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Executive Summary 

	Purpose:
	The purpose of this monograph is to provide a review of new therapy to determine whether the reviewed drug should be made available on an open access basis to prescribers, or require prior authorization for use. 

	
	

	
	

	Dosage Forms & Manufacturer:
	Levitra is available as an oral tablet in four strengths, 2.5 mg, 5 mg, 10 mg and 20 mg.

Manufactured and Marketed by: Bayer HealthCare, West Haven, CT 06516

Marketed by: GlaxoSmithKline, Research Triangle Park, NC 27709

	
	

	
	

	Summary of Findings:
	Both Levitra® and sildenafil inhibit PDE5, enhancing erectile function by increasing the amount of cGMP.  Levitra® is a more potent inhibitor of PDE5 than sildenafil, and has a more favorable selectivity ratio for PDEs, including PDE6, as compared to sildenafil.  There is a slight cost savings currently with Levitra.  Caverject is both more expensive and more difficult to use because the drug must be injected directly into the penis.
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Purpose

The purpose of this monograph is to provide a review of new therapy to determine whether the reviewed drug should be considered a prior authorization drug or not (open access). While prescription expenditures are increasing at double-digit rates, payors are evaluating ways to control these costs by influencing prescriber behavior and guide appropriate medication usage. This review will assist in the achievement of qualitative and economic goals related to health care resource utilization. Restricting the use of certain medications can reduce costs by requiring documentation of appropriate indications for use, and where appropriate, encourage the use of less expensive agents within a drug class.

Introduction1,2,3

Erectile dysfunction (ED) is one of the most common disorders in males over the age of 40.  Recent estimates indicate that up to 30 million men in the United States and over 150 million men worldwide may have complete or partial ED.  The worldwide number is expected to increase to over 322 million over the next 20 years, yet only 10% of US males seek medical help for their sexual problems.

Dosage Form(s)

Levitra is available as an oral tablet in four strengths, 2.5 mg, 5 mg, 10 mg and 20 mg.

Manufacturer
Manufactured and Marketed by: Bayer HealthCare, West Haven, CT 06516

Marketed by: GlaxoSmithKline, Research Triangle Park, NC 27709
Indication(s)4
Levitra® is indicated for the treatment of erectile dysfunction.
Clinical Efficacy5-9 (mechanism of action/pharmacology, comparative efficacy)
During sexual stimulation, penile blood flow is increased due to the relaxation of smooth muscles in the arteries of the corpus cavernosum.  The enlarged corpus cavernosum compresses its emissary veins and traps blood within its sinuses resulting in an erection.  This process begins when nitric oxide is released from the endothelium and nonadrenergic noncholinergic (NANC) nerves activating an enzyme (guanylate cyclase) that raises the intracellular concentration of cyclic guanosine monophosphate (cGMP).  Cyclic GMP closes the calcium channels reducing intracellular calcium concentrations and producing smooth muscle relaxation.  The tissue concentration of cGMP is regulated by both the rates of synthesis and degradation via phosphodiesterases.  The phosphodiesterase type 5 enzyme (PDE5) hydrolyzes cGMP to prevent permanent erection.  The penis returns to a flaccid state after sympathetic neurotransmitters produce arterial smooth muscle contraction.  The venous channels re-open and the blood trapped in the corpus cavernosum is released.  Penile erection can be potentiated by inhibiting the hydrolysis of cGMP by the PDE5 enzyme, increasing the levels of nitric oxide or increasing the levels of guanylate cyclase.  Levitra®, a selective inhibitor of PDE5, inhibits the enzymatic hydrolysis of cGMP.  This leads to increased levels of cGMP concentrations in the corpus cavernosum, resulting in smooth muscle relaxation and inflow of blood to the corpus cavernosum, thus potentiating the natural response to sexual stimulation.  PDE5 inhibitors have no effect in the absence of sexual stimulation.

Levitra® is rapidly absorbed after oral administration with an absolute bioavailability of 15%.  The maximum observed plasma concentrations (Cmax) after a single 20 mg dose in healthy volunteers are usually reached between 30 minutes and two hours (median 60 minutes) after oral dosing in the fasted state.  Both, Levitra® and its major metabolite (M1) are approximately 95% reversibly bound to plasma proteins.  Approximately 91-95% of Levitra® is metabolized and excreted in the feces, and 2-6% is eliminated unchanged in the urine.  Levitra® is metabolized predominantly by hepatic enzymes CYP3A4, with contribution from the CYP3A5 and CYP2C isoforms.  Elimination half-life is four to five hours. 

Both Levitra® and sildenafil inhibit PDE5, enhancing erectile function by increasing the amount of cGMP.  Levitra® is a more potent inhibitor of PDE5 than sildenafil, and has a more favorable selectivity ratio for PDEs, including PDE6, as compared to sildenafil.  Because sexual stimulation is required to initiate the local release of nitric oxide, the inhibition of PDE5 has little effect in the absence of sexual stimulation. 

Levitra was evaluated in four major double-blind, randomized, placebo-controlled, fixed-dose, parallel design, multicenter trials in 2431 men aged 20-83 (mean age 57 years; 78% White, 7% Black, 2% Asian, 3% Hispanic and 10% Other/unknown).  The doses of Levitra in these studies were 5 mg, 10 mg, and 20 mg.  Two of these trials were conducted in the general ED population and two in special ED populations (one in patients with diabetes mellitus and one in post-prostatectomy patients.  In all four fixed-dose efficacy trials, Levitra showed clinically meaningful and statistically significant improvement in the Erectile Function Domain, SEP2 (sexual encounter profile – vaginal penetration) and SEP3 (sexual encounter profile – ability to maintain an erection long enough for successful intercourse) scores compared to placebo.  Levitra (5 mg, 10 mg, and 20 mg) was effective in all categories (<45, 45 to <65, and ( 65 years) and was also effective regardless of race.

Warnings and Precautions4
Consistent with the effects of PDE5 inhibition on the nitric oxide/cyclic guanosine monophosphate pathway, PDE5 inhibitors may potentiate the hypotensive effects of nitrates, and therefore administration of Levitra® with nitrates (either regularly and/or intermittently) and nitric oxide donors is contraindicated.

Because the co-administration of alpha-blockers and Levitra® can produce hypotension, Levitra® is contraindicated in patients taking alpha-blockers.

Physicians should consider the cardiovascular status of their patients, since there is a degree of cardiac risk associated with sexual activity.  In men for whom sexual activity is not recommended because of their underlying cardiovascular status, any treatment for erectile dysfunction, including Levitra®, generally should not be used. 

Patients with left ventricular outflow obstruction, e.g., aortic stenosis and idiopathic hypertrophic subaortic stenosis, can be sensitive to the action of vasodilators including Type 5 phosphodiesterase inhibitors.

Levitra® has systemic vasodilatory properties that resulted in transient decreases in supine systolic/diastolic blood pressure in healthy volunteers (mean maximum decrease of 7/8 mmHg).  While this normally would be expected to be of little consequence in most patients, prior to prescribing Levitra®, physicians should carefully consider whether their patients with underlying cardiovascular disease could be affected adversely by such vasodilatory effects.

There have been rare reports of prolonged erections greater than 4 hours and priapism (painful erections greater than 6 hours in duration) for this class of compounds, including vardenafil.  In the event that an erection persists longer than 4 hours, the patient should seek immediate medical assistance.  If priapism is not treated immediately, penile tissue damage and permanent loss of potency may result.

In volunteers with moderate impairment (Child-Pugh B), the Cmax and AUC following a 10 mg Levitra® dose were increased 130% and 160%, respectively, compared to healthy control subjects.  Consequently, a starting dose of 5 mg is recommended for patients with moderate hepatic impairment and the maximum dose should not exceed 10 mg.  Levitra® has not been evaluated in patients with severe hepatic impairment (Child-Pugh C).

Treatment for erectile dysfunction should generally be used with caution in patients with anatomical deformation of the penis (such as angulation, cavernosal fibrosis or Peyronie’s disease) or in patients who have conditions that may predispose them to priapism (such as sickle cell anemia, multiple Myeloma or leukemia). 

The safety and efficacy of combinations of Levitra® with other treatments for erectile dysfunction have not been studied.  Therefore, the use of such combinations is not recommended.
Adverse Effects4,9
Treatment-Emergent Adverse Events Occurring in (2% of Patients Enrolled in Placebo Controlled Fixed and Flexible Dose Phase III Trials (More Frequent on Drug than Placebo)
	Adverse Event
	Levitra® (n=2203) %
	Placebo (n=1199) %

	Headache
	15
	4

	Flushing
	11
	1

	Rhinitis
	9
	3

	Dyspepsia
	4
	1

	Accidental Injury
	3
	2

	Sinusitis
	3
	1

	Flu Syndrome
	3
	2

	Dizziness
	2
	1

	( Creatine Kinase
	2
	1

	Nausea
	2
	1

	Back Pain
	2.0
	1.7


Drug Interactions4,10-22
Drug Interaction Profile
	Medications Studied
	Subjects
	Pharmacokinetic Results
	Pharmacodynamic Results

	Alcohol (0.5 g/kg body weight) 

Levitra® 20 mg
	Healthy, male volunteers.

Age: 26-42

N= 12
	· No alteration in the plasma levels of either Levitra® or alcohol
	· No potentiation of the hypotensive effects of alcohol.

· No clinically relevant increase in bleeding time.

	Alpha-blockers

Terazosin 10 mg daily

Tamsulosin 0.4 mg daily

Levitra® 10 mg and 20 mg
	Terazosin- Normotensive healthy, male volunteers.

Age: 45-74

N=30

Tamsulosin- Normotensive healthy, male volunteers.

Age: 46-72

N=30


	
	· Single dose of Levitra® 10 mg and 20 mg produced additional mean maximal reductions in supine systolic blood pressure in the range of 5-8 mmHg and in supine diastolic blood pressure in the range of 4-6 mmHg.

· When dosed to achieve simultaneous Cmax with both drugs, cases of symptomatic postural hypotension were reported.

· Based on these data, Levitra® is contraindicated in patients taking alpha-blocker therapy.

	Maalox 70 (600 mg magnesium hydroxide and 900 mg of aluminum oxide)- 10 mL

Levitra® 20 mg 
	Healthy, male volunteers.

Age 23-44

N=12
	· No alteration in the bioavailabilty of Levitra®
	

	Aspirin 162 mg 

Levitra® 10 mg

Aspirin 162 mg

Levitra® 20 mg

	Healthy, male volunteers.

Age: 18-36

N= 19

Healthy, male volunteers.

Age 18-44

N= 20
	
	· No clinically significant effect on bleeding time.

· No clinically significant effect on bleeding time.

	CYP3A4 inhibitors:

Erythromycin 500 mg TID

Levitra® 5 mg

Ketoconazole 200 mg QD

Levitra® 5 mg 

Indinavir 800 mg TID

Levitra® 10 mg
	Healthy, male volunteers

Age: 27-48

N = 12

Healthy, male volunteers

Age: 23-37

N = 12

Healthy, male volunteers

Age: 22-34

N= 18
	· Four-fold increase in AUC and 3-fold increase in Cmax of Levitra®.

· Do not exceed a maximum dose of 5 mg of Levitra® in a 24-hour period when used in combination with erythromycin.

· Ten-fold increase in AUC and a 4-fold increase in Cmax of Levitra®

· Do not exceed a maximum dose of 5 mg of Levitra® in combination with ketoconazole 200 mg daily or itraconazole 200 mg daily.  A single 2.5 mg dose should not be exceeded when used in combination with ketoconazole 400 mg daily or itraconazole 400 mg daily.

· Sixteen-fold increase in AUC and 7-fold increase in Cmax of Levitra® 

· Do not exceed a maximum dose of 2.5 mg daily of Levitra® in combination with indinavir.


	

	Ritonavir 600 mg BID

Levitra® 5 mg
	Healthy, male volunteers

Age: 29-52

N= 20
	· Thirteen-fold increase in Cmax and a 49-fold increase in AUC0-24 of Levitra®

· Do not exceed a maximum dose of 2.5 mg of Levitra® in combination with ritonavir. It is recommended not to exceed a single 2.5 mg dose in a 72-hour period.
	

	Cimetidine 400mg BID

Ranitidine 150 mg BID

Levitra® 20 mg
	Healthy, male volunteers

Age: 24-44

N = 12
	· No clinically significant effect on AUC, Cmax, Tmax  and T1/2 of Levitra®
	

	Glyburide 3.5 mg QD
Levitra® 20 mg
	Healthy, male volunteers

Age: 24-50

N= 11
	· No alteration in the bioavailability of Levitra® nor glyburide

· The T½ of glyburide was decreased, but with published normal limits.
	

	Digoxin 0.375 mg QD
Levitra® 20 mg
	Healthy, male volunteers.

Age: 23-43

N= 18
	· No clinically significant effect on steady-state pharmacokinetics of digoxin.
	

	Nifedipine SR 30-60 mg QD
Levitra® 20 mg
	Hypertensive, male subjects.

Age: 27-65

N= 22
	· AUC and Cmax were marginally decreased relative to nifedipine SR alone (93.7% vs 100%).

· No clinically significant effect on AUC and Cmax.

· Study was not powered to evaluate a pharmacokinetic interaction.
	· Additional supine systolic/diastolic blood pressure reductions of 6/5 mmHg compared to placebo.

	Nitroglycerin 0.4 mg SL one hour after Levitra® 10 mg

	Healthy, male volunteers.

Age: 40-65

N= 18
	
	· Blood pressure lowering effects of sublingual nitrates (0.4 mg) taken one hour after Levitra® 10 mg administration were not potentiated in healthy middle-aged, male subjects. 

· Administration of Levitra® with nitrates (either regularly and/or intermittently) and nitric oxide donors is contraindicated.

	Nitroglycerin 0.4 mg SL one hour and four hours after Levitra® 20 mg
	Healthy, male volunteers.

Age: 40-69

N= 18
	
	· Potentiation of the blood pressure lowering effects of the sublingual nitrates

· Administration of Levitra® with nitrates (either regularly and/or intermittently) and nitric oxide donors is contraindicated.

	Warfarin 25 mg

Levitra® 20 mg
	Healthy, male volunteers.

Age: 18-45

N= 24
	· No clinically significant effect on AUC, Cmax or T1/2.
	· No clinically significant effect on Factors II, VII, X or PT.


Dosage and Administration4
For most patients, the recommended starting dose of Levitra® is 10 mg, taken orally approximately 60 minutes before sexual activity.  The dose may be increased to a maximum recommended dose of 20 mg or decreased to 5 mg based on efficacy and side effects.  The maximum recommended dosing frequency is once per day. Levitra® can be taken with or without food.  Sexual stimulation is required for a response to treatment.

Geriatrics

A starting dose of 5 mg Levitra® should be considered in patients ( 65 years of age.

Hepatic Impairment: 

For patients with mild hepatic impairment (Child-Pugh A), no dose adjustment of Levitra® is required. Levitra® clearance is reduced in patients with moderate hepatic impairment (Child-Pugh B) supporting a starting dose of 5 mg .  The maximum dose in patients with moderate hepatic impairment should not exceed 10 mg.  Levitra® has not been evaluated in patients with severe hepatic impairment (Child-Pugh C).

Renal Impairment
In patients with mild (CLcr >50-80 ml/min), moderate (CLcr > 30-50 ml/min), or severe (CLcr <30 ml/min) renal impairment, no dose adjustment is required.  Levitra® has not been evaluated in patients on dialysis.

Concomitant Medications

The dosage of Levitra® may require adjustment in patients receiving certain CYP3A4 inhibitors (e.g., ketoconazole, itraconazole, ritonavir, indinavir, and erythromycin).  For ritonavir, a single dose of 2.5 mg Levitra® should not be exceeded in a 72-hour period.  For indinavir, ketoconazole 400 mg daily, and itraconazole 400 mg daily, a single dose of 2.5 mg Levitra® should not be exceeded in a 24-hour period.  For ketoconazole 200 mg daily, itraconazole 200 mg daily, and erythromycin, a single dose of 5 mg Levitra® should not be exceeded in a 24-hour period. 

Cost Comparison23 (at commonly used dosages)

	DRUG
	STRENGTH
	AWP COST

	Levitra
	2.5 mg, 5 mg, 10 mg & 25 mg per tab
	$9.63

	Viagra
	25 mg, 50 mg & 100 mg per tab
	$10.13

	Caverject
	10 mcg per injection
	$21.93

	Caverject
	20 mcg per injection
	$29.36

	Caverject
	40 mcg per injection
	$36.88


Conclusion

Both Levitra® and sildenafil inhibit PDE5, enhancing erectile function by increasing the amount of cGMP.  Levitra® is a more potent inhibitor of PDE5 than sildenafil, and has a more favorable selectivity ratio for PDEs, including PDE6, as compared to sildenafil.  There is a slight cost savings currently with Levitra.  Caverject is both more expensive and more difficult to use because the drug must be injected directly into the penis.

Recommendation

This category of drug (i.e., sildenafil) has been previously reviewed.  The division recommends that Levitra be given the same prior authorization status as sildenafil.  
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