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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, apply clinical edit or require prior authorization for use. 

	
	

	Dosage Forms & Manufacturer:
	Rapamune (sirolimus) 2mg tablets

Wyeth Laboratories, Philadelphia, PA  19101

	
	

	Summary of Findings:
	The Food and Drug Administration (FDA) recently approved Rapamune (sirolimus) 2mg tablet strength. This is an addition to the currently available 1mg tablet strength, which was approved in 1999. Rapamune (sirolimus) is an immunosuppressant agent indicated for the prophylaxis of organ rejection in patients receiving renal transplants. This new strength will allow physicians with more flexible dosage options and may help contribute to enhanced patient compliance. In addition, there is no extra cost burden since two-1mg tablets amount to the AWP of one-2mg tablet
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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 made available on an open access basis, apply clinical edit or require prior authorization for use.  While prescription expenditures are increasing at double-digit rates, payors are evaluating ways to control these costs by influencing prescriber behavior and guiding 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.

Introduction 1,2

On August 22, 2002, Rapamune (sirolimus) 2mg tablet strength was approved by the Food and Drug Administration (FDA), as an addition to the currently available 1mg tablet strength. Rapamune (sirolimus) is an immunosuppressant agent indicated for the prophylaxis of organ rejection in patients receiving renal transplants. It is recommended that Rapamune be used initially in a regimen with cyclosporine and corticosteroids. This new strength will allow physicians with more flexible dosage options and may help contribute to enhanced patient compliance.
Dosage Form(s) 3,4
Rapamune (sirolimus) Tablets are available as:

· 2mg, yellow to beige triangular-shaped tablets marked “RAPAMUNE 2 mg” on one side

Manufacturer 3,4
Wyeth Laboratories - Division of Wyeth-Ayerst Pharmaceuticals, Inc., Philadelphia, PA  19101
Indication(s) 3
Rapamune (sirolimus) is indicated for the prophylaxis of organ rejection in patients receiving renal transplants. It is recommend that Rapamune be used initially in a regimen with cyclosporine and corticosteriods. In patients at low to moderate immnological risk cyclosporine should be withdrawn 2 to 4 months after transplantation and Rapamune dose should be increased to reach recommended blood concentrations.

fa

The safety and efficacy of cyclosporine withdrawal in high-risk patients have not been adequately studied and it is therefore not recommended. This includes patients:

	· with Banff grade III acute rejection

· Vascular rejection prior to cyclosporine withdrawal

· who are dialysis dependent

· with a serum creatinine >4.5 mg/dL
	· who are black

· who are re-transplants

· who have multi-organ transplants

· with high panel of reactive antibodies


Clinical Efficacy 3
Mechanism of Action

Sirolimus inhibits T lymphocyte activation and proliferation that occurs in response to antigenic and cytokine (Interleukin [IL]-2, IL-4, and IL-15) stimulation by a mechanism that is distinct from that of other immunosuppressants. Siroliumus also inhibits antibody production. In cells, sirolimus binds to the immunophilin, FK Binding Protein-12 (FKBP-12), to generate an immunosuppressive complex. The complex has no effect on calcinerurin activity. This complex binds to and inhibits the activation of the mammalian Target Of Rapamycin (mTOR), a key regulatory kinase. This inhibition suppresses cytokine-driven T-cell proliferation, inhibiting the progression from the G1 to the S phase of the cell cycle.

Contraindications 3
Rapamune is contraindicated in patients with a hypersensitivity to sirolimus or its derivatives or any component of the drug product.

Warnings 3
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Oversuppression of the immune system can also increase susceptibility to infection including opportunistic infections, fatal infections, and sepsis.  

As usual for patients at increased risk for skin cancer, exposure to sunlight and UV light should be limited by wearing protective clothing and using a sunscreen with a high protection factor.

Increased serum cholesterol and triglycerides that may require treatment, occurred more frequently in patients treated with Rapamune compared with azathioprine or placebo controls.

Renal function should be closely monitored during the administration of Rapamune in combination with cyclosporine since long-term administration can be associated with deterioration of renal function. Appropriate adjustment of the immunosuppression regimen, including discontinuation of Rapamune and/or cyclosporine, should be considered in patients with elevated or increasing serum creatinine levels. Caution should be exercised when using other drugs, which are known to impair renal function. In patients at low to moderate immunological risk continuation of combination therapy with cyclosporine beyond 4 months following transplantation should only be considered when the benefits outweigh the risks of this combination for the individual patients.

In clinical trials, Rapamune has been administered concurrently with corticosteriods and with the following formulations of cyclosporine:

· Sandimmune Injection (cyclosporine injection)

· Sandimmune Oral Solution (cyclosporine oral solution)

· Sandimmune Soft Gelatin Capsules (cyclosporine capsules)

· Neoral Soft Gelatin Capsules (cyclospprine capsules [MODIFIED])

· Neoral Oral Soluition (cyclospprine oral soultion [MODIFIED])

The efficacy and safety of the use of Rapamune in combination with other immunosuppressive agents has not been determined.

Precautions 3
General

Rapamune is intended for oral administration only.

Lymphocyele, a known surgical complication of renal transplantation, occurred significantly more often in a dose-related fashion in patients treated with Rapamune. Appropriate post-operative measures should be considered to maximize this complication.

Lipids

The use of Rapamune (sirolimus) in renal transplant patients was associated with increased serum cholesterol and triglycerides that may require treatment.

Renal transplant patients have a higher prevalence of clinically significant hyperlipidemia. Accordingly, the risk/benefit should be carefully considered in patients with established hyperlipidemia before initiating an immunosuppressive regimen including Rapamune.

Any patient who is administered Rapamune should be monitored for hyperlipidemia using laboratory tests, and if hyperlipidemia is detected, subsequent interventions such as diet, exercise, and lipid-lowering agents, as outlines by the National Cholesterol Education Program guidelines, should be initiated.

During Rapamune therapy with cyclosporine, patients administered an HMG-CoA reductase inhibitor and/or fibrate should be monitored for the possible development of rhabdomyolysis and other adverse effects as described in the respective labeling for these agents.

Renal Function
Patients treated with cyclosporine and Rapamune were noted to have higher serum creatinine levels and lower glomerulas filtration rates compared with patients treated with cyclosporine and placebo or azathioprine controls.

In patients at low to moderate immunological risk, continuation of combination therapy with cyclosporine beyond four months following transplantation should only be considered when the benefits outweigh the risks of this combination for the individual patients.

Renal function should be monitored during the administration of Rapamune in combination with cyclosporine. Appropriate adjustment of the immunosuppresion regimen, including discontinuation of Rapamune and/or cyclosporine, should be considered in patients with elevated or increasing serum creatinine levels. Caution should be exercised when using agents (e.g., aminoglycosides, and amphotericin B) that are known to have a deleterious effect on renal function.

Antimicrobial Prophylaxis
Cases of Pneumocystis carinii pneumonia have been reported in patients not receiving antimicrobial prophylaxis. Therefore, antimicrobial prophylaxis for Pneumocystis carinii pneumonia should be administered for one year following transplantation.

Cytomegalovirus (CMV) prophylaxis is recommended for three months after transplantation, particularly for patients at increased risk for CMV disease.

Interstitial Lung Disease
Cases of interstitial lung disease (including pneumonitis, and infrequently bronchiolitis obliterans organizing pneuominia [BOOP] and pulmonary fibrosis), some fatal, with no identified infectious etiology have occurred in patients receiving immunosuppressive regimens including Rapamune. In some cases, the interstitial lung disease has resolved upon discontinuation or dose reduction of Rapamune.  The risk may be increased as the trough Rapamune concentration increases.

Adverse Effects 3
The following adverse events were reported with (3% and <20% incidence in patients in any Rapamune treatment group in the two controlled clinical trials for the prevention of acute rejection

	Body as a whole
	Abdomen enlarged, abscess, ascites, cellulites, chills, face edema, flu syndrome, generalized edema, hernia, herpes zoster infection, lymphocele, malaise, pelvic pain, peritonitis, sepsis

	Cardiovascular
	Atrial fibrillation, congestive heart failure, hemorrhage, hypervolemia, hypotension, palpitation, peripheral vascular disorder, postural hypotension, syncope, tachycardia, thrombophlebitis, thrombosis, vasodilation

	Digestive System
	Anorexia, dysphagia, eructation, esophagitis, flatulence, gastritis, gastroenteritis, gingivitis, gum hyperplasia, ileus, liver function tests abnormal, mouth ulceration, oral moniliasis, stomatitis

	Endocrine System
	Cushing’s syndrome, diabetes mellitus, glycosuria

	Hemic and Lymphatic System
	Ecchymosis, leukocytosis, lymphadenopathy, polycythemia, thrombotic thrombocytopenic purpura (hemolytic-uremic syndrome)

	Metabolic and Nutritional
	Acidosis, alkaline phosphatase increased, BUN increased, creatinine phosphokinase increased, dehydration, healing abnormal, hypercalcemia, hyponatremia, lactic dehydrogenase increased, AST/SGOT increased, ALT/SGPT increased

	Musculoskeletal System
	Arthrosis, bone necrosis, leg cramps, myalgia, osteoporosis, tetany

	Nervous System
	Anxiety, confusion, depression, dizziness, emotional liability, hypertonia, hypesthesia, hypotonia, insomnia, neuropathy, paresthesia, somnolence

	Respiratory System
	Asthma, atelectasis, bronchitis, cough increased, epistaxis, hypoxia, lung edema, pleural effusion, pneumonia, rhinitis, sinusitis

	Skin and Appendages
	Fungal dermatitis, hirsutism, pruritus, skin hypertrophy, skin ulcer, sweating

	Special Senses
	Abnormal vision, cataract, conjunctivits, deafness, ear pain, otitis media, tinnitus

	Urogenital System
	Albuminuria, bladder pain, dysuria, hematuria, hydronephrosis, impotence, kidney pain, kidney tubular necrosis, nocturia, oliguria, pyelonephritis, pyuria, scrotal edema, testis disorder, toxicnephropathy, urinary frequency, urinary incontinence, urinary retention


Drug Interactions 3
Sirolimus is known to be a substrate for both cytochrome CYP3A4 and P-glycoprotein. The pharmacokinetic interaction between sirolimus and concomitantly administered drugs is discussed below.

	Cyclosporine capsules [MODIFIED] – can increase mean Cmax and AUC 
	Because of the effect of cyclosporine capsules [MODIFIED], it is recommended that sirolimus should be taken four hours after administration of cyclosporine oral solution [MODIFIED] and/or cyclosporine capsules [MODIFIED]

	Diltiazem – increased Cmax, Tmax and AUC; Sirolimus did not affect the pharmacokinetics of diltiazem or its metabolites
	If dilitiazem is administered, sirolimus should be monitored and a dose adjustment may be necessary.

	Ketoconazole – significantly affected the rate and extent of absorption and sirolimus exposure
	It is recommended that sirolimus oral solution and oral tablets should not be administered with ketoconazole.

	Rifampin – greatly increased sirolimus oral-dose concentration, which represents mean decreases in AUC and Cmax.
	In patients where rifampin is indicated, alternative therapeutic agents with less enzyme induction potential should be considered.


Drugs which may be co-administered without dose adjustment

Clinically significant pharmacokinetic drug-drug interactions were not observed in studies of drugs listed below. Sirolimus may be coadministered without dose adjustments.

	· Acyclovir
	· Glyburide

	· Norgestrel/ethinyl estradiol 
	· Prednisolone

	· Digoxin
	· Nifedipine

	· Sulfamethoxazole/trimethoprim
	


Other drug interactions

Sirolimus is extensively metabolized by the CYP3A4 isoenzyme in the gut wall and liver. Therefore, drugs that affect this isoenzyme may influence absorption and the subsequent elimination of systemically absorbed sirolimus.

· Inhibitors of CYP3A4 may decrease the metabolism of sirolimus and increase sirolimus concentrations:

· Calcium channel blockers: nicardipine, verapamil

· Antifungal agents: clotrimazole, fluconazole, itraconazole

· Macrolide antibiotics: clarithromycin, erythromycin, troleandomycin

· Gastrointestinal prokinetic agents: cisapride, metoclopramide

· Other drugs: bromocriptine, cimetidine, danazol, HIV-protease inhibitors (e.g., ritonavir,indinavir)

· Inducers of CYP3A4 may increase the metabolism of sirolimus and decrease sirolimus concentrations:

· Anticonvusants: carbamazepine, Phenobarbital, phenytoin

· Antibiotics: rifabutin, rifapentine

Herbal Preparations

St. John’s Wort (hypericum perforatum) induces CYP3A4 and P-glycoprotien. Since sirolimus is a substrate for both CYP3A4 and P-glycoprotein, there is the potential that the use of St. John’s Wort in patients receiving Rapamune could result in reduced sirolimus concentrations.

Vaccination

Immunosuppressants may affect response to vaccination. Therefore, during treatment with Rapamune, vaccination may be less effective. The use of live vaccines should be avoided: live vaccines may include, but are not limited to measles, mumps, rubella, oral polio, BCG, yellow fever, varicella, and TY21a typhoid.

Dosage and Administration 3

It is recommended that Rapamune Oral Solution and Tablets be used initially in a regimen with cyclosporine and corticosteroids. Cyclosporine withdrawal is recommended 2 to 4 months after transplantation in patients at low to moderate immunological risk.

The safety and efficacy of cyclosporine withdrawal in high-risk patients have not been adequately studied and it is therefore not recommended.

Two-mg of oral Rapamune oral solution has been demonstrated to be clinically equivalent to 2-mg Rapamune oral tablets and hence, are interchangeable on a mg to mg basis. However, it is not known if higher doses or Rapamune oral solution are clinically equivalents to higher doses of tablets on a mg to mg basis.

Rapamune and cyclosporine combination therapy: The initial dose of Rapamune should be administered as soon as possible after transplantation. For de novo transplant recipients, a loading dose of Rapamune of 3 times the maintenance dose should be given. A daily maintenance dose of 2-mg is recommended for use in renal transplant patients, with a loading dose of 6 mg.  Although a daily maintenance dose of 5 mg, with a loading dose of 15 mg was used in clinical trials of the oral solution and was shown to be safe and effective, no efficacy advantage over the 2-mg dose could be established for renal transplant patients.  Patients receiving 2 mg of Rapamune oral solution per day demonstrated an overall better safety profile than did patient receiving 5mg of Rapamune oral solution per day.

Rapamune following cyclosporine withdrawal:  Initially, patients considered for cyclosporine withdrawal should be receiving Rapamune and cyclosporine combination therapy. At 2 to 4 months following transplantation, cyclosporine should be progressively discontinued over 4 to 8 weeks and the Rapamune dose should be adjusted to obtain whole blood trough concentrations within a range of 12 to 24 ng/mL (chromatographic method). Therapeutic drug monitoring should not be the sole basis for adjusting Rapamune therapy.  Careful attention should be made to clinical signs/symptoms, tissue biopsy, and laboaratory parameters.  Cyclosporine inhibits the metabolism and transport of sirolimus, and consequently, sirolimus concentrations will decrease when cyclosporine is discontinued unless the Rapamune dose is increased. The Rapamune dose will need to be approximately 4-fold higher to account for the absence of the pharmacokinetic interaction (approximately 2-fold increase) and the augmented immunosuppressive requirement in the absence of cyclosporine (approximately 2-fold increase).

Frequent Rapamune dose adjustments based on non-steady state sirolimus concentrations can lead to overdosing or underdosing because sirolimus has a long half-life. Once Rapamune maintenance dose is adjusted, patients should be retained on the new maintenance dose at least for7 to 14 days before further dosage adjustment with concentration monitoring. In most patients dose adjustments can be based on simple proportion: new Rapamune loading dose = 3 x (new maintenance dose – current maintenance dose). The maximum Rapamune dose administered on any day should not exceed 40mg. If an estimated daily dose exceeds 40 mg due to the addition of a loading dose, the loading dose should be administered over 2 days. Sirolimus trough concentrations should be monitored at least 3 to 4 days after a loading dose(s).

To minimize the variability of exposure to Rapamune, this drug should be taken consistently with or without food. Grapefruit juice reduces CYP 3A4-medicated metabolism of Rapamune and must not be administered with Rapamune or used for dilution.

It is recommended that sirolimus be taken 4 hours after administration of cyclosporine oral solution (MODIFIED) and/or cyclosporine capsules (MODIFIED).

Dosage Adjustments

The initial dosage in patients (13 years who weigh less than 40 kg should be adjusted, based on body surface area, to 1mg/m2/day. The loading dose should be 2 mg/m2.

It is recommended that the maintenance dose of Rapamune be reduced by approximately one third in patients with hepatic impairment. It is not necessary to modify the Rapamune loading dose. Dosage need not be adjusted because of impaired renal function.

Blood Concentration Monitoring 3
Whole blood trough concentrations of sirolimus should be monitored in patients receiving concentration-controlled Rapamune. Monitoring is also necessary in pediatric patients, in patients with hepatic impairment, during concurrent administration of strong CYP3A4 and/or p-glycoprotein inducers and inhibitors, and/or if cyclosporine dosage is markedly changed or discontinued.

Cost Comparions 5
	Product
	Dosage Form
	Strength
	Cost perTablet

	
	
	
	

	Rapamune (sirolimus)
	Tablet
	1mg
	$7.50

	Rapamune (sirolimus)
	Tablet
	2mg
	$15.00


Average Wholesale Price (AWP): Facts and Comparisons (Medi-Span), St. Louis, MO; April 2003. HFCA maximum allowable charge (MAC) is used for generic drugs when available.  Cost may vary depending on tablet strength combinations. 

Conclusion

The Food and Drug Administration (FDA) recently approved Rapamune (sirolimus) 2mg tablet strength. This is an addition to the currently available 1mg tablet strength, which was approved in 1999. Rapamune (sirolimus) is an immunosuppressant agent indicated for the prophylaxis of organ rejection in patients receiving renal transplants. It is recommended that Rapamune be used initially in a regimen with cyclosporine and corticosteroids. This new strength will allow physicians with more flexible dosage options and may help contribute to enhanced patient compliance. In addition, there is no extra cost burden since two-1mg tablets amount to the AWP of one-2mg tablet.
Recommendation(s)

It is recommended that Rapamune(  (sirolimus) 2mg tablets be removed from prior authorization approval status and classified as ‘open access’.
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Increased susceptibility to infection and the possible development of lymphoma may result from immunosuppression. Only physicians experienced in immunosuppressive therapy and management of renal transplant patients should use Rapamune. Patients receiving the drug should be managed in facilities equipped and staffed with adequate laboratory and supportive medical resources. The physician responsible for maintenance therapy should have complete information requisite for the follow-up of the patient.
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