 
	Table
	TR
	REC-15-015a Abdominoplasty 
	REC-15-016a Bunionectomy 
	N1539-02b Third Molar Extraction 
	N1539-04b Hysterectomy 
	REC-15-014c Bunionectomy 

	30 mg 
	30 mg 
	Placebo 
	30 mg 
	Placebo 
	30 mg 
	Placebo 
	30 mg 
	Placebo 
	30 mg 
	Placebo 

	N=110 
	N=110 
	N=109 
	N=100 
	N=101 
	N=50 
	N=30 
	N=60 
	N=60 
	N=20 
	N=19 

	Baseline PI Mean (SD) 
	Baseline PI Mean (SD) 
	7 2 (1 6) 
	7 4 (1 7) 
	6 7 (1 9) 
	7 0 (1 8) 
	77 7 (13 2) 
	78 0 (13 0) 
	59 4 (10 0) 
	57 8 (7 49) 
	7 7 (2 0) 
	7 7 (2 2) 

	Primary SPID Endpoint 
	Primary SPID Endpoint 
	SPID24 
	SPID24 
	SPID48 
	SPID48 
	SPID24 
	SPID24 
	SPID24 
	SPID24 
	SPID48 
	SPID48 

	LS Mean 
	LS Mean 
	-4262 07 
	-3535 73 
	-6956 
	-4829 28 
	-59101 9 
	-509 53 
	-56369 8 
	3769 62 
	-9241 89 
	-1991 34 

	p-value 
	p-value 
	0 0145 
	-
	0 0034 
	-
	<0 0001 
	-
	<0 0001 
	-
	0 0007 
	-

	Effect size (95% CI) 
	Effect size (95% CI) 
	0 33 (0 07, 0 60) 
	-
	0 42 (0 14, 0 70) 
	-
	1 53 (1 07, 1 98) 
	-
	2 00 (1 64, 2 36) 
	-
	1 15 (0 51, 1 79) 
	-


	What are the general PK characteristics of the drug? 
	The distribution, metabolism, and excretion of meloxicam as a molecular entity are described in the label for the reference listed drug (Mobic 2016). 
	2.2.2.1. Absorption: 
	Meloxicam is almost completely absorbed after PO administration, with an absolute BA of 89% (Mobic 2016). After intramuscular administration, meloxicam is fully absorbed. Meloxicam exposure was consistently greater after IV administration of ANJESO 
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	compared to oral administration of Mobic at equivalent doses. The Cmax and AUC for ANJESO were similar across studies, although some variability in exposure was noted in studies with smaller sample sizes. As expected, IV administration of ANJESO resulted in substantially higher Cmax and earlier Tmax compared with oral administration of Mobic at equivalent doses over a range of 15 to 60 mg. Eight to 12 hours after administration of equivalent doses of IV and oral meloxicam, plasma concentration-time curves w
	After seven consecutive days of once a day dosing of ANJESO 30 mg, steady state was achieved, and accumulation was observed, with a roughly 2-fold increase in AUC0-∞. Population PK estimates of ANJESO exposure were generally consistent with observed values in clinical studies. The Tmax for ANJESO occurred almost immediately after IV administration in all studies, whereas absorption after oral administration of Mobic was prolonged (≈ 5 to 7 hours) and similar to what is reported in the Mobic label. No clinic
	Were the active moieties in the plasma (or other biological fluid) appropriately identified and measured to assess pharmacokinetic parameters and exposure response relationships? 
	ANJESO analgesic activity is primarily due to the parent compound meloxicam; only the parent compound was measured to assess the PK parameters. 
	What are the characteristics of drug absorption? Are ANJESO parameters dose proportional? 
	Since ANJESO is delivered IV, the bioavailability of meloxicam is presumed to be 100%. 
	2.2.2.2. Dose-proportionality of ANJESO: 
	For the treatment of moderate to severe pain, the recommended dose of ANJESO is 30 mg once daily, administered by intravenous bolus injection over 15 seconds. Dose-proportionality was assessed during the development. Linear regression model with ln-transformed parameter and ln-transformed dose was performed for Studies N1539-01 (SAD) and REC-15-019 (TQT) individually and pooled to assess proportionality of PK parameters (Cmax and AUC) across the range of doses studied in the Phase 1 program. Pharmacokinetic
	2.2.5.1a
	2.2.5.1b
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	Table : Study N1539-01 Dose Proportionality Model Results. 
	2.2.5.1a

	Ln-Transformed PK Parameter 
	Ln-Transformed PK Parameter 
	Ln-Transformed PK Parameter 
	Slope 
	95% Confidence Interval for Slope 
	P-value for Slope=1 

	Cmax
	Cmax
	 0.9907 
	0.8757-1.1057 
	0.8677 

	AUC0-t 
	AUC0-t 
	0.904 
	0.7141 - 1.0950 
	0.3074 

	AUC0-∞
	AUC0-∞
	 0.845 
	0.5722-1.1194 
	0.2549 


	Table : Study REC-15-019 Dose Proportionality Model Results. 
	2.2.5.1b

	Ln-Transformed PK Parameter 
	Ln-Transformed PK Parameter 
	Ln-Transformed PK Parameter 
	Slope 
	95% Confidence Interval for Slope 
	P-value for Slope=1 

	Cmax
	Cmax
	 1.0874 
	0.9739-1.2009 
	0.1269 

	AUC0-t
	AUC0-t
	 1.0145 
	0.9221-1.1070 
	0.7512 

	AUC0-∞
	AUC0-∞
	 1.0125 
	0.8641-1.1609 
	0.8639 


	2.2.2.3. Comparison of PK of the two N1539 Drug Product Concentrations: 
	As previously noted in section 2.1.1 of the review, two N1539 formulations were used in the 4 phase 1 clinical studies. A formulation with a concentration of 25.5 mg/mL was used in the early development phase for Studies N1539-01 and N1539-03, and the 30 mg/mL to be marketed product was used in Study REC-15-019. The ratio of API to excipients and the ingredients were the same for these 2 formulations No formal studies directly comparing the 2 drug products have been conducted performed to affirm that the co
	injected is minimally different between the two concentrations (

	In all studies, meloxicam plasma concentrations peaked shortly after IV administration of N1539 (Table 2.2.5.2). Among healthy subjects, mean maximum plasma concentrations were generally similar, ranging from 5563 to 7669.1 ng/mL. The mean AUC0-24 were higher in studies using the 25.5 mg/mL drug product compared with 30 mg/mL. But the total number of subjects is low and the numbers are not that significantly different to be clinically meaningful using a cross study comparison. 
	Table 2.2.5.2: Comparison of Mean (SD) Pharmacokinetic Results between Two Concentrations of N1539 Drug Product after IV Administration of a Single 30 mg Dose 
	Parameter 
	Parameter 
	Parameter 
	25.5 mg/mL Drug Product 
	30 mg/mL Drug Product 

	N1539-01 
	N1539-01 
	N1539-03 
	REC-15-019 

	N=7 
	N=7 
	N=8 
	N=12 
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	Cmax (ng/mL) 
	Cmax (ng/mL) 
	Cmax (ng/mL) 

	Geometric Mean (CV) 
	Geometric Mean (CV) 
	5563.4 (18.5) 
	7669.1 (29.1) 
	6452.54 (35.6) 

	Min, Max 
	Min, Max 
	4370, 6700 
	6130, 13000 
	3640, 11400 

	AUC0-24, ng•h/mL 
	AUC0-24, ng•h/mL 

	Geometric Mean (CV) 
	Geometric Mean (CV) 
	53,787.4 (12.4) 
	58,952.1 (31.3) 
	47,765 (25.4) 

	Min, Max 
	Min, Max 
	46352, 64080 
	43514, 102765 
	34,563, 75305 


	This is an IV formulation and there is relatively small difference between the two formulations. In addition, the PK parameters are comparable between the two formulations using cross-study comparison. Therefore, the PK parameters obtained using the 25.5mg/mL drug product can be used to support the final 30 mg/mL product. 
	2.3. Intrinsic factors 
	Age, Sex and BMI 
	Population PK analysis was performed on pooled data from multiple studies. The final PK population was composed of 316 subjects; most were female (76.3%), White (66.1%), and nonelderly (i.e., < 65 years old; 94.3%). Covariate analysis included evaluations of age, sex, BMI, renal and hepatic function, race, surgery type, study, and dose. The effects of these covariates on PK parameters were not considered to be clinically relevant. 
	Renal Impairment: 
	Sponsor conducted a Phase 1, single-center, open-label evaluation of the PK and safety of single doses of ANJESO in older subjects with impaired renal function (high-risk group) compared with younger subjects with normal renal function (low-risk group) (Study REC-15-018). Subjects were assigned to 1 of 2 treatment groups (6 subjects each): 1 treatment group for subjects aged 65 to 80 years with impaired renal function (glomerular filtration rate [GFR] of 60 to 89  m) and 1 treatment group for subjects aged 
	mL/min/1.73
	2
	mL/min/1.73
	2
	mL/min/1.73
	2 
	31.17(8.38

	Meloxicam PK parameters were generally similar between cohorts (Table 2.3.2a, Figure 2.3.2a). There was no difference in Tmax, and geometric means of Cmax were 5870 ng/mL for the renally impaired subjects and 5580 ng/mL for those with normal renal function. While total exposures to meloxicam were similar between treatment groups, a slightly 
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	prolonged t½ was observed in the renally impaired subjects compared with the healthy control subjects (mean [SD] of 21.3 [4.19] hours vs 17.5 [5.16] hours, respectively). 
	Table 2.3.2a: PK parameters of ANJESO in subjects with normal renal function Vs renal mildly impaired subjects. 
	Parameter 
	Parameter 
	Parameter 
	Mild Renal Impairment Geometric mean (CV) N = 6 
	Normal Renal Function Geometric mean (CV) N = 6 

	Cmax (ng/mL) 
	Cmax (ng/mL) 
	5870 (14.3) 
	5580 (13.4) 

	AUC0-t (hr*ng/mL) 
	AUC0-t (hr*ng/mL) 
	69,100 (24.7) 
	64,500 (37.5) 

	AUC0-∞ (hr*ng/mL) 
	AUC0-∞ (hr*ng/mL) 
	69,800 (25.6) 
	65,100 (37.6) 

	Tmax (hr)* 
	Tmax (hr)* 
	0.08 (0) 
	0.08 (0) 

	T1/2 (hr) 
	T1/2 (hr) 
	20.9 (17.2, 28.5) 
	17.9 (9.85, 23.0) 


	Figure
	Figure 2.3.2a: Graphical representation of PK parameters of ANJESO in subjects with normal renal function Vs renal impaired subjects. 
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	The least square (LS) geometric mean ratio indicated that there were no differences between cohorts in Cmax (as the 90% CI lied within the bounds 80% to 125%) and tmax. For AUC the LS geometric mean ratio was also similar for renal impaired vs normal renal function subjects but the upper bound of the 90% CI for AUC0-t and AUC0-∞ was 148% and 149% respectively and the lower bound of the 90% CI for AUC0-t and AUC0-∞ was 78% and 77% respectively (Table 3.3.2b). The low value of the LS geometric mean ratio alon
	Table 2.3.2b: Geometric LS mean ratio and 90% CI of the ratio for PK parameters of ANJESO in subjects with normal renal function Vs mildly renal impaired subjects. 
	Parameter 
	Parameter 
	Parameter 
	Geometric LS mean ratio (%) (Renal Impaired/Normal) 
	90% CI of ratio (%) 

	Cmax (ng/mL) 
	Cmax (ng/mL) 
	105 
	91.02, 121.46 

	AUC0-t (hr*ng/mL) 
	AUC0-t (hr*ng/mL) 
	107 
	77.50, 147.83 

	AUC0-∞ (hr*ng/mL) 
	AUC0-∞ (hr*ng/mL) 
	107 
	77.36, 148.83 


	Hepatic Impairment 
	A dedicated study to see the effects of hepatic impairment on the PK of the product has not been conducted in this application. In general, use of NSAIDs may cause liver enzyme elevations < 3 times the upper limit of normal in approximately 15% of patients and liver enzyme elevations ≥3 times the upper limit of normal in approximately 1% of patients (Mobic 2016). However, per the Mobic label, dose adjustments are not necessary in patients with mild or moderate hepatic impairment. Patients with severe hepati
	What is the pediatric plan? 
	ANJESO is an IV formulation and this application triggers PREA because it is a new dosage form. The sponsor has an agreed upon iPSP with the agency. As a part of the iPSP, for pediatric studies, Sponsor requested a deferral for the pediatric age groups mentioned below with the exception of the birth to <1 year pediatric age group for which a waiver had been requested. 
	Adolescents: 12 to <17 years. Children: 7 to <12 years. Children: 2 to <7 years. Infants: 1 to <2 years.. 
	Justification of Deferral (as per iPSP): 
	Justification of Deferral (as per iPSP): 

	No pediatric subjects have been included in clinical studies of ANJESO to date. 
	Phase 2 clinical studies have evaluated doses of ANJESO ranging from 5 to 60 mg. Study N1539-02 demonstrated the analgesic efficacy of a single dose of N1539 at 15, 
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	30 and 60 mg administered following third molar extraction. All three dose levels of N1539 resulted in a SPID24 value that was statistically superior to placebo. The SPID24 value for the 60 mg dose of N1539 was also statistically significantly greater than that of the 15 or 30 mg doses of N1539. In a subsequent study of 460 female subjects undergoing open abdominal hysterectomy (Study N1539-04), subjects were randomized to N1539 doses of 5, 7.5, 15, 30, or 60 mg, as well as an active control arm (morphine) 
	Sponsor will confirm the safety and efficacy of N1539 in adult subjects with moderate to severe pain in Phase 3 studies including bunionectomy, abdominoplasty, and major surgical procedures. 
	Meloxicam has been demonstrated to be safe and effective in pediatric subjects following oral administration (Mobic®), in the treatment of pauciarticular or polyarticular course Juvenile Rheumatoid Arthritis in patients 2 years of age and older. Boehringer Ingelheim Pharmaceuticals reports on three studies of oral meloxicam completed in this population, including 387 subjects treated with meloxicam with doses ranging from 0.125 to 0.375 mg/kg per day. Safety observations were reported to be generally consis
	The timeline for the pediatric development plan are the following: 
	Table 2.3.4: Timeline for the pediatric development plan. 
	Clinical Trial 
	Clinical Trial 
	Clinical Trial 
	Final Protocol Submission Date 
	Trial Start Date 
	Trial Completion Date 
	Final Report Submission 

	2 to <17 years 
	2 to <17 years 
	1-Oct-18 
	1-Apr-19 
	1-Apr-21 
	1-Oct-21 

	1 to <2 years 
	1 to <2 years 
	1-Oct-21 
	1-Apr-22 
	1-Apr-24 
	1-Oct-24 


	Reviewer comments: 
	The Division agreed to grant a partial waiver in pediatric patients aged birth to less than one year because there is evidence strongly suggesting that the drug product would be ineffective or unsafe in this pediatric age group. The Division also agreed to grant a deferral in patients aged 1 to less than 17 years and agreed to the timeline submitted by the sponsor. 
	2.4. General Biopharmaceutics 
	What is the relative bioavailability of ANJESO compared to the reference drug, Mobic? 
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	Dedicated SAD study was conducted comparing the exposure of ANJESO to Mobic. Mobic 15 mg is approved for once daily dosing, whereas the proposed treatment dose of N1539 is 30 mg once daily. 
	N1539-01: In study N1539-01 (SAD) three doses (15, 30, and 60 mg) of meloxicam were both administered IV and PO. Subjects were required to fast for 10 hours before and 4 hours after dosing. Blood samples for PK analysis were collected prior to dosing, immediately after completion of IV administration, and at 5, 10, 15, 20, 30, and 45 minutes, and 1, 2, 4, 6, 8, 12, 18, 24, 36, 48, 60, and 72 hours after completion of the dose. Treatments were administered no sooner than 6 days 18 hours and no later than 15 
	Figure 2.4.1a: Mean plasma concentration-time profiles after administration of ANJESO and Mobic (30 mg). 
	Results: 
	The plasma concentration-time profiles comparing ANJESO and Mobic (30 mg) are shown in figure 2.4.1a. The corresponding PK parameters for all three doses are shown in Table 2.4.1a. The log-plasma concentration-time profiles of meloxicam after a Single Dose of N1539 30 mg (treatment dose) in comparison to Mobic 15 mg (approved dose) are shown in figures 2.4.1b. The summary of results is shown below: 
	Overall, N1539 was well tolerated; subjects experienced fewer AEs after IV administration compared with PO dosing. 
	Plasma concentrations at 5 minutes postdose for N1539 (approximation of Cmax) were approximately 2-fold higher than the Cmax of Mobic (occurring 5 to 7 hours postdose) across the dose range. However, within 8 to 12 hours after dosing, the plasma concentration-time curves for IV and oral administration were similar within each treatment group. 
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	Consistent with the results for Cmax, the mean AUCs were greater after N1539 administration compared with Mobic tablets, and these parameters increased as the dose increased. The plasma concentration at 24 hours postdose (approximation of Cmin based on a once daily dosing frequency) and AUC0-t was similar after IV and PO meloxicam administration in each treatment group. The t½ was also similar between those receiving N1539 and Mobic in each treatment group and tended to decrease with increasing doses. 
	The relative BA (IV to PO) of N1539 ranged from 1.03 to 1.07 across the dose range; an ad hoc BA analysis using parallel group and crossover (dose-normalized to Mobic 15 mg) comparisons affirmed the BA. These results align with the reported BA (PO:IV) of Mobic (0.89) as per the Mobic label. 
	A single IV dose of N1539 30 mg produced an approximately 2-fold higher AUC and 4fold higher Cmax relative to Mobic PO 15 mg in Study N1539-01. Half-lives between these two treatment groups are comparable. 
	Table 2.4.1. Pharmacokinetic parameters comparing ANJESO and Mobic (15, 30 and 60 mg). 
	Table
	TR
	Meloxicam 15 mg 
	Meloxicam 30 mg 
	Meloxicam 60 mg 

	N1539 
	N1539 
	Mobic 
	N1539 
	Mobic 
	N1539 
	Mobic 

	N=7 
	N=7 
	N=7 
	N=7 
	N=7 
	N=7 
	N=7 

	Cmax (ng/mL) 
	Cmax (ng/mL) 

	Mean (SD) 
	Mean (SD) 
	2850.00 (228.76) 
	1221.9 (289.5) 
	5562.86 (1114.86) 
	2611.4 (571.6) 
	11,338.57 (1734.46) 
	4810.0 (867.5) 

	Cmin (ng/mL) 
	Cmin (ng/mL) 

	Mean (SD) 
	Mean (SD) 
	663.29 (221.23) 
	699.00 (195.54) 
	1375.71 (298.38) 
	1521.43 (280.32) 
	2452.86 (408.15) 
	2465.71 (384.14) 

	AUCt, (ng•h/mL) 
	AUCt, (ng•h/mL) 

	Mean (SD) 
	Mean (SD) 
	46094.8 (14565.8) 
	42949.2 (11662.8) 
	92575.9 (18456.0) 
	88340.6 (16547.1) 
	156042.6 (24041.4) 
	146677.3 (21925.3) 

	GV 
	GV 
	0.3 
	0.3 
	0.2 
	0.2 
	0.2 
	0.1 

	GM 
	GM 
	44094.8 
	41463 
	90988.8 
	86875 
	154517 
	145356 

	AUC∞, (ng•h/mL) 
	AUC∞, (ng•h/mL) 

	Mean (SD) 
	Mean (SD) 
	57314.4 (27233.2) 
	53988.8 (23207.7) 
	107508.7 (34443.0) 
	104400.0 (30656.2) 
	171229 (344439.1) 
	163854.7 (32916.7) 

	GV 
	GV 
	0.5 
	0.4 
	0.3 
	0.3 
	0.2 
	0.2 

	GM 
	GM 
	52043.9 
	49880.7 
	103275.9 
	100572.6 
	168495.9 
	161247.4 

	tmax, h 
	tmax, h 

	Mean (SD) 
	Mean (SD) 
	0.08 
	6.57 (4.12) 
	0.08 
	6.86 (5.87) 
	0.08 
	5.14 (2.27) 

	Median (min, max) 
	Median (min, max) 
	0.08 (0.08, 0.08) 
	4.00 (2.00, 12.0) 
	0.08 (0.08, 0.08) 
	4.00 (2.00, 18.0) 
	0.08 (0.08, 0.08) 
	4.00 (2.00, 8.0) 

	t1/2, h 
	t1/2, h 

	Mean (SD) 
	Mean (SD) 
	27.3 (15.7) 
	26.4 (12.1) 
	23.3 (9.36) 
	23.4 (8.78) 
	20.3 (4.32) 
	20.6 (5.14) 
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	Median (min, max) 
	Median (min, max) 
	Median (min, max) 
	24.4 (11.7, 51.0) 
	28.0 (11.6, 48.1) 
	22.1 (14.5, 42.6) 
	20.3 (16.1, 41.1) 
	18.7 16.0, 29.3) 
	19.5 (15.9, 30.3) 


	Figure 2.4.1b: Mean plasma concentration-time profiles (log transformed) after administration of ANJESO (30 mg) and Mobic (15 mg). 
	What is the steady state PK of ANJESO? 
	Study N1539-03 was a multiple-ascending-dose, randomized, double-blind, placebo-controlled, parallel-group study of 2 doses of N1539 (25.5 mg/mL). Healthy subjects were randomized to receive N1539 (30 or 60 mg; 8 per treatment group) or placebo (D5W; 2 per treatment group), administered undiluted by IV push over 1 minute. Subjects received a single dose on Day 1, and then once daily every morning from Day 7 through Day 13. Blood samples were collected for PK analysis prior to the first dose (Day 1); 5, 10, 
	Results: 
	The Figure 2.4.2a and 2.4.2b shows the dose normalized plasma concentration-time profiles of N1539 30 and 60 mg on Days 1 and 13 respectively. The mean PK parameters for Day 1 and Day 13 (steady state) are presented in Table 2.4.2a. The summary of results is shown below: 
	The plasma concentrations at the 5-minute sampling time (approximation of N1539 Cmax) and the AUCs were approximately 2-fold higher in the 60 mg treatment group compared with the 30 mg. 
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	On Days 1 and 13, the dose-normalized plasma concentration-time curves were nearly identical for both treatment groups, except on Day 13 from approximately 12 to 96 hours postdose, when the concentrations for the 30 mg treatment group were slightly lower than the 60 mg treatment group. 
	Meloxicam accumulation occurred with repeated dosing, as evidenced by increases in AUC from Days 1 to 13, and a RAC of 2.2 and 2.7 for the 30 and 60 mg treatment groups, respectively, which is consistent with the t½ of approximately 24 hours, overall. 
	The mean t½ of N1539 was longer on Day 13 than on Day 1 in both treatment groups; t½ was also longer for subjects receiving 30 mg compared with 60 mg 
	Figure 2.4.2a: Dose-Normalized Geometric Mean Plasma Concentration-Time Profiles of N1539 30 and 60 mg on Day 1 
	Figure 2.4.2a: Dose-Normalized Geometric Mean Plasma Concentration-Time Profiles of N1539 30 and 60 mg on Day 1 
	Figure 2.4.2a: Dose-Normalized Geometric Mean Plasma Concentration-Time Profiles of N1539 30 and 60 mg on Day 1 

	Figure 2.4.2b: Dose-Normalized Geometric Mean Plasma Concentration-Time Profiles of N1539 30 and 60 mg on Day 13 
	Figure 2.4.2b: Dose-Normalized Geometric Mean Plasma Concentration-Time Profiles of N1539 30 and 60 mg on Day 13 
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	Figure
	Table 2.4.2. Pharmacokinetic parameters of N1539 (30 mg and 60 mg) on Day 1 and on Day 13 (at steady state) 
	Table 2.4.2. Pharmacokinetic parameters of N1539 (30 mg and 60 mg) on Day 1 and on Day 13 (at steady state) 


	Parameter 
	Parameter 
	Parameter 
	N1539 30 mg N = 8 
	N1539 60 mg N = 8 

	TR
	Day 1 
	Day 13 
	Day 1 
	Day 13 

	Cmax (ng/mL) Mean (SD) 
	Cmax (ng/mL) Mean (SD) 
	7810.0 (2235.98) 
	10,632.5 (4729.77) 
	16,250.0 (3690.92) 
	20,600.0 (7585.73) 

	Cmin (ng/mL) Mean (SD) 
	Cmin (ng/mL) Mean (SD) 
	1757.5 (721.82) 
	3935.0 (2932.70) 
	3238.8 (1053.21) 
	7950.0 (4349.57) 

	AUC0-t (hr*ng/mL) Mean (SD) 
	AUC0-t (hr*ng/mL) Mean (SD) 
	118,074.3 (59,913.38) 
	287,458.2 (225985.20) 
	205,075.1 (71,640.24) 
	584,790.1 (371027.87) 

	AUC0-∞ (hr*ng/mL) Mean (SD) 
	AUC0-∞ (hr*ng/mL) Mean (SD) 
	121,438 (64,506) 
	297,771.6 (241604.01) 
	207,196.8 (75,763.33) 
	596,695.0 (393541.19) 

	T1/2 (hr) Median (min, max) 
	T1/2 (hr) Median (min, max) 
	22.8 (12.8, 42.6) 
	24.6 (14.2, 40.8) 
	16.2 (13.5, 29.4) 
	19.6 (16.8, 41.3) 


	2.5. Analytical Section 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? 
	Method MLXHPP was used for the analysis of meloxicam in human plasma treated with the anticoagulant di-potassium ethylene diamine tetra-acetic acid (K2EDTA). Meloxicam and the internal standard, meloxicam-d3, were extracted from human plasma by protein precipitation. The supernatant was then diluted and analyzed using high performance liquid chromatography with tandem mass spectrometry (HPLC-MS/MS). The calibration 
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	curve range for meloxicam was 10.0 to 10,000 ng/mL, with a human plasma sample volume of 50.0 μL. 
	Validation of the method (Study 8202301) demonstrated that the MLXHPP assay was precise and accurate within the acceptance criteria outlined in the protocol for all validation parameters. During the initial validation, a negative bias was noted from the contribution of meloxicam to the internal standard channel. A method modification was proposed to reduce this contribution, and additional experiments were run with the method change (Study 8328975). All required tests for the additional validation work were
	Bio-analytical Validation: 
	Table2.5.1: Assay Performance for Meloxicam during Validation in Human Plasma 
	(Source: Final Validation report 8202301) 
	Method Validation Parameter Acceptance Criteria Results Calibration Range 85.0% to 115.0% (80.0% to 120.0% at the LLOQ) 10.0 ng/mL = 96.3% 20.0 ng/mL = 104.0% 50.0 ng/mL = 106.8% 250 ng/mL = 106.8% 1000 ng/mL = 104.0% 5000 ng/mL = 98.6% 8000 ng/mL = 93.5% 10000 ng/mL = 90.5% Precision/reproducibility and accuracy Precision: RSD ≤ 15.0% for intra- and inter-assay results Accuracy: 85.0% to 115.0% for intra- and inter-assay results Precision (RSD): Intra-assay (n = 6): 30.0 ng/mL = 2.2% 750 ng/mL = 1.5% 7500 
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	Table
	TR
	Inter-assay (n = 18): 10.0 ng/mL = 3.9% Accuracy: Intra-assay (n = 6): 10.0 ng/mL = 98.7% Inter-assay (n=18): 10.0 ng/mL = 97.0% 

	Sample dilution analysis 
	Sample dilution analysis 
	RSD ≤ 20.0% Accuracy: 80.0% to 120.0% 
	10X Dilution RSD = 1.1% Accuracy: 88.0% 

	Stability 
	Stability 

	Intermediate (working) standard solution 
	Intermediate (working) standard solution 
	Difference between intermediate standard solutions of meloxicam at low (20 ng/mL) and high (25,000 ng/mL) concentrations, as compared to a newly prepared standard solution must be ≤ 10.0% 
	Low internal standard difference = 0.8% High internal standard difference = 1.3% 

	Short-term matrix 
	Short-term matrix 
	Mean accuracy at LQC and HQC must be within 85.0% to 115.0% 
	Freeze/Thaw (n = 6): LQC = 105.7% HQC = 96.1% Room Temperature (n = 6): LQC =103.0% HQC = 95.6% 

	Frozen matrix 
	Frozen matrix 
	Mean accuracy at LQC and HQC must be within 85.0% to 115.0% 
	Accuracy (n = 6): LQC =100.3% HQC = 96.3% 

	Processed sample 
	Processed sample 
	Mean accuracy at LQC, MQC, and HQC must be within 85.0% to 115.0% 
	Accuracy (n = 6): LQC = 88.3% MQC = 109.6% HQC = 94.3% 

	Sample collection 
	Sample collection 
	Mean peak area ratios of the samples at 2 h at RT and 2 h on wet ice must be within 85.0% to 115.0% of the main peak area ratios at the initial (immediate) sampling time 
	Accuracy from initial sampling time (n=6): 2 h at RT = 96.0% 2 h on wet ice = 95.5% 
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	3. Detailed Labeling Recommendations 
	The following labeling comments are proposed by this reviewer. Deletion is shown by Strike through text and addition is shown by underline text. 
	HIGLIGHTS 
	DRUG INTERACTIONS 
	7.0 
	7.0 
	7.0 
	Drug Interactions 

	8.5 
	8.5 
	Geriatric Use 


	Figure
	Elderly patients, compared to younger patients, are at greater risk for NSAID-associated serious cardiovascular, gastrointestinal, and/or renal adverse reactions. If the anticipated benefit for the elderly patient outweighs these potential risks monitor patients for adverse effects [see Warnings and Precautions (5.1, 5.2, 5.6)]. 
	Figure
	Of the total number of patients in clinical studies of ANJESO, 197 patients were age 65 and over. No overall differences in safety or effectiveness were observed between these 
	Figure
	Figure

	and younger 
	, and other reported clinical experience has not identified differences in responses between the elderly and younger patients. 
	12.3 Pharmacokinetics 
	Following intravenous administration of ANJESO to healthy volunteers, plasma concentrations of 30 mg ANJESO exceed that of 15 mg oral meloxicam for the first 24 hours. 
	Following multiple dosing, ANJESO exhibited predictable accumulation ( slightly higher than 2-fold) without a change in the terminal elimination half-life (Table 9). 
	Figure

	Figure
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	Figure
	Specific Populations 
	Specific Populations 

	Based on population pharmacokinetics analyses, age, sex and race do not have a clinically meaningful effect on the PK of ANJESO. 
	Renal Impairment: ANJESO pharmacokinetics have been investigated in elderly subjects with mild renal impairment (eGFR 60 – 90) compared to young healthy volunteers. A 5% and 7% increase of Cmax and AUC, respectively, was observed in elderly subjects with mild renal impairment. No dosage adjustment is necessary in patients with mild renal impairment. Patients with moderate and severe renal impairment have not been adequately studied. The use of ANJESO in subjects with moderate to severe renal impairment is n
	Reviewer Comments: The labeling comments on the drug-drug interaction 
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	4. Appendices 
	4.1. Pharmacometrics Review 
	4.1.1 Population PK Review 
	The purpose of the Applicant’s population PK analysis was to assess sources of variability in meloxicam pharmacokinetics. Data from 4 Phase 1 studies, one Phase 2 study and 2 Phase 3 studies were pooled for analysis. A brief description of these studies is provided in Table 1. 
	Table 1: Summary of the Characteristics of the Studies used for PopPK Analyses 
	Study ID 
	Study ID 
	Study ID 
	Subjects 
	Doses 
	Description of data 

	N1539-01 
	N1539-01 
	Phase 1 Single Ascending Dose (n=21 planned) 
	15 mg, 30 mg and 60 mg administered intravenously and orally 
	Pre-dose and 5, 10, 15, 20, 20 and 45 min and 1, 2, 4, 6, 8, 12, 18, 24, 36, 48, 60 and 72 hours post-dose 

	N1539-03 
	N1539-03 
	Phase 1 Multiple Ascending Dose (n=20 planned) 
	30 mg and 60 mg 
	Frequent blood samples on Day 1 and Days 13-20 through 168 hours post-dose. Pre-dose samples on Days 7-13 

	REC-15-018 
	REC-15-018 
	Phase 1 Renal Impairment Study (n=12 planned) 
	30 mg 
	Pre-dose and 5, 10, 20, 30 and 45 minutes and 1, 2, 4, 6, 12, 18, 24, 36 and 48 hours post-dose 

	REC-15-019 
	REC-15-019 
	TQT Study (n=48 planned) 
	30 mg, 120 mg, 180 mg and placebo 
	Pre-dose and immediately after IV infusion, 5, 10, 15, 30 and 45 minutes and 1, 2, 4, 6, 8, 12, 18 and 23 hours after start of IV infusion 

	REC-15-014 
	REC-15-014 
	Phase 2 Study in Bunionectomy (n=up to 60) 
	30 mg, 60 mg or placebo 
	Pre-dose and after the first dose at 5 and 30-60 minutes and 4-8, 12-16 and 24 hours post-dose. After the 2nd dose at 5 and 30-60 minutes and 4-8, 12-16 and 24 hours post-dose 

	REC-15-015 
	REC-15-015 
	Phase 3 Study in Abdominoplasty (n=100 per group) 
	30 mg or placebo 
	5 minutes and 1-8 and 14-24 hours post-Dose 1 and Dose 2 

	REC-15-016 
	REC-15-016 
	Phase 3 Study in Bunionectomy (n=100 per group) 
	30 mg or placebo 
	5 minutes and 1-8 and 14-24 hours post-Dose 1 and Dose 2 


	Overall, the final dataset included 316 subjects with 3496 concentration values. A total of 26 samples from 2 subjects were removed from the analysis due to inconsistent PK profiles. Median (range) age and body weight were 40 years (18 – 75) and 71 kg (46 – 
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	122). There were 147 subjects with normal renal function, 161 with mild renal impairment, 8 with moderate renal impairment and 0 with severe renal impairment. Of the 8 subjects with moderate renal impairment, eGFR values were 45, 52, 53, 55, 56, 58, 59 and 59 mL/min. A summary of baseline characteristics is provided in Table 2. 
	Table 2: Summary of Baseline Characteristics in the PK Population 
	Population PK analyses were performed in Phoenix NLME (Version 7.3). A 3compartment model was found to provide a better fit to the data compared to a 2compartment model and was thus chosen as the base model. The effect of body weight on clearance and volume was also included in the base model with power functions. Residual error was described with a mixed additive and proportional error model. A stepwise forward addition and backward elimination covariate analysis was performed with the following covariat
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	Table 3: Parameter Estimates of the Final PK Model 
	Figure
	Source: RECR-PCS-102, Table 6 on page 23 of 106. 
	Figure 1: Goodness of Fit Plots for the Final PK Model 
	Figure
	Source: RECR-PCS-102, Figure 3 on page 25 of 106. 
	The Applicant attributes the effect of study (N1539-01 and N1539-03) on meloxicam clearance to differences in concentration in the formulation (25.5 mg/mL vs. 30 mg/mL), rate of injection (1 minute vs. 15-30 second) and bioanalytical methods used in those studies. The population PK model was used to generate PK parameters in patients with varying degrees of renal impairment (Table 4). 
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	Table 4: Predicted PK Parameters of Meloxicam Following a 30 mg Dose in Subjects with Renal Impairment 
	Figure
	Source: RECR-PCS-102, Table 7 on page 27 of 106. 
	Reviewer’s Comments: The Applicant’s population PK model provides a reasonable description of the data. There appears to be some model misspecification at later time points after dose, but this is not expected to alter the overall conclusions. The deviation in the CWRES at later times (bottom left plot of Figure 1) is most likely due to steady-state dosing in Study N1539-03 which used a different formulation and bioanalytical method. The reviewer agrees with the Applicant that age, sex and race do not have 
	(i.e. > 55 mL/min). It is worth noting that the Applicant advises against dosing in these populations in the label. 
	4.1.2 Exposure-Response Review 
	At an End of Phase 2 Meeting (2015) and the Pre NDA Meeting (2017), the Agency expressed concern regarding the ability of the Applicant’s proposed dosing regimen to sustain efficacy over a 24-hour period. To address these concerns, the Applicant originally planned to assess the effect of meloxicam longitudinally on pain intensity data. However, due to the high frequency of rescue medication use, their approach changed to analysis of SPID 24 endpoints. Analyses were performed using data from REC-15-014, REC-
	Reviewer’s Comments: We acknowledge and agree that the high rate of rescue medication use in the pivotal trials makes it impracticable to perform an exposure-response analysis using longitudinal data. The Applicant’s exposure-response analysis using SPID24 does not address the key question about dosing regimen and sustained efficacy over a 24-hour period and was therefore not reviewed further. 
	In December 2015, the Sponsor submitted an Executive Summary of a PK/PD modeling report to the IND. The report used data from earlier studies (N1539-02, N1539-04 and N1539-05) to investigate different dosing regimens (qd and bid) and concluded that 30 
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	mg qd and 60 mg qd dosing regimens were appropriate for evaluation in Phase 3 studies. OCP was not aware of the submission and did not review it at the time. Upon later review, the reviewer does not agree that the analyses support the  data was collected from only one of the 3 studies used in the analysis, rescue medication use was still high in these studies and goodness of fit diagnostics showed that the model did not provide an acceptable description of the data. For these reasons, this Executive Summary
	conclusions.PK

	Figure
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