Meloxicam
(Mobic®)

Classification:
Non-steroidal anti-inflammatory (NSAID)

Pharmacology:1,2,3
Meloxicam is a NSAID drug that has anti-inflammatory, analgesic, and antipyretic activity by reversibly inhibiting cyclooxygenase-1 and 2 (COX-1 and 2) enzymes, which result in decreased formation of prostaglandin precursors.  Meloxicam may be slightly selective for COX-2, thus gastrointestinal (GI) toxicity may be decreased.

Other proposed mechanisms possibly contributing in the anti-inflammatory effect include inhibiting chemotaxis, altering lymphocyte activity, inhibiting neutrophil aggregation/activation, and decreasing proinflammatory cytokine levels.

Pharmacokinetics:1,2,3
Absorption:	Absolute bioavailability is 89%.  Food has no effect.
Distribution:	Approximately 99% protein bound; primarily bound to albumin.
Metabolism:	Hepatic via CYP2C9 (major) and CYP3A4 (minor); forms 4 inactive metabolites.
Excretion:	Fecal (1.6% unchanged) and renal (0.2% unchanged).  Not dialyzable.

Indication:1
Meloxicam is indicated for the treatment of osteoarthritis, rheumatoid arthritis, and juvenile idiopathic arthritis (JIA) in patients 2 years of age and older.

Dosage and Administration:1,2,3
	Indication
	Dose

	Osteoarthritis & 
Rheumatoid Arthritis
	· Initial: 7.5 mg PO once daily; may increase dose to 15 mg PO once daily
· Maximum daily dose: 15 mg/day

	Juvenile Idiopathic Arthritis
	· Children ≥2 years: 0.125 mg/kg/day
· Maximum daily dose: 7.5 mg/day

	Renal Impairment
	Severe (CrCl < 20 mL/min):  use not recommended

	Hemodialysis
	Maximum daily dose:  7.5 mg/day



Food and Drug Administration (FDA) Black Boxed Warning:1,2,3
· Cardiovascular events:  NSAIDs are associated with an increased risk of adverse cardiovascular thrombotic events, including myocardial infarction (MI) and stroke
· Coronary artery bypass graft surgery:  Use is contraindicated for treatment of perioperative pain in the setting of CABG surgery
· GI events:  NSAIDs may increase risk of GI irritation, inflammation, ulceration, bleeding, and perforation

Contraindications:1,2,3
· Known hypersensitivity to meloxicam or any excipient of the product.  There is a potential for cross sensitivity to acetylsalicylic acid and other NSAIDs.
· Perioperative pain in setting of coronary artery bypass graft (CABG) surgery
Warnings and Precautions:1,2,3
· Anemia may occur; monitoring recommended with long-term use of NSAIDs
· Aspirin triad (rhinitis with or without nasal polyps or severe potentially fatal bronchospasm after taking aspirin or NSAID); risk of anaphylactoid reaction; meloxicam use should be avoided
· Cardiovascular disease, known or risk factors for; increasing risk of serious cardiovascular thrombotic events, myocardial infarction, and stroke
· Coagulation disorder or anticoagulant use; monitoring recommended
· Concomitant use with aspirin and sodium polystyrene sulfonate (Kayexalate®) is not recommended
· Corticosteroid treatment; do not use meloxicam as corticosteroid substitute or for corticosteroid insufficiency
· Delayed ovulation (reversible) has been reported; female patients with difficulty conceiving or undergoing infertility investigation; use not recommended
· GI adverse events including ulceration, bleeding, perforation of stomach or intestines, may occur with long term use and can be fatal; may occur without warning; use caution in elderly
· Hepatic reactions, including jaundice and fatal fulminant hepatitis, liver necrosis, and hepatic failure have been reported
· Hypertension; risk of new or worsening symptoms
· Increased risk of severe bronchospasm in preexisting asthma
· Increased risk of renal injury with chronic use; considerable dehydration can occur
· Intestinal necrosis, possibly fatal, has occurred with concomitant use of sorbitol and sodium polystyrene sulfonate (Kayexalate®); oral suspension contains sorbitol
· Pregnancy category C; may cause premature closure of the ductus arteriosus; avoid in third trimester
· Skin reactions; potentially fatal adverse events including exfoliative dermatitis, Stevens-Johnson syndrome, and toxic epidermal necrolysis may occur
· Smoking or alcohol use; increased risk of potentially fatal GI bleeding, ulceration, or perforation that may occur without warning
· Use with caution in patients with heart failure; edema and fluid retention have been reported
· Use with caution in patients with a history of liver dysfunction; increased risk of renal toxicity and liver injury
· Use with caution in patients with renal impairment; increased risk of renal toxicity; monitoring recommended; use not recommended in severe renal disease

Interactions:1,2,3
· ACE Inhibitors: May enhance the adverse/toxic effect of NSAIDs; specifically the combination may result in a significant decrease in renal function.  NSAIDs may diminish the antihypertensive effect of ACE Inhibitors.
· Agents with Antiplatelet properties [e.g., P2Y12 inhibitors (clopidogrel, prasugrel, ticagrelor), NSAIDs, SSRIs, etc.]: NSAIDs may enhance the adverse/toxic effect of agents with antiplatelet properties.  An increased risk of bleeding may occur.  NSAIDs may diminish the cardioprotective effect of agents with antiplatelet properties.
· Aliskiren: NSAIDs may diminish the antihypertensive effect and may enhance the nephrotoxic effect of Aliskiren. Management: Monitor renal function periodically in patients receiving aliskiren and any NSAID.
· Aminoglycosides: NSAIDs may decrease the excretion of aminoglycosides in premature infants.
· Angiotensin II Receptor Blockers (ARBs): May enhance the adverse/toxic effect of NSAIDs; specifically the combination may result in a significant decrease in renal function. NSAIDs may diminish the therapeutic effect of ARBs. The combination of these two agents may also significantly decrease glomerular filtration and renal function.
· Anticoagulants: NSAIDs may enhance the effect of anticoagulants.
· Antidepressants (Tricyclic, Tertiary Amine): May enhance the antiplatelet effect of NSAIDs
· Beta-Blockers: NSAIDs may diminish the antihypertensive effect of Beta-Blockers. Exceptions: Levobunolol; Metipranolol.
· Bile Acid Sequestrants: May decrease the absorption of NSAIDs.
· Bisphosphonate Derivatives: NSAIDs may enhance the adverse/toxic effect of Bisphosphonate Derivatives. Both an increased risk of GI ulceration and nephrotoxicity are of concern.
· Calcium Polystyrene Sulfonate: Meloxicam may enhance the adverse/toxic effect of Calcium Polystyrene Sulfonate; more specifically, concomitant use of meloxicam oral suspension (which contains sorbitol) may increase the risk for intestinal necrosis.
· Collagenase (Systemic): Agents with antiplatelet properties may enhance the adverse/toxic effect of systemic collagenase; the risk of injection site bruising and/or bleeding may increase.
· Corticosteroids (Systemic): May enhance the adverse/toxic effect of nonselective NSAIDs.
· Cyclosporine (Systemic): NSAIDs may enhance the nephrotoxic effect and increase serum concentrations of systemic cyclosporine.  Systemic cyclosporine may increase the serum concentration of NSAIDs.  Management: Consider alternatives to NSAIDs. Monitor for evidence of nephrotoxicity, as well as increased serum cyclosporine concentrations and systemic effects (e.g., hypertension) during concomitant therapy with NSAIDs.
· Dasatinib: May enhance the anticoagulant effect of agents with antiplatelet properties.
· Deferasirox: NSAIDs may enhance the adverse/toxic effect of deferasirox; specifically, the risk for GI ulceration/irritation or GI bleeding may be increased.
· Desmopressin: NSAIDs may enhance the adverse/toxic effect of desmopressin.
· Digoxin: NSAIDs may increase the serum concentration of digoxin.
· Drotrecogin Alfa (Activated): Agents with antiplatelet properties may enhance the adverse/toxic effect of drotrecogin alfa (activated). Bleeding may occur. Management: When possible, avoid use of drotrecogin within 7 days of use of any IIb/IIIa antagonists, higher dose aspirin (more than 650 mg/day), or use of other antiplatelet agents.
· Eplerenone: NSAIDs may diminish the antihypertensive effect of eplerenone. NSAIDs may enhance the hyperkalemic effect of Eplerenone.
· Ethanol: Avoid ethanol; may enhance gastric mucosal irritation.
· Floctafenine: May enhance the adverse/toxic effect of NSAIDs.
· Haloperidol: NSAIDs may enhance the adverse/toxic effect of haloperidol. Specifically including drowsiness and confusion.
· Herbs (Anticoagulant/Antiplatelet properties) (eg, Alfalfa, Anise, Bilberry): May enhance the adverse/toxic effect of NSAIDs and agents with antiplatelet properties. Bleeding may occur. Management: Concomitant treatment with these agents should generally be avoided. If used concomitantly, increased diligence in monitoring for adverse effects (eg, bleeding, bruising, and altered mental status due to CNS bleeds) must be employed.
· Herb/Nutraceutical: Avoid alfalfa, anise, bilberry, bladderwrack, bromelain, cat's claw, celery, chamomile, coleus, cordyceps, dong quai, evening primrose, fenugreek, feverfew, garlic, ginger, ginkgo biloba, ginseng (American, Panax, Siberian), glucosamine, grapeseed, green tea, guggul, horse chestnut seed, horseradish, licorice, prickly ash, red clover, reishi, SAMe (S-adenosylmethionine), sweet clover, turmeric, white willow (all have additional antiplatelet activity).
· Hydralazine: NSAIDs may diminish the antihypertensive effect of hydralazine.
· Ibritumomab: Agents with antiplatelet properties may enhance the adverse/toxic effect of Ibritumomab. Both agents may contribute to impaired platelet function and an increased risk of bleeding.
· Ketorolac (Nasal & Systemic): May enhance the adverse/toxic effect of NSAIDs.
· Lithium: NSAIDs may increase the serum concentration of Lithium.
· Loop Diuretics: NSAIDs may diminish the diuretic effect of Loop Diuretics. Management: Monitor for decreased therapeutic effects of loop diuretics with concurrent use of an NSAID. Consider avoiding concomitant use of these agents in CHF or cirrhosis with ascites.
· Methotrexate: NSAIDs may increase the serum concentration of methotrexate.
· Multivitamins/Fluoride (with ADE): May enhance the antiplatelet effect of agents with antiplatelet properties.
· NSAIDs: May enhance the adverse/toxic effect of other NSAIDs and COX-2 Inhibitors.
· Omacetaxine: NSAIDs may enhance the adverse/toxic effect of omacetaxine. Specifically, the risk for bleeding-related events may be increased. Management: Avoid concurrent use of NSAIDs with omacetaxine in patients with a platelet count of less than 50,000/uL.
· Omega-3 Fatty Acids: May enhance the antiplatelet effect of agents with antiplatelet properties.
· Pemetrexed: Nonselective NSAIDs may increase the serum concentration of pemetrexed. Management: Patients with mild-to-moderate renal insufficiency (estimated CrCl 45-79 mL/min) should avoid NSAIDs for 2-5 days prior to, the day of, and 2 days after pemetrexed.
· Pentosan Polysulfate Sodium: May enhance the adverse/toxic effect of agents with antiplatelet properties. Specifically, the risk of bleeding may be increased by concurrent use of these agents.
· Pentoxifylline: May enhance the antiplatelet effect of agents with antiplatelet properties.
· Porfimer: Photosensitizing agents may enhance the photosensitizing effect of Porfimer.
· Potassium-Sparing Diuretics: NSAIDs may diminish the antihypertensive effect of potassium-sparing diuretics. NSAIDs may enhance the hyperkalemic effect of potassium-sparing diuretics.
· Pralatrexate: NSAIDs may increase the serum concentration of pralatrexate. More specifically, NSAIDS may decrease the renal excretion of pralatrexate. Management: Closely monitor for increased pralatrexate serum levels and/or toxicity if used concomitantly with an NSAID. Monitor for decreased pralatrexate serum levels with NSAID discontinuation.
· Probenecid: May increase the serum concentration of NSAIDs.
· Prostacyclin Analogues: May enhance the antiplatelet effect of agents with antiplatelet properties.
· Prostaglandins (Ophthalmic): NSAIDs may enhance or diminish the therapeutic effects of ophthalmic prostaglandins.
· Quinolone Antibiotics: NSAIDs may increase the serum concentration and enhance the neuroexcitatory and/or seizure-potentiating effect of quinolone antibiotics.
· Rivaroxaban: Agents with antiplatelet properties may enhance the anticoagulant effect of rivaroxaban. Management: Avoid concurrent use of rivaroxaban with other antiplatelet agents whenever possible.
· Salicylates: Nonselective NSAIDs may enhance the adverse/toxic effect of salicylates. An increased risk of bleeding may be associated with use of this combination. Nonselective NSAIDs may diminish the cardioprotective effect of salicylates. Salicylates may decrease the serum concentration of nonselective NSAIDs. Exceptions: Choline Magnesium Trisalicylate.


· Selective Serotonin Reuptake Inhibitors (SSRIs): May enhance the antiplatelet effect of NSAIDs. NSAIDs may diminish the therapeutic effect of SSRIs. Management: Consider using alternative analgesics, when appropriate, and/or addition of a gastroprotective agent. Monitor patients closely for signs/symptoms of bleeding, and for evidence of diminished SSRI effectiveness with concurrent use.
· Serotonin/Norepinephrine Reuptake Inhibitors (SNRIs): May enhance the antiplatelet effect of NSAIDs.
· Sodium Phosphates: May enhance the nephrotoxic effect of NSAIDs; specifically, the risk of acute phosphate nephropathy may be enhanced. Management: Consider avoiding this combination by temporarily suspending treatment with NSAIDs, or seeking alternatives to oral sodium phosphate bowel preparation. If the combination cannot be avoided, maintain adequate hydration and monitor renal function closely.
· Sodium Polystyrene Sulfonate: Meloxicam may enhance the adverse/toxic effect of sodium polystyrene sulfonate; more specifically, concomitant use of meloxicam oral suspension (which contains sorbitol) may increase the risk for intestinal necrosis.
· Thiazide Diuretics: NSAIDs may diminish the therapeutic effect of thiazide diuretics.
· Thrombolytic Agents: NSAIDs may enhance the adverse/toxic effect of thrombolytic agents. An increased risk of bleeding may occur.
· Tipranavir: May enhance the antiplatelet effect of agents with antiplatelet properties.
· Tositumomab and Iodine I 131 Tositumomab: Agents with antiplatelet properties may enhance the adverse/toxic effect of tositumomab and iodine I 131 tositumomab. Risk of bleeding-related adverse events may be increased.
· Treprostinil: May enhance the adverse/toxic effect of NSAIDs. Bleeding may occur.
· Vancomycin: NSAIDs may increase the serum concentration of vancomycin.
· Vitamin K Antagonists (eg, warfarin): NSAIDs may enhance the anticoagulant effect of vitamin K antagonists.
· Voriconazole: May increase the serum concentration of meloxicam.

Adverse Reactions:1,2,3
Common adverse effects (2% to 10%) include:
· Cardiovascular: Edema (≤5%) 
· Central nervous system: Headache (2% to 8%), dizziness (≤4%), insomnia (≤4%) 
· Dermatologic: Pruritus (≤2%), rash (≤3%) 
· GI: Dyspepsia (4% to 10%), diarrhea (2% to 8%), nausea (2% to 7%), abdominal pain (2% to 5%), constipation (≤3%), flatulence (≤3%), vomiting (≤3%)
· Genitourinary: Urinary tract infection (≤7%), micturition (≤2%)
· Hematologic: Anemia (≤4%) 
· Neuromuscular & skeletal: Arthralgia (≤5%), back pain (≤3%)
· Respiratory: Upper respiratory infection (≤8%), cough (≤2%), pharyngitis (≤3%) 
· Miscellaneous: Flu-like syndrome (2% to 6%), falls (≤3%) 



Relative Cost Index* Comparison of NSAIDs:4
	Generic
	Brand
	Strength (mg)
	Price Per Dose

	Ibuprofen
	Motrin®
	200
	0.03 ud

	
	
	400, 600
	0.04 ud

	
	
	800
	0.05 ud

	Meloxicam
	Mobic®
	7.5
	0.11 ud

	
	
	15
	0.14 ud

	Nabumetone
	Relafen® (Reserve Use)
	500
	1.15 ud

	
	
	750
	1.35 ud

	Naproxen
	Naprosyn®
	220, 250, 375
	0.06 bulk

	
	
	275
	0.23 ud / 0.05 bulk

	
	
	500
	0.27 ud / 0.05  bulk

	
	
	550
	0.26 ud / 0.07 bulk

	
	
	550 CR
	0.11 bulk

	Sulindac
	Clinoril®
	150
	0.12 bulk

	
	
	200
	0.34 ud / 0.18 bulk


*DSHS Drug Formulary 2013; CR = controlled release; ud = unit dose

Monitoring Parameters:1,2,3
· Blood pressure, complete blood cell count (CBC), complete metabolic panel (CMP), liver function tests (LFTs), serum creatinine (SCr), blood urea nitrogen (BUN), stool guaiac
· Improved range of motion, decreased morning stiffness and painful/swollen joints
· Signs/symptoms of GI ulcers/ bleeding, cardiovascular adverse events, serious skin reactions, and anaphylactoid reactions

Product Identification:
	Dose
	Formulation
	Color
	Shape
	Imprint
	Package Size
	NDC

	Meloxicam 7.5 mg
	Oral tablet
	Light yellow
	Round
	M 66
	100 count
	51079-0457-01

	Meloxicam 15 mg
	Oral tablet
	Light yellow
	Round
	M 89
	100 count
	51079-0459-20



Efficacy:5
Meloxicam, a partially selective NSAID, was associated with similar pain reduction relative to nonselective NSAIDs.  In multiple double-blinded studies comparing meloxicam 7.5 mg and 15 mg to other NSAIDs, there were generally no differences in efficacy.

A multicenter, double-blind, randomized trial by Hosie et al. compared the efficacy and safety of meloxicam with diclofenac for the treatment of osteoarthritis of the hip and knee.6  Three hundred and thirty-six patients were treated with meloxicam 7.5 mg or diclofenac 100 mg daily for 6 months.  Results showed no significant differences between the treatment groups with respect to overall pain, pain on movement, and global efficacy or quality of life at the end of treatment.  The median dose of concomitant paracetamol use was significantly lower in the meloxicam group than the diclofenac group (185 vs. 245 mg/day; p < 0.0123).  Both drugs were well tolerated, and severe adverse events, treatment withdrawal and clinically significant laboratory abnormalities were more common with diclofenac than with meloxicam.6

A double-blind, randomized trial conducted by Goei Thè et al. compared meloxicam 15 mg with diclofenac 100 mg in the treatment of osteoarthritis of the knee.7  Two hundred and fifty-eight patients were included in the trial.  Efficacy results showed a trend in favor of meloxicam regarding pain and movement, global efficacy and paracetamol consumption, although differences were not statistically significant.  GI adverse effects occurred in both groups, however, there was a higher incidence (26 vs. 16%) of GI adverse events in the diclofenac group compared to meloxicam group.7

Wojtulewski et al. conducted a six-month double-blind parallel-group trial comparing the efficacy and safety of meloxicam 7.5 mg and naproxen 750 mg daily in patients with rheumatoid arthritis.8  Results indicated there was no significant difference between treatment groups regarding global efficacy assessed by the patient and investigator and number of painful/tender joints.  Meloxicam was better tolerated in the GI tract, with fewer GI adverse effects in the meloxicam group (30.3%) than in the naproxen group (44.7%).  Two patients developed ulcers while taking naproxen, while meloxicam patients had no ulcers develop.  Significantly more patients discontinued naproxen due to GI adverse events compared to meloxicam.  There was a significant decrease in hemoglobin, and increase in serum creatinine and urea in patients taking naproxen versus meloxicam.8

Valat et al. compared the efficacy and tolerability of meloxicam and diclofenac in the treatment of patients with osteoarthritis of the lumbar spine in 229 patients.9  Meloxicam 7.5 mg daily and diclofenac 100 mg daily were assessed for efficacy and tolerability after 3, 7, and 14 days of treatment.  Results showed both drugs had equal short-term efficacy, with pain on motion significantly decreased at day 3. (p < 0.05)  Meloxicam was better tolerated compared to diclofenac, as assessed by the investigators (p = 0.0079) and the patients (p = 0.049).9

Safety:5
Meloxicam was not associated with any clear safety advantages relative to nonselective NSAIDs.

Gastrointestinal Side Effects
The majority of meloxicam safety studies are short-term RCTs that focused on rates of perforation, symptomatic ulcer, or bleeding.  Results did not generally suggest that meloxicam was associated with lower rates of ulcer complications than other nonselective NSAIDs.

One meta-analysis looked at RCT or controlled trials comparing time dependent risk of GI complications induced by NSAIDs.10  Meloxicam at doses of 3.75, 7.5, 15, and 22.5 mg were not associated with lower rates or time to onset of GI complications compared to other nonselective NSAIDs, with maximum risk at 50 days.  Meloxicam was associated with lower rates of GI complications compared to indomethacin, which had a maximum relative risk for complication at 14 days.10

Hepatotoxicity Effects
A systemic review of sixty-seven RCT looked at the incidence of NSAID induced hepatic toxicity.11  Meloxicam was not associated with an increased risk of hepatotoxicity relative to placebo.  Diclofenac (3.55%; CI 3.12-4.03) and rofecoxib (1.80%; CI 0.17-0.51) had higher rates of aminotransferase >3 x upper limit of normal than placebo and the other NSAIDs including meloxicam (all ≤ 0.43%).11

Cardiovascular Effects
In a population-based, retrospective cohort study assessed the influence of various NSAIDs, including meloxicam, on the risk for a first myocardial infarction (MI).12  Limited evidence from two observational studies suggests that meloxicam was not associated with increased risk of MI relative to nonuse after 2.4 years.


FDA Black Boxed Warning13,14
In April 2005, the FDA asked the manufacturers of all marked prescription NSAIDs (nonselective and COX-2 selective), to revise the labeling for all products to include a black boxed warning.  The black box warning states that NSAIDs may cause an increased risk of potentially fatal cardiovascular thrombotic events, myocardial infarction, and stroke.  All NSAIDs may have a similar risk, which increases with longer duration of use.  Patients with cardiovascular disease or cardiovascular risk factors may be at greater risk.  All NSAIDs are contraindicated for the treatment of peri-operative pain in the setting of CABG surgery.  NSAIDs cause an increased risk of potentially fatal bleeding, ulceration, and perforation of the stomach or intestines, occurring at any time during use and without warning.  Elderly patients are at greater risk for serious GI events.

Short-term use of meloxicam is generally safe in patients who are well hydrated; who have good renal function; and who do not have heart failure, hypertension or diabetes.  Long-term use and high daily doses of meloxicam should be avoided if possible.  Patients at high risk of NSAID-induced kidney disease should receive SCr measurements every 2 to 4 weeks for several weeks after initiation of therapy because renal insufficiency may occur early in the course of therapy.

Conclusions:
Meloxicam has been shown to be effective at reducing pain in rheumatoid and osteoarthritis in both short-term and long-term settings, with comparable efficacy to the other NSAIDs available.  Meloxicam has comparable incidence of GI adverse events; however, was not associated with increased hepatotoxicity or cardiovascular risks compared to other NSAIDS.  Finally, meloxicam is cost-effective compared to the NSAIDs currently on formulary.

Recommendation: 
Consider adding meloxicam 7.5 mg and 15 mg tablets to formulary.
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