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Introduction1-6
The enzyme replacement therapy product alglucosidase alfa (Lumizyme®) was approved by the FDA on May 25, 2010 for treatment of Pompe disease. This medication was approved for use in patient’s ≥ 8 years old without cardiac hypertrophy suffering from late-onset Pompe disease.1
Pompe disease, also referred to as glycogen-storage disease type II or acid-maltase deficiency, is an autosomal recessive disease causing a deficiency in the lysosomal enzyme acid alpha-glucosidase (GAA). Loss of function of GAA leads to glycogen-loaded vacuole accumulation in muscle fibers, and eventually fuses to larger structures that interfere with muscle fiber function. This results in muscle atrophy and decreased muscle function. The specific muscles affected vary based on age of symptom onset. Infantile-onset disease has increased cardiac involvement leading to poor prognosis (mean survival of 6 to 8.7 months), while late-onset involves primarily skeletal muscle. Late-onset disease is related to greater preserved function of GAA activity, and symptoms include difficulty walking or rising from a chair, fatigue, muscle cramps and difficulty breathing.2 The literature reports a median age of onset of symptoms for infantile disease of two months. Late-onset disease may present at any age, ranging from 0 to 62 years, with a reported mean age of 28 years. Generally, the demarcation between infantile and adult-onset is symptom presentation by one year of age.3 The incidence of Pompe disease is reported in the literature as 1 in 138,000 for infantile disease and 1 in 57,000 for late-onset disease.4
Recombinant alglucosidase alfa is an enzyme replacement therapy which provides an exogenous source of acid alpha-glucosidase, the enzyme responsible for lysosomal glycogen breakdown. GAA enters the cell after binding to the mannose-6-phosphate receptors on the membrane surface, and is then transported into lysosomes. Proteolytic cleavage of the enzyme inside the lysosome increases the glycogen cleaving activity of GAA.1 
Genzyme Corporation produces two versions of alglucosidase alfa which have different indications and manufacturing processes. Myozyme® is the formulation of alglucosidase alfa that is approved for infantile Pompe disease, and is available nonformulary in the VA. Lumizyme® is approved for use in children and adults > 8 years old. The manufacturing process differs between the two versions, leading to different attributes of the products. In clinical trials of Pompe disease both formulations have been tested in adult patients,5,6 but only Lumizyme® is currently FDA approved for use in adults.1
Pharmacokinetics

The pharmacokinetics of alglucosidase alfa were determined in a study of 32 patients with Pompe disease. The kinetic parameters determined after 52 weeks of therapy were: area under the curve (AUC) of 2700 mcg*hr/mL, maximum concentration (Cmax) of 372 mcg/mL, and clearance of 601 mL/hr at steady state. Clearance rates were observed to be higher in patients who developed antibodies to alglucosidase alfa. In addition, the half-life of alglucosidase alfa was determined to be bi-phasic with the first phase being 2.4 hours. The second phase remains undetermined due to inadequate length of time for sample collection. 
Summary of Clinical Trial Data5
The pivotal trial for alglucosidase alfa was a 78 week, randomized, double-blind, placebo-controlled, multicenter trial (U.S. and Europe) with patients ranging in age from 10 to 70 years (mean age: treatment 45.3 ± 12.4; placebo 42.6 ± 11.6). Patients with late-onset Pompe disease with the following inclusion criteria: ability to walk 40 meters on the 6-minute walk test; percent predicted forced vital capacity (FVC) of 30% to < 80% in the upright position with a drop in FVC of > 10% from upright to the supine position; and bilateral knee extension < 80% of predicted performance as a measurement of lower extremity muscle weakness using the quantitative muscle test (QMT); were randomized in a 2:1 fashion to receive alglucosidase alfa 20 mg/kg body weight (n=60) or placebo (n=30) biweekly. The co-primary endpoints of the study were meters walked on the 6-minute walk test and percent predicted FVC in the upright position. Investigators reported a significant difference between groups in primary endpoints of distance walked in a 6-minute walk test (alglucosidase alfa: mean increase of 25.1 meters vs. placebo: decrease 0.3 meters) of 28.12 meters (95% CI, 2.07 to 54.17; p = 0.03), and the change of FVC as percent of predicted value (alglucosidase alfa: increase of 1.2% vs. placebo: decrease 2.2%) of 3.40% (95% CI, 1.03 to 5.77; p = 0.006). Among secondary endpoints, treatment with alglucosidase alfa improved the change in maximum expiratory pressure as a percent of the predicted value, which was significant at 3.80% (95% CI, 0.27 to 7.33; p = 0.04). The change in QMT of arms (3.57%; 95% CI, -1.83 to 8.97; p = 0.19) and legs (3.18%; 95% CI, -0.73 to 7.08; p = 0.11), as well as change in maximum inspiratory pressure (3.83%; 95% CI, -0.60 to 8.26; p = 0.09), showed improvement in the alglucosidase alfa group; although, the results were not significant. 
Adverse events were reported to be similar between treatment groups, with the majority being mild to moderate in severity and not related to treatment.  Anaphylaxis, and allergic and infusion-related reactions, were reported to occur in 5 to 8% of patients receiving alglucosidase alfa compared to none on placebo.  Three (5%) of the 60 patients in the alglucosidase alfa treatment group experienced anaphylactic reactions, two of which were positive for IgE antibodies to alglucosidase alfa.  Patient IgG levels were monitored every 4 weeks, and all treated patients tested positive for anti-alglucosidase alfa antibodies. The antibody level was not found to be associated with treatment response or adverse reactions. 
Safety1
The safety of alglucosidase alfa was determined through a single clinical trial enrolling 90 patients. Adverse reactions reported more commonly in the treatment group versus placebo are summarized in the table below. Serious adverse events reported with greater frequency in the treatment group included anaphylactic reactions, supraventricular tachycardia (related to Wolff-Parkinson White syndrome), coronary artery disease, intervertebral disc protrusion, pneumonia, gastroenteritis, dehydration, and death (due to aneurism unrelated to treatment).
Table: Adverse Events (occurring with > 5% difference between treatment and placebo groups)

	Adverse Reaction
	Alglucosidase alfa (% of patients) (n=60)
	Placebo(% of patients)  (n=30)

	Lymphadenopathy
	8.3
	0

	Hypoacusis
	33.3
	23.3

	Vertigo
	6.7
	0

	Ear discomfort/pain
	11.7
	6.7

	Vision blurred
	5
	0

	Constipation
	10
	0

	Dyspepsia
	8.3
	0

	Vomiting
	21.7
	10

	Chest discomfort/Pain
	16.7
	6.7

	Infusion site reaction
	13.3
	0

	Malaise
	5
	0

	Peripheral Edema
	16.7
	10

	Pain
	8.3
	3.3

	Anaphylaxis
	6.7
	0

	Gastroenteritis
	10
	3.3

	Respiratory Tract Infection
	%
	0

	Upper Respiratory Tract Infection
	18.3
	10

	Procedural Pain
	15
	10

	Hypokalemia
	5
	0

	Muscle Twitching
	8.3
	3.3

	Musculoskeletal pain
	36.7
	30

	Musculoskeletal stiffness/tightness
	15
	6.7

	Somnolence
	5
	0

	Tremor
	6.7
	0

	Nephrolithiasis
	5
	0

	Exertional Dyspnea
	6.7
	0

	Epistaxis
	5
	0

	Hyperhidrosis
	8.3
	0

	Pruritis
	10
	3.3

	Urticaria
	10
	0


Post-marketing analysis have reported serious reactions to alglucosidase alfa which include death, anaphylaxis, and other serious reactions. Reactions leading to death include cardiorespiratory arrest, respiratory failure, hemothorax, pneumothorax, cardiac failure, sepsis, aortic dissections, cerebrovascular accident, and skin necrosis. Infusion reactions are the most commonly reported serious adverse events, while other cardiac and respiratory problems have been reported. There has also been a single report of hyperparathyroidism.
Warnings/Precautions1,7
Alglucosidase alfa has a risk evaluation and mitigation strategy (REMS) program established for its use. The Lumizyme® Alglucosidase alfa Control and Education (ACE) Program, coordinated by Genzyme Corporation, ensures that patients meet qualifications for receiving the medication and that patients receive sufficient information regarding infusion reaction risk. All healthcare professionals involved in the use of alglucosidase alfa, patients, and healthcare facilities must register with the ACE program. All paperwork must be submitted to Genzyme prior to delivery of the medication. Patient specific confirmation forms must be completed in order to identify the person responsible for preparing the infusion and the person administering the infusion.7
There are no documented contraindications for alglucosidase alfa. However, it carries a boxed warning for potentially life threatening anaphylactic reactions. This boxed warning includes information for the Lumizyme® ACE Program enrollment process.1 
There is the potential for anaphylactic or allergic reactions during or up to three hours after infusion of alglucosidase alfa. Clinical trials reported anaphylaxis in 6.7% of treated patients. It is essential that healthcare facilities have trained healthcare personnel to monitor patients for any signs of reaction. If a patient does experience a reaction to alglucosidase alfa, the infusion should be stopped and appropriate medical care should be initiated. Rechallenge of affected patients has been documented, but this should only be performed under strict supervision.1
Immune mediated reactions, including necrotizing skin lesions and possible type III immune complex mediated reactions, have occurred with alglucosidase alfa use. These reactions can present within weeks of initiation of therapy, and have even been observed up to three years after initiation. The manufacturer recommends monitoring for immune complex mediated reactions and discontinuing therapy if they develop. There are reports of patients remaining on therapy after immune mediated reactions, but only under close medical supervision.1
Monitoring of treatment with alglucosidase alfa should consist of IgG testing every 3 months for the first 2 years of therapy, and then yearly thereafter. If a patient experiences an anaphylactic or allergic reaction, IgE testing may also be considered. IgE testing is only provided by Genzyme Corporation at this time.1
Patients with reduced cardiac or respiratory function may be at risk for exacerbation of underlying conditions and acute cardiorespiratory failure. Observation of susceptible patients should be individualized based on patient needs. Reports of cardiorespiratory failure have been documented in infantile-onset Pompe disease patients with cardiac hypertrophy treated with alglucosidase alfa.1
Caution is warranted for the use of anesthesia in patients receiving alglucosidase alfa. The disease course can cause weakness of cardiac and skeletal muscle, and cardiac arrhythmia has been reported in infantile-onset Pompe disease patients who received anesthesia.1
Alglucosidase alfa is a pregnancy category B medication with results from animal testing indicating no harm to the fetus. There are no human trials in pregnant, delivering, or lactating females. Trials involved in approval of this medication did not contain a large enough number of geriatric (>65 years old) patients to determine variance in response from younger patients.1
Look-alike / Sound-alike (LA / SA) Error Risk Potential
As part of a JCAHO standard, LASA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LASA information from four data sources (Lexi-Comp, USP Online LASA Finder, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LA/SA confusion:
	NME Drug Name
	Lexi-Comp
	First DataBank
	USP
	ISMP
	Clinical Judgment

	Alglucosidase alfa
inj
Lumizyme®
	Agalsidase Alfa
Agalsidase beta

Alglucerase

None

	None
None
	None
None
	None
None
	Alpha-1-proteinase inhibitor
Lumigan


Dosage and Administration1
The recommended dose of alglucosidase alfa is 20 mg/kg body weight given intravenously every two weeks. This product should be administered at a starting infusion rate of no more than 1 mg/kg/hr for the first hour. If the patient exhibits no adverse reaction to the initial infusion rate, the rate can be increased by 2 mg/kg/hr every thirty minutes up to a maximum infusion rate of 7 mg/kg/hr. Prior to each infusion rate adjustment, the patient’s vital signs should be obtained to ensure that they are stable at the current infusion rate. Once the maximum rate of 7 mg/kg/hr has been achieved the infusion may continue at that rate until complete. The recommended infusion time is approximately 4 hours. There are currently no dosing adjustment recommendations for either hepatic or renal disease.

Alglucosidase alfa should be prepared using aseptic technique without the use of filter needles. Sterile water for injection (10.3 ml/vial) should be slowly injected into the vial for reconstitution to a concentration of 5 mg/mL. It is important not to inject the water too quickly so as to avoid foaming of the product, and mixing should be accomplished by gentle rolling of the vial. Vials should be checked for particles or discoloration prior to use. There may be translucent strands, composed of alglucosidase alfa particles, within the reconstituted solution. These strands are filtered out during the infusion process without affecting purity or strength. The product should be further diluted in 0.9% Sodium Chloride for

Injection, to a final concentration of 0.5 to 4 mg/mL (refer to the manufacturer’s product information for recommendations on total infusion volume based on the patient’s weight).
Unopened vials should be stored in refrigerated conditions (2 to 8° C). Once reconstituted, the product should be protected from light and used immediately. However, it is stable for up to 24 hours under refrigerated conditions. Alglucosidase alfa should not be frozen or shaken at any point. Vials are for single use only and do not contain preservatives.
Acquisition Costs
Alglucosidase alfa is available in 50 mg vials for reconstitution. The current acquisition price is $531.20 per vial. Cost of therapy is dependent upon the patient’s weight. For an average 70 kg individual, the cost would be $14,874.00 per dose with an annual cost of $386,714.00 per patient. During Q4FY10, there was one patient identified in the VA who received therapy with alglucosidase alfa.
Table: Drug Cost

	Drug
	Dose
	Price/Vial
	Price/Dose/Patient
	Price/Year/Patient

	Alglucosidase alfa 

(Lumizyme®)

50 mg vial for reconstitution
	20 mg/kg (e.g., 1400 mg, or 28 vials, for a 70 kg patient)
	$531.20
	$14,874.00 for a 

70 kg patient
	$386,714.00 for a 

70 kg patient


VA prices current as of 11/04/2010 per Low2000. Check VA pricing resources for updated information.  
Conclusions

Alglucosidase alfa has demonstrated efficacy in improving the functional status of patients with late-onset Pompe disease. This medication is the only available treatment for this disease state in addition to supportive care, the current standard of practice. Alglucosidase alfa may cause potentially life-threatening adverse events and requires close monitoring during administration, as well as monitoring for effectiveness. Alglucosidase alfa is indicated for a rare disease that usually affects patients prior to the age of eligibility for military enrollment. 
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