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Disclaimer

Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 211210 are owned by TerSera or are data for which 
TerSera has obtained a written right of reference.
Any information or data necessary for approval of NDA 211210 that TerSera does not 
own or have a written right to reference constitutes one of the following: (1) published 
literature, or (2) a prior FDA finding of safety or effectiveness for a listed drug, as 
reflected in the drug’s approved labeling.  Any data or information described or 
referenced below from reviews or publicly available summaries of a previously approved 
application is for descriptive purposes only and is not relied upon for approval of NDA 
211210.  
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1 Executive Summary

1.1 Introduction
NDA 211210 was submitted by the Applicant, TerSera Therapeutics LLC, on December 
21, 2017 for marketing approval of TRADENAME Meloxicam Orally Disintegrating 
Tablet (ODT) as a 505(b)(2) application relying on the Agency’s previous determination 
of safety and efficacy of the listed drug Mobic® tablets (NDA 20938; Boehringer 
Ingelheim, approved on April 13, 2000), the scientific literature, and Applicant-
conducted studies (under IND 104140).  TRADENAME Meloxicam ODT contains 
meloxicam, a non-steroidal anti-inflammatory drug (NSAID), and the proposed 
indications include the relief of the signs and symptoms of osteoarthritis (OA), 
rheumatoid arthritis (RA), and pauci-articular or polyarticular course juvenile rheumatoid 
arthritis (JRA) in patients who weigh ≥60 kg, which are identical to the listed drug Mobic.  
TRADENAME Meloxicam ODT is a freeze dried orally administered formulation and is 
designed to rapidly disintegrate in the mouth.  TRADENAME Meloxicam ODT will be 
available as 7.5 mg and 15 mg tablets and will be administered as one tablet once daily, 
which is the identical to the listed drug Mobic.  

1.2 Brief Discussion of Nonclinical Findings
The TRADENAME Meloxicam ODT nonclinical program was based on the safety profile 
of Mobic and on the published pharmacology, PK, and toxicology literature.  There are 
no novel excipients in the drug product and no impurities or degradation products in the 
meloxicam drug substance and drug product that exceed ICH regulatory thresholds.  
Therefore, additional nonclinical studies were not required to support the safety of this 
drug product formulation.  From a pharmacology toxicology perspective, the NDA may 
be approved.

1.3 Recommendations  

1.3.1 Approvability
From a nonclinical pharmacology toxicology perspective, NDA 211210 may be 
approved with the recommended labeling revisions.

1.3.2 Additional Non-Clinical Recommendations
None

1.3.3 Labeling
Table below summarizes this reviewer’s comments on 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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Data
Animal Data
Meloxicam was not 
teratogenic when 
administered to pregnant 
rats during fetal 
organogenesis at oral doses 
up to 4 mg/kg/day (2.6-fold 
greater than the MRHD of 
15 mg of MOBIC 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 (78-fold 
greater than the MRHD 
based on BSA comparison). 
The no effect level was 20 
mg/kg/day (26-fold greater 
than the MRHD 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 (0.65and 6.5-
fold greater, respectively, 
than the MRHD 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 (0.08-
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greater than the MRHD of 
15 mg of QMIIZ ODT 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 (78-fold 
greater than the MRHD 
based on BSA comparison). 
The no effect level was 20 
mg/kg/day (26-fold greater 
than the MRHD 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 (0.65 and 6.5-
fold greater, respectively, 
than the MRHD 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 
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times MRHD based on BSA 
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greater than the MRHD of 
15 mg of TRADENAME 
Meloxicam ODT 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 (78-fold 
greater than the MRHD 
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The no effect level was 20 
mg/kg/day (26-fold greater 
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BSA conversion). 

In rats and rabbits, 
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oral meloxicam doses of 1 
mg/kg/day and 5 mg/kg/day, 
respectively (0.65 and 6.5-
fold greater, respectively, 
than the MRHD based on 
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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 (0.08-
times MRHD based on BSA 

This is consistent with 
MOBIC labeling.

As discussed above, this 
reviewer does not consider it 
appropriate to include this 
information in the 
TRADENAME Meloxicam 
ODT label at this time

Reference ID: 4324061

(b) (4)





NDA 211210 Meloxicam ODT                                  Reviewer: Armaghan Emami, PhD
  

8

withdrawal of NSAIDs, 
including MOBIC, in women 
who have difficulties 
conceiving or who are 
undergoing investigation of 
infertility.

withdrawal of NSAIDs, 
including QMIIZ ODT, in 
women who have difficulties 
conceiving or who are 
undergoing investigation of 
infertility.

ovulation. Consider 
withdrawal of NSAIDs, 
including TRADENAME 
Meloxicam ODT, 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].

Data Source:  Uzun et al. 
(2015)

12.1 Mechanism of Action

Meloxicam has analgesic, 
anti-inflammatory, and 
antipyretic properties.

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

Meloxicam is a potent 
inhibitor of prostaglandin 
s nthesis 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 
s nthesis, its mode of action 
may be due to a decrease of 
prostaglandins in peripheral 
tissues.

13.1 Carcinogenesis, 
Mutagenesis, Impairment 
of Fertility
Carcinogenesis 
There was no increase in 
tumor incidence in long-term 
carcinogenicity studies in 
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synthesis, its mode of action 
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This is consistent with 
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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 0.5-and 2.6-times, 
respectively, the maximum 
recommended human dose 
[MRHD] of 15 mg/day 
MOBIC based on body 
surface area [BSA] 
comparison).

Mutagenesis 
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.

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 
5.8- and 3.2-times greater,
respectively, than the MRHD 
based on BSA comparison).

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 0.5-and 2.6-times, 
respectively, the maximum 
recommended human dose 
[MRHD] of 15 mg/day QMIIZ 
ODT based on body surface 
area [BSA] comparison).

Mutagenesis 
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.

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 
5.8- and 3.2-times greater, 
respectively, than the MRHD 
based on BSA comparison).

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 0.5-and 2.6-times, 
respectively, the maximum 
recommended human dose 
[MRHD] of 15 mg/day 
TRADENAME Meloxicam 
ODT based on body surface 
area [BSA] comparison).

Mutagenesis 
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.

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 
5.8- and 3.2-times greater, 
respectively, than the MRHD 
based on BSA comparison).

In a published study, oral 
administration of 1 mg/kg 
(0.6x 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.

Data Source:  Uzun et al. 
(2015)

  

 A comprehensive literature search was conducted to supplement nonclinical 
information available in the Mobic Product Label.  The search period was 01 January 
2000 to 30 June 2017.

A total of 4 new nonclinical in vitro pharmacokinetic literature references and 12 new 
nonclinical toxicity references were identified as potentially relevant by the Applicant.   
For the pharmacokinetics references see Dr. Kwatra’s clinical pharmacy review.  

A review of the nonclinical toxicity published literature was provided.  Three published 
studies t included information about the toxicity of repeated doses of meloxicam in rats 
(Inal et al. 2014, Pehlivan et al. 2010, and Burukoglu et al. 2016).  Overall, these studies 
did not provide new data or information about new toxicities that impact the safety 
profile established for meloxicam.  Nine published studies assessed the effects of 
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meloxicam on reproductive parameters in male rats and in female rats, rabbits, and 
nonhuman primates (cynomolgus monkeys) (Uzun et al. 2015, Jaffal et al. 2006, 
Paksoy and Kirbas 2017, Salhab et al. 2001, Salhab et al. 2003, Hester et al. 2010, 
McCann et al. 2013).  Among these studies, the results of Uzun et al (2015) should be 
considered for inclusion in labeling (Section 8.3 and 13.1). for more detail see section 9 
of this review.  In addition, several published studies examined the effects of meloxicam 
on embryo-fetal development in mice, rats, and rabbits (Thaete et al. 2013, Cappon et 
al. 2003).  These studies report similar findings to what is already in the current labeling.  

2 Drug Information

2.1 Drug
CAS Registry Number: 71125-38-7

Generic Name: Meloxicam ODT

Code Name: Melox 00 (3526900)

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
Meloxicam was developed under IND 104140.  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 104140 Meloxicam Oral 7.5 and 15 mg 
tablest

Active 
12/20/2009

Relief of Signs and 
Symptoms of 
Osteoarthritis and 
Rheumatoid Arthritis

Reference ID: 4324061
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listed in the FDA Inactive Ingredient Database (IID) with a max potency of 260.85 
mg for the oral route.  Therefore, this excipient is covered for both local and 
systemic safety.

 Mannitol: The TDI is 9 mg based on the MRDD of Meloxicam ODT.  This 
excipient is listed in the FDA IID with a max potency of 1196 mg for the oral 
route.  Therefore, this excipient is covered for both local and systemic safety.

 Aspartame: The TDI is 1.05 mg based on the MRDD of Meloxicam ODT.  This 
excipient is listed in the FDA IID with a max potency of 450 mg for the oral route. 
Therefore, this excipient is covered for both local and systemic safety.

 Flavor Orange : The TDI is 1.5 mg based on the MRDD of 15 
mg of Meloxicam ODT.  This excipient is listed in the FDA IID with a max potency 
of up to 50 mg for the oral route.  However, the product with 50 mg orange flavor 
is approved for an acute indication.  There is another product approved for 
chronic oral use (seizure) with a TDI of 192 mg.  Therefore, this excipient is 
covered for both local and systemic safety for a chronic indication.

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.  

Drug Substance Impurities
The following impurities could potentially arise from the meloxicam manufacturing 
process used by  (DMF ).  The structures and chemical 
names are given in table below.

Reference ID: 4324061
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For a drug product with a maximum daily dose of 15 mg, the appropriate ICH Q3B(R2) 
qualification threshold is NMT %  whichever is lower.  Of the four 
potential related compounds in the meloxicam drug substance, 

 potential degradation 
product found in Meloxicam ODT drug product.  The proposed specifications for DP 
degradants are within the appropriate ICH Q3B(R2) qualification and identification 
thresholds.  Also, no potential degradation products have been found in the stability 
batches.

Residual Solvents
The NDA noted “There are no solvents used in the manufacturing process of Meloxicam 
Orally Disintegrating Tablets and therefore no further testing is required in the drug 
product specification.  This is acceptable.

Elemental impurities
No specifications were proposed for heavy metals.  The Applicant provided a risk 
assessment using the Option 2a approach in accordance with ICH Q3D document 
Elemental Impurities.  The Applicant provided the following rationale: 

Option 2a has been utilized to calculate common permitted concentration limits for the 
drug product components. Information on elemental impurities in the API and excipients 
provided by the suppliers has been reviewed against the option 2a calculated limits. All 
materials used in the manufacture of the Meloxicam products comply with the option 2a 
limits. The levels of elemental impurities in the Meloxicam products comply with the ICH 
Q3D requirements. No further assessment is required. 

We consulted the CMC review team, and the drug product and process reviewers 
concluded that the Applicant’s approach is acceptable.  Therefore, there are no 
additional concerns regarding elemental impurities from the nonclinical perspective.

2.6 Proposed Clinical Population and Dosing Regimen
The proposed indication for TRADENAME Meloxicam ODT is the relief of the signs and 
symptoms of osteoarthritis (OA), rheumatoid arthritis (RA), and pauci-articular or 
polyarticular course juvenile rheumatoid arthritis (JRA) in patients who weigh ≥ 60 kg. 
The to-be-marketed oral doses are 7.5 and 15 mg once daily, which are the same as 
the referenced drug, Mobic.

2.7 Regulatory Background
Initially the IND 104140 was submitted by Wilmington on December 20, 2009. Then was 
transferred to TerSera on December 23, 2016.  NDA 211210 was submitted on 
December 21, 2017 and the NDA was fileable from pharmacology/toxicology 
perspective with no comments for 74-day letter.

Reference ID: 4324061

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

(b) (4)



NDA 211210 Meloxicam ODT                                  Reviewer: Armaghan Emami, PhD
  

17

3 Studies Submitted
No new nonclinical studies were conducted with TRADENAME Meloxicam ODT and 
none were required. 

4 Pharmacology
No new nonclinical pharmacology studies were conducted or required.

5 Pharmacokinetics/ADME/Toxicokinetics
No new ADME or other pharmacokinetic drug interaction studies for Meloxicam ODT 
were conducted or required. 

6 General Toxicology  
No new toxicology studies were submitted with this NDA.  However, the Applicant 
provided a review of the published literature of 3 studies that included information about 
the toxicity of repeated doses of meloxicam in rats (Pahlivan et al., 2010, Inal et al., 
2014, Burukoglu et al., 2016).  According to the Applicant, overall, these studies did not 
provide new data or information about new toxicities that impact the safety profile 
established for meloxicam.  These studies are summarized below.  Tabulated summary 
of these studies was provided by the Sponsor (Appendix 1)

1. (Inal et al., 2014) Comparison of the effects of dexketoprofen trometamol, 
meloxicam and diclofenac sodium on fibular fracture healing, kidney and 
liver: an experimental rat model. 

In this study, male Sprague-Dawley rats were divided into 4 groups (N=7/group).  
Closed diaphyseal fractures were formed in the lest fibulas of all the rats.  The NSAIDs 
dexketoprofen trometamol (DEXT), meloxicam (MEL) and diclofenac sodium (DIC) were 
intramuscularly administered to Groups I, II, and III, respectively, for a period of 10 days 
after the fibular fractures were performed.  No agents were administered to Group IV 
(Control group).  The rats were sacrificed on Day 28. The histopathological findings 
were compared.
Group I:  DEXT, 0.98 mg/kg per half-day
Group II:  MEL, 0.2 mg/kg per day
Group III:  DIC; 1 mg/kg per day
Group IV:  Control (No injection)

Key findings: 
 DEXT and MEL impair the healing of bone fractures and that DIC does not 

histopathologically affect the healing process of bone fractures. 
 DEXT, MEL, and DIC impaired the renal histopathology compared with the 

control group. 

Reference ID: 4324061



NDA 211210 Meloxicam ODT                                  Reviewer: Armaghan Emami, PhD
  

18

 The liver histopathological analysis showed that DEXT and MEL caused a higher 
degree of parenchymal necrosis compared with DIC. 

Reviewer’s note:  Kidney and liver adverse effects are known class effects of NSAIDs 
and have been noted in the label.  However, impaired bone fracture healing has not 
been discussed in Mobic label.  There is extensive literature on the effects of NSAIDs 
as a class on wound healing and bone healing specifically (Marquez-Lara et al., 2016). 
Given the extensive clinical history of meloxicam, the clinical significance of these 
nonclinical changes is not clear.   

Reference ID: 4324061
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2.  (Pehlivan et al. 2010) Comparison of the effects of repeated dose 
treatments of lornoxicam and meloxicam on renal functions in rats. 

Male Sprague-Dawley rats (N=10/group) were administered either 0.9% NaCl, 5.8 
mg/kg meloxicam, 1.3 mg/kg lornoxicam by the intraperitoneal (IP) route for 14 
consecutive days.  On Day 14, rats were placed in metabolic cages and their urine was 
collected for 24 h.  After anesthesia was administered, blood samples were taken, 
followed by nephrectomy.  The study tested the hypothesis that preferential 
cyclooxygenase-2 inhibitors (e.g., meloxicam) have a higher renal safety profile when 
compared with the nonspecific cyclooxygenase inhibitors (e.g., lornoxicam).

Key findings:

 Meloxicam produced changes in the serum analysis and urine analyses 
indicative of renal changes.  However, with the exception of intra-tubular blood 
cell casts and interstitial congestion seen in 1 male that exhibited hematuria, no 
histopathologic changes were noted in the kidneys of these rats.

Reviewer’s note:  There were no significant adverse effects observed in this study.

   

3. (Burukoglu et al. 2016) Effects of nonsteroidal anti-inflammatory meloxicam 
on stomach, kidney, and liver of rats. 
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Burukoglu et al. assessed the toxicity of meloxicam in rats administered daily IP 
injections of 15 mg/kg/day meloxicam for 15 days.  Histopathologic changes were noted 
in the liver (mononuclear cell infiltration and pseudo-lobular formation), kidneys 
(glomerular stasis-related hypertrophy and focal interstitial nephritis), and stomach 
(atrophy and metaplasia in the surface and glandular epithelia) of meloxicam-treated 
rats. 

The Applicant claims that “although, the author attributes the histopathologic findings to 
hepatic and renal excretion of the drug, it should be noted that IP injection has a 
markedly high failure rate because there is no visual confirmation that the injection was 
correctly administered.  An incorrect IP administration into the peritoneal cavity can 
result in injury to intestine, urinary bladder, cecum, and other tissues in the cavity 
(Gaines Das and North, 2007).  Pathologic changes in the stomach and kidney are 
known toxicities of meloxicam.  No hepatic changes were seen in the carcinogenicity 
studies conducted in mice and rats or in the chronic toxicity studies conducted in rats 
and minipigs; therefore, hepatic changes seen in this study may be secondary to the 
route of administration.”

Reviewer’s note:  Kidney and liver adverse effects are known class effects of NSAIDs 
and has been noted in the label.

7 Genetic Toxicology
No new genetic toxicology studies were submitted or required with this NDA.  

8 Carcinogenicity
No new carcinogenicity studies were submitted or required with this NDA.  

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.  In 
addition, nine articles were submitted to this NDA (based on review search on using 
meloxicam during pregnancy and lactation) that reported potentially relevant 
developmental findings and these were evaluated further by this reviewer (see below). 
In addition, a tabulated summary of these studies was provided by the Sponsor (see 
Appendix 1).

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

In this study 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; 0.6x 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.    
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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.

Reference ID: 4324061



NDA 211210 Meloxicam ODT                                  Reviewer: Armaghan Emami, PhD
  

22

Reference ID: 4324061



NDA 211210 Meloxicam ODT                                  Reviewer: Armaghan Emami, PhD
  

23

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 (6x the MDD based on body surface area for TRADENAME 
Meloxicam ODT).  However, it should be noted that male rats are far more fertile than 
humans; therefore, the changes reported by Uzun 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 (Mazaud-Guittot et al., 
2013, Kristensen et al., 2016, Ben Maamar et al., 2017, Hay-Schmidt et al., 2017). 
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 meloxicam (0.6x the 
maximum human daily dose for TRADENAME Meloxicam ODT) 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: these data shows that the contraceptive effect is due to dose- and 
time-dependent inhibition of ovulation.  There is another publication, which is discussed 
below, by the same group that further assessed meloxicam-related effects on ovulation 
in the rabbits.  See Reviewer’s notes for this reviewer’s combined assessment.

3. (Salhab et al., 2003) Further investigation on meloxicam contraceptivity in 
female rabbits: luteinizing unruptured follicles, a microscopic evidence. 

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.  
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Reviewer’s note:  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 in Section 
8.3 Females and Males of Reproductive Potential.  The Mobic label reflects the current 
class labeling for NSAIDs as follows.  Similar language is appropriate for this drug 
product.

“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.” 

4. (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 supports 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.

5. (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
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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 
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 in Section 8.3 Females and Males of Reproductive Potential.  The Mobic 
label reflects the current class labeling for NSAIDs as follows.  Similar language is 
appropriate for this drug product.

“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.”

6. (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
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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. 
Specifically, no midline defects, diaphragmatic hernia, or ventricular septal 
defects were noted. 
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it necessary to describe the growth effects in the TRADENAME Meloxicam ODT 
labeling.

8. (Jaffal et al., 2006) Effects of meloxicam on implantation and parturition of 
rat.

To evaluate the effect of meloxicam on implantation, rats were dosed orally with 7.5 and 10 
mg/kg/day from Day 1 through 3 or from Day 3 through 5 of gestation, respectively.
While for the parturition effect, rats were dosed orally by the above doses from Day 20 
through 22 of gestation.

Key findings:

 The number of implantation sites was significantly decreased in all treated groups in 
a dose- and time-dependent manner.  Whereas the number of resorption sites was 
significantly increased in all meloxicam treated groups.

 Meloxicam significantly prolonged the duration time of delivery in a dose-dependent 
manner.

 Significantly less viable fetuses and pups were delivered per female treated with 
meloxicam.
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Reviewer’s note:  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” and “In animal studies, NSAIDs, including meloxicam, inhibit 
prostaglandin synthesis, cause delayed parturition, and increase the incidence of 
stillbirth.” in Section 8.1 Risk Summary.

9. (Paksoy and Kirbas, 2017) Evaluation of the contraceptive effects of 
carprofen, flunixin meglumine, and meloxicam in rats.

The objective of this study was to determine the suitability of meloxicam for use in 
emergency contraception.  A single dose of 2 mg/kg meloxicam was administered to 
rats on Gestation Day (GD) 3 (third day of mating).  The control group received saline.  
The rats were sacrificed on GD 7.  Luteal spots and implantation sites were recorded.  
Pre-implantation loss was calculated by subtracting the number of luteal spots from the 
number of implantation sites.

Key findings:  The mean number of luteal spots was similar between the control and 
meloxicam-treated dams; however, the mean number of implantation sites was 
decreased and only 37.5% of the females were pregnant compared to 100% of the 
control females.

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.

10 Special Toxicology Studies
No new carcinogenicity studies were submitted with this NDA.  

11 Integrated Summary and Safety Evaluation
See Executive Summary
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12 Appendix/Attachments
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