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1 Executive Summary 

1.1 Introduction 

Recro resubmitted NDA 210583 for marketing approval of AnjesoTM Injection 
(Meloxicam, 30 mg/mL) for the indication of management of moderate to severe pain 
via a 505(b)(2) application relying on the Agency’s previous determination of safety and 
efficacy of the listed drug Mobic® (meloxicam) tablets (NDA 20938; Boehringer 
Ingelheim, approved on April 13, 2000), published literature, and Applicant-conducted 
studies (under IND 105172 with original name of N1539). Anjeso is an injectable 
formulation of meloxicam for the intravenous (IV) route of administration that uses a 
proprietary NanoCrystal® Colloidal Dispersion (NCD) technology, which is intended to 
increase the dissolution rate of meloxicam and provide faster onset of action to treat 
acute pain. The proposed maximum recommended human dose is 30 mg administered 
once daily by intravenous bolus injection over 15 seconds. In comparison, the 
maximum recommended daily dose of the reference product Mobic is 15 mg. 

This NDA was originally submitted on July 26, 2017 and was not approved due to 
deficiencies from numerous disciplines. The complete response letter dated May 23, 
2018 included one nonclinical deficiency related to their extractables and leachables 
evaluation. The extraction studies detected numerous compounds at above the 
appropriate safety threshold of 5 mcg/day; however, six of these compounds were not 
appropriately identified and therefore they could not be adequately qualified for safety. 
Moreover, these compounds should have been targeted in leachables studies 
evaluating drug product batches on stability. However, because these compounds were 
not identified, they could not be appropriately targeted in leachables samples. Refer to 
the Regulatory History section of this review for the specific language conveyed in the 
complete response letter dated May 23, 2018 and the discussion that occurred during 
the Post-Action meeting held on July 18, 2018. 

1.2 Brief Discussion of Nonclinical Findings 

With this NDA resubmission, the Applicant submitted a re-evaluation of the extraction 
study previously submitted during the first review cycle and performed additional 
extractables/leachables assessments using appropriate analytical methods sensitive 
enough to detect any compound above the safety threshold of 5 mcg/day. All 
extractable compounds that were previously detected above the analytical evaluation 
threshold (AET) of 5 mcg/mL were evaluated and any unknown extractables previously 
reported as unidentified were identified. The following compounds were ultimately 
identified as potential leachables and should have been targeted in leachables studies: 

(b) (4)

Leachables studies were performed using samples that had been stored on stability at 
an inverted orientation at 25°C/60%RH up to 54 months. At least 3 batches were tested 

. Although the leachables study 
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at 8 different time points and methods were validated to quantify two leachables, 
including 
did not specifically target the eight extractables indicated above, the Applicant 

(b) (4)
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contended that the analytical methods were sensitive enough to detect any compound, 
including those extractables, at above the AET based on an appropriate safety concern 
threshold of 5 mcg/day. The CMC reviewer confirmed the adequacy of this claim. 
Potential leachables related to extractables were monitored and 

were the only compounds 
detected that correlate to the extracted compounds. Both componds were below 
mcg/mL for all samples up to 54 months, at least times lower than the safety 
threshold of 5 mcg/mL. In addition, none of the eight extractable compounds were 
detected above the AET in any of the samples evaluated. Therefore, adequate 
extractable leachable data were submitted to justify the safety of the drug product 
container closure system. 

(b) (4)

(b) (4)

(b) 
(4)

No new repeat-dose toxicology studies were submitted with this resubmission. 
However, repeat-dose toxicology studies submitted with the initial NDA submission 
adequately qualified the local and systemic safety of the product. In brief, 28-day 
repeat-dose studies in rats and minipigs demonstrated no significant adverse systemic 
findings aside from the gastrointestinal toxicities typically associated with compounds in 
the NSAID class. Because in clinical PK studies, the exposure (AUC and Cmax) to 
meloxicam following administration of Anjeso exceeded that of the listed drug Mobic, 
the systemic safety of meloxicam needed to be demonstrated via systemic safety 
coverage from repeat-dose toxicology studies of adequate duration in two species 
(including a non-rodent). The exposure levels (AUC and Cmax) associated with the 
NOAELs of the 28-day studies in rats and minipigs provided acceptable clinical 
coverage for the maximum recommended daily dose of Anjeso of 30 mg based on a 
comparison to AUC0-24h and Cmax levels at steady state in human subjects. See safety 
margin table below. Although the exposure margin for AUC in the dog was below 1, 
given the long clinical history of use of NSAIDs and known adverse event profile, this is 
considered acceptable. Therefore, the systemic safety of the product is considered 
adequately justified for the intended clinical use from the nonclinical perspective. 

Dose 
(mg/kg) 

HED 
(mg/kg) 

AUC
0-24 

(mcg.h/mL) 

C 
max 

(mcg/mL) 

Human SM 
Based on 

AUC 

Human SM 
Based on 

Cmax 

Human (MRDD)  30 mg 30 mg 

30 mg 0.5 107.5 * 10.6** 

Rats 
4-week study 

Week 4 
(♂/♀) 

Week 4 
(♂/♀) (♂/♀) (♂/♀) 

NOAEL 1.6 0.26 186/662 21.6/38.4 1.7/6.2X 2.0X/3.6X 

Minipig 4-week 
study (30 mg/ml) Week 4 Week 4 

5.0 4.5 71 37.3 

NOAEL 7.5 6.8 85 45.3 0.8X 4.3X 
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GI-related 
mortalities 

10 9.1 169 75.9 

* AUC0-24h,steady state value based on AUC0-inf, single-dose value from Clinical Study N1539-03 
** Cmax, steady state value from Clinical Study N1539-03 

From the local safety perspective, a 28-day repeat-dose IV minipig study with the To
Be-Marketed (TBM) 30 mg/mL formulation showed very slight to well-defined erythema 
at IV and perivascular injection sites, but no correlating microscopic changes. In 
addition, no hemolysis or changes in macroscopic appearance were associated with 
Anjeso 30 mg/mL formulation. Therefore, the local safety of the product is considered 
adequately justified from the nonclinical perspective. For more detail, refer to the first 
cycle nonclinical review in DARRTS dated 4/27/2018. 

1.3 Recommendations 

1.3.1 Approvability 
From a nonclinical pharmacology toxicology perspective, NDA 210583 may be 
approved since adequate data were provided that justifies the safety of the container 
closure system and therefore addressed the nonclinical deficiency outlined in the 
complete response letter dated 4/27/2018. 

1.3.2 Additional Non Clinical Recommendations 
N/A 

1.3.3 Labeling 
The table below shows the Applicant’s proposed labeling language, this reviewer’s 
recommended changes, and the rationale for the changes. At the time of this review, 
the review team had decided that the NDA would not be approved. Therefore, labeling 
discussions were not held. The following recommendations summarize this reviewer’s 
current thinking regarding the Sponsor’s proposed language and highlights specific 
issues that will need to be addressed. The final label will be based on further internal 
discussion and negotiations with the Applicant. 

. 
Applicant’s Proposed Labeling Reviewer’s recommended labeling 

language 
Comments and rationale for 
reviewer’s recommended changes 

8.1 Pregnancy 

Risk Summary 
Use of NSAIDs, including ANJESO, 
during the third trimester of pregnancy 
increases the risk of premature 
closure of the fetal ductus arteriosus. 
Avoid use of NSAIDs, including 
ANJESO, in pregnant women starting 
at 30 weeks of gestation (third 
trimester) [see Warnings and 
Precautions (5.10)]. 

8.1 Pregnancy 

Risk Summary 
Use of NSAIDs, including ANJESO, 
during the third trimester of pregnancy 
increases the risk of premature 
closure of the fetal ductus arteriosus. 
Avoid use of NSAIDs, including 
ANJESO, in pregnant women starting 
at 30 weeks of gestation (third 
trimester) [see Warnings and 
Precautions (5.10)]. 

This is consistent with MOBIC 
labeling. 
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There are no adequate and well- There are no adequate and well- We defer to clinical review team and 
controlled studies of meloxicam in controlled studies of meloxicam in maternal health team (MHT) for the 
pregnant women. Data from pregnant women. Data from human risk summary statement. 
observational studies regarding observational studies regarding Refer to these clinical reviews for their 
potential embryofetal risks of NSAID potential embryofetal risks of NSAID recommended language. 
use in women in the first or second use in women in the first or second 
trimesters of pregnancy are trimesters of pregnancy are 
inconclusive. In the general U.S. inconclusive. In the general U.S. 
population, all clinically recognized population, all clinically recognized 
pregnancies, regardless of drug pregnancies, regardless of drug 
exposure, have a background rate of exposure, have a background rate of 
2-4% for major malformations, and 2-4% for major malformations, and 
15-20% for pregnancy loss. 15-20% for pregnancy loss. 

In animal reproduction studies, In animal reproduction studies, In the risk summary, it is unnecessary 
embryofetal death was observed in embryofetal death was observed in to note that the margins are based on 
rats and rabbits treated during the rats and rabbits treated during the BSA comparison. 
period of organogenesis with period of organogenesis with 
meloxicam at oral doses equivalent to meloxicam at oral doses equivalent to The Applicant has appropriately 
0.32- and 3.24-times the maximum 0.32- and 3.24-times the maximum adjusted exposure margins in 
recommended human dose (MRHD) recommended human dose (MRHD) Sections 8 and 13 based on BSA 
of 30 mg of ANJESO, based on body of 30 mg of ANJESO. Increased comparison by dividing by 2 
surface area (BSA). Increased incidence of septal heart defects were compared to margins in the listed 
incidence of septal heart defects were observed in rabbits treated throughout drug MOBIC label since the MRHD of 
observed in rabbits treated throughout embryogenesis with meloxicam at an Anjeso is 30 mg/day vs Mobic 15 
embryogenesis with meloxicam at an oral dose equivalent to 39-times the mg/day. 
oral dose equivalent to 39-times the MRHD of 30 mg of ANJESO. In pre-
MRHD of 30 mg of ANJESO. In pre- and post-natal reproduction studies, 
and post-natal reproduction studies, there was an increased incidence of 
there was an increased incidence of dystocia, delayed parturition, and The Applicant submitted a literature 
dystocia, delayed parturition, and decreased offspring survival at 0.04 review summarizing published 
decreased offspring survival at 0.04 times the MRHD of 30 mg of nonclinical studies that investigated 
times the MRHD of 30 mg of ANJESO. No teratogenic effects were effects of meloxicam on reproduction, 
ANJESO. No teratogenic effects were observed in rats and rabbits treated development, and fertility. The 
observed in rats and rabbits treated with meloxicam during organogenesis Applicant did not propose to add any 
with meloxicam during organogenesis at an oral dose equivalent to 1.3 and new information to the label based on 
at an oral dose equivalent to 1.3 and 13-times the MRHD of 30 mg of this review. 
13-times the MRHD of 30 mg of ANJESO [see Data]. 
ANJESO [see Data]. 

Based on animal data, prostaglandins Based on animal data, prostaglandins Standard NSAID safety labeling 
have been shown to have an have been shown to have an change (SLC) language 
important role in endometrial vascular important role in endometrial vascular 
permeability, blastocyst implantation, permeability, blastocyst implantation, 
and decidualization. In animal studies, and decidualization. In animal studies, 
administration of prostaglandin administration of prostaglandin 
synthesis inhibitors, such as synthesis inhibitors, such as 
meloxicam, resulted in increased pre- meloxicam, resulted in increased pre-
and post-implantation loss. and post-implantation loss. 

The estimated background risk of 
major birth defects and miscarriage 
for the indicated population is 
unknown. All pregnancies have a 
background risk of birth defect, loss, Standard PLLR data 
or other adverse outcomes. In the 
general U.S. population, all clinically 
recognized pregnancies, regardless of 
drug exposure, have a background 
rate of 2-4% for major malformations, 
and 15-20% for pregnancy loss. 
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Data 
Animal Data 
Meloxicam was not teratogenic when 
administered to pregnant rats during 
fetal organogenesis at oral doses up 
to 4 mg/kg/day (1.3-fold greater than 
the MRHD of 30 mg of ANJESO 
based on BSA comparison). 
Administration of meloxicam to 
pregnant rabbits throughout 
embryogenesis produced an 
increased incidence of septal defects 
of the heart at an oral dose of 60 
mg/kg/day (39-fold greater than the 
MRHD of 30 mg of ANJESO based on 
BSA comparison). The no effect level 
was 20 mg/kg/day (13-fold greater 
than the MRHD of 30 mg of ANJESO 
based on BSA conversion). In rats 
and rabbits, embryolethality occurred 
at oral meloxicam doses of 1 
mg/kg/day and 5 mg/kg/day, 
respectively (0.32 and 3.24-fold 
greater, respectively, than the MRHD 
of 30 mg of ANJESO based on BSA 
comparison) when administered 
throughout organogenesis. 

Oral administration of meloxicam to 
pregnant rats during late gestation 
through lactation increased the 
incidence of dystocia, delayed 
parturition, and decreased offspring 
survival at meloxicam doses of 0.125 
mg/kg/day or greater (0.04-times the 
MRHD of 30 mg of ANJESO based on 
BSA comparison). 

Data 
Animal Data 
Meloxicam was not teratogenic when 
administered to pregnant rats during 
fetal organogenesis at oral doses up 
to 4 mg/kg/day (1.3-fold greater than 
the MRHD of 30 mg of ANJESO 
based on BSA comparison). 
Administration of meloxicam to 
pregnant rabbits throughout 
embryogenesis produced an 
increased incidence of septal defects 
of the heart at an oral dose of 60 
mg/kg/day (39-fold greater than the 
MRHD of 30 mg of ANJESO based on 
BSA comparison). The no effect level 
was 20 mg/kg/day (13-fold greater 
than the MRHD of 30 mg of ANJESO 
based on BSA conversion). In rats 
and rabbits, embryolethality occurred 
at oral meloxicam doses of 1 
mg/kg/day and 5 mg/kg/day, 
respectively (0.32 and 3.24-fold 
greater, respectively, than the MRHD 
of 30 mg of ANJESO based on BSA 
comparison) when administered 
throughout organogenesis. 

Oral administration of meloxicam to 
pregnant rats during late gestation 
through lactation increased the 
incidence of dystocia, delayed 
parturition, and decreased offspring 
survival at meloxicam doses of 0.125 
mg/kg/day or greater (0.04-times the 
MRHD of 30 mg of ANJESO based on 
BSA comparison). 

This is consistent with listed drug 
MOBIC labeling with adjusted 
exposure margins based on higher 
MRHD. 

8.2 Lactation 8.2 Lactation 

Risk Summary 
There are no human data available on 
whether meloxicam is present in 
human milk, or on the effects on 
breastfed infants, or on milk 
production. The developmental and 
health benefits of breastfeeding 
should be considered along with the 
mother’s clinical need for ANJESO 
and any potential adverse effects on 
the breastfed infant from the 
or from the underlying maternal 
condition. 

Data 
Animal Data 
Meloxicam was present in the milk of 
lactating rats at concentrations higher 
than those in plasma. 

Risk Summary 
There are no human data available on 
whether meloxicam is present in 
human milk, or on the effects on 
breastfed infants, or on milk 
production. The developmental and 
health benefits of breastfeeding 
should be considered along with the 
mother’s clinical need for ANJESO 
and any potential adverse effects on 
the breastfed infant from the 
or from the underlying maternal 
condition. 

Data 
Animal Data 
Meloxicam was present in the milk of 
lactating rats at concentrations higher 
than those in plasma. 

This is consistent with MOBIC 
labeling. 

We defer to clinical review team and 
maternal health team (MHT) for the 
human risk summary statement. 
Refer to these clinical reviews for their 
recommended language. 

This is consistent with MOBIC 
labeling. 
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8.3 Females and Males of 
Reproductive Potential 

Infertility 
Females 
Based on the mechanism of action, 
the use of prostaglandin-mediated 
NSAIDs, including ANJESO, may 
delay or prevent rupture of ovarian 
follicles, which has been associated 
with reversible infertility in some 
women. Published animal studies 
have shown that administration of 
prostaglandin synthesis inhibitors has 
the potential to disrupt prostaglandin
mediated follicular rupture required for 
ovulation. Small studies in women 
treated with NSAIDs have also shown 
a reversible delay in ovulation. 
Consider withdrawal of NSAIDs, 
including , in women who have 
difficulties conceiving or who are 
undergoing investigation of infertility. 

8.3 Females and Males of 
Reproductive Potential 

Infertility 
Females 
Based on the mechanism of action, 
the use of prostaglandin-mediated 
NSAIDs, including ANJESO, may 
delay or prevent rupture of ovarian 
follicles, which has been associated 
with reversible infertility in some 
women. Published animal studies 
have shown that administration of 
prostaglandin synthesis inhibitors has 
the potential to disrupt prostaglandin
mediated follicular rupture required for 
ovulation. Small studies in women 
treated with NSAIDs have also shown 
a reversible delay in ovulation. 
Consider withdrawal of NSAIDs, 
including , in women who have 
difficulties conceiving or who are 
undergoing investigation of infertility. 

Males 
In a published study, oral 
administration of meloxicam to male 
rats for 35 days resulted in decreased 
sperm count and motility and 
histopathological evidence of 
testicular degeneration [See 13.1 
Impairment of Fertility]. 

This is consistent with MOBIC 
labeling. 

We recommend including male fertility 
data from literature review performed 
in accordance with PLLR. Data 
Source: Uzun et al. (2015) 

12.1 Mechanism of Action 12.1 Mechanism of Action 

meloxicam  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 cyclooxygenase (COX-1 
and COX-2). 

meloxicam  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 cyclooxygenase (COX-1 
and COX-2). 

The Applicant’s proposed labeling is 
not entirely consistent with Mobic 
labeling language. Specifically, the 
Applicant has proposed to the 
statement 

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. 

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. 

(b) (4)
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therefore the statement appears 
promotional. 

13.1 Carcinogenesis, Mutagenesis, 
Impairment of Fertility 

Carcinogenesis 
There was no increase in tumor 
incidence in long-term carcinogenicity 
studies in rats (104 weeks) and mice 
(99 weeks) administered meloxicam 
at oral doses up to 0.8 mg/kg/day in 
rats and up to 8.0 mg/kg/day in mice 
(up to 0.26 and 1.3 times, 
respectively, the MRHD of 30 mg/day 
ANJESO based on BSA comparison). 

Mutagenesis 
ANJESO was not mutagenic in an 
Ames assay. Meloxicam was not 
clastogenic in a chromosome 
aberration assay with human 
lymphocytes and an in vivo 
micronucleus test in mouse bone 
marrow. 

Impairment of Fertility 
Meloxicam did not impair male and 
female fertility in rats at oral doses up 
to 9 mg/kg/day in males and 5 
mg/kg/day in females (up to 2.9- and 
1.6-times greater, respectively, than 
the MRHD of 30 mg of ANJESO 
based on BSA comparison). 

13.1 Carcinogenesis, Mutagenesis, 
Impairment of Fertility 

Carcinogenesis 
There was no increase in tumor 
incidence in long-term carcinogenicity 
studies in rats (104 weeks) and mice 
(99 weeks) administered meloxicam 
at oral doses up to 0.8 mg/kg/day in 
rats and up to 8.0 mg/kg/day in mice 
(up to 0.26 and 1.3 times, 
respectively, the MRHD of 30 mg/day 
ANJESO based on BSA comparison). 

Mutagenesis 
ANJESO was not mutagenic in an 
Ames assay. Meloxicam was not 
clastogenic in a chromosome 
aberration assay with human 
lymphocytes and an in vivo 
micronucleus test in mouse bone 
marrow. 

Impairment of Fertility 
Meloxicam did not impair male and 
female fertility in rats at oral doses up 
to 9 mg/kg/day in males and 5 
mg/kg/day in females (up to 2.9- and 
1.6-times greater, respectively, than 
the MRHD of 30 mg of ANJESO 
based on BSA comparison). 

In a published study, oral 
administration of 1 mg/kg (0.3-times) 
the MRHD of 30 mg of ANJESO 
based on BSA comparrison) 
meloxicam to male rats for 35 days 
resulted in decreased sperm count 
and motility and histopathological 
evidence of testicular degeneration. 

This is consistent with MOBIC 
labeling. 

The Applicant proposes to state 
ANJESO, rather than meloxicam as 
stated in the MOBIC label, was not 
mutagenic in the Ames assay based 
on new Ames study data testing the 
drug product. The NDA included an 
Ames assay testing N1539 
NanoCrystal® Colloidal Dispersion. It 
was negative. Therefore, this is 
considered by this reviewer to be 
acceptable. 

We recommend including male fertility 
data from literature review performed 
in accordance with PLLR. Data 
Source: Uzun et al. (2015) 

2 Drug Information 

2.1 Drug 

CAS Registry Number: 71125-38-7 

Generic Name: Meloxicam 

Code Name: N1539 (NanoCrystal® Colloidal Dispersion Meloxicam) 

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

Molecular Formula: C14H13N3O4S2 
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Molecular Weight: 351.4 g/mol 

Structure or Biochemical Description: 

Pharmacologic Class: nonsteroidal anti-inflammatory drug (NSAID) 

2.2 Relevant INDs, NDAs, BLAs and DMFs 

Anjeso was developed under IND 105172. The only referenced drug product for this 
505(b)(2) application is NDA 20938 (Mobic). 

Application Drug Name Route Strength Status/Date Indication 

NDA 20938 Mobic Oral 
7.5 and 15 mg 

tablets 
Approved 
4/13/2000 

Chronic pain 

IND 105172 
Meloxicam 

(N1539) 
IV 30 mg/mL Active 5/13/2009 

Moderate to 
severe acute 

pain 

DMF Subject Holder Status Comment 
Meloxicam drug 
substance 

Active since 
4/4/2004 

Last reviewed 7/12/2017 and 
concluded to be adequate 

Active since 
12/9/2015 

Not formally reviewed. 

Active since 
9/11/1995 

E/L studies reviewed in this 
submission to support the 
container closure system. 

Active since 
12/14/2015 

Last reviewed 6/15/2017 and 
deemed adequate. 
E/L studies reviewed in this 
submission to support the 
container closure system. 

(b) (4)

(b) (4)

(b) (4)

2.3 Drug Formulation 

N1539 Injectable NanoCrystal®1 Colloidal Dispersion (NCD Meloxicam IV) is a sterile 
opaque, pale-yellow, aqueous dispersion containing the active pharmaceutical 

contains 30 mg of meloxicam, povidone, sodium deoxycholate 
ingredient meloxicam for intravenous administration. Each mL of aqueous dispersion 

(b) (4)

1 NanoCrystal® is registered trademarks of Alkermes Pharma Ireland Limited. 
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sucrose, and water for injection. The proposed commercial dose is 30 mg administered 
once daily. 

This form of injectable meloxicam uses a proprietary NanoCrystal® technology originally 
developed by Elan Drug Delivery, Inc. (Elan). 

Drug product composition 

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

NCD Meloxicam IV is packaged in a 2-mL, USP 
(b) (4)

clear glass vial sealed with a 
grey rubber stopper with an aluminum over seal/blue flip-off cap. 

(b) (4)

2.4 Comments on Novel Excipients 

All inactive ingredients are within maximum potency levels listed in the FDA Inactive 
Ingredient Database (IID) for the IV route. In addition, the clinical formulation (30 
mg/mL) was tested in nonclinical toxicity studies. As the actual drug product has been 
tested in the nonclinical studies, the drug substance and these inactive ingredients are 
considered to be qualified for safety with adequate safety margins/dose based on a 
comparison between animal data and proposed human use. For more detail refer to the 
nonclinical review in DARRTS dated 4/27/2018. 

2.5 Comments on Impurities/Degradants of Concern 

All impurities are within the ICH Q3A(R2) levels for the drug substance and ICH 
Q3B(R2) levels for the drug product. For more detail refer to the nonclinical review in 
DARRTS dated 4/27/2018. 

2.6 Proposed Clinical Population and Dosing Regimen 

The proposed indication for Anjeso is the management of moderate to severe pain in 
adults. The to-be-marketed dose of Anjeso is 30 mg once daily, administered by IV 
bolus injection over 15 seconds. 
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2.7 Regulatory Background 

•	 Original IND (105172) submission date was April 10, 2009. 

•	 The previous Sponsor, Elan, had a EOP2 face-to face meeting with FDA on 
November 9, 2010. 

•	 A second EOP2 meeting was held on August 26, 2015 to seek Agency 
concurrence on the development plan and Phase 3 studies in the management 
of moderate to severe pain. 

•	 During the Pre-NDA face-to-face meeting on January 19, 2017, we agreed with 
the Sponsor that the nonclinical program described in the meeting package 
appeared appropriate to file the NDA and the final adequacy to support the 
approval of their product would be determined after a review of all of the data. 
We also noted that if are detected in the finished product, a 

•	 This NDA 210583 was originally submitted July 26, 2017. 

•	 The original NDA submission was not approved. The complete response letter 
dated May 23, 2018 included one nonclinical deficiency related to their 
leachables evaluation as excerpted below. 

Deficiencies: 

were not detected in both the extraction studies and one lot of aged drug product at one time 
point is unacceptable as leachables may be produced at earlier or later time points on 
stability and sampling from several batches over the course of the stabilty studies, which is 
best practice for definitive leachables testing, would be needed to provide reasonable 
assurance of capturing peak levels of individual leachable compounds. In addition, the 
definitive leachables stability testing was inadequate since it only targeted two compounds 
and did not monitor for all compounds detected in the extraction studies over the 5 mcg/day 
threshold, including those unknown compounds which need to be identified if they are 
present as a leachable over the recommended qualification threshold of 5 mcg/day. Note 
that the results of the extraction studies should be used to assure that you are adequately 
monitoring the drug product stability samples for potential leachables from the primary or 

(b) (4)secondary container closure systems and from your analysis of data from any 
manufacturing processes that suggest the potential for additional leachable compounds in the 
final drug product formulation. 

toxicity risk assessment would be needed. 

(b) (4)

The NDA did not include an adequate extractables/leachables evaluation to justify the safety 
of potential leachables in the drug product. The structures of six potential leachable 
compounds (e.g., ) were not fully elucidated, 
but were detected at above the AET and at levels exceeding the requested qualification 
threshold of 5 mcg/day. In addition, the compound was detected 
at above 5 mcg/day from extractions with manufacturing contact material and an 
unknown compound was detected at above 5 mcg/day from the aged drug product. 
Your rationale to dismiss these compounds as not being potential leachables because they 

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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Information Needed to Resolve Deficiencies: 

To address this deficiency, monitor for all compounds, both identified and unidentified, that 
were detected in extraction studies and in the aged product assessment at above 5 mcg/day 
in your leachables stability testing. Evaluate at least three batches of your to-be-marketed 
drug product for leachables and include assessments at multiple timepoints over the course 
of your stability studies in order to identify trends in leachable levels over time. The materials 
tested should include any secondary container closure systems, if present, and be subjected 
to the same sterilization methods, as appropriate. These data are essential to determine the 
appropriate shelf life of your product. 

For all drug products, establish your AET to be able to detect potentially carcinogenic or 
genotoxic compounds as per ICH M7 qualification thresholds (e.g., not more 120 mcg/day for 
your proposed acute indication). However, from a general toxicology perspective, for 
parenteral products, the AET must be able to detect any leachable that is present in the 
product at 5 mcg/day and higher, unless justified otherwise, to permit an adequate 
toxicological risk assessment. Note that any unknown leachable compound detected at 
levels that exceed 5 mcg/day must be identified and adequately justified for safety. 

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

•	 USP <1663>: Assessment of Extractables Associated with Pharmaceutical 

Packaging/Delivery Systems
 

•	 USP <1664>: Assessment of Drug Product Leachables Associated with 

Pharmaceutical Packaging/Delivery Systems 


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

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

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

•	 Published literature to support the safety of any compound rarely provides adequate 
detail of the study design and study results to permit a thorough independent 
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evaluation of the data. Summary reviews, (e.g., BIBRA, CIR, HERA), although 
potentially useful to identify original source material, are not acceptable as the source 
material is not provided and the conclusions cannot be independently verified. 
Submission of any published study 
reports must be accompanied by a detailed comparison to modern toxicology study 
endpoints and any shortcomings of the study must be discussed and justification 
must be provided to support your assertion that these data are adequate to support 
the safety of your drug product formulation. 

•	 Safety justifications based on analogous compounds are also not acceptable unless 
you can provide adequate data to support your conclusions that a risk assessment 
based on one compound can be logically interpolated to represent an adequate 
safety evaluation for your leachable/extractable. This should include a detailed 
understanding of the absorption, distribution, metabolism, and elimination of the 
compounds and an adequate scientific bridge to interpolate a NOAEL for the novel 
leachable. 

•	 During a Type A Post-Action Meeting held on July 18, 2018, the Applicant 
requested feedback from the Agency. The nonclinical questions, the Division’s 
responses, and the discussion held during the industry meeting are excerpted 
below: 

Question 3: Given the absence of leachables or potential leachables in amounts above 
the AET of 5 μg/day in meloxicam finished drug product at release (i.e., <3 months), at 
approximately 12 months, at approximately 24 months, and at approximately 74 months, 
does the agency agree that the data generated to date and the stability data submitted in 
the original NDA 210583 support the proposed 48 months shelflife for the drug product? 

FDA Response: 
We cannot agree at this time that the extractables/leachables data generated to
date with the stability data submitted in the original NDA are sufficient to support 
the proposed 48-month stability shelf-life. We acknowledge that you will provide 
information with your resubmission regarding previously unknown extractable 
compounds detected above 5 mcg/day and contend that no compounds, known or 
unknown, have been detected above 5 mcg/day in your limited leachables dataset 
from drug product batches on stability at several time points. However, it appears
that your current leachables data include only two batches ( (b) (4) -5972-097 and 
360792-30004) that have been appropriately tested on stability in the inverted 
orientation for 12 and 24 months, respectively. In the absence of appropriate data 
for the inverted sample up to 48 months, a shelf-life of only 24 months may be 
supported if you can provide reassurance that there are no uncharacterized 
leachables at early time points. Alternatively, the proposed 48-month expiry may
be supported by an adequate toxicological risk assessment of all extractable 
compounds, including those recently identified, that were detected above 5 
mcg/day if you can justify that the extraction studies were adequately robust and 
represent a “worst-case” scenario of what can leach from the container closure 
system. The adequacy of the information to support the safety of your container 
closure system to support the proposed 48-month shelf-life can only be
determined after a full review of all of the information submitted. 

Discussion: 
The Sponsor summarized the leachables data that they currently have and plan to have 
for the resubmission. This included data from limited numbers of batches on stability from 
release to the proposed expiry. Although the leachables testing looked for all possible 
leachables at most time points, the Sponsor acknowledged that only targeted compounds 
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such as (i.e., not all possible leachables) were evaluated at the 48
month time point. The Sponsor stated that they believe that these data support a 48

(b) (4)

month shelf life for their product. The Sponsor also stated that they will commit to 
providing an extensive leachable dataset including data from several batches at multiple 
time points from release to the proposed expiry as a post-approval commitment. 
The Agency stated that, at this point, it is not possible to comment on whether the data 
are adequate to support the proposed expiry. The Sponsor should provide all available 
data and a rationale for the 48-month expiry request in their resubmission. In addition, the 
Agency advised the Sponsor of the following: 

•	 Chromatograms of all sample assays in the leachable screening should be 
provided in the resubmission. 

•	 Data from more than one sample per batch should be provided, as well as a 
rationale for choosing a specific number of samples to test. 

•	 The Agency is looking for trends over the course of stability testing. Therefore, it 
is important to provide data for early, middle, and late timepoints. Data from 
multiple timepoints over multiple batches should be provided. 

•	 It is critical for the stability samples to be stored inverted. The Agency stated that, 
if the Sponsor submits a summary of the extractable/leachable studies and data, 
a gap analysis of any deficiencies can be provided depending on workload. 

Question 4: As a post-approval commitment, Recro plans to: (1) screen meloxicam IV 
batches 001/A, 001/B, 002/A, and 003/B for potential leachables throughout the batches’ 
shelf-life; (2) screen meloxicam IV batch 360792-30004 for potential leachables 
throughout the batch’s remaining shelf life (30, 36, and 48 months); and (3) screen lots 
002/B and 003/A for potential leachables at release. Does FDA find this plan acceptable 
to establish the suitability of the container closure system? 

FDA Response:
 
We may consider it acceptable to submit the proposed leachables data as a post-

approval requirement pending our review of the information submitted with the 

NDA resubmission, as discussed in our response to Question 3.
 

•	 The NDA was resubmitted on September 24, 2018. 

3 Studies Submitted 

3.1 Studies Reviewed 

•	 Controlled extraction study of the glass vial, rubber stopper and manufacturing 

(b) (4)Components. 
 Project Number Report 028226-01-01 (Revision 3 to original 

Report 028226-01-01) 

•	 Screening analysis of aged drug product for the discovery and identification of 
leachables in the drug product samples and determine which leachables require 

(b) (4)further quantitative analysis during stability study Project Numbers 028226
01-01, 082516-01-01 through 082516-01-03) 
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•	 Leachables method development and validation, leachables analysis of drug 
product stability samples throughout product shelf life, toxicology assessment of 
the extractables and leachables profile ( (b) (4) Report 082516-01-15, Summary 
Report of the Extractables/Leachables Studies for ANJESO® (meloxicam) 
Injection 

3.2 Studies Not Reviewed 

N/A 

3.3 Previous Reviews Referenced 

First review cycle NDA 210583 nonclinical review by Dr. Emami for Anjeso (dated 
4/27/2018) included reviews of the following nonclinical studies: 

o 28-Day Intravenous Toxicity Study of N1539 [30 mg/mL] in Gottingen Minipigs 
(16.851) 

o	 4-Week Intravenous Injection Toxicity and Toxicokinetic Study with N1539 
Injectable NanoCrystal® Colloidal Dispersionn [25 mg/mL] (Meloxicam) in Rats 
(8200393) 

o	 Bacterial Reverse Mutation Assay with a Confirmatory Assay (8200778) 

o	 Hemolytic Potential and Plasma Compatibility Testing with N1539 Injectable 
NanoCrystal® Colloidal Dispersion [30 mg/mL] (Meloxicam) in Human Whole 
Blood and Plasma (8330763) 

o	 Report for the Controlled Extraction Studies of Rubber Stopper and Glass Vial, 
Exposure Studies of Contact Materials, and for the Determination of Potential 
Leachables in Meloxicam Injectable NCD Drug Product ( (b) (4) Report P11127.00) 

o	 Toxicological evaluation of extractable of a container/closure system for 
meloxicam injectable nonodispersion colloidal dispersion drug product (Report 
55281) 

4 Pharmacology 
No new nonclinical pharmacology studies were conducted. In the pharmacology written 
summary of the NDA (Module 2.6.2), it was noted that the Applicant identified four 
published reports describing meloxicam as a cyclogenase (COX) inhibitor with some 
selectivity to inhibit COX-2 activity and minimal COX-1 associated adverse effects 
(Engelhardt, 1996, Engelhardt et al., 1996a, Engelhardt et al., 1996b, Ogino et al., 
1997). 

The Applicant proposed adding the following language in the label in Section 12.1. 

(b) (4)
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Reviewer’s note: 
Both COX-1 and COX-2 enzymes produce prostaglandins that promote inflammation, 
pain, and fever. The COX-1 isoform produces cytoprotective prostaglandins and is 
present in most tissues, including the gastrointestinal (GI) mucosa, kidneys, and 
platelets. The rationale for developing selective COX-2 inhibitors is to reduce 
gastrointestinal ulcers or uncontrolled bleeding that are caused by the concurrent 
inhibition of the COX-1 isoform. The COX-2 isoform appears to play a role in 
maintaining vascular integrity and adverse cardiovascular effects have been associated 
with selective COX-2 inhibitors. The inhibition of COX-2 leads to decreased production 
of vasodilator prostaglandins from endothelial cells, but platelet thromboxane is not 
concomitantly inhibited due to the lack of COX-2 present on mature platelets. 
Meloxican, which has been reported to have partial selectivity to COX-2, still has a risk 
for GI and other adverse effects (AEs) related to COX-1. 

if results of such clinical 
studies are supportive, specific labeling could be considered for inclusion in labeling. 

(b) (4)

(b) (4)

(b) (4)

Potential language for 12.1 could read: 

“The mechanism of action of ANJESO, like that of other NSAIDs, is not 
completely understood but involves inhibition of cyclooxygenase (COX-1 and 
COX-2). 

As such, this statement will not be included at this time. 

(b) (4)

(b) (4)
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1.	 Engelhardt G (1996) Pharmacology of meloxicam, a new non-steroidal anti-
inflammatory drug with an improved safety profile through preferential inhibition of 
COX-2. 

• In an in vitro study, meloxicam preferentially inhibited COX-2 over COX-1 in 
guinea-pig peritoneal macrophages and human COX-2 in COS cells. 

•	 Pleurisy of the rat was used as a model of the inflammatory process. In the 
carrageenan-induced model of inflammation, COX-2 is responsible for the 
production of prostaglandins. Intrarenal PGE2 synthesis, mediated by COX-1, 
was inhibited by all of the NSAIDs tested in a dose-dependent manner. PGE2 
content of the rat gastric juice was lowered by all NSAIDs tested in a dose-
dependent manner. 

Compared with other NSAIDs, meloxicam is the most potent inhibitor of prostaglandin 
biosynthesis in pleural and peritoneal exudate, but only a weak inhibitor in the gastric 
tract and kidney. 
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The GI adverse effects of NSAIDs are predominantly associated with the inhibition of 
COX-1 resulting in reduced prostaglandins in the gastric mucosa. As a COX-2 
preferential NSAID, meloxicam at therapeutic doses has minimal impact on COX-1 
activity. It is a weak inhibitor of prostaglandin production in gastric juices with an 
inhibitory dose of 50% (ID50) of 8.99 mg/kg compared to 1.64 mg/kg for diclofenac. 

2.	 Engelhardt G, Bogel R, Schnitzer C, Utzmann R (1996a) Meloxicam: influence on 
arachidonic acid metabolism. Part 1. In vitro findings. 

In this article, no CNS effects were observed in the mouse at oral doses up to 100 
mg/kg. In vitro studies showed meloxicam had no antagonistic properties against 
mediators such as histamine, PGE2 and angiotensin II. The rate of gastric emptying or 
intestinal transport in the rat was not influenced by therapeutic doses of meloxicam 
and, of all the NSAIDs investigated, meloxicam showed the mildest effect on gastric 
acidity. In doses above those required for anti-inflammatory action, meloxicam had no 
influence on water, electrolyte or creatinine excretion. 

3.	 Engelhardt G, Bogel R, Schnitzler C, Utzmann R (1996b) Meloxicam: influence on 
arachidonic acid metabolism. Part II. In vivo findings. 
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This report summarizes studies to compare meloxicam to other NSAIDs in the 
inhibition of COX-2 in inflamed areas (pleurisy of the rat, peritonitis of mice) and their 
influence on the activity of COX-1 in stomach, kidney, brain, and blood. In pleurisy of 
the rat, meloxicam was twice as potent as tenoxicam, 3 times as potent as flurbiprofen, 
8 times as potent as diclofenac, and 20 times as potent as tenidap at inhibiting 
prostaglandin E, (PGE) biosynthesis. In the peritonitis model in mice, meloxicam was 
approximately twice as active as piroxicam, and more than 10 times as active as 
diclofenac in the suppression of PGE biosynthesis. 

The effect of meloxicam on the PGE, content of rat gastric juice and rat urine was 
weaker than that of piroxicam or diclofenac. 

Meloxicam was a weaker inhibitor of the increased PGE, concentration in brain of rats 
and mice (induced by convulsant doses of pentetrazole) than piroxicam, diclofenac, or 
indomethacin. Meloxicam had a weaker effect on serum thromboxane-B, (TXB,) 
concentration in rats than piroxicam or tenoxicam. 
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The in vivo findings confirm the results of in vitro tests, conducted separately, showing 
that meloxicam preferentially inhibits COX-2 over COX-1. COX-2 is the inducible 
isoenzyme implicated in the inflammatory response, whereas COX-1 has 
cytoprotective effects in the gastric mucosa. (b) (4)

4.	 Ogino K, (1997) Evaluation of pharmacological profile of meloxicam as an anti-

inflammatory agent, with particular reference to its relative selectivity for 

cyclooxygenase-2 over cyclooxygenase-1.
 

In an in vivo study using a rat carrageenin-induced pleurisy model, meloxicam and 
piroxicam (I and 3 mg/kg) and NS-398 (3 mg/kg) showed almost equal anti inflammatory 
potency against 5-hour pleurisy. A single oral administration of the compounds caused 
a dose-dependent increase in the number of rats with gastric mucosal erosion. The 
ED50 value for meloxicam (5.92 mg/kg) was significantly higher than that for piroxicam 
(1.76 mg/kg), indicating that meloxicam is safer. 
In in vitro experiments, indometacin inh ibited COX-I about 1.7 times more potently than 
COX-2. NS-398 inhibited COX-2 with an IC50 of 0.32 mcM, but never affected COX-1 
activity, even at 100 mcM. In the same assay system, meloxicam inhibited COX-2 about 
12 times more selectively than COX-1. Piroxicam, however, inhibited both isoforms 
almost equally. 

(b) (4)

5 Pharmacokinetics/ADME/Toxicokinetics 
No new distribution, metabolism, excretion or other pharmacokinetic drug interaction 
studies for N1539 have been conducted. However, PK analysis (including absorption) 
were conducted in toxicology studies. Refer to the first cycle nonclinical review in 
DARRTS dated 4/27/2018. 

6 General Toxicology 

6.1 Single-dose toxicity 

No new single-dose toxicology studies were submitted with this resubmission. 
However, a single-dose toxicity study in rabbits was submitted with the original NDA 
submission. In brief, there were no clinical abnormalities or obvious microscopic 
changes that could be attributed to the administration of the test or control article at the 
SC or IM injection site. Refer to the first cycle nonclinical review in DARRTS dated 
4/27/2018. 
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6.2 Repeat-dose toxicity 

No new repeat-dose toxicology studies were submitted with this resubmission. 
However, repeat-dose toxicology studies were submitted with the initial NDA 
submission with N1539, which was the codename for both the 25.5 and 30 mg/mL IV 
meloxicam NCD products during development, in rats, rabbits, and minipigs at durations 
of up to 28 days in rats and minipigs with no significant adverse systemic findings aside 
from the gastrointestinal toxicities typically associated with compounds in the NSAID 
class. The systemic safety of the product was considered adequately justified for the 
intended clinical use from the nonclinical perspective. 
In addition, nonclinical studies with the 30 mg/mL formulation, which is the to-be
marketed (TBM) product, were conducted to address the local safety of Anjeso product. 
A 28-day repeat-dose IV study in mini-pig showed very slight to well-defined erythema 
at IV and perivascular injection sites, but no correlating microscopic changes. In 
addition, no hemolysis or changes in macroscopic appearance were associated with 
Anjeso 30 mg/mL formulation. Therefore, the local safety of the product is considered 
adequately justified from the nonclinical perspective. For more detail, refer to the first 
cycle nonclinical review in DARRTS dated 4/27/2018. 

7 Genetic Toxicology 
No new genotoxicity studies were submitted with this resubmission. However, a new 
genotoxicity study (Ames assay) was submitted with the initial NDA submission. Refer 
to the first cycle nonclinical review in DARRTS dated 4/27/2018. 

8 Carcinogenicity 
No new carcinogenicity studies were submitted or required with this NDA because the 
proposed indication is for acute use. The Applicant will rely upon the data in the 
referenced product labeling adjusted for the differences in dose. 

9 Reproductive and Developmental Toxicology 
No new reproductive and developmental toxicology studies were submitted with the 
NDA. The Applicant will rely upon the data in the referenced product labeling adjusted 
for the differences in dose. The bioequivalence of the reproductive toxicology findings 
by Boehringer Ingelheim (BI) were recalculated based on the anticipated clinical dose, 
30 mg/mL, for N1539 and are summarized in the Sponsor’s table below and reflected in 
the label. This reviewer agrees with the proposed exposure margins. 
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In addition, as part of the requirement under the Pregnancy Lactation and Labeling 
Rule (PLLR), a review and summary of available published literature regarding the 
potential effects of meloxicam use on pregnancy, lactation and effects on female and 
male fertility was provided and the articles were submitted to the NDA (SDN 6, 
11/02/2017). 

A total of 68 references were identified from this search after duplicates were removed. 
Note that only abstracts were provided and no full articles. These studies were 
reviewed during the first NDA review cycle and noteworthy data are discussed briefly 
below. For more details, refer to the first cycle nonclinical review in DARRTS dated 
4/27/2018. 

In the toxicology written summary of the NDA, it was noted that the Applicant identified 
two published reports describing the developmental toxicity of meloxicam (Cappon et 
al., 2003) and the reproductive toxicity of meloxicam in male rats (Uzun et al., 2015). 
However, the Applicant stated that no related label text is proposed at this time until 
more data are available to characterize these effects and the Applicant believes that 
none of the literature identified and reviewed necessitate an update to the pregnancy 
and lactation section of labeling. However, among these 68 studies, this reviewer 
determined that the results of Uzun et al (2015) should be considered for inclusion in 
labeling (Section 8.3 and 13.1). 

(Uzun et al., 2015) Evaluation of the reproductive toxicity of naproxen 
sodium and meloxicam in male rats. 

Male rats were dosed with 1 mg/kg meloxicam via oral gavage for 35 days (human 
equivalent dose of 9.7 mg/60 kg based on body surface area; 0.3x the human dose 
based on BSA). Sperm count and motility; COX-1, COX-2, PGE1, PGE2, PGF2a tissue 
levels in testes; FSH, LH, and testosterone plasma; and histopathology of testes were 
examined. 
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Key findings: 

•	 The 35 days of treatment with 1 mg/kg/day meloxicam decreased testicular 
levels of COX-1, prostaglandin E1 (PGE1), PGE2, prostaglandin F2α (PGF2α), 
catalase (Cat), glutathione peroxidase (GPx), and glutathione (GSH). 

•	 No meloxicam-related effects were noted on testicular levels of COX-2 or on 
plasma levels of follicle-stimulating hormone (FSH), luteinizing hormone (LH), 
and testosterone. 

•	 Reduced sperm count and sperm motility, and cellular degeneration, tubular 
atrophy, vacuolization, congestion, and an increase in connective tissue in the 
testes were noted for meloxicam-treated male rats. 
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Reviewer’s note: These results suggest that the mechanism of these effects may be a 
result of the inhibition of prostaglandin synthesis with a potential for oxidative stress 
providing a secondary influence. However, similar testicular changes are not described 
in the referenced Mobic labeling, which states that oral doses of up to 9 mg/kg in males 
did not impair male fertility (3x the MDD based on body surface area). However, it 
should be noted that male rats are far more fertile than humans; therefore, testicular 
changes, as reported by Uzun et al, may not result in decreased fertility as observed in 
the mating studies described in the Mobic label. 
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Similar testicular effects have been reported with ibuprofen, indomethacin, naproxen, 
acetaminophen, and aspirin suggesting a potential class effect. Given the potential for 
class effects, the results of this study should be considered for inclusion in labeling. 
Potential language for 13.1 could read: 

“In a published study, oral administration of 1 mg/kg (0.3x the maximum human 
daily dose) meloxicam to male rats for 35 days resulted in decreased sperm 
count and motility and histopathological evidence of testicular degeneration.” 

A risk summary statement should also be included in Section 8.3. See this reviewer’s 
proposed language in the labeling section of this review. 

10  Special Toxicology Studies 

10.1 Hemocompatibility study 

A hemocompatibility study was submitted with the initial NDA submission. The report 
concluded that there was no evidence of hemolysis in human blood in vitro and no 
macroscopic changes, including flocculation, in the plasma using Anjeso 30 mg/mL. 
Refer to the first cycle nonclinical review in DARRTS dated 4/27/2018. 

10.2 Extractable/leachable study 

The Applicant submitted extractables study reports report P11127 and project 
number 028226-01-01 with the initial NDA submission. 

(b) (4)

As part of these evaluations, 

(b) (4)

samples of one batch of aged drug product from one time point (approximately 14 
months) were also analyzed to preliminarily discover and identify leachables in the drug 
product. These extractables/leachables data were reviewed and concluded to be 
inadequate during the first cycle review (see summary review table below). For more 
details, refer to the first cycle nonclinical review in DARRTS dated 4/27/2018. 

The reviewer’s summary table below shows all compounds that were detected at ≥5 
mcg/day from extraction studies as well as the aged drug product, which was from one 
batch of drug product at one time point stored inverted at 25°C. 

Reviewer’s Summary Table: Extractables/Leachables above 5 mcg/vial 

Rubber Stopper Vial & Contact Aged drug Adequately justified? 
rubber material product 
stopper 

Extraction solvent Water IPA/Water Placebo Nitric Placebo 
acid 

Compound mcg/stopper mcg/v 
ial 

mcg/mL mcg/vial 

Yes, within ICH Q3C 
PDE 
Yes, within IID 
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Yes, within IID 

Yes, within IID 

No. This compound 
should be identified 
and justified. 
No. This compound 
should be identified 
and justified. 
No. This compound 
should be identified 
and justified. 
No. This compound 
should be identified 
and justified. 

No. This compound 
should have been 
monitored in 
leachables study 
Yes, API related 

Yes, API related 

Yes, API related 

Yes, API related 
No. This compound 
should be identified 
and justified. 
No. This compound 
should be identified 
and justified. 
No. This compound 
should be identified 
and justified. 

Yes, much higher 
levels used in 
approved IV 
products. 
Yes, much higher 
levels used in 
approved IV 
products. 

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

sv=semi-volatile compounds 
nv=non-volatile compounds 

In the complete response letter dated May 23, 2018, the deficiency regarding 
extractables leachables testing noted that the structures of six potential leachable 
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compounds (e.g., ) were not fully 
elucidated, but were detected at above the AET and at levels exceeding the requested 

(b) (4)

(b) (4)

(b) (4)

qualification threshold of 5 mcg/day. In addition, the compound 
was detected at above 5 mcg/day from extractions with 

(b) (4)manufacturing contact material and an unknown compound was 
detected at above 5 mcg/day from the aged drug product. To address this deficiency, 
the Applicant was informed to monitor for all compounds, both identified and 
unidentified, that were detected in extraction studies and in the aged product 
assessment at above 5 mcg/day in appropriately conducted leachables stability testing. 

With this NDA resubmission, the Applicant re-evaluated the extraction study and 
performed additional extractables/leachables assessments as follows: 

•	 Controlled extraction study of the glass vial, rubber stopper and manufacturing 

(b) (4)Components. 
 Project Number Report 028226-01-01 (Revision 3 to original 

Report 028226-01-01). 

•	 Screening analysis of aged drug product for the discovery and identification of 
leachables in the drug product samples and determine which leachables require 
further quantitative analysis during stability study ( (b) (4) Project Numbers 028226
01-01, 082516-01-01 through 082516-01-03) 

•	 Leachables method development and validation ( (b) (4) Project Number 028226-03
02) 

•	 Leachables analysis of drug product stability samples throughout product shelf life 

•	 Toxicology assessment of the extractables and leachables profile 

Controlled extraction study (re-evaluated): 

In this study, all extractables that were identified in amounts at or above an AET of 5 
mcg/mL were evaluated and any unknown extractables previously reported as 
unidentified were indentified. Refer to the table below provided by the Applicant for a 
summary of results. 

No extractables at ≥ 5 mcg were observed from the water or placebo extractions for the 
stopper or the glass vial. Because the NCD Meloxicam IV drug product is an aqueous 
formulation, meaning that it has a pH similar to water and the placebo, the fact that 
there were no extractables observed for the water or placebo extractions suggests that 
there is a very low risk that any compounds will leach from the stopper or glass vial into 
the NCD Meloxicam IV drug product in amounts at ≥ 5 mcg/mL. 

All extractables from the stopper were extracted using a reasonably strong solvent such 
as “50/50 IPA/water as well as water and placebo (drug product minus API) at elevated 
temperatures and all extractables at ≥ 5 mcg have been identified. In addition, no 
extractables in amounts at ≥ 5 mcg/vial were observed from the glass vials for any 
extractions. Two extractables in amounts at ≥ 5 mcg/mL using placebo were observed 
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for the manufacturing components, refer to Note 2 and Note 3 below for additional 
details provided by the Applicant. 

(b) (4)

The following notes were provided with the resubmission to justify that the unknown 
peak at 

are not likely to leach from the container 
closure and therefore do not pose safety risks: 

(b) (4)

Note 1. During the original evaluation, an unknown peak at min detected in the 
LC/UV/MS analysis of stopper/placebo extract was incorrectly reported as an extractable. 

(b) (4)

(b) (4)The unknown peak eluted at the solvent front similar to the placebo blank control 
(NCD Meloxicam IV drug product formulation minus the API and stored without coming 

(b) (4)in contact of stopper). This is further supported since the unknown peak was not 
seen in either the water or 50/50 IPA/Water extracts. In addition, data recently generated 
from stopper extracts with lab prepared placebo control did not show an extractable peak 

(b) (4)at min., confirming that the unknown peak originated from the original placebo 
(b) (4)preparation and is not a true extractable, see Project Number Report 028226-01-01 

(revision 3 to original report 028226-01-01). 

(b) (4)
Reviewer’s note: The Applicant’s justification to not identify the unknown compound at 

is reasonable because adequate data to justify it is derived from the drug 
product was provided. Further investigation into this compound is not warranted. 

IV drug product is no longer in contact with the manufacturing component during storage 

29 

Note 2. was detected with an amount of mcg/mL from 
after exposure to the placebo (a maximum 

extraction time of 36 hours was used ). Since the NCD Meloxicam 

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

(b) (4)

(b) (4)

Reference ID: 4400576Reference ID: 4585747 



 

 

NDA 210583 SDN-17 Anjeso™ Reviewer: Armaghan Emami, PhD 

Reviewer’s note: The Applicant’s justification that will not be 
expected to be detected in the drug product because it is no longer in contact with the 

(b) (4)

it is not expected for this compound to be detected in the NCD Meloxicam IV drug product 
throughout stability. In addition, as to be discussed in the next section below, the data 
obtained from the leachables screening analysis of the aged NCD Meloxicam IV drug 
product demonstrates that this compound does not leach out into the NCD Meloxicam IV 
drug product at any time point tested. 

manufacturing component is not acceptable. While the level may not increase while on 
stability, it may still be present at release until it degrades. Definitive safety to be 
determined via leachables stability testing discussed below. 

(b) (4)

(b) (4)

(b) (4)

Note 3. was detected with an amount of up to μg/mL from 
after exposure to the placebo (a maximum extraction time of 36 hours was 

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

used ). Since the NCD Meloxicam IV drug product is no longer 
in contact with the manufacturing component during storage it is not expected for this 
compound to be detected in the NCD Meloxicam IV drug product throughout stability. In 
addition, as to be discussed in the next section below, the data obtained from the leachables 
screening analysis of the aged NCD Meloxicam IV drug product demonstrates that this 
compound does not leach out into the NCD Meloxicam IV drug product at any time point 
tested. 

Reviewer’s note: The Applicant’s justification that will not be expected 
to be detected in the drug product because it is no longer in contact with the 

(b) (4)

manufacturing component is not acceptable. While the level may not increase while on 
stability, it may still be present at release until it degrades. Definitive safety to be 
determined via leachables stability testing discussed below. 

Note 4. The has a molecular weight of (b) (4) (b) (4)

(b) (4)

(b) (4)They were only detected from 50/50 IPA/water extraction. 
Because of their hydrophobic nature, they are not likely to leach into the aqueous NCD 
Meloxicam IV drug product. In addition, as to be discussed in the next section below, data 
obtained from the leachables screening analysis of the aged NCD Meloxicam IV drug 
product demonstrates that this compound does not leach out into the NCD Meloxicam IV 
drug product. 
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Reviewer’s note: Definitive safety for 
to be determined via leachables stability testing discussed below. 

Note 5. At neutral pH, are not soluble in water. 
Further, they were not detected from water or placebo extraction; rather, they were detected 

(b) (4)

(b) (4)

only from 50/50 IPA extraction. Because of their insolubility in aqueous solvent, they are 

in the next section, data obtained from the leachables screening analysis of the aged NCD 
Meloxicam IV drug product demonstrates that these compounds do not leach out into the 
NCD Meloxicam IV drug product. 

not likely to leach into the NCD Meloxicam IV drug product. Aged product screening 
analysis did not detect any leachable in the 
NCD Meloxicam IV drug product samples, supporting this conclusion. As to be discussed 

(b) (4)

Reviewer’s note: Definitive safety for to be 
determined via leachables stability testing discussed below. 

(b) (4)

As noted in the first cycle review, the analytical evaluation threshold (AET) for the 
(b) (4)

(b) (4)(b) (4)
extractables studies was based on a safety concern threshold of mcg/day, which is 
acceptable. The AET was calculated to be mcg/vial or mcg/stopper as 
follows: 

(b) (4)

Leachables screening evaluation – initial and additional screening: 

The leachables screening analysis submitted during the first review cycle was 
(b) (4)performed using samples of NCD Meloxicam IV drug product Lot -5972-097 that 

had been stored at an inverted orientation at 25°C/60%RH for approximately 14 
months. During the initial screening analysis, no NCD Meloxicam IV drug product 
control sample (a sample that was not exposed to the container/closure system) was 
analyzed concurrently. All the peaks were reported as likely leachables although most 
of the peaks were NCD Meloxicam IV drug product formulation related peaks as the 

The follow-up leachables study ( (b) (4)results from a follow up study demonstrated. 
Report 082516-01-01) was performed to analyze a NCD Meloxicam IV drug product 

manufacturing components) to determine the formulation related peaks. 
were the only compounds detected that correlate to the 

(b) (4)
control (product formulated in the lab, not exposed to the container/closure system or 

extracted compounds. See the summary table below provided by the Applicant. 
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(b) (4)

(b) (4)

Note that the Applicant provided the overlay chromatograms of the aged drug product 
sample ( (b) (4)

(b) (4)
-5972-097) with the extractables to demonstrate that with the exception of 

, no other extractables leach into the drug product samples ( (b) (4)

Note that the Applicant did not identify the unknown compond ( (b) (4)

(b) (4)

Report 082516
01-15). ), which 
is above 5 mcg/vial, since one vial 
contains 30 mg, which is the MRHD and the concentration is 30 mg/mL. 

(b) (4)
The Applicant 

stated that the “peak at is present in the formulated control and is not a 
true leachable. Analysis of the individual components used to prepare the formulated 
control showed the origin of this peak is the Meloxicam API.” (See Sponsor’s table 
below). According to the chemistry reviewer, Dr. Valerie Amspacher, the Applicant 
provided enough data to justify that this compound is related to the drug product and is 
not a leachable. Therefore, no additional investigation regarding this compound is 
warranted. 

(b) (4)

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

(b) (4)
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An additional leachables evaluation was performed on multiple lots of NCD Meloxicam 
IV drug product samples stored at an inverted orientation at 25°C/60%RH for varying 
lengths of time (up to 30 months) (see table below). These samples were screened 
using the same analytical methods as those used in the controlled extraction study. 
Consistent with the initial screening of the 14-month aged NCD Meloxicam IV drug 
product samples Lot -5972-097, the only leachables detected were 

Both compounds were identified in estimated amounts below mcg/mL, which is 
more than times below the AET of 5 mcg/mL. 

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

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

Extractables/Leachables Profile Assessment and Justification of the Selection of 
Target Compounds for Leachables Method Development and Validation 

Nine extractables were detected at ≥ 5 mcg/mL (for manufacturing components) or 
mcg/component for container closure components in the extraction study ( (b) (4)

(b) 
(4)

 Project 
Number 028226-01-01).

 are extracted from the manufacturing 
process components. The extractables amounts are more than 5 mcg/mL but less than 

after 36 hours extraction. However, screening analysis of multiple lots of 
drug product samples confirmed that there were no detectable leachable 

in the drug product sample. 

Seven extractables from the stopper were identified: 
. Each 

of these seven were detected using a strong solvent (50/50 IPA/water) extraction. None 
of these compounds were extracted from water or placebo 

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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extractions. Analysis of multiple lots of drug product ranging from 0 month to 30 months 
confirmed that 

are not detected in drug product. The CMC 
reviewer confirmed that the analytical methods were capable of detecting these 

(b) (4)

compounds if they exceeded the AET, which was established to detect compounds 
above an appropriate safety threshold. 

(b) (4)
The only leachables detected in the aged drug 

product screening analysis were ). 

For the maximum amount observed ( (b) (4) mcg/mL) was below the AET of 5 
(b) (4)

(b) (4)
mcg/mL for all samples analyzed up to 30 months. 

(b) (4)

Also, the extractable 
amount was below the AET of 5 mcg/component (only 

(b) (4)
mcg/stopper); therefore, no 

further monitoring is required for was the only leachable consistently 
(b) (4)detected among different lots and time points which was below at 

(b) (4)
mcg/mL for all 

samples up to 30 months, at least 
(b) (4)

times lower than the AET of 5 mcg/mL. To be 
conservative, was monitored throughout drug product shelf life. 

Leachables Method Development and Validation

 was selected as a target leachable compound and a method ( (b) (4)

(b) (4)

(b) (4)

 Method (b) (4)

Number M7397) was developed and validated to quantify the leachable 
(b) (4)

amounts 
during the stability study. was also added to the method. 
was determined to be an API impurity, not a leachable. It was not detected in the 

(b) (4)

(b) (4)
extraction study samples, but it was detected in the aged drug product. 
was included in the leachables method because of its structural alert and 
because it was not covered by other API impurity methods. 

Quantitative Leachables Analysis of Stability Samples 

Monitoring for was performed for all timepoints and storage 
conditions (inverted sample storage) for Registration Batches 360792-00001, -30002, & 

(b) (4)

(b) (4)

(b) (4)
- 30003 with validated Method Number M7397. Ten stability sample vials per 
batch were pooled to perform leachable monitoring analysis of 

if they exceeded the AET. 

(b) (4)

(b) (4)

at each testing time point out to 54 months of storage. The CMC reviewer confirmed 
that the analytical methods were capable of detecting the extractable compounds, 

(b) (4)

(b) (4)
No was detected throughout the stability study; the results of leachable 

(b) (4) (b) (4)are summarized below. The amounts are all below 
(b) (4)

mcg/mL throughout 
the stability study up to 54 months, at least times below the AET of 5 mcg/mL. 

34
 

Reference ID: 4400576Reference ID: 4585747 



 

NDA 210583 SDN-17 Anjeso™ Reviewer: Armaghan Emami, PhD 

(b) (4)

According to the Applicant, the leachable stability data supports a 48 months shelf-life 
while being stored at 15-25°C. 

Toxicological Evaluation 

Extractables with total daily intakes (TDIs) above the AET of 5 mcg/day, with the 
(b) (4)exception of , were not detected during screening analyses of multiple lots of aged 

NCD Meloxicam IV drug product at various time points (0, 1, 3, 12, 24, 30 months). 
Therefore, they do not leach into the NCD Meloxicam IV drug product and are not 
considered to pose a significant risk to patients from a toxicological perspective. 

In the aged drug product screening toxicological assessment only 
were identified as potential organic leachables. The TDIs for
 mcg/day for each compound) are at least times below the AET level of 5 

(b) (4)

(b) (4)

(b) (4)

mcg/mL throughout the shelf life of 48 months, and are therefore considered to pose 

(b) (4)
negligible risk to patient safety from carcinogenic or noncarcinogenic toxic effects. 

(b) (4)
For 

the TDI of mcg/day is below the ICH Q3C(R6) Class 3 permitted daily 
exposure of 50 mg/day. 

Leachables Screening Commitment 

Recro will perform the leachables screening on stability samples (stored inverted at 
25°C/60%RH) of NCD Meloxicam IV drug product Batch 360792-30004 at the 36 and 
48 month timepoints. To date, leachables screening has been performed on Batch 
360792-30004 for the 24 and 30 month stability samples (stored inverted at 
25°C/60%RH). 

Recro will perform the leachables screening on stability samples (stored inverted at 
25°C/60%RH) of NCD Meloxicam IV drug product Batches 001/A, 001/B, 002/A, and 
003/B at the following timepoints: 6, 9, 12, 18, 24, 36, and 48 months. To date, 
screening has been performed on Batches 001/A, 001/B, 002/A, and 003/B - 0, 1, and 3 
month stability samples (stored inverted at 25°C/60%RH). 

As part of the screening commitment, Recro will continue to test 2 stability sample vials 
per leachables screening test method (headspace GC/MS, GC/MS, and LC/UV/MS), 
per timepoint. All leachables screening data generated will be filed to the NDA as part 
of Recro’s annual reports for NCD Meloxicam IV NDA. At the end of the commitment 
for Lot 360792-30004, a total of 24 sample vials will have been used to evaluate the 
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container closer configuration leachables out to 48 months of shelf life. Regarding the 
validation batches (001/A, 001/B, 002/A, and 003/B), a total of 60 sample vials per 
batch will have been used to perform container closer leachables out to 48 months of 
shelf life. 

Summary 

Employing an acceptable AET and appropriate analytical methods, the extraction 
studies detected the following compounds as potential leachables at ≥ 5 mcg/day: 

and two unknown 
compounds with min. Unknown compounds with min 
were adequately justified as part of the drug product and therefore identification and a 
safety risk assessment were not warranted. The remaining eight compounds should 
have been monitored in leachables studies using validated methods to target and 
quantify these compounds. 

(b) (4)

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

lots on stability at 25°C and timepoints shown in the table below. Note, only 
were targeted in these studies but the CMC reviewer has confirmed that 

(b) (4)
Leachables studies conducted to date included evaluation of the following drug product 

the analytical methods and AET employed were adequate to detect any of the eight 
extractables compounds indicated above if they exceeded the AET. 

Summary Leachables Study Lots and Timepoints 

Time point 

(Months) 

0 

(Release) 

1  3  6  9  12  18  24  30  36  48  54  

Sample Lots 

002/B X 

003/A X 

001/A X X X C C C C C C C 

002/A X X X C C C C C C C 

001/B X X X C C C C C C C 

003/B 

-5972-097 

X X X C C C C C C C 

X 

360792-30004 X X 

Registration Batches 

360792-00001 X X X X X X X 

360792-30002 X X X X X X 

360792-30003 X X X X X 

X=Samples evaluated 

C=Applicant proposes to provide these data as a post-marketing commitment 
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In brief, none of the eight extractable compounds were detected above the AET in any 
(b) (4)of the samples evaluated. In addition, only were detected in some 

samples, but the total daily intakes did not exceed 5 mcg/day in any sample evaluated 
throughout the shelf life of 48 months. Therefore, there is negligible risk to patient 
safety posed by the container closure system. Because at least 3 batches of drug 
product were evaluated at 8 different timepoints up to the proposed 48 month shelf life 
and nothing was detected above 5 mcg/day, this reviewer does not believe that the 
additional leachables data from the four batches will be needed as proposed as a post-
marketing commitment. 

11	 Integrated Summary and Safety Evaluation 
See Executive Summary 
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application is for descriptive purposes only and is not relied upon for approval of NDA 
210583. 
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1 Executive Summary 

1.1 Introduction 

Recro submitted NDA 210583 on July 26, 2017 to seek marketing approval for AnjesoTM 

Injection (Meloxicam, 30 mg/mL) for the indication of management of moderate to 
severe pain. Based on the clinical studies described in the proposed label, it appears 
that the intended patient population will be patients with postoperative pain. This NDA 
was submitted as a 505(b)(2) application relying on the Agency’s previous 
determination of safety and efficacy of the listed drug Mobic® (meloxicam) tablets (NDA 
20938; Boehringer Ingelheim, approved on April 13, 2000), published literature, and 
Applicant-conducted studies (under IND 105172 with original name of N1539) for 
approval. 

Anjeso is an injectable formulation of meloxicam for the intravenous (IV) route of 
administration that uses a proprietary NanoCrystal® Colloidal Dispersion (NCD) 
technology, which is intended to increase the dissolution rate of meloxicam and provide 
faster onset of action to treat acute pain. The proposed recommended human dose is 
30 mg administered once daily by intravenous bolus injection over 15 seconds. In 
comparison, the maximum recommended daily dose of the reference product Mobic is 
15 mg. In a clinical comparative bioavailability PK study where healthy subjects were 
administered single doses of 15 mg Mobic vs 30 mg Anjeso, AUC and Cmax values were 
approximately 2.2- and 4.6-fold higher, respectively, with Anjeso showing higher 
exposure than Mobic. Therefore, adequate nonclinical data to justify the systemic 
safety of this product were required. Also of note, Anjeso was initially developed with 
meloxicam at a concentration of 25.5 mg/mL, but the Applicant switched to a 30 mg/mL 
strength as their to-be-marketed (TBM) product prior to initiating Phase 3 studies. As 
most of the nonclinical program consisted of studies testing the 25.5 mg/mL product, we 
informed the Applicant that additional studies, including a 28-day repeat-dose IV minipig 
toxicity study and blood compatibility studies, would be needed with the TBM 30 mg/mL 
product prior to initiating clinical studies with the TBM product. 

1.2 Brief Discussion of Nonclinical Findings 

The NDA included appropriate nonclinical studies to address the local and systemic 
safety of the TBM product. Repeat-dose toxicology studies were conducted with 
N1539, which was the codename for both the 25.5 and 30 mg/mL IV meloxicam NCD 
products during development, in rats, rabbits, and minipigs at durations of up to 28 days 
in rats and minipigs with no significant adverse systemic findings aside from the 
gastrointestinal toxicities typically associated with compounds in the NSAID class. The 
exposure levels (AUC and Cmax) associated with the NOAELs of the 28-days studies in 
rats and minipigs provided acceptable clinical coverage for the maximum recommended 
daily dose of Anjeso of 30 mg based on a comparison to AUC0-24h and Cmax levels at 
steady state in human subjects. See safety margin table below. Although the exposure 
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margin for AUC in the dog was slightly below 1, given the long clinical history of use of 
NSAIDs and known adverse event profile, this is considered acceptable. Therefore, the 
systemic safety of the product is considered adequately justified for the intended clinical 
use from the nonclinical perspective. 

Dose 
(mg/kg) 

HED 
(mg/kg) 

AUC0-24 
(mcg.h/mL) 

C 
max 

(mcg/mL) 

Human SM 
Based on 

AUC 

Human SM 
Based on 

Cmax 

Human (MRDD)  30 mg 30 mg 

30 mg 0.5 107.5 * 10.6** 

Rats 
4-week study 

Week 4 
(♂/♀) 

Week 4 
(♂/♀) (♂/♀) (♂/♀) 

NOAEL 1.6 0.26 186/662 21.6/38.4 1.7X/6.2X 2.0X/3.6X 

Minipig 4-week 
study (30 mg/ml) Week 4 Week 4 

5.0 4.5 71 37.3 

NOAEL 7.5 6.8 85 45.3 0.8X 4.3X 

GI-related 
mortalities 10 9.1 169 75.9 

* AUC0-24h,steady state value based on AUC0-inf, single-dose value from Clinical Study N1539-01 
** Cmax, steady state value from Clinical Study N1539-03 

Nonclinical studies with the 30 mg/mL formulation were conducted to address the local 
safety of the TBM product. A 28-day repeat dose IV study in mini-pig showed very slight 
to well-defined erythema at IV and perivascular injection sites, but no correlating 
microscopic changes. In addition, no hemolysis or changes in macroscopic appearance 
were associated with the TBM 30 mg/mL formulation. Therefore, the local safety of the 
product is considered adequately justified from the nonclinical perspective. 

The NDA did not include an adequate extractables and leachables evaluation to justify 
the safety of potential leachables arising from the container closure system and from 

manufacturing contact materials. Although appropriate extraction and (b) (4)

analytical methods were employed, there were several compounds detected in 
extraction studies and in an aged drug product sample that were either not identified or 
not adequately justified for safety. The Applicant argued that if a compound, identified 
or unidentified, was detected in an extraction study but not in the aged product, that it 
must not be a true leachable. However, the aged product evaluation included only one 
drug product batch at only one time point on stability (e.g., 14 months). This is 
insufficient alone to make any conclusions in this regard as leachables may be 
produced at earlier or later time points on stability and sampling from several batches 
over the course of stability program is best practice for definitive leachables testing to 
provide reasonable assurance of capturing peak levels of individual leachables. Since 
the Applicant dismissed these unknown compounds, the definitive leachables study, 
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which appropriately tested three batch at numerous time points on stability, only 
targeted two organic leachables . 
Neither leachable was detected at levels greater than 5 mcg/day in any batch at any 

(b) (4)

time point. However, the extractable/leachable evaluation should have identified the 
unknown extractables and targeted them in the definitive leachables study. 

1.3 Recommendations 

1.3.1 Approvability 
From the pharmacology toxicology perspective, there are inadequate nonclinical data at 
this time to support an approval of NDA 210583 and a complete response is 
recommended. Specifically, there are inadequate extractables and leachables data to 
characterize the safety of the container closure system. The following deficiency and 
recommendations to address the deficiency should be conveyed to the Applicant. 

Deficiencies: 

1. The NDA did not include an adequate extractables/leachables evaluation to 

leachables because they were not detected in both the extraction studies and 
one lot of aged drug product at one time point is unacceptable as leachables may 
be produced at earlier or later time points on stability and sampling from several 
batches over the course of the stabilty studies, which is best practice for 
definitive leachables testing, would be needed to provide reasonable assurance 
of capturing peak levels of individual leachable compounds. In addition, the 
definitive leachables stability testing was inadequate since it only targeted two 
compounds and did not monitor for all compounds detected in the extraction 
studies over the 5 mcg/day threshold, including those unknown compounds 
which need to be identified if they are present as a leachable over the 
recommended qualification threshold of 5 mcg/day. Note that the results of the 
extraction studies should be used to assure that you are adequately monitoring 
the drug product stability samples for potential leachables from the primary or 

(b) (4)
secondary container closure systems and from your analysis of data from any 

manufacturing processes that suggest the potential for additional 
leachable compounds in the final drug product formulation. 

justify the safety of potential leachables in the drug product. The structures of six 
potential leachable compounds (e.g., 

were not fully elucidated, but were detected at above the AET and at 
levels exceeding the requested qualification threshold of 5 mcg/day. In addition, 
the compound was detected at above 5 mcg/day from 
extractions and an unknown 
compound was detected at above 5 mcg/day from the aged drug 
product. Your rationale to dismiss these compounds as not being potential 

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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Information Needed to Resolve Deficiencies: 

1. To address this deficiency, monitor for all compounds, both identified and 
unidentified, that were detected in extraction studies and in the aged product 
assessment at above 5 mcg/day in your leachables stability testing. Evaluate at 
least three batches of your to-be-marketed drug product for leachables and 
include assessments at multiple timepoints over the course of your stability 
studies in order to identify trends in leachable levels over time. The materials 
tested should include any secondary container closure systems, if present, and 
be subjected to the same sterilization methods, as appropriate. These data are 
essential to determine the appropriate shelf life of your product. 

For all drug products, establish your AET to be able to detect potentially 
carcinogenic or genotoxic compounds as per ICH M7 qualification thresholds 
(e.g., not more 120 mcg/day for your proposed acute indication). However, from 
a general toxicology perspective, for parenteral products, the AET must be able 
to detect any leachable that is present in the product at 5 mcg/day and higher, 
unless justified otherwise, to permit an adequate toxicological risk assessment. 
Note that any unknown leachable compound detected at levels that exceed 5 
mcg/day must be identified and adequately justified for safety. 

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

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

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

•	 FDA guidance for industry: Container Closure Systems for Packaging 
Human Drugs and Biologics, available at, 
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInfor 
mation/Guidances/UCM070551.pdf 

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

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

•	 Published literature to support the safety of any compound rarely provides 
adequate detail of the study design and study results to permit a thorough 
independent evaluation of the data. Summary reviews, (e.g., BIBRA, CIR, 
HERA), although potentially useful to identify original source material, are 
not acceptable as the source material is not provided and the conclusions 
cannot be independently verified. Submission of any published study 
reports must be accompanied by a detailed comparison to modern 
toxicology study endpoints and any shortcomings of the study must be 
discussed and justification must be provided to support your assertion that 
these data are adequate to support the safety of your drug product 
formulation. 

•	 Safety justifications based on analogous compounds are also not 
acceptable unless you can provide adequate data to support your 
conclusions that a risk assessment based on one compound can be 
logically interpolated to represent an adequate safety evaluation for your 
leachable/extractable. This should include a detailed understanding of the 
absorption, distribution, metabolism, and elimination of the compounds 
and an adequate scientific bridge to interpolate a NOAEL for the novel 
leachable. 

1.3.2 Additional Non Clinical Recommendations 
N/A 
1.3.3 Labeling 
The table below shows the Applicant’s proposed labeling language, this reviewer’s 
recommended changes, and the rationale for the changes. At the time of this review, 
the review team had decided that the NDA would not be approved. Therefore, labeling 
discussions were not held. The following recommendations summarize this reviewer’s 
current thinking regarding the Sponsor’s proposed language and highlights specific 
issues that will need to be addressed. The final label will be based on further internal 
discussion and negotiations with the Applicant. 
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. 

Applicant’s Proposed Labeling Reviewer’s recommended labeling 

language 
Comments and rationale for 
reviewer’s recommended changes 

8.1 Pregnancy 8.1 Pregnancy 

Risk Summary 
Use of NSAIDs, including ANJESO, 
during the third trimester of pregnancy 
increases the risk of premature 
closure of the fetal ductus arteriosus. 
Avoid use of NSAIDs, including 
ANJESO, in pregnant women starting 
at 30 weeks of gestation (third 
trimester) [see Warnings and 
Precautions (5.10)]. 

There are no adequate and well-
controlled studies of meloxicam in 
pregnant women. Data from 
observational studies regarding 
potential embryofetal risks of NSAID 
use in women in the first or second 
trimesters of pregnancy are 
inconclusive. In the general U.S. 
population, all clinically recognized 
pregnancies, regardless of drug 
exposure, have a background rate of 
2-4% for major malformations, and 
15-20% for pregnancy loss. 

In animal reproduction studies, 
embryofetal death was observed in 
rats and rabbits treated during the 
period of organogenesis with 
meloxicam at oral doses equivalent to 
0.32- and 3.24-times the maximum 
recommended human dose (MRHD) 
of 30 mg of ANJESO, based on body 
surface area (BSA). Increased 
incidence of septal heart defects were 
observed in rabbits treated throughout 
embryogenesis with meloxicam at an 
oral dose equivalent to 39-times the 
MRHD of 30 mg of ANJESO. In pre-
and post-natal reproduction studies, 
there was an increased incidence of 
dystocia, delayed parturition, and 
decreased offspring survival at 0.04
times the MRHD of 30 mg of 
ANJESO. No teratogenic effects were 
observed in rats and rabbits treated 
with meloxicam during organogenesis 
at an oral dose equivalent to 1.3 and 
13-times the MRHD of 30 mg of 
ANJESO [see Data]. 

Based on animal data, prostaglandins 
have been shown to have an 
important role in endometrial vascular 
permeability, blastocyst implantation, 
and decidualization. In animal studies, 
administration of prostaglandin 

Risk Summary 
Use of NSAIDs, including ANJESO, 
during the third trimester of pregnancy 
increases the risk of premature 
closure of the fetal ductus arteriosus. 
Avoid use of NSAIDs, including 
ANJESO, in pregnant women starting 
at 30 weeks of gestation (third 
trimester) [see Warnings and 
Precautions (5.10)]. 

There are no adequate and well-
controlled studies of meloxicam in 
pregnant women. Data from 
observational studies regarding 
potential embryofetal risks of NSAID 
use in women in the first or second 
trimesters of pregnancy are 
inconclusive. In the general U.S. 
population, all clinically recognized 
pregnancies, regardless of drug 
exposure, have a background rate of 
2 4% for major malformations, and 
15-20% for pregnancy loss. 

In animal reproduction studies, 
embryofetal death was observed in 
rats and rabbits treated during the 
period of organogenesis with 
meloxicam at oral doses equivalent to 
0.32- and 3.24-times the maximum 
recommended human dose (MRHD) 
of 30 mg of ANJESO. Increased 
incidence of septal heart defects were 
observed in rabbits treated throughout 
embryogenesis with meloxicam at an 
oral dose equivalent to 39-times the 
MRHD of 30 mg of ANJESO. In pre-
and post-natal reproduction studies, 
there was an increased incidence of 
dystocia, delayed parturition, and 
decreased offspring survival at 0.04
times the MRHD of 30 mg of 
ANJESO. No teratogenic effects were 
observed in rats and rabbits treated 
with meloxicam during organogenesis 
at an oral dose equivalent to 1.3 and 
13-times the MRHD of 30 mg of 
ANJESO [see Data]. 

Based on animal data, prostaglandins 
have been shown to have an 
important role in endometrial vascular 
permeability, blastocyst implantation, 
and decidualization. In animal studies, 
administration of prostaglandin 

This is consistent with MOBIC 
labeling. 

Statement should be placed after the 
Animal risk summary. 

The Applicant has appropriately 
adjusted safety margins in Sections 8 
and 13 based on BSA comparison by 
dividing by 2 compared to margins in 
MOBIC label since the MRHD of 
Anjeso is 30 mg/day vs Mobic 15 
mg/day. However, in the risk 
summary, it is unnecessary to note 
that the margins are based on BSA 
comparison. 

The Applicant submitted a literature 
review summarizing published 
nonclinical studies that investigated 
effects of meloxicam on reproduction, 
development, and fertility. The 
Applicant did not propose to add any 
new information to the label based on 
this review. 
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synthesis inhibitors, such as 
meloxicam, resulted in increased pre-
and post-implantation loss. 

Data 
Animal Data 
Meloxicam was not teratogenic when 
administered to pregnant rats during 
fetal organogenesis at oral doses up 
to 4 mg/kg/day (1.3-fold greater than 
the MRHD of 30 mg of ANJESO 
based on BSA comparison). 
Administration of meloxicam to 
pregnant rabbits throughout 
embryogenesis produced an 
increased incidence of septal defects 
of the heart at an oral dose of 60 
mg/kg/day (39-fold greater than the 
MRHD of 30 mg of ANJESO based on 
BSA comparison). The no effect level 
was 20 mg/kg/day (13-fold greater 
than the MRHD of 30 mg of ANJESO 
based on BSA conversion). In rats 
and rabbits, embryolethality occurred 
at oral meloxicam doses of 1 
mg/kg/day and 5 mg/kg/day, 
respectively (0.32 and 3.24-fold 
greater, respectively, than the MRHD 
of 30 mg of ANJESO based on BSA 
comparison) when administered 
throughout organogenesis. 

Oral administration of meloxicam to 
pregnant rats during late gestation 
through lactation increased the 
incidence of dystocia, delayed 
parturition, and decreased offspring 
survival at meloxicam doses of 0.125 
mg/kg/day or greater (0.04-times the 
MRHD of 30 mg of ANJESO based on 
BSA comparison). 

synthesis inhibitors, such as 
meloxicam, resulted in increased pre-
and post-implantation loss. 
The estimated background risk of 
major birth defects and miscarriage 
for the indicated population is 
unknown. All pregnancies have a 
background risk of birth defect, loss, 
or other adverse outcomes. In the 
general U.S. population, all clinically 
recognized pregnancies, regardless of 
drug exposure, have a background 
rate of 2-4% for major malformations, 
and 15-20% for pregnancy loss. 

Data 
Animal Data 
Meloxicam was not teratogenic when 
administered to pregnant rats during 
fetal organogenesis at oral doses up 
to 4 mg/kg/day (1.3-fold greater than 
the MRHD of 30 mg of ANJESO 
based on BSA comparison). 
Administration of meloxicam to 
pregnant rabbits throughout 
embryogenesis produced an 
increased incidence of septal defects 
of the heart at an oral dose of 60 
mg/kg/day (39-fold greater than the 
MRHD of 30 mg of ANJESO based on 
BSA comparison). The no effect level 
was 20 mg/kg/day (13-fold greater 
than the MRHD of 30 mg of ANJESO 
based on BSA conversion). In rats 
and rabbits, embryolethality occurred 
at oral meloxicam doses of 1 
mg/kg/day and 5 mg/kg/day, 
respectively (0.32 and 3.24-fold 
greater, respectively, than the MRHD 
of 30 mg of ANJESO based on BSA 
comparison) when administered 
throughout organogenesis. 

Oral administration of meloxicam to 
pregnant rats during late gestation 
through lactation increased the 
incidence of dystocia, delayed 
parturition, and decreased offspring 
survival at meloxicam doses of 0.125 
mg/kg/day or greater (0.04-times the 
MRHD of 30 mg of ANJESO based on 
BSA comparison). 

Standard PLLR data 

This is consistent with MOBIC 
labeling adjusted for the proposed 
dose. 

8.2 Lactation 

Risk Summary 
There are no human data available on 
whether meloxicam is present in 
human milk, or on the effects on 
breastfed infants, or on milk 
production. The developmental and 

8.2 Lactation 

Risk Summary 
There are no human data available on 
whether meloxicam is present in 
human milk, or on the effects on 
breastfed infants, or on milk 
production. The developmental and 

This is consistent with MOBIC 
labeling. 
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health benefits of breastfeeding health benefits of breastfeeding 

should be considered along with the 
 should be considered along with the 

mother’s clinical need for ANJESO 
 mother’s clinical need for ANJESO 

and any potential adverse effects on 
 and any potential adverse effects on 

the breastfed infant from the 


added the statement
 
inhibition of cyclooxygenase (COX-1 


The active ingredient in ANJESO, 

meloxicam  has 


the breastfed infant from the 


and COX-2)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

or from the underlying maternal 
 or from the underlying maternal 

(b) (4)

condition.
 condition. 

Data Data
 
Animal Data
 Animal Data 
Meloxicam was present in the milk of Meloxicam was present in the milk of This is consistent with MOBIC 

lactating rats at concentrations higher 
 lactating rats at concentrations higher labeling. 

than those in plasma.
 than those in plasma. 

8.3 Females and Males of 8.3 Females and Males of 

Reproductive Potential
 Reproductive Potential 

Infertility Infertility 
Females Females This is consistent with MOBIC 

Based on the mechanism of action, 
 Based on the mechanism of action, labeling. 

the use of prostaglandin-mediated 
 the use of prostaglandin-mediated 

NSAIDs, including ANJESO, may 
 NSAIDs, including ANJESO, may 

delay or prevent rupture of ovarian 
 delay or prevent rupture of ovarian 

follicles, which has been associated 
 follicles, which has been associated 

with reversible infertility in some 
 with reversible infertility in some 

women. Published animal studies 
 women. Published animal studies 

have shown that administration of 
 have shown that administration of 

prostaglandin synthesis inhibitors has 
 prostaglandin synthesis inhibitors has 

the potential to disrupt prostaglandin the potential to disrupt prostaglandin
mediated follicular rupture required for 
 mediated follicular rupture required for 

ovulation. Small studies in women 
 ovulation. Small studies in women 

treated with NSAIDs have also shown 
 treated with NSAIDs have also shown 

a reversible delay in ovulation. 
 a reversible delay in ovulation. 

Consider withdrawal of NSAIDs, 
 Consider withdrawal of NSAIDs, 

including , in women who have 
 including , in women who have 

difficulties conceiving or who are 
 difficulties conceiving or who are 


(b) (4)

undergoing investigation of infertility.
 undergoing investigation of infertility. 

Males 
In a published study, oral Data Source: Uzun et al. (2015) 
administration of meloxicam to male 
rats for 35 days resulted in decreased 
sperm count and motility and 
histopathological evidence of 
testicular degeneration [See 13.1 
Impairment of Fertility]. 

12.1 Mechanism of Action 12.1 Mechanism of Action 

meloxicam, is an NSAID that has 

analgesic, anti-inflammatory, and 
 analgesic, anti-inflammatory, and 

antipyretic properties.
 antipyretic properties. 

The mechanism of action of ANJESO, The mechanism of action of ANJESO, This is consistent with Mobic labeling 
like that of other NSAIDs, is not like that of other NSAIDs, is not language. However, the Applicant 

completely understood but involves 
 completely understood but involves 

inhibition of cyclooxygenase (COX-1 
and COX-2). Meloxicam has 
demonstrated to be 10X more potent 
at inhibiting COX-2 activity than COX
1. 

(b) (4)

(b) (4)
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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. 

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. 

(b) (4)

13.1 Carcinogenesis, Mutagenesis, 
Impairment of Fertility 

Carcinogenesis 
There was no increase in tumor 
incidence in long-term carcinogenicity 
studies in rats (104 weeks) and mice 
(99 weeks) administered meloxicam 
at oral doses up to 0.8 mg/kg/day in 
rats and up to 8.0 mg/kg/day in mice 
(up to 0.26 and 1.3 times, 
respectively, the MRHD of 30 mg/day 
ANJESO based on BSA comparison). 

Mutagenesis 
ANJESO was not mutagenic in an 
Ames assay. Meloxicam was not 
clastogenic in a chromosome 
aberration assay with human 
lymphocytes and an in vivo 
micronucleus test in mouse bone 
marrow. 

Impairment of Fertility 
Meloxicam did not impair male and 
female fertility in rats at oral doses up 
to 9 mg/kg/day in males and 5 
mg/kg/day in females (up to 2.9- and 
1.6-times greater, respectively, than 
the MRHD of 30 mg of ANJESO 
based on BSA comparison). 

13.1 Carcinogenesis, Mutagenesis, 
Impairment of Fertility 

Carcinogenesis 
There was no increase in tumor 
incidence in long-term carcinogenicity 
studies in rats (104 weeks) and mice 
(99 weeks) administered meloxicam 
at oral doses up to 0.8 mg/kg/day in 
rats and up to 8.0 mg/kg/day in mice 
(up to 0.26 and 1.3 times, 
respectively, the MRHD of 30 mg/day 
ANJESO based on BSA comparison). 

Mutagenesis 
ANJESO was not mutagenic in an 
Ames assay. Meloxicam was not 
clastogenic in a chromosome 
aberration assay with human 
lymphocytes and an in vivo 
micronucleus test in mouse bone 
marrow. 

Impairment of Fertility 
Meloxicam did not impair male and 
female fertility in rats at oral doses up 
to 9 mg/kg/day in males and 5 
mg/kg/day in females (up to 2.9- and 
1.6-times greater, respectively, than 
the MRHD of 30 mg of ANJESO 
based on BSA comparison). 

In a published study, oral 
administration of 1 mg/kg (0.3x the 
maximum human daily dose) 
meloxicam to male rats for 35 days 
resulted in decreased sperm count 
and motility and histopathological 
evidence of testicular degeneration. 

This is consistent with MOBIC 
labeling. 

The Applicant proposes to state 
ANJESO, rather than meloxicam as 
stated in the MOBIC label, was not 
mutagenic in the Ames assay based 
on new Ames study data testing the 
drug product. The NDA included an 
Ames assay testing N1539 
NanoCrystal® Colloidal Dispersion. It 
was negative. Therefore, this is 
considered by this reviewer to be 
acceptable. 

Data Source: Uzun et al. (2015) 

2 Drug Information 

2.1 Drug 

CAS Registry Number: 71125-38-7 

11 

Reference ID: 4255423Reference ID: 4585747 



NDA 210583 Anjeso™ Reviewer: Armaghan Emami, PhD 

Generic Name: Meloxicam 

Code Name: N1539 (NanoCrystal® Colloidal Dispersion Meloxicam) 

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

Molecular Formula: C14H13N3O4S2 

Molecular Weight: 351.4 g/mol 

Structure or Biochemical Description: 

Pharmacologic Class: nonsteroidal anti-inflammatory drug (NSAID) 

2.2 Relevant INDs, NDAs, BLAs and DMFs 

Anjeso was developed under IND 105172. The only referenced drug product for this 
505(b)(2) application is NDA 20938 (Mobic). 

Application Drug Name Route Strength Status/Date Indication 

NDA 20938 Mobic Oral 7.5 and 15 mg 
tablets 

Approved 
4/13/2000 Chronic pain 

IND 105172 Meloxicam (N1539) IV 30 mg/mL Active 5/13/2009 Moderate to 
severe acute pain 

DMF Subject Holder Status Comment 
Meloxicam drug 
substance 

Active since 
4/4/2004 

Last reviewed 7/12/2017 and 
concluded to be adequate 

Active since 
12/9/2015 

Not formally reviewed. 

Active since 
9/11/1995 

E/L studies reviewed in this 
submission to support the 
container closure system. 

Active since 
12/14/2015 

Last reviewe 6/215/2017 and 
deemed adequate. 
E/L studies reviewed in this 
submission to support the 
container closure system. 

(b) (4)

(b) (4)

(b) (4)
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2.3 Drug Formulation 

N1539 Injectable NanoCrystal®1 Colloidal Dispersion (NCD Meloxicam IV) is a sterile 
opaque, pale-yellow, aqueous dispersion containing the active pharmaceutical 

once daily. 

This form of injectable meloxicam uses a proprietary NanoCrystal® technology originally 
developed by Elan Drug Delivery, Inc. (Elan). 

Drug product composition 

ingredient meloxicam for intravenous administration. Each mL of aqueous dispersion 
contains 30 mg of meloxicam, povidone, sodium deoxycholate 
sucrose, and water for injection. The proposed commercial dose is 30 mg administered 

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

NCD Meloxicam IV is packaged in a 2-mL, USP 
(b) (4)

clear glass vial sealed with a 
grey rubber stopper with an aluminum over seal/blue flip-off cap. 

(b) (4)

2.4 Comments on Novel Excipients 

All inactive ingredients are within maximum potency levels listed in the FDA Inactive 
Ingredient Database (IID) for the IV route. In addition, the clinical formulation (30 
mg/mL) was tested in nonclinical toxicity studies. As the actual drug product has been 
tested in the nonclinical studies, the drug substance and these inactive ingredients are 
considered to be qualified for safety with adequate safety margins/dose based on a 
comparison between animal data and proposed human use. 

(b) (4)

1 NanoCrystal® is registered trademarks of Alkermes Pharma Ireland Limited. 
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(b) (4)

oral route. Povidone 
was also tested in 28-day repeat-dose IV toxicity studies in rats and minipigs at 
sufficient levels to adequately qualify the safety of this excipient. Therefore, this 
excipient is covered for both local and systemic safety. 

• Povidone (b) (4)

(b) (4)
: The drug product contains % Povidone (b) (4) and the total 

daily intake is based on the maximum recommended daily dose of 30 mg of 

(b) (4)

(b) (4)
Anjeso. This excipient is listed in the FDA Inactive Ingredient Database (IID) with 

(b) (4) (b) (4)IV route and 

• Sucrose: The drug product contains % sucrose and the total daily intake is 
based on the maximum recommended daily dose of 30 mg of Anjeso. 

This excipient is listed in the FDA Inactive Ingredient Database (IID) with 
IV route and  oral route. 

Sucrose was also tested in 28-day repeat-dose IV toxicity studies in rats and 
minipigs at sufficient levels to adequately qualify the safety of this excipient. 
Therefore, this excipient is covered for both local and systemic safety. 

(b) (4)

(b) (4)

(b) (4)

(b) (4)

2.5 Comments on Impurities/Degradants of Concern 

whichever is lower. 

Drug substance (DS) 
The drug substance is manufactured by (DMF ). DS specifications 
are shown in the table below. All impurities are within ICH Q3A(R2) identification and 

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

qualification thresholds. 

All impurities are within the ICH Q3A(R2) levels for the drug substance and ICH 
Q3B(R2) levels for the drug product. For a drug substance with a maximum daily dose 
of 30 mg, the Q3A(R2) qualification threshold is NMT mg, (b) (4)
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(b) (4)

(b) (4)

Drug product (DP) 
Degradants 
For a drug product with a maximum daily dose of 30 mg, the Q3B(R2) qualification 

(b) (4)threshold is NMT , whichever is lower. 
(b) (4)

Of the four potential 
related compounds in the meloxicam drug substance, only 

(b) (4)(USP Meloxicam-related is a known potential degradation product found 
in NCD Meloxicam IV drug product. The proposed specifications for DP degradants are 
within the appropriate ICH Q3B(R2) qualification threshold and identification thresholds. 
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(b) (4) (b) 
(4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

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

(b) 
(4)

(b) 
(4)

(b) (4)

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

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) 
(4)

(b) 
(4)

(b) (4)

Elemental Impurities 
The proposed specifications for elemental impurities in the DP are acceptable. The 
proposed specifications for are within the permitted daily 
concentrations indicated in ICH Q3D. While the proposed specifications for 

exceed the ICH Q3D permitted daily concentrations, the total daily 
intake based on the specifications and MRHD of Anjeso are within the permitted daily 

(b) (4)

(b) (4)

products intended for the IV route for deficiency where the maximum 
recommended daily dose is in the gram range. 
regarding the specification for (b) (4)

Therefore, there are no concerns 
. 

(b) (4)

exposures (PDEs) listed in ICH Q3D for these impurities. 
(b) (4)

(b) (4)

ICH Q3D noted that no PDE 
was established for due to its low inherent toxicity. Moreover, there are approved 

Elemental Impurity Proposed Spec 
(NMT) 

ICH Q3D PDE 
(Parenteral) 

Adequate? 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

**ICH Q3D does not indicate PDE for due to low inherent toxicity 
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Impurities Arising from the Drug Product Manufacturing Process

 used in the manufacture of 
NCD Meloxicam IV  refer to Type II for additional details 
regarding its use. 

for use in the Meloxicam manufacturing process. At the End-of-Phase 2 meeting held 

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

on August 26, 2015, we informed the Applicant that a toxicity risk assessment would be 

(b) (4)
needed to support the safety of the levels detected since there are data suggesting 

(b) (4)

(b) (4)

(b) (4)

may be carcinogenic. During a study to determine the potential extractables 
and leachables in NCD Meloxicam IV drug product, Protocol P11127.00, the 
results demonstrated that there was no detection of in 
the aged NCD Meloxicam IV drug product, refer to Report P11127.00 for additional 
details. 

In addition, the Applicant provided the following safety asseement for (b) (4): 

were conducted to evaluate biocompatibility of
 under different extraction 

conditions. The test article comprising of 

Extracts were 

(b) (4)

(b) (4)

(b) (4)

A safety assessment for was performed, several in vivo studies 

evaluated in a USP systemic toxicity study in mice and a skin irritation study in 
(b) (4)

(b) (4)
rabbits and the material was implanted into rabbit muscle for 
1 week. None of the extracts produced a significantly greater 
skin reaction when compared to blank injectable extracts. 

(b) (4)

(b) (4)

There was no 

(b) (4)

evidence of systemic toxicity in mice with any of the extracts. 
Compared with control material, did not induce a macroscopically 
different reaction in muscle tissue. Collectively, the effects of were 
non-toxic under the test conditions. Moreover the test article extracts met the 
USP requirements of a USP used in this safety 
assessment and used in the current NCD Meloxicam 

Due to the forces 
involved Meloxicam API, the presence of 

particulates in the NCD Meloxicam IV Drug Product may 
occur at a very low levels 

particulates are monitored using a UV-VIS spectrophotometry method. It is 

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

(b) (4)

(b) (4)

(b) (4)

(b) (4)

performed on % NCD Meloxica 
 

 

(b) 
(4)

(b) (4)
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potential mutagenic impurity defined in ICH guidance to the Industry (May 2015). 
Applying a Less Than Lifetime (LTL) exposure approach to acceptable intakes 

The maximum daily weight of drug 
(b) (4)

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

(b) (4)
for an individual impurity as outlined in ICH M7 and based on the total duration of 

product has been determined to be g (calculated based on the density of 
the product being g/mL). Thus mcg of is allowed in g of 
drug product. 

(b) (4)

(b) (4)

(b) (4)

(b) (4)

Due to the method calculation results being in ppm, the 
specification limit was converted to ppm and the following calculation 
was used: ppm and this translates to an allowable 
daily amount of NMT ppm calculated with respect to the finished product 
(30 mg/mL). 

The proposed specification of NMT ppm is acceptable since the MRHD is 30 mg in 1 
(b) (4) (b) (4)mL per day and this would result in a maximum TDI of 

(b) (4)

of mcg, which is 
within the acceptable daily limit of 120 mcg/day for a mutagenic impurity per ICH M7. 

Container closure system 
The primary container closure system for N1539 Injectable NanoCrystal® Colloidal 

(b) (4)

(b) (4)
Dispersion (NCD Meloxicam IV) is a 2-mL, USP clear glass vial sealed with a 
grey rubber stopper with an aluminum over seal/blue flip-off cap. 
Descriptions for the primary container closure components are provided below. Note 
that the proposed storage temperature and expiry are 15 to 25°C and 48 months, 
respectively. 

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

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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To justify the safety of the container closure system, extractables and leachables 
studies were conducted by the Applicant. Refer to Section 10 Special Toxicology 
Studies for a detailed discussion regarding the adequacy of these studies to support the 
safety of the drug product for the intended clinical use. 

2.6 Proposed Clinical Population and Dosing Regimen 

The proposed indication for Anjeso is the management of moderate to severe pain in 
adults. The to-be-marketed dose of Anjeso is 30 mg once daily, administered by IV 
bolus injection over 15 seconds. 

2.7 Regulatory Background 

•	 Original IND (105172) submission date was April 10, 2009. 
•	 Previous Sponsor, Elan, had a EOP2 face-to face meeting with FDA on 


November 9, 2010.
 
o	 We agreed the nonclinical studies (28-day study in rats, 28-day study in 

minipigs, Ames assay and hemocompatibility study with NCD Meloxicam 
IV) along with reliance on prior findings of safety and efficacy for Mobic 
were appropriate to support submission of the NDA. 

•	 Second EOP2 meeting was held on August 26, 2015 to seek Agency 
concurrence on the development plan and Phase 3 studies in the management 
of moderate to severe pain. 

o	 The nonclinical data did not adequately evaluate the potential local toxicity 
of the proposed highest concentration of N1539 at 30 mg/mL. Therefore, 
we informed that a repeat-dose intravenous local tolerance study of 
adequate duration (e.g., at least 3 days) in a single non-rodent species 
would be required prior to initiating the planned Phase 3 clinical studies. 
In light of the particulate matter and cloudiness that was observed across 
a range of N1539 concentrations in the in vitro blood compatibility study, 
we asked to include full histopathological findings in this study to ensure 
that there are no toxicological consequences resulting from potential blood 
incompatibility of this formulation. 

o	 For the NDA submission, we requested a 28-day repeat-dose toxicology 
study that addresses the safety of the to-be-marketed 30 mg/mL drug 
product per the ICH guidance as well as additional nonclinical comments 
for b2 application, excipients, impurities, extractable/leachable. 

•	 In the Pre-NDA face-to-face meeting on January 19, 2017, we agreed with the 
Sponsor that the nonclinical program described in the meeting package 
appeared appropriate to file the NDA and the final adequacy to support the 
approval of their product would be determined after a review of all of the data. 
We also noted that if are detected in the finished product, a 

•	 Below are the nonclinical comments in 74-day letter date October 2, 2017. 

toxicity risk assessment would be needed. 

(b) (4)
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1.	 Based upon a preliminary review of your extractables and leachables study 
evaluation, it appears that you have only provided leachables data from a single 
batch of aged drug product rather than three batches of the final drug product on 
stability at multiple timepoints as we advised previously in End-of-Phase meeting 
minutes dated 9/29/2015 and in Pre-NDA meeting minutes dated 2/10/2017. It 
appears that your contention is that the extractables study represents a worst-case 
scenario of what can leach into the drug product and that you have provided a 
toxicological risk assessment to justify the potential leachables that may be exposed 
to patients at greater than 5 mcg/day. As noted in the correspondences cited above, 
although a toxicological risk assessment based on the results of the extraction 
studies may be adequate to support the safety assessment during development, 
evaluate at least three batches of your drug product that have been tested at multiple 
timepoints over the course of your stability studies and base the final safety 
assessment on the maximum predicted levels of leachables identified to determine 
the safe level of exposure via the label-specified route of administration. The 
adequacy of the data submitted to support the proposed shelf life and ultimately the 
approval of your product will be determined after a full review of all of the information 
submitted. If additional leachables data are obtained over the course of your stability, 
you should submit them to the NDA. However, as the NDA must be complete upon 
filing, these additional data may not be reviewed to support your application. 

2.	 Based upon a preliminary review of the literature review regarding the reproductive 
and developmental effects of meloxicam in animals that was performed in 
accordance with the Pregnancy Lactation and Labeling Rule, it appears that only a 
limited set of articles was cited. For example, the literature review appears to have 
included published results of the Segment 1, 2, and 3 studies performed by the 
reference product innovator and 3 additional articles. However, a search through 
Pubmed suggests that there may be many more nonclinical articles that may be 
relevant. Provide the approach and databases employed for your literature review 
and a justification for the specific articles chosen. 

The Applicant responded to these requests on November 2, 2017 (SD 6). For 
more detail see Section 9 and 10. 

3 Studies Submitted 

3.1 Studies Reviewed 

• 28-Day Intravenous Toxicity Study of N1539 [30 mg/mL] in Gottingen Minipigs 
(16.851) 

•	 4-Week Intravenous Injection Toxicity and Toxicokinetic Study with N1539 
Injectable NanoCrystal® Colloidal Dispersionn [25 mg/mL] (Meloxicam) in Rats 
(8200393) 

•	 Bacterial Reverse Mutation Assay with a Confirmatory Assay (8200778) 
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•	 Hemolytic Potential and Plasma Compatibility Testing with N1539 Injectable 
NanoCrystal® Colloidal Dispersion [30 mg/mL] (Meloxicam) in Human Whole 
Blood and Plasma (8330763) 

•	 Report for the Controlled Extraction Studies of Rubber Stopper and Glass Vial, 
Exposure Studies of Contact Materials, and for the Determination of Potential 
Leachables in Meloxicam Injectable NCD Drug Product ( (b) (4) Report P11127.00) 

•	 Toxicological evaluation of extractable of a container/closure system for 
meloxicam injectable nonodispersion colloidal dispersion drug product (Report 
55281) 

3.2 Studies Not Reviewed 

o	 Pharmacokinetics of Meloxicam Following Single Intramuscular or Intravenous 
Injections of N1539 Injectable NanoCrystal® Colloidal Dispersion (Meloxicam) 
and Metacam® (Meloxicam) to Minipigs (8200858) 

o	 A 7-day Study of N1539 by Intravenous Bolus Injection in Minipigs with a 7-day 
Recovery Period (20085024) 

o	 4-Week Intravenous Injection Toxicity and Toxicokinetic Study with N1539 
Injectable NanoCrystal Colloidal Dispersion [25 mg/mL] (Meloxicam) in Minipigs 
(8200871) 

o	 An acute vascular/subcutaneous and perivascular/intramascular irritation study of 
meloxicam in New Zealand rabbits (1478-001) 

o	 Hemolytic Potential and Plasma Compatibility Testing with N1539 Injectable 
NanoCrystal® Colloidal Dispersion (Meloxicam) in Human Whole Blood and 
Plasma (8090-103) 

o	 1-Week Intramuscular Injection Toxicity and Toxicokinetic Study with N1814 
Injectable NanoCrystal® Colloidal Dispersion (Meloxicam) in Rabbits with a 1
Week Recovery Phase (824390) 

3.3 Previous Reviews Referenced 

N/A 

4 Pharmacology 
No new nonclinical pharmacology studies were conducted. 

5 Pharmacokinetics/ADME/Toxicokinetics 
No new distribution, metabolism, excretion or other pharmacokinetic drug interaction 
studies for N1539 have been conducted. However, PK analysis (including absorption) 
were conducted in toxicology studies.  A summary of the PK studies completed by Recro 
is presented in table below. 
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Study 8200393 compared the pharmacokinetics and toxicology of N1539 to the 
marketed clinical product Mobic and the marketed veterinary product Metacam®. Mobic 
was administered orally, while Metacam was given by the same route as N1539, IV. 
The results of this study, summarized in table below. 

In summary, N1539, has a faster time to peak plasma concentrations, but the PKs are 
comparable to oral Mobic. 

Table below summarized a human PK study which is used to calculate the safety 
margins. 
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6 General Toxicology 

6.1 Single-dose toxicity 

A single-dose toxicity study in rabbits was submitted with this NDA. 

Study title: An acute vascular/subcutaneous and perivascular/intramuscular 
irritation study of meloxicam in New Zealand rabbits 
Study no.: 1478-001 
Study report location: 

Conducting laboratory and location: 

\\cdsesub1\evsprod\nda210583\0001\m4\42
stud-rep\423-tox\4237-other-tox-stud\42377
other\1478-001\1478-001.pdf 

June 19, 2007Date of study initiation: 
GLP compliance: Yes 
QA statement: Yes 
Drug (test article), lot #: Meloxicam NCD, Lot 50-128-JT 
Control article 0.5% [5 mg/g] Kollidon K17 PF 

(diluted with 4 mL of Sterile Water for 
Injection 

This study was conducted to evaluate potential irritation following 
intravenous/subcutaneous and perivascular/intramuscular injection toxicity of the 
test article. Two treatment groups of six male rabbits were administered the test article 
at a dose level of 0.5 mg/kg/site, for a total of 1.0 mg/kg/animal. The test article was 
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administered intravenously (IV) to the right marginal vein and subcutaneously (SC) to 
the right scapular (Group 1), and to the right perivascular region of the right marginal 
vein and intramuscularly (IM) to the right thigh (Group 2). All animals received a total of 
two injections of the control article on the corresponding left side. The test and control 
articles were administered at a dose volume of 0.1 mL/kg/site. Dosing occurred on Day 
1 for all animals. 

Key findings: 
•	 Very slight to well defined erythema was observed at the IV and perivascular 

injection sites with a comparable or lesser incidence and severity on the right 
sites (Meloxicam) at 1, 4, and 24 hours postdose, when compared to the left sites 
(Kollidon K17 PF). These changes were likely secondary to the administration of 
the control article, Kollidon K17 PF (component of the test article). 

•	 There was no test article-related microscopic change observed at the IV or 
perivascular injection sites. 

•	 There were no clinical abnormalities or obvious microscopic changes that could 
be attributed to the administration of the test or control article at the SC or IM 
injection site. 

6.2 Repeat-dose toxicity 

6.2.1 Minipigs 

Study title: 28-Day Intravenous Toxicity Study of N1539 in Gottingen Minipigs 
Study no.: 16-851 

Study report location: \\cdsesub1\evsprod\nda210583\0001\m4\42
stud-rep\423-tox\4232-repeat-dose-tox\16
851\16-851.pdf 

Conducting laboratory and location: 
(b) (4)

Date of study initiation: March 29, 2016 
GLP compliance: Yes 
QA statement: Yes 
Drug (test article), lot # Purity N1539 (NCD Meloxicam, 30 mg/mL), Lot 

30004, purity: 100% tox tabulated summary, 
page 4) 

Vehicle (placebo) sterile normal saline (NS) 

Key findings 

•	 Daily intravenous bolus injection of N1539 to male and female Gottingen minipigs 
for 28 consecutive days at doses of 5.0 to 7.5 mg/kg/day was well tolerated; 
however, 10 mg/kg produced mortality in 2/8 animals; 1 male and 1 female due 
to GI toxicity. Findings in dead animals included: 
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o	 Gross observations included deep dark red discoloration of the small and 
large intestines and bloody intestinal contents. 

o	 Microscopic findings observed in the GI tract for the male were mild 
multifocal necrosis and mild multifocal hemorrhage of the duodenum, 
marked diffuse epithelial sloughing of the jejunum and mild multifocal 
necrosis of the ileum, with the lumen of the jejunum populated with 
individual epithelial cells and cellular clumps. Microscopic findings noted 
in the GI tract for the female were moderate focal erythrocyte 
accumulation in the lumen of the ileum and moderate diffuse necrosis of 
the jejunum. 

•	 There were no toxicologically significant findings in animals that survived to 
necropsy. Therefore, the NOAEL of this study is 7.5 mg/kg/day based on 
mortalities observed at 10 mg/kg/day and higher. 

•	 From a local safety perspective, the clinical concentration of 30 mg/mL is 
considered justified as there were no local effects observed in animals given this 
concentration. 

Systemic Safety Margin table 

Dose 
(mg/kg) 

HED 
(mg/kg) 

AUC
0-24 

(mcg.hr/mL) 
C 

max 
(mcg/mL) 

Human SM 
Based on 

AUC 

Human SM 
Based on 

Cmax 

Human (MRDD)  30 mg 30 mg 

30 mg 0.5 107.5 * 10.6** 

Minipig 4-week 
study (30 mg/ml) 

Week 4 
(♂/♀) 

Week 4 
(♂/♀) 

5.0 4.5 43.6/98.5 31.9/42.7 

NOAEL 7.5 6.8 79.8/90.7 49.5/41.1 0.8X 4.3X 

GI-related 
mortalities 10 9.1 171/168 70.1/81.7 

* AUC0-24h, steady state value based on AUC0-inf, single-dose value from Clinical Study N1539-01 
** Cmax, steady state value from Clinical Study N1539-03 

Methods 
Doses: 0 (saline), 5, 7.5, and 10 mg/kg/day (see below) 

Frequency of dosing: Single daily bolus (slow push at an approximate 
rate of 1 mL/15 seconds using vascular access 
ports), daily for at least 28 consecutive days. 
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Route of administration: IV 
Formulation/Vehicle: 1 mL vials as a ready to use formulation at a 

concentration of 30 mg/mL. N1539 is an opaque 
liquid with a yellow tint 

Species/Strain: Gottingen Minipig 
Number/Sex/Group: 4/sex/group (see below) 
Age: 5-6 month 
Weight: 6.7-9.6 kg 
Satellite groups (TK): N/A 
Unique study design: N/A 
Deviation from study protocol: None of the deviations impacted the overall 

integrity of the study or the interpretation of the 
study results and conclusions. 

Note that following administration of the first dose of N1539 at 10 mg/kg (Mid Dose), a 
female and male animal were found dead on Days 1 and 2, respectively, prior to 
receiving the second dose. Based on these unanticipated deaths, the Group 4 (Low-
Mid Dose) dose level was lowered from 20 mg/kg to 7.5 mg/kg. 

Experimental design 

All animals underwent standard evaluations such as daily clinical observations, body 
weight measurements, clinical pathology, ophthalmology assessment, 
electrocardiograms, plasma toxicokinetics, and necropsy. At necropsy, a full set of 
tissues were collected for histopathological evaluation and weights were recorded for a 
subset of organs. No recovery group was included in the design of this study. 

Observations and Results 

Mortality 
Two animal at the dose of 10 mg/kg/day (Group 3) were found dead. The gross 
findings of significant upper GI tract bleeding likely caused the death of Animal 12-259. 
Animal 28-392 may have died from a cardiac event, but also had signs of significant 
gastrointestinal tract bleeding at necropsy. 
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Animal number 
(10 mg/kg/day) 

Clinical findings 
and time of death 

Selected findings 

Female In distress (lethargic and o Increased ALT and AST 
(28-392) shallow breathing) 

shortly after the 2 hour 
blood collection time-
point and died shortly 
thereafter on Day 1 
(approximately 2 hours 
post-dose) 

o Mild diffuse vacuolation of hepatocytes 
o Deep dark red discoloration of the small and 

large intestines and bloody intestinal 
contents 

o Moderate focal erythrocyte accumulation in 
the lumen of the ileum and moderate diffuse 
necrosis of the jejunum. 

o Small pale focus of cardiac myocytes at the 
coronary groove (may have been associated 
with cardiac failure) 

o Marked focal thrombosis, suture material, 
and moderate to marked hemorrhage, 
necrosis, mineralization, granulomatous 
inflammation and fibrosis were observed at 
the jugular catheter sites. 

Male In distress (lethargic and o Increased ALT and AST 
(12-259) shallow breathing) 

shortly after the 24 hour 
blood collection and died 
shortly thereafter on Day 
2. 

o Deep dark red discoloration of the small and 
large intestines and bloody intestinal 
contents 

o Mild multifocal necrosis and mild multifocal 
hemorrhage of the duodenum, marked 
diffuse epithelial sloughing of the jejunum 
and mild multifocal necrosis of the ileum. 

o Mild diffuse edema and minimal multifocal 
alveolar macrophage infiltrations of the 
lungs 

o Marked focal thrombosis, suture material, 
and moderate to marked hemorrhage, 
necrosis, mineralization, granulomatous 
inflammation and fibrosis were observed at 
the jugular catheter sites. 

General Clinical signs:
 
No clinical observations were noted that were considered treatment related except in 

the two animals that were found dead.
 

Body Weight 
There were no treatment-related effects on body weight or body weight changes. 

Food consumption: 
There were no treatment-related effects on food consumption. 

Ophthalmology: 
There were no treatment-related effects on ophthalmic parameters. 
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Hematology and Coagulation: 
There were no treatment-related effects on hematology and coagulation parameters. 

Clinical chemistry: 
There were no treatment-related effects on clinical chemistry parameters. 
Urinalysis: 
There were no treatment-related effects on urinalysis parameters. 

ECG: 
No treatment-related ECG effects were observed. 

Gross Pathology: 
The incidental gross findings (see tables below) were not supported by microscopic 
examination. 
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Organ weight changes: 
Increased liver weights in Group 4 males and Group 3 females were not associated with 
microscopic findings. 

Males Group 1 
(0 mg/kg/day) 

Group 2 
(5 mg/kg/day) 

Group 3 
(10 mg/kg/day) 

Group 4 
(20 to 7.5 mg/kg/day) 

Organ (g) 
Liver 229.8 237.7 252.0 269.5 (17%) 
Relative organ/body 
weight 
Liver 1.98 2.10 2.12 2.32 (17%) 
Relative organ/brain 
weight 
Liver 407 425 437 468 (15%) 

Females Group 1 
(0 mg/kg/day) 

Group 2 
(5 mg/kg/day) 

Group 3 
(10 mg/kg/day) 

Group 4 
(20 to 7.5 mg/kg/day) 

Organ (g) 
Liver 226 224 256 (13%) 223 
Relative organ/body 
weight 
Liver 1.83 1.80 2.06 (12%) 1.82 
Relative organ/brain 
weight 
Liver 399 402 445 (11%) 394 
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Histopathology findings: 

Adequate Battery: Yes 
Prepared tissues were examined microscopically by a board certified veterinary 
pathologist. 

Tissues marked with asterisk were weighed at scheduled necropsy and organ-to-body 
and organ-to-brain weight ratios were calculated. The tissues listed above (except 
identification) from Groups 1 and 3 [control (0 mg/kg) and mid (10 mg/kg) dose], as well 
as the stomachs from animals in Groups 2 and 4 [low (5 mg/kg) and low-mid (20→7.5 
mg/kg), were processed by routine histologic method. 

Peer Review: No 

Histopathology findings: 
No test article-related microscopic findings were observed histologically at the 
terminal sacrifice. Thrombosis, inflammation, hemorrhage and fibrosis were noted 
sporadically at jugular vein catheter sites for both control and treated animals. These 
findings were considered related to the catheterization procedure and not the test 
article. 

31
 

Reference ID: 4255423Reference ID: 4585747 



 

 

NDA 210583 Anjeso™ Reviewer: Armaghan Emami, PhD 

Toxicokinetic data: Blood samples were collected from all animals on Day 1 and 
during Week 4 at 0 hour, 5 minutes and 0.5, 2, 4, 8, 12 and 24 hours post-dose. 

Exposure to meloxicam generally increased with the increase in N1539 dose level from 
5 to 20 mg/kg on Day 1 and from 5 to 10 mg/kg during Week 4 for both females and 
males except that the exposures were similar in females between 5 and 7.5 mg/kg 
during Week 4. The increases in meloxicam mean Cmax and AUC0-24h values were 
approximately dose proportional for both females and males. No accumulation of 
meloxicam was observed after multiple doses of 5 and 10 mg/kg N1539 when 
compared to a single dose. Sex differences in meloxicam mean Cmax and AUC0-24h 
values were generally less than 2-fold. 

6.2.2 Rats 

Study title: 4-Week Intravenous Injection Toxicity and Toxicokinetic Study with 
N1539 Injectable NanoCrystal® Colloidal Dispersion (Meloxicam) in Rats 
Study no.: 8200393 
Study report location: \\cdsesub1\evsprod\nda210583\0001\m4\42

stud-rep\423-tox\4232-repeat-dose
tox\8200393\8200393.pdf 

Conducting laboratory and 
location: 

(b) (4)

Date of study initiation: December 8, 2008 
GLP compliance: Yes 
QA statement: Yes 
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Drug (test article), lot # Purity • N1539 (NCD Meloxicam 25 mg/mL for 
injection), Lot 123I0808, purity: 101.6% 

• Mobic (Oral suspension 1.5 mg/mL) 
• Metacam (5 mg/L solution for injection) 

Vehicle (placebo) • Vehicle 1 (control for NCD meloxicam): 5% 
Sucrose and 1% Pharmaceutical Acceptable 
Stabilizers in water for injection in D5W 

• Vehicle 2 (Control for Mobic): reverse osmosis 
(RO) water 

• Vehicle 3 (Cotrol for Metacam): D5W 

Key findings 

•	 Male and female rats were treated with 0, 0.2, 0.4, 0.8, or 1.6 mg/kg/day for 28 
days with one of three meloxicam formulations: NCD Meloxicam IV, Mobic oral 
suspension, Metacam IV (a bridging study evaluating the safety and toxicology of 
N1539 (IV) compared to oral meloxicam (Mobic)). The study did not include 
recovery groups. 

•	 There were no adverse local effect observed. However, the dose concentration 
tested for high dose was 0.64 mg/mL, which is below the clinical concentration of 
30 mg/mL. Therefore, the study does not provide support for the local safety of the 
to-be-marketed product. 

•	 No treatment-related effects were observed in any of the indices measured. 
Therefore, the NOAEL of the study for systemic safety is considered to be the high 
dose at 1.6 mg/kg/day. See safety margins based on AUC and Cmax in the table 
below. 

Systemic Safety Margin table 
Dose HED AUC0-24 Cmax Human SM Human SM 
(mg/kg) (mg/kg) (mcg.hr/mL) (mcg/mL) Based on AUC Based on Cmax 

Human 30 mg 30 mg 

30 mg 0.5 107.5 * 10.6* 

Rats 4
week 
study 

Week 4 
(♂/♀) 

Week 4 
(♂/♀) (♂/♀) (♂/♀) 

NOAEL 1.6 0.26 186/662 21.6/38.4 1.7X/6.2X 2.0X/3.6X 
* AUC0-24h, steady state value based on AUC0-inf, single-dose value from Clinical Study N1539-01 
** Cmax, steady state value from Clinical Study N1539-03 
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Methods 
Doses: 0, 0.2, 0.4, 0.8, or 1.6 mg/kg/day 
Frequency of dosing: daily for at least 28 consecutive days. 
Route of administration: IV, 1 to 2 minute administration at a dose volume 

of 2.5 mL/kg 
Formulation/Vehicle: N1539 NCD (meloxicam), 25 mg/mL 
Species/Strain: Rats, Sprague Dawley 
Number/Sex/Group: 10/sex/group 
Age: 45 to 53 days old 
Weight: 186 to 249 g males and 161 to 202 g females 
Satellite groups (TK): N/A 
Unique study design: N/A 
Deviation from study protocol: None of the deviations impacted the overall integrity of 

the study 

34 

Reference ID: 4255423Reference ID: 4585747 



NDA 210583 Anjeso™ Reviewer: Armaghan Emami, PhD 

Assessment of toxicity was based on mortality, clinical signs, body weights, food 
consumption, ophthalmic examinations, and clinical and anatomic pathology results. 
Blood samples were collected and the plasma analyzed for toxicokinetic evaluations. 
Protocol-specified tissues from animals in Groups 1 and 5, 6 and 10, and 11 and 15 
were processed and examined microscopically. In addition, lesions noted 
macroscopically from animals in the remaining groups were processed and examined 
microscopically. 

Observations and Results 

Mortality 
None
 

General Clinical signs:
 
No adverse clinical observations were noted. 


Body Weight 
No treatment-related effects on body weight or body weight changes were observed. 

Food consumption: 
No treatment-related findings effects on food consumption were observed. 

Ophthalmology: 
No treatment-related effects on ophthalmic parameters were observed. 

Hematology and Coagulation: 
No treatment-related findings were observed. 

Urinalysis: 
No treatment-related findings were observed. 

Clinical chemistry: 
N1539 NCD administration resulted in minimal decreases in albumin and albumin-to
globulin ratio for females given 1.6 mg/kg/day. Oral Mobic administration resulted in 
minimal decreases in albumin and albumin-to-globulin ratio for females given 0.8 or 1.6 
mg/kg/day, minimal increases in globulin for females given 0.8 or 1.6 mg/kg/day, and 
minimal increases in potassium for males and females given 0.8 or 1.6 mg/kg/day. 
Intravenous Metacam administration resulted in minimal decreases in albumin and 
albumin-to-globulin ratio for females given 0.8 or 1.6 mg/kg/day, minimal increases in 
globulin for females given 0.8 or 1.6 mg/kg/day, and minimal decreases in potassium for 
males given 1.6 mg/kg/day and females given 0.8 or 1.6 mg/kg/day. There were no 
pathological correlates and the magnitudes of the changes were small or the changes 
were not dose-dependent; therefore, the changes are not considered toxicologically 
significant. 
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*p<0.05 Statistical significance based on actual data (not on percent differences) 

Gross Pathology: 
No treatment-related effects on gross pathology were observed. 

Organ weight changes: 
No treatment-related effects on organ weights were observed. 

Histopathology findings: 
Adequate Battery: Yes 
Prepared tissues were examined microscopically by a board certified veterinary 
pathologist. 

Peer Review: No 
Histopathology findings: 
No test article-related microscopic findings were observed at the terminal sacrifice. 

Toxicokinetic data: 
Exposure to meloxicam increased with the increase in N1539 NCD dose level from 0.2 

to 1.6 mg/kg/day. The increases in Cmax and AUC0-24h were dose proportional. Sex 

differences in Cmax and AUC0-24h values were observed during Week 4 (>2.0 fold). 

Potential accumulation of meloxicam was observed after multiple dosing of NCD in rats. 

Similarly, accumulation was observed with Mobic and Metacam repeat dosing.
 
The TK values for meloxicam were generally similar after IV administration of the N1539 

NCD when compared to IV administration of the Metacam® Solution for Injection.
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7 Genetic Toxicology 
A new genotoxicity study (Ames assay) was submitted with this NDA. The Applicant will 
rely upon the data in the referenced product labeling. The objective of this study was to 
evaluate the test article, N1539 NCD Meloxicam 25.5 mg/mL, and/or its metabolites for 
their ability to induce reverse mutations in bacterial cells. Note that the listed drug 
Mobic label states “Meloxicam was not mutagenic in an Ames assay, or clastogenic in a 
chromosome aberration assay with human lymphocytes and an in vivo micronucleus 
test in mouse bone marrow.” 

7.1 In vitro Ames Assay 

In Vitro Reverse Mutation Assay in Bacterial Cells of NCD meloxicam (N1539) 
Study title: Bacterial Reverse Mutation Assay with a Confirmatory Assay 

Study no.: 8200778 

Study report location: \\cdsesub1\evsprod\nda210583\0001\m4\42
stud-rep\423-tox\4233-genotox\42331-in
vitro\8200778\8200778.pdf 

Conducting laboratory and location: 

Date of study initiation: 

(b) (4)

December 31, 2008 

GLP compliance: Yes 

QA statement: Yes 
N1539 NanoCrystal® Colloidal DispersionDrug, lot #, and % purity:

(Meloxicam) 25.5 mg/mL 
Lot 123I0808, Purity=100.1% 
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Key Study Findings 
•	 Dose-finding test was performed in tester strains TA100 and WP2uvrA at the 

dose levels below: 
o	 With and without metabolic activation: 

6.67 to 5000 mcg/plate 

•	 Main and confirmatory tests were performed in all five tester strains at the dose 
level below: 

o	 With and without metabolic activation:
 
33.3, 100, 333, 1000, 2500, and 5000 mcg/plate
 

•	 N1539 did not cause increase in the number of revertant colonies in any of the 
test strains, with or without metabolic activation when compared with the 
negative control. Under the conditions of the study, N1539 is negative in the 
bacterial reverse mutation assay. These negative results were obtained for the 
plate incorporation version. 

Methods 

Strains: TA100, TA1535, WP2uvrA, TA98, and TA1537 

Concentrations in mutagenicity 
study 

33.3, 100, 333, 1000, 2500, and 5000 mcg/plate 

Basis of concentration selection: Cytotoxicity and precipitation 
Negative control: Sterile water for injection (SWFI) 

Positive control: 

Formulation/Vehicle: N1539 NanoCrystal Colloidal Dispersion 25.5 
mg/mL formulation without meloxicam 

Incubation & sampling time: Incubated at 37°C for 52 hours 

Protocol Deviation: The deviations did not have impact on study 
integrity 

Study Validity 
All positive and vehicle control values were within acceptable ranges, and all criteria for 
a valid study were met. Appropriate strains were used. 
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Results 

The test article did not produce any increases in the number of revertants in any tester 
stain under the conditions of this study in the absence and in the presence of a rat liver 
metabolic activation system (S-9). These negative results were obtained the plate 
incorporation version. This is in concurrence with the Applicant’s conclusions. See the 
Applicant’s summary tables below. 

Dose range-finding: No cytotoxicity was observed with tester strain WP2uvrA in the 
presence or absence of S9 as evidenced by no dose-related decreases in revertant 
frequency and normal bacterial background lawns. Cytotoxicity was observed with 
TA100 in the presence and absence of S9 mix at doses ≥3330 mcg per plate as 
evidenced by dose-related decreases in the number of revertants per plate and reduced 
bacterial background lawns. 
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Mutagenicity Assay (main test) 
All doses of the test article, placebo, positive and vehicle controls, were evaluated in 
triplicate plates. No positive increases in the mean number of revertants per plate were 
observed with any of the tester strains in the presence or absence of S9 mix. Increases 
in the mean number of revertants per plate were observed with WP2uvrA in the 
absence of S9 mix; however, the increases were not dose-dependent, did not meet the 
criteria for a positive response, and were not observed in the confirmatory tests. 

40
 

Reference ID: 4255423Reference ID: 4585747 



NDA 210583 Anjeso™ Reviewer: Armaghan Emami, PhD 

(b) (4)

Confirmatory mutagenicity assay 
No positive increases in the mean number of revertants per plate were observed with 
any of the tester strains in the presence or absence of S9 mix. 
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8 Carcinogenicity 
No new carcinogenicity studies were submitted or required with this NDA. The 
Applicant will rely upon the data in the referenced product labeling adjusted for the 
differences in dose. 

9 Reproductive and Developmental Toxicology 
No new reproductive and developmental toxicology studies were submitted with the 
NDA. The Applicant will rely upon the data in the referenced product labeling adjusted 
for the differences in dose. The bioequivalence of the reproductive toxicology findings 
by Boehringer Ingelheim (BI) were recalculated based on the anticipated clinical dose, 
30 mg/mL, for N1539 and are summarized in Table below and reflected in the label. 

In addition, as part of the requirement under the Pregnancy Lactation and Labeling 
Rule (PLLR), a review and summary of available published literature regarding the 
potential effects of meloxicam use on pregnancy, lactation and effects on female and 
male fertility was provided and the articles were submitted to the NDA (SDN 6, 
11/02/2017). The Applicant’s literature search used the sources of information and 
search strategy outlined below: 
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A total of 68 references were identified from this search after duplicates were removed. 
Note that only abstracts were provided and no full articles. In the toxicology written 
summary of the NDA, it was noted that the Applicant identified two published reports 
describing the developmental toxicity of meloxicam (Cappon et al., 2003) and the 
reproductive toxicity of meloxicam in male rats (Uzun et al., 2015). However, the 
Applicant stated that no related label text is proposed at this time until more data are 
available to characterize these effects. In summary, the Applicant believes that none of 
the literature identified and reviewed necessitate an update to the pregnancy and 
lactation section of labeling. 

All references are noted below.  This reviewer examined all references and 
indicated both key findings and whether these findings warranted further review 
based on potential relevance for labeling. 

1	 Mainau E, Temple D, Manteca X. Experimental study on the effect of oral 
meloxicam administration in sows on pre-weaning mortality and growth and 
immunoglobulin G transfer to piglets. Prev Vet Med. 2016 Apr 1;126:48-53. 
o	 Key findings: In this study, the administration of meloxicam orally at the 

beginning of the farrowing in multiparous sows increased the concentration of 
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IgG in serum of piglets and enhanced their pre-weaning growth. According to 
the author, future research is warranted to clearly identify the proximate 
mechanism behind IgG effect. 

o	 Reviewer’s comments: This study did not identify any risks related to 
reproductive parameters, and therefore is not considered appropriate for the 
label. 

2	 Cooke RF, Peres RF, Cipriano RS, Guarnieri Filho TA, Marques RS, Rodrigues 
MC, Carvalho RS, Bohnert DW, Vasconcelos JL. Impacts of meloxicam 
administration before temporary calf weaning on physiological and reproductive 
responses of beef cows. J Anim Sci. 2016 Jan;94(1):406-11. 
o	 Key finding: This study showed that administration of meloxicam did not 

alleviate the temprary calf weaning (TCW)-induced increase in serum cortisol 
concentrations and failed to benefit pregnancy rates to timed AI in beef cows. 

o	 Reviewer’s comments: This study did not identify any risks related to 
reproductive parameters, and therefore is not considered appropriate for the 
labeling. 

3	 McDougall S, Abbeloos E, Piepers S, Rao AS, Astiz S, van Werven T, Statham 
J, Pérez- Villalobos N. Addition of meloxicam to the treatment of clinical mastitis 
improves subsequent reproductive performance. J Dairy Sci. 2016 
Mar;99(3):2026-42. 
o	 Key findings: This study showed that use of meloxicam, in conjunction with 

antimicrobial therapy, for mild to moderate cases of clinical mastitis, resulted 
in a higher probability of bacteriological cure, an increased probability of 
conception to first artificial insemination, fewer artificial inseminations, and a 
greater proportion of cows pregnant by 120 day in milk. 

o	 Reviewer’s comments: These data are specific for mastitis and not relevant 
for the label. 

4	 Najera DB. Emergency contraception: Focus on the facts. JAAPA. 2016 
Jan;29(1):20-4; quiz 1 
o	 Key findings: This article reviews how emergency contraception works, the 

effectiveness of different methods, pros and cons, and the history of 
emergency contraception. 

o	 Reviewer’s comments: This article is not about nonclinical findings and did 
not identify any risks related to reproductive parameters, and therefore is not 
considered appropriate for the labeling. 

5	 Carpenter AJ, Ylioja CM, Vargas CF, Mamedova LK, Mendonça LG, Coetzee JF, 
Hollis LC, Gehring R, Bradford BJ. Hot topic: Early postpartum treatment of 
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commercial dairy cows with nonsteroidal antiinflammatory drugs increases 
whole-lactation milk yield. J Dairy Sci. 2016 Jan;99(1):672-9. 
o	 Key findings: These study indicate that NSAID administration including 


meloxicam in postpartum cows has the potential to be a viable way to 

improve productivity and potentially longevity in commercial dairies.
 

o	 Reviewer’s comments: This study did not identify any risks related to 
reproductive parameters, and therefore is not considered appropriate for the 
labeling. 

6	 Lima AG, Costa LC, Alvarenga MA, Martins CB. Does Clinical Treatment with 
Phenylbutazone and Meloxicam in the Pre-ovulatory Period Influence the 
Ovulation Rate in Mares? Reprod Domest Anim. 2015 Oct;50(5):771-5. 
o	 Key findings: This study suggested that treatment with meloxicam and 

phenylbutazone at therapeutic doses induced intrafollicular haemorrhage and 
luteinization of anovulatory follicles. 

o	 Reviewer’s comments: These findings are currently reflected in the MOBIC 
and other NSAIDs labels. Class labeling for NSAIDs currently state 
“Published animal studies have shown that administration of prostaglandin 
synthesis inhibitors has the potential to disrupt prostaglandin-mediated 
follicular rupture required for ovulation” in Section 8.3 Females and Males of 
Reproductive Potential. As the study does not alter the current messaging, it 
does not need to be included in the labeling. 

7	 Pairis-Garcia MD, Johnson AK, Abell CA, Coetzee JF, Karriker LA, Millman ST, 
Stalder KJ. Measuring the efficacy of flunixin meglumine and meloxicam for lame 
sows using a GAITFour pressure mat and an embedded microcomputer-based 
force plate system. J Anim Sci. 2015 May;93(5):2100-10. 
o	 Key findings: This study showed that meloxicam administration mitigated pain 

sensitivity in sows after lameness induction when pain sensitivity was 
evaluated. 

o	 Reviewer’s comments: This finding is related to meloxicam efficacy to reduce 
pain and and therefore is not considered appropriate for the labeling. 

8	 Lopes LM, Balbinot M, Fonseca BA, de Araújo CV, Martins LR. Pregnancy rates 
and serum 13,14-dihydro-15-keto-PGF2α concentrations in recipient Nelore 
heifers treated with meloxicam after the transfer of in vitro-produced embryos. 
Theriogenology. 2015 Sep 1;84(4):553-8. 
o	 Key findings: This study aimed to determine if the administration of 

meloxicam, to Nelore (Bos taurus indicus) heifers, in which embryo transfer is 
more difficult and requires a greater manipulation of the reproductive tract 
than in Bos taurus females, would improve the pregnancy rates by decreasing 
serum PGFM concentrations. The data showed that meloxicam had a positive 
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effect on the pregnancy rates of Grade I Nelore heifers without any effect on 
PGFM serum concentration. 

o	 Reviewer’s comments: These data are specific for improvement of 
transferring embryo in Nelore heifers and and therefore is not considered 
appropriate for the labeling. 

9	 Newby NC, Renaud D, Tremblay R, Duffield TF. Evaluation of the effects of 
treating dairy cows with meloxicam at calving on retained fetal membranes risk. 
Can Vet J. 2014 Dec;55(12):1196-9. 
o	 Key findings: Some NSADs increase the risk of retained fetal membranes 

(placenta). This study shows that meloxicam can be used on the day of 
calving in lactating cows without increasing the risk of retained fetal 
membranes. 

o	 Reviewer’s comments: This study did not identify any risks related to 
reproductive parameters, and therefore is not considered appropriate for the 
labeling. 

10 Wilson RL, Holyoake PK, Cronin GM, Doyle RE. Managing animal wellbeing: a 
preliminary survey of pig farmers. Aust Vet J. 2014 Jun;92(6):206-12. 
o	 Key findings: This study shows effects of anti-inflammatory drugs to aid 

recovery of pigs such as reducing pain. 
o	 Reviewer’s comments: This finding is related to meloxicam efficacy to reduce 

pain, and therefore is not considered appropriate for the labeling. 

11 McCann NC, Lynch TJ, Kim SO, Duffy DM. The COX-2 inhibitor meloxicam 
prevents pregnancy when administered as an emergency contraceptive to 
nonhuman primates. Contraception. 2013 Dec;88(6):744-8. 

o	 Key findings: The pregnancy rate with meloxicam administration using 
the emergency contraception model was significantly lower than the 
pregnancy rate when vehicle without meloxicam was administered. 

o	 Reviewer’s comment: This study further support NSAID class labeling 
language regarding effects of NSAID on fertility through interference 
with ovulation. The contraceptive efficacy of drugs of this class has not 
been directly tested. For more detail see below. 

12 Aguiar TS, Araújo CV, Tirloni RR, Martins LR. Effect of meloxicam on pregnancy 
rate of recipient heifers following transfer of in vitro produced embryos. Reprod 
Domest Anim. 2013 Dec;48(6):984-8. 
o	 Key findings: Meloxicam had a positive influence on general pregnancy rate 

of treated heifers in comparison to non-treated heifers. 
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o	 Reviewer’s comments: This study was conducted by the same group (article 
8). These data are specific for improvement of transferring embryo in Nelore 
heifers and did not identify any risks related to reproductive parameters. 
Therefore is not considered appropriate for the labeling. 

13 Thaete LG, Levin SI, Dudley AT. Impact of anaesthetics and analgesics on 
fetal growth in the mouse. Lab Anim. 2013 Jul;47(3):175-83. 

o	 Key findings: This study showed that meloxicam can cause adverse 
effects when used early in pregnancy in mice. The length of the 
humerus was reduced at fertilization (E0),  and was correlated (P < 0.01) 
with fetal weight for meloxicam. 

o	 Reviewer’s comments: These findings are not completely unexpected 
since the reference product label notes that meloxicam caused 
embryofetal death in rats and rabbits when administered during the 
period of organogenesis. As the embryolethality findings described in 
the reference product labeling  are more severe, the reviewer does not 
feel it necessary to describe the growth effects in the ANJESO labeling. 

o	 For more detail see below 

14 Newby NC, Pearl DL, Leblanc SJ, Leslie KE, von Keyserlingk MA, Duffield TF. 
Effects of meloxicam on milk production, behavior, and feed intake in dairy cows 
following assisted calving. J Dairy Sci. 2013 Jun;96(6):3682-8. 
o	 Key findings: This study failed to show any significant effects of treatment on 

milk production, blood metabolites, or health events. A possible explanation 
for the lack of treatment differences could be that the meloxicam was 
administered too late after calving. 

o	 Reviewer’s comments: This study did not identify any risks related to 
reproductive parameters, and therefore is not considered appropriate for the 
labeling. 

15 Fitzpatrick CE, Chapinal N, Petersson-Wolfe CS, DeVries TJ, Kelton DF, Duffield 
TF, Leslie KE. The effect of meloxicam on pain sensitivity, rumination time, and 
clinical signs in dairy cows with endotoxin-induced clinical mastitis. J Dairy Sci. 
2013 May;96(5):2847- 56. 
o	 Reviewer’s comments: This is an efficacy study fo show that meloxicam has a 

beneficial effects in cows with mastitis and is not considered appropriate for 
the labeling. 

16 Dorniak P, Welsh TH Jr, Bazer FW, Spencer TE. Cortisol and interferon tau 
regulation of endometrial function and conceptus development in female sheep. 
Endocrinology. 2013 Feb;154(2):931-41. 
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o	 Key findings: This study shows that hydroxysteroid (11-β) dehydrogenase 
(1HSD11B1)-derived cortisol mediates, in part, actions of ovarian 
progesterone and the conceptus on endometrial function and support the 
hypothesis that IFNT, PG, and cortisol coordinately regulate endometrial 
functions important for conceptus elongation and implantation during early 
pregnancy in sheep. 

o	 Reviewer’s comments: This study is a mechanistic study relevant for NSAIDs 
that generally can impact early pregnancy which is some how reflected in the 
Mobic label. “Published animal studies have shown that administration of 
prostaglandin synthesis inhibitors such as meloxicam has the potential to 
disrupt prostaglandin-mediated follicular rupture required for ovulation.” 

17 Burdet J, Sacerdoti F, Cella M, Franchi AM, Ibarra C. Role of TNF-α in the 

mechanisms responsible for preterm delivery induced by Stx2 in rats. Br J 

Pharmacol. 2013 Feb;168(4):946-53.
 
o	 Key findings: This study showed that meloxicam delayed the preterm delivery 

time in rats but did not prevent it. The data suggested that the increased TNF
α and NO induced by Shiga toxin type 2 (Stx2) were the predominant factors 
responsible for preterm delivery in rats. 

o	 Reviewer’s comments: Delayed parturition with using NSADs including 
meloxicam is a known class effect and is reflected in the label. 

18 Sordelli MS, Beltrame JS, Cella M, Franchi AM, Ribeiro ML. Cyclooxygenase-2 
prostaglandins mediate anandamide-inhibitory action on nitric oxide synthase 
activity in the receptive rat uterus. Eur J Pharmacol. 2012 Jun 15;685(1-3):174-9. 
o	 Key findings: This study shows that COX-2 has a role in implantation through 

a mechanistic study using meloxicam. 

o	 Reviewer’s comments: These findings are currently reflected in the MOBIC 
and other NSAIDs labels. Class labeling for NSAIDs currently state “In 
animal studies, administration of prostaglandin synthesis inhibitors, such as 
meloxicam, resulted in increased pre- and post-implantation loss” in Section 
8.1 Risk Summary. 

. 
19 Polson S, Taylor PM, Yates D. Analgesia after feline ovariohysterectomy under 

midazolam-medetomidine-ketamine anaesthesia with buprenorphine or 
butorphanol, and carprofen or meloxicam: a prospective, randomised clinical trial. 
J Feline Med Surg. 2012 Aug;14(8):553-9. 
o	 Key findings: This study showed anagesic effect of different compounds 

including meloxicam in cats undergoing routine ovariohysterectomy 
o	 Reviewer’s comments: This is an efficacy study to show that meloxicam has 

a beneficial effects in cats undergoing routine ovariohysterectomy and is not 
considered appropriate for the labeling. 
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20 Mainau E, Ruiz-de-la-Torre JL, Dalmau A, Salleras JM, Manteca X. Effects of 
meloxicam (Metacam®) on post-farrowing sow behaviour and piglet 
performance. Animal. 2012 Mar;6(3):494-501. 
o	 Key findings: This study showed positive effects of the non-steroidal anti-

inflammatory drug meloxicam on post-farrowing behaviour of sows, and the 
performance of piglets 

o	 Reviewer’s comments: This is an efficacy study fo show that meloxicam has 
a beneficial effects in sows and is not considered appropriate for the labeling. 

21 Dorniak P, Welsh TH Jr, Bazer FW, Spencer TE. Endometrial HSD11B1 and 
cortisol regeneration in the ovine uterus: effects of pregnancy, interferon tau, and 
prostaglandins. Biol Reprod. 2012 Apr 27;86(4):124. 

o	 Key findings: These studies support the idea that IFNT and PGs from the 
conceptus regulate endometrial HSD11B1 expression and activity that 
regenerates bioactive cortisol in the ovine uterus during early pregnancy to 
influence endometrial functions and conceptus elongation.  Endometrial 
HSD11B1 activity and cortisol in the uterine lumen were substantially lower in 
meloxicam-infused ewes. 

o	 Reviewer’s comments: This study is a mechanistic study relevant for NSAIDs 
that generally can impact early pregnancy which are already reflected in the 
Mobic label. 

22 Dorniak P(1), Bazer FW, Spencer TE. Prostaglandins regulate conceptus 
elongation and mediate effects of interferon tau on the ovine uterine 
endometrium. Biol Reprod. 2011 Jun;84(6):1119-27. 
o	 Key findings: PGs are important regulators of conceptus elongation and 

mediators of endometrial responses to progesterone and IFNT in the ovine 
uterus. 

o	 Reviewer’s comments: This study is a mechanistic study (conducted with the 
same group above) relevant for NSADs that generally can impact early 
pregnancy. Effects of NSAIDs on early pregnancy events are already 
reflected in the Mobic label. 

23 Cella M, Farina MG, Dominguez Rubio AP, Di Girolamo G, Ribeiro ML, Franchi 
AM. Dual effect of nitric oxide on uterine prostaglandin synthesis in a murine 
model of preterm labour. Br J Pharmacol. 2010 Oct;161(4):844-55. 
o	 Key findings: This study showed an infection-associated model of preterm 

labour showed that preterm delivery can be prevented by decreasing PG or 
NO production. 

49 

Reference ID: 4255423Reference ID: 4585747 



 

NDA 210583 Anjeso™	 Reviewer: Armaghan Emami, PhD 

o	 Reviewer’s comments: Delayed parturition with using NSADs including 
meloxicam is a known class effect and is reflected in the label. 

24 Taboada FM, Murison PJ. Induction of anaesthesia with alfaxalone or propofol 
before isoflurane maintenance in cats. Vet Rec. 2010 Jul 17;167(3):85-9. 
o	 Key findings: In this study subcutaneous meloxicam was used as as 

preanaesthetic medication. Then propofol and alfaxanole were compared for 
induction of anaesthesia. 

o	 Reviewer’s comments: This study did not identify any risks related to 
reproductive parameters using meloxicam. 

25 Hirsch AC, Philipp H. Effects of meloxicam on reproduction parameters in dairy 
cattle. J Vet Pharmacol Ther. 2009 Dec;32(6):566-70. 
o	 Key findings: No relevant difference between the meloxicam and control 

group was found in the reproductive performance of the cows or in the body 
weight development or vitality of the calves. 

o	 Reviewer’s comment: The study does not suggest any adverse effects and 
the data need not be included in labeling. 

26 Saylan A, Arioz DT, Koken T, Dilek H, Saylan F, Yilmazer M. Prevention of 
ovarian hyperstimulation syndrome in a rat model: efficacy comparison between 
cabergoline and meloxicam. Acta Obstet Gynecol Scand. 2010 May;89(5):692-9. 
o	 Key findings: This study was conducted to compare the efficacy of 

cabergoline (Cb2) and meloxicam in curbing vascular endothelial growth 
factor (VEGF) expression and preventing ovarian hyperstimulation syndrome 
(OHSS).  Low-dose Cb2 and meloxicam (600 mcg/kg) therapies were shown to 
be ineffective in decreasing VEGF expression and VP, ovary weight, and ovary 
diameter in severe OHSS. 

o	 Reviewer’s comments: This study didn’t identify any risks related to 
reproductive parameters with using meloxicam and the findings do not 
impact labeling. 

27 Agrawal SS, Alvin Jose M. Anti-implantation activity of H2 receptor blockers and 
meloxicam, a COX-inhibitor, in albino Wistar rats. Eur J Contracept Reprod 
Health Care. 2009 Dec;14(6):444-50. 
o	 Key findings: Meloxicam showed significant anti-fertility activity at doses of 3, 

4, and 5 mg/kg. The combination of meloxicam (4 mg/kg) with ranitidine (70 
mg) and famotidine (80 mg/kg) showed 100% anti-fertility activity. According 
to the author, results indirectly confirm the combined involvement of 
histamine and prostaglandins in the implantation process. The mast cell 
stabilizing property of H(2) blockers appears to be a possible mechanism for 
their anti-implantation activity. 
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o	 Reviewer’s comments: These findings are currently reflected in the MOBIC 
and other NSAIDs labels. Class labeling for NSAIDs currently state “In 
animal studies, administration of prostaglandin synthesis inhibitors, such as 
meloxicam, resulted in increased pre- and post-implantation loss” in Section 
8.1 Risk summary. 

28 McDougall S, Bryan MA, Tiddy RM. Effect of treatment with the nonsteroidal 
antiinflammatory meloxicam on milk production, somatic cell count, probability of 
retreatment, and culling of dairy cows with mild clinical mastitis. J Dairy Sci. 2009 
Sep;92(9):4421-31. 
o	 Reviewer’s comments: This is an efficacy study to show that treatment of 

clinical mastitis with a combination of meloxicam and a parenteral antibiotic has 
a beneficial effects in cows and is not considered appropriate for the 
labeling. 

29 Amiridis GS(1), Tsiligianni T, Dovolou E, Rekkas C, Vouzaras D, Menegatos I. 
Combined administration of gonadotropin-releasing hormone, progesterone, and 
meloxicam is an effective treatment for the repeat-breeder cow. Theriogenology. 
2009 Sep 1;72(4):542-8. 
o	 Reviewer’s comments: This is an efficacy study fo show that a combined 

treatment including meloxicam (0.5 mg/kg, Days 16 to 18 after artificial 
insemination) may benefit the conception rate of repeat-breeder cows; 
however in this study meloxian did not significantly increase the pregnancy 
rates compared to the control. The study does not impact labeling. 

30 Erdem H(1), Guzeloglu A. Effect of meloxicam treatment during early pregnancy 
in Holstein heifers. Reprod Domest Anim. 2010 Aug;45(4):625-8. 
o	 Key findings: Following insemination (Day 0) heifers were assigned to 

receive subcutaneous meloxicam injection (0.5 mg/kg; n = 37) on the 
afternoon of Day 15 or were untreated as a control (n = 48). Meloxicam 
treatment on Day 15 after insemination dramatically decreased pregnancy rates 
in the heifers (52%; 25 of 48 in the control group vs 24.3%; 9 of 37 in the 
meloxicam-treated group; p < 0.01). This result indicates that administration of 
meloxicam at the time associated with pregnancy recognition processes to 
maintain the corpus luteum (CL) was harmful to the pregnancy even though the 
drug is considered to be safe during pregnancy in cattle. 

o	 Reviewer’s comments: This study is a further confirmation for NSADs that 
generally can impact early pregnancy which is some how reflected in the 
Mobic label. “Published animal studies have shown that administration of 
prostaglandin synthesis inhibitors such as meloxicam has the potential to 
disrupt prostaglandin-mediated follicular rupture required for ovulation.” 
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31 Quintana R(1), Kopcow L, Marconi G, Young E, Yovanovich C, Paz DA. 
Inhibition of cyclooxygenase-2 (COX-2) by meloxicam decreases the incidence of 
ovarian hyperstimulation syndrome (OHSS) in a rat model. Fertil Steril. 2008 
Oct;90(4 Suppl):1511-6. 
o	 Key findings: In a rat model suggest that meloxicam (30 mcg for 4 days) has a 

beneficial effect on OHSS by reducing the increases in ovarian weight and 
VEGF expression associated with OHSS. These effects may be mediated by the 
COX-2 inhibitory capacity of meloxicam. 

o	 Reviewer’s comments: This study didn’t identify any risks related to 

reproductive parameters with using meloxicam.
 

32 Rac VE, Scott CA, Small C, Adamson SL, Rurak D, Challis JR, Lye SJ. Dose-
dependent effects of meloxicam administration on cyclooxygenase-1 and 
cyclooxygenase-2 protein expression in intrauterine tissues and fetal tissues of a 
sheep model of preterm labor. Reprod Sci. 2007 Dec;14(8):750-64. 
o	 Key findings: Meloxicam (MEL) decreases prostaglandin production and blocks 

preterm labor in sheep. This study shows that while MEL is an effective 
tocolytic, reductions in COX-2 protein occurred only with maintained MEL 
exposure. MEL effects are tissue specific and do not affect COX-1 or PGDH 
expression. Maternal MEL does not affect fetal COX expression in the sheep, 
possibly contributing to its lack of fetal side effects. 

o	 Reviewer’s comments: Delayed parturition with using NSADs including 
meloxicam is a known class effect and is reflected in the label. 

33 Li W, Unlugedik E, Bocking AD, Challis JR. The role of prostaglandins in the 
mechanism of lipopolysaccharide-induced proMMP9 secretion from human 
placenta and fetal membrane cells. Biol Reprod. 2007 Apr;76(4):654-9. 
o	 Key findings: Prostaglandins (PGs) are thought to increase the risk of preterm 

premature rupture of the fetal membranes by causing matrix degradation. The 
aim of this study was to assess the mediating role of PGs on lipopolysaccharide 
(LPS)-induced MMP9 secretion in vitro. 

o	 Reviewer’s comments: This study is a mechanistic study that may help in 
developing strategies for the prevention and management of preterm premature 
rupture of the membranes (pPROM) and preterm labor. Delayed parturition 
with using NSADs including meloxicam is a known class effect and is 
reflected in the label. 

34 Pérez Martínez S(1), Hermoso M, Farina M, Ribeiro ML, Rapanelli M, Espinosa 
M, Villalón M, Franchi A. 17-beta-Estradiol upregulates COX-2 in the rat oviduct. 
Prostaglandins Other Lipid Mediat. 2006 Sep;80(3-4):155-64. 
o	 Key findings: This study showed that COX-2 is expressed mainly in 

proestrous and estrous stages, periods under estrogenic influence and 
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meloxican abolished the increase of PGs synthesis stimulated by 17-beta
estradiol (E2) in the rat oviduct. 

o	 Reviewer’s comments: This study is a mechanistic study that shows a known 
effect of COX-2 inhibition in the rat reproductive parameters. 

35 Rac VE, Small C, Scott CA, Adamson SL, Rurak D, Challis JR, Lye SJ. 
Meloxicam effectively inhibits preterm labor uterine contractions in a chronically 
catheterized pregnant sheep model: impact on fetal blood flow and fetal-maternal 
physiologic parameters. Am J Obstet Gynecol. 2006 Aug;195(2):528-34. 
o	 Key findings: Maternal infusion of meloxicam inhibited uterine contractions, 

increasing contraction duration, and attenuating frequency and amplitude. 
Saline-treated animals progressed to delivery. Administration of meloxicam was 
not associated with any change in fetal or maternal blood gas status, osmolality, 
arterial pressure, heart rate, or fetal blood flows. 

o	 Reviewer’s comments: This study is a mechanistic study that shows a known 
effect of COX-2 inhibition in the rat reproductive parameters. 

36 Cella M(1), Aisemberg J, Sordelli MS, Billi S, Farina M, Franchi AM, Ribeiro ML. 
Prostaglandins modulate nitric oxide synthase activity early in time in the uterus 
of estrogenized rat challenged with lipopolysaccharide. Eur J Pharmacol. 2006 
Mar 18;534(1- 3):218-26. 
o	 Reviewer’s comments: This study is a mechanistic study suggests that the 

interaction between nitric oxide synthase (NOS) and cyclooxygenase (COX) 
might be important in the regulation of physiopathologic events during 
pregnancy. The results do not impact labeling. 

37 Ribeiro M, Cella M, Farina M, Franchi A. Effects of aminoguanidine and 
cyclooxygenase inhibitors on nitric oxide and prostaglandin production, and nitric 
oxide synthase and cyclooxygenase expression induced by lipopolysaccharide in 
the estrogenized rat uterus. Neuroimmunomodulation. 2004;11(3):191-8. 
o	 Reviewer’s comments: This study is a mechanistic study suggests that the 

interaction between nitric oxide synthase (NOS) and cyclooxygenase (COX) 
might be important in the regulation of physiopathologic events during 
pregnancy (Same group as above article, similar results). The results do not 
impact labeling. 

38 Mirazi N, Alfaidy N, Martin R, Challis JR. Effects of dexamethasone and 
sulfasalazine on prostaglandin E2 output by human placental cells in vitro. J Soc 
Gynecol Investig. 2004 Jan;11(1):22-6. 

o	 Key findings: Basal PGE2 output by placental cells likely depends on the 
activity of PGHS1, not PGHS2. The effects of sulfasalazine suggest the 
importance of endogenous PGDH in regulating PGE2 output, and interactions 
with sulfasalazine, dexamethasone, and meloxicam suggest that 
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glucocorticoid-stimulated output of PGE2 by placental cells may be attributable 
to both up-regulation of PGHS and down-regulation of PGDH. 

o	 Reviewer’s comments: This study is a mechanistic study and not relavant to 
the label. 

39 Hirsch AC, Philipp H, Kleemann R. Investigation on the efficacy of meloxicam in 
sows with mastitis-metritis-agalactia syndrome. J Vet Pharmacol Ther. 2003 
Oct;26(5):355-60. 

o	 Key findings: The efficacy of meloxicam in the treatment of sows with mastitis
metritis-agalactia syndrome was investigated in comparison with flunixin. The 
mortality rates until Day 8 of the study were without significant difference 
between groups. In piglets of diseased litters, however, the mortality rate was 
50% lower in the meloxicam group in comparison with the reference group, this 
difference reaching statistical significance (P < or = 0.05). 

o	 Reviewer’s comments: This study is a efficacy study and not relavant to the 
label. 

40 Friton GM, Philipp H, Schneider T, Kleemann R. Investigation on the clinical 
efficacy and safety of meloxicam (Metacam) in the treatment of non-infectious 
locomotor disorders in pigs. Berl Munch Tierarztl Wochenschr. 2003 Sep
Oct;116(9-10):421-6. 

o	 Key findings: This study showed that intramuscular injection of meloxicam 
(Metacam) at a dosage of 0.4 mg/kg is efficacious and safe for the treatment of 
non-infectious locomotor disorders in pigs. 

o	 Reviewer’s comment: This study is an efficacy study and not relavant to 
the label. 

41 Lee PR, Kim SR, Jung BK, Kim KR, Chung JY, Won HS, Kim A. Therapeutic 
effect of cyclo-oxygenase inhibitors with different isoform selectivity in 
lipopolysaccharide-induced preterm birth in mice. Am J Obstet Gynecol. 2003 
Jul;189(1):261-6. 
o	 Key findings: Indomethacin (1 mg/kg/day) and meloxicam (2 mg/kg/day), but 

not diclofenac (2 mg/kg/day) on Days 15 through 18 of pregnancy, significantly 
decreased the incidence of preterm birth that was induced by lipopolysaccharide 
(33.3% and 33.3%, respectively). 

o	 Reviewer’s comments: Delayed parturition with using NSADs including 
meloxicam is a known class effect and is reflected in the label. 

42 Cappon GD, Cook JC, Hurtt ME. Relationship between cyclooxygenase 1 
and 2 selective inhibitors and fetal development when administered to rats 
and rabbits during the sensitive periods for heart development and midline 
closure. Birth Defects Res B Dev Reprod Toxicol. 2003 Feb;68(1):47-56. 
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o	 Key findings: This study assessed the effects COX-1 and COX-2 
inhibition on fetal heart development and midline closure in rats and 
rabbits by administering meloxicam to pregnant females during the 
sensitive period of development in each species (rats, 15 mg/kg/day 
on GD 9 and 10 and rabbits, 600 mg/kg on GD 9, 10, and 11). With the 
exception of a decrease in fetal body weight compared to control, high 
doses of meloxicam did not produce any fetal developmental effects. 
Specifically, no midline defects, diaphragmatic hernia, or ventricular 
septal defects were noted. 

o	 Reviewer’s note: The published study showed that a 10-fold higher 
dose of meloxicam (600 mg/kg) did not produce heart defects when 
given during GD 9-11, which they argue is the most sensitive period 
for fetal heart development, versus effects observed at 60 mg/kg when 
given throughout the period of organogenesis. The lack of heart 
findings with higher doses than tested in the Mobic label during the 
sensitive period of heart development are contradictory to the findings 
described in the Mobic label. As it is unclear why there is a 
discrepancy between the two studies and since the new data would 
diminish the risk expressed in the current reference product labeling, 
this reviewer does not consider it appropriate to include this 
information in the Anjeso at this time. 

o	 For more detail see below 

43 Sawdy R(1), Pan H, Sullivan M, Bennett P. Effect of selective vs. non-selective 
cyclooxygenase inhibitors on fetal membrane prostaglandin synthesis. J Obstet 
Gynaecol. 2003 May;23(3):239-43. 

o	 Key findings: This study showed that the concentrations of six NSAIDS that 
caused a 50% inhibition of fetal membrane prostaglandin output were lower 
than average plasma levels achieved during treatment. This effect was greatest 
for nimesulide and indomethacin, indicating that these drugs require further 
study at low doses in vivo, as this could achieve the same tocolytic effect with 
diminished adverse fetal effect. These drugs were also the most potent 
inhibitors of fetal membrane prostaglandin output, consistent with their effects 
on COX-2 activity. 
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o	 Reviewer’s comments: Another example of tocolytic effect with using 
NSADs including meloxicam which is a known class effect and is reflected 
in the label. The study does not impact labeling. 

44 Sawdy RJ, Sullivan MH, Bennett PR. The effects of non-steroidal anti-
inflammatory compounds on human myometrial contractility. Eur J Obstet 
Gynecol Reprod Biol. 2003 Jul 1;109(1):33-40. 

o	 Key findings: This study showed that in cultured myometrial cells, nimesulide 
(COX-2 selective inhibitors) and indomethacin (non-selective inhibitor) 
completely inhibited myometrial contractions, whereas meloxicam, DFU, SC 
58236 (COX-2 selective inhibitor), and SC 58560 (COX-1 selective inhibitor) 
had less effect. However, SC 58236 inhibited the production of prostaglandins 
from myometrial cells, whereas SC 58560 had less effect. This study concluded 
that there was no relationship between the inhibition of prostaglandin 
production and the effects of the compounds on contractility. 

o	 Reviewer’s comments: This is an invitro study and confirmed that 
meloxicam inhibited myometrial contractions in some dergrees. It does not 
impact labeling. 

45 Salhab AS, Gharaibeh MN, Shomaf MS, Amro BI. Meloxicam inhibits rabbit 
ovulation. Contraception. 2001 Jun;63(6):329-33. 

o	 Key findings: Ovulation in rabbits was completely inhibited by a single 
IP administration of meloxicam (20 mg/kg) when the drug was 
administered at 2 and 5 h postcoitus, whereas neither ovulation nor 
implantation were inhibited (pregnancy rate 75%) by the same dose 
administered 24 h postcoitus (approximately 14 h post ovulation). 
Further, ovulation was completely inhibited by 10 mg/kg of meloxicam 
when the drug was administered at 5 or 8 h postcoitus, but there was 
less inhibition of ovulation when 10 mg/kg of the drug was administered 
at 2 or 24 h postcoitus (pregnancy rate 25 and 80%, respectively). 
Corpora lutea, maternal plasma progesterone, ovary fresh weight, and 
maternal body weight gain were affected by meloxicam treatment. 
Histopathological findings observed in the ovaries of treated rabbits 
included microscopic dilatation of graffian follicles, particularly mature 
follicles. Some of the follicles were cystically dilated in addition to 
severe hemorrhage within the follicles which lost ova. 

o	 Reviewer’s comments: This study is a further confirmation for 
NSAIDs including meloxicam that can impact early pregnancy which 
is reflected in the Mobic label. This study showed that this inhibition 
of ovulation by meloxicam was dose- and time-dependent. 

46 Slattery MM, Friel AM, Healy DG, Morrison JJ. Uterine relaxant effects of 
cyclooxygenase-2 inhibitors in vitro. Obstet Gynecol. 2001 Oct;98(4):563-9. 

o Key findings: This study compared the effects of three COX-2 inhibitors: 
nimesulide, meloxicam, and celecoxib on contractile activity in pregnant (before 
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and after labor) and nonpregnant human myometrial tissue in vitro. This study 
showed that COX-2 inhibitors exert significant relaxation in human myometrium 
with a similar potency in nonpregnant and pregnant (before and after labor 
onset) tissues. Celecoxib, a COX-2 specific inhibitor, was more potent than 
nimesulide or meloxicam, COX-2 preferential inhibitors. 

o	 Reviewer’s comments: This is an invitro study that confrmed that 
meloxicam has a tocolytic effect. The results do not impact current labeling. 

47 McKeown KJ, Challis JR, Small C, Adamson L, Bocking AD, Fraser M, Rurak D, 
Riggs KW, Lye SJ. Altered fetal pituitary-adrenal function in the ovine fetus 
treated with RU486 and meloxicam, an inhibitor of prostaglandin synthase-II. Biol 
Reprod. 2000 Dec;63(6):1899-904. 

o	 Key findings: RU486-provoked labor in sheep is associated with activation of 
fetal hypothalamic-pituitary-adrenal (HPA) function, and that this is attenuated 
during meloxicam treatment to a level considered compatible with pregnancy 
maintenance. 

o	 Reviewer’s comments: Another example of uterine tocolytic effect of 
meloxicam. The results do not impact current labeling. 

48 Yousif MH, Thulesius O. Tocolytic effect of the cyclooxygenase-2 inhibitor, 
meloxicam: studies on uterine contractions in the rat. J Pharm Pharmacol. 1998 
Jun;50(6):681-5. 

o	 Key findings: The in-vitro tocolytic effect of meloxicam and indomethacin was 
evaluated on spontaneously-contracting uterine strips from non-pregnant rats 
and from rats at various stages of pregnancy. Both indomethacin and 
meloxicam induced dose-dependent inhibitory effects, with meloxicam being 
slightly more potent, particularly in early pregnancy. 

o	 Reviewer’s comments: Another example of uterine tocolysis effect of 
meloxicam. The results do not impact current labeling. 

49 Wang G, Liu L, Guo S, Zhang C. Expression and distribution of forkhead activin 
signal transducer 2 (FAST2) during follicle development in mouse ovaries and 
pre-implantation embryos. Acta Histochem. 2016 Jul;118(6):632-639. 

o	 Key findings: This study suggest that FAST2 is expressed in a cell-specific 
manner during ovarian follicle development, ovulation, luteinization and early 
embryonic development. 

o	 Reviewer’s comments: In this study meloxicam was used to investigate the 
expression of FAST2 during early developmental stages of the organism in 
mice. The results do not impact labeling. 

50 Herman AP, Krawczyńska A, Bochenek J, Antushevich H, Herman A, 
Tomaszewska-Zaremba D. Involvement of prolactin in the meloxicam-dependent 
inflammatory response of the gonadotropic axis to prolonged lipopolysaccharide 
treatment in anoestrous ewes. Reprod Fertil Dev. 2016 Jun;28(7):914-923. 
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o	 Key findings: The aim of this study was to determine the effects of a COX-2 
inhibitor (meloxicam) on gonadotropin-releasing hormone (GnRH) and LH 
secretion in anoestrous ewes during systemic inflammation induced by 
lipopolysaccharide (LPS). This study concluded that COX-2 inhibitors minimise 
the negative effect of inflammation on the reproductive system but that this 
effect may be antagonised by prolactin. 

o	 Reviewer’s comments: This study didn’t identify any risks related to 
reproductive parameters with using meloxicam. The results do not impact 
labeling. 

51 Campagna I, Schwarz A, Keller S, Bettschart-Wolfensberger R, Mosing M. 
Comparison of the effects of propofol or alfaxalone for anaesthesia induction and 
maintenance on respiration in cats. Vet Anaesth Analg. 2015 Sep;42(5):484-92. 

o	 Key findings: Alfaxalone might be better than propofol for induction and 
maintenance of anaesthesia in cats when artificial ventilation cannot be 
provided 

o	 Reviewer’s comments: This study compared the effects of propofol and 
alfaxalone on respiration in cats and meloxicam just used as premedication. It 
is not related to reproductive parameters. 

52 Rubio-Ruiz ME, Pérez-Torres I, Diaz-Diaz E, Pavón N, Guarner-Lans V. Non-
steroidal anti-inflammatory drugs attenuate the vascular responses in aging 
metabolic syndrome rats. Acta Pharmacol Sin. 2014 Nov;35(11):1364-74. 

o	 Key findings: NSAIDs including meloxicam can directly affect vascular 
responses in aging Metabolic syndrome (MS) rats. Understanding the effects of 
NSAIDs on blood vessels may improve the treatment of cardiovascular 
diseases and MS in the elderly. 

o	 Reviewer’s comments: This study was an efficacy study which was not 
related to reproductive parameters. 

53 Peterson KM, Chappell DE, Lewis B(2), Staton A, Dement E, Prater PE, Blanton 
RA. Heartworm-positive dogs recover without complications from surgical 
sterilization using cardiovascular sparing anesthesia protocol. Vet Parasitol. 2014 
Nov 15;206(1-2):83-5. 

o	 Reviewer’s comments: This study was an efficacy study in dogs and was 
not related to reproductive parameters. 

54 Le AH, Bonachea LA, Cargill SL. Meloxicam and buprenorphine treatment after 
ovarian transplantation does not affect estrous cyclicity and follicular integrity in 
aged CBA/J mice. PLoS One. 2014 Aug 25;9(8): e106013. 

o	 Key findings: These aged females did not show any different reproductive 
responses when treated with either buprenorphine or meloxicam. 
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o	 Reviewer’s comments: This study didn’t identify any risks related to 
reproductive parameters with using meloxicam. The results do not impact 
current labeling. 

55 Weiss EA and Gandhi M. Preferential Cyclooxygenase 2 Inhibitors as a 
Nonhormonal Method of Emergency Contraception: A Look at the Evidence. J 
Pharm Pract. 2016 Apr;29(2):160-4. 

o	 Key findings: The effects of the COX-2 inhibitors rofecoxib, celecoxib, and 
meloxicam were evaluated in 6 human trials. Each of which was small in 
scope, enrolled women of variable fertility status, used different dosing 
regimens, included multiple end points, and had variable results. Although 
all trials resulted in a decrease in ovulatory cycles, outcomes varied 
between dosing strategies and agents used, insufficient evidence exists to 
fully support the use of preferential COX-2 inhibitors as a form of emergency 
contraception. 

o	 Reviewer’s comments: This is a clinical study and does not impact the 
nonclinical sections of the labeling. 

56 Uzun B, Atli O, Perk BO, Burukoglu D, Ilgin S. Evaluation of the 
reproductive toxicity of naproxen sodium and meloxicam in male rats. Hum 
Exp Toxicol. 2015 Apr;34(4):415-29. 

o	 Key findings: Naproxen and meloxicam decreased the sperm count 
and motility and also induced the damage of seminiferous tubules as a 
direct effect without affecting plasma hormone levels in our study. 

o	 Reviewer’s comments: These findings do not appear to be reflected in 
the current Mobic labeling and should be considered for inclusion in 
the labeling. Similar testicular effects have been reported with 
ibuprofen, indomethacin, naproxen, acetaminophen, and aspirin 
suggesting a potential class effect. Given the potential for class 
effects, the results of this study should be considered for inclusion in 
labeling. Potential language for 13.1 could read: 

“In a published study, oral administration of 1 mg/kg (0.3x the 
maximum human daily dose) meloxicam to male rats for 35 days 
resulted in decreased sperm count and motility and histopathological 
evidence of testicular degeneration.” 

A risk summary statement should also be included in Section 8.3. 

o	 See below for more details. 

57 Pradhan A and Olsson PE. Juvenile ovary to testis transition in zebrafish involves 
inhibition of ptges. Biol Reprod. 2014 Aug;91(2):33. 

o	 Key findings: This study showed that PGD2 and PGE2 can program the 
gonads to either the testis or the ovary differentiation pathways, indicating that 
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prostaglandins are involved in the regulation of zebrafish gonadal 
differentiation. 

o	 Reviewer’s comments: In this study meloxicam was used to inhibit PGE2 
results in male-biased sex ratios. The relevance of this model to human 
development is unknown. As such the results are not appropriate for current 
labeling. 

58 Jesam C, Salvatierra AM, Schwartz JL, Fuentes A, Croxatto HB. Effect of oral 
administration of a continuous 18 day regimen of meloxicam on ovulation: 
experience of a randomized controlled trial. Contraception. 2014 Aug;90(2):168
73. 

o	 Key findings: The study was conducted in 56 healthy sterilized women and 
meloxicam (15 or 30 mg/day) administered from menstrual cycle day 5- 22. 
Ovulation was observed in 44.6% and in 21.7% of women in the lower dose 
group and the higher dose group, respectively. This study concluded that Since 
ovulation occurs in over 20% of cycles even with a high dose of 30 mg daily, it 
is not likely that the approach would be a highly effective contraceptive 
strategy. 

o	 Reviewer’s comments: This is a clinical study that appears to confirm that 
meloxicam can inhibit ovulation and impact early pregnancy. This is already 
reflected in the Mobic label. 

59 Matzkin ME, Pellizzari EH, Rossi SP, Calandra RS, Cigorraga SB, Frungieri MB. 
Exploring the cyclooxygenase 2 (COX2)/15d-Δ(12,14)PGJ(2) system in hamster 
Sertoli cells: regulation by FSH/testosterone and relevance to glucose uptake. 
Gen Comp Endocrinol. 2012 Nov 1;179(2):254-64. 

o	 Key findings: This study showed the presence of a COX2/PG system in 
hamster Sertoli cells which might act as a local modulator of FSH and 
testosterone actions. 

o	 Reviewer’s comments: In this in vitro study, meloxicam was used to 
investigate the involvement of COX2/PGs in the modulation of testosterone 
production in Leydig cells of hamster. The impact of NSAIDs on male fertility 
should be further explored in the next review cycle to assess the impact on 
labeling. 

60 Clarke EO and DeVoe RS. Ovariohysterectomy of three vampire bats 
(Desmodus rotundus). J Zoo Wildl Med. 2011 Dec;42(4):755-8. 

o	 Key findings: After ovariohysterectomy three vampire bats were 
administered meloxicam at 0.2 mg/kg placed in their blood meal once daily 
for 7 days postoperatively, after which they were returned to their normal 
enclosures. The use of local analgesics on the surgical site and systemic 
meloxicam may have prevented surgical complications such as swelling. 

o	 Reviewer’s comments: This is an efficacy study and no safety issue was 
identified with using meloxicam. The results do not impact labeling. 

60
 

Reference ID: 4255423Reference ID: 4585747 



 

 

 

NDA 210583 Anjeso™	 Reviewer: Armaghan Emami, PhD 

61 Jiménez LM, Binelli M, Bertolin K, Pelletier RM, Murphy BD. Scavenger receptor
B1 and luteal function in mice. J Lipid Res. 2010 Aug;51(8):2362-71. 

o	 Key findings: This study showed that scavenger receptor-B1 (SCARB1) 
expression is essential for maintaining normal ovarian cholesterol homeostasis 
and luteal steroid synthesis. 

o	 Reviewer’s comments: In this study meloxicam was used to block ovulation 
in mice to investigate Scavenger receptor-B1 and luteal function. The 
results do not impact current labeling. 

62 Hester KE, Harper MJ, Duffy DM.Oral administration of the cyclooxygenase-
2 (COX-2) inhibitor meloxicam blocks ovulation in non-human primates 
when administered to simulate emergency contraception. Hum Reprod. 
2010 Feb;25(2):360-7. 

o	 Key findings: A 5-day course of oral meloxicam administered around 
the time of ovulation reduced the rate of oocyte release without 
alteration of reproductive hormones or menstrual cycle length. For 
more detail see below. 

o	 Reviewer’s comments: This findings is already reflected in the current 
NSAID labeling, which states that “Published animal studies have 
shown that administration of prostaglandin synthesis inhibitors has 
the potential to disrupt prostaglandin-mediated follicular rupture 
required for ovulation.” 

63 Jesam C, Salvatierra AM, Schwartz JL, Croxatto HB. Suppression of follicular 
rupture with meloxicam, a cyclooxygenase-2 inhibitor: potential for emergency 
contraception. Hum Reprod. 2010 Feb;25(2):368-73. 

o	 Key findings: In this clinical study dysfunctional ovulation was observed in 
11/22 (50%) cycles volunteers treated with 15 mg/day and 20/22 (90.9%) 
cycles with 30 mg/day (P = 0.0068). There were no serious adverse events, 
and no changes in LH and E2 levels or in cycle length. 

o	 Reviewer’s comments: This study confirmed that meloxicam can cause 
adverse effect when used early in pregnancy in humans. 

64 Clark TP. The clinical pharmacology of cyclooxygenase-2-selective and dual 
inhibitors. Vet Clin North Am Small Anim Pract. 2006 Sep;36(5):1061-85. 

o	 Key findings: This article compares three veterinary medicine (COX 2 
inhibitors): carprofen, etodolac, and meloxicam for overall in vivo safety. This 
article concludes that until head-to-head trials in multicenter blind studies are 
published, comments on comparative safety and effectiveness must be 
reserved. 

o	 Reviewer’s comments: No unknown safety issues in animals were 
indicated by meloxicam in this article. 
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65 Forcelledo ML, Brache V, Tejada AS, Salvatierra AM, Reyes MV, Alvarez F, 
Faúndes A, Croxatto HB. Does meloxicam increase the incidence of anovulation 
induced by single administration of levonorgestrel in emergency contraception? A 
pilot study. Hum Reprod. 2007 Feb;22(2):434-9. 

o	 Key findings: This clinical study showed that the addition of a COX-2 inhibitor 
(meloxicam) has the potential to improve the contraceptive efficacy of 
Levonorgestrel (LNG). 

o	 Reviewer’s comments: This study confirmed that meloxicam can cause 
adverse effect when used early in pregnancy in humans. 

66 Van Gucht S, Labarque G, Van Reeth K. The combination of PRRS virus and 
bacterial endotoxin as a model for multifactorial respiratory disease in pigs. Vet 
Immunol Immunopathol. 2004 Dec 8;102(3):165-78. 

o	 Key findings: This article reviews in vivo studies on the interaction between 
porcine reproductive and respiratory syndrome virus (PRRSV) and LPS 
performed in the authors' laboratory. The author concluded that the PRRSV
LPS combination proved to be a simple and reproducible experimental model 
for multifactorial respiratory disease in pigs. 

o	 Reviewer’s comments: In this study meloxicam was examined to 
investigate its clinical effects in reducing the fever and respiratory signs. The 
results do not impact labeling. 

67 Faletti AG, Mohn C, Farina M, Lomniczi A, Rettori V. Interaction among beta
endorphin, nitric oxide and prostaglandins during ovulation in rats. Reproduction. 
2003 Apr;125(4):469-77. 

o	 Key findings: The aim of this study was to investigate the relationship between 
beta-endorphin and nitric oxide (NO) during the ovulatory process in rats. This 
study showed that beta-endorphin stimulates the activity of ovarian NOS 
indirectly by inhibiting prostaglandin production. 

o	 Reviewer’s comments: This mechanistic study showed that meloxicam 
increases NOS activity in ovaris by inhibiting PG synthesis. The results do 
not impact current labeling. 

68 Königsson K(1), Odensvik K, Kindahl H. Endocrine, metabolic and clinical effects 
of intravenous endotoxin injection after pre-treatment with meloxicam in heifers. J 
Vet Med A Physiol Pathol Clin Med. 2002 Oct;49(8):408-14. 

o	 Key findings: The aim of this study was to evaluate meloxicam to prevent the 
inflammatory response elicited by endotoxin (ET). Furthermore, to evaluate a 
possible effect of meloxicam on delta13-reductase and 15-hydroxy prostanoate 
dehydrogenase, enzymes responsible for the initial metabolism of PGF2alpha. 
This study showed that meloxicam effectively suppresses several of the 
inflammatory reactions seen after ET injections and has no major influence on 
the PGF2alpha metabolism. 
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o	 Reviewer’s comments: This study was an efficacy study in heifers and 
didn’t indicate any safety issues using meloxicam. 

Out of the 68 articles submitted in this NDA (based on review search on using 
meloxicam during pregnancy and lactation), six reported potentially significant 
developmental findings and these were evaluated further by this reviewer (see below). 

1. (Uzun et al., 2015) Evaluation of the reproductive toxicity of naproxen 
sodium and meloxicam in male rats. 

Male rats were dosed with 1 mg/kg meloxicam via oral gavage for 35 days (human 
equivalent dose of 9.7 mg/60 kg based on body surface area; 0.3x the human dose 
based on BSA). Sperm count and motility; COX-1, COX-2, PGE1, PGE2, PGF2a tissue 
levels in testes; FSH, LH, and testosterone plasma; and histopathology of testes was 
examined. 

Key findings: 

•	 The 35 days of treatment with 1 mg/kg/day meloxicam decreased testicular 
levels of COX-1, prostaglandin E1 (PGE1), PGE2, prostaglandin F2α (PGF2α), 
catalase (Cat), glutathione peroxidase (GPx), and glutathione (GSH). 

•	 No meloxicam-related effects were noted on testicular levels of COX-2 or on 
plasma levels of follicle-stimulating hormone (FSH), luteinizing hormone (LH), 
and testosterone. 

•	 Reduced sperm count and sperm motility, and cellular degeneration, tubular 
atrophy, vacuolization, congestion, and an increase in connective tissue in the 
testes were noted for meloxicam-treated male rats. 
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Table 2. The effects o f drug treatments after 35 days o n testis COX- I, COX-2 , PGE1, PGEi. a nd PGF12 levels in rats. 

c N M 

COX- I (pg/ml} 208.69 ± 26.1 I 17 1.95 ± 18.01" 189.56 ± 211.23~ 
COX-2 (ng/ml) 36.81 ± 5.16 33.48 ± 7.72 36.71 ± 8.42 
PGE1 (pg/ml) 73.0I ± 2.09 nJ2 ± 1.06 69.83 ± l.89"·b 
PGE2 (pg/ml) 136.67 ± 32.82 107.18 ± 18.61" 82.59 ± 23.31"' 
PGF2,. (pg/ml) 3'2.96 ± 6.14 2-4.32 ± 3.76" 25.76 ± 4.97" 

C: control group: N: ~proxen sodium gro~: H: meloxic:am group: COX-I: cydooxygenas.e-1: COX-2: cydooxyge11ue-2: PGE1: 

prosQgl-.indin E1: PGe2: prosaglandln E2: PGF2.J: prostagi3ndin Fl.r 
•p < O.OS: diff~ttnt ffom C. 
bp < 0.05: dlforent from N. 

Table 3 . The effects of drug treatments after 35 days on testis GSH, GPx, SOD, and CAT levels in rats. 

c N M 

GSH (µM) 55.67 ± 19.75 25.22 ± 5.693 25.96 ± 6.51 .. 
CAT (nmol/min/ml) 72.3 3 ± 12.52 58.02 ± 8.43 53.70 ± 11.93 

SOD (U/ml) 3.22 ± 0.3 1 2.72 ± 0.373 3.03 ± 0.28 
GPx (nmol/min/ml) 75.32 ± 10.3 53.85 ± 17.243 50.94 ± 9.723 

C: control group; N: naproxen sodium group; M: meloxicam group; GSH: glutathione; CAT: catalase; SOD: superoxide dismutase; GPx: 
glutathione peroxidase. 
•p < 0.05: different from C. 

(a) (b) 

Figure 3. Assessment of testis light microscopy analysis in control male rats. The testes of rats from the control group 
revealed normal seminiferous tubules. (a) Hematoxylin and eosin stain, scale bar 500 ~tm and (b) hematoxylin and eosin 
stain, scale bar 200 ~tm. 
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Reviewer’s note: These results suggest that the mechanism of these effects may be a 
result of the inhibition of prostaglandin synthesis with a potential for oxidative stress 
providing a secondary influence. However, similar testicular changes are not described 
in the referenced Mobic labeling, which states that oral doses of up to 9 mg/kg in males 
did not impair male fertility (3x the MDD based on body surface area). However, it 
should be noted that male rats are far more fertile than humans; therefore, the changes 
reported by Uzan may not have resulted in a decrease fertility as measured in mating 
studies. 
Similar testicular effects have been reported with ibuprofen, indomethacin, naproxen, 
acetaminophen, and aspirin suggesting a potential class effect. Given the potential for 
class effects, the results of this study should be considered for inclusion in labeling. 
Potential language for 13.1 could read: 
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In a published study, oral administration of 1 mg/kg (0.3x the maximum human 
daily dose) meloxicam to male rats for 35 days resulted in decreased sperm 
count and motility and histopathological evidence of testicular degeneration. 

A risk summary statement should also be included in Section 8.3. 

2.  (Salhab et al., 2001) Meloxicam inhibits rabbit ovulation 

This paper assessed meloxicam-related effects on ovulation when administered as a 
single IP dose at 2, 5, or 8 hours post coitus (PC) or 14 hours post ovulation (24 hours 
PC) in rabbits. The doses assessed ranged from 2.5 mg/kg to 20 mg/kg. 

Key findings: 

•	 In this study, meloxicam inhibited ovulation both time- and dose-dependently with 
complete inhibition when 10 mg/kg was administered at 5 or 8 hours PC or 20 
mg/kg was administered 2 or 5 hours. Lower doses of 5 and 2.5 mg/kg produced 
partial inhibition of pregnancy. 

•	 When administered post-ovulation (24 hours PC) 4 of 5 females and 3 of 4 
females administered 10 mg/kg and 20 mg/kg, respectively, were pregnant 
compared to 12 of 13 control. 

•	 Histopathologic examination of the ovaries from animals given 20 mg/kg showed 
a dilatation of the Graafian follicles and some of the follicles that lost ova were 
cystically dilated with severe hemorrhage. 
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Reviewer’s note: There is another publication by the same group (Salhab et al., 2003) to 
further assess meloxicam-related effects on ovulation in the rabbits. Bred females were 
dosed at 5 hours PC with 20 mg/kg meloxicam (oral) or 14.9 g/kg (intravaginal). None 
of the females that received the full dose were pregnant at the GD10 C-section. 
Microscopic examination of the ovaries showed an irregular surface resulting from 
different sized cysts and some of the cystic follicles contained retained ova. 
Immunohistochemical assessment for estrogen and progesterone showed positive 
staining in the granulosa cells and unruptured follicles. Together, these data from two 
publications support the conclusion that the contraceptive effect is due to the failure of 
follicular rupturing. 

These findings are currently reflected in the MOBIC and other NSAIDs labels. The 
Mobic label reflects the current class labeling for NSAIDs as follows: “Based on the 
mechanism of action, the use of prostaglandin-mediated NSAIDs, including MOBIC, 
may delay or prevent rupture of ovarian follicles, which has been associated with 
reversible infertility in some women. Published animal studies have shown that 
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administration of prostaglandin synthesis inhibitors has the potential to disrupt 
prostaglandin-mediated follicular rupture required for ovulation. Small studies in women 
treated with NSAIDs have also shown a reversible delay in ovulation. Consider 
withdrawal of NSAIDs, including MOBIC, in women who have difficulties conceiving or 
who are undergoing investigation of infertility.” in Section 8.3 Females and Males of 
Reproductive Potential. Similar language is appropriate for this drug product. 

3. (McCann et al., 2013) The COX-2 inhibitor meloxicam inhibits pregnancy 
when administered as an emergency contraceptive to nonhuman 
primates. 

Meloxicam was administered orally (0.5 mg/kg/day) to proven fertile female cynomolgus 
macaques using one emergency contraceptive model and three monthly contraceptive 
models. In the emergency contraceptive model, females were bred with a proven fertile 
male once 2±1 days before ovulation, returned to the females' home cage, and then 
received 5 days of meloxicam treatment. In the monthly contraceptive models, females 
were cocaged for breeding with a proven fertile male for a total of 5 days beginning 2±1 
days before ovulation. Animals received meloxicam treatment (1) cycle days 5–22, or 
(2) every day, or (3) each day of the 5-day breeding period. Female were then 
assessed for pregnancy. 

Key findings: 
•	 The pregnancy rate with meloxicam administration using the emergency 

contraception model was 6.5%, significantly lower than the pregnancy rate of 
33.3% when vehicle without meloxicam was administered. 

•	 Pregnancy rates with the three monthly contraceptive models (75%–100%) were 
not consistent with preventing pregnancy. 

Conclusion: This study further support NSAID class labeling language regarding effects 
of NSAID on fertility through interference with ovulation. This is currently reflected in 
Section 8.3, as noted above. 

4. (Hester et al., 2010) Oral administration of the cyclooxygenase-2 (COX-2) 
inhibitor meloxicam blocks ovulation in non-human primates when 
administered to simulate emergency contraception 

Four sequential menstrual cycles were studied. In Cycle 1, a serum sample was 
obtained each day and assayed for estradiol, progesterone and luteinizing hormone; 
first menses was also noted to establish parameters of a normal menstrual cycle for 
each animal. In Cycle 2, meloxicam was administered orally once each day for 5 days 
beginning at either mid-follicular, late-follicular or periovulatory phase of the menstrual 
cycle. Daily serum samples and menses were assessed as for Cycle 1. In Cycle 3, the 
follicle-bearing ovary was removed 2 days after the expected day of ovulation. In Cycle 
4, monkeys received the 5-day courses of oral meloxicam as in Cycle 2, and the 
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remaining ovary was removed. Ovaries were examined for the presence of an oocyte 
within the follicle. 

Key finding: 

•	 Meloxicam treatment in Cycle 2 did not alter hormone levels or the luteal phase 
length. 

•	 Follicles of ovaries removed during Cycle 3 did not contain oocytes, indicating 
successful ovulation. 

•	 Follicles did contain oocytes after meloxicam treatment beginning in the mid-
follicular (67%), late-follicular (100%) or periovulatory (50%) phase of Cycle 4, 
indicating failure of ovulation. 

Conclusions: A 5-day course of oral meloxicam administered around the time of 
ovulation reduced the rate of oocyte release without alteration of reproductive hormones 
or menstrual cycle length. 

Reviewer’s note: These findings are currently reflected in the MOBIC and other NSAIDs 
labels. The Mobic label reflects the current class labeling for NSAIDs as follows: 
“Based on the mechanism of action, the use of prostaglandin-mediated NSAIDs, 
including MOBIC, may delay or prevent rupture of ovarian follicles, which has been 
associated with reversible infertility in some women. Published animal studies have 
shown that administration of prostaglandin synthesis inhibitors has the potential to 
disrupt prostaglandin-mediated follicular rupture required for ovulation. Small studies in 
women treated with NSAIDs have also shown a reversible delay in ovulation. Consider 
withdrawal of NSAIDs, including MOBIC, in women who have difficulties conceiving or 
who are undergoing investigation of infertility.” in Section 8.3 Females and Males of 
Reproductive Potential. Similar language is appropriate for this drug product. 

5. (Cappon et al., 2003) Relationship between cyclooxygenase 1 and 2 
selective inhibitors and fetal development when administered to rats 
and rabbits during the sensitive periods for heart development and 
midline closure 

This study assessed the effects COX-1 and COX-2 inhibition on fetal heart development 
and midline closure in rats and rabbits by administering meloxicam to pregnant females 
during the sensitive period of development in each species (rats, 15 mg/kg/day on GD 9 
and 10 and rabbits, 600 mg/kg on GD 9, 10, and 11). 

Key findings: 
•	 Meloxicam-related maternal toxicity occurred in rats (decreased body weights on 

GD 9 to GD 12) and rabbits (loose/liquid stool in rabbits). 
•	 With the exception of a decrease in fetal body weight (9% lower than control), 

high doses of meloxicam did not produce any fetal developmental effects. 
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Specifically, no midline defects, diaphragmatic hernia, or ventricular septal 
defects were noted. 
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Reviewer’s note: These doses of 15 mg/kg/day in rats and 600 mg/kg/day in rabbits 
provided safety margins of up to 4.8 and 389 times greater, respectively, the MRHD 
based on BSA comparison for Anjeso. The currently proposed Anjeso label states 
“Administration of meloxicam to pregnant rabbits throughout embryogenesis produced 
an increased incidence of septal defects of the heart at an oral dose of 60 mg/kg/day 
(39-fold greater than the MRHD of 30 mg of ANJESO based on BSA comparison). The 
no effect level was 20 mg/kg/day (13-fold greater than the MRHD of 30 mg of ANJESO 
based on BSA conversion).” 

The published study showed that a 10-fold higher dose of meloxicam (600 mg/kg) did 
not produce heart defects when given during GD 9-11, which they argue is the most 
sensitive period for fetal heart development, versus effects observed at 60 mg/kg when 
given throughout the period of organogenesis. The lack of heart findings with higher 
doses than tested in the Mobic label during the sensitive period of heart development 
are contradictory to the findings described in the Mobic label. As it is unclear why there 
is a discrepancy between the two studies and since the new data would diminish the 
risk expressed in the current reference product labeling, this reviewer does not consider 
it appropriate to include this information in the Anjeso at this time. 

6. (Thaete et al., 2013) Impact of anaesthetics and analgesics on fetal 
growth in the mouse. 

This study was designed to test the effects of specific anaesthetic and analgesic agents, 
including meloxicam, on fetal development when dosed at times approximating 
fertilization (E0), attachment (E4), beginning of organogenesis (E6), end of 
organogenesis (E12), and the logarithmic growth phase (E15). At term (E18), fetal and 
placental growth were evaluated, morphological analyses were performed, and skeletal 
measurements were conducted. 

Key findings: 
•	 A slight, but statistically significant decrease in fetal weight and in the length of 

the humerus were noted when meloxicam (2 mg/kg) was administered to 
pregnant mice by IM injection one on GD 0 or on both GD 0 and 1 (during 
fertilization) for two days. The data showed that fetal weights and humerus 
lengths were significantly correlated for meloxicam (P<0.01). 
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Reviewer’s note: The dose tested (2 mg/kg/day in mice) provides an exposure margin of 
only 0.3 times the MRHD of 30 mg of ANJESO based on BSA comparison. These 
findings are not completely unexpected since the reference product label notes that 
meloxicam caused embryofetal death in rats and rabbits when administered during the 
period of organogenesis at doses equivalent to 0.65 – and 6.5 times, respectively, the 
MRHD of 15 mg of Mobic. The exposure margin for the embryolethality is 
approximately 0.3 times the MRHD of 30 mg ANJESO, which is comparable to that of 
the fetal growth effects observed in this article. As the embryolethality findings 
described in the reference product labeling  are more severe, the reviewer does not feel 
it necessary to describe the growth effects in the ANJESO labeling. 

10  Special Toxicology Studies 

10.1 Hemocompatibility study 

Title: Hemolytic Potential and Plasma Compatibility Testing with N1539 Injectable 
NanoCrystal® Colloidal Dispersion (Meloxicam) in Human Whole Blood and 
Plasma (Study 8330763) 

The hemolytic potential and plasma compatibility of the test article meloxicam NCD, at a 
concentration of 30 mg/mL, the comparison article (Metacam® [meloxicam]) as a 5
mg/mL solution for injection, or the vehicle (5% [w/v] sucrose prepared in Sterile Water 
for Injection, USP), was assessed in human whole blood and plasma. 

Lot number: 67535 and Purity: 95.9% 

(b) (4)Test Facility: 

Study Location: \\cdsesub1\evsprod\nda210583\0001\m4\42-stud-rep\423-tox\4237
other-tox-stud\42377-other\8330763\8330763.pdf 
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Method 

Hemolytic Potential Testing 
Test tubes were set up as follows: 

Each mixture was incubated for 40 to 45 minutes at approximately 37°C. After 
incubation, the tubes were centrifuged (centrifuge set to maintain 2 to 8°C), and the 
supernatant was harvested. A hemoglobin index was determined for the supernatant of 
each tube using a Roche Diagnostics Analytics Modular Chemistry Analyzer. The 
hemoglobin index approximates the amount of hemoglobin in mg/dL. The Analytics 
Modular Chemistry Analyzer used an algorithm to calculate hemoglobin based on 
absorbance readings at two wavelength pairs, 570 and 600 nm and 660 and 700 nm. 
According to the analyzer specification information provided by the manufacturer, the 
hemolytic index corresponds to an approximate concentration of hemoglobin in mg/dL. 

The hemolytic index was compared with that of the negative control. Hemolysis was 
considered to have occurred (recorded as a positive test result) if the hemoglobin index 
was >500 (i.e., approximately 500 mg/dL) more than that of the negative control. 
Absence of hemolysis, relative to the negative control, was recorded as a negative test 
result. 

Plasma Compatibility Testing 
Test tubes were set up as follows: 
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The contents of each tube were examined macroscopically. Changes in color or clarity, 
relative to the homologous plasma sample, and the presence of flocculation, 
precipitation, or coagulation were recorded. If macroscopic evaluation of a mixture 
revealed any differences relative to the homologous plasma sample, microscopic 
examinations were done on that mixture and the homologous plasma sample for 
comparison purposes. When no changes or differences relative to the homologous 
plasma sample were observed, a microscopic examination was not done on that 
mixture. 

The purpose of the microscopic examination is to further characterize macroscopic 
findings. For example, if crystals or particulate material were observed, a description 
was recorded. When no differences from the homologous plasma sample were 
observed, this was also recorded. 

Results 
•	 N1539 Injectable NanoCrystal® Colloidal Dispersion (Meloxicam), 30 mg/mL 

caused a small increase in hemoglobin that did not reach the limit of 500 mg/dL 
defined as evidence of hemolyosis. As such, the report concludes that there was 
no evidence of hemolysis in human blood in vitro and no macroscopic changes, 
including flocculation, in the plasma. 

Hemolytic Potential 

Plasma Compatibility 
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10.2 Extractable/leachable study 

1. Extractables studies: 

Title: Report for the Controlled Extraction Studies of Rubber Stopper and Glass 
Vial, Exposure Studies of Contact Materials, and for the Determination of 
Potential leachables in Meloxicam Injectable NCD Drug Product 

These studies were performed to determine the extractable profiles of the stopper and 
glass vial, potential leachables from five contact materials, and leachables if present in 
an aged drug product, with attention to volatile, semi-volatile, non-volatile organic 
compounds, and metals. 

Methods: 

Solvents: 

An extractables study, which included assessment of potential leachable compounds 
from the container closure system and manufacturing contact material and 
one batch of an aged drug product (stored 14 months inverted at 25°C) were performed 
by report P11127; 
\\cdsesub1\evsprod\nda210583\0001\m3\32-body-data\32p-drug-prod\meloxicam\32p2
pharm-dev\ rep-p11127.00.pdf) (  project number: 028226-01-01). Note that the 
proposed storage temperature and expiry are 15 to 25°C and 48 months, respectively. 

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

(b) (4)

(b) (4)

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

The stopper was extracted at elevated temperature with water, placebo, and IPA/water 
(1:1). The glass vial was extracted with dilute nitric acid for metals testing only. The 
contact materials were exposed to placebo under ambient conditions. The following 
summarizes the rationale for the extraction solvents used in the controlled extractable 
study: 
•	 Water: Since the drug product is aqueous based, water was selected as a clean 


solvent. The pH of the solution was not specified.
 

•	 Placebo: Placebo was selected to mimic the actual product extraction but not 
involving possible chromatographic complication such as interference from the drug 
substance. 

•	 Water/IPA: 1/1 water/IPA was selected as a stronger solvent to represent the 

worst-case potential leachables for the aqueous drug product
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•	 Nitric acid: 0.1N nitric acid was used to extract potential leachable metals, diluted 
nitric acid is used because of its well-known capability of dissolving/extracting 
various metals, including heavy metals. 

The selection of solvents appears reasonable. See CMC review for definitive 
determination of the adequacy of the extraction solvents. 

Extraction Procedures 
(b) (4)
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(b) (4)
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(b) (4)

• Aged drug product assessment 

As part of the controlled extraction study, a single batch of aged drug product was 
directly analyzed to screen for potential leachables. The aged drug product used 
during the evaluation was representative material, stored inverted at 
25°C/60%RH for approximately 14-months prior to analysis. 

Analytical methods 

Headspace gas chromatography/mass spectrometry (HS-GC/MS), direct inject gas 
chromatography/mass spectrometry (GC/MS), liquid chromatography/ultraviolet/mass 
spectrometry (LC/UV/MS), and inductively coupled plasma mass spectrometry 
(ICP/MS) were utilized to identify extractables and provide a semi-quantitative estimate 
of their levels. 
A summary of analytical techniques is provided below. 

Analytical Evaluation Threshold (AET) 
(b) (4)
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using the applicable standards and reported as mcg/stopper, mcg/vial, or mcg/mL, as 
applicable, if they were equal to or greater than the reporting limit. For informational 
purposes, concentrations less than the AET were also reported where applicable. 

Results: 

o The results of the HS-GC/MS experiments indicate that 
are extractable and potential 

(b) (4)

leachable compounds from the rubber stopper and contact materials used in drug 
(b) (4)

Another potential leachable, (b) (4)
product manufacture. The Applicant emphasized that amongst these, only 
was observed in the aged drug product. 
was detected in the drug product on stability. 

 

 

 

 

(b) (4)

o	 The results of the GC/MS experiments show that several identified and unknown 
compounds were detected in the extracts, primarily in the IPA/water extract of the 
rubber stopper. As noted in the tables below, several compounds including some 
unknowns were detected at levels higher than 5 mcg/stopper under the various 
analytical conditions. The Applicant emphasized that amongst these, only 

was observed in the aged drug product extract albeit at levels lower than 5 
mcg/vial. This compound results from oxidation of . 

(b) (4)

(b) (4)

3 Page(s) has been Withheld in Full as b4 (CCI/TS) immediately following this page
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o The results of the LC/UV/MS experiments point to 
as potential leachable compounds from the rubber stopper. Each of these 

compounds was also detected in the semi-volatile GC/MS analysis. A few 

(b) (4)

(b) (4)

unknown compounds were detected in the contact material extracts and 
additional unknowns were found in the aged drug product extract. In addition, 

was tentatively identified in the drug product extract. (b) (4)

 

(b) (4)
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(b) (4)
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o The results of the ICP/MS experiments show that 
(b) (4)

(b) (4) mg/stopper) 
and mcg/stopper) were found in the largest amount in the stopper. 

The reviewer’s summary table below shows all compounds that were detected at ≥5 
mcg/day from extraction studies as well as the aged drug product, which was from one 
batch of drug product at one time point stored at 14-months inverted at 25°C. 
Reviewer’s Summary Table: Extractables/Leachables above 5 mcg/vial 

Rubber Stopper Vial & 
rubber 
stopper 

Contact 
material 

Aged drug 
product 

Adequately justified? 

Extraction solvent Water IPA/Water Placebo Nitric acid Placebo 

Compound mcg/stopper mcg/vial mcg/mL mcg/vial 

Yes, within ICH Q3C 
PDE 
Yes, within IID 

Yes, within IID 

Yes, within IID 

No. This compound 
should be identified 
and justified. 
No. This compound 
should be identified 
and justified. 
No. This compound 
should be identified 
and justified. 
No. This compound 
should be identified 
and justified. 

No. This compound 
should have been 
monitored in 
leachables study 
Yes, API related 

Yes, API related 

Yes, API related 

Yes, API related 
No. This compound 
should be identified 
and justified. 

(b) (4)
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(b) (4) No. This compound 
should be identified 
and justified. 
No. This compound 
should be identified 
and justified. 

Yes, much higher 
levels used in 
approved IV 
products. 
Yes, much higher 
levels used in 
approved IV 
products. 

sv=semi-volatile compounds 
nv=non-volatile compounds 

The Applicant’s evaluation: 

The following three toxicological risk assessments were submitted to justify compounds 
detected in the extraction study, leachable study on the aged drug product, and 
leachable stability testing. 

Report Title Report
Number 

Report Location 

Toxicological Evaluation of 
Extractables of a Container/Closure 
System for Meloxicam Injectable 
Nanodispersion Colloidal Dispersion 
Drug Product 

55281 \\cdsesub1\evsprod\nda210583\0001\m3\32
body-data\32p-drug-prod\meloxicam\32p2
pharm-dev\alks-rep-55281.pdf 

Literature-Based Toxicological 
Evaluation of Aged Drug Product 
Leachables Screening Study of NCD 
Meloxicam IV Drug Product 

028266-02
TOX 

\\cdsesub1\evsprod\nda210583\0006\m1\us\111
info-amend\attach-1 rpt-028266-02-tox.pdf 

Literature-Based Toxicological 
Evaluation of Leachables Stability 
Studies of Meloxicam Drug Product 

80074-01
TOX 

\\cdsesub1\evsprod\nda210583\0006\m1\us\111
info-amend\attach-2 rpt--80074-01-tox.pdf 

1.	 Toxicological Evaluation of Extractables of a Container/Closure System for 
Meloxicam Injectable Nanodispersion Colloidal Dispersion Drug Product 
(55281) 

The Applicant noted that twenty-five organic extractables from the rubber stopper were 
identified with maximum estimated total dily intakes (TDI) of greater than the PQRI 
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recommended safety concern threshold of mcg/day, and therefore were selected 
for toxicological evaluation. See Applicant’s table below. 

(b) (4)

(b) (4)

(b) (4)

The Applicant provided a toxicological risk assessment for all identified extractables 
above this SCT; however, the results should have been used to guide leachables 
testing rather than to serve as a worst-case scenario for potential human exposure. 
Nevertheless, based on their risk assessment, the Applicant concluded that none of the 

higher maximum potencies for systemic routes. Therefore, this reviewer agrees that the 
levels of these three compounds detected in the extraction study do not pose a safety 

extractable levels identified were considered likely to pose any significant risk to human. 
Note that only three of these compounds, including , 
were above the potential TDI of 5 mcg/day. All three are listed in the FDA IID with 

(b) (4)

87
 

Reference ID: 4255423Reference ID: 4585747 



 

NDA 210583 Anjeso™ Reviewer: Armaghan Emami, PhD 

Also of note, there were several unknown or unidentified compounds detected 
in extraction studies with the container closure system (rubber stopper and vial) and 

manufacturing contact materials with TDIs greater than 5 mcg/day (see 
reviewer’s summary table above). An adequate toxicological risk assessment was not 
provided for these compounds. 

(b) (4)

(b) (4)
The Applicant’s rationale to dismiss the unidentified 

compounds from container closure components and contact material as well 
as identified compounds (e.g., ) was based on not detecting 
these compounds in the aged product. The Sponsor did not consider them likely to be 
leachables in drug product on stability, and therefore did not further identify these 
compounds or justify their safety. This is unacceptable as only one batch of drug 
product was analyzed at one time point during stability testing. The unknown 
compounds need to be identified and monitored for with identified compounds above 
the AET in definitive leachables studies. 

2. Literature-Based Toxicological Evaluation of Aged Drug Product Leachables 
Screening Study of NCD Meloxicam IV Drug Product (028266-02-TOX) 
\\cdsesub1\evsprod\nda210583\0006\m1\us\111-info-amend\attach-1- rpt
028266-02-tox.pdf) 

The other identified compounds (all from the semi-volatile GC/MS analysis) were 
excluded as potential leachables based on comparisons to placebo blank, or to 
controlled extraction study results for the rubber stoppers used in the container closure 

exhaustive extractions of the container closure components (see reviewer’s summary 
table above). Rather, the Applicant argued that these compounds were derived from 
the API based on their structures. 

concern. 

with (b) (4)

Of the 14 organic compounds identified in the aged drug product screening study above 
the AET (see table below), only were considered by the 
Applicant to be potential leachables since they were also detected in extraction studies. 

(b) (4)

(b) (4)

system and the contact materials used during manufacturing. For example, despite 
detecting 

at levels above 5 mcg/day, 
none of these were considered leachables because they were not detected after 

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

(b) (4)

To support the contention that several of the identified compounds in the aged drug 
product were derived from the API/drug formulation, the Applicant provided the following 
information: 

Elan Drug Technology Memo: 

Title: Tentative structural relationships of compounds listed in the findings of 
(b) (4)Protocol Number: Pl 1127.00, Project Number: 028226-01-01 

(b) (4)

During a recent leachables extraction study performed by for elan with respect to N1539 
Injectable NCD, a number of compounds were identified in the extracts (Table 1). Of these 
compounds, two ( (b) (4)

(b) (4)

) were positively identified as extractables from the 
packaging material, but the other compounds in Table 1 were suspected to originate from the 
formulation. The question was raised whether their presence could be explained in 
relationship to one of the primary components in the formulation (Meloxicam, PVP 
Sodium Deoxycholate or sucrose). 

The following flow chart shows the structural relationships between Meloxicam and a 
number of related compounds found in the Table. Not all of these relationships are 
necessarily linked to degradation path ways. In other words, some of the arrows point to 

, (b) (4)
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This reviewer agrees that the four identified compounds from the aged product are likely 
related to the API based on structure and not from the container closure system. In 
addition, 

(b) (4)

(b) (4)
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Of note, there was an unknown compound detected in the aged product sample with a 
(b) (4)TDI of mcg/day (see reviewer’s summary table above). The Applicant dismissed this 

compound because a similar compound was not detected in exhaustive extraction 
studies. This is inadequate as the extraction studies do not always detect all 
compounds found in the drug product throughout its shelf-life. For example, some 
compounds detected in the drug product may represent leachables that have degraded 
further, and may warrant a toxicological risk assessment based on their TDIs. 
Contaminants have also been detected in drug products on stability. 

2. Definitive leachable stability testing 
Leachables testing was performed on three registration stability lots (360792-00001, 
30002, & -30003) at various time points (0, 6, 12, 24, 36, and 54 months). The drug 
product samples were stored at 5°C (ambient temperature); 25°C and 60% relative 
humidity (RH); or 40°C and 75% RH. Note that the proposed storage temperature and 
expiry are 15 to 25°C and 48 months, respectively. 

The detection limits (DLs) and practical quantitation limits (PQLs) for the Ieachables 
(b) (4) (b) (4)stability analysis were below mcg/day using a safety concern threshold of 

mcg/day. 

Only were chosen to be tested/monitored at multiple timepoints 
over the course of the drug product stability studies based primarily on the Applicant’s 

(b) (4)

justification that they were observed in both extraction studies and analyses of an aged 
drug product. 

Results: 

•  was not identified at detectable levels for any time point or storage 
(b) (4) (b) (4)

(b) (4)

condition; the detection limit of mcg/mL corresponded to a TDI of 

mcg/day.
 

•	 The only targeted leachables that was present at or above the quantifiable level 
(b) (4) (b) (4) (b) (4)was . The maximum estimated TDl was mcg/day. 
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Summary Table of Leachables: (b) (4)

(b) (4)

The following information requests were communicated to the Applicant by the CMC 
team. The Applicant’s responses are included below: 
IR: Regarding the Extractable/Leachable studies, how many batches of aged drug product 
were tested and what was the sample size of each batch? 

•	 Applicant’s response submitted March 5, 2018 (SDN 13) 
In the extractables/leachables study, 028226-01-01, which was included in the original 
NDA, one lot of aged product was analyzed to identify possible leachables. A total of 
three vials were used in the evaluation, one vial for each of the following tests: headspace 
GC/MS, GC/MS, and LC/UV/MS. 
Please note the primary purpose of the aged product analysis in study 028226-01-01 was 
to screen the aged product samples with different mass spectra based methods to identify 
possible leachables. Since the product formulation and container/closure (glass 
vial/stopper) were not expected to change, the identity of leachables was not expected to 
change. Therefore, for the purpose of the study, one lot of aged product was considered to 
be sufficient to identify possible leachables. Please also note that the leachables 
variations from lot to lot were evaluated with three different lots of drug product 
(Registration lots #00001, 30002, & 30003) at different time points for up to 48 months. 

IR: There are several extractables above 5 mcg/day, that are considered to not be targets 
in drug product stability studies, because they are not seen in the aged drug product. We 
find the approach unacceptable. All extractable impurities should be reported and 
quantified. If identified as a leachable, then they should also be monitored during release 
and throughout stability. 

•	 Applicant’s response submitted January 26, 2018 (SDN 12) 
The following extractables from the container/closure system were found with amount 
above 5 mcg/day, e.g. /stopper or /glass vial: 

Unknown at min from GC/MS analysis, Unknown at min from GC/MS 
analysis, Unknown at min from LC/UV/MS analysis. 

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

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

(b) (4)
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All the extractables compounds, including those below 5 mcg/day and above 5 mcg/day, 
are evaluated with aged drug product to determine if they leach into the drug product and 
become leachables using the same GC/MS and LC/UV/MS method conditions as those 

(b) (4)used to detect them as extractables, only were identified as true 
leachables, other extractables compounds did not leach into the drug product and were 

(b) (4)not identified as leachables, therefore of those extractables, only was monitored as 
leachables throughout the stability study. 
Based on the information provided in the original NDA and supporting toxicological 
assessment summarized in Recro’s response to the 74-day filing letter (Sequence 0006 – 
Response to Comment #7), the maximum estimated TDI levels for the 

leachables observed in the three batches of drug product tested 
(b) 
(4)
(b) 
(4)at multiple timepoints over the course of stability are below the PQRI SCT of 

mcg/day and are therefore considered to pose negligible risk to patients from 
carcinogenic or noncarcinogenic toxic effects via the labeled specified route of 
administration. Thus, as indicated in the NDA, it was determined that testing for 

(b) (4)

(b) (4) for 
release and stability is no longer required. 

IR: Some compounds are seen in the aged drug product and are considered not related to 
leachables because they were not seen in the extractable studies. We find this approach 
unacceptable. There must be a good correlation between the extractable/leachable studies 
wherein all leachables are also noted as extractables. This resulted in only testing for 
leachables (  performed on registration stability lots (360792-00001, -

excluding the testing of other leachables found in aged products. 

• Applicant’s response submitted January 26, 2018 (SDN 12) 

The following compounds were detected in the aged drug product samples, and their 
sources were identified as follows based on the attached API degradation pathways (see 
Table 2) (Elan Memo - N1539 Leachables Structure Comparison) and the extractables 

(b) (4)profiles in Project 028226-01-01, most of them are identified as API related 
degradants, they are not leachables compounds, therefore they are not monitored by 
leachables methods during the stability studies. 

30002, & -30003) as part of the container closure extractable/leachables evaluation, 

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

(b) (4)

(b) (4)

(b) (4)

impurity methods, therefore a conservative approach was taken to include  in the 

1.  is API related compound, not a true leachables compound, it was included in the 
leachables method because of its structural alert (b) (4)

(b) (4)

(b) (4)

 and it was not covered by other API related 

leachables method. Based on the information provided in the original NDA and supporting toxicological 
assessment summarized in the 74-day filing letter (

(b) (4)
Sequence 0006 – Response to Comment #7) , the 

maximum estimated TDI levels for the leachables observed in the three batches of drug 
(b) (4)product tested at multiple timepoints over the course of stability are below the PQRI SCT of /day 

and are therefore considered to pose negligible risk to patients from carcinogenic or noncarcinogenic 
toxic effects via the labeled specified route of administration. Thus, as indicated in the NDA, it was 

(b) (4)

(b) (4)
determined that testing for for release and stability is no longer required. 

(b) (4)

(b) (4)
2.  were determined to be true leachables and was included in the leachables 

method as the target compound monitored over the stability studies. was a degradant of , 
it was not included in the leachables method because there was no standard available to include it in 

(b) (4)

the method; the GC/MS analysis performed in study 028226-01-01 was a suitable way to identify the 
(b) (4)(b) (4)peak and provide an estimated leachables amount; the amount was calculated with as 

(b) 
(4)

the calibration standard in study 028226-01-01, and the amount is only (b) (4)μg/day, which is below the 
μg/day threshold. 
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3.	 For the four unknown peaks in the table, it’s exact source is not clear; however, since no extractables 
peaks were detected from the extractions of stopper, glass vial and the manufacturing components at 
the same retention time as the four unknown peaks using the same LC/UV/MS conditions (see report 
028226-01-01), the four unknown peaks are most likely not leachables from the stopper or glass vial or 
the manufacturing components. 

Toxicological Risk Assessment 
(b) (4)

(b) (4)

(b) 
(4)

(b) (4)

(b) (4)
•  The highest level of detected in extraction studies was 

(b) (4)

(b) (4)
mcg/stopper. is listed in the IID with max potencies of % 

for the IV route and mg for the oral route. The TDI is 

at the worst case level of  mcg does not 
appear to pose a risk at the levels identified in the extraction studies with the Anjeso 
container closure system. 

mcg based on the 
MRHD of the approved IV product, as such reliance on the IV product in the IID does 

(b) (4)

(b) (4)

(b) (4)

(b) (4)

not justify the safety. The TDI via the oral product is mg. Assuming we add a 
conservative safety factor of for oral to IV to account for differential bioavailability, 
the FDA approved product suggests that 

(b) (4)
mg could result from use of the oral 

product, Therefore, 

•  The highest level of 

(b) (4)

(b) (4)

(b) (4)

(b) (4)

detected in extraction studies was 
(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)mcg/stopper. is listed in the IID with max potencies of mg 
mcg) for the implantation route, mg for the oral route. If we add in a 

safety factor for oral to IV, the oral drug product could support up to 
(b) (4)

mg/day. 
Therefore, levels of mcg/day does not appear to pose a risk at 
the levels identified in the extraction studies with the Anjeso container closure 
system. 

•  The highest potential exposure to 
based on the level detected in extraction studies is 

mcg/day. was tentatively identified in the placebo 
extract of pump element following 36 hour exposure. 
The report noted that although this compound is a typical column bleed, it is reported 
as an extractable because it was not detected in the control blank. Further support 
for designating an extractable was obtained from the 
GC/MS study, where this compound was also detected above the AET. The 
Applicant did not provide a toxicological risk summary for this compound. 

There is limited 
toxicity information for in the public domain. In vitro 
studies showed that was negative in the Ames with or 
without metabolic activation, but it did show some potential to produce clastogenic 
effects in an in vitro mouse lymphoma chromosomal aberration assay 

. A follow-up in vivo micronucleus study showed it did not produce 
clastogenic effects in vivo Notably, the levels detected in 
extraction studies were below the qualification threshold for genotoxicity of 120 

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

mcg/day per ICH M7. 
(b) (4)

This reviewer could not locate general toxicity information with 
this specific . The Applicant needs to monitor for this compound in 
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• 

the definitive leachables study and justify its safety if detected at levels above 5 
mcg/day. 

: The highest level of detected in extraction studies was 
mcg/vial. is noted in the ICH Q3D guidance as an elemental 

impurity where a PDE has not been established due to inherent low toxicity. In 
addition is approved for IV injection 

with MRHD s. Therefore, 
does not appear to pose a risk at the levels identified in the extraction 

studies with the Anjeso container closure system. 

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

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

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

(b) (4)

(b) (4)

• 

system. 

An adequate safety justification was not provided for the following compounds that were 
not identified. They should be identified and monitored in leachables studies if they 
exceed 5 mcg/day. 

: The highest level of detected in extraction studies was 
mcg/stopper. is noted in the ICH Q3D guidance as an elemental impurity 
where a PDE has not been established due to inherent low toxicity. In addition, 

is approved
 Therefore, does not appear to pose a 

risk at the levels identified in the extraction studies with the Anjeso container closure 

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

(b) (4)

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

(b) (4)

• Unknown 
• Unknown 
• Unknown 
• Unknown 
• Unknown 
• Unknown 
• Unknown 

(b) (4)

Reviewer’s conclusions regarding the extractables and leachables studies 

•	 This reviewer does not agree that the unknown compounds detected in 
extraction studies and aged drug product evaluation can be dismissed as not 
being potential leachables because they were not detected in both the extraction 
and aged product. A evaluation of an aged drug product using only one lot at 
one time point is not sufficient to provide any definitive conclusions in this regard 
since the leachables profile of a drug product on stability could be different at 
different time points during shelf-life. Therefore, all unknown compounds 
detected in extraction studies and the aged drug product with potential TDIs over 
5 mcg/day should be identified and monitored in the definitive leachable studies, 
unless justified otherwise. 
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•	 The leachables stability testing was inadequate since it only targeted two 
compounds and did not monitor for all compounds detected in the extraction 
studies and aged drug product at over 5 mcg/day. 

11	 Integrated Summary and Safety Evaluation 
See Executive Summary 

12	 Appendix/Attachments 
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	1 
	1 
	Executive Summary 

	1.1 Introduction 
	Recro resubmitted NDA 210583 for marketing approval of Anjeso Injection (Meloxicam, 30 mg/mL) for the indication of management of moderate to severe pain via a 505(b)(2) application relying on the Agency’s previous determination of safety and efficacy of the listed drug Mobic® (meloxicam) tablets (NDA 20938; Boehringer Ingelheim, approved on April 13, 2000), published literature, and Applicant-conducted studies (under IND 105172 with original name of N1539). Anjeso is an injectable formulation of meloxicam 
	TM
	®

	This NDA was originally submitted on July 26, 2017 and was not approved due to deficiencies from numerous disciplines. The complete response letter dated May 23, 2018 included one nonclinical deficiency related to their extractables and leachables evaluation. The extraction studies detected numerous compounds at above the appropriate safety threshold of 5 mcg/day; however, six of these compounds were not appropriately identified and therefore they could not be adequately qualified for safety. Moreover, thes
	1.2 Brief Discussion of Nonclinical Findings 
	With this NDA resubmission, the Applicant submitted a re-evaluation of the extraction study previously submitted during the first review cycle and performed additional extractables/leachables assessments using appropriate analytical methods sensitive enough to detect any compound above the safety threshold of 5 mcg/day. All extractable compounds that were previously detected above the analytical evaluation threshold (AET) of 5 mcg/mL were evaluated and any unknown extractables previously reported as unident
	Leachables studies were performed using samples that had been stored on stability at an inverted orientation at 25°C/60%RH up to 54 months. At least 3 batches were tested 
	. Although the leachables study 
	contended that the analytical methods were sensitive enough to detect any compound, including those extractables, at above the AET based on an appropriate safety concern 
	No new repeat-dose toxicology studies were submitted with this resubmission. However, repeat-dose toxicology studies submitted with the initial NDA submission adequately qualified the local and systemic safety of the product. In brief, 28-day repeat-dose studies in rats and minipigs demonstrated no significant adverse systemic findings aside from the gastrointestinal toxicities typically associated with compounds in the NSAID class. Because in clinical PK studies, the exposure (AUC and Cmax) to meloxicam fo
	* AUC0-24h,steady state value based on AUC0-inf, single-dose value from Clinical Study N1539-03 max, steady state value from Clinical Study N1539-03 
	** C

	From the local safety perspective, a 28-day repeat-dose IV minipig study with the ToBe-Marketed (TBM) 30 mg/mL formulation showed very slight to well-defined erythema at IV and perivascular injection sites, but no correlating microscopic changes. In addition, no hemolysis or changes in macroscopic appearance were associated with Anjeso 30 mg/mL formulation. Therefore, the local safety of the product is considered adequately justified from the nonclinical perspective. For more detail, refer to the first cyc
	1.3 Recommendations 
	1.3.1 Approvability 
	From a nonclinical pharmacology toxicology perspective, NDA 210583 may be approved since adequate data were provided that justifies the safety of the container closure system and therefore addressed the nonclinical deficiency outlined in the complete response letter dated 4/27/2018. 
	1.3.2 Additional Non Clinical Recommendations 
	N/A 
	1.3.3 Labeling 
	The table below shows the Applicant’s proposed labeling language, this reviewer’s recommended changes, and the rationale for the changes. At the time of this review, the review team had decided that the NDA would not be approved. Therefore, labeling discussions were not held. The following recommendations summarize this reviewer’s current thinking regarding the Sponsor’s proposed language and highlights specific issues that will need to be addressed. The final label will be based on further internal discuss
	. 
	. 

	2 Drug Information 
	2.1 Drug 
	CAS Registry Number: 71125-38-7 
	Molecular Formula: C14H13N3O4S2 
	Molecular Formula: C14H13N3O4S2 
	Molecular Weight: 351.4 g/mol 

	Pharmacologic Class: nonsteroidal anti-inflammatory drug (NSAID) 
	2.2 Relevant INDs, NDAs, BLAs and DMFs 
	Anjeso was developed under IND 105172. The only referenced drug product for this 505(b)(2) application is NDA 20938 (Mobic). 
	2.3 Drug Formulation 
	N1539 Injectable NanoCrystal® Colloidal Dispersion (NCD Meloxicam IV) is a sterile opaque, pale-yellow, aqueous dispersion containing the active pharmaceutical 
	1

	contains 30 mg of meloxicam, povidone, sodium deoxycholate 
	NanoCrystal® is registered trademarks of Alkermes Pharma Ireland Limited. 
	NanoCrystal® is registered trademarks of Alkermes Pharma Ireland Limited. 
	1 


	sucrose, and water for injection. The proposed commercial dose is 30 mg administered once daily. 
	This form of injectable meloxicam uses a proprietary NanoCrystal® technology originally developed by Elan Drug Delivery, Inc. (Elan). 
	Drug product composition 
	NCD Meloxicam IV is packaged in a 2-mL, USP 
	Figure

	clear glass vial sealed with a 
	grey 
	rubber stopper with an aluminum over seal/blue flip-off cap. 
	Figure

	2.4 Comments on Novel Excipients 
	All inactive ingredients are within maximum potency levels listed in the FDA Inactive Ingredient Database (IID) for the IV route. In addition, the clinical formulation (30 mg/mL) was tested in nonclinical toxicity studies. As the actual drug product has been tested in the nonclinical studies, the drug substance and these inactive ingredients are considered to be qualified for safety with adequate safety margins/dose based on a comparison between animal data and proposed human use. For more detail refer to t
	2.5 Comments on Impurities/Degradants of Concern 
	All impurities are within the ICH Q3A(R2) levels for the drug substance and ICH Q3B(R2) levels for the drug product. For more detail refer to the nonclinical review in DARRTS dated 4/27/2018. 
	2.6 Proposed Clinical Population and Dosing Regimen 
	The proposed indication for Anjeso is the management of moderate to severe pain in adults. The to-be-marketed dose of Anjeso is 30 mg once daily, administered by IV bolus injection over 15 seconds. 
	2.7 Regulatory Background 
	•. 
	•. 
	•. 
	Original IND (105172) submission date was April 10, 2009. 

	•. 
	•. 
	The previous Sponsor, Elan, had a EOP2 face-to face meeting with FDA on November 9, 2010. 

	•. 
	•. 
	A second EOP2 meeting was held on August 26, 2015 to seek Agency concurrence on the development plan and Phase 3 studies in the management of moderate to severe pain. 

	•. 
	•. 
	During the Pre-NDA face-to-face meeting on January 19, 2017, we agreed with the Sponsor that the nonclinical program described in the meeting package appeared appropriate to file the NDA and the final adequacy to support the approval of their product would be determined after a review of all of the data. We also noted that if are detected in the finished product, a 

	•. 
	•. 
	This NDA 210583 was originally submitted July 26, 2017. 

	•. 
	•. 
	The original NDA submission was not approved. The complete response letter dated May 23, 2018 included one nonclinical deficiency related to their leachables evaluation as excerpted below. 


	Deficiencies: 
	were not detected in both the extraction studies and one lot of aged drug product at one time point is unacceptable as leachables may be produced at earlier or later time points on stability and sampling from several batches over the course of the stabilty studies, which is best practice for definitive leachables testing, would be needed to provide reasonable assurance of capturing peak levels of individual leachable compounds. In addition, the definitive leachables stability testing was inadequate since it
	Figure

	Information Needed to Resolve Deficiencies: 
	To address this deficiency, monitor for all compounds, both identified and unidentified, that were detected in extraction studies and in the aged product assessment at above 5 mcg/day in your leachables stability testing. Evaluate at least three batches of your to-be-marketed drug product for leachables and include assessments at multiple timepoints over the course of your stability studies in order to identify trends in leachable levels over time. The materials tested should include any secondary container
	For all drug products, establish your AET to be able to detect potentially carcinogenic or genotoxic compounds as per ICH M7 qualification thresholds (e.g., not more 120 mcg/day for your proposed acute indication). However, from a general toxicology perspective, for parenteral products, the AET must be able to detect any leachable that is present in the product at 5 mcg/day and higher, unless justified otherwise, to permit an adequate toxicological risk assessment. Note that any unknown leachable compound d
	For additional guidance on extractables and leachables testing, refer to the following documents: 
	•. 
	•. 
	•. 
	USP <1663>: Assessment of Extractables Associated with Pharmaceutical .Packaging/Delivery Systems. 

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

	•. 
	•. 
	FDA guidance for industry: Container Closure Systems for Packaging Human Drugs and Biologics, available at, 


	dances/UCM070551.pdf 
	dances/UCM070551.pdf 
	http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Gui 


	In your assessment, include a table listing all compounds, including the concentration in ppm, the experimental conditions, and the maximum daily exposure to these compounds based on the maximum daily dose of the product. The extractable/leachable data must be accompanied by an adequate toxicological risk assessment. Although a toxicological risk assessment based on the results of the extraction studies may be adequate to support the safety assessment during development, evaluate at least three batches of y
	•. 
	•. 
	•. 
	If you employ a Permissible Daily Exposure (PDE) assessment as described in ICH Q3C, provide justification for all safety factors employed. 

	•. 
	•. 
	Published literature to support the safety of any compound rarely provides adequate detail of the study design and study results to permit a thorough independent 


	13 
	evaluation of the data. Summary reviews, (e.g., BIBRA, CIR, HERA), although potentially useful to identify original source material, are not acceptable as the source material is not provided and the conclusions cannot be independently verified. Submission of any published study reports must be accompanied by a detailed comparison to modern toxicology study endpoints and any shortcomings of the study must be discussed and justification must be provided to support your assertion that these data are adequate t
	•. Safety justifications based on analogous compounds are also not acceptable unless you can provide adequate data to support your conclusions that a risk assessment based on one compound can be logically interpolated to represent an adequate safety evaluation for your leachable/extractable. This should include a detailed understanding of the absorption, distribution, metabolism, and elimination of the compounds and an adequate scientific bridge to interpolate a NOAEL for the novel leachable. 
	•. During a Type A Post-Action Meeting held on July 18, 2018, the Applicant requested feedback from the Agency. The nonclinical questions, the Division’s responses, and the discussion held during the industry meeting are excerpted below: 
	Question 3: Given the absence of leachables or potential leachables in amounts above the AET of 5 μg/day in meloxicam finished drug product at release (i.e., <3 months), at approximately 12 months, at approximately 24 months, and at approximately 74 months, does the agency agree that the data generated to date and the stability data submitted in the original NDA 210583 support the proposed 48 months shelflife for the drug product? 
	FDA Response: We cannot agree at this time that the extractables/leachables data generated todate with the stability data submitted in the original NDA are sufficient to support the proposed 48-month stability shelf-life. We acknowledge that you will provide information with your resubmission regarding previously unknown extractable compounds detected above 5 mcg/day and contend that no compounds, known or unknown, have been detected above 5 mcg/day in your limited leachables dataset from drug product batch
	that your current leachables data include only two batches ( 

	Discussion: The Sponsor summarized the leachables data that they currently have and plan to have for the resubmission. This included data from limited numbers of batches on stability from release to the proposed expiry. Although the leachables testing looked for all possible leachables at most time points, the Sponsor acknowledged that only targeted compounds 
	Discussion: The Sponsor summarized the leachables data that they currently have and plan to have for the resubmission. This included data from limited numbers of batches on stability from release to the proposed expiry. Although the leachables testing looked for all possible leachables at most time points, the Sponsor acknowledged that only targeted compounds 
	month shelf life for their product. The Sponsor also stated that they will commit to providing an extensive leachable dataset including data from several batches at multiple time points from release to the proposed expiry as a post-approval commitment. The Agency stated that, at this point, it is not possible to comment on whether the data are adequate to support the proposed expiry. The Sponsor should provide all available data and a rationale for the 48-month expiry request in their resubmission. In addit

	•. 
	•. 
	•. 
	Chromatograms of all sample assays in the leachable screening should be provided in the resubmission. 

	•. 
	•. 
	Data from more than one sample per batch should be provided, as well as a rationale for choosing a specific number of samples to test. 

	•. 
	•. 
	The Agency is looking for trends over the course of stability testing. Therefore, it is important to provide data for early, middle, and late timepoints. Data from multiple timepoints over multiple batches should be provided. 

	•. 
	•. 
	It is critical for the stability samples to be stored inverted. The Agency stated that, if the Sponsor submits a summary of the extractable/leachable studies and data, a gap analysis of any deficiencies can be provided depending on workload. 


	Question 4: As a post-approval commitment, Recro plans to: (1) screen meloxicam IV batches 001/A, 001/B, 002/A, and 003/B for potential leachables throughout the batches’ shelf-life; (2) screen meloxicam IV batch 360792-30004 for potential leachables throughout the batch’s remaining shelf life (30, 36, and 48 months); and (3) screen lots 002/B and 003/A for potential leachables at release. Does FDA find this plan acceptable to establish the suitability of the container closure system? 
	FDA Response:. We may consider it acceptable to submit the proposed leachables data as a post-.approval requirement pending our review of the information submitted with the .NDA resubmission, as discussed in our response to Question 3.. 
	•. The NDA was resubmitted on September 24, 2018. 
	3 Studies Submitted 
	3.1 Studies Reviewed 
	•. Controlled extraction study of the glass vial, rubber stopper and manufacturing .Components. .
	•. Controlled extraction study of the glass vial, rubber stopper and manufacturing .Components. .
	•. Controlled extraction study of the glass vial, rubber stopper and manufacturing .Components. .
	•. Controlled extraction study of the glass vial, rubber stopper and manufacturing .Components. .
	Figure


	Project Number Report 028226-01-01 (Revision 3 to original Report 028226-01-01) 

	•. 
	•. 
	Screening analysis of aged drug product for the discovery and identification of leachables in the drug product samples and determine which leachables require further quantitative analysis during stability study 
	Figure


	•. 
	•. 
	Leachables method development and validation, leachables analysis of drug product stability samples throughout product shelf life, toxicology assessment of  Report 082516-01-15, Summary Report of the Extractables/Leachables Studies for ANJESO® (meloxicam) Injection 
	the extractables and leachables profile (



	Project Numbers 02822601-01, 082516-01-01 through 082516-01-03) 
	3.2 Studies Not Reviewed 
	N/A 
	3.3 Previous Reviews Referenced 
	First review cycle NDA 210583 nonclinical review by Dr. Emami for Anjeso (dated 4/27/2018) included reviews of the following nonclinical studies: 
	o 28-Day Intravenous Toxicity Study of N1539 [30 mg/mL] in Gottingen Minipigs 
	o 28-Day Intravenous Toxicity Study of N1539 [30 mg/mL] in Gottingen Minipigs 
	o 28-Day Intravenous Toxicity Study of N1539 [30 mg/mL] in Gottingen Minipigs 
	o 28-Day Intravenous Toxicity Study of N1539 [30 mg/mL] in Gottingen Minipigs 

	(16.851) 

	o. 4-Week Intravenous Injection Toxicity and Toxicokinetic Study with N1539 Injectable NanoCrystal® Colloidal Dispersionn [25 mg/mL] (Meloxicam) in Rats (8200393) 
	o. 4-Week Intravenous Injection Toxicity and Toxicokinetic Study with N1539 Injectable NanoCrystal® Colloidal Dispersionn [25 mg/mL] (Meloxicam) in Rats (8200393) 

	o. Bacterial Reverse Mutation Assay with a Confirmatory Assay (8200778) 
	o. Bacterial Reverse Mutation Assay with a Confirmatory Assay (8200778) 

	o. Hemolytic Potential and Plasma Compatibility Testing with N1539 Injectable NanoCrystal® Colloidal Dispersion [30 mg/mL] (Meloxicam) in Human Whole Blood and Plasma (8330763) 
	o. Hemolytic Potential and Plasma Compatibility Testing with N1539 Injectable NanoCrystal® Colloidal Dispersion [30 mg/mL] (Meloxicam) in Human Whole Blood and Plasma (8330763) 

	o. Report for the Controlled Extraction Studies of Rubber Stopper and Glass Vial, Exposure Studies of Contact Materials, and for the Determination of Potential 
	o. Report for the Controlled Extraction Studies of Rubber Stopper and Glass Vial, Exposure Studies of Contact Materials, and for the Determination of Potential 
	Leachables in Meloxicam Injectable NCD Drug Product (
	 Report P11127.00) 


	o. Toxicological evaluation of extractable of a container/closure system for meloxicam injectable nonodispersion colloidal dispersion drug product (Report 55281) 
	o. Toxicological evaluation of extractable of a container/closure system for meloxicam injectable nonodispersion colloidal dispersion drug product (Report 55281) 


	4 Pharmacology 
	No new nonclinical pharmacology studies were conducted. In the pharmacology written summary of the NDA (Module 2.6.2), it was noted that the Applicant identified four published reports describing meloxicam as a cyclogenase (COX) inhibitor with some selectivity to inhibit COX-2 activity and minimal COX-1 associated adverse effects (Engelhardt, 1996, Engelhardt et al., 1996a, Engelhardt et al., 1996b, Ogino et al., 1997). 
	The Applicant proposed adding the following language in the label in Section 12.1. 
	Reviewer’s note: 
	Both COX-1 and COX-2 enzymes produce prostaglandins that promote inflammation, pain, and fever. The COX-1 isoform produces cytoprotective prostaglandins and is present in most tissues, including the gastrointestinal (GI) mucosa, kidneys, and platelets. The rationale for developing selective COX-2 inhibitors is to reduce gastrointestinal ulcers or uncontrolled bleeding that are caused by the concurrent inhibition of the COX-1 isoform. The COX-2 isoform appears to play a role in maintaining vascular integrity
	Potential language for 12.1 could read: 
	1.. Engelhardt G (1996) Pharmacology of meloxicam, a new non-steroidal anti-inflammatory drug with an improved safety profile through preferential inhibition of COX-2. 
	• 
	• 
	• 
	In an in vitro study, meloxicam preferentially inhibited COX-2 over COX-1 in 

	•. 
	•. 
	Pleurisy of the rat was used as a model of the inflammatory process. In the carrageenan-induced model of inflammation, COX-2 is responsible for the production of prostaglandins. Intrarenal PGE2 synthesis, mediated by COX-1, was inhibited by all of the NSAIDs tested in a dose-dependent manner. PGE2 content of the rat gastric juice was lowered by all NSAIDs tested in a dose-dependent manner. 


	Compared with other NSAIDs, meloxicam is the most potent inhibitor of prostaglandin biosynthesis in pleural and peritoneal exudate, but only a weak inhibitor in the gastric 
	Compared with other NSAIDs, meloxicam is the most potent inhibitor of prostaglandin biosynthesis in pleural and peritoneal exudate, but only a weak inhibitor in the gastric 
	The GI adverse effects of NSAIDs are predominantly associated with the inhibition of COX-1 resulting in reduced prostaglandins in the gastric mucosa. As a COX-2 preferential NSAID, meloxicam at therapeutic doses has minimal impact on COX-1 activity. It is a weak inhibitor of prostaglandin production in gastric juices with an inhibitory dose of 50% (ID50) of 8.99 mg/kg compared to 1.64 mg/kg for diclofenac. 

	2.. Engelhardt G, Bogel R, Schnitzer C, Utzmann R (1996a) Meloxicam: influence on arachidonic acid metabolism. Part 1. In vitro findings. 
	In this article, no CNS effects were observed in the mouse at oral doses up to 100 mg/kg. In vitro studies showed meloxicam had no antagonistic properties against mediators such as histamine, PGE2 and angiotensin II. The rate of gastric emptying or intestinal transport in the rat was not influenced by therapeutic doses of meloxicam and, of all the NSAIDs investigated, meloxicam showed the mildest effect on gastric acidity. In doses above those required for anti-inflammatory action, meloxicam had no influenc
	3.. Engelhardt G, Bogel R, Schnitzler C, Utzmann R (1996b) Meloxicam: influence on arachidonic acid metabolism. Part II. In vivo findings. 
	This report summarizes studies to compare meloxicam to other NSAIDs in the inhibition of COX-2 in inflamed areas (pleurisy of the rat, peritonitis of mice) and their influence on the activity of COX-1 in stomach, kidney, brain, and blood. In pleurisy of the rat, meloxicam was twice as potent as tenoxicam, 3 times as potent as flurbiprofen, 8 times as potent as diclofenac, and 20 times as potent as tenidap at inhibiting prostaglandin E, (PGE) biosynthesis. In the peritonitis model in mice, meloxicam was appr
	The effect of meloxicam on the PGE, content of rat gastric juice and rat urine was weaker than that of piroxicam or diclofenac. 
	Meloxicam was a weaker inhibitor of the increased PGE, concentration in brain of rats and mice (induced by convulsant doses of pentetrazole) than piroxicam, diclofenac, or indomethacin. Meloxicam had a weaker effect on serum thromboxane-B, (TXB,) concentration in rats than piroxicam or tenoxicam. 
	The in vivo findings confirm the results of in vitro tests, conducted separately, showing that meloxicam preferentially inhibits COX-2 over COX-1. COX-2 is the inducible 
	4.. Ogino K, (1997) Evaluation of pharmacological profile of meloxicam as an anti-.inflammatory agent, with particular reference to its relative selectivity for .cyclooxygenase-2 over cyclooxygenase-1.. 
	In an in vivo study using a rat carrageenin-induced pleurisy model, meloxicam and piroxicam (I and 3 mg/kg) and NS-398 (3 mg/kg) showed almost equal anti inflammatory potency against 5-hour pleurisy. A single oral administration of the compounds caused a dose-dependent increase in the number of rats with gastric mucosal erosion. The ED50 value for meloxicam (5.92 mg/kg) was significantly higher than that for piroxicam 
	(1.76 mg/kg), indicating that meloxicam is safer. In in vitro experiments, indometacin inh ibited COX-I about 1.7 times more potently than COX-2. NS-398 inhibited COX-2 with an IC50 of 0.32 mcM, but never affected COX-1 activity, even at 100 mcM. In the same assay system, meloxicam inhibited COX-2 about 12 times more selectively than COX-1. Piroxicam, however, inhibited both isoforms almost equally. 
	5 Pharmacokinetics/ADME/Toxicokinetics 
	No new distribution, metabolism, excretion or other pharmacokinetic drug interaction studies for N1539 have been conducted. However, PK analysis (including absorption) were conducted in toxicology studies. Refer to the first cycle nonclinical review in DARRTS dated 4/27/2018. 
	6 General Toxicology 
	6.1 Single-dose toxicity 
	No new single-dose toxicology studies were submitted with this resubmission. However, a single-dose toxicity study in rabbits was submitted with the original NDA submission. In brief, there were no clinical abnormalities or obvious microscopic changes that could be attributed to the administration of the test or control article at the SC or IM injection site. Refer to the first cycle nonclinical review in DARRTS dated 4/27/2018. 
	6.2 Repeat-dose toxicity 
	No new repeat-dose toxicology studies were submitted with this resubmission. However, repeat-dose toxicology studies were submitted with the initial NDA submission with N1539, which was the codename for both the 25.5 and 30 mg/mL IV meloxicam NCD products during development, in rats, rabbits, and minipigs at durations of up to 28 days in rats and minipigs with no significant adverse systemic findings aside from the gastrointestinal toxicities typically associated with compounds in the NSAID class. The syste
	7 Genetic Toxicology 
	No new genotoxicity studies were submitted with this resubmission. However, a new genotoxicity study (Ames assay) was submitted with the initial NDA submission. Refer to the first cycle nonclinical review in DARRTS dated 4/27/2018. 
	8 Carcinogenicity 
	No new carcinogenicity studies were submitted or required with this NDA because the proposed indication is for acute use. The Applicant will rely upon the data in the referenced product labeling adjusted for the differences in dose. 
	9 Reproductive and Developmental Toxicology 
	No new reproductive and developmental toxicology studies were submitted with the NDA. The Applicant will rely upon the data in the referenced product labeling adjusted for the differences in dose. The bioequivalence of the reproductive toxicology findings by Boehringer Ingelheim (BI) were recalculated based on the anticipated clinical dose, 30 mg/mL, for N1539 and are summarized in the Sponsor’s table below and reflected in the label. This reviewer agrees with the proposed exposure margins. 
	In addition, as part of the requirement under the Pregnancy Lactation and Labeling Rule (PLLR), a review and summary of available published literature regarding the potential effects of meloxicam use on pregnancy, lactation and effects on female and male fertility was provided and the articles were submitted to the NDA (SDN 6, 11/02/2017). 
	A total of 68 references were identified from this search after duplicates were removed. Note that only abstracts were provided and no full articles. These studies were reviewed during the first NDA review cycle and noteworthy data are discussed briefly below. For more details, refer to the first cycle nonclinical review in DARRTS dated 4/27/2018. 
	In the toxicology written summary of the NDA, it was noted that the Applicant identified two published reports describing the developmental toxicity of meloxicam (Cappon et al., 2003) and the reproductive toxicity of meloxicam in male rats (Uzun et al., 2015). However, the Applicant stated that no related label text is proposed at this time until more data are available to characterize these effects and the Applicant believes that none of the literature identified and reviewed necessitate an update to the p
	(Uzun et al., 2015) Evaluation of the reproductive toxicity of naproxen 
	sodium and meloxicam in male rats. 
	Male rats were dosed with 1 mg/kg meloxicam via oral gavage for 35 days (human equivalent dose of 9.7 mg/60 kg based on body surface area; 0.3x the human dose based on BSA). Sperm count and motility; COX-1, COX-2, PGE1, PGE2, PGF2a tissue levels in testes; FSH, LH, and testosterone plasma; and histopathology of testes were examined. 
	: 
	Key findings

	•. 
	•. 
	•. 
	The 35 days of treatment with 1 mg/kg/day meloxicam decreased testicular levels of COX-1, prostaglandin E1 (PGE1), PGE2, prostaglandin F2α (PGF2α), catalase (Cat), glutathione peroxidase (GPx), and glutathione (GSH). 

	•. 
	•. 
	No meloxicam-related effects were noted on testicular levels of COX-2 or on plasma levels of follicle-stimulating hormone (FSH), luteinizing hormone (LH), and testosterone. 

	•. 
	•. 
	Reduced sperm count and sperm motility, and cellular degeneration, tubular atrophy, vacuolization, congestion, and an increase in connective tissue in the testes were noted for meloxicam-treated male rats. 


	: These results suggest that the mechanism of these effects may be a result of the inhibition of prostaglandin synthesis with a potential for oxidative stress providing a secondary influence. However, similar testicular changes are not described in the referenced Mobic labeling, which states that oral doses of up to 9 mg/kg in males did not impair male fertility (3x the MDD based on body surface area). However, it should be noted that male rats are far more fertile than humans; therefore, testicular changes
	Reviewer’s note

	Similar testicular effects have been reported with ibuprofen, indomethacin, naproxen, acetaminophen, and aspirin suggesting a potential class effect. Given the potential for class effects, the results of this study should be considered for inclusion in labeling. Potential language for 13.1 could read: 
	“In a published study, oral administration of 1 mg/kg (0.3x the maximum human 
	daily dose) meloxicam to male rats for 35 days resulted in decreased sperm 
	count and motility and histopathological evidence of testicular degeneration.” 
	A risk summary statement should also be included in Section 8.3. See this reviewer’s proposed language in the labeling section of this review. 
	10 Special Toxicology Studies 
	10.1 Hemocompatibility study 
	A hemocompatibility study was submitted with the initial NDA submission. The report concluded that there was no evidence of hemolysis in human blood in vitro and no macroscopic changes, including flocculation, in the plasma using Anjeso 30 mg/mL. Refer to the first cycle nonclinical review in DARRTS dated 4/27/2018. 
	10.2 Extractable/leachable study 
	The Applicant submitted extractables study reports 
	report P11127 and 
	project number 028226-01-01 with the initial NDA submission. As part of these evaluations, samples of one batch of aged drug product from one time point (approximately 14 months) were also analyzed to preliminarily discover and identify leachables in the drug product. These extractables/leachables data were reviewed and concluded to be inadequate during the first cycle review (see summary review table below). For more details, refer to the first cycle nonclinical review in DARRTS dated 4/27/2018. 
	Figure
	Figure

	The reviewer’s summary table below shows all compounds that were detected at ≥5 mcg/day from extraction studies as well as the aged drug product, which was from one batch of drug product at one time point stored inverted at 25°C. 
	Reviewer’s Summary Table: Extractables/Leachables above 5 mcg/vial 
	sv=semi-volatile compounds nv=non-volatile compounds 
	In the complete response letter dated May 23, 2018, the deficiency regarding extractables leachables testing noted that the structures of six potential leachable 
	qualification threshold of 5 mcg/day. In addition, the compound was detected at above 5 mcg/day from extractions with manufacturing contact material and an unknown compound 
	Figure
	Figure

	was detected at above 5 mcg/day from the aged drug product. To address this deficiency, the Applicant was informed to monitor for all compounds, both identified and unidentified, that were detected in extraction studies and in the aged product assessment at above 5 mcg/day in appropriately conducted leachables stability testing. 
	With this NDA resubmission, the Applicant re-evaluated the extraction study and performed additional extractables/leachables assessments as follows: 
	•. Controlled extraction study of the glass vial, rubber stopper and manufacturing .Components. .
	•. Controlled extraction study of the glass vial, rubber stopper and manufacturing .Components. .
	•. Controlled extraction study of the glass vial, rubber stopper and manufacturing .Components. .
	•. Controlled extraction study of the glass vial, rubber stopper and manufacturing .Components. .
	Figure


	Project Number Report 028226-01-01 (Revision 3 to original Report 028226-01-01). 

	•. 
	•. 
	Screening analysis of aged drug product for the discovery and identification of leachables in the drug product samples and determine which leachables require  Project Numbers 02822601-01, 082516-01-01 through 082516-01-03) 
	further quantitative analysis during stability study (


	•. Leachables method development and validation ( Project Number 028226-0302) 
	•. Leachables method development and validation ( Project Number 028226-0302) 
	Figure


	•. 
	•. 
	Leachables analysis of drug product stability samples throughout product shelf life 

	•. 
	•. 
	Toxicology assessment of the extractables and leachables profile 


	Controlled extraction study (re-evaluated): 
	In this study, all extractables that were identified in amounts at or above an AET of 5 mcg/mL were evaluated and any unknown extractables previously reported as unidentified were indentified. Refer to the table below provided by the Applicant for a summary of results. 
	No extractables at ≥ 5 mcg were observed from the water or placebo extractions for the stopper or the glass vial. Because the NCD Meloxicam IV drug product is an aqueous formulation, meaning that it has a pH similar to water and the placebo, the fact that there were no extractables observed for the water or placebo extractions suggests that there is a very low risk that any compounds will leach from the stopper or glass vial into the NCD Meloxicam IV drug product in amounts at ≥ 5 mcg/mL. 
	All extractables from the stopper were extracted using a reasonably strong solvent such as “50/50 IPA/water as well as water and placebo (drug product minus API) at elevated temperatures and all extractables at ≥ 5 mcg have been identified. In addition, no extractables in amounts at ≥ 5 mcg/vial were observed from the glass vials for any extractions. Two extractables in amounts at ≥ 5 mcg/mL using placebo were observed 
	All extractables from the stopper were extracted using a reasonably strong solvent such as “50/50 IPA/water as well as water and placebo (drug product minus API) at elevated temperatures and all extractables at ≥ 5 mcg have been identified. In addition, no extractables in amounts at ≥ 5 mcg/vial were observed from the glass vials for any extractions. Two extractables in amounts at ≥ 5 mcg/mL using placebo were observed 
	for the manufacturing components, refer to Note 2 and Note 3 below for additional details provided by the Applicant. 

	Note 1. During the original evaluation, an unknown peak at 
	Note 1. During the original evaluation, an unknown peak at 
	 detected in the 
	min


	LC/UV/MS analysis of stopper/placebo extract was incorrectly reported as an extractable. 
	Figure
	Figure

	The unknown peak 
	eluted at the solvent front similar to the placebo blank control (NCD Meloxicam IV drug product formulation minus the API and stored without coming in contact of stopper). This is further supported since the unknown peak 
	Figure

	was not seen in either the water or 50/50 IPA/Water extracts. In addition, data recently generated from stopper extracts with lab prepared placebo control did not show an extractable peak at 
	Figure

	min., confirming that the unknown peak originated from the original placebo preparation and is not a true extractable, see 
	Figure

	Project Number Report 028226-01-01 
	(revision 3 to original report 028226-01-01). 
	Reviewer’s note: The Applicant’s justification to not identify the unknown compound at is reasonable because adequate data to justify it is derived from the drug 
	Figure

	product was provided. Further investigation into this compound is not warranted. 
	IV drug product is no longer in contact with the manufacturing component during storage 
	IV drug product is no longer in contact with the manufacturing component during storage 
	it is not expected for this compound to be detected in the NCD Meloxicam IV drug product throughout stability. In addition, as to be discussed in the next section below, the data obtained from the leachables screening analysis of the aged NCD Meloxicam IV drug product demonstrates that this compound does not leach out into the NCD Meloxicam IV drug product at any time point tested. 

	manufacturing component is not acceptable. While the level may not increase while on stability, it may still be present at release until it degrades. Definitive safety to be determined via leachables stability testing discussed below. 
	Note 3. was detected with an amount of up to 
	Note 3. was detected with an amount of up to 
	Figure

	μg/mL from 

	after exposure to the placebo (a maximum extraction time of 36 hours was used ). Since the NCD Meloxicam IV drug product is no longer in contact with the manufacturing component during storage it is not expected for this compound to be detected in the NCD Meloxicam IV drug product throughout stability. In addition, as to be discussed in the next section below, the data obtained from the leachables screening analysis of the aged NCD Meloxicam IV drug product demonstrates that this compound does not leach out
	Figure
	Figure

	Reviewer’s note: The Applicant’s justification that 
	will not be expected to be detected in the drug product because it is no longer in contact with the manufacturing component is not acceptable. While the level may not increase while on stability, it may still be present at release until it degrades. Definitive safety to be determined via leachables stability testing discussed below. 
	Figure

	They were only detected from 50/50 IPA/water extraction. Because of their hydrophobic nature, they are not likely to leach into the aqueous NCD Meloxicam IV drug product. In addition, as to be discussed in the next section below, data obtained from the leachables screening analysis of the aged NCD Meloxicam IV drug product demonstrates that this compound does not leach out into the NCD Meloxicam IV drug product. 
	only from 50/50 IPA extraction. Because of their insolubility in aqueous solvent, they are 
	in the next section, data obtained from the leachables screening analysis of the aged NCD Meloxicam IV drug product demonstrates that these compounds do not leach out into the NCD Meloxicam IV drug product. 
	As noted in the first cycle review, the analytical evaluation threshold (AET) for the extractables studies was based on a safety concern threshold of mcg/day, which is acceptable. The AET was calculated to be 
	Figure
	Figure

	mcg/vial or mcg/stopper as follows: 
	Leachables screening evaluation – initial and additional screening: 
	The leachables screening analysis submitted during the first review cycle was performed using samples of NCD Meloxicam IV drug product Lot 
	Figure

	-5972-097 that had been stored at an inverted orientation at 25°C/60%RH for approximately 14 months. During the initial screening analysis, no NCD Meloxicam IV drug product control sample (a sample that was not exposed to the container/closure system) was analyzed concurrently. All the peaks were reported as likely leachables although most of the peaks were NCD Meloxicam IV drug product formulation related peaks as the results from a follow up study demonstrated. Report 082516-01-01) was performed to analyz
	The follow-up leachables study (
	manufacturing components) to determine the formulation related peaks. were the only compounds detected that correlate to the 

	extracted compounds. See the summary table below provided by the Applicant. 
	Note that the Applicant provided the overlay chromatograms of the aged drug product -5972-097) with the extractables to demonstrate that with the exception of Report 08251601-15). ), which is above 5 mcg/vial, 
	sample ( 
	Figure
	, no other extractables leach into the drug product samples (
	Note that the Applicant did not identify the unknown compond ( 
	Figure

	since one vial contains 30 mg, which is the MRHD and the concentration is 30 mg/mL. The Applicant stated that the “peak at 
	Figure

	is present in the formulated control and is not a true leachable. Analysis of the individual components used to prepare the formulated control showed the origin of this peak is the Meloxicam API.” (See Sponsor’s table below). According to the chemistry reviewer, Dr. Valerie Amspacher, the Applicant provided enough data to justify that this compound is related to the drug product and is not a leachable. Therefore, no additional investigation regarding this compound is warranted. 
	An additional leachables evaluation was performed on multiple lots of NCD Meloxicam IV drug product samples stored at an inverted orientation at 25°C/60%RH for varying lengths of time (up to 30 months) (see table below). These samples were screened using the same analytical methods as those used in the controlled extraction study. 
	Extractables/Leachables Profile Assessment and Justification of the Selection of Target Compounds for Leachables Method Development and Validation 
	Extractables/Leachables Profile Assessment and Justification of the Selection of Target Compounds for Leachables Method Development and Validation 

	Nine extractables were detected at ≥ 5 mcg/mL (for manufacturing components) or  Project Number 028226-01-01).
	mcg/component for container closure components in the extraction study (
	Figure

	compounds if they exceeded the AET, which was established to detect compounds above an appropriate safety threshold. The only leachables detected in the aged drug product screening analysis were 
	Figure

	). 
	For 
	the maximum amount observed ( mcg/mL) was below the AET of 5 mcg/mL for all samples analyzed up to 30 months. Also, the extractable amount was below the AET of 5 mcg/component (only 
	Figure
	Figure
	Figure
	Figure
	Figure

	mcg/stopper); therefore, no further monitoring is required for 
	was the only leachable consistently detected among different lots and time points which was below at 
	Figure
	Figure

	mcg/mL for all samples up to 30 months, at least 
	Figure

	times lower than the AET of 5 mcg/mL. To be conservative, 
	was monitored throughout drug product shelf life. 
	Leachables Method Development and Validation
	Leachables Method Development and Validation

	 was selected as a target leachable compound and a method ( Method Number M7397) was developed and validated to quantify the leachable amounts during the stability study. 
	Figure
	Figure
	Figure
	Figure

	was also added to the method. was determined to be an API impurity, not a leachable. It was not detected in the extraction study samples, but it was detected in the aged drug product. was included in the leachables method because of its structural alert and because it was not covered by other API impurity methods. 
	Figure

	Quantitative Leachables Analysis of Stability Samples 
	Quantitative Leachables Analysis of Stability Samples 

	Monitoring for 
	was performed for all timepoints and storage conditions (inverted sample storage) for Registration Batches 360792-00001, -30002, & 
	Figure
	Figure
	Figure

	-30003 with validated 
	Method Number M7397. Ten stability sample vials per batch were pooled to perform leachable monitoring analysis of at each testing time point out to 54 months of storage. The CMC reviewer confirmed that the analytical methods were capable of detecting the extractable compounds, 
	if they exceeded the AET. 

	No was detected throughout the stability study; the results of leachable are summarized below. The 
	Figure
	Figure
	Figure

	amounts are all below 
	mcg/mL throughout the stability study up to 54 months, at least 
	Figure

	times below the AET of 5 mcg/mL. 
	According to the Applicant, the leachable stability data supports a 48 months shelf-life while being stored at 15-25°C. 
	Toxicological Evaluation 
	Toxicological Evaluation 

	Extractables with total daily intakes (TDIs) above the AET of 5 mcg/day, with the exception of 
	Figure

	, were not detected during screening analyses of multiple lots of aged NCD Meloxicam IV drug product at various time points (0, 1, 3, 12, 24, 30 months). Therefore, they do not leach into the NCD Meloxicam IV drug product and are not considered to pose a significant risk to patients from a toxicological perspective. 
	mcg/mL throughout the shelf life of 48 months, and are therefore considered to pose negligible risk to patient safety from carcinogenic or noncarcinogenic toxic effects. For 
	Figure
	Figure

	the TDI of 
	mcg/day is below the ICH Q3C(R6) Class 3 permitted daily exposure of 50 mg/day. 
	Leachables Screening Commitment 
	Leachables Screening Commitment 

	Recro will perform the leachables screening on stability samples (stored inverted at 25°C/60%RH) of NCD Meloxicam IV drug product Batch 360792-30004 at the 36 and 48 month timepoints. To date, leachables screening has been performed on Batch 360792-30004 for the 24 and 30 month stability samples (stored inverted at 25°C/60%RH). 
	Recro will perform the leachables screening on stability samples (stored inverted at 25°C/60%RH) of NCD Meloxicam IV drug product Batches 001/A, 001/B, 002/A, and 003/B at the following timepoints: 6, 9, 12, 18, 24, 36, and 48 months. To date, screening has been performed on Batches 001/A, 001/B, 002/A, and 003/B - 0, 1, and 3 month stability samples (stored inverted at 25°C/60%RH). 
	As part of the screening commitment, Recro will continue to test 2 stability sample vials per leachables screening test method (headspace GC/MS, GC/MS, and LC/UV/MS), per timepoint. All leachables screening data generated will be filed to the NDA as part of Recro’s annual reports for NCD Meloxicam IV NDA. At the end of the commitment for Lot 360792-30004, a total of 24 sample vials will have been used to evaluate the 
	As part of the screening commitment, Recro will continue to test 2 stability sample vials per leachables screening test method (headspace GC/MS, GC/MS, and LC/UV/MS), per timepoint. All leachables screening data generated will be filed to the NDA as part of Recro’s annual reports for NCD Meloxicam IV NDA. At the end of the commitment for Lot 360792-30004, a total of 24 sample vials will have been used to evaluate the 
	container closer configuration leachables out to 48 months of shelf life. Regarding the validation batches (001/A, 001/B, 002/A, and 003/B), a total of 60 sample vials per batch will have been used to perform container closer leachables out to 48 months of shelf life. 

	Summary 
	Summary 

	Employing an acceptable AET and appropriate analytical methods, the extraction 
	Leachables studies conducted to date included evaluation of the following drug product 
	lots on stability at 25°C and timepoints shown in the table below. Note, only were targeted in these studies but the CMC reviewer has confirmed that 

	the analytical methods and AET employed were adequate to detect any of the eight extractables compounds indicated above if they exceeded the AET. 
	Summary Leachables Study Lots and Timepoints 
	X=Samples evaluated C=Applicant proposes to provide these data as a post-marketing commitment 
	36 
	36 
	In brief, none of the eight extractable compounds were detected above the AET in any of the samples evaluated. In addition, only were detected in some samples, but the total daily intakes did not exceed 5 mcg/day in any sample evaluated throughout the shelf life of 48 months. Therefore, there is negligible risk to patient safety posed by the container closure system. Because at least 3 batches of drug product were evaluated at 8 different timepoints up to the proposed 48 month shelf life and nothing was det
	Figure


	11. Integrated Summary and Safety Evaluation 
	See Executive Summary 
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	Figure
	at 8 different time points and methods were validated to quantify two leachables, including did not specifically target the eight extractables indicated above, the Applicant 
	threshold of 5 mcg/day. The CMC reviewer confirmed the adequacy of this claim. Potential leachables related to extractables were monitored and were the only compounds detected that correlate to the extracted compounds. Both componds were below mcg/mL for all samples up to 54 months, at least times lower than the safety threshold of 5 mcg/mL. In addition, none of the eight extractable compounds were detected above the AET in any of the samples evaluated. Therefore, adequate extractable leachable data were su
	Table
	TR
	Dose (mg/kg) 
	HED (mg/kg) 
	AUC0-24 (mcg.h/mL) 
	C max (mcg/mL) 
	Human SM Based on AUC 
	Human SM Based on Cmax 

	Human (MRDD)
	Human (MRDD)
	 30 mg 
	30 mg 

	30 mg 
	30 mg 
	0.5 
	107.5 * 
	10.6** 

	Rats 4-week study 
	Rats 4-week study 
	Week 4 (♂/♀) 
	Week 4 (♂/♀) 
	(♂/♀) 
	(♂/♀) 

	NOAEL 
	NOAEL 
	1.6 
	0.26 
	186/662 
	21.6/38.4 
	1.7/6.2X 
	2.0X/3.6X 

	Minipig 4-week study (30 mg/ml) 
	Minipig 4-week study (30 mg/ml) 
	Week 4 
	Week 4 

	TR
	5.0 
	4.5 
	71 
	37.3 

	NOAEL 
	NOAEL 
	7.5 
	6.8 
	85 
	45.3 
	0.8X 
	4.3X 


	GI-related mortalities 
	GI-related mortalities 
	GI-related mortalities 
	10 
	9.1 
	169 
	75.9 


	Applicant’s Proposed Labeling 
	Applicant’s Proposed Labeling 
	Applicant’s Proposed Labeling 
	Reviewer’s recommended labeling language 
	Comments and rationale for reviewer’s recommended changes 

	8.1 Pregnancy Risk Summary Use of NSAIDs, including ANJESO, during the third trimester of pregnancy increases the risk of premature closure of the fetal ductus arteriosus. Avoid use of NSAIDs, including ANJESO, in pregnant women starting at 30 weeks of gestation (third trimester) [see Warnings and Precautions (5.10)]. 
	8.1 Pregnancy Risk Summary Use of NSAIDs, including ANJESO, during the third trimester of pregnancy increases the risk of premature closure of the fetal ductus arteriosus. Avoid use of NSAIDs, including ANJESO, in pregnant women starting at 30 weeks of gestation (third trimester) [see Warnings and Precautions (5.10)]. 
	8.1 Pregnancy Risk Summary Use of NSAIDs, including ANJESO, during the third trimester of pregnancy increases the risk of premature closure of the fetal ductus arteriosus. Avoid use of NSAIDs, including ANJESO, in pregnant women starting at 30 weeks of gestation (third trimester) [see Warnings and Precautions (5.10)]. 
	This is consistent with MOBIC labeling. 


	There are no adequate and well-
	There are no adequate and well-
	There are no adequate and well-
	There are no adequate and well-
	We defer to clinical review team and 

	controlled studies of meloxicam in 
	controlled studies of meloxicam in 
	controlled studies of meloxicam in 
	maternal health team (MHT) for the 

	pregnant women. Data from 
	pregnant women. Data from 
	pregnant women. Data from 
	human risk summary statement. 

	observational studies regarding 
	observational studies regarding 
	observational studies regarding 
	Refer to these clinical reviews for their 

	potential embryofetal risks of NSAID 
	potential embryofetal risks of NSAID 
	potential embryofetal risks of NSAID 
	recommended language. 

	use in women in the first or second 
	use in women in the first or second 
	use in women in the first or second 

	trimesters of pregnancy are 
	trimesters of pregnancy are 
	trimesters of pregnancy are 

	inconclusive. In the general U.S. 
	inconclusive. In the general U.S. 
	inconclusive. In the general U.S. 

	population, all clinically recognized 
	population, all clinically recognized 
	population, all clinically recognized 

	pregnancies, regardless of drug 
	pregnancies, regardless of drug 
	pregnancies, regardless of drug 

	exposure, have a background rate of 
	exposure, have a background rate of 
	exposure, have a background rate of 

	2-4% for major malformations, and 
	2-4% for major malformations, and 
	2-4% for major malformations, and 

	15-20% for pregnancy loss. 
	15-20% for pregnancy loss. 
	15-20% for pregnancy loss. 

	In animal reproduction studies, 
	In animal reproduction studies, 
	In animal reproduction studies, 
	In the risk summary, it is unnecessary 

	embryofetal death was observed in 
	embryofetal death was observed in 
	embryofetal death was observed in 
	to note that the margins are based on 

	rats and rabbits treated during the 
	rats and rabbits treated during the 
	rats and rabbits treated during the 
	BSA comparison. 

	period of organogenesis with 
	period of organogenesis with 
	period of organogenesis with 

	meloxicam at oral doses equivalent to 
	meloxicam at oral doses equivalent to 
	meloxicam at oral doses equivalent to 
	The Applicant has appropriately 

	0.32- and 3.24-times the maximum 
	0.32- and 3.24-times the maximum 
	0.32- and 3.24-times the maximum 
	adjusted exposure margins in 

	recommended human dose (MRHD) 
	recommended human dose (MRHD) 
	recommended human dose (MRHD) 
	Sections 8 and 13 based on BSA 

	of 30 mg of ANJESO, based on body 
	of 30 mg of ANJESO, based on body 
	of 30 mg of ANJESO. Increased 
	comparison by dividing by 2 

	surface area (BSA). Increased 
	surface area (BSA). Increased 
	incidence of septal heart defects were 
	compared to margins in the listed 

	incidence of septal heart defects were 
	incidence of septal heart defects were 
	observed in rabbits treated throughout 
	drug MOBIC label since the MRHD of 

	observed in rabbits treated throughout 
	observed in rabbits treated throughout 
	embryogenesis with meloxicam at an 
	Anjeso is 30 mg/day vs Mobic 15 

	embryogenesis with meloxicam at an 
	embryogenesis with meloxicam at an 
	oral dose equivalent to 39-times the 
	mg/day. 

	oral dose equivalent to 39-times the 
	oral dose equivalent to 39-times the 
	MRHD of 30 mg of ANJESO. In pre-

	MRHD of 30 mg of ANJESO. In pre-
	MRHD of 30 mg of ANJESO. In pre-
	and post-natal reproduction studies, 

	and post-natal reproduction studies, 
	and post-natal reproduction studies, 
	there was an increased incidence of 

	there was an increased incidence of 
	there was an increased incidence of 
	dystocia, delayed parturition, and 
	The Applicant submitted a literature 

	dystocia, delayed parturition, and 
	dystocia, delayed parturition, and 
	decreased offspring survival at 0.04
	review summarizing published 

	decreased offspring survival at 0.04
	decreased offspring survival at 0.04
	times the MRHD of 30 mg of 
	nonclinical studies that investigated 

	times the MRHD of 30 mg of 
	times the MRHD of 30 mg of 
	ANJESO. No teratogenic effects were 
	effects of meloxicam on reproduction, 

	ANJESO. No teratogenic effects were 
	ANJESO. No teratogenic effects were 
	observed in rats and rabbits treated 
	development, and fertility. The 

	observed in rats and rabbits treated 
	observed in rats and rabbits treated 
	with meloxicam during organogenesis 
	Applicant did not propose to add any 

	with meloxicam during organogenesis 
	with meloxicam during organogenesis 
	at an oral dose equivalent to 1.3 and 
	new information to the label based on 

	at an oral dose equivalent to 1.3 and 
	at an oral dose equivalent to 1.3 and 
	13-times the MRHD of 30 mg of 
	this review. 

	13-times the MRHD of 30 mg of 
	13-times the MRHD of 30 mg of 
	ANJESO [see Data]. 

	ANJESO [see Data]. 
	ANJESO [see Data]. 

	Based on animal data, prostaglandins 
	Based on animal data, prostaglandins 
	Based on animal data, prostaglandins 
	Standard NSAID safety labeling 

	have been shown to have an 
	have been shown to have an 
	have been shown to have an 
	change (SLC) language 

	important role in endometrial vascular 
	important role in endometrial vascular 
	important role in endometrial vascular 

	permeability, blastocyst implantation, 
	permeability, blastocyst implantation, 
	permeability, blastocyst implantation, 

	and decidualization. In animal studies, 
	and decidualization. In animal studies, 
	and decidualization. In animal studies, 

	administration of prostaglandin 
	administration of prostaglandin 
	administration of prostaglandin 

	synthesis inhibitors, such as 
	synthesis inhibitors, such as 
	synthesis inhibitors, such as 

	meloxicam, resulted in increased pre-
	meloxicam, resulted in increased pre-
	meloxicam, resulted in increased pre-

	and post-implantation loss. 
	and post-implantation loss. 
	and post-implantation loss. 

	TR
	The estimated background risk of 

	TR
	major birth defects and miscarriage 

	TR
	for the indicated population is 

	TR
	unknown. All pregnancies have a 

	TR
	background risk of birth defect, loss, 
	Standard PLLR data 

	TR
	or other adverse outcomes. In the 

	TR
	general U.S. population, all clinically 

	TR
	recognized pregnancies, regardless of 

	TR
	drug exposure, have a background 

	TR
	rate of 2-4% for major malformations, 

	TR
	and 15-20% for pregnancy loss. 


	Data Animal Data Meloxicam was not teratogenic when administered to pregnant rats during fetal organogenesis at oral doses up to 4 mg/kg/day (1.3-fold greater than the MRHD of 30 mg of ANJESO based on BSA comparison). Administration of meloxicam to pregnant rabbits throughout embryogenesis produced an increased incidence of septal defects of the heart at an oral dose of 60 mg/kg/day (39-fold greater than the MRHD of 30 mg of ANJESO based on BSA comparison). The no effect level was 20 mg/kg/day (13-fold grea
	Data Animal Data Meloxicam was not teratogenic when administered to pregnant rats during fetal organogenesis at oral doses up to 4 mg/kg/day (1.3-fold greater than the MRHD of 30 mg of ANJESO based on BSA comparison). Administration of meloxicam to pregnant rabbits throughout embryogenesis produced an increased incidence of septal defects of the heart at an oral dose of 60 mg/kg/day (39-fold greater than the MRHD of 30 mg of ANJESO based on BSA comparison). The no effect level was 20 mg/kg/day (13-fold grea
	Data Animal Data Meloxicam was not teratogenic when administered to pregnant rats during fetal organogenesis at oral doses up to 4 mg/kg/day (1.3-fold greater than the MRHD of 30 mg of ANJESO based on BSA comparison). Administration of meloxicam to pregnant rabbits throughout embryogenesis produced an increased incidence of septal defects of the heart at an oral dose of 60 mg/kg/day (39-fold greater than the MRHD of 30 mg of ANJESO based on BSA comparison). The no effect level was 20 mg/kg/day (13-fold grea
	Data Animal Data Meloxicam was not teratogenic when administered to pregnant rats during fetal organogenesis at oral doses up to 4 mg/kg/day (1.3-fold greater than the MRHD of 30 mg of ANJESO based on BSA comparison). Administration of meloxicam to pregnant rabbits throughout embryogenesis produced an increased incidence of septal defects of the heart at an oral dose of 60 mg/kg/day (39-fold greater than the MRHD of 30 mg of ANJESO based on BSA comparison). The no effect level was 20 mg/kg/day (13-fold grea
	This is consistent with listed drug MOBIC labeling with adjusted exposure margins based on higher MRHD. 

	8.2 Lactation 
	8.2 Lactation 
	8.2 Lactation 

	Risk Summary There are no human data available on whether meloxicam is present in human milk, or on the effects on breastfed infants, or on milk production. The developmental and health benefits of breastfeeding should be considered along with the mother’s clinical need for ANJESO and any potential adverse effects on the breastfed infant from the or from the underlying maternal condition. Data Animal Data Meloxicam was present in the milk of lactating rats at concentrations higher than those in plasma. 
	Risk Summary There are no human data available on whether meloxicam is present in human milk, or on the effects on breastfed infants, or on milk production. The developmental and health benefits of breastfeeding should be considered along with the mother’s clinical need for ANJESO and any potential adverse effects on the breastfed infant from the or from the underlying maternal condition. Data Animal Data Meloxicam was present in the milk of lactating rats at concentrations higher than those in plasma. 
	Risk Summary There are no human data available on whether meloxicam is present in human milk, or on the effects on breastfed infants, or on milk production. The developmental and health benefits of breastfeeding should be considered along with the mother’s clinical need for ANJESO and any potential adverse effects on the breastfed infant from the or from the underlying maternal condition. Data Animal Data Meloxicam was present in the milk of lactating rats at concentrations higher than those in plasma. 
	This is consistent with MOBIC labeling. We defer to clinical review team and maternal health team (MHT) for the human risk summary statement. Refer to these clinical reviews for their recommended language. This is consistent with MOBIC labeling. 


	8.3 Females and Males of Reproductive Potential Infertility Females Based on the mechanism of action, the use of prostaglandin-mediated NSAIDs, including ANJESO, may delay or prevent rupture of ovarian follicles, which has been associated with reversible infertility in some women. Published animal studies have shown that administration of prostaglandin synthesis inhibitors has the potential to disrupt prostaglandinmediated follicular rupture required for ovulation. Small studies in women treated with NSAID
	8.3 Females and Males of Reproductive Potential Infertility Females Based on the mechanism of action, the use of prostaglandin-mediated NSAIDs, including ANJESO, may delay or prevent rupture of ovarian follicles, which has been associated with reversible infertility in some women. Published animal studies have shown that administration of prostaglandin synthesis inhibitors has the potential to disrupt prostaglandinmediated follicular rupture required for ovulation. Small studies in women treated with NSAID
	8.3 Females and Males of Reproductive Potential Infertility Females Based on the mechanism of action, the use of prostaglandin-mediated NSAIDs, including ANJESO, may delay or prevent rupture of ovarian follicles, which has been associated with reversible infertility in some women. Published animal studies have shown that administration of prostaglandin synthesis inhibitors has the potential to disrupt prostaglandinmediated follicular rupture required for ovulation. Small studies in women treated with NSAID
	8.3 Females and Males of Reproductive Potential Infertility Females Based on the mechanism of action, the use of prostaglandin-mediated NSAIDs, including ANJESO, may delay or prevent rupture of ovarian follicles, which has been associated with reversible infertility in some women. Published animal studies have shown that administration of prostaglandin synthesis inhibitors has the potential to disrupt prostaglandinmediated follicular rupture required for ovulation. Small studies in women treated with NSAID
	This is consistent with MOBIC labeling. We recommend including male fertility data from literature review performed in accordance with PLLR. Data Source: Uzun et al. (2015) 

	12.1 Mechanism of Action 
	12.1 Mechanism of Action 
	12.1 Mechanism of Action 

	meloxicam 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 cyclooxygenase (COX-1 and COX-2). 
	meloxicam 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 cyclooxygenase (COX-1 and COX-2). 
	meloxicam 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 cyclooxygenase (COX-1 and COX-2). 
	The Applicant’s proposed labeling is not entirely consistent with Mobic labeling language. Specifically, the Applicant has proposed to the statement 

	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. 
	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. 
	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. 
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	TR
	therefore the statement appears promotional. 

	13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility Carcinogenesis There was no increase in tumor incidence in long-term carcinogenicity studies in rats (104 weeks) and mice (99 weeks) administered meloxicam at oral doses up to 0.8 mg/kg/day in rats and up to 8.0 mg/kg/day in mice (up to 0.26 and 1.3 times, respectively, the MRHD of 30 mg/day ANJESO based on BSA comparison). Mutagenesis ANJESO was not mutagenic in an Ames assay. Meloxicam was not clastogenic in a chromosome aberration assay with human
	13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility Carcinogenesis There was no increase in tumor incidence in long-term carcinogenicity studies in rats (104 weeks) and mice (99 weeks) administered meloxicam at oral doses up to 0.8 mg/kg/day in rats and up to 8.0 mg/kg/day in mice (up to 0.26 and 1.3 times, respectively, the MRHD of 30 mg/day ANJESO based on BSA comparison). Mutagenesis ANJESO was not mutagenic in an Ames assay. Meloxicam was not clastogenic in a chromosome aberration assay with human
	13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility Carcinogenesis There was no increase in tumor incidence in long-term carcinogenicity studies in rats (104 weeks) and mice (99 weeks) administered meloxicam at oral doses up to 0.8 mg/kg/day in rats and up to 8.0 mg/kg/day in mice (up to 0.26 and 1.3 times, respectively, the MRHD of 30 mg/day ANJESO based on BSA comparison). Mutagenesis ANJESO was not mutagenic in an Ames assay. Meloxicam was not clastogenic in a chromosome aberration assay with human
	This is consistent with MOBIC labeling. The Applicant proposes to state ANJESO, rather than meloxicam as stated in the MOBIC label, was not mutagenic in the Ames assay based on new Ames study data testing the drug product. The NDA included an Ames assay testing N1539 NanoCrystal® Colloidal Dispersion. It was negative. Therefore, this is considered by this reviewer to be acceptable. We recommend including male fertility data from literature review performed in accordance with PLLR. Data Source: Uzun et al. (


	Generic Name: 
	Generic Name: 
	Generic Name: 
	Meloxicam 

	Code Name: 
	Code Name: 
	N1539 (NanoCrystal® Colloidal Dispersion Meloxicam) 

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

	TR
	benzothiazine-3-carboxamide 1,1-dioxide 


	Structure or Biochemical Description: 
	Application 
	Application 
	Application 
	Drug Name 
	Route 
	Strength 
	Status/Date 
	Indication 

	NDA 20938 
	NDA 20938 
	Mobic 
	Oral 
	7.5 and 15 mg tablets 
	Approved 4/13/2000 
	Chronic pain 

	IND 105172 
	IND 105172 
	Meloxicam (N1539) 
	IV 
	30 mg/mL 
	Active 5/13/2009 
	Moderate to severe acute pain 


	DMF Subject Holder Status Comment Meloxicam drug substance Active since 4/4/2004 Last reviewed 7/12/2017 and concluded to be adequate Active since 12/9/2015 Not formally reviewed. Active since 9/11/1995 E/L studies reviewed in this submission to support the container closure system. Active since 12/14/2015 Last reviewed 6/15/2017 and deemed adequate. E/L studies reviewed in this submission to support the container closure system. 
	ingredient meloxicam for intravenous administration. Each mL of aqueous dispersion 
	Figure
	toxicity risk assessment would be needed. 
	The NDA did not include an adequate extractables/leachables evaluation to justify the safety of potential leachables in the drug product. The structures of six potential leachable compounds (e.g., ) were not fully elucidated, but were detected at above the AET and at levels exceeding the requested qualification threshold of 5 mcg/day. In addition, the compound was detected at above 5 mcg/day from extractions with manufacturing contact material and an unknown compound was detected at above 5 mcg/day from the
	such as (i.e., not all possible leachables) were evaluated at the 48month time point. The Sponsor stated that they believe that these data support a 48
	Figure
	Meloxican, which has been reported to have partial selectivity to COX-2, still has a risk for GI and other adverse effects (AEs) related to COX-1. if results of such clinical studies are supportive, specific labeling could be considered for inclusion in labeling. 
	“The mechanism of action of ANJESO, like that of other NSAIDs, is not completely understood but involves inhibition of cyclooxygenase (COX-1 and COX-2). As such, this statement will not be included at this time. 
	guinea-pig peritoneal macrophages and human COX-2 in COS cells. 
	tract and kidney. 
	Figure
	Figure
	Figure
	Figure
	isoenzyme implicated in the inflammatory response, whereas COX-1 has cytoprotective effects in the gastric mucosa. 
	Figure
	Figure
	Figure
	Figure
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	Rubber Stopper 
	Vial & 
	Contact 
	Aged drug 
	Adequately justified? 

	TR
	rubber 
	material 
	product 

	TR
	stopper 

	Extraction solvent 
	Extraction solvent 
	Water 
	IPA/Water 
	Placebo 
	Nitric 
	Placebo 

	TR
	acid 

	Compound 
	Compound 
	mcg/stopper 
	mcg/v ial 
	mcg/mL 
	mcg/vial 
	Yes, within ICH Q3C 

	TR
	PDE Yes, within IID 


	Yes, within IID Yes, within IID No. This compound should be identified and justified. No. This compound should be identified and justified. No. This compound should be identified and justified. No. This compound should be identified and justified. No. This compound should have been monitored in leachables study Yes, API related Yes, API related Yes, API related Yes, API related No. This compound should be identified and justified. No. This compound should be identified and justified. No. This compound shoul
	compounds (e.g., ) were not fully elucidated, but were detected at above the AET and at levels exceeding the requested 
	Figure
	The following notes were provided with the resubmission to justify that the unknown peak at are not likely to leach from the container closure and therefore do not pose safety risks: 
	Note 2. was detected with an amount of mcg/mL from after exposure to the placebo (a maximum extraction time of 36 hours was used ). Since the NCD Meloxicam 
	Reviewer’s note: The Applicant’s justification that will not be expected to be detected in the drug product because it is no longer in contact with the 
	Note 4. The has a molecular weight of 
	Reviewer’s note: Definitive safety for to be determined via leachables stability testing discussed below. Note 5. At neutral pH, are not soluble in water. Further, they were not detected from water or placebo extraction; rather, they were detected 
	not likely to leach into the NCD Meloxicam IV drug product. Aged product screening analysis did not detect any leachable in the NCD Meloxicam IV drug product samples, supporting this conclusion. As to be discussed 
	Reviewer’s note: Definitive safety for to be determined via leachables stability testing discussed below. 
	Figure
	Figure
	Figure
	Consistent with the initial screening of the 14-month aged NCD Meloxicam IV drug product samples Lot -5972-097, the only leachables detected were Both compounds were identified in estimated amounts below mcg/mL, which is more than times below the AET of 5 mcg/mL. 
	Figure
	 are extracted from the manufacturing process components. The extractables amounts are more than 5 mcg/mL but less than after 36 hours extraction. However, screening analysis of multiple lots of drug product samples confirmed that there were no detectable leachable in the drug product sample. Seven extractables from the stopper were identified: . Each of these seven were detected using a strong solvent (50/50 IPA/water) extraction. None of these compounds were extracted from water or placebo 
	extractions. Analysis of multiple lots of drug product ranging from 0 month to 30 months confirmed that are not detected in drug product. The CMC reviewer confirmed that the analytical methods were capable of detecting these 
	Figure
	In the aged drug product screening toxicological assessment only were identified as potential organic leachables. The TDIs for mcg/day for each compound) are at least times below the AET level of 5 
	studies detected the following compounds as potential leachables at ≥ 5 mcg/day: and two unknown compounds with min. Unknown compounds with min were adequately justified as part of the drug product and therefore identification and a safety risk assessment were not warranted. The remaining eight compounds should have been monitored in leachables studies using validated methods to target and quantify these compounds. 
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	1 
	1 
	Executive Summary 

	1.1 Introduction 
	Recro submitted NDA 210583 on July 26, 2017 to seek marketing approval for AnjesoInjection (Meloxicam, 30 mg/mL) for the indication of management of moderate to severe pain. Based on the clinical studies described in the proposed label, it appears that the intended patient population will be patients with postoperative pain. This NDA was submitted as a 505(b)(2) application relying on the Agency’s previous determination of safety and efficacy of the listed drug Mobic® (meloxicam) tablets (NDA 20938; Boehrin
	TM 

	Anjeso is an injectable formulation of meloxicam for the intravenous (IV) route of administration that uses a proprietary NanoCrystal Colloidal Dispersion (NCD) technology, which is intended to increase the dissolution rate of meloxicam and provide faster onset of action to treat acute pain. The proposed recommended human dose is 30 mg administered once daily by intravenous bolus injection over 15 seconds. In comparison, the maximum recommended daily dose of the reference product Mobic is 15 mg. In a clinic
	®

	1.2 Brief Discussion of Nonclinical Findings 
	The NDA included appropriate nonclinical studies to address the local and systemic safety of the TBM product. Repeat-dose toxicology studies were conducted with N1539, which was the codename for both the 25.5 and 30 mg/mL IV meloxicam NCD products during development, in rats, rabbits, and minipigs at durations of up to 28 days in rats and minipigs with no significant adverse systemic findings aside from the gastrointestinal toxicities typically associated with compounds in the NSAID class. The exposure leve
	The NDA included appropriate nonclinical studies to address the local and systemic safety of the TBM product. Repeat-dose toxicology studies were conducted with N1539, which was the codename for both the 25.5 and 30 mg/mL IV meloxicam NCD products during development, in rats, rabbits, and minipigs at durations of up to 28 days in rats and minipigs with no significant adverse systemic findings aside from the gastrointestinal toxicities typically associated with compounds in the NSAID class. The exposure leve
	margin for AUC in the dog was slightly below 1, given the long clinical history of use of NSAIDs and known adverse event profile, this is considered acceptable. Therefore, the systemic safety of the product is considered adequately justified for the intended clinical use from the nonclinical perspective. 

	Table
	TR
	Dose (mg/kg) 
	HED (mg/kg) 
	AUC0-24 (mcg.h/mL) 
	C max (mcg/mL) 
	Human SM Based on AUC 
	Human SM Based on Cmax 

	Human (MRDD)
	Human (MRDD)
	 30 mg 
	30 mg 

	30 mg 
	30 mg 
	0.5 
	107.5 * 
	10.6** 

	Rats 4-week study 
	Rats 4-week study 
	Week 4 (♂/♀) 
	Week 4 (♂/♀) 
	(♂/♀) 
	(♂/♀) 

	NOAEL 
	NOAEL 
	1.6 
	0.26 
	186/662 
	21.6/38.4 
	1.7X/6.2X 
	2.0X/3.6X 

	Minipig 4-week study (30 mg/ml) 
	Minipig 4-week study (30 mg/ml) 
	Week 4 
	Week 4 

	TR
	5.0 
	4.5 
	71 
	37.3 

	NOAEL 
	NOAEL 
	7.5 
	6.8 
	85 
	45.3 
	0.8X 
	4.3X 

	GI-related mortalities 
	GI-related mortalities 
	10 
	9.1 
	169 
	75.9 


	* AUC0-24h,steady state value based on AUC0-inf, single-dose value from Clinical Study N1539-01 ** Cmax, steady state value from Clinical Study N1539-03 
	Nonclinical studies with the 30 mg/mL formulation were conducted to address the local safety of the TBM product. A 28-day repeat dose IV study in mini-pig showed very slight to well-defined erythema at IV and perivascular injection sites, but no correlating microscopic changes. In addition, no hemolysis or changes in macroscopic appearance were associated with the TBM 30 mg/mL formulation. Therefore, the local safety of the product is considered adequately justified from the nonclinical perspective. 
	The NDA did not include an adequate extractables and leachables evaluation to justify the safety of potential leachables arising from the container closure system and from 
	manufacturing contact materials. Although appropriate extraction and analytical methods were employed, there were several compounds detected in extraction studies and in an aged drug product sample that were either not identified or not adequately justified for safety. The Applicant argued that if a compound, identified or unidentified, was detected in an extraction study but not in the aged product, that it must not be a true leachable. However, the aged product evaluation included only one drug product ba
	manufacturing contact materials. Although appropriate extraction and analytical methods were employed, there were several compounds detected in extraction studies and in an aged drug product sample that were either not identified or not adequately justified for safety. The Applicant argued that if a compound, identified or unidentified, was detected in an extraction study but not in the aged product, that it must not be a true leachable. However, the aged product evaluation included only one drug product ba
	Figure

	time point. However, the extractable/leachable evaluation should have identified the unknown extractables and targeted them in the definitive leachables study. 

	which appropriately tested three batch at numerous time points on stability, only targeted two organic leachables . Neither leachable was detected at levels greater than 5 mcg/day in any batch at any 
	1.3 Recommendations 
	1.3.1 Approvability 
	From the pharmacology toxicology perspective, there are inadequate nonclinical data at this time to support an approval of NDA 210583 and a complete response is recommended. Specifically, there are inadequate extractables and leachables data to characterize the safety of the container closure system. The following deficiency and recommendations to address the deficiency should be conveyed to the Applicant. 
	Deficiencies: 
	1. The NDA did not include an adequate extractables/leachables evaluation to 
	leachables because they were not detected in both the extraction studies and one lot of aged drug product at one time point is unacceptable as leachables may be produced at earlier or later time points on stability and sampling from several batches over the course of the stabilty studies, which is best practice for definitive leachables testing, would be needed to provide reasonable assurance of capturing peak levels of individual leachable compounds. In addition, the definitive leachables stability testing
	Figure

	manufacturing processes that suggest the potential for additional leachable compounds in the final drug product formulation. 
	justify the safety of potential leachables in the drug product. The structures of six potential leachable compounds (e.g., were not fully elucidated, but were detected at above the AET and at levels exceeding the requested qualification threshold of 5 mcg/day. In addition, the compound was detected at above 5 mcg/day from extractions and an unknown compound was detected at above 5 mcg/day from the aged drug product. Your rationale to dismiss these compounds as not being potential 
	Information Needed to Resolve Deficiencies: 
	1. To address this deficiency, monitor for all compounds, both identified and unidentified, that were detected in extraction studies and in the aged product assessment at above 5 mcg/day in your leachables stability testing. Evaluate at least three batches of your to-be-marketed drug product for leachables and include assessments at multiple timepoints over the course of your stability studies in order to identify trends in leachable levels over time. The materials tested should include any secondary contai
	For all drug products, establish your AET to be able to detect potentially carcinogenic or genotoxic compounds as per ICH M7 qualification thresholds (e.g., not more 120 mcg/day for your proposed acute indication). However, from a general toxicology perspective, for parenteral products, the AET must be able to detect any leachable that is present in the product at 5 mcg/day and higher, unless justified otherwise, to permit an adequate toxicological risk assessment. Note that any unknown leachable compound d
	For additional guidance on extractables and leachables testing, refer to the following documents: 
	•. 
	•. 
	•. 
	USP <1663>: Assessment of Extractables Associated with Pharmaceutical Packaging/Delivery Systems 

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

	•. 
	•. 
	FDA guidance for industry: Container Closure Systems for Packaging Human Drugs and Biologics, available at, 


	mation/Guidances/UCM070551.pdf 
	mation/Guidances/UCM070551.pdf 
	http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInfor 


	In your assessment, include a table listing all compounds, including the concentration in ppm, the experimental conditions, and the maximum daily exposure to these compounds based on the maximum daily dose of the product. The extractable/leachable data must be accompanied by an adequate toxicological risk assessment. Although a toxicological risk assessment based on the results of the extraction studies may be adequate to support the safety assessment during development, evaluate at least three batches of y
	In your assessment, include a table listing all compounds, including the concentration in ppm, the experimental conditions, and the maximum daily exposure to these compounds based on the maximum daily dose of the product. The extractable/leachable data must be accompanied by an adequate toxicological risk assessment. Although a toxicological risk assessment based on the results of the extraction studies may be adequate to support the safety assessment during development, evaluate at least three batches of y
	toxicological evaluation of the safety of leachables must be based on good scientific principles and take into account the drug product formulation, dosage form, route of administration, and dose regimen (chronic or short-term dosing). The safety assessment should be specifically discussed in Module 2.6.6.8 (Toxicology Written Summary/Other Toxicity) of the NDA submission. The risk assessment should be based on the maximum level of each leachable detected in long-term stability samples that include any inte

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

	•. 
	•. 
	Published literature to support the safety of any compound rarely provides adequate detail of the study design and study results to permit a thorough independent evaluation of the data. Summary reviews, (e.g., BIBRA, CIR, HERA), although potentially useful to identify original source material, are not acceptable as the source material is not provided and the conclusions cannot be independently verified. Submission of any published study reports must be accompanied by a detailed comparison to modern toxicolo

	•. 
	•. 
	Safety justifications based on analogous compounds are also not acceptable unless you can provide adequate data to support your conclusions that a risk assessment based on one compound can be logically interpolated to represent an adequate safety evaluation for your leachable/extractable. This should include a detailed understanding of the absorption, distribution, metabolism, and elimination of the compounds and an adequate scientific bridge to interpolate a NOAEL for the novel leachable. 


	1.3.2 Additional Non Clinical Recommendations 
	N/A 
	1.3.3 Labeling 
	The table below shows the Applicant’s proposed labeling language, this reviewer’s recommended changes, and the rationale for the changes. At the time of this review, the review team had decided that the NDA would not be approved. Therefore, labeling discussions were not held. The following recommendations summarize this reviewer’s current thinking regarding the Sponsor’s proposed language and highlights specific issues that will need to be addressed. The final label will be based on further internal discuss
	. .
	Applicant’s Proposed Labeling 
	Applicant’s Proposed Labeling 
	Applicant’s Proposed Labeling 
	Reviewer’s recommended labeling language 
	Comments and rationale for reviewer’s recommended changes 

	8.1 Pregnancy 
	8.1 Pregnancy 
	8.1 Pregnancy 

	Risk Summary Use of NSAIDs, including ANJESO, during the third trimester of pregnancy increases the risk of premature closure of the fetal ductus arteriosus. Avoid use of NSAIDs, including ANJESO, in pregnant women starting at 30 weeks of gestation (third trimester) [see Warnings and Precautions (5.10)]. There are no adequate and well-controlled studies of meloxicam in pregnant women. Data from observational studies regarding potential embryofetal risks of NSAID use in women in the first or second trimester
	Risk Summary Use of NSAIDs, including ANJESO, during the third trimester of pregnancy increases the risk of premature closure of the fetal ductus arteriosus. Avoid use of NSAIDs, including ANJESO, in pregnant women starting at 30 weeks of gestation (third trimester) [see Warnings and Precautions (5.10)]. There are no adequate and well-controlled studies of meloxicam in pregnant women. Data from observational studies regarding potential embryofetal risks of NSAID use in women in the first or second trimester
	Risk Summary Use of NSAIDs, including ANJESO, during the third trimester of pregnancy increases the risk of premature closure of the fetal ductus arteriosus. Avoid use of NSAIDs, including ANJESO, in pregnant women starting at 30 weeks of gestation (third trimester) [see Warnings and Precautions (5.10)]. There are no adequate and well-controlled studies of meloxicam in pregnant women. Data from observational studies regarding potential embryofetal risks of NSAID use in women in the first or second trimester
	This is consistent with MOBIC labeling. Statement should be placed after the Animal risk summary. The Applicant has appropriately adjusted safety margins in Sections 8 and 13 based on BSA comparison by dividing by 2 compared to margins in MOBIC label since the MRHD of Anjeso is 30 mg/day vs Mobic 15 mg/day. However, in the risk summary, it is unnecessary to note that the margins are based on BSA comparison. The Applicant submitted a literature review summarizing published nonclinical studies that investigat


	synthesis inhibitors, such as meloxicam, resulted in increased pre-and post-implantation loss. Data Animal Data Meloxicam was not teratogenic when administered to pregnant rats during fetal organogenesis at oral doses up to 4 mg/kg/day (1.3-fold greater than the MRHD of 30 mg of ANJESO based on BSA comparison). Administration of meloxicam to pregnant rabbits throughout embryogenesis produced an increased incidence of septal defects of the heart at an oral dose of 60 mg/kg/day (39-fold greater than the MRHD 
	synthesis inhibitors, such as meloxicam, resulted in increased pre-and post-implantation loss. Data Animal Data Meloxicam was not teratogenic when administered to pregnant rats during fetal organogenesis at oral doses up to 4 mg/kg/day (1.3-fold greater than the MRHD of 30 mg of ANJESO based on BSA comparison). Administration of meloxicam to pregnant rabbits throughout embryogenesis produced an increased incidence of septal defects of the heart at an oral dose of 60 mg/kg/day (39-fold greater than the MRHD 
	synthesis inhibitors, such as meloxicam, resulted in increased pre-and post-implantation loss. Data Animal Data Meloxicam was not teratogenic when administered to pregnant rats during fetal organogenesis at oral doses up to 4 mg/kg/day (1.3-fold greater than the MRHD of 30 mg of ANJESO based on BSA comparison). Administration of meloxicam to pregnant rabbits throughout embryogenesis produced an increased incidence of septal defects of the heart at an oral dose of 60 mg/kg/day (39-fold greater than the MRHD 
	synthesis inhibitors, such as meloxicam, resulted in increased pre-and post-implantation loss. The estimated background risk of major birth defects and miscarriage for the indicated population is unknown. All pregnancies have a background risk of birth defect, loss, or other adverse outcomes. In the general U.S. population, all clinically recognized pregnancies, regardless of drug exposure, have a background rate of 2-4% for major malformations, and 15-20% for pregnancy loss. Data Animal Data Meloxicam was 
	Standard PLLR data This is consistent with MOBIC labeling adjusted for the proposed dose. 

	8.2 Lactation Risk Summary There are no human data available on whether meloxicam is present in human milk, or on the effects on breastfed infants, or on milk production. The developmental and 
	8.2 Lactation Risk Summary There are no human data available on whether meloxicam is present in human milk, or on the effects on breastfed infants, or on milk production. The developmental and 
	8.2 Lactation Risk Summary There are no human data available on whether meloxicam is present in human milk, or on the effects on breastfed infants, or on milk production. The developmental and 
	This is consistent with MOBIC labeling. 


	health benefits of breastfeeding 
	health benefits of breastfeeding .should be considered along with the .
	should be considered along with the .mother’s clinical need for ANJESO .
	mother’s clinical need for ANJESO .and any potential adverse effects on .
	and any potential adverse effects on .the breastfed infant from the .
	added the statement. inhibition of cyclooxygenase (COX-1 .
	The active ingredient in ANJESO, .meloxicam has .
	the breastfed infant from the .or from the underlying maternal .
	and COX-2)

	or from the underlying maternal .condition.. 
	Figure

	condition. 
	Data 
	Data 

	Animal Data. 
	Data. 

	Animal Data 
	Meloxicam was present in the milk of 
	Meloxicam was present in the milk of 
	This is consistent with MOBIC .lactating rats at concentrations higher .
	lactating rats at concentrations higher 
	labeling. .than those in plasma.. 
	than those in plasma. 
	8.3 Females and Males of 
	8.3 Females and Males of .Reproductive Potential. 
	Reproductive Potential 
	Infertility 
	Infertility 
	Infertility 

	Infertility 
	Infertility 


	Females 
	Females 
	This is consistent with MOBIC .Based on the mechanism of action, .
	Based on the mechanism of action, 
	labeling. .the use of prostaglandin-mediated .
	the use of prostaglandin-mediated .NSAIDs, including ANJESO, may .
	NSAIDs, including ANJESO, may .delay or prevent rupture of ovarian .
	delay or prevent rupture of ovarian .follicles, which has been associated .
	follicles, which has been associated .with reversible infertility in some .
	with reversible infertility in some .women. Published animal studies .
	women. Published animal studies .have shown that administration of .
	have shown that administration of .prostaglandin synthesis inhibitors has .
	prostaglandin synthesis inhibitors has .the potential to disrupt prostaglandin
	the potential to disrupt prostaglandinmediated follicular rupture required for .
	mediated follicular rupture required for .ovulation. Small studies in women .
	ovulation. Small studies in women .treated with NSAIDs have also shown .
	treated with NSAIDs have also shown .a reversible delay in ovulation. .
	a reversible delay in ovulation. .Consider withdrawal of NSAIDs, .
	Consider withdrawal of NSAIDs, .including , in women who have .
	including 
	, in women who have .difficulties conceiving or who are .
	difficulties conceiving or who are .undergoing investigation of infertility.. 
	Figure

	undergoing investigation of infertility. 
	Males 
	In a published study, oral 
	Data Source: Uzun et al. (2015) administration of meloxicam to male rats for 35 days resulted in decreased sperm count and motility and histopathological evidence of testicular degeneration [See 13.1 Impairment of Fertility]. 
	12.1 Mechanism of Action 
	12.1 Mechanism of Action 
	meloxicam, is an NSAID that has .analgesic, anti-inflammatory, and .
	analgesic, anti-inflammatory, and .antipyretic properties.. 
	antipyretic properties. 
	The mechanism of action of ANJESO, 
	The mechanism of action of ANJESO, 
	This is consistent with Mobic labeling like that of other NSAIDs, is not 
	like that of other NSAIDs, is not 
	language. However, the Applicant .completely understood but involves .
	completely understood but involves 
	inhibition of cyclooxygenase (COX-1 and COX-2). Meloxicam has demonstrated to be 10X more potent at inhibiting COX-2 activity than COX
	1. 
	Figure
	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. 
	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. 
	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. 
	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. 
	TD
	Figure


	13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility Carcinogenesis There was no increase in tumor incidence in long-term carcinogenicity studies in rats (104 weeks) and mice (99 weeks) administered meloxicam at oral doses up to 0.8 mg/kg/day in rats and up to 8.0 mg/kg/day in mice (up to 0.26 and 1.3 times, respectively, the MRHD of 30 mg/day ANJESO based on BSA comparison). Mutagenesis ANJESO was not mutagenic in an Ames assay. Meloxicam was not clastogenic in a chromosome aberration assay with human
	13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility Carcinogenesis There was no increase in tumor incidence in long-term carcinogenicity studies in rats (104 weeks) and mice (99 weeks) administered meloxicam at oral doses up to 0.8 mg/kg/day in rats and up to 8.0 mg/kg/day in mice (up to 0.26 and 1.3 times, respectively, the MRHD of 30 mg/day ANJESO based on BSA comparison). Mutagenesis ANJESO was not mutagenic in an Ames assay. Meloxicam was not clastogenic in a chromosome aberration assay with human
	13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility Carcinogenesis There was no increase in tumor incidence in long-term carcinogenicity studies in rats (104 weeks) and mice (99 weeks) administered meloxicam at oral doses up to 0.8 mg/kg/day in rats and up to 8.0 mg/kg/day in mice (up to 0.26 and 1.3 times, respectively, the MRHD of 30 mg/day ANJESO based on BSA comparison). Mutagenesis ANJESO was not mutagenic in an Ames assay. Meloxicam was not clastogenic in a chromosome aberration assay with human
	This is consistent with MOBIC labeling. The Applicant proposes to state ANJESO, rather than meloxicam as stated in the MOBIC label, was not mutagenic in the Ames assay based on new Ames study data testing the drug product. The NDA included an Ames assay testing N1539 NanoCrystal® Colloidal Dispersion. It was negative. Therefore, this is considered by this reviewer to be acceptable. Data Source: Uzun et al. (2015) 


	2 
	Drug Information 
	2.1 Drug 
	CAS Registry Number: 71125-38-7 
	CAS Registry Number: 71125-38-7 
	benzothiazine-3-carboxamide 1,1-dioxide Molecular Formula: C14H13N3O4S2 Molecular Weight: 351.4 g/mol 

	Generic Name: 
	Generic Name: 
	Generic Name: 
	Meloxicam 

	Code Name: 
	Code Name: 
	N1539 (NanoCrystal® Colloidal Dispersion Meloxicam) 

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


	Structure or Biochemical Description: 
	Pharmacologic Class: nonsteroidal anti-inflammatory drug (NSAID) 
	2.2 Relevant INDs, NDAs, BLAs and DMFs 
	Anjeso was developed under IND 105172. The only referenced drug product for this 505(b)(2) application is NDA 20938 (Mobic). 
	Application 
	Application 
	Application 
	Drug Name 
	Route 
	Strength 
	Status/Date 
	Indication 

	NDA 20938 
	NDA 20938 
	Mobic 
	Oral 
	7.5 and 15 mg tablets 
	Approved 4/13/2000 
	Chronic pain 

	IND 105172 
	IND 105172 
	Meloxicam (N1539) 
	IV 
	30 mg/mL 
	Active 5/13/2009 
	Moderate to severe acute pain 


	DMF Subject Holder Status Comment Meloxicam drug substance Active since 4/4/2004 Last reviewed 7/12/2017 and concluded to be adequate Active since 12/9/2015 Not formally reviewed. Active since 9/11/1995 E/L studies reviewed in this submission to support the container closure system. Active since 12/14/2015 Last reviewe 6/215/2017 and deemed adequate. E/L studies reviewed in this submission to support the container closure system. 
	2.3 Drug Formulation 
	N1539 Injectable NanoCrystal® Colloidal Dispersion (NCD Meloxicam IV) is a sterile opaque, pale-yellow, aqueous dispersion containing the active pharmaceutical 
	1

	once daily. 
	This form of injectable meloxicam uses a proprietary NanoCrystal® technology originally developed by Elan Drug Delivery, Inc. (Elan). 
	Drug product composition 
	ingredient meloxicam for intravenous administration. Each mL of aqueous dispersion contains 30 mg of meloxicam, povidone, sodium deoxycholate sucrose, and water for injection. The proposed commercial dose is 30 mg administered 
	Figure
	NCD Meloxicam IV is packaged in a 2-mL, USP 
	Figure

	clear glass vial sealed with a 
	grey 
	rubber stopper with an aluminum over seal/blue flip-off cap. 
	Figure

	2.4 Comments on Novel Excipients 
	All inactive ingredients are within maximum potency levels listed in the FDA Inactive Ingredient Database (IID) for the IV route. In addition, the clinical formulation (30 mg/mL) was tested in nonclinical toxicity studies. As the actual drug product has been tested in the nonclinical studies, the drug substance and these inactive ingredients are considered to be qualified for safety with adequate safety margins/dose based on a 
	comparison between animal data and proposed human use. 
	NanoCrystal® is registered trademarks of Alkermes Pharma Ireland Limited. 13 
	1 

	Figure
	oral route. Povidone was also tested in 28-day repeat-dose IV toxicity studies in rats and minipigs at sufficient levels to adequately qualify the safety of this excipient. Therefore, this excipient is covered for both local and systemic safety. 
	• Povidone : The drug product contains % Povidone and the total daily intake is based on the maximum recommended daily dose of 30 mg of Anjeso. This excipient is listed in the FDA Inactive Ingredient Database (IID) with IV route and 
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure

	• 
	Sucrose: The drug product contains % sucrose and the total daily intake is based on the maximum recommended daily dose of 30 mg of Anjeso. This excipient is listed in the FDA Inactive Ingredient Database (IID) with IV route and oral route. Sucrose was also tested in 28-day repeat-dose IV toxicity studies in rats and minipigs at sufficient levels to adequately qualify the safety of this excipient. Therefore, this excipient is covered for both local and systemic safety. 
	2.5 Comments on Impurities/Degradants of Concern 
	whichever is lower. 
	Drug substance (DS) 
	Drug substance (DS) 

	The drug substance is manufactured by 
	(DMF 
	). DS specifications are shown in the table below. All impurities are within ICH Q3A(R2) identification and qualification thresholds. 
	Figure
	Figure

	All impurities are within the ICH Q3A(R2) levels for the drug substance and ICH Q3B(R2) levels for the drug product. For a drug substance with a maximum daily dose of 30 mg, the Q3A(R2) qualification threshold is NMT mg, 
	Figure
	Drug product (DP) Degradants 
	Drug product (DP) Degradants 

	For a drug product with a maximum daily dose of 30 mg, the Q3B(R2) qualification threshold is NMT 
	Figure

	, whichever is lower. Of the four potential related compounds in the meloxicam drug substance, only (USP Meloxicam-related 
	Figure
	Figure

	is a known potential degradation product found in NCD Meloxicam IV drug product. The proposed specifications for DP degradants are within the appropriate ICH Q3B(R2) qualification threshold and identification thresholds. 
	Figure
	Figure
	Elemental Impurities The proposed specifications for elemental impurities in the DP are acceptable. The proposed specifications for are within the permitted daily concentrations indicated in ICH Q3D. While the proposed specifications for exceed the ICH Q3D permitted daily concentrations, the total daily intake based on the specifications and MRHD of Anjeso are within the permitted daily 
	products intended for the IV route for deficiency where the maximum recommended daily dose is in the gram range. Therefore, there are no concerns . 
	regarding the specification for 

	exposures (PDEs) listed in ICH Q3D for these impurities. ICH Q3D noted that no PDE was established for 
	Figure
	Figure
	Figure

	due to its low inherent toxicity. Moreover, there are approved 
	Elemental Impurity 
	Elemental Impurity 
	Elemental Impurity 
	Proposed Spec (NMT) 
	ICH Q3D PDE (Parenteral) 
	Adequate? Yes 

	Yes 
	Yes 

	Yes 
	Yes 

	Yes 
	Yes 

	Yes 
	Yes 

	Yes 
	Yes 

	Yes 
	Yes 

	Yes 
	Yes 


	**ICH Q3D does not indicate PDE for 
	**ICH Q3D does not indicate PDE for 
	**ICH Q3D does not indicate PDE for 
	due to low inherent toxicity 

	TR
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	Reference ID: 4255423Reference ID: 4585747 
	Reference ID: 4255423Reference ID: 4585747 


	*Specification based on MRHD of 30 mg in 1 mL per day 
	Impurities Arising from the Drug Product Manufacturing Process used in the manufacture of NCD Meloxicam IV refer to Type II for additional details regarding its use. for use in the Meloxicam manufacturing process. At the End-of-Phase 2 meeting held 
	on August 26, 2015, we informed the Applicant that a toxicity risk assessment would be needed to support the safety of the levels detected since there are data suggesting may be carcinogenic. During a study to determine the potential extractables and leachables in NCD Meloxicam IV drug product, Protocol P11127.00, the results demonstrated that there was no detection of in the aged NCD Meloxicam IV drug product, refer to Report P11127.00 for additional details. 
	Figure
	Link
	Figure


	In addition, the Applicant provided the following safety asseement for 
	: 
	Figure

	A safety assessment for was performed, several in vivo studies 
	were conducted to evaluate biocompatibility of under different extraction conditions. The test article comprising of Extracts were 

	evaluated in a USP systemic toxicity study in mice and a skin irritation study in rabbits and the material was implanted into rabbit muscle for 1 week. None of the extracts produced a significantly greater skin reaction when compared to blank injectable extracts. There was no evidence of systemic toxicity in mice with any of the 
	Figure
	Figure
	Figure
	Figure

	extracts. Compared with control material, 
	did not induce a macroscopically different reaction in muscle tissue. Collectively, the effects of 
	were non-toxic under the test conditions. Moreover the test article extracts met the 
	were non-toxic under the test conditions. Moreover the test article extracts met the 
	potential mutagenic impurity defined in ICH guidance to the Industry (May 2015). Applying a Less Than Lifetime (LTL) exposure approach to acceptable intakes 

	USP requirements of a USP used in this safety assessment and used in the current NCD Meloxicam Due to the forces involved Meloxicam API, the presence of particulates in the NCD Meloxicam IV Drug Product may occur at a very low levels particulates are monitored using a UV-VIS spectrophotometry method. It is 
	performed on % NCD Meloxica 
	for an individual impurity as outlined in ICH M7 and based on the total duration of 
	The maximum daily weight of drug 

	product has been determined to be g (calculated based on the density of the product being g/mL). Thus mcg of is allowed in g of drug product. Due to the method calculation results being in ppm, the specification limit was converted to ppm and the following calculation was used: ppm and this translates to an allowable daily 
	Figure
	Figure

	amount of NMT ppm calculated with respect to the finished product (30 mg/mL). 
	The proposed specification of NMT 
	ppm is acceptable since the MRHD is 30 mg in 1 mL per day and this would result in a maximum TDI of of 
	Figure
	Figure
	Figure

	mcg, which is within the acceptable daily limit of 120 mcg/day for a mutagenic impurity per ICH M7. 
	The primary container closure system for N1539 Injectable NanoCrystal® Colloidal Dispersion (NCD Meloxicam IV) is a 2-mL, USP 
	Container closure system 
	Figure
	Figure

	clear glass vial sealed with a grey 
	rubber stopper with an aluminum over seal/blue flip-off cap. Descriptions for the primary container closure components are provided below. Note that the proposed storage temperature and expiry are 15 to 25°C and 48 months, respectively. 
	Figure
	To justify the safety of the container closure system, extractables and leachables studies were conducted by the Applicant. Refer to Section 10 Special Toxicology Studies for a detailed discussion regarding the adequacy of these studies to support the safety of the drug product for the intended clinical use. 
	2.6 Proposed Clinical Population and Dosing Regimen 
	The proposed indication for Anjeso is the management of moderate to severe pain in adults. The to-be-marketed dose of Anjeso is 30 mg once daily, administered by IV bolus injection over 15 seconds. 
	2.7 Regulatory Background 
	•. 
	•. 
	•. 
	Original IND (105172) submission date was April 10, 2009. 

	•. 
	•. 
	•. 
	Previous Sponsor, Elan, had a EOP2 face-to face meeting with FDA on .November 9, 2010.. 

	o. We agreed the nonclinical studies (28-day study in rats, 28-day study in minipigs, Ames assay and hemocompatibility study with NCD Meloxicam IV) along with reliance on prior findings of safety and efficacy for Mobic were appropriate to support submission of the NDA. 

	•. 
	•. 
	•. 
	Second EOP2 meeting was held on August 26, 2015 to seek Agency concurrence on the development plan and Phase 3 studies in the management of moderate to severe pain. 

	o. The nonclinical data did not adequately evaluate the potential local toxicity of the proposed highest concentration of N1539 at 30 mg/mL. Therefore, we informed that a repeat-dose intravenous local tolerance study of adequate duration (e.g., at least 3 days) in a single non-rodent species would be required prior to initiating the planned Phase 3 clinical studies. In light of the particulate matter and cloudiness that was observed across a range of N1539 concentrations in the in vitro blood compatibility 
	o. The nonclinical data did not adequately evaluate the potential local toxicity of the proposed highest concentration of N1539 at 30 mg/mL. Therefore, we informed that a repeat-dose intravenous local tolerance study of adequate duration (e.g., at least 3 days) in a single non-rodent species would be required prior to initiating the planned Phase 3 clinical studies. In light of the particulate matter and cloudiness that was observed across a range of N1539 concentrations in the in vitro blood compatibility 
	o. The nonclinical data did not adequately evaluate the potential local toxicity of the proposed highest concentration of N1539 at 30 mg/mL. Therefore, we informed that a repeat-dose intravenous local tolerance study of adequate duration (e.g., at least 3 days) in a single non-rodent species would be required prior to initiating the planned Phase 3 clinical studies. In light of the particulate matter and cloudiness that was observed across a range of N1539 concentrations in the in vitro blood compatibility 

	o. For the NDA submission, we requested a 28-day repeat-dose toxicology study that addresses the safety of the to-be-marketed 30 mg/mL drug product per the ICH guidance as well as additional nonclinical comments for b2 application, excipients, impurities, extractable/leachable. 
	o. For the NDA submission, we requested a 28-day repeat-dose toxicology study that addresses the safety of the to-be-marketed 30 mg/mL drug product per the ICH guidance as well as additional nonclinical comments for b2 application, excipients, impurities, extractable/leachable. 



	•. 
	•. 
	In the Pre-NDA face-to-face meeting on January 19, 2017, we agreed with the Sponsor that the nonclinical program described in the meeting package appeared appropriate to file the NDA and the final adequacy to support the approval of their product would be determined after a review of all of the data. We also noted that if are detected in the finished product, a 

	•. 
	•. 
	Below are the nonclinical comments in 74-day letter date October 2, 2017. 


	toxicity risk assessment would be needed. 
	1.. 
	1.. 
	1.. 
	Based upon a preliminary review of your extractables and leachables study evaluation, it appears that you have only provided leachables data from a single batch of aged drug product rather than three batches of the final drug product on stability at multiple timepoints as we advised previously in End-of-Phase meeting minutes dated 9/29/2015 and in Pre-NDA meeting minutes dated 2/10/2017. It appears that your contention is that the extractables study represents a worst-case scenario of what can leach into th

	2.. 
	2.. 
	Based upon a preliminary review of the literature review regarding the reproductive and developmental effects of meloxicam in animals that was performed in accordance with the Pregnancy Lactation and Labeling Rule, it appears that only a limited set of articles was cited. For example, the literature review appears to have included published results of the Segment 1, 2, and 3 studies performed by the reference product innovator and 3 additional articles. However, a search through Pubmed suggests that there m


	The Applicant responded to these requests on November 2, 2017 (SD 6). For more detail see Section 9 and 10. 
	3 Studies Submitted 
	3.1 Studies Reviewed 
	• 
	• 
	• 
	• 
	28-Day Intravenous Toxicity Study of N1539 [30 mg/mL] in Gottingen Minipigs 

	(16.851) 

	•. 
	•. 
	4-Week Intravenous Injection Toxicity and Toxicokinetic Study with N1539 Injectable NanoCrystal® Colloidal Dispersionn [25 mg/mL] (Meloxicam) in Rats (8200393) 

	•. 
	•. 
	Bacterial Reverse Mutation Assay with a Confirmatory Assay (8200778) 

	•. 
	•. 
	Hemolytic Potential and Plasma Compatibility Testing with N1539 Injectable NanoCrystal® Colloidal Dispersion [30 mg/mL] (Meloxicam) in Human Whole Blood and Plasma (8330763) 

	•. 
	•. 
	Report for the Controlled Extraction Studies of Rubber Stopper and Glass Vial, Exposure Studies of Contact Materials, and for the Determination of Potential 
	Leachables in Meloxicam Injectable NCD Drug Product (
	 Report P11127.00) 


	•. 
	•. 
	Toxicological evaluation of extractable of a container/closure system for meloxicam injectable nonodispersion colloidal dispersion drug product (Report 55281) 


	3.2 Studies Not Reviewed 
	o. Pharmacokinetics of Meloxicam Following Single Intramuscular or Intravenous Injections of N1539 Injectable NanoCrystal® Colloidal Dispersion (Meloxicam) and Metacam® (Meloxicam) to Minipigs (8200858) 
	o. Pharmacokinetics of Meloxicam Following Single Intramuscular or Intravenous Injections of N1539 Injectable NanoCrystal® Colloidal Dispersion (Meloxicam) and Metacam® (Meloxicam) to Minipigs (8200858) 
	o. Pharmacokinetics of Meloxicam Following Single Intramuscular or Intravenous Injections of N1539 Injectable NanoCrystal® Colloidal Dispersion (Meloxicam) and Metacam® (Meloxicam) to Minipigs (8200858) 

	o. A 7-day Study of N1539 by Intravenous Bolus Injection in Minipigs with a 7-day Recovery Period (20085024) 
	o. A 7-day Study of N1539 by Intravenous Bolus Injection in Minipigs with a 7-day Recovery Period (20085024) 

	o. 4-Week Intravenous Injection Toxicity and Toxicokinetic Study with N1539 Injectable NanoCrystal Colloidal Dispersion [25 mg/mL] (Meloxicam) in Minipigs (8200871) 
	o. 4-Week Intravenous Injection Toxicity and Toxicokinetic Study with N1539 Injectable NanoCrystal Colloidal Dispersion [25 mg/mL] (Meloxicam) in Minipigs (8200871) 

	o. An acute vascular/subcutaneous and perivascular/intramascular irritation study of meloxicam in New Zealand rabbits (1478-001) 
	o. An acute vascular/subcutaneous and perivascular/intramascular irritation study of meloxicam in New Zealand rabbits (1478-001) 

	o. Hemolytic Potential and Plasma Compatibility Testing with N1539 Injectable NanoCrystal® Colloidal Dispersion (Meloxicam) in Human Whole Blood and Plasma (8090-103) 
	o. Hemolytic Potential and Plasma Compatibility Testing with N1539 Injectable NanoCrystal® Colloidal Dispersion (Meloxicam) in Human Whole Blood and Plasma (8090-103) 

	o. 1-Week Intramuscular Injection Toxicity and Toxicokinetic Study with N1814 Injectable NanoCrystal® Colloidal Dispersion (Meloxicam) in Rabbits with a 1Week Recovery Phase (824390) 
	o. 1-Week Intramuscular Injection Toxicity and Toxicokinetic Study with N1814 Injectable NanoCrystal® Colloidal Dispersion (Meloxicam) in Rabbits with a 1Week Recovery Phase (824390) 


	3.3 Previous Reviews Referenced 
	N/A 
	4 Pharmacology 
	No new nonclinical pharmacology studies were conducted. 
	5 Pharmacokinetics/ADME/Toxicokinetics 
	No new distribution, metabolism, excretion or other pharmacokinetic drug interaction studies for N1539 have been conducted. However, PK analysis (including absorption) were conducted in toxicology studies. A summary of the PK studies completed by Recro is presented in table below. 
	Figure
	Study 8200393 compared the pharmacokinetics and toxicology of N1539 to the marketed clinical product Mobic and the marketed veterinary product Metacam®. Mobic was administered orally, while Metacam was given by the same route as N1539, IV. The results of this study, summarized in table below. 
	Figure
	In summary, N1539, has a faster time to peak plasma concentrations, but the PKs are comparable to oral Mobic. 
	Table below summarized a human PK study which is used to calculate the safety margins. 
	Figure
	6 General Toxicology 
	6.1 Single-dose toxicity 
	A single-dose toxicity study in rabbits was submitted with this NDA. 
	Study title: An acute vascular/subcutaneous and perivascular/intramuscular irritation study of meloxicam in New Zealand rabbits 
	Study title: An acute vascular/subcutaneous and perivascular/intramuscular irritation study of meloxicam in New Zealand rabbits 
	Study title: An acute vascular/subcutaneous and perivascular/intramuscular irritation study of meloxicam in New Zealand rabbits 

	Study no.: 
	Study no.: 
	1478-001 

	Study report location: Conducting laboratory and location: 
	Study report location: Conducting laboratory and location: 
	\\cdsesub1\evsprod\nda210583\0001\m4\42stud-rep\423-tox\4237-other-tox-stud\42377other\1478-001\1478-001.pdf June 19, 2007

	Date of study initiation: 
	Date of study initiation: 

	GLP compliance: 
	GLP compliance: 
	Yes 

	QA statement: 
	QA statement: 
	Yes 

	Drug (test article), lot #: 
	Drug (test article), lot #: 
	Meloxicam NCD, Lot 50-128-JT 

	Control article 
	Control article 
	0.5% [5 mg/g] Kollidon K17 PF (diluted with 4 mL of Sterile Water for Injection 


	This study was conducted to evaluate potential irritation following intravenous/subcutaneous and perivascular/intramuscular injection toxicity of the test article. Two treatment groups of six male rabbits were administered the test article at a dose level of 0.5 mg/kg/site, for a total of 1.0 mg/kg/animal. The test article was 
	This study was conducted to evaluate potential irritation following intravenous/subcutaneous and perivascular/intramuscular injection toxicity of the test article. Two treatment groups of six male rabbits were administered the test article at a dose level of 0.5 mg/kg/site, for a total of 1.0 mg/kg/animal. The test article was 
	administered intravenously (IV) to the right marginal vein and subcutaneously (SC) to the right scapular (Group 1), and to the right perivascular region of the right marginal vein and intramuscularly (IM) to the right thigh (Group 2). All animals received a total of two injections of the control article on the corresponding left side. The test and control articles were administered at a dose volume of 0.1 mL/kg/site. Dosing occurred on Day 1 for all animals. 

	Key findings: 
	Key findings: 

	•. 
	•. 
	•. 
	Very slight to well defined erythema was observed at the IV and perivascular injection sites with a comparable or lesser incidence and severity on the right sites (Meloxicam) at 1, 4, and 24 hours postdose, when compared to the left sites (Kollidon K17 PF). These changes were likely secondary to the administration of the control article, Kollidon K17 PF (component of the test article). 

	•. 
	•. 
	There was no test article-related microscopic change observed at the IV or perivascular injection sites. 

	•. 
	•. 
	There were no clinical abnormalities or obvious microscopic changes that could be attributed to the administration of the test or control article at the SC or IM injection site. 


	6.2 Repeat-dose toxicity 
	6.2.1 Minipigs 
	Study title: 28-Day Intravenous Toxicity Study of N1539 in Gottingen Minipigs 
	Study no.: 
	Study no.: 
	Study no.: 
	16-851 

	Study report location: 
	Study report location: 
	\\cdsesub1\evsprod\nda210583\0001\m4\42

	TR
	stud-rep\423-tox\4232-repeat-dose-tox\16

	TR
	851\16-851.pdf 

	Conducting laboratory and location: 
	Conducting laboratory and location: 
	TD
	Figure


	Date of study initiation: 
	Date of study initiation: 
	March 29, 2016 

	GLP compliance: 
	GLP compliance: 
	Yes 

	QA statement: 
	QA statement: 
	Yes 

	Drug (test article), lot # Purity 
	Drug (test article), lot # Purity 
	N1539 (NCD Meloxicam, 30 mg/mL), Lot 

	TR
	30004, purity: 100% tox tabulated summary, 

	TR
	page 4) 

	Vehicle (placebo) 
	Vehicle (placebo) 
	sterile normal saline (NS) 


	Key findings 
	•. 
	•. 
	•. 
	•. 
	Daily intravenous bolus injection of N1539 to male and female Gottingen minipigs for 28 consecutive days at doses of 5.0 to 7.5 mg/kg/day was well tolerated; however, 10 mg/kg produced mortality in 2/8 animals; 1 male and 1 female due to GI toxicity. Findings in dead animals included: 

	o. Gross observations included deep dark red discoloration of the small and large intestines and bloody intestinal contents. 
	o. Gross observations included deep dark red discoloration of the small and large intestines and bloody intestinal contents. 
	o. Gross observations included deep dark red discoloration of the small and large intestines and bloody intestinal contents. 

	o. Microscopic findings observed in the GI tract for the male were mild multifocal necrosis and mild multifocal hemorrhage of the duodenum, marked diffuse epithelial sloughing of the jejunum and mild multifocal necrosis of the ileum, with the lumen of the jejunum populated with individual epithelial cells and cellular clumps. Microscopic findings noted in the GI tract for the female were moderate focal erythrocyte accumulation in the lumen of the ileum and moderate diffuse necrosis of the jejunum. 
	o. Microscopic findings observed in the GI tract for the male were mild multifocal necrosis and mild multifocal hemorrhage of the duodenum, marked diffuse epithelial sloughing of the jejunum and mild multifocal necrosis of the ileum, with the lumen of the jejunum populated with individual epithelial cells and cellular clumps. Microscopic findings noted in the GI tract for the female were moderate focal erythrocyte accumulation in the lumen of the ileum and moderate diffuse necrosis of the jejunum. 



	•. 
	•. 
	There were no toxicologically significant findings in animals that survived to necropsy. Therefore, the NOAEL of this study is 7.5 mg/kg/day based on mortalities observed at 10 mg/kg/day and higher. 

	•. 
	•. 
	From a local safety perspective, the clinical concentration of 30 mg/mL is considered justified as there were no local effects observed in animals given this concentration. 


	Systemic Safety Margin table 
	Table
	TR
	Dose (mg/kg) 
	HED (mg/kg) 
	AUC0-24 (mcg.hr/mL) 
	C max (mcg/mL) 
	Human SM Based on AUC 
	Human SM Based on Cmax 

	Human (MRDD)
	Human (MRDD)
	 30 mg 
	30 mg 

	30 mg 
	30 mg 
	0.5 
	107.5 * 
	10.6** 

	Minipig 4-week study (30 mg/ml) 
	Minipig 4-week study (30 mg/ml) 
	Week 4 (♂/♀) 
	Week 4 (♂/♀) 

	TR
	5.0 
	4.5 
	43.6/98.5 
	31.9/42.7 

	NOAEL 
	NOAEL 
	7.5 
	6.8 
	79.8/90.7 
	49.5/41.1 
	0.8X 
	4.3X 

	GI-related mortalities 
	GI-related mortalities 
	10 
	9.1 
	171/168 
	70.1/81.7 


	* AUC0-24h, steady state value based on AUC0-inf, single-dose value from Clinical Study N1539-01 ** Cmax, steady state value from Clinical Study N1539-03 
	Methods 
	Methods 
	Methods 

	Doses: 
	Doses: 
	0 (saline), 5, 7.5, and 10 mg/kg/day (see below) 

	Frequency of dosing: 
	Frequency of dosing: 
	Single daily bolus (slow push at an approximate rate of 1 mL/15 seconds using vascular access ports), daily for at least 28 consecutive days. 


	Route of administration: 
	Route of administration: 
	Route of administration: 
	IV 

	Formulation/Vehicle: 
	Formulation/Vehicle: 
	1 mL vials as a ready to use formulation at a concentration of 30 mg/mL. N1539 is an opaque liquid with a yellow tint 

	Species/Strain: 
	Species/Strain: 
	Gottingen Minipig 

	Number/Sex/Group: 
	Number/Sex/Group: 
	4/sex/group (see below) 

	Age: 
	Age: 
	5-6 month 

	Weight: 
	Weight: 
	6.7-9.6 kg 

	Satellite groups (TK): 
	Satellite groups (TK): 
	N/A 

	Unique study design: 
	Unique study design: 
	N/A 

	Deviation from study protocol: 
	Deviation from study protocol: 
	None of the deviations impacted the overall integrity of the study or the interpretation of the study results and conclusions. 


	Note that following administration of the first dose of N1539 at 10 mg/kg (Mid Dose), a female and male animal were found dead on Days 1 and 2, respectively, prior to receiving the second dose. Based on these unanticipated deaths, the Group 4 (Low-Mid Dose) dose level was lowered from 20 mg/kg to 7.5 mg/kg. 
	Experimental design 
	All animals underwent standard evaluations such as daily clinical observations, body weight measurements, clinical pathology, ophthalmology assessment, electrocardiograms, plasma toxicokinetics, and necropsy. At necropsy, a full set of tissues were collected for histopathological evaluation and weights were recorded for a subset of organs. No recovery group was included in the design of this study. 
	Observations and Results 
	Mortality 
	Two animal at the dose of 10 mg/kg/day (Group 3) were found dead. The gross findings of significant upper GI tract bleeding likely caused the death of Animal 12-259. Animal 28-392 may have died from a cardiac event, but also had signs of significant gastrointestinal tract bleeding at necropsy. 
	Animal number (10 mg/kg/day) 
	Animal number (10 mg/kg/day) 
	Animal number (10 mg/kg/day) 
	Clinical findings and time of death 
	Selected findings 

	Female 
	Female 
	In distress (lethargic and 
	o Increased ALT and AST 

	(28-392) 
	(28-392) 
	shallow breathing) shortly after the 2 hour blood collection time-point and died shortly thereafter on Day 1 (approximately 2 hours post-dose) 
	o Mild diffuse vacuolation of hepatocytes o Deep dark red discoloration of the small and large intestines and bloody intestinal contents o Moderate focal erythrocyte accumulation in the lumen of the ileum and moderate diffuse necrosis of the jejunum. o Small pale focus of cardiac myocytes at the coronary groove (may have been associated with cardiac failure) o Marked focal thrombosis, suture material, and moderate to marked hemorrhage, necrosis, mineralization, granulomatous inflammation and fibrosis were o

	Male 
	Male 
	In distress (lethargic and 
	o Increased ALT and AST 

	(12-259) 
	(12-259) 
	shallow breathing) shortly after the 24 hour blood collection and died shortly thereafter on Day 2. 
	o Deep dark red discoloration of the small and large intestines and bloody intestinal contents o Mild multifocal necrosis and mild multifocal hemorrhage of the duodenum, marked diffuse epithelial sloughing of the jejunum and mild multifocal necrosis of the ileum. o Mild diffuse edema and minimal multifocal alveolar macrophage infiltrations of the lungs o Marked focal thrombosis, suture material, and moderate to marked hemorrhage, necrosis, mineralization, granulomatous inflammation and fibrosis were observe


	General Clinical signs:. No clinical observations were noted that were considered treatment related except in .the two animals that were found dead.. 
	Body Weight 
	There were no treatment-related effects on body weight or body weight changes. 
	Food consumption: 
	There were no treatment-related effects on food consumption. 
	Ophthalmology: 
	There were no treatment-related effects on ophthalmic parameters. 
	Hematology and Coagulation: 
	There were no treatment-related effects on hematology and coagulation parameters. 
	Clinical chemistry: 
	There were no treatment-related effects on clinical chemistry parameters. 
	Urinalysis: 
	There were no treatment-related effects on urinalysis parameters. 
	ECG: 
	No treatment-related ECG effects were observed. 
	Gross Pathology: 
	The incidental gross findings (see tables below) were not supported by microscopic examination. 
	Figure
	Figure
	Organ weight changes: 
	Increased liver weights in Group 4 males and Group 3 females were not associated with microscopic findings. 
	Males 
	Males 
	Males 
	Group 1 (0 mg/kg/day) 
	Group 2 (5 mg/kg/day) 
	Group 3 (10 mg/kg/day) 
	Group 4 (20 to 7.5 mg/kg/day) 

	Organ (g) 
	Organ (g) 

	Liver 
	Liver 
	229.8 
	237.7 
	252.0 
	269.5 (17%) 

	Relative organ/body weight 
	Relative organ/body weight 

	Liver 
	Liver 
	1.98 
	2.10 
	2.12 
	2.32 (17%) 

	Relative organ/brain weight 
	Relative organ/brain weight 

	Liver 
	Liver 
	407 
	425 
	437 
	468 (15%) 


	Females 
	Females 
	Females 
	Group 1 (0 mg/kg/day) 
	Group 2 (5 mg/kg/day) 
	Group 3 (10 mg/kg/day) 
	Group 4 (20 to 7.5 mg/kg/day) 

	Organ (g) 
	Organ (g) 

	Liver 
	Liver 
	226 
	224 
	256 (13%) 
	223 

	Relative organ/body weight 
	Relative organ/body weight 

	Liver 
	Liver 
	1.83 
	1.80 
	2.06 (12%) 
	1.82 

	Relative organ/brain weight 
	Relative organ/brain weight 

	Liver 
	Liver 
	399 
	402 
	445 (11%) 
	394 


	Histopathology findings: 
	 Yes Prepared tissues were examined microscopically by a board certified veterinary 
	Adequate Battery:

	pathologist. 
	Tissues marked with asterisk were weighed at scheduled necropsy and organ-to-body and organ-to-brain weight ratios were calculated. The tissues listed above (except identification) from Groups 1 and 3 [control (0 mg/kg) and mid (10 mg/kg) dose], as well as the stomachs from animals in Groups 2 and 4 [low (5 mg/kg) and low-mid (20→7.5 mg/kg), were processed by routine histologic method. 
	 No 
	Peer Review:

	No test article-related microscopic findings were observed histologically at the terminal sacrifice. Thrombosis, inflammation, hemorrhage and fibrosis were noted sporadically at jugular vein catheter sites for both control and treated animals. These findings were considered related to the catheterization procedure and not the test article. 
	Histopathology findings: 

	Toxicokinetic data: Blood samples were collected from all animals on Day 1 and during Week 4 at 0 hour, 5 minutes and 0.5, 2, 4, 8, 12 and 24 hours post-dose. 
	Figure
	Exposure to meloxicam generally increased with the increase in N1539 dose level from 5 to 20 mg/kg on Day 1 and from 5 to 10 mg/kg during Week 4 for both females and males except that the exposures were similar in females between 5 and 7.5 mg/kg during Week 4. The increases in meloxicam mean Cmax and AUC0-24h values were approximately dose proportional for both females and males. No accumulation of meloxicam was observed after multiple doses of 5 and 10 mg/kg N1539 when compared to a single dose. Sex differ
	6.2.2 Rats 
	Study title: 4-Week Intravenous Injection Toxicity and Toxicokinetic Study with N1539 Injectable NanoCrystal® Colloidal Dispersion (Meloxicam) in Rats 
	Study title: 4-Week Intravenous Injection Toxicity and Toxicokinetic Study with N1539 Injectable NanoCrystal® Colloidal Dispersion (Meloxicam) in Rats 
	Study title: 4-Week Intravenous Injection Toxicity and Toxicokinetic Study with N1539 Injectable NanoCrystal® Colloidal Dispersion (Meloxicam) in Rats 

	Study no.: 
	Study no.: 
	8200393 

	Study report location: 
	Study report location: 
	\\cdsesub1\evsprod\nda210583\0001\m4\42stud-rep\423-tox\4232-repeat-dosetox\8200393\8200393.pdf 

	Conducting laboratory and location: 
	Conducting laboratory and location: 
	TD
	Figure


	Date of study initiation: 
	Date of study initiation: 
	December 8, 2008 

	GLP compliance: 
	GLP compliance: 
	Yes 

	QA statement: 
	QA statement: 
	Yes 


	Drug (test article), lot # Purity 
	Drug (test article), lot # Purity 
	Drug (test article), lot # Purity 
	• N1539 (NCD Meloxicam 25 mg/mL for injection), Lot 123I0808, purity: 101.6% • Mobic (Oral suspension 1.5 mg/mL) • Metacam (5 mg/L solution for injection) 

	Vehicle (placebo) 
	Vehicle (placebo) 
	• Vehicle 1 (control for NCD meloxicam): 5% Sucrose and 1% Pharmaceutical Acceptable Stabilizers in water for injection in D5W • Vehicle 2 (Control for Mobic): reverse osmosis (RO) water • Vehicle 3 (Cotrol for Metacam): D5W 


	Key findings 
	•. 
	•. 
	•. 
	Male and female rats were treated with 0, 0.2, 0.4, 0.8, or 1.6 mg/kg/day for 28 days with one of three meloxicam formulations: , ,  (a bridging study evaluating the safety and toxicology of N1539 (IV) compared to oral meloxicam (Mobic)). The study did not include recovery groups. 
	NCD Meloxicam IV
	Mobic oral suspension
	Metacam IV


	•. 
	•. 
	There were no adverse local effect observed. However, the dose concentration tested for high dose was which is below the clinical concentration of 30 mg/mL. Therefore, the study does not provide support for the local safety of the to-be-marketed product. 
	0.64 mg/mL, 


	•. 
	•. 
	No treatment-related effects were observed in any of the indices measured. Therefore, the NOAEL of the study for systemic safety is considered to be the high dose at 1.6 mg/kg/day. See safety margins based on AUC and Cmax in the table below. 


	Systemic Safety Margin table 
	Table
	TR
	Dose 
	HED 
	AUC0-24 
	Cmax 
	Human SM 
	Human SM 

	TR
	(mg/kg) 
	(mg/kg) 
	(mcg.hr/mL) 
	(mcg/mL) 
	Based on AUC 
	Based on Cmax 

	Human 
	Human 
	30 mg 
	30 mg 

	30 mg 
	30 mg 
	0.5 
	107.5 * 
	10.6* 

	Rats 4week study 
	Rats 4week study 
	Week 4 (♂/♀) 
	Week 4 (♂/♀) 
	(♂/♀) 
	(♂/♀) 

	NOAEL 
	NOAEL 
	1.6 
	0.26 
	186/662 
	21.6/38.4 
	1.7X/6.2X 
	2.0X/3.6X 


	* AUC0-24h, steady state value based on AUC0-inf, single-dose value from Clinical Study N1539-01 max, steady state value from Clinical Study N1539-03 
	** C

	Methods 
	Methods 
	Methods 

	Doses: 
	Doses: 
	0, 0.2, 0.4, 0.8, or 1.6 mg/kg/day 

	Frequency of dosing: 
	Frequency of dosing: 
	daily for at least 28 consecutive days. 

	Route of administration: 
	Route of administration: 
	IV, 1 to 2 minute administration at a dose volume of 2.5 mL/kg 

	Formulation/Vehicle: 
	Formulation/Vehicle: 
	N1539 NCD (meloxicam), 25 mg/mL 

	Species/Strain: 
	Species/Strain: 
	Rats, Sprague Dawley 

	Number/Sex/Group: 
	Number/Sex/Group: 
	10/sex/group 

	Age: 
	Age: 
	45 to 53 days old 

	Weight: 
	Weight: 
	186 to 249 g males and 161 to 202 g females 

	Satellite groups (TK): 
	Satellite groups (TK): 
	N/A 

	Unique study design: 
	Unique study design: 
	N/A 

	Deviation from study protocol: 
	Deviation from study protocol: 
	None of the deviations impacted the overall integrity of the study 


	Figure
	Assessment of toxicity was based on mortality, clinical signs, body weights, food consumption, ophthalmic examinations, and clinical and anatomic pathology results. Blood samples were collected and the plasma analyzed for toxicokinetic evaluations. Protocol-specified tissues from animals in Groups 1 and 5, 6 and 10, and 11 and 15 were processed and examined microscopically. In addition, lesions noted macroscopically from animals in the remaining groups were processed and examined microscopically. 
	Observations and Results 
	Mortality 
	None. 
	General Clinical signs:. No adverse clinical observations were noted. .
	Body Weight 
	No treatment-related effects on body weight or body weight changes were observed. 
	Food consumption: 
	No treatment-related findings effects on food consumption were observed. 
	Ophthalmology: 
	No treatment-related effects on ophthalmic parameters were observed. 
	Hematology and Coagulation: 
	No treatment-related findings were observed. 
	Urinalysis: 
	No treatment-related findings were observed. 
	Clinical chemistry: 
	N1539 NCD administration resulted in minimal decreases in albumin and albumin-toglobulin ratio for females given 1.6 mg/kg/day. Oral Mobic administration resulted in minimal decreases in albumin and albumin-to-globulin ratio for females given 0.8 or 1.6 mg/kg/day, minimal increases in globulin for females given 0.8 or 1.6 mg/kg/day, and minimal increases in potassium for males and females given 0.8 or 1.6 mg/kg/day. Intravenous Metacam administration resulted in minimal decreases in albumin and albumin-to-
	Figure
	*p<0.05 Statistical significance based on actual data (not on percent differences) 
	Gross Pathology: 
	No treatment-related effects on gross pathology were observed. 
	Organ weight changes: 
	No treatment-related effects on organ weights were observed. 
	Histopathology findings: 
	 Yes 
	Adequate Battery:

	Prepared tissues were examined microscopically by a board certified veterinary pathologist. 
	 No 
	Peer Review:

	Histopathology findings: 
	Histopathology findings: 

	No test article-related microscopic findings were observed at the terminal sacrifice. 
	Toxicokinetic data: 
	Exposure to meloxicam increased with the increase in N1539 NCD dose level from 0.2 .to 1.6 mg/kg/day. The increases in Cmax and AUC0-24h were dose proportional. Sex .differences in Cmax and AUC0-24h values were observed during Week 4 (>2.0 fold). .Potential accumulation of meloxicam was observed after multiple dosing of NCD in rats. .Similarly, accumulation was observed with Mobic and Metacam repeat dosing.. The TK values for meloxicam were generally similar after IV administration of the N1539 .NCD when co
	Figure
	7 Genetic Toxicology 
	A new genotoxicity study (Ames assay) was submitted with this NDA. The Applicant will rely upon the data in the referenced product labeling. The objective of this study was to evaluate the test article, N1539 NCD Meloxicam 25.5 mg/mL, and/or its metabolites for their ability to induce reverse mutations in bacterial cells. Note that the listed drug Mobic label states “Meloxicam was not mutagenic in an Ames assay, or clastogenic in a chromosome aberration assay with human lymphocytes and an in vivo micronucle
	7.1 In vitro Ames Assay 
	In Vitro Reverse Mutation Assay in Bacterial Cells of NCD meloxicam (N1539) 
	Study title: Bacterial Reverse Mutation Assay with a Confirmatory Assay 
	Study no.: 
	8200778 
	Study report location: 
	Study report location: 
	\\cdsesub1\evsprod\nda210583\0001\m4\42stud-rep\423-tox\4233-genotox\42331-invitro\8200778\8200778.pdf 
	\\cdsesub1\evsprod\nda210583\0001\m4\42stud-rep\423-tox\4233-genotox\42331-invitro\8200778\8200778.pdf 


	Conducting laboratory and location: Date of study initiation: 
	Conducting laboratory and location: Date of study initiation: 
	December 31, 2008 

	Figure
	GLP compliance: 
	Yes 
	QA statement: 
	Yes N1539 NanoCrystal® Colloidal Dispersion
	Drug, lot #, and % purity:(Meloxicam) 25.5 mg/mL Lot 123I0808, Purity=100.1% 
	Key Study Findings 
	•. 
	•. 
	•. 
	•. 
	Dose-finding test was performed in tester strains TA100 and WP2uvrA at the dose levels below: 

	o. With and without metabolic activation: 
	6.67 to 5000 mcg/plate 

	•. 
	•. 
	•. 
	Main and confirmatory tests were performed in all five tester strains at the dose level below: 

	o. With and without metabolic activation:. 33.3, 100, 333, 1000, 2500, and 5000 mcg/plate. 

	•. 
	•. 
	N1539 did not cause increase in the number of revertant colonies in any of the test strains, with or without metabolic activation when compared with the negative control. Under the conditions of the study, N1539 is negative in the bacterial reverse mutation assay. These negative results were obtained for the plate incorporation version. 


	Methods 
	Methods 
	Methods 

	Strains: 
	Strains: 
	TA100, TA1535, WP2uvrA, TA98, and TA1537 

	Concentrations in mutagenicity study 
	Concentrations in mutagenicity study 
	33.3, 100, 333, 1000, 2500, and 5000 mcg/plate 

	Basis of concentration selection: 
	Basis of concentration selection: 
	Cytotoxicity and precipitation 

	Negative control: 
	Negative control: 
	Sterile water for injection (SWFI) 

	Positive control: 
	Positive control: 

	Formulation/Vehicle: 
	Formulation/Vehicle: 
	N1539 NanoCrystal Colloidal Dispersion 25.5 mg/mL formulation without meloxicam 

	Incubation & sampling time: 
	Incubation & sampling time: 
	Incubated at 37°C for 52 hours 

	Protocol Deviation: 
	Protocol Deviation: 
	The deviations did not have impact on study integrity 


	Study Validity 
	All positive and vehicle control values were within acceptable ranges, and all criteria for a valid study were met. Appropriate strains were used. 
	Results 
	The test article did not produce any increases in the number of revertants in any tester stain under the conditions of this study in the absence and in the presence of a rat liver metabolic activation system (S-9). These negative results were obtained the plate incorporation version. This is in concurrence with the Applicant’s conclusions. See the Applicant’s summary tables below. 
	No cytotoxicity was observed with tester strain WP2uvrA in the presence or absence of S9 as evidenced by no dose-related decreases in revertant frequency and normal bacterial background lawns. Cytotoxicity was observed with TA100 in the presence and absence of S9 mix at doses ≥3330 mcg per plate as evidenced by dose-related decreases in the number of revertants per plate and reduced 
	Dose range-finding: 

	bacterial background lawns. 
	Figure
	Mutagenicity Assay (main test) 
	Mutagenicity Assay (main test) 

	All doses of the test article, placebo, positive and vehicle controls, were evaluated in triplicate plates. No positive increases in the mean number of revertants per plate were observed with any of the tester strains in the presence or absence of S9 mix. Increases in the mean number of revertants per plate were observed with WP2uvrA in the absence of S9 mix; however, the increases were not dose-dependent, did not meet the criteria for a positive response, and were not observed in the confirmatory tests. 
	Figure
	Confirmatory mutagenicity assay 
	Confirmatory mutagenicity assay 

	No positive increases in the mean number of revertants per plate were observed with any of the tester strains in the presence or absence of S9 mix. 
	8 Carcinogenicity 
	No new carcinogenicity studies were submitted or required with this NDA. The Applicant will rely upon the data in the referenced product labeling adjusted for the differences in dose. 
	9 Reproductive and Developmental Toxicology 
	No new reproductive and developmental toxicology studies were submitted with the NDA. The Applicant will rely upon the data in the referenced product labeling adjusted for the differences in dose. The bioequivalence of the reproductive toxicology findings by Boehringer Ingelheim (BI) were recalculated based on the anticipated clinical dose, 
	30 mg/mL, for N1539 and are summarized in Table below and reflected in the label. 
	In addition, as part of the requirement under the Pregnancy Lactation and Labeling Rule (PLLR), a review and summary of available published literature regarding the potential effects of meloxicam use on pregnancy, lactation and effects on female and male fertility was provided and the articles were submitted to the NDA (SDN 6, 11/02/2017). The Applicant’s literature search used the sources of information and search strategy outlined below: 
	In addition, as part of the requirement under the Pregnancy Lactation and Labeling Rule (PLLR), a review and summary of available published literature regarding the potential effects of meloxicam use on pregnancy, lactation and effects on female and male fertility was provided and the articles were submitted to the NDA (SDN 6, 11/02/2017). The Applicant’s literature search used the sources of information and search strategy outlined below: 
	A total of 68 references were identified from this search after duplicates were removed. Note that only abstracts were provided and no full articles. In the toxicology written summary of the NDA, it was noted that the Applicant identified two published reports describing the developmental toxicity of meloxicam (Cappon et al., 2003) and the reproductive toxicity of meloxicam in male rats (Uzun et al., 2015). However, the Applicant stated that no related label text is proposed at this time until more data are

	Figure
	All references 
	are noted below. This reviewer examined all references and indicated both key findings and whether these findings warranted further review based on potential relevance for labeling. 

	1. Mainau E, Temple D, Manteca X. Experimental study on the effect of oral meloxicam administration in sows on pre-weaning mortality and growth and immunoglobulin G transfer to piglets. Prev Vet Med. 2016 Apr 1;126:48-53. 
	o. : In this study, the administration of meloxicam orally at the beginning of the farrowing in multiparous sows increased the concentration of 
	o. : In this study, the administration of meloxicam orally at the beginning of the farrowing in multiparous sows increased the concentration of 
	o. : In this study, the administration of meloxicam orally at the beginning of the farrowing in multiparous sows increased the concentration of 
	o. : In this study, the administration of meloxicam orally at the beginning of the farrowing in multiparous sows increased the concentration of 
	Key findings


	IgG in serum of piglets and enhanced their pre-weaning growth. According to the author, future research is warranted to clearly identify the proximate mechanism behind IgG effect. 

	o. : This study did not identify any risks related to reproductive parameters, and therefore is not considered appropriate for the label. 
	o. : This study did not identify any risks related to reproductive parameters, and therefore is not considered appropriate for the label. 
	Reviewer’s comments



	2. Cooke RF, Peres RF, Cipriano RS, Guarnieri Filho TA, Marques RS, Rodrigues MC, Carvalho RS, Bohnert DW, Vasconcelos JL. Impacts of meloxicam administration before temporary calf weaning on physiological and reproductive responses of beef cows. J Anim Sci. 2016 Jan;94(1):406-11. 

	o. : This study showed that administration of meloxicam did not alleviate the temprary calf weaning (TCW)-induced increase in serum cortisol concentrations and failed to benefit pregnancy rates to timed AI in beef cows. 
	o. : This study showed that administration of meloxicam did not alleviate the temprary calf weaning (TCW)-induced increase in serum cortisol concentrations and failed to benefit pregnancy rates to timed AI in beef cows. 
	o. : This study showed that administration of meloxicam did not alleviate the temprary calf weaning (TCW)-induced increase in serum cortisol concentrations and failed to benefit pregnancy rates to timed AI in beef cows. 
	o. : This study showed that administration of meloxicam did not alleviate the temprary calf weaning (TCW)-induced increase in serum cortisol concentrations and failed to benefit pregnancy rates to timed AI in beef cows. 
	Key finding


	o. : This study did not identify any risks related to reproductive parameters, and therefore is not considered appropriate for the labeling. 
	o. : This study did not identify any risks related to reproductive parameters, and therefore is not considered appropriate for the labeling. 
	Reviewer’s comments



	3. McDougall S, Abbeloos E, Piepers S, Rao AS, Astiz S, van Werven T, Statham J, Pérez- Villalobos N. Addition of meloxicam to the treatment of clinical mastitis improves subsequent reproductive performance. J Dairy Sci. 2016 Mar;99(3):2026-42. 
	o. : This study showed that use of meloxicam, in conjunction with antimicrobial therapy, for mild to moderate cases of clinical mastitis, resulted in a higher probability of bacteriological cure, an increased probability of conception to first artificial insemination, fewer artificial inseminations, and a greater proportion of cows pregnant by 120 day in milk. 
	o. : This study showed that use of meloxicam, in conjunction with antimicrobial therapy, for mild to moderate cases of clinical mastitis, resulted in a higher probability of bacteriological cure, an increased probability of conception to first artificial insemination, fewer artificial inseminations, and a greater proportion of cows pregnant by 120 day in milk. 
	o. : This study showed that use of meloxicam, in conjunction with antimicrobial therapy, for mild to moderate cases of clinical mastitis, resulted in a higher probability of bacteriological cure, an increased probability of conception to first artificial insemination, fewer artificial inseminations, and a greater proportion of cows pregnant by 120 day in milk. 
	Key findings


	o. : These data are specific for mastitis and not relevant for the label. 
	o. : These data are specific for mastitis and not relevant for the label. 
	Reviewer’s comments



	4. Najera DB. Emergency contraception: Focus on the facts. JAAPA. 2016 Jan;29(1):20-4; quiz 1 
	o. : This article reviews how emergency contraception works, the effectiveness of different methods, pros and cons, and the history of emergency contraception. 
	o. : This article reviews how emergency contraception works, the effectiveness of different methods, pros and cons, and the history of emergency contraception. 
	o. : This article reviews how emergency contraception works, the effectiveness of different methods, pros and cons, and the history of emergency contraception. 
	Key findings


	o. : This article is not about nonclinical findings and did not identify any risks related to reproductive parameters, and therefore is not considered appropriate for the labeling. 
	o. : This article is not about nonclinical findings and did not identify any risks related to reproductive parameters, and therefore is not considered appropriate for the labeling. 
	Reviewer’s comments



	5. Carpenter AJ, Ylioja CM, Vargas CF, Mamedova LK, Mendonça LG, Coetzee JF, Hollis LC, Gehring R, Bradford BJ. Hot topic: Early postpartum treatment of 
	5. Carpenter AJ, Ylioja CM, Vargas CF, Mamedova LK, Mendonça LG, Coetzee JF, Hollis LC, Gehring R, Bradford BJ. Hot topic: Early postpartum treatment of 
	commercial dairy cows with nonsteroidal antiinflammatory drugs increases 

	whole-lactation milk yield. J Dairy Sci. 2016 Jan;99(1):672-9. 
	o. : These study indicate that NSAID administration including .meloxicam in postpartum cows has the potential to be a viable way to .improve productivity and potentially longevity in commercial dairies.. 
	o. : These study indicate that NSAID administration including .meloxicam in postpartum cows has the potential to be a viable way to .improve productivity and potentially longevity in commercial dairies.. 
	o. : These study indicate that NSAID administration including .meloxicam in postpartum cows has the potential to be a viable way to .improve productivity and potentially longevity in commercial dairies.. 
	Key findings


	o. s: This study did not identify any risks related to reproductive parameters, and therefore is not considered appropriate for the labeling. 
	o. s: This study did not identify any risks related to reproductive parameters, and therefore is not considered appropriate for the labeling. 
	Reviewer’s comment



	6. Lima AG, Costa LC, Alvarenga MA, Martins CB. Does Clinical Treatment with Phenylbutazone and Meloxicam in the Pre-ovulatory Period Influence the Ovulation Rate in Mares? Reprod Domest Anim. 2015 Oct;50(5):771-5. 
	o. : This study suggested that treatment with meloxicam and phenylbutazone at therapeutic doses induced intrafollicular haemorrhage and luteinization of anovulatory follicles. 
	o. : This study suggested that treatment with meloxicam and phenylbutazone at therapeutic doses induced intrafollicular haemorrhage and luteinization of anovulatory follicles. 
	o. : This study suggested that treatment with meloxicam and phenylbutazone at therapeutic doses induced intrafollicular haemorrhage and luteinization of anovulatory follicles. 
	Key findings


	o. : These findings are currently reflected in the MOBIC and other NSAIDs labels. Class labeling for NSAIDs currently state “Published animal studies have shown that administration of prostaglandin synthesis inhibitors has the potential to disrupt prostaglandin-mediated follicular rupture required for ovulation” in Section 8.3 Females and Males of Reproductive Potential. As the study does not alter the current messaging, it does not need to be included in the labeling. 
	o. : These findings are currently reflected in the MOBIC and other NSAIDs labels. Class labeling for NSAIDs currently state “Published animal studies have shown that administration of prostaglandin synthesis inhibitors has the potential to disrupt prostaglandin-mediated follicular rupture required for ovulation” in Section 8.3 Females and Males of Reproductive Potential. As the study does not alter the current messaging, it does not need to be included in the labeling. 
	Reviewer’s comments



	7. Pairis-Garcia MD, Johnson AK, Abell CA, Coetzee JF, Karriker LA, Millman ST, Stalder KJ. Measuring the efficacy of flunixin meglumine and meloxicam for lame sows using a GAITFour pressure mat and an embedded microcomputer-based force plate system. J Anim Sci. 2015 May;93(5):2100-10. 
	o. : This study showed that meloxicam administration mitigated pain sensitivity in sows after lameness induction when pain sensitivity was evaluated. 
	o. : This study showed that meloxicam administration mitigated pain sensitivity in sows after lameness induction when pain sensitivity was evaluated. 
	o. : This study showed that meloxicam administration mitigated pain sensitivity in sows after lameness induction when pain sensitivity was evaluated. 
	Key findings


	o. This finding is related to meloxicam efficacy to reduce pain and and therefore is not considered appropriate for the labeling. 
	o. This finding is related to meloxicam efficacy to reduce pain and and therefore is not considered appropriate for the labeling. 
	Reviewer’s comments: 



	8. Lopes LM, Balbinot M, Fonseca BA, de Araújo CV, Martins LR. Pregnancy rates and serum 13,14-dihydro-15-keto-PGF2α concentrations in recipient Nelore heifers treated with meloxicam after the transfer of in vitro-produced embryos. Theriogenology. 2015 Sep 1;84(4):553-8. 
	o.  This study aimed to determine if the administration of meloxicam, to Nelore (Bos taurus indicus) heifers, in which embryo transfer is more difficult and requires a greater manipulation of the reproductive tract than in Bos taurus females, would improve the pregnancy rates by decreasing serum PGFM concentrations. The data showed that meloxicam had a positive 
	o.  This study aimed to determine if the administration of meloxicam, to Nelore (Bos taurus indicus) heifers, in which embryo transfer is more difficult and requires a greater manipulation of the reproductive tract than in Bos taurus females, would improve the pregnancy rates by decreasing serum PGFM concentrations. The data showed that meloxicam had a positive 
	Key findings:

	effect on the pregnancy rates of Grade I Nelore heifers without any effect on 

	PGFM serum concentration. 
	o. These data are specific for improvement of transferring embryo in Nelore heifers and and therefore is not considered appropriate for the labeling. 
	Reviewer’s comments: 

	9. Newby NC, Renaud D, Tremblay R, Duffield TF. Evaluation of the effects of treating dairy cows with meloxicam at calving on retained fetal membranes risk. Can Vet J. 2014 Dec;55(12):1196-9. 
	o. : Some NSADs increase the risk of retained fetal membranes (placenta). This study shows that meloxicam can be used on the day of calving in lactating cows without increasing the risk of retained fetal membranes. 
	o. : Some NSADs increase the risk of retained fetal membranes (placenta). This study shows that meloxicam can be used on the day of calving in lactating cows without increasing the risk of retained fetal membranes. 
	o. : Some NSADs increase the risk of retained fetal membranes (placenta). This study shows that meloxicam can be used on the day of calving in lactating cows without increasing the risk of retained fetal membranes. 
	Key findings


	o. : This study did not identify any risks related to reproductive parameters, and therefore is not considered appropriate for the labeling. 
	o. : This study did not identify any risks related to reproductive parameters, and therefore is not considered appropriate for the labeling. 
	Reviewer’s comments



	10 Wilson RL, Holyoake PK, Cronin GM, Doyle RE. Managing animal wellbeing: a preliminary survey of pig farmers. Aust Vet J. 2014 Jun;92(6):206-12. 
	o. : This study shows effects of anti-inflammatory drugs to aid recovery of pigs such as reducing pain. 
	o. : This study shows effects of anti-inflammatory drugs to aid recovery of pigs such as reducing pain. 
	o. : This study shows effects of anti-inflammatory drugs to aid recovery of pigs such as reducing pain. 
	Key findings


	o. : This finding is related to meloxicam efficacy to reduce pain, and therefore is not considered appropriate for the labeling. 
	o. : This finding is related to meloxicam efficacy to reduce pain, and therefore is not considered appropriate for the labeling. 
	Reviewer’s comments



	11 McCann NC, Lynch TJ, Kim SO, Duffy DM. The COX-2 inhibitor meloxicam prevents pregnancy when administered as an emergency contraceptive to nonhuman primates. Contraception. 2013 Dec;88(6):744-8. 
	o. : The pregnancy rate with meloxicam administration using the emergency contraception model was significantly lower than the pregnancy rate when vehicle without meloxicam was administered. 
	o. : The pregnancy rate with meloxicam administration using the emergency contraception model was significantly lower than the pregnancy rate when vehicle without meloxicam was administered. 
	o. : The pregnancy rate with meloxicam administration using the emergency contraception model was significantly lower than the pregnancy rate when vehicle without meloxicam was administered. 
	Key findings


	o. : This study further support NSAID class labeling language regarding effects of NSAID on fertility through interference with ovulation. The contraceptive efficacy of drugs of this class has not been directly tested. For more detail see below. 
	o. : This study further support NSAID class labeling language regarding effects of NSAID on fertility through interference with ovulation. The contraceptive efficacy of drugs of this class has not been directly tested. For more detail see below. 
	Reviewer’s comment



	12 Aguiar TS, Araújo CV, Tirloni RR, Martins LR. Effect of meloxicam on pregnancy rate of recipient heifers following transfer of in vitro produced embryos. Reprod Domest Anim. 2013 Dec;48(6):984-8. 
	o. : Meloxicam had a positive influence on general pregnancy rate of treated heifers in comparison to non-treated heifers. 
	o. : Meloxicam had a positive influence on general pregnancy rate of treated heifers in comparison to non-treated heifers. 
	o. : Meloxicam had a positive influence on general pregnancy rate of treated heifers in comparison to non-treated heifers. 
	Key findings


	o. : This study was conducted by the same group (article 8). These data are specific for improvement of transferring embryo in Nelore heifers and did not identify any risks related to reproductive parameters. Therefore is not considered appropriate for the labeling. 
	o. : This study was conducted by the same group (article 8). These data are specific for improvement of transferring embryo in Nelore heifers and did not identify any risks related to reproductive parameters. Therefore is not considered appropriate for the labeling. 
	Reviewer’s comments



	13 Thaete LG, Levin SI, Dudley AT. Impact of anaesthetics and analgesics on fetal growth in the mouse. Lab Anim. 2013 Jul;47(3):175-83. 
	o. : This study showed that meloxicam can cause adverse effects when used early in pregnancy in mice. The length of the humerus was reduced at fertilization (E0), and was correlated (P < 0.01) with fetal weight for meloxicam. 
	o. : This study showed that meloxicam can cause adverse effects when used early in pregnancy in mice. The length of the humerus was reduced at fertilization (E0), and was correlated (P < 0.01) with fetal weight for meloxicam. 
	o. : This study showed that meloxicam can cause adverse effects when used early in pregnancy in mice. The length of the humerus was reduced at fertilization (E0), and was correlated (P < 0.01) with fetal weight for meloxicam. 
	Key findings


	o. : These findings are not completely unexpected since the reference product label notes that meloxicam caused embryofetal death in rats and rabbits when administered during the period of organogenesis. As the embryolethality findings described in the reference product labeling are more severe, the reviewer does not feel it necessary to describe the growth effects in the ANJESO labeling. 
	o. : These findings are not completely unexpected since the reference product label notes that meloxicam caused embryofetal death in rats and rabbits when administered during the period of organogenesis. As the embryolethality findings described in the reference product labeling are more severe, the reviewer does not feel it necessary to describe the growth effects in the ANJESO labeling. 
	Reviewer’s comments



	o. For more detail see below 
	14 Newby NC, Pearl DL, Leblanc SJ, Leslie KE, von Keyserlingk MA, Duffield TF. Effects of meloxicam on milk production, behavior, and feed intake in dairy cows following assisted calving. J Dairy Sci. 2013 Jun;96(6):3682-8. 
	o. : This study failed to show any significant effects of treatment on milk production, blood metabolites, or health events. A possible explanation for the lack of treatment differences could be that the meloxicam was administered too late after calving. 
	o. : This study failed to show any significant effects of treatment on milk production, blood metabolites, or health events. A possible explanation for the lack of treatment differences could be that the meloxicam was administered too late after calving. 
	o. : This study failed to show any significant effects of treatment on milk production, blood metabolites, or health events. A possible explanation for the lack of treatment differences could be that the meloxicam was administered too late after calving. 
	Key findings


	o. : This study did not identify any risks related to reproductive parameters, and therefore is not considered appropriate for the labeling. 
	o. : This study did not identify any risks related to reproductive parameters, and therefore is not considered appropriate for the labeling. 
	Reviewer’s comments



	15 Fitzpatrick CE, Chapinal N, Petersson-Wolfe CS, DeVries TJ, Kelton DF, Duffield TF, Leslie KE. The effect of meloxicam on pain sensitivity, rumination time, and clinical signs in dairy cows with endotoxin-induced clinical mastitis. J Dairy Sci. 2013 May;96(5):2847- 56. 
	o. : This is an efficacy study fo show that meloxicam has a beneficial effects in cows with mastitis and is not considered appropriate for the labeling. 
	Reviewer’s comments

	16 Dorniak P, Welsh TH Jr, Bazer FW, Spencer TE. Cortisol and interferon tau regulation of endometrial function and conceptus development in female sheep. Endocrinology. 2013 Feb;154(2):931-41. 
	o. : This study shows that hydroxysteroid (11-β) dehydrogenase (1HSD11B1)-derived cortisol mediates, in part, actions of ovarian progesterone and the conceptus on endometrial function and support the hypothesis that IFNT, PG, and cortisol coordinately regulate endometrial functions important for conceptus elongation and implantation during early pregnancy in sheep. 
	o. : This study shows that hydroxysteroid (11-β) dehydrogenase (1HSD11B1)-derived cortisol mediates, in part, actions of ovarian progesterone and the conceptus on endometrial function and support the hypothesis that IFNT, PG, and cortisol coordinately regulate endometrial functions important for conceptus elongation and implantation during early pregnancy in sheep. 
	o. : This study shows that hydroxysteroid (11-β) dehydrogenase (1HSD11B1)-derived cortisol mediates, in part, actions of ovarian progesterone and the conceptus on endometrial function and support the hypothesis that IFNT, PG, and cortisol coordinately regulate endometrial functions important for conceptus elongation and implantation during early pregnancy in sheep. 
	Key findings


	o. : This study is a mechanistic study relevant for NSAIDs that generally can impact early pregnancy which is some how reflected in the Mobic label. “Published animal studies have shown that administration of prostaglandin synthesis inhibitors such as meloxicam has the potential to disrupt prostaglandin-mediated follicular rupture required for ovulation.” 
	o. : This study is a mechanistic study relevant for NSAIDs that generally can impact early pregnancy which is some how reflected in the Mobic label. “Published animal studies have shown that administration of prostaglandin synthesis inhibitors such as meloxicam has the potential to disrupt prostaglandin-mediated follicular rupture required for ovulation.” 
	Reviewer’s comments



	17 Burdet J, Sacerdoti F, Cella M, Franchi AM, Ibarra C. Role of TNF-α in the .mechanisms responsible for preterm delivery induced by Stx2 in rats. Br J .Pharmacol. 2013 Feb;168(4):946-53.. 
	o. : This study showed that meloxicam delayed the preterm delivery time in rats but did not prevent it. The data suggested that the increased TNFα and NO induced by Shiga toxin type 2 (Stx2) were the predominant factors responsible for preterm delivery in rats. 
	o. : This study showed that meloxicam delayed the preterm delivery time in rats but did not prevent it. The data suggested that the increased TNFα and NO induced by Shiga toxin type 2 (Stx2) were the predominant factors responsible for preterm delivery in rats. 
	o. : This study showed that meloxicam delayed the preterm delivery time in rats but did not prevent it. The data suggested that the increased TNFα and NO induced by Shiga toxin type 2 (Stx2) were the predominant factors responsible for preterm delivery in rats. 
	Key findings


	o. : Delayed parturition with using NSADs including meloxicam is a known class effect and is reflected in the label. 
	o. : Delayed parturition with using NSADs including meloxicam is a known class effect and is reflected in the label. 
	Reviewer’s comments



	18 Sordelli MS, Beltrame JS, Cella M, Franchi AM, Ribeiro ML. Cyclooxygenase-2 prostaglandins mediate anandamide-inhibitory action on nitric oxide synthase activity in the receptive rat uterus. Eur J Pharmacol. 2012 Jun 15;685(1-3):174-9. 
	o. : This study shows that COX-2 has a role in implantation through a mechanistic study using meloxicam. 
	o. : This study shows that COX-2 has a role in implantation through a mechanistic study using meloxicam. 
	o. : This study shows that COX-2 has a role in implantation through a mechanistic study using meloxicam. 
	Key findings


	o. : These findings are currently reflected in the MOBIC and other NSAIDs labels. Class labeling for NSAIDs currently state “In animal studies, administration of prostaglandin synthesis inhibitors, such as meloxicam, resulted in increased pre- and post-implantation loss” in Section 
	o. : These findings are currently reflected in the MOBIC and other NSAIDs labels. Class labeling for NSAIDs currently state “In animal studies, administration of prostaglandin synthesis inhibitors, such as meloxicam, resulted in increased pre- and post-implantation loss” in Section 
	Reviewer’s comments



	8.1 Risk Summary. 
	. 19 Polson S, Taylor PM, Yates D. Analgesia after feline ovariohysterectomy under midazolam-medetomidine-ketamine anaesthesia with buprenorphine or butorphanol, and carprofen or meloxicam: a prospective, randomised clinical trial. J Feline Med Surg. 2012 Aug;14(8):553-9. 
	o. : This study showed anagesic effect of different compounds including meloxicam in cats undergoing routine ovariohysterectomy 
	o. : This study showed anagesic effect of different compounds including meloxicam in cats undergoing routine ovariohysterectomy 
	o. : This study showed anagesic effect of different compounds including meloxicam in cats undergoing routine ovariohysterectomy 
	Key findings


	o. : This is an efficacy study to show that meloxicam has a beneficial effects in cats undergoing routine ovariohysterectomy and is not considered appropriate for the labeling. 
	o. : This is an efficacy study to show that meloxicam has a beneficial effects in cats undergoing routine ovariohysterectomy and is not considered appropriate for the labeling. 
	Reviewer’s comments



	20 Mainau E, Ruiz-de-la-Torre JL, Dalmau A, Salleras JM, Manteca X. Effects of meloxicam (Metacam®) on post-farrowing sow behaviour and piglet performance. Animal. 2012 Mar;6(3):494-501. 
	o. : This study showed positive effects of the non-steroidal anti-inflammatory drug meloxicam on post-farrowing behaviour of sows, and the performance of piglets 
	o. : This study showed positive effects of the non-steroidal anti-inflammatory drug meloxicam on post-farrowing behaviour of sows, and the performance of piglets 
	o. : This study showed positive effects of the non-steroidal anti-inflammatory drug meloxicam on post-farrowing behaviour of sows, and the performance of piglets 
	Key findings


	o. : This is an efficacy study fo show that meloxicam has a beneficial effects in sows and is not considered appropriate for the labeling. 
	o. : This is an efficacy study fo show that meloxicam has a beneficial effects in sows and is not considered appropriate for the labeling. 
	Reviewer’s comments



	21 Dorniak P, Welsh TH Jr, Bazer FW, Spencer TE. Endometrial HSD11B1 and cortisol regeneration in the ovine uterus: effects of pregnancy, interferon tau, and prostaglandins. Biol Reprod. 2012 Apr 27;86(4):124. 
	o. : These studies support the idea that IFNT and PGs from the conceptus regulate endometrial HSD11B1 expression and activity that regenerates bioactive cortisol in the ovine uterus during early pregnancy to influence endometrial functions and conceptus elongation. Endometrial HSD11B1 activity and cortisol in the uterine lumen were substantially lower in meloxicam-infused ewes. 
	o. : These studies support the idea that IFNT and PGs from the conceptus regulate endometrial HSD11B1 expression and activity that regenerates bioactive cortisol in the ovine uterus during early pregnancy to influence endometrial functions and conceptus elongation. Endometrial HSD11B1 activity and cortisol in the uterine lumen were substantially lower in meloxicam-infused ewes. 
	o. : These studies support the idea that IFNT and PGs from the conceptus regulate endometrial HSD11B1 expression and activity that regenerates bioactive cortisol in the ovine uterus during early pregnancy to influence endometrial functions and conceptus elongation. Endometrial HSD11B1 activity and cortisol in the uterine lumen were substantially lower in meloxicam-infused ewes. 
	Key findings


	o. : This study is a mechanistic study relevant for NSAIDs that generally can impact early pregnancy which are already reflected in the Mobic label. 
	o. : This study is a mechanistic study relevant for NSAIDs that generally can impact early pregnancy which are already reflected in the Mobic label. 
	Reviewer’s comments



	22 Dorniak P(1), Bazer FW, Spencer TE. Prostaglandins regulate conceptus elongation and mediate effects of interferon tau on the ovine uterine endometrium. Biol Reprod. 2011 Jun;84(6):1119-27. 
	o. : PGs are important regulators of conceptus elongation and mediators of endometrial responses to progesterone and IFNT in the ovine uterus. 
	o. : PGs are important regulators of conceptus elongation and mediators of endometrial responses to progesterone and IFNT in the ovine uterus. 
	o. : PGs are important regulators of conceptus elongation and mediators of endometrial responses to progesterone and IFNT in the ovine uterus. 
	Key findings


	o. : This study is a mechanistic study (conducted with the same group above) relevant for NSADs that generally can impact early pregnancy. Effects of NSAIDs on early pregnancy events are already reflected in the Mobic label. 
	o. : This study is a mechanistic study (conducted with the same group above) relevant for NSADs that generally can impact early pregnancy. Effects of NSAIDs on early pregnancy events are already reflected in the Mobic label. 
	Reviewer’s comments



	23 Cella M, Farina MG, Dominguez Rubio AP, Di Girolamo G, Ribeiro ML, Franchi AM. Dual effect of nitric oxide on uterine prostaglandin synthesis in a murine model of preterm labour. Br J Pharmacol. 2010 Oct;161(4):844-55. 
	o. : This study showed an infection-associated model of preterm labour showed that preterm delivery can be prevented by decreasing PG or NO production. 
	o. : This study showed an infection-associated model of preterm labour showed that preterm delivery can be prevented by decreasing PG or NO production. 
	o. : This study showed an infection-associated model of preterm labour showed that preterm delivery can be prevented by decreasing PG or NO production. 
	Key findings


	o. : Delayed parturition with using NSADs including meloxicam is a known class effect and is reflected in the label. 
	o. : Delayed parturition with using NSADs including meloxicam is a known class effect and is reflected in the label. 
	Reviewer’s comments



	49 
	24 Taboada FM, Murison PJ. Induction of anaesthesia with alfaxalone or propofol before isoflurane maintenance in cats. Vet Rec. 2010 Jul 17;167(3):85-9. 
	o. : In this study subcutaneous meloxicam was used as as preanaesthetic medication. Then propofol and alfaxanole were compared for induction of anaesthesia. 
	o. : In this study subcutaneous meloxicam was used as as preanaesthetic medication. Then propofol and alfaxanole were compared for induction of anaesthesia. 
	o. : In this study subcutaneous meloxicam was used as as preanaesthetic medication. Then propofol and alfaxanole were compared for induction of anaesthesia. 
	Key findings


	o. : This study did not identify any risks related to reproductive parameters using meloxicam. 
	o. : This study did not identify any risks related to reproductive parameters using meloxicam. 
	Reviewer’s comments



	25 Hirsch AC, Philipp H. Effects of meloxicam on reproduction parameters in dairy cattle. J Vet Pharmacol Ther. 2009 Dec;32(6):566-70. 
	o. : No relevant difference between the meloxicam and control group was found in the reproductive performance of the cows or in the body weight development or vitality of the calves. 
	o. : No relevant difference between the meloxicam and control group was found in the reproductive performance of the cows or in the body weight development or vitality of the calves. 
	o. : No relevant difference between the meloxicam and control group was found in the reproductive performance of the cows or in the body weight development or vitality of the calves. 
	Key findings


	o. Reviewer’s comment: The study does not suggest any adverse effects and the data need not be included in labeling. 
	o. Reviewer’s comment: The study does not suggest any adverse effects and the data need not be included in labeling. 


	26 Saylan A, Arioz DT, Koken T, Dilek H, Saylan F, Yilmazer M. Prevention of ovarian hyperstimulation syndrome in a rat model: efficacy comparison between cabergoline and meloxicam. Acta Obstet Gynecol Scand. 2010 May;89(5):692-9. 
	o. : This study was conducted to compare the efficacy of cabergoline (Cb2) and meloxicam in curbing vascular endothelial growth factor (VEGF) expression and preventing ovarian hyperstimulation syndrome (OHSS). Low-dose Cb2 and meloxicam (600 mcg/kg) therapies were shown to be ineffective in decreasing VEGF expression and VP, ovary weight, and ovary diameter in severe OHSS. 
	o. : This study was conducted to compare the efficacy of cabergoline (Cb2) and meloxicam in curbing vascular endothelial growth factor (VEGF) expression and preventing ovarian hyperstimulation syndrome (OHSS). Low-dose Cb2 and meloxicam (600 mcg/kg) therapies were shown to be ineffective in decreasing VEGF expression and VP, ovary weight, and ovary diameter in severe OHSS. 
	o. : This study was conducted to compare the efficacy of cabergoline (Cb2) and meloxicam in curbing vascular endothelial growth factor (VEGF) expression and preventing ovarian hyperstimulation syndrome (OHSS). Low-dose Cb2 and meloxicam (600 mcg/kg) therapies were shown to be ineffective in decreasing VEGF expression and VP, ovary weight, and ovary diameter in severe OHSS. 
	Key findings


	o. : This study didn’t identify any risks related to reproductive parameters with using meloxicam and the findings do not impact labeling. 
	o. : This study didn’t identify any risks related to reproductive parameters with using meloxicam and the findings do not impact labeling. 
	Reviewer’s comments



	27 Agrawal SS, Alvin Jose M. Anti-implantation activity of H2 receptor blockers and meloxicam, a COX-inhibitor, in albino Wistar rats. Eur J Contracept Reprod Health Care. 2009 Dec;14(6):444-50. 
	o. : Meloxicam showed significant anti-fertility activity at doses of 3, 4, and 5 mg/kg. The combination of meloxicam (4 mg/kg) with ranitidine (70 mg) and famotidine (80 mg/kg) showed 100% anti-fertility activity. According to the author, results indirectly confirm the combined involvement of histamine and prostaglandins in the implantation process. The mast cell stabilizing property of H(2) blockers appears to be a possible mechanism for their anti-implantation activity. 
	o. : Meloxicam showed significant anti-fertility activity at doses of 3, 4, and 5 mg/kg. The combination of meloxicam (4 mg/kg) with ranitidine (70 mg) and famotidine (80 mg/kg) showed 100% anti-fertility activity. According to the author, results indirectly confirm the combined involvement of histamine and prostaglandins in the implantation process. The mast cell stabilizing property of H(2) blockers appears to be a possible mechanism for their anti-implantation activity. 
	o. : Meloxicam showed significant anti-fertility activity at doses of 3, 4, and 5 mg/kg. The combination of meloxicam (4 mg/kg) with ranitidine (70 mg) and famotidine (80 mg/kg) showed 100% anti-fertility activity. According to the author, results indirectly confirm the combined involvement of histamine and prostaglandins in the implantation process. The mast cell stabilizing property of H(2) blockers appears to be a possible mechanism for their anti-implantation activity. 
	Key findings


	o. : These findings are currently reflected in the MOBIC and other NSAIDs labels. Class labeling for NSAIDs currently state “In animal studies, administration of prostaglandin synthesis inhibitors, such as meloxicam, resulted in increased pre- and post-implantation loss” in Section 
	o. : These findings are currently reflected in the MOBIC and other NSAIDs labels. Class labeling for NSAIDs currently state “In animal studies, administration of prostaglandin synthesis inhibitors, such as meloxicam, resulted in increased pre- and post-implantation loss” in Section 
	Reviewer’s comments



	50 
	50 
	8.1 Risk summary. 

	28 McDougall S, Bryan MA, Tiddy RM. Effect of treatment with the nonsteroidal antiinflammatory meloxicam on milk production, somatic cell count, probability of retreatment, and culling of dairy cows with mild clinical mastitis. J Dairy Sci. 2009 Sep;92(9):4421-31. 
	o. : This is an efficacy study to show that treatment of clinical mastitis with a combination of meloxicam and a parenteral antibiotic has a beneficial effects in cows and is not considered appropriate for the labeling. 
	Reviewer’s comments

	29 Amiridis GS(1), Tsiligianni T, Dovolou E, Rekkas C, Vouzaras D, Menegatos I. Combined administration of gonadotropin-releasing hormone, progesterone, and meloxicam is an effective treatment for the repeat-breeder cow. Theriogenology. 2009 Sep 1;72(4):542-8. 
	o. : This is an efficacy study fo show that a combined treatment including meloxicam (0.5 mg/kg, Days 16 to 18 after artificial insemination) may benefit the conception rate of repeat-breeder cows; however in this study meloxian did not significantly increase the pregnancy rates compared to the control. The study does not impact labeling. 
	Reviewer’s comments

	30 Erdem H(1), Guzeloglu A. Effect of meloxicam treatment during early pregnancy in Holstein heifers. Reprod Domest Anim. 2010 Aug;45(4):625-8. 
	o. : Following insemination (Day 0) heifers were assigned to receive subcutaneous meloxicam injection (0.5 mg/kg; n = 37) on the afternoon of Day 15 or were untreated as a control (n = 48). Meloxicam treatment on Day 15 after insemination dramatically decreased pregnancy rates in the heifers (52%; 25 of 48 in the control group vs 24.3%; 9 of 37 in the meloxicam-treated group; p < 0.01). This result indicates that administration of meloxicam at the time associated with pregnancy recognition processes to main
	o. : Following insemination (Day 0) heifers were assigned to receive subcutaneous meloxicam injection (0.5 mg/kg; n = 37) on the afternoon of Day 15 or were untreated as a control (n = 48). Meloxicam treatment on Day 15 after insemination dramatically decreased pregnancy rates in the heifers (52%; 25 of 48 in the control group vs 24.3%; 9 of 37 in the meloxicam-treated group; p < 0.01). This result indicates that administration of meloxicam at the time associated with pregnancy recognition processes to main
	o. : Following insemination (Day 0) heifers were assigned to receive subcutaneous meloxicam injection (0.5 mg/kg; n = 37) on the afternoon of Day 15 or were untreated as a control (n = 48). Meloxicam treatment on Day 15 after insemination dramatically decreased pregnancy rates in the heifers (52%; 25 of 48 in the control group vs 24.3%; 9 of 37 in the meloxicam-treated group; p < 0.01). This result indicates that administration of meloxicam at the time associated with pregnancy recognition processes to main
	Key findings


	o. : This study is a further confirmation for NSADs that generally can impact early pregnancy which is some how reflected in the Mobic label. “Published animal studies have shown that administration of prostaglandin synthesis inhibitors such as meloxicam has the potential to disrupt prostaglandin-mediated follicular rupture required for ovulation.” 
	o. : This study is a further confirmation for NSADs that generally can impact early pregnancy which is some how reflected in the Mobic label. “Published animal studies have shown that administration of prostaglandin synthesis inhibitors such as meloxicam has the potential to disrupt prostaglandin-mediated follicular rupture required for ovulation.” 
	Reviewer’s comments



	31 Quintana R(1), Kopcow L, Marconi G, Young E, Yovanovich C, Paz DA. Inhibition of cyclooxygenase-2 (COX-2) by meloxicam decreases the incidence of ovarian hyperstimulation syndrome (OHSS) in a rat model. Fertil Steril. 2008 Oct;90(4 Suppl):1511-6. 
	o. : In a rat model suggest that meloxicam (30 mcg for 4 days) has a beneficial effect on OHSS by reducing the increases in ovarian weight and VEGF expression associated with OHSS. These effects may be mediated by the COX-2 inhibitory capacity of meloxicam. 
	o. : In a rat model suggest that meloxicam (30 mcg for 4 days) has a beneficial effect on OHSS by reducing the increases in ovarian weight and VEGF expression associated with OHSS. These effects may be mediated by the COX-2 inhibitory capacity of meloxicam. 
	o. : In a rat model suggest that meloxicam (30 mcg for 4 days) has a beneficial effect on OHSS by reducing the increases in ovarian weight and VEGF expression associated with OHSS. These effects may be mediated by the COX-2 inhibitory capacity of meloxicam. 
	Key findings


	o. : This study didn’t identify any risks related to .reproductive parameters with using meloxicam.. 
	o. : This study didn’t identify any risks related to .reproductive parameters with using meloxicam.. 
	Reviewer’s comments



	32 Rac VE, Scott CA, Small C, Adamson SL, Rurak D, Challis JR, Lye SJ. Dose-dependent effects of meloxicam administration on cyclooxygenase-1 and cyclooxygenase-2 protein expression in intrauterine tissues and fetal tissues of a sheep model of preterm labor. Reprod Sci. 2007 Dec;14(8):750-64. 
	o. : Meloxicam (MEL) decreases prostaglandin production and blocks preterm labor in sheep. This study shows that while MEL is an effective tocolytic, reductions in COX-2 protein occurred only with maintained MEL exposure. MEL effects are tissue specific and do not affect COX-1 or PGDH expression. Maternal MEL does not affect fetal COX expression in the sheep, possibly contributing to its lack of fetal side effects. 
	o. : Meloxicam (MEL) decreases prostaglandin production and blocks preterm labor in sheep. This study shows that while MEL is an effective tocolytic, reductions in COX-2 protein occurred only with maintained MEL exposure. MEL effects are tissue specific and do not affect COX-1 or PGDH expression. Maternal MEL does not affect fetal COX expression in the sheep, possibly contributing to its lack of fetal side effects. 
	o. : Meloxicam (MEL) decreases prostaglandin production and blocks preterm labor in sheep. This study shows that while MEL is an effective tocolytic, reductions in COX-2 protein occurred only with maintained MEL exposure. MEL effects are tissue specific and do not affect COX-1 or PGDH expression. Maternal MEL does not affect fetal COX expression in the sheep, possibly contributing to its lack of fetal side effects. 
	Key findings


	o. : Delayed parturition with using NSADs including meloxicam is a known class effect and is reflected in the label. 
	o. : Delayed parturition with using NSADs including meloxicam is a known class effect and is reflected in the label. 
	Reviewer’s comments



	33 Li W, Unlugedik E, Bocking AD, Challis JR. The role of prostaglandins in the mechanism of lipopolysaccharide-induced proMMP9 secretion from human placenta and fetal membrane cells. Biol Reprod. 2007 Apr;76(4):654-9. 
	o. : Prostaglandins (PGs) are thought to increase the risk of preterm premature rupture of the fetal membranes by causing matrix degradation. The aim of this study was to assess the mediating role of PGs on lipopolysaccharide (LPS)-induced MMP9 secretion in vitro. 
	o. : Prostaglandins (PGs) are thought to increase the risk of preterm premature rupture of the fetal membranes by causing matrix degradation. The aim of this study was to assess the mediating role of PGs on lipopolysaccharide (LPS)-induced MMP9 secretion in vitro. 
	o. : Prostaglandins (PGs) are thought to increase the risk of preterm premature rupture of the fetal membranes by causing matrix degradation. The aim of this study was to assess the mediating role of PGs on lipopolysaccharide (LPS)-induced MMP9 secretion in vitro. 
	Key findings


	o. : This study is a mechanistic study that may help in developing strategies for the prevention and management of preterm premature rupture of the membranes (pPROM) and preterm labor. Delayed parturition with using NSADs including meloxicam is a known class effect and is reflected in the label. 
	o. : This study is a mechanistic study that may help in developing strategies for the prevention and management of preterm premature rupture of the membranes (pPROM) and preterm labor. Delayed parturition with using NSADs including meloxicam is a known class effect and is reflected in the label. 
	Reviewer’s comments



	34 Pérez Martínez S(1), Hermoso M, Farina M, Ribeiro ML, Rapanelli M, Espinosa M, Villalón M, Franchi A. 17-beta-Estradiol upregulates COX-2 in the rat oviduct. Prostaglandins Other Lipid Mediat. 2006 Sep;80(3-4):155-64. 
	o. : This study showed that COX-2 is expressed mainly in proestrous and estrous stages, periods under estrogenic influence and 
	o. : This study showed that COX-2 is expressed mainly in proestrous and estrous stages, periods under estrogenic influence and 
	o. : This study showed that COX-2 is expressed mainly in proestrous and estrous stages, periods under estrogenic influence and 
	o. : This study showed that COX-2 is expressed mainly in proestrous and estrous stages, periods under estrogenic influence and 
	Key findings


	meloxican abolished the increase of PGs synthesis stimulated by 17-betaestradiol (E2) in the rat oviduct. 

	o. : This study is a mechanistic study that shows a known effect of COX-2 inhibition in the rat reproductive parameters. 
	o. : This study is a mechanistic study that shows a known effect of COX-2 inhibition in the rat reproductive parameters. 
	Reviewer’s comments



	35 Rac VE, Small C, Scott CA, Adamson SL, Rurak D, Challis JR, Lye SJ. Meloxicam effectively inhibits preterm labor uterine contractions in a chronically catheterized pregnant sheep model: impact on fetal blood flow and fetal-maternal physiologic parameters. Am J Obstet Gynecol. 2006 Aug;195(2):528-34. 
	o. : Maternal infusion of meloxicam inhibited uterine contractions, increasing contraction duration, and attenuating frequency and amplitude. Saline-treated animals progressed to delivery. Administration of meloxicam was not associated with any change in fetal or maternal blood gas status, osmolality, arterial pressure, heart rate, or fetal blood flows. 
	o. : Maternal infusion of meloxicam inhibited uterine contractions, increasing contraction duration, and attenuating frequency and amplitude. Saline-treated animals progressed to delivery. Administration of meloxicam was not associated with any change in fetal or maternal blood gas status, osmolality, arterial pressure, heart rate, or fetal blood flows. 
	o. : Maternal infusion of meloxicam inhibited uterine contractions, increasing contraction duration, and attenuating frequency and amplitude. Saline-treated animals progressed to delivery. Administration of meloxicam was not associated with any change in fetal or maternal blood gas status, osmolality, arterial pressure, heart rate, or fetal blood flows. 
	Key findings


	o. : This study is a mechanistic study that shows a known effect of COX-2 inhibition in the rat reproductive parameters. 
	o. : This study is a mechanistic study that shows a known effect of COX-2 inhibition in the rat reproductive parameters. 
	Reviewer’s comments



	36 Cella M(1), Aisemberg J, Sordelli MS, Billi S, Farina M, Franchi AM, Ribeiro ML. Prostaglandins modulate nitric oxide synthase activity early in time in the uterus of estrogenized rat challenged with lipopolysaccharide. Eur J Pharmacol. 2006 Mar 18;534(1- 3):218-26. 
	o. : This study is a mechanistic study suggests that the interaction between nitric oxide synthase (NOS) and cyclooxygenase (COX) might be important in the regulation of physiopathologic events during pregnancy. The results do not impact labeling. 
	Reviewer’s comments

	37 Ribeiro M, Cella M, Farina M, Franchi A. Effects of aminoguanidine and cyclooxygenase inhibitors on nitric oxide and prostaglandin production, and nitric oxide synthase and cyclooxygenase expression induced by lipopolysaccharide in the estrogenized rat uterus. Neuroimmunomodulation. 2004;11(3):191-8. 
	o. : This study is a mechanistic study suggests that the interaction between nitric oxide synthase (NOS) and cyclooxygenase (COX) might be important in the regulation of physiopathologic events during pregnancy (Same group as above article, similar results). The results do not impact labeling. 
	Reviewer’s comments

	38 Mirazi N, Alfaidy N, Martin R, Challis JR. Effects of dexamethasone and sulfasalazine on prostaglandin E2 output by human placental cells in vitro. J Soc Gynecol Investig. 2004 Jan;11(1):22-6. 
	o. : Basal PGE2 output by placental cells likely depends on the activity of PGHS1, not PGHS2. The effects of sulfasalazine suggest the importance of endogenous PGDH in regulating PGE2 output, and interactions with sulfasalazine, dexamethasone, and meloxicam suggest that 
	o. : Basal PGE2 output by placental cells likely depends on the activity of PGHS1, not PGHS2. The effects of sulfasalazine suggest the importance of endogenous PGDH in regulating PGE2 output, and interactions with sulfasalazine, dexamethasone, and meloxicam suggest that 
	Key findings

	glucocorticoid-stimulated output of PGE2 by placental cells may be attributable to both up-regulation of PGHS and down-regulation of PGDH. 

	o. : This study is a mechanistic study and not relavant to the label. 
	Reviewer’s comments

	39 Hirsch AC, Philipp H, Kleemann R. Investigation on the efficacy of meloxicam in sows with mastitis-metritis-agalactia syndrome. J Vet Pharmacol Ther. 2003 Oct;26(5):355-60. 
	o. : The efficacy of meloxicam in the treatment of sows with mastitismetritis-agalactia syndrome was investigated in comparison with flunixin. The mortality rates until Day 8 of the study were without significant difference between groups. In piglets of diseased litters, however, the mortality rate was 50% lower in the meloxicam group in comparison with the reference group, this difference reaching statistical significance (P < or = 0.05). 
	o. : The efficacy of meloxicam in the treatment of sows with mastitismetritis-agalactia syndrome was investigated in comparison with flunixin. The mortality rates until Day 8 of the study were without significant difference between groups. In piglets of diseased litters, however, the mortality rate was 50% lower in the meloxicam group in comparison with the reference group, this difference reaching statistical significance (P < or = 0.05). 
	o. : The efficacy of meloxicam in the treatment of sows with mastitismetritis-agalactia syndrome was investigated in comparison with flunixin. The mortality rates until Day 8 of the study were without significant difference between groups. In piglets of diseased litters, however, the mortality rate was 50% lower in the meloxicam group in comparison with the reference group, this difference reaching statistical significance (P < or = 0.05). 
	Key findings


	o. : This study is a efficacy study and not relavant to the label. 
	o. : This study is a efficacy study and not relavant to the label. 
	Reviewer’s comments



	40 Friton GM, Philipp H, Schneider T, Kleemann R. Investigation on the clinical efficacy and safety of meloxicam (Metacam) in the treatment of non-infectious locomotor disorders in pigs. Berl Munch Tierarztl Wochenschr. 2003 SepOct;116(9-10):421-6. 
	o. : This study showed that intramuscular injection of meloxicam (Metacam) at a dosage of 0.4 mg/kg is efficacious and safe for the treatment of non-infectious locomotor disorders in pigs. 
	o. : This study showed that intramuscular injection of meloxicam (Metacam) at a dosage of 0.4 mg/kg is efficacious and safe for the treatment of non-infectious locomotor disorders in pigs. 
	o. : This study showed that intramuscular injection of meloxicam (Metacam) at a dosage of 0.4 mg/kg is efficacious and safe for the treatment of non-infectious locomotor disorders in pigs. 
	Key findings


	o. : This study is an efficacy study and not relavant to the label. 
	o. : This study is an efficacy study and not relavant to the label. 
	Reviewer’s comment



	41 Lee PR, Kim SR, Jung BK, Kim KR, Chung JY, Won HS, Kim A. Therapeutic effect of cyclo-oxygenase inhibitors with different isoform selectivity in lipopolysaccharide-induced preterm birth in mice. Am J Obstet Gynecol. 2003 Jul;189(1):261-6. 
	o. : Indomethacin (1 mg/kg/day) and meloxicam (2 mg/kg/day), but not diclofenac (2 mg/kg/day) on Days 15 through 18 of pregnancy, significantly decreased the incidence of preterm birth that was induced by lipopolysaccharide (33.3% and 33.3%, respectively). 
	o. : Indomethacin (1 mg/kg/day) and meloxicam (2 mg/kg/day), but not diclofenac (2 mg/kg/day) on Days 15 through 18 of pregnancy, significantly decreased the incidence of preterm birth that was induced by lipopolysaccharide (33.3% and 33.3%, respectively). 
	o. : Indomethacin (1 mg/kg/day) and meloxicam (2 mg/kg/day), but not diclofenac (2 mg/kg/day) on Days 15 through 18 of pregnancy, significantly decreased the incidence of preterm birth that was induced by lipopolysaccharide (33.3% and 33.3%, respectively). 
	Key findings


	o. : Delayed parturition with using NSADs including meloxicam is a known class effect and is reflected in the label. 
	o. : Delayed parturition with using NSADs including meloxicam is a known class effect and is reflected in the label. 
	Reviewer’s comments



	42 Cappon GD, Cook JC, Hurtt ME. Relationship between cyclooxygenase 1 and 2 selective inhibitors and fetal development when administered to rats and rabbits during the sensitive periods for heart development and midline closure. Birth Defects Res B Dev Reprod Toxicol. 2003 Feb;68(1):47-56. 
	o. : This study assessed the effects COX-1 and COX-2 inhibition on fetal heart development and midline closure in rats and rabbits by administering meloxicam to pregnant females during the sensitive period of development in each species (rats, 15 mg/kg/day on GD 9 and 10 and rabbits, 600 mg/kg on GD 9, 10, and 11). With the exception of a decrease in fetal body weight compared to control, high doses of meloxicam did not produce any fetal developmental effects. Specifically, no midline defects, diaphragmatic
	o. : This study assessed the effects COX-1 and COX-2 inhibition on fetal heart development and midline closure in rats and rabbits by administering meloxicam to pregnant females during the sensitive period of development in each species (rats, 15 mg/kg/day on GD 9 and 10 and rabbits, 600 mg/kg on GD 9, 10, and 11). With the exception of a decrease in fetal body weight compared to control, high doses of meloxicam did not produce any fetal developmental effects. Specifically, no midline defects, diaphragmatic
	o. : This study assessed the effects COX-1 and COX-2 inhibition on fetal heart development and midline closure in rats and rabbits by administering meloxicam to pregnant females during the sensitive period of development in each species (rats, 15 mg/kg/day on GD 9 and 10 and rabbits, 600 mg/kg on GD 9, 10, and 11). With the exception of a decrease in fetal body weight compared to control, high doses of meloxicam did not produce any fetal developmental effects. Specifically, no midline defects, diaphragmatic
	Key findings


	o. Reviewer’s note: The published study showed that a 10-fold higher dose of meloxicam (600 mg/kg) did not produce heart defects when given during GD 9-11, which they argue is the most sensitive period for fetal heart development, versus effects observed at 60 mg/kg when given throughout the period of organogenesis. The lack of heart findings with higher doses than tested in the Mobic label during the sensitive period of heart development are contradictory to the findings described in the Mobic label. As it
	o. Reviewer’s note: The published study showed that a 10-fold higher dose of meloxicam (600 mg/kg) did not produce heart defects when given during GD 9-11, which they argue is the most sensitive period for fetal heart development, versus effects observed at 60 mg/kg when given throughout the period of organogenesis. The lack of heart findings with higher doses than tested in the Mobic label during the sensitive period of heart development are contradictory to the findings described in the Mobic label. As it

	o. For more detail see below 
	o. For more detail see below 


	43 Sawdy R(1), Pan H, Sullivan M, Bennett P. Effect of selective vs. non-selective cyclooxygenase inhibitors on fetal membrane prostaglandin synthesis. J Obstet Gynaecol. 2003 May;23(3):239-43. 
	o. : This study showed that the concentrations of six NSAIDS that caused a 50% inhibition of fetal membrane prostaglandin output were lower than average plasma levels achieved during treatment. This effect was greatest for nimesulide and indomethacin, indicating that these drugs require further study at low doses in vivo, as this could achieve the same tocolytic effect with diminished adverse fetal effect. These drugs were also the most potent inhibitors of fetal membrane prostaglandin output, consistent wi
	o. : This study showed that the concentrations of six NSAIDS that caused a 50% inhibition of fetal membrane prostaglandin output were lower than average plasma levels achieved during treatment. This effect was greatest for nimesulide and indomethacin, indicating that these drugs require further study at low doses in vivo, as this could achieve the same tocolytic effect with diminished adverse fetal effect. These drugs were also the most potent inhibitors of fetal membrane prostaglandin output, consistent wi
	o. : This study showed that the concentrations of six NSAIDS that caused a 50% inhibition of fetal membrane prostaglandin output were lower than average plasma levels achieved during treatment. This effect was greatest for nimesulide and indomethacin, indicating that these drugs require further study at low doses in vivo, as this could achieve the same tocolytic effect with diminished adverse fetal effect. These drugs were also the most potent inhibitors of fetal membrane prostaglandin output, consistent wi
	Key findings


	o. : Another example of tocolytic effect with using NSADs including meloxicam which is a known class effect and is reflected in the label. The study does not impact labeling. 
	o. : Another example of tocolytic effect with using NSADs including meloxicam which is a known class effect and is reflected in the label. The study does not impact labeling. 
	Reviewer’s comments



	Figure
	44 Sawdy RJ, Sullivan MH, Bennett PR. The effects of non-steroidal anti-inflammatory compounds on human myometrial contractility. Eur J Obstet Gynecol Reprod Biol. 2003 Jul 1;109(1):33-40. 
	o. : This study showed that in cultured myometrial cells, nimesulide (COX-2 selective inhibitors) and indomethacin (non-selective inhibitor) completely inhibited myometrial contractions, whereas meloxicam, DFU, SC 58236 (COX-2 selective inhibitor), and SC 58560 (COX-1 selective inhibitor) had less effect. However, SC 58236 inhibited the production of prostaglandins from myometrial cells, whereas SC 58560 had less effect. This study concluded that there was no relationship between the inhibition of prostagla
	o. : This study showed that in cultured myometrial cells, nimesulide (COX-2 selective inhibitors) and indomethacin (non-selective inhibitor) completely inhibited myometrial contractions, whereas meloxicam, DFU, SC 58236 (COX-2 selective inhibitor), and SC 58560 (COX-1 selective inhibitor) had less effect. However, SC 58236 inhibited the production of prostaglandins from myometrial cells, whereas SC 58560 had less effect. This study concluded that there was no relationship between the inhibition of prostagla
	o. : This study showed that in cultured myometrial cells, nimesulide (COX-2 selective inhibitors) and indomethacin (non-selective inhibitor) completely inhibited myometrial contractions, whereas meloxicam, DFU, SC 58236 (COX-2 selective inhibitor), and SC 58560 (COX-1 selective inhibitor) had less effect. However, SC 58236 inhibited the production of prostaglandins from myometrial cells, whereas SC 58560 had less effect. This study concluded that there was no relationship between the inhibition of prostagla
	Key findings


	o. : This is an invitro study and confirmed that meloxicam inhibited myometrial contractions in some dergrees. It does not impact labeling. 
	o. : This is an invitro study and confirmed that meloxicam inhibited myometrial contractions in some dergrees. It does not impact labeling. 
	Reviewer’s comments



	45 Salhab AS, Gharaibeh MN, Shomaf MS, Amro BI. Meloxicam inhibits rabbit ovulation. Contraception. 2001 Jun;63(6):329-33. 
	o. : Ovulation in rabbits was completely inhibited by a single IP administration of meloxicam (20 mg/kg) when the drug was administered at 2 and 5 h postcoitus, whereas neither ovulation nor implantation were inhibited (pregnancy rate 75%) by the same dose administered 24 h postcoitus (approximately 14 h post ovulation). Further, ovulation was completely inhibited by 10 mg/kg of meloxicam when the drug was administered at 5 or 8 h postcoitus, but there was less inhibition of ovulation when 10 mg/kg of the d
	o. : Ovulation in rabbits was completely inhibited by a single IP administration of meloxicam (20 mg/kg) when the drug was administered at 2 and 5 h postcoitus, whereas neither ovulation nor implantation were inhibited (pregnancy rate 75%) by the same dose administered 24 h postcoitus (approximately 14 h post ovulation). Further, ovulation was completely inhibited by 10 mg/kg of meloxicam when the drug was administered at 5 or 8 h postcoitus, but there was less inhibition of ovulation when 10 mg/kg of the d
	o. : Ovulation in rabbits was completely inhibited by a single IP administration of meloxicam (20 mg/kg) when the drug was administered at 2 and 5 h postcoitus, whereas neither ovulation nor implantation were inhibited (pregnancy rate 75%) by the same dose administered 24 h postcoitus (approximately 14 h post ovulation). Further, ovulation was completely inhibited by 10 mg/kg of meloxicam when the drug was administered at 5 or 8 h postcoitus, but there was less inhibition of ovulation when 10 mg/kg of the d
	Key findings


	o. : This study is a further confirmation for NSAIDs including meloxicam that can impact early pregnancy which is reflected in the Mobic label. This study showed that this inhibition of ovulation by meloxicam was dose- and time-dependent. 
	o. : This study is a further confirmation for NSAIDs including meloxicam that can impact early pregnancy which is reflected in the Mobic label. This study showed that this inhibition of ovulation by meloxicam was dose- and time-dependent. 
	Reviewer’s comments



	46 Slattery MM, Friel AM, Healy DG, Morrison JJ. Uterine relaxant effects of cyclooxygenase-2 inhibitors in vitro. Obstet Gynecol. 2001 Oct;98(4):563-9. 
	o : This study compared the effects of three COX-2 inhibitors: nimesulide, meloxicam, and celecoxib on contractile activity in pregnant (before 
	o : This study compared the effects of three COX-2 inhibitors: nimesulide, meloxicam, and celecoxib on contractile activity in pregnant (before 
	Key findings

	and after labor) and nonpregnant human myometrial tissue in vitro. This study showed that COX-2 inhibitors exert significant relaxation in human myometrium with a similar potency in nonpregnant and pregnant (before and after labor onset) tissues. Celecoxib, a COX-2 specific inhibitor, was more potent than nimesulide or meloxicam, COX-2 preferential inhibitors. 

	o. : This is an invitro study that confrmed that meloxicam has a tocolytic effect. The results do not impact current labeling. 
	Reviewer’s comments

	47 McKeown KJ, Challis JR, Small C, Adamson L, Bocking AD, Fraser M, Rurak D, Riggs KW, Lye SJ. Altered fetal pituitary-adrenal function in the ovine fetus treated with RU486 and meloxicam, an inhibitor of prostaglandin synthase-II. Biol Reprod. 2000 Dec;63(6):1899-904. 
	o. : RU486-provoked labor in sheep is associated with activation of fetal hypothalamic-pituitary-adrenal (HPA) function, and that this is attenuated during meloxicam treatment to a level considered compatible with pregnancy maintenance. 
	o. : RU486-provoked labor in sheep is associated with activation of fetal hypothalamic-pituitary-adrenal (HPA) function, and that this is attenuated during meloxicam treatment to a level considered compatible with pregnancy maintenance. 
	o. : RU486-provoked labor in sheep is associated with activation of fetal hypothalamic-pituitary-adrenal (HPA) function, and that this is attenuated during meloxicam treatment to a level considered compatible with pregnancy maintenance. 
	Key findings


	o. : Another example of uterine tocolytic effect of meloxicam. The results do not impact current labeling. 
	o. : Another example of uterine tocolytic effect of meloxicam. The results do not impact current labeling. 
	Reviewer’s comments



	48 Yousif MH, Thulesius O. Tocolytic effect of the cyclooxygenase-2 inhibitor, meloxicam: studies on uterine contractions in the rat. J Pharm Pharmacol. 1998 Jun;50(6):681-5. 
	o. : The in-vitro tocolytic effect of meloxicam and indomethacin was evaluated on spontaneously-contracting uterine strips from non-pregnant rats and from rats at various stages of pregnancy. Both indomethacin and meloxicam induced dose-dependent inhibitory effects, with meloxicam being slightly more potent, particularly in early pregnancy. 
	o. : The in-vitro tocolytic effect of meloxicam and indomethacin was evaluated on spontaneously-contracting uterine strips from non-pregnant rats and from rats at various stages of pregnancy. Both indomethacin and meloxicam induced dose-dependent inhibitory effects, with meloxicam being slightly more potent, particularly in early pregnancy. 
	o. : The in-vitro tocolytic effect of meloxicam and indomethacin was evaluated on spontaneously-contracting uterine strips from non-pregnant rats and from rats at various stages of pregnancy. Both indomethacin and meloxicam induced dose-dependent inhibitory effects, with meloxicam being slightly more potent, particularly in early pregnancy. 
	Key findings


	o. : Another example of uterine tocolysis effect of meloxicam. The results do not impact current labeling. 
	o. : Another example of uterine tocolysis effect of meloxicam. The results do not impact current labeling. 
	Reviewer’s comments



	49 Wang G, Liu L, Guo S, Zhang C. Expression and distribution of forkhead activin signal transducer 2 (FAST2) during follicle development in mouse ovaries and pre-implantation embryos. Acta Histochem. 2016 Jul;118(6):632-639. 
	o. : This study suggest that FAST2 is expressed in a cell-specific manner during ovarian follicle development, ovulation, luteinization and early embryonic development. 
	o. : This study suggest that FAST2 is expressed in a cell-specific manner during ovarian follicle development, ovulation, luteinization and early embryonic development. 
	o. : This study suggest that FAST2 is expressed in a cell-specific manner during ovarian follicle development, ovulation, luteinization and early embryonic development. 
	Key findings


	o. : In this study meloxicam was used to investigate the expression of FAST2 during early developmental stages of the organism in mice. The results do not impact labeling. 
	o. : In this study meloxicam was used to investigate the expression of FAST2 during early developmental stages of the organism in mice. The results do not impact labeling. 
	Reviewer’s comments



	50 Herman AP, Krawczyńska A, Bochenek J, Antushevich H, Herman A, Tomaszewska-Zaremba D. Involvement of prolactin in the meloxicam-dependent inflammatory response of the gonadotropic axis to prolonged lipopolysaccharide treatment in anoestrous ewes. Reprod Fertil Dev. 2016 Jun;28(7):914-923. 
	o. : The aim of this study was to determine the effects of a COX-2 inhibitor (meloxicam) on gonadotropin-releasing hormone (GnRH) and LH secretion in anoestrous ewes during systemic inflammation induced by lipopolysaccharide (LPS). This study concluded that COX-2 inhibitors minimise the negative effect of inflammation on the reproductive system but that this effect may be antagonised by prolactin. 
	o. : The aim of this study was to determine the effects of a COX-2 inhibitor (meloxicam) on gonadotropin-releasing hormone (GnRH) and LH secretion in anoestrous ewes during systemic inflammation induced by lipopolysaccharide (LPS). This study concluded that COX-2 inhibitors minimise the negative effect of inflammation on the reproductive system but that this effect may be antagonised by prolactin. 
	o. : The aim of this study was to determine the effects of a COX-2 inhibitor (meloxicam) on gonadotropin-releasing hormone (GnRH) and LH secretion in anoestrous ewes during systemic inflammation induced by lipopolysaccharide (LPS). This study concluded that COX-2 inhibitors minimise the negative effect of inflammation on the reproductive system but that this effect may be antagonised by prolactin. 
	Key findings


	o. : This study didn’t identify any risks related to reproductive parameters with using meloxicam. The results do not impact labeling. 
	o. : This study didn’t identify any risks related to reproductive parameters with using meloxicam. The results do not impact labeling. 
	Reviewer’s comments



	51 Campagna I, Schwarz A, Keller S, Bettschart-Wolfensberger R, Mosing M. Comparison of the effects of propofol or alfaxalone for anaesthesia induction and maintenance on respiration in cats. Vet Anaesth Analg. 2015 Sep;42(5):484-92. 
	o. : Alfaxalone might be better than propofol for induction and maintenance of anaesthesia in cats when artificial ventilation cannot be provided 
	o. : Alfaxalone might be better than propofol for induction and maintenance of anaesthesia in cats when artificial ventilation cannot be provided 
	o. : Alfaxalone might be better than propofol for induction and maintenance of anaesthesia in cats when artificial ventilation cannot be provided 
	Key findings


	o. : This study compared the effects of propofol and alfaxalone on respiration in cats and meloxicam just used as premedication. It is not related to reproductive parameters. 
	o. : This study compared the effects of propofol and alfaxalone on respiration in cats and meloxicam just used as premedication. It is not related to reproductive parameters. 
	Reviewer’s comments



	52 Rubio-Ruiz ME, Pérez-Torres I, Diaz-Diaz E, Pavón N, Guarner-Lans V. Non-steroidal anti-inflammatory drugs attenuate the vascular responses in aging metabolic syndrome rats. Acta Pharmacol Sin. 2014 Nov;35(11):1364-74. 
	o. : NSAIDs including meloxicam can directly affect vascular responses in aging Metabolic syndrome (MS) rats. Understanding the effects of NSAIDs on blood vessels may improve the treatment of cardiovascular diseases and MS in the elderly. 
	o. : NSAIDs including meloxicam can directly affect vascular responses in aging Metabolic syndrome (MS) rats. Understanding the effects of NSAIDs on blood vessels may improve the treatment of cardiovascular diseases and MS in the elderly. 
	o. : NSAIDs including meloxicam can directly affect vascular responses in aging Metabolic syndrome (MS) rats. Understanding the effects of NSAIDs on blood vessels may improve the treatment of cardiovascular diseases and MS in the elderly. 
	Key findings


	o. : This study was an efficacy study which was not related to reproductive parameters. 
	o. : This study was an efficacy study which was not related to reproductive parameters. 
	Reviewer’s comments



	53 Peterson KM, Chappell DE, Lewis B(2), Staton A, Dement E, Prater PE, Blanton RA. Heartworm-positive dogs recover without complications from surgical sterilization using cardiovascular sparing anesthesia protocol. Vet Parasitol. 2014 Nov 15;206(1-2):83-5. 
	o. : This study was an efficacy study in dogs and was not related to reproductive parameters. 
	Reviewer’s comments

	54 Le AH, Bonachea LA, Cargill SL. Meloxicam and buprenorphine treatment after ovarian transplantation does not affect estrous cyclicity and follicular integrity in aged CBA/J mice. PLoS One. 2014 Aug 25;9(8): e106013. 
	o. : These aged females did not show any different reproductive responses when treated with either buprenorphine or meloxicam. 
	o. : These aged females did not show any different reproductive responses when treated with either buprenorphine or meloxicam. 
	o. : These aged females did not show any different reproductive responses when treated with either buprenorphine or meloxicam. 
	Key findings


	o. : This study didn’t identify any risks related to reproductive parameters with using meloxicam. The results do not impact current labeling. 
	o. : This study didn’t identify any risks related to reproductive parameters with using meloxicam. The results do not impact current labeling. 
	Reviewer’s comments



	55 Weiss EA and Gandhi M. Preferential Cyclooxygenase 2 Inhibitors as a Nonhormonal Method of Emergency Contraception: A Look at the Evidence. J Pharm Pract. 2016 Apr;29(2):160-4. 
	o. : The effects of the COX-2 inhibitors rofecoxib, celecoxib, and meloxicam were evaluated in 6 human trials. Each of which was small in scope, enrolled women of variable fertility status, used different dosing regimens, included multiple end points, and had variable results. Although all trials resulted in a decrease in ovulatory cycles, outcomes varied between dosing strategies and agents used, insufficient evidence exists to fully support the use of preferential COX-2 inhibitors as a form of emergency c
	o. : The effects of the COX-2 inhibitors rofecoxib, celecoxib, and meloxicam were evaluated in 6 human trials. Each of which was small in scope, enrolled women of variable fertility status, used different dosing regimens, included multiple end points, and had variable results. Although all trials resulted in a decrease in ovulatory cycles, outcomes varied between dosing strategies and agents used, insufficient evidence exists to fully support the use of preferential COX-2 inhibitors as a form of emergency c
	o. : The effects of the COX-2 inhibitors rofecoxib, celecoxib, and meloxicam were evaluated in 6 human trials. Each of which was small in scope, enrolled women of variable fertility status, used different dosing regimens, included multiple end points, and had variable results. Although all trials resulted in a decrease in ovulatory cycles, outcomes varied between dosing strategies and agents used, insufficient evidence exists to fully support the use of preferential COX-2 inhibitors as a form of emergency c
	Key findings


	o. : This is a clinical study and does not impact the nonclinical sections of the labeling. 
	o. : This is a clinical study and does not impact the nonclinical sections of the labeling. 
	Reviewer’s comments



	56 Uzun B, Atli O, Perk BO, Burukoglu D, Ilgin S. Evaluation of the reproductive toxicity of naproxen sodium and meloxicam in male rats. Hum Exp Toxicol. 2015 Apr;34(4):415-29. 
	o. : Naproxen and meloxicam decreased the sperm count and motility and also induced the damage of seminiferous tubules as a direct effect without affecting plasma hormone levels in our study. 
	o. : Naproxen and meloxicam decreased the sperm count and motility and also induced the damage of seminiferous tubules as a direct effect without affecting plasma hormone levels in our study. 
	o. : Naproxen and meloxicam decreased the sperm count and motility and also induced the damage of seminiferous tubules as a direct effect without affecting plasma hormone levels in our study. 
	Key findings


	o. : These findings do not appear to be reflected in the current Mobic labeling and should be considered for inclusion in the labeling. Similar testicular effects have been reported with ibuprofen, indomethacin, naproxen, acetaminophen, and aspirin suggesting a potential class effect. Given the potential for class effects, the results of this study should be considered for inclusion in labeling. Potential language for 13.1 could read: 
	o. : These findings do not appear to be reflected in the current Mobic labeling and should be considered for inclusion in the labeling. Similar testicular effects have been reported with ibuprofen, indomethacin, naproxen, acetaminophen, and aspirin suggesting a potential class effect. Given the potential for class effects, the results of this study should be considered for inclusion in labeling. Potential language for 13.1 could read: 
	Reviewer’s comments



	“In a published study, oral administration of 1 mg/kg (0.3x the maximum human daily dose) meloxicam to male rats for 35 days resulted in decreased sperm count and motility and histopathological evidence of testicular degeneration.” 
	A risk summary statement should also be included in Section 8.3. 
	o. See below for more details. 
	57 Pradhan A and Olsson PE. Juvenile ovary to testis transition in zebrafish involves inhibition of ptges. Biol Reprod. 2014 Aug;91(2):33. 
	o. : This study showed that PGD2 and PGE2 can program the gonads to either the testis or the ovary differentiation pathways, indicating that 
	o. : This study showed that PGD2 and PGE2 can program the gonads to either the testis or the ovary differentiation pathways, indicating that 
	o. : This study showed that PGD2 and PGE2 can program the gonads to either the testis or the ovary differentiation pathways, indicating that 
	o. : This study showed that PGD2 and PGE2 can program the gonads to either the testis or the ovary differentiation pathways, indicating that 
	Key findings


	prostaglandins are involved in the regulation of zebrafish gonadal differentiation. 

	o. : In this study meloxicam was used to inhibit PGE2 results in male-biased sex ratios. The relevance of this model to human development is unknown. As such the results are not appropriate for current labeling. 
	o. : In this study meloxicam was used to inhibit PGE2 results in male-biased sex ratios. The relevance of this model to human development is unknown. As such the results are not appropriate for current labeling. 
	Reviewer’s comments



	58 Jesam C, Salvatierra AM, Schwartz JL, Fuentes A, Croxatto HB. Effect of oral administration of a continuous 18 day regimen of meloxicam on ovulation: experience of a randomized controlled trial. Contraception. 2014 Aug;90(2):168
	73. 
	o. : The study was conducted in 56 healthy sterilized women and meloxicam (15 or 30 mg/day) administered from menstrual cycle day 5- 22. Ovulation was observed in 44.6% and in 21.7% of women in the lower dose group and the higher dose group, respectively. This study concluded that Since ovulation occurs in over 20% of cycles even with a high dose of 30 mg daily, it is not likely that the approach would be a highly effective contraceptive strategy. 
	o. : The study was conducted in 56 healthy sterilized women and meloxicam (15 or 30 mg/day) administered from menstrual cycle day 5- 22. Ovulation was observed in 44.6% and in 21.7% of women in the lower dose group and the higher dose group, respectively. This study concluded that Since ovulation occurs in over 20% of cycles even with a high dose of 30 mg daily, it is not likely that the approach would be a highly effective contraceptive strategy. 
	o. : The study was conducted in 56 healthy sterilized women and meloxicam (15 or 30 mg/day) administered from menstrual cycle day 5- 22. Ovulation was observed in 44.6% and in 21.7% of women in the lower dose group and the higher dose group, respectively. This study concluded that Since ovulation occurs in over 20% of cycles even with a high dose of 30 mg daily, it is not likely that the approach would be a highly effective contraceptive strategy. 
	Key findings


	o. : This is a clinical study that appears to confirm that meloxicam can inhibit ovulation and impact early pregnancy. This is already reflected in the Mobic label. 
	o. : This is a clinical study that appears to confirm that meloxicam can inhibit ovulation and impact early pregnancy. This is already reflected in the Mobic label. 
	Reviewer’s comments



	59 Matzkin ME, Pellizzari EH, Rossi SP, Calandra RS, Cigorraga SB, Frungieri MB. Exploring the cyclooxygenase 2 (COX2)/15d-Δ(12,14)PGJ(2) system in hamster Sertoli cells: regulation by FSH/testosterone and relevance to glucose uptake. Gen Comp Endocrinol. 2012 Nov 1;179(2):254-64. 
	o. : This study showed the presence of a COX2/PG system in hamster Sertoli cells which might act as a local modulator of FSH and testosterone actions. 
	o. : This study showed the presence of a COX2/PG system in hamster Sertoli cells which might act as a local modulator of FSH and testosterone actions. 
	o. : This study showed the presence of a COX2/PG system in hamster Sertoli cells which might act as a local modulator of FSH and testosterone actions. 
	Key findings


	o. : In this in vitro study, meloxicam was used to investigate the involvement of COX2/PGs in the modulation of testosterone production in Leydig cells of hamster. The impact of NSAIDs on male fertility should be further explored in the next review cycle to assess the impact on labeling. 
	o. : In this in vitro study, meloxicam was used to investigate the involvement of COX2/PGs in the modulation of testosterone production in Leydig cells of hamster. The impact of NSAIDs on male fertility should be further explored in the next review cycle to assess the impact on labeling. 
	Reviewer’s comments



	60 Clarke EO and DeVoe RS. Ovariohysterectomy of three vampire bats (Desmodus rotundus). J Zoo Wildl Med. 2011 Dec;42(4):755-8. 
	o. : After ovariohysterectomy three vampire bats were administered meloxicam at 0.2 mg/kg placed in their blood meal once daily for 7 days postoperatively, after which they were returned to their normal enclosures. The use of local analgesics on the surgical site and systemic meloxicam may have prevented surgical complications such as swelling. 
	o. : After ovariohysterectomy three vampire bats were administered meloxicam at 0.2 mg/kg placed in their blood meal once daily for 7 days postoperatively, after which they were returned to their normal enclosures. The use of local analgesics on the surgical site and systemic meloxicam may have prevented surgical complications such as swelling. 
	o. : After ovariohysterectomy three vampire bats were administered meloxicam at 0.2 mg/kg placed in their blood meal once daily for 7 days postoperatively, after which they were returned to their normal enclosures. The use of local analgesics on the surgical site and systemic meloxicam may have prevented surgical complications such as swelling. 
	Key findings


	o. : This is an efficacy study and no safety issue was identified with using meloxicam. The results do not impact labeling. 
	o. : This is an efficacy study and no safety issue was identified with using meloxicam. The results do not impact labeling. 
	Reviewer’s comments



	61 Jiménez LM, Binelli M, Bertolin K, Pelletier RM, Murphy BD. Scavenger receptorB1 and luteal function in mice. J Lipid Res. 2010 Aug;51(8):2362-71. 
	o. : This study showed that scavenger receptor-B1 (SCARB1) expression is essential for maintaining normal ovarian cholesterol homeostasis and luteal steroid synthesis. 
	o. : This study showed that scavenger receptor-B1 (SCARB1) expression is essential for maintaining normal ovarian cholesterol homeostasis and luteal steroid synthesis. 
	o. : This study showed that scavenger receptor-B1 (SCARB1) expression is essential for maintaining normal ovarian cholesterol homeostasis and luteal steroid synthesis. 
	Key findings


	o. : In this study meloxicam was used to block ovulation in mice to investigate Scavenger receptor-B1 and luteal function. The results do not impact current labeling. 
	o. : In this study meloxicam was used to block ovulation in mice to investigate Scavenger receptor-B1 and luteal function. The results do not impact current labeling. 
	Reviewer’s comments



	62 Hester KE, Harper MJ, Duffy DM.Oral administration of the cyclooxygenase2 (COX-2) inhibitor meloxicam blocks ovulation in non-human primates when administered to simulate emergency contraception. Hum Reprod. 2010 Feb;25(2):360-7. 
	-

	o. : A 5-day course of oral meloxicam administered around the time of ovulation reduced the rate of oocyte release without alteration of reproductive hormones or menstrual cycle length. For more detail see below. 
	o. : A 5-day course of oral meloxicam administered around the time of ovulation reduced the rate of oocyte release without alteration of reproductive hormones or menstrual cycle length. For more detail see below. 
	o. : A 5-day course of oral meloxicam administered around the time of ovulation reduced the rate of oocyte release without alteration of reproductive hormones or menstrual cycle length. For more detail see below. 
	Key findings


	o. : This findings is already reflected in the current NSAID labeling, which states that “Published animal studies have shown that administration of prostaglandin synthesis inhibitors has the potential to disrupt prostaglandin-mediated follicular rupture required for ovulation.” 
	o. : This findings is already reflected in the current NSAID labeling, which states that “Published animal studies have shown that administration of prostaglandin synthesis inhibitors has the potential to disrupt prostaglandin-mediated follicular rupture required for ovulation.” 
	Reviewer’s comments



	63 Jesam C, Salvatierra AM, Schwartz JL, Croxatto HB. Suppression of follicular rupture with meloxicam, a cyclooxygenase-2 inhibitor: potential for emergency contraception. Hum Reprod. 2010 Feb;25(2):368-73. 
	o. : In this clinical study dysfunctional ovulation was observed in 11/22 (50%) cycles volunteers treated with 15 mg/day and 20/22 (90.9%) cycles with 30 mg/day (P = 0.0068). There were no serious adverse events, and no changes in LH and E2 levels or in cycle length. 
	o. : In this clinical study dysfunctional ovulation was observed in 11/22 (50%) cycles volunteers treated with 15 mg/day and 20/22 (90.9%) cycles with 30 mg/day (P = 0.0068). There were no serious adverse events, and no changes in LH and E2 levels or in cycle length. 
	o. : In this clinical study dysfunctional ovulation was observed in 11/22 (50%) cycles volunteers treated with 15 mg/day and 20/22 (90.9%) cycles with 30 mg/day (P = 0.0068). There were no serious adverse events, and no changes in LH and E2 levels or in cycle length. 
	Key findings


	o. : This study confirmed that meloxicam can cause adverse effect when used early in pregnancy in humans. 
	o. : This study confirmed that meloxicam can cause adverse effect when used early in pregnancy in humans. 
	Reviewer’s comments



	64 Clark TP. The clinical pharmacology of cyclooxygenase-2-selective and dual inhibitors. Vet Clin North Am Small Anim Pract. 2006 Sep;36(5):1061-85. 
	o. : This article compares three veterinary medicine (COX 2 inhibitors): carprofen, etodolac, and meloxicam for overall in vivo safety. This article concludes that until head-to-head trials in multicenter blind studies are published, comments on comparative safety and effectiveness must be reserved. 
	o. : This article compares three veterinary medicine (COX 2 inhibitors): carprofen, etodolac, and meloxicam for overall in vivo safety. This article concludes that until head-to-head trials in multicenter blind studies are published, comments on comparative safety and effectiveness must be reserved. 
	o. : This article compares three veterinary medicine (COX 2 inhibitors): carprofen, etodolac, and meloxicam for overall in vivo safety. This article concludes that until head-to-head trials in multicenter blind studies are published, comments on comparative safety and effectiveness must be reserved. 
	Key findings


	o. : No unknown safety issues in animals were indicated by meloxicam in this article. 
	o. : No unknown safety issues in animals were indicated by meloxicam in this article. 
	Reviewer’s comments



	61 
	65 Forcelledo ML, Brache V, Tejada AS, Salvatierra AM, Reyes MV, Alvarez F, Faúndes A, Croxatto HB. Does meloxicam increase the incidence of anovulation induced by single administration of levonorgestrel in emergency contraception? A pilot study. Hum Reprod. 2007 Feb;22(2):434-9. 
	o. : This clinical study showed that the addition of a COX-2 inhibitor (meloxicam) has the potential to improve the contraceptive efficacy of Levonorgestrel (LNG). 
	o. : This clinical study showed that the addition of a COX-2 inhibitor (meloxicam) has the potential to improve the contraceptive efficacy of Levonorgestrel (LNG). 
	o. : This clinical study showed that the addition of a COX-2 inhibitor (meloxicam) has the potential to improve the contraceptive efficacy of Levonorgestrel (LNG). 
	Key findings


	o. : This study confirmed that meloxicam can cause adverse effect when used early in pregnancy in humans. 
	o. : This study confirmed that meloxicam can cause adverse effect when used early in pregnancy in humans. 
	Reviewer’s comments



	66 Van Gucht S, Labarque G, Van Reeth K. The combination of PRRS virus and bacterial endotoxin as a model for multifactorial respiratory disease in pigs. Vet Immunol Immunopathol. 2004 Dec 8;102(3):165-78. 
	o. : This article reviews in vivo studies on the interaction between porcine reproductive and respiratory syndrome virus (PRRSV) and LPS performed in the authors' laboratory. The author concluded that the PRRSVLPS combination proved to be a simple and reproducible experimental model for multifactorial respiratory disease in pigs. 
	o. : This article reviews in vivo studies on the interaction between porcine reproductive and respiratory syndrome virus (PRRSV) and LPS performed in the authors' laboratory. The author concluded that the PRRSVLPS combination proved to be a simple and reproducible experimental model for multifactorial respiratory disease in pigs. 
	o. : This article reviews in vivo studies on the interaction between porcine reproductive and respiratory syndrome virus (PRRSV) and LPS performed in the authors' laboratory. The author concluded that the PRRSVLPS combination proved to be a simple and reproducible experimental model for multifactorial respiratory disease in pigs. 
	Key findings


	o. : In this study meloxicam was examined to investigate its clinical effects in reducing the fever and respiratory signs. The results do not impact labeling. 
	o. : In this study meloxicam was examined to investigate its clinical effects in reducing the fever and respiratory signs. The results do not impact labeling. 
	Reviewer’s comments



	67 Faletti AG, Mohn C, Farina M, Lomniczi A, Rettori V. Interaction among betaendorphin, nitric oxide and prostaglandins during ovulation in rats. Reproduction. 2003 Apr;125(4):469-77. 
	o. : The aim of this study was to investigate the relationship between beta-endorphin and nitric oxide (NO) during the ovulatory process in rats. This study showed that beta-endorphin stimulates the activity of ovarian NOS indirectly by inhibiting prostaglandin production. 
	o. : The aim of this study was to investigate the relationship between beta-endorphin and nitric oxide (NO) during the ovulatory process in rats. This study showed that beta-endorphin stimulates the activity of ovarian NOS indirectly by inhibiting prostaglandin production. 
	o. : The aim of this study was to investigate the relationship between beta-endorphin and nitric oxide (NO) during the ovulatory process in rats. This study showed that beta-endorphin stimulates the activity of ovarian NOS indirectly by inhibiting prostaglandin production. 
	Key findings


	o. : This mechanistic study showed that meloxicam increases NOS activity in ovaris by inhibiting PG synthesis. The results do not impact current labeling. 
	o. : This mechanistic study showed that meloxicam increases NOS activity in ovaris by inhibiting PG synthesis. The results do not impact current labeling. 
	Reviewer’s comments



	68 Königsson K(1), Odensvik K, Kindahl H. Endocrine, metabolic and clinical effects of intravenous endotoxin injection after pre-treatment with meloxicam in heifers. J Vet Med A Physiol Pathol Clin Med. 2002 Oct;49(8):408-14. 
	o. : The aim of this study was to evaluate meloxicam to prevent the inflammatory response elicited by endotoxin (ET). Furthermore, to evaluate a possible effect of meloxicam on delta13-reductase and 15-hydroxy prostanoate dehydrogenase, enzymes responsible for the initial metabolism of PGF2alpha. This study showed that meloxicam effectively suppresses several of the inflammatory reactions seen after ET injections and has no major influence on the PGF2alpha metabolism. 
	o. : The aim of this study was to evaluate meloxicam to prevent the inflammatory response elicited by endotoxin (ET). Furthermore, to evaluate a possible effect of meloxicam on delta13-reductase and 15-hydroxy prostanoate dehydrogenase, enzymes responsible for the initial metabolism of PGF2alpha. This study showed that meloxicam effectively suppresses several of the inflammatory reactions seen after ET injections and has no major influence on the PGF2alpha metabolism. 
	o. : The aim of this study was to evaluate meloxicam to prevent the inflammatory response elicited by endotoxin (ET). Furthermore, to evaluate a possible effect of meloxicam on delta13-reductase and 15-hydroxy prostanoate dehydrogenase, enzymes responsible for the initial metabolism of PGF2alpha. This study showed that meloxicam effectively suppresses several of the inflammatory reactions seen after ET injections and has no major influence on the PGF2alpha metabolism. 
	Key findings


	o. : This study was an efficacy study in heifers and didn’t indicate any safety issues using meloxicam. 
	o. : This study was an efficacy study in heifers and didn’t indicate any safety issues using meloxicam. 
	Reviewer’s comments



	62 
	62 
	Out of the 68 articles submitted in this NDA (based on review search on using meloxicam during pregnancy and lactation), six reported potentially significant developmental findings and these were evaluated further by this reviewer (see below). 

	1. (Uzun et al., 2015) Evaluation of the reproductive toxicity of naproxen sodium and meloxicam in male rats. 
	Male rats were dosed with 1 mg/kg meloxicam via oral gavage for 35 days (human equivalent dose of 9.7 mg/60 kg based on body surface area; 0.3x the human dose based on BSA). Sperm count and motility; COX-1, COX-2, PGE1, PGE2, PGF2a tissue levels in testes; FSH, LH, and testosterone plasma; and histopathology of testes was examined. 
	: 
	Key findings

	•. 
	•. 
	•. 
	The 35 days of treatment with 1 mg/kg/day meloxicam decreased testicular levels of COX-1, prostaglandin E1 (PGE1), PGE2, prostaglandin F2α (PGF2α), catalase (Cat), glutathione peroxidase (GPx), and glutathione (GSH). 

	•. 
	•. 
	No meloxicam-related effects were noted on testicular levels of COX-2 or on plasma levels of follicle-stimulating hormone (FSH), luteinizing hormone (LH), and testosterone. 

	•. 
	•. 
	Reduced sperm count and sperm motility, and cellular degeneration, tubular atrophy, vacuolization, congestion, and an increase in connective tissue in the testes were noted for meloxicam-treated male rats. 


	Figure
	Figure
	: These results suggest that the mechanism of these effects may be a result of the inhibition of prostaglandin synthesis with a potential for oxidative stress providing a secondary influence. However, similar testicular changes are not described in the referenced Mobic labeling, which states that oral doses of up to 9 mg/kg in males did not impair male fertility (3x the MDD based on body surface area). However, it should be noted that male rats are far more fertile than humans; therefore, the changes report
	Reviewer’s note

	Similar testicular effects have been reported with ibuprofen, indomethacin, naproxen, acetaminophen, and aspirin suggesting a potential class effect. Given the potential for class effects, the results of this study should be considered for inclusion in labeling. Potential language for 13.1 could read: 
	Similar testicular effects have been reported with ibuprofen, indomethacin, naproxen, acetaminophen, and aspirin suggesting a potential class effect. Given the potential for class effects, the results of this study should be considered for inclusion in labeling. Potential language for 13.1 could read: 
	In a published study, oral administration of 1 mg/kg (0.3x the maximum human daily dose) meloxicam to male rats for 35 days resulted in decreased sperm count and motility and histopathological evidence of testicular degeneration. 

	A risk summary statement should also be included in Section 8.3. 
	2. (Salhab et al., 2001) Meloxicam inhibits rabbit ovulation 
	This paper assessed meloxicam-related effects on ovulation when administered as a single IP dose at 2, 5, or 8 hours post coitus (PC) or 14 hours post ovulation (24 hours PC) in rabbits. The doses assessed ranged from 2.5 mg/kg to 20 mg/kg. 
	Key findings: 
	•. 
	•. 
	•. 
	In this study, meloxicam inhibited ovulation both time- and dose-dependently with complete inhibition when 10 mg/kg was administered at 5 or 8 hours PC or 20 mg/kg was administered 2 or 5 hours. Lower doses of 5 and 2.5 mg/kg produced partial inhibition of pregnancy. 

	•. 
	•. 
	When administered post-ovulation (24 hours PC) 4 of 5 females and 3 of 4 females administered 10 mg/kg and 20 mg/kg, respectively, were pregnant compared to 12 of 13 control. 

	•. 
	•. 
	Histopathologic examination of the ovaries from animals given 20 mg/kg showed a dilatation of the Graafian follicles and some of the follicles that lost ova were cystically dilated with severe hemorrhage. 


	Figure
	Figure
	: There is another publication by the same group (Salhab et al., 2003) to further assess meloxicam-related effects on ovulation in the rabbits. Bred females were dosed at 5 hours PC with 20 mg/kg meloxicam (oral) or 14.9 g/kg (intravaginal). None of the females that received the full dose were pregnant at the GD10 C-section. Microscopic examination of the ovaries showed an irregular surface resulting from different sized cysts and some of the cystic follicles contained retained ova. Immunohistochemical asse
	Reviewer’s note

	These findings are currently reflected in the MOBIC and other NSAIDs labels. The Mobic label reflects the current class labeling for NSAIDs as follows: “Based on the mechanism of action, the use of prostaglandin-mediated NSAIDs, including MOBIC, may delay or prevent rupture of ovarian follicles, which has been associated with reversible infertility in some women. Published animal studies have shown that 
	These findings are currently reflected in the MOBIC and other NSAIDs labels. The Mobic label reflects the current class labeling for NSAIDs as follows: “Based on the mechanism of action, the use of prostaglandin-mediated NSAIDs, including MOBIC, may delay or prevent rupture of ovarian follicles, which has been associated with reversible infertility in some women. Published animal studies have shown that 
	administration of prostaglandin synthesis inhibitors has the potential to disrupt prostaglandin-mediated follicular rupture required for ovulation. Small studies in women treated with NSAIDs have also shown a reversible delay in ovulation. Consider withdrawal of NSAIDs, including MOBIC, in women who have difficulties conceiving or who are undergoing investigation of infertility.” in Section 8.3 Females and Males of Reproductive Potential. Similar language is appropriate for this drug product. 

	3. (McCann et al., 2013) The COX-2 inhibitor meloxicam inhibits pregnancy when administered as an emergency contraceptive to nonhuman primates. 
	Meloxicam was administered orally (0.5 mg/kg/day) to proven fertile female cynomolgus macaques using one emergency contraceptive model and three monthly contraceptive models. In the emergency contraceptive model, females were bred with a proven fertile male once 2±1 days before ovulation, returned to the females' home cage, and then received 5 days of meloxicam treatment. In the monthly contraceptive models, females were cocaged for breeding with a proven fertile male for a total of 5 days beginning 2±1 day
	(2) every day, or (3) each day of the 5-day breeding period. Female were then assessed for pregnancy. 
	Key findings: 
	Key findings: 

	•. 
	•. 
	•. 
	The pregnancy rate with meloxicam administration using the emergency contraception model was 6.5%, significantly lower than the pregnancy rate of 33.3% when vehicle without meloxicam was administered. 

	•. 
	•. 
	Pregnancy rates with the three monthly contraceptive models (75%–100%) were not consistent with preventing pregnancy. 


	This study further support NSAID class labeling language regarding effects of NSAID on fertility through interference with ovulation. This is currently reflected in Section 8.3, as noted above. 
	Conclusion: 

	4. (Hester et al., 2010) Oral administration of the cyclooxygenase-2 (COX-2) inhibitor meloxicam blocks ovulation in non-human primates when administered to simulate emergency contraception 
	Four sequential menstrual cycles were studied. In Cycle 1, a serum sample was obtained each day and assayed for estradiol, progesterone and luteinizing hormone; first menses was also noted to establish parameters of a normal menstrual cycle for each animal. In Cycle 2, meloxicam was administered orally once each day for 5 days beginning at either mid-follicular, late-follicular or periovulatory phase of the menstrual cycle. Daily serum samples and menses were assessed as for Cycle 1. In Cycle 3, the follicl
	Four sequential menstrual cycles were studied. In Cycle 1, a serum sample was obtained each day and assayed for estradiol, progesterone and luteinizing hormone; first menses was also noted to establish parameters of a normal menstrual cycle for each animal. In Cycle 2, meloxicam was administered orally once each day for 5 days beginning at either mid-follicular, late-follicular or periovulatory phase of the menstrual cycle. Daily serum samples and menses were assessed as for Cycle 1. In Cycle 3, the follicl
	remaining ovary was removed. Ovaries were examined for the presence of an oocyte within the follicle. 

	Key finding: 
	Key finding: 

	•. 
	•. 
	•. 
	Meloxicam treatment in Cycle 2 did not alter hormone levels or the luteal phase length. 

	•. 
	•. 
	Follicles of ovaries removed during Cycle 3 did not contain oocytes, indicating successful ovulation. 

	•. 
	•. 
	Follicles did contain oocytes after meloxicam treatment beginning in the mid-follicular (67%), late-follicular (100%) or periovulatory (50%) phase of Cycle 4, indicating failure of ovulation. 


	A 5-day course of oral meloxicam administered around the time of ovulation reduced the rate of oocyte release without alteration of reproductive hormones or menstrual cycle length. 
	Conclusions: 

	 These findings are currently reflected in the MOBIC and other NSAIDs labels. The Mobic label reflects the current class labeling for NSAIDs as follows: “Based on the mechanism of action, the use of prostaglandin-mediated NSAIDs, including MOBIC, may delay or prevent rupture of ovarian follicles, which has been associated with reversible infertility in some women. Published animal studies have shown that administration of prostaglandin synthesis inhibitors has the potential to disrupt prostaglandin-mediated
	Reviewer’s note:

	5. (Cappon et al., 2003) Relationship between cyclooxygenase 1 and 2 selective inhibitors and fetal development when administered to rats and rabbits during the sensitive periods for heart development and midline closure 
	This study assessed the effects COX-1 and COX-2 inhibition on fetal heart development and midline closure in rats and rabbits by administering meloxicam to pregnant females during the sensitive period of development in each species (rats, 15 mg/kg/day on GD 9 and 10 and rabbits, 600 mg/kg on GD 9, 10, and 11). 
	Key findings: 
	Key findings: 

	•. 
	•. 
	•. 
	Meloxicam-related maternal toxicity occurred in rats (decreased body weights on GD 9 to GD 12) and rabbits (loose/liquid stool in rabbits). 

	•. 
	•. 
	With the exception of a decrease in fetal body weight (9% lower than control), high doses of meloxicam did not produce any fetal developmental effects. 


	Specifically, no midline defects, diaphragmatic hernia, or ventricular septal defects were noted. 
	Figure
	: These doses of 15 mg/kg/day in rats and 600 mg/kg/day in rabbits provided safety margins of up to 4.8 and 389 times greater, respectively, the MRHD based on BSA comparison for Anjeso. The currently proposed Anjeso label states “Administration of meloxicam to pregnant rabbits throughout embryogenesis produced an increased incidence of septal defects of the heart at an oral dose of 60 mg/kg/day (39-fold greater than the MRHD of 30 mg of ANJESO based on BSA comparison). The no effect level was 20 mg/kg/day (
	Reviewer’s note

	The published study showed that a 10-fold higher dose of meloxicam (600 mg/kg) did not produce heart defects when given during GD 9-11, which they argue is the most sensitive period for fetal heart development, versus effects observed at 60 mg/kg when given throughout the period of organogenesis. The lack of heart findings with higher doses than tested in the Mobic label during the sensitive period of heart development are contradictory to the findings described in the Mobic label. As it is unclear why ther
	6. (Thaete et al., 2013) Impact of anaesthetics and analgesics on fetal growth in the mouse. 
	This study was designed to test the effects of specific anaesthetic and analgesic agents, including meloxicam, on fetal development when dosed at times approximating fertilization (E0), attachment (E4), beginning of organogenesis (E6), end of organogenesis (E12), and the logarithmic growth phase (E15). At term (E18), fetal and placental growth were evaluated, morphological analyses were performed, and skeletal measurements were conducted. 
	Key findings: 
	Key findings: 

	•. A slight, but statistically significant decrease in fetal weight and in the length of the humerus were noted when meloxicam (2 mg/kg) was administered to pregnant mice by IM injection one on GD 0 or on both GD 0 and 1 (during fertilization) for two days. The data showed that fetal weights and humerus lengths were significantly correlated for meloxicam (P<0.01). 
	Figure
	: The dose tested (2 mg/kg/day in mice) provides an exposure margin of only 0.3 times the MRHD of 30 mg of ANJESO based on BSA comparison. These findings are not completely unexpected since the reference product label notes that meloxicam caused embryofetal death in rats and rabbits when administered during the period of organogenesis at doses equivalent to 0.65 – and 6.5 times, respectively, the MRHD of 15 mg of Mobic. The exposure margin for the embryolethality is approximately 0.3 times the MRHD of 30 mg
	Reviewer’s note

	10 Special Toxicology Studies 
	10.1 Hemocompatibility study 
	Title: Hemolytic Potential and Plasma Compatibility Testing with N1539 Injectable NanoCrystal® Colloidal Dispersion (Meloxicam) in Human Whole Blood and Plasma (Study 8330763) 
	The hemolytic potential and plasma compatibility of the test article meloxicam NCD, at a concentration of 30 mg/mL, the comparison article (Metacam® [meloxicam]) as a 5mg/mL solution for injection, or the vehicle (5% [w/v] sucrose prepared in Sterile Water for Injection, USP), was assessed in human whole blood and plasma. 
	Lot number: 67535 and Purity: 95.9% 
	Test Facility: 
	Study Location: 
	\\cdsesub1\evsprod\nda210583\0001\m4\42-stud-rep\423-tox\4237other-tox-stud\42377-other\8330763\8330763.pdf 

	Method 
	Hemolytic Potential Testing 
	Test tubes were set up as follows: 
	Each mixture was incubated for 40 to 45 minutes at approximately 37°C. After incubation, the tubes were centrifuged (centrifuge set to maintain 2 to 8°C), and the supernatant was harvested. A hemoglobin index was determined for the supernatant of each tube using a Roche Diagnostics Analytics Modular Chemistry Analyzer. The hemoglobin index approximates the amount of hemoglobin in mg/dL. The Analytics Modular Chemistry Analyzer used an algorithm to calculate hemoglobin based on absorbance readings at two wav
	The hemolytic index was compared with that of the negative control. Hemolysis was considered to have occurred (recorded as a positive test result) if the hemoglobin index was >500 (i.e., approximately 500 mg/dL) more than that of the negative control. Absence of hemolysis, relative to the negative control, was recorded as a negative test result. 
	Plasma Compatibility Testing 
	Test tubes were set up as follows: 
	The contents of each tube were examined macroscopically. Changes in color or clarity, relative to the homologous plasma sample, and the presence of flocculation, precipitation, or coagulation were recorded. If macroscopic evaluation of a mixture revealed any differences relative to the homologous plasma sample, microscopic examinations were done on that mixture and the homologous plasma sample for comparison purposes. When no changes or differences relative to the homologous plasma sample were observed, a m
	The purpose of the microscopic examination is to further characterize macroscopic findings. For example, if crystals or particulate material were observed, a description was recorded. When no differences from the homologous plasma sample were observed, this was also recorded. 
	Results 
	•. N1539 Injectable NanoCrystal® Colloidal Dispersion (Meloxicam), 30 mg/mL caused a small increase in hemoglobin that did not reach the limit of 500 mg/dL defined as evidence of hemolyosis. As such, the report concludes that there was no evidence of hemolysis in human blood in vitro and no macroscopic changes, including flocculation, in the plasma. 
	Hemolytic Potential 
	Plasma Compatibility 
	Figure
	10.2 Extractable/leachable study 
	1. Extractables studies: 
	: Report for the Controlled Extraction Studies of Rubber Stopper and Glass Vial, Exposure Studies of Contact Materials, and for the Determination of Potential leachables in Meloxicam Injectable NCD Drug Product 
	Title

	These studies were performed to determine the extractable profiles of the  and , potential leachables from , and leachables if present in an aged drug product, with attention to volatile, semi-volatile, non-volatile organic compounds, and metals. 
	stopper
	glass vial
	five contact materials

	Methods: 
	Solvents: 
	Solvents: 

	An extractables study, which included assessment of potential leachable compounds from the container closure system and manufacturing contact material and one batch of an aged drug product (stored 14 months inverted at 25°C) were performed by report P11127; \\cdsesub1\evsprod\nda210583\0001\m3\32-body-data\32p-drug-prod\meloxicam\32p2pharm-dev\ rep-p11127.00.pdf) ( project number: 028226-01-01). Note that the proposed storage temperature and expiry are 15 to 25°C and 48 months, respectively. 
	Figure
	The stopper was extracted at elevated temperature with water, placebo, and IPA/water (1:1). The glass vial was extracted with dilute nitric acid for metals testing only. The contact materials were exposed to placebo under ambient conditions. The following summarizes the rationale for the extraction solvents used in the controlled extractable study: 
	•. 
	•. 
	•. 
	Water: Since the drug product is aqueous based, water was selected as a clean .solvent. The pH of the solution was not specified.. 

	•. 
	•. 
	Placebo: Placebo was selected to mimic the actual product extraction but not involving possible chromatographic complication such as interference from the drug substance. 

	•. 
	•. 
	Water/IPA: 1/1 water/IPA was selected as a stronger solvent to represent the .worst-case potential leachables for the aqueous drug product. 

	•. 
	•. 
	Nitric acid: 0.1N nitric acid was used to extract potential leachable metals, diluted nitric acid is used because of its well-known capability of dissolving/extracting various metals, including heavy metals. 


	The selection of solvents appears reasonable. See CMC review for definitive determination of the adequacy of the extraction solvents. 
	Extraction Procedures 
	Extraction Procedures 

	Figure
	Figure
	Figure
	• Aged drug product assessment 
	As part of the controlled extraction study, a single batch of aged drug product was directly analyzed to screen for potential leachables. The aged drug product used during the evaluation was representative material, stored inverted at 25°C/60%RH for approximately 14-months prior to analysis. 
	Analytical methods 
	Analytical methods 

	Headspace gas chromatography/mass spectrometry (HS-GC/MS), direct inject gas chromatography/mass spectrometry (GC/MS), liquid chromatography/ultraviolet/mass spectrometry (LC/UV/MS), and inductively coupled plasma mass spectrometry (ICP/MS) were utilized to identify extractables and provide a semi-quantitative estimate of their levels. 
	A summary of analytical techniques is provided below. 
	Analytical Evaluation Threshold (AET) 
	Analytical Evaluation Threshold (AET) 

	Figure
	using the applicable standards and reported as mcg/stopper, mcg/vial, or mcg/mL, as applicable, if they were equal to or greater than the reporting limit. For informational purposes, concentrations less than the AET were also reported where applicable. 
	Results: 
	o The results of the HS-GC/MS experiments indicate that are extractable and potential 
	leachable compounds from the rubber stopper and contact materials used in drug product manufacture. The Applicant emphasized that amongst these, only was observed in the aged drug product. was detected in the drug product on stability. 
	Another potential leachable, 

	Figure
	analytical conditions. The Applicant emphasized that amongst these, only was observed in the aged drug product extract albeit at levels lower than 5 mcg/vial. This compound results from oxidation of . 
	o. The results of the GC/MS experiments show that several identified and unknown compounds were detected in the extracts, primarily in the IPA/water extract of the rubber stopper. As noted in the tables below, several compounds including some unknowns were detected at levels higher than 5 mcg/stopper under the various 
	o. The results of the GC/MS experiments show that several identified and unknown compounds were detected in the extracts, primarily in the IPA/water extract of the rubber stopper. As noted in the tables below, several compounds including some unknowns were detected at levels higher than 5 mcg/stopper under the various 


	o The results of the LC/UV/MS experiments point to as potential leachable compounds from the rubber stopper. Each of these compounds was also detected in the semi-volatile GC/MS analysis. A few 
	unknown compounds were detected in the contact material extracts and 
	additional unknowns were found in the aged drug product extract. In addition, was tentatively identified in the drug product extract. 
	Figure
	o The results of the ICP/MS experiments show that 
	Figure

	mg/stopper) 
	Figure

	and 
	mcg/stopper) were found in the largest amount in the stopper. 
	The reviewer’s summary table below shows all compounds that were detected at ≥5 mcg/day from extraction studies as well as the aged drug product, which was from one batch of drug product at one time point stored at 14-months inverted at 25°C. 
	Reviewer’s Summary Table: Extractables/Leachables above 5 mcg/vial 
	Rubber Stopper Vial & rubber stopper Contact material Aged drug product Adequately justified? Extraction solvent Water IPA/Water Placebo Nitric acid Placebo Compound mcg/stopper mcg/vial mcg/mL mcg/vial Yes, within ICH Q3C PDE Yes, within IID Yes, within IID Yes, within IID No. This compound should be identified and justified. No. This compound should be identified and justified. No. This compound should be identified and justified. No. This compound should be identified and justified. No. This compound sho
	Figure
	No. This compound should be identified and justified. No. This compound should be identified and justified. 
	Yes, much higher levels used in approved IV products. Yes, much higher levels used in approved IV products. 
	sv=semi-volatile compounds nv=non-volatile compounds 
	The Applicant’s evaluation: 
	The following three toxicological risk assessments were submitted to justify compounds detected in the extraction study, leachable study on the aged drug product, and leachable stability testing. 
	Report Title 
	Report Title 
	Report Title 
	ReportNumber 
	Report Location 

	Toxicological Evaluation of Extractables of a Container/Closure System for Meloxicam Injectable Nanodispersion Colloidal Dispersion Drug Product 
	Toxicological Evaluation of Extractables of a Container/Closure System for Meloxicam Injectable Nanodispersion Colloidal Dispersion Drug Product 
	55281 
	\\cdsesub1\evsprod\nda210583\0001\m3\32body-data\32p-drug-prod\meloxicam\32p2pharm-dev\alks-rep-55281.pdf 

	Literature-Based Toxicological Evaluation of Aged Drug Product Leachables Screening Study of NCD Meloxicam IV Drug Product 
	Literature-Based Toxicological Evaluation of Aged Drug Product Leachables Screening Study of NCD Meloxicam IV Drug Product 
	028266-02TOX 
	\\cdsesub1\evsprod\nda210583\0006\m1\us\111info-amend\attach-1rpt-028266-02-tox.pdf 

	Literature-Based Toxicological Evaluation of Leachables Stability Studies of Meloxicam Drug Product 
	Literature-Based Toxicological Evaluation of Leachables Stability Studies of Meloxicam Drug Product 
	80074-01TOX 
	\\cdsesub1\evsprod\nda210583\0006\m1\us\111info-amend\attach-2rpt--80074-01-tox.pdf 


	1.. Toxicological Evaluation of Extractables of a Container/Closure System for Meloxicam Injectable Nanodispersion Colloidal Dispersion Drug Product (55281) 
	The Applicant noted that twenty-five organic extractables from the rubber stopper were identified with maximum estimated total dily intakes (TDI) of greater than the PQRI 
	The Applicant noted that twenty-five organic extractables from the rubber stopper were identified with maximum estimated total dily intakes (TDI) of greater than the PQRI 
	recommended safety concern threshold of 

	mcg/day, and therefore were selected for toxicological evaluation. See Applicant’s table below. 
	Figure

	Figure
	The Applicant provided a toxicological risk assessment for all identified extractables above this SCT; however, the results should have been used to guide leachables testing rather than to serve as a worst-case scenario for potential human exposure. Nevertheless, based on their risk assessment, the Applicant concluded that none of the 
	higher maximum potencies for systemic routes. Therefore, this reviewer agrees that the levels of these three compounds detected in the extraction study do not pose a safety 
	extractable levels identified were considered likely to pose any significant risk to human. Note that only three of these compounds, including , were above the potential TDI of 5 mcg/day. All three are listed in the FDA IID with 
	Also of note, there were several unknown or unidentified compounds detected in extraction studies with the container closure system (rubber stopper and vial) and 
	manufacturing contact materials with TDIs greater than 5 mcg/day (see reviewer’s summary table above). An adequate toxicological risk assessment was not provided for these compounds. The Applicant’s rationale to dismiss the unidentified compounds from container closure components and contact material as well as identified compounds (e.g., ) was based on not detecting these compounds in the aged product. The Sponsor did not consider them likely to be leachables in drug product on stability, and therefore did
	Figure

	2. Literature-Based Toxicological Evaluation of Aged Drug Product Leachables Screening Study of NCD Meloxicam IV Drug Product (028266-02-TOX) 
	) 
	\\cdsesub1\evsprod\nda210583\0006\m1\us\111-info-amend\attach-1-rpt028266-02-tox.pdf

	The other identified compounds (all from the semi-volatile GC/MS analysis) were excluded as potential leachables based on comparisons to placebo blank, or to controlled extraction study results for the rubber stoppers used in the container closure 
	exhaustive extractions of the container closure components (see reviewer’s summary table above). Rather, the Applicant argued that these compounds were derived from the API based on their structures. 
	concern. with 
	Of the 14 organic compounds identified in the aged drug product screening study above the AET (see table below), only were considered by the Applicant to be potential leachables since they were also detected in extraction studies. 
	system and the contact materials used during manufacturing. For example, despite detecting at levels above 5 mcg/day, none of these were considered leachables because they were not detected after 
	Figure
	To support the contention that several of the identified compounds in the aged drug product were derived from the API/drug formulation, the Applicant provided the following information: 
	Elan Drug Technology Memo: 
	Title: Tentative structural relationships of compounds listed in the findings of Protocol Number: Pl 1127.00, 
	Figure

	Project Number: 028226-01-01 
	Figure
	During a recent leachables extraction study performed by 
	for elan with respect to N1539 Injectable NCD, a number of compounds were identified in the extracts (Table 1). Of these ) were positively identified as extractables from the packaging material, but the other compounds in Table 1 were suspected to originate from the formulation. The question was raised whether their presence could be explained in relationship to one of the primary components in the formulation (Meloxicam, PVP Sodium Deoxycholate or sucrose). 
	compounds, two ( 
	Figure

	The following flow chart shows the structural relationships between Meloxicam and a number of related compounds found in the Table. Not all of these relationships are necessarily linked to degradation path ways. In other words, some of the arrows point to 
	, 
	This reviewer agrees that the four identified compounds from the aged product are likely related to the API based on structure and not from the container closure system. In addition, 
	Of note, there was an unknown compound detected in the aged product sample with a TDI of 
	Figure

	mcg/day (see reviewer’s summary table above). The Applicant dismissed this compound because a similar compound was not detected in exhaustive extraction studies. This is inadequate as the extraction studies do not always detect all compounds found in the drug product throughout its shelf-life. For example, some compounds detected in the drug product may represent leachables that have degraded further, and may warrant a toxicological risk assessment based on their TDIs. Contaminants have also been detected i
	2. Definitive leachable stability testing 
	Leachables testing was performed on three registration stability lots (360792-00001, 30002, & -30003) at various time points (0, 6, 12, 24, 36, and 54 months). The drug product samples were stored at 5°C (ambient temperature); 25°C and 60% relative humidity (RH); or 40°C and 75% RH. Note that the proposed storage temperature and expiry are 15 to 25°C and 48 months, respectively. 
	The detection limits (DLs) and practical quantitation limits (PQLs) for the Ieachables stability analysis were below 
	Figure
	Figure

	mcg/day using a safety concern threshold of mcg/day. 
	Only were chosen to be tested/monitored at multiple timepoints over the course of the drug product stability studies based primarily on the Applicant’s 
	justification that they were observed in both extraction studies and analyses of an aged drug product. 
	: 
	Results

	• was not identified at detectable levels for any time point or storage condition; the detection limit of 
	Figure
	Figure
	Figure

	mcg/mL corresponded to a TDI of .mcg/day.. 
	•. The only targeted leachables that was present at or above the quantifiable level was . The maximum estimated 
	Figure
	Figure
	Figure

	TDl was 
	TDl was 
	mcg/day. 

	Summary Table of Leachables: 
	The following information requests were communicated to the Applicant by the CMC team. The Applicant’s responses are included below: 
	IR: Regarding the Extractable/Leachable studies, how many batches of aged drug product were tested and what was the sample size of each batch? 
	•. Applicant’s response submitted March 5, 2018 (SDN 13) In the extractables/leachables study, 028226-01-01, which was included in the original NDA, one lot of aged product was analyzed to identify possible leachables. A total of three vials were used in the evaluation, one vial for each of the following tests: headspace GC/MS, GC/MS, and LC/UV/MS. Please note the primary purpose of the aged product analysis in study 028226-01-01 was to screen the aged product samples with different mass spectra based metho
	IR: There are several extractables above 5 mcg/day, that are considered to not be targets in drug product stability studies, because they are not seen in the aged drug product. We find the approach unacceptable. All extractable impurities should be reported and quantified. If identified as a leachable, then they should also be monitored during release and throughout stability. 
	•. Applicant’s response submitted January 26, 2018 (SDN 12) 
	•. Applicant’s response submitted January 26, 2018 (SDN 12) 
	All the extractables compounds, including those below 5 mcg/day and above 5 mcg/day, are evaluated with aged drug product to determine if they leach into the drug product and become leachables using the same GC/MS and LC/UV/MS method conditions as those used to detect them as extractables, only 
	Figure


	The following extractables from the container/closure system were found with amount above 5 mcg/day, e.g. /stopper or /glass vial: Unknown at min from GC/MS analysis, Unknown at min from GC/MS analysis, Unknown at min from LC/UV/MS analysis. 
	were identified as true leachables, other extractables compounds did not leach into the drug product and were not identified as leachables, therefore of those extractables, only was monitored as 
	Figure

	leachables throughout the stability study. Based on the information provided in the original NDA and supporting toxicological assessment summarized in Recro’s response to the 74-day filing letter (Sequence 0006 – Response to Comment #7), the maximum estimated TDI levels for the leachables observed in the three batches of drug product tested at multiple timepoints over the course of stability are below the PQRI SCT of mcg/day and are therefore considered to pose negligible risk to patients from carcinogenic 
	Figure

	for release and stability is no longer required. 
	Figure

	IR: Some compounds are seen in the aged drug product and are considered not related to leachables because they were not seen in the extractable studies. We find this approach unacceptable. There must be a good correlation between the extractable/leachable studies wherein all leachables are also noted as extractables. This resulted in only testing for leachables ( performed on registration stability lots (360792-00001, 
	-

	excluding the testing of other leachables found in aged products. 
	• Applicant’s response submitted January 26, 2018 (SDN 12) 
	The following compounds were detected in the aged drug product samples, and their sources were identified as follows based on the attached API degradation pathways (see Table 2) (Elan Memo - N1539 Leachables Structure Comparison) and the extractables profiles in 
	Figure

	Project 028226-01-01, most of them are identified as API related degradants, they are not leachables compounds, therefore they are not monitored by leachables methods during the stability studies. 
	30002, & -30003) as part of the container closure extractable/leachables evaluation, 
	Figure
	impurity methods, therefore a conservative approach was taken to include in the 
	1. is API related compound, not a true leachables compound, it was included in the  and it was not covered by other API related 
	leachables method because of its structural alert
	Figure
	Figure

	leachables method. Based on the information provided in the original NDA and supporting toxicological 
	assessment summarized in the 74-day filing letter (Sequence 0006 – Response to Comment #7) , the 
	Figure

	maximum estimated TDI levels for the 
	leachables observed in the three batches of drug product tested at multiple timepoints over the course of stability are below the PQRI SCT of 
	Figure

	/day 
	and are therefore considered to pose negligible risk to patients from carcinogenic or noncarcinogenic 
	toxic effects via the labeled specified route of administration. Thus, as indicated in the NDA, it was 
	Figure

	determined that testing for 
	determined that testing for 
	Figure

	for release and stability is no longer required. 
	Figure
	Figure


	2. were determined to be true leachables and was included in the leachables method as the target compound monitored over the stability studies. 
	was a degradant of 
	was a degradant of 
	was a degradant of 
	, 

	it was not included in the leachables method because there was no standard available to include it in 
	Figure


	the method; the GC/MS analysis performed in study 028226-01-01 was a suitable way to identify the 
	Figure
	Figure

	peak and provide an estimated leachables amount; the 
	peak and provide an estimated leachables amount; the 
	amount was calculated with 

	as the calibration standard in study 028226-01-01, and the amount is only 
	Figure

	μg/day, which is below the 
	μg/day, which is below the 
	Figure

	μg/day threshold. 

	3.. For the four unknown peaks in the table, it’s exact source is not clear; however, since no extractables peaks were detected from the extractions of stopper, glass vial and the manufacturing components at the same retention time as the four unknown peaks using the same LC/UV/MS conditions (see report 028226-01-01), the four unknown peaks are most likely not leachables from the stopper or glass vial or the manufacturing components. 
	Toxicological Risk Assessment 
	Figure
	Figure

	• The highest level of detected in extraction studies was mcg/stopper. is listed in the IID with max potencies of 
	Figure
	Figure

	% for the IV route and mg for the oral route. The TDI is 
	at the worst case level of mcg does not appear to pose a risk at the levels identified in the extraction studies with the Anjeso container closure system. 
	mcg based on the MRHD of the approved IV product, as such reliance on the IV product in the IID does not justify the safety. The TDI via the oral product is 
	Figure
	Figure
	Figure
	Figure

	mg. Assuming we add a conservative safety factor of 
	for oral to IV to account for differential bioavailability, the FDA approved product suggests that 
	for oral to IV to account for differential bioavailability, the FDA approved product suggests that 
	for oral to IV to account for differential bioavailability, the FDA approved product suggests that 
	Figure


	mg could result from use of the oral product, Therefore, 
	mg could result from use of the oral product, Therefore, 


	• The highest level of detected in extraction studies was mcg/stopper. is listed in the IID with max potencies of 
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure

	mg mcg) for the implantation route, mg for the oral route. If we add in a safety factor for oral to IV, the oral drug product could support up to 
	Figure

	mg/day. Therefore, 
	levels of 
	mcg/day does not appear to pose a risk at the levels identified in the extraction studies with the Anjeso container closure system. 
	• The highest potential exposure to based on the level detected in extraction studies is mcg/day. was tentatively identified in the placebo extract of pump element following 36 hour exposure. The report noted that although this compound is a typical column bleed, it is reported as an extractable because it was not detected in the control blank. Further support for designating an extractable was obtained from the GC/MS study, where this compound was also detected above the AET. The Applicant did not provide 
	mcg/day per ICH M7. This reviewer could not locate general toxicity information with this specific 
	Figure

	. The Applicant needs to monitor for this compound in 95 
	• 
	the definitive leachables study and justify its safety if detected at levels above 5 mcg/day. 
	: The highest level of detected in extraction studies was mcg/vial. is noted in the ICH Q3D guidance as an elemental impurity where a PDE has not been established due to inherent low toxicity. In addition is approved for IV injection with MRHD s. Therefore, does not appear to pose a risk at the levels identified in the extraction studies with the Anjeso container closure system. 
	• 
	system. 
	An adequate safety justification was not provided for the following compounds that were not identified. They should be identified and monitored in leachables studies if they exceed 5 mcg/day. 
	: The highest level of detected in extraction studies was mcg/stopper. is noted in the ICH Q3D guidance as an elemental impurity where a PDE has not been established due to inherent low toxicity. In addition, is approved Therefore, does not appear to pose a risk at the levels identified in the extraction studies with the Anjeso container closure 
	• 
	• 
	• 
	Unknown 

	• 
	• 
	Unknown 

	• 
	• 
	Unknown 

	• 
	• 
	Unknown 

	• 
	• 
	Unknown 

	• 
	• 
	Unknown 

	• 
	• 
	Unknown 
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	Reviewer’s conclusions regarding the extractables and leachables studies 
	Reviewer’s conclusions regarding the extractables and leachables studies 

	•. 
	•. 
	•. 
	This reviewer does not agree that the unknown compounds detected in extraction studies and aged drug product evaluation can be dismissed as not being potential leachables because they were not detected in both the extraction and aged product. A evaluation of an aged drug product using only one lot at one time point is not sufficient to provide any definitive conclusions in this regard since the leachables profile of a drug product on stability could be different at different time points during shelf-life. T

	•. 
	•. 
	The leachables stability testing was inadequate since it only targeted two compounds and did not monitor for all compounds detected in the extraction studies and aged drug product at over 5 mcg/day. 
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