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Executive Summary
Description: Lomitapide is the first in a new class of drugs used as an adjunct to a low-fat diet and other lipid-lowering therapies to improve lipoproteins (total cholesterol, low-density lipoprotein and non high-density lipoprotein cholesterol and apolipoprotein B [apo B]) in patients with homozygous familial hypercholesterolemia (HoFH). Lomitapide works by inhibiting microsomal triglyceride transfer protein (MTP), preventing synthesis of apo B containing lipoproteins (e,g, very-low-density lipoprotein and chylomicrons) in the liver and intestine. Inhibiting formation of very-low-density lipoprotein (VLDL) cholesterol results in significantly reduced levels of low-density lipoprotein cholesterol (LDL-C), and other lipoproteins. Lomitapide was FDA approved in December 2012. 
Efficacy (Clinical Trials): There are two published clinical trials (N=1 phase 2, N=1 phase 3) examining the efficacy and safety of lomitapide in a small number of patients with homozygous familial hypercholesterolemia (n=35). In both trials, lomitapide reduced total cholesterol, LDL cholesterol, VLDL cholesterol, ApoB and triglycerides by at least 45% in the first 16 to 26 weeks. In the phase 3 clinical trial, HDL was also reduced significantly by 26 weeks but returned close to baseline by 56 weeks. During the safety phase (27-78 weeks) of the phase 3 trial, the magnitude of lipid reductions lessened to some extent after 26 weeks but remained significantly reduced from baseline through 78 weeks. Three patients were able to discontinue LDL apheresis treatments and three other patients reduced the frequency of their treatments. Overall, 83% of patients had >25% reduction in LDL and 52% had >50% reduction in LDL. Most patients received a maximum daily dose ranging from 20mg to 60 mg. There are no data to support lomitapide’s ability to reduce important cardiovascular adverse events in patients with HoFH. 
Safety (Clinical Trials): Lomitapide has been studied in very few patients for up to 78 weeks (n=23) or beyond (n=15 patients for 2 years, n=5 patients for 3 years). Therefore the actual safety in greater numbers of patients as well as the long-term safety of lomitapide is relatively unknown. Although there were three serious adverse events reported in patients taking lomitapide (see table 5), the events were considered to be unrelated or unlikely to be related to lomitapide in the phase 3 clinical trial. Elevated AST, ALT or both were reported in ten patients; four patients had ALT of >5 times the upper limit of normal. No patients permanently discontinued treatment with lomitapide due to transaminase elevation during the phase 3 trial. No patients had elevated bilirubin or alkaline phosphatase. No cases of liver toxicity have been reported to date. Mean hepatic fat increased from 1% at baseline to 8.6% at 26 weeks, 5.8% at 56 weeks and 8.3% at 78 weeks. High-density lipoprotein (HDL) was significantly reduced from baseline but returned towards baseline levels by 56 and 78 weeks. Three patients discontinued lomitapide due to gastrointestinal adverse events. 
There was one death that occurred during the clinical development program in a 54-year-old male without HoFH. Although the individual had significant risk factors for a myocardial infarction and the manufacturer considered the death unrelated to lomitapide, the FDA reviewer felt that a possible association could not be ruled out. There were six other serious adverse events reported with lomitapide (see table 6 for details). 
Safety (General): As a consequence of the mechanism of action of lomitapide, the most common drug related adverse events are gastrointestinal (GI) in nature with approximately 93% (n=27/29) of patients in the pivotal trial reporting GI events but with fewer reported GI events in the safety extension study. 


Lomitapide inhibits formation of chylomicrons, which reduces dietary fat absorption resulting in steatorrhea and other gastrointestinal symptoms. Adverse GI events can be minimized by instituting a low-fat diet (<20% of daily calories as fat); initiating therapy with a low dose of lomitapide (5 mg daily); taking the dose at least two hours after the evening meal with water; and gradually increasing dose based upon safety and tolerability. 
Because lomitapide can reduce absorption of fat-soluble vitamins and fatty acids, daily supplements containing at least 400 international units of Vitamin E, 200 mg linoleic acid, 210 mg ALA, 110 mg EPA and 80 mg DHA should be taken to prevent deficiencies. 
Lomitapide can cause an increase in transaminases and hepatic steatosis. To date, there have been no reported cases of liver impairment or failure in patients taking lomitapide. However, there is concern that steatohepatitis could develop in association with lomitapide and gradually progress to cirrhosis. Because of the concern for liver injury developing in patients receiving lomitapide, the FDA has instituted a Risk Evaluation and Mitigation Strategy (REMS) program restricting its prescribing and distribution to only certified providers and pharmacies.
Dosing: Lomitapide is initiated at a dose of 5 mg once daily and slowly titrated upward to a maximum dose of 60 mg daily, as tolerated and based upon individual goals of therapy. Prior to initiation of lomitapide, liver function tests (ALT, AST, alkaline phosphatase and bilirubin) should be measured; a negative pregnancy test should be confirmed and a low fat diet (<20% of total daily calories as fat) should be instituted. Lomitapide dosing should occur at least 2 hours after the evening meal with a glass of water to minimize the risk for gastrointestinal adverse events. (See Table 2 for recommended dose titration and Table 3 for dosing recommendations in special populations.) Consumption of alcoholic beverages should not exceed one drink per day.
Drug-Drug Interactions: Lomitapide is metabolized primarily by CYP 3A4 and therefore is vulnerable to interactions involving drugs that inhibit or induce metabolism of CYP 3A4. Lomitapide is an inhibitor of P-glycoprotein (P-gp) and therefore concomitant administration of lomitapide may increase exposure of the P-gp substrate drug. (Refer to table 7 for a list of potential drug-drug interactions and recommendations for avoidance of combinations with lomitapide or dose modifications.) Grapefruit juice should be avoided during therapy with lomitapide.
Monitoring: Baseline liver function tests (e.g., ALT, AST, alkaline phosphatase and total bilirubin) are recommended prior to starting therapy with lomitapide. Liver function tests (LFTs), at least ALT and AST, should be measured prior to dose escalation or at least monthly for the first year. After the first year, they should be measured at least every three months and/or prior to dose escalation. If LFTs become abnormal, reduce the dose of lomitapide, as detailed in table 4. If LFT elevation is clinically significant or if LFTs remain persistently elevated, lomitapide should be stopped. If signs and/or symptoms of liver injury accompany the transaminase elevation, lomitapide should be discontinued and the cause of the injury or symptoms explored.
Warnings/Contraindications: 
The prescribing information for lomitapide includes a boxed warning regarding the risk for hepatotoxicity, see below for the full warning:
WARNING: RISK OF HEPATOTOXICITY

JUXTAPID can cause elevations in transaminases. In the JUXTAPID clinical trial, 10 (34%) of the 29 patients treated with JUXTAPID had at least one elevation in alanine aminotransferase (ALT) or aspartate aminotransferase (AST) ≥3x upper limit of normal (ULN). There were no concomitant clinically meaningful elevations of total bilirubin, international normalized ratio (INR), or alkaline phosphatase [see Warnings and Precautions (5.1)].

JUXTAPID also increases hepatic fat, with or without concomitant increases in transaminases. The median absolute increase in hepatic fat was 6% after both 26 and 78 weeks of treatment, from 1% at baseline, measured by magnetic resonance spectroscopy. Hepatic steatosis associated with JUXTAPID treatment may be a risk factor for progressive liver disease, including steatohepatitis and cirrhosis [see Warnings and Precautions (5.1)].

Measure ALT, AST, alkaline phosphatase, and total bilirubin before initiating treatment and then ALT and AST regularly as recommended. During treatment, adjust the dose of JUXTAPID if the ALT or AST are ≥3x ULN. Discontinue JUXTAPID for clinically significant liver toxicity [see Dosage and Administration (2.4) and Warnings and Precautions (5.1)].
Because of the risk of hepatotoxicity, JUXTAPID is available only through a restricted program under a Risk Evaluation and Mitigation Strategy (REMS) called the JUXTAPID REMS PROGRAM [see Warnings and Precautions (5.2)].
Lomitapide is contraindicated for use in 1) pregnancy, 2) in those patients receiving moderate or strong inhibitors of CYP 3A4 metabolism and 3) in those patients with moderate or severe liver impairment (Child-Pugh category B or C); including those patients with unexplained, persistent abnormal liver function tests.
Summary: Lomitapide is approved for use in patients diagnosed with HoFH as adjunct to a low fat diet and other lipid-lowering therapies. Patients with HoFH are at a very high risk of developing premature cardiovascular disease and death. Existing therapy for lowering LDL in these patients, including statins, are often insufficient and patients may require specialized treatments including LDL apheresis. The risk-benefit profile of lomitapide is unclear at this time because of the very small numbers of patients who were studied in the clinical trials that led to FDA approval. The safety of lomitapide is relatively unknown and uncommon but severe adverse events would be unlikely to have been identified in the completed trials. Lomitapide is associated with elevated transaminases and increased hepatic steatosis. Although there is concern that steatohepatitis could develop in association with lomitapide and gradually progress to cirrhosis, the benefit/risk profile in patients with HoFH may be favorable because of the severe consequences of the disease. Because of the concern for liver injury developing in patients receiving lomitapide, the risk of using lomitapide in patients without a diagnosis of HoFH (e.g., heterozygous hypercholesterolemia, statin intolerant patients) is unfavorable and therefore, lomitapide treatment should be restricted to patients with HoFH. 

Introduction1-2
Lomitapide is the first in a new class of drugs indicated as an adjunct to a low-fat diet and other lipid-lowering therapies to improve lipoproteins (total cholesterol, low-density lipoprotein and non high-density lipoprotein cholesterol and apolipoprotein B [apo B]) in patients with homozygous familial hypercholesterolemia (HoFH). Lomitapide works by inhibiting microsomal triglyceride transfer protein (MTP), preventing synthesis of apo B containing lipoproteins (e,g, very-low-density lipoprotein and chylomicrons) in the liver and intestine. Inhibiting formation of very-low-density lipoprotein (VLDL) cholesterol results in significantly reduced levels of low-density lipoprotein cholesterol (LDL-C), and other lipoproteins. 
Homozygous familial hypercholesterolemia is a rare, inherited condition caused by mutations in the LDL receptor gene. It is estimated to occur in 1 in a million births. The LDL receptor defect/mutation results in very high levels of LDL cholesterol (LDL-C), development of severe cardiovascular disease at an early age and premature death.1,8-9 Existing lipid-lowering drugs do not sufficiently reduce LDL in these patients and statins are less effective since statins act in part by upregulating LDL receptors. Many of these patients require weekly or biweekly LDL apheresis to maintain lower LDL levels. 
The purposes of this monograph are to (1) evaluate the available evidence of safety, tolerability, efficacy, cost, and other pharmaceutical issues that would be relevant to evaluating lomitapide for possible addition to the VA National Formulary; (2) define its role in therapy; and (3) identify parameters for its rational use in VA.

Pharmacology/Pharmacokinetics3
Lomitapide reduces LDL-C by binding to and inhibiting microsomal triglyceride transfer protein (MTP) preventing formation of apo B containing lipoproteins (VLDL and chylomicrons) in the liver and intestine. Inhibiting synthesis of VLDL by lomitapide results in reduced levels of LDL-C, total cholesterol, VLDL, and apolipoprotein B.

Table 1: Pharmacokinetics
	Tmax
	6 hrs after a single 60 mg dose in healthy volunteers

	Bioavailability
	7%

	Protein binding
	99.8% plasma protein bound

	Half life
	39.7 hrs (mean)

	Metabolism
	Liver, primarily cytochrome P450 3A4 (CYP 3A4)

	Excretion
	Urine: 59.5% as metabolites (lomitapide not detected in urine)
Feces: 33.4%


FDA Approved Indication(s)
Lomitapide is approved as an adjunct to a low-fat diet and other lipid-lowering treatments, including LDL apheresis where available, to reduce LDL-C, total cholesterol (TC), apolipoprotein B (apo B) and non-high-density lipoprotein cholesterol (non-HDL-C) in patients with homozygous familial hypercholesterolemia (HoFH). The effect of lomitapide on cardiovascular morbidity and mortality are unknown.

Potential Off-Label Uses
This section is not intended to promote any off-label uses. Off-label use should be evidence-based. See VA PBM-MAP and Center for Medication Safety’s Guidance on “Off-label” Prescribing (available on the VA PBM Intranet site only).
The safety and effectiveness of lomitapide has not been established in patients with severe hypercholesterolemia or in patients with statin intolerance who do not have HoFH. Because of the potentially unfavorable the risk/benefit profile of lomitapide in patients without HoFH, lomitapide treatment should be restricted to patients with HoFH. 

Current VA National Formulary Alternatives
None

Dosage and Administration3
PRIOR TO STARTING TREATMENT WITH LOMITAPIDE:
· Measure alanine amiotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase and total bilirubin. Treatment with lomitapide can cause elevation in liver transaminases (ALT and AST) and hepatic fat and may increase the risk for progressive liver disease including steatohepatitis and cirrhosis.
· Obtain a negative pregnancy test in females of reproductive potential. Administration of lomitapide to animals at exposures estimated to be less than possible human exposure was teratogenic. Because of these animal data, lomitapide has been determined to be pregnancy category X by the FDA.
· Initiate a low-fat diet consisting of less than 20% of daily calories from fat. Administration of lomitapide in patients with a higher fat diet was associated with a much greater rate of gastrointestinal adverse events vs. those patients following a low-fat diet.
· Because administration of lomitapide can reduce normal absorption of fat-soluble vitamins in the small intestine, patients taking lomitapide should take daily supplements containing 400 international units of vitamin E and at least 200 mg of linoleic acid, 210 mg of alph-linoleic acid (ALA), 110 mg eicosapentaenoic acid (EPA) and 80 mg of docosahexaenoic acid (DHA).


Administration:
· Taking lomitapide with food can increase the risk for gastrointestinal adverse events. Therefore, lomitapide should be administered with a glass of water (without food) at least two hours after the evening meal. 
· Capsules should be swallowed whole and not be opened, crushed, chewed or dissolved. 

Dose Titration and Maintenance Dose:
· The recommended starting dose is 5 mg daily. The dose can be titrated upward slowly to improve safety and tolerability. (See table 2 for the recommended dose titration schedule)
· Liver transaminases should be checked before each dose escalation of lomitapide. 
· Maintenance doses of lomitapide should be individualized based upon goals of therapy and response to treatment. The maximum daily dose is 60 mg.
Table 2: Recommended Titration Schedule for Lomitapide
	Dose
	Duration of Administration Prior to Considering Dose Titration

	5 mg daily
	At least 2 weeks

	10 mg daily
	At least 4 weeks

	20 mg daily
	At least 4 weeks

	40 mg daily
	At least 4 weeks

	60 mg daily 
	Maximum recommended dose


*Table adapted from prescribing information

Recommended Dosing in Special Populations:
Table 3: Dose in Special Populations
	Population
	Maximum Dose
	Explanation

	Renal Impairment
· End stage renal disease on dialysis
· End stage renal disease, not on dialysis
· Other stages of renal impairment
	
· 40 mg daily
· Unknown
· Unknown
	
· Exposure to lomitapide increases 50% 
· Data are lacking
· Data are lacking

	Liver Impairment
· Mild impairment (Child-Pugh A)
· Moderate-Severe Impairment (Child-Pugh B-C)
	
· 40 mg daily
· Contraindicated
	
· Exposure to lomitapide increases 50% 
· Exposure to lomitapide increased 164% in patients with moderate liver impairment vs. healthy volunteers

	Concomitant CYP 3A4 inhibitors
· Weak inhibitors (see drug-drug interaction section for list)
· Moderate or strong inhibitors (see drug-drug interaction section for list)
	
· 30 mg daily

· Contraindicated

	
· Lomitapide is metabolized primarily by CYP 3A4, exposure  2-fold
· Use with strong CYP 3A4 inhibitors increased exposure increased 27-fold



Monitoring and Dose Adjustment in Patients Developing Elevated Transaminases While on Therapy With Lomitapide:
Table 4: Recommendations for Dose Adjustment and Monitoring of Lomitapide (Refer to prescribing information for detailed recommendations-hyperlink included as a footnote to table 4)
	ALT or AST 
	Recommendations

	

> 3 X and < 5 X ULN*













*Based upon a ULN of approximately 30-40 international units/L
	· Repeat test in 1 week to confirm
· If confirmed, reduce dose and obtain other LFTs is not already done (alkaline phosphatase, total bilirubin, INR)
· Repeat tests weekly and hold lomitapide if signs or symptoms of liver function impairment (e.g., increased bilirubin or INR or symptons including nausea, vomiting abdominal pain, fever, jaundice, lethargy or flu-like syndrome), if transaminases rise above 5X ULN or do not fall below 3X ULN within 4 weeks. If abnormalities persist or worsen, investigate probable cause.
· If restarting lomitapide after resolution of elevated LFTs, to <3X ULN, consider lowering dose and monitoring LFTs more frequently

	

> 5 X ULN*


*Based upon a ULN of approximately 30-40 international units/L
	· Stop therapy, obtain other LFTs if not already done (alkaline phosphatase, total bilirubin, INR)
· Investigate the probable cause
· If restarting lomitapide after resolution of elevated LFTs to <3X ULN, consider lowering dose and monitoring LFTs more frequently


http://juxtapid.com/sites/default/files/downloads/Prescribing_Information.pdf  +Table adapted from prescribing information
LFTS=liver function tests, INR=international normalized ratio, ULN=upper limit of normal
Efficacy
Only those clinical trials examining the efficacy and safety of lomitapide in patients with homozygous familial hypercholesterolemia (HoFH) are included in this review. There is one published phase 2 clinical trial that was not included since the trial enrolled patients with moderate hypercholesterolemia and without a diagnosis of HoFH.5 Lomitapide is not approved for use in patients with severe hypercholesterolemia (e.g., heterozygous familial hypercholesterolemia, etc.) or in statin intolerant patients because of the potentially unfavorable risk/benefit profile of lomitapide in these groups of patients. To date, there is one published phase 2 clinical trial involving six patients with HoFH6 and one published phase 3 clinical trial enrolling twenty-nine patients with HoFH.7 

Efficacy Measures
Change in Lipoproteins from Baseline: Total cholesterol, LDL cholesterol, VLDL cholesterol, Non-HDL cholesterol, Triglycerides, ApoB, Lipoprotein-a, HDL cholesterol and ApoA-1. 

Table 5: Lomitapide Clinical Trials
	Clinical Trial
	Efficacy
	Safety
	Comments

	Cuchel 20076

Phase 2 (n=6), dose ranging
16 weeks
HoFH

Low fat diet <10% calories from fat

Patients took a vitamin daily

No other lipid-lowering therapies were permitted
	· 1 mg/kg lomitapide, mean dose 67 mg: TC 58%, LDL 50.9%, VLDL 51.4%, Trigs 65.2% and ApoB 55.6%
· No significant changes in HDL, ApoA-1
	· AST and/or ALT  in 4/6 patients
· Two patients without  ALT or AST had increases in hepatic fat of <10%
· Two patients with elevation in ALT or AST had  hepatic fat content by 18-24%
· Two patients with marked  ALT or AST, had  hepatic fat content of >30%
· Hepatic fat and ALT/AST returned to baseline within 4 wks in all but 1 patient for whom it took 14 wks to return to baseline
	· Despite wide range of baseline lipid values, similar % reductions were noted in all pts.

	Cuchel 20137

Phase 3 (n=29)
Efficacy Phase: 26 wks
Safety Phase: Through 78 wks

HoFH
Pts served as their own control

6 week run-in: Low fat diet and other lipid lowering therapies, including LDL apheresis were established

Lomitapide 5 mg initial dose, titrated to individual patient goals based upon response to therapy and safety


	· 23 patients completed 26 wk efficacy phase
	Lipid*
	Baseline
	Week 26
	Week 56
	Week 78

	TC
	11.1/429
	6.1/236
 46%
	7.1/275
 39%
	7.3/282
 35%

	LDL
	8.7/336
	4.3/166
 50%
	5.1/197
 44%
	5.4/209
 38%

	VLDL
	0.5/
	0.3/17.7
 45%
	0.4/12.4
 28%
	0.4/12.4
 31%

	Non-HDL
	10/387
	5.1/197
 50%
	5.9/229
 44%
	6.2/240
 39%

	Trigs
	1/88.5
	0.5/44
 45%
	0.7/62
 29%
	0.7/62
 31%


*Lipid levels are means and expressed as mmol/L/ mg/dL All changes are statistically significant reductions from baseline.
· HDL, ApoA-1 and Lipoprotein (a) were all statistically reduced from baseline at 26 wks. HDL and ApoA-1 returned towards baseline at 56 and 78 wks. Lipoprotein (a) returned towards baseline by 78 wks
· Overall, 83% of patients had > 25%  in LDL and 52% of patients had >50%  in LDL. 
· 35% (n=8) had LDL of  <100 mg/dL and 1 patient <70 mg/dL at 26 wks.
· Three patients discontinued LDL apheresis permanently and 3 patients reduced apheresis frequency.
· Max daily dose of lomitapide was 60 mg in 11 pts, 40 mg in 6 pts, 20 mg in 5 pts and 5 mg in 1 pt.


	· Most pts reported at least one ADE. Most events rated as mild to moderate in intensity
· Four patients withdrew from treatment due to ADEs (3 gastrointestinal, 1 headache)
· Three serious ADEs were reported: 1 ACS with angina and lower respiratory infection, 1 elective hysterectomy for menorrhagia and 1 for chest pain. Events were considered to be unrelated or unlikely to be related to lomitapide. 
· ALT, AST or both were  3xULN in 10 pts; 4 of these pts had ALT of >5xULN
· More significant elevations were noted in pts consuming more alcohol than permitted by the study protocol. 
· No pt had bilirubin or alkaline phosphatase
· No pt permanently stopped taking lomitapide due to  AST or ALT. Dose was reduced or temporarily withheld.
· Hepatic fat, measured by NMRS, was 1% at baseline, 8.6% at 26 wks, 5.8% at 56 wks and 8.3% at 78 wks
	· Magnitude of effect on lipids was attenuated to some degree during the safety phase…
· Explanations offered include: ability for providers to alter lipid-lowering therapies during the safety phase including withdrawal or reducing frequency of LDL apheresis. Also, reducing lomitapide dose for elevated ALT or AST or GI ADEs. 
· Compliance was determined to be >90% in both the efficacy and safety phases. 


ACS=acute coronary syndrome, ADEs=adverse drug events, ALT=alaninine aminotransferase, ApoA=apolipoprotein A, ApoB=apolipoprotein B, AST=aspartate aminotransferase, HoFH=homozygous familial hypercholesterolemia, LDL=low-density lipoprotein, NMRS=nuclear magnetic resonance spectroscopy, TC=total cholesterol, ULN=upper limit of normal, Trigs=triglycerides, VLDL=very-low-density lipoprotein

Summary of Efficacy Findings
There are currently two published clinical trials examining the safety and efficacy of lomitapide in patients with HoFH. There was no control group in either study and patients served as their own control.6-7 In both studies, total cholesterol, LDL, VLDL, ApoB, non-HDL and triglycerides were reduced by 45% or greater at weeks 16 and 26. During the safety portion of the phase 3 clinical trial, reduction in lipoproteins continued to be significant but lessened to some extent by 56 and 78 weeks. Explanations offered for the attenuated lipid response include the ability of providers to alter lipid-lowering therapies, including LDL apheresis, during the safety phase and reduced dose of lomitapide in some patients for LFT elevation or gastrointestinal adverse events. In the phase 3 clinical trial, three patients reportedly were able to discontinue LDL apheresis and another three patients reduced frequency of their apheresis treatments. Overall, 83% of patients had >25% reduction in LDL and 52% had >50% reduction in LDL. Most patients received a maximum daily dose ranging from 20mg to 60 mg. Although there were three serious adverse events reported in patients taking lomitapide (see table 5), the events were considered to be unrelated or unlikely to be related to lomitapide. Elevated AST, ALT or both were reported in ten patients; four patients had ALT of >5 times the upper limit of normal. No patients permanently discontinued treatment with lomitapide due to transaminase elevation during the phase 3 trial. No patients had elevated bilirubin or alkaline phosphatase. Mean hepatic fat increased from 1% at baseline to 8.6% at 26 weeks, 5.8% at 56 weeks and 8.3% at 78 weeks. High-density lipoprotein (HDL) was significantly reduced from baseline but returned towards baseline levels by 56 and 78 weeks. Three patients discontinued lomitapide due to gastrointestinal adverse events. At this time, data are lacking for lomitapide’s ability to reduce important cardiovascular adverse events in patients with HoFH. 

For additional details on clinical trials, see Appendix.

Adverse Events (Safety Data)

Deaths and Other Serious Adverse Events4
There was one death in the lomitapide clinical development program. The death occurred in a phase 2 clinical trial comparing lomitapide alone, ezetimibe+lomitapide and ezetimibe alone in 85 patients with non-HoFH. A 54-year-old gentleman died of a myocardial infarction seven days after stopping therapy with lomitapide. He had received 84 days of lomitapide monotherapy. Although he had significant risk factors for cardiovascular disease, his death was deemed unrelated to lomitapide by the investigator; but the FDA reviewer felt that a possible association could not be completely ruled out due to the small safety database. 

There were seven serious adverse events reported in the lomitapide clinical development program, including the death described above. One patient developed diverticulitis before being randomized and therefore is not included in the table. In the HoFH pivotal trial, there were three serious events reported and four in the extension study. (See table 6 for details)

Table 6: Serious Adverse Events in Clinical Development Program4
	Trial Characteristics
	Events
	Comments

	Phase 2, 8 wks, 5 and 10 mg





Phase 2, 12 wks, 2.5 and 10 mg
	2 nonfatal MI (47 y/o white male, 44 y/o black male), neither on statins




1 fatal MI (54 y/o white male), not on statin



1 chest pain, 1 inflammatory bowel disease, ankle fracture
	Both men with risk factors for MI; both receiving lomitapide monotherapy; neither on statins. Although had risk factors, events occurred during 8-week trial. Risk for MI with lomitapide monotherapy cannot be entirely excluded
Investigator felt it was unrelated but FDA reviewer felt a possible association could not be entirely ruled out.

None noted

	HoFH pivotal, extension trials, 20-60 mg (no control group). Cases in which therapy was interrupted or stopped
	1 ACS at day 65, worsening angina day 69. 




Hepatotoxicity: ALT 954/AST 565/Alk Phos 289. Day 960








Severe atherosclerotic disease, lomitapide interrupted before CABG, stress test revealed severe 3-vessel CAD. Day 14

Woman receiving warfarin and lomitapide, several events related to bleeding and/or anticoagulation
	Not unexpected in this population. However, no background contemporary assessment of rates of CV events in HoFH.

Hepatic fat at baseline was 1.74% and increased to 16-17% by wk 78.  Four days prior, given clarithromycin, cetirizine and linctifed for “influenza”. After stopping these, ALT and Alk Phos quickly dropped. Liver biopsy showed simply steatosis. Lomitapide stopped.

No comments




Fluctuating INR, bleeding, symptoms of stroke. Lomitapide-warfarin interaction may be relevant.


ACS=acute coronary syndrome, CABG=coronary artery bypass graft, CV=cardiovascular, INR=international normalized ratio


Common Adverse Events3
As a consequence of the mechanism of action of lomitapide, the most common drug related adverse events are gastrointestinal (GI) in nature with approximately 93% (n=27/29) of patients in the pivotal trial reporting GI events but with fewer reported GI events in the safety extension study. Lomitapide inhibits formation of chylomicrons, which reduces dietary fat absorption resulting in steatorrhea and other gastrointestinal symptoms. In the pivotal trial, more than 25% of patients reported having all of the following symptoms: diarrhea, nausea, vomiting, dyspepsia and abdominal pain. Adverse GI events can be minimized by instituting a low-fat diet (<20% of daily calories as fat); initiating therapy with a low dose of lomitapide (5 mg daily) and gradually increasing dose based upon safety and tolerability.

Other Adverse Events3-4
Lomitapide can cause an increase in transaminases and hepatic steatosis. It is not clear if, and to what magnitude the development of hepatic steatosis contributes to transaminase elevation. To date, there have been no reported cases of liver impairment or failure in patients taking lomitapide. However, there is concern that steatohepatitis could develop in association with lomitapide and gradually progress to cirrhosis. Because of the concern for liver injury developing in patients receiving lomitapide, the FDA has instituted a Risk Evaluation and Mitigation Strategy (REMS) program restricting its prescribing and distribution to only certified providers and pharmacies.
Elevated Transaminases
In the pivotal HoFH clinical trials, 34% (n=10/29) of patients had at least one elevation in AST or ALT of >3xULN and 14% (n=4/29) >5xULN. No clinically significant or meaningful changes in bilirubin, international normalized ratio (INR) or alkaline phosphatase were noted. In the 78-week trial, no patients withdrew from treatment due to elevated transaminases. There were 19 patients who enrolled in the HoFH extension study. Of these, 1 withdrew because of consistently elevated transaminases and another discontinued therapy with lomitapide temporarily because of very high transaminase elevation. This patient had other factors that were believed to contribute to the transaminase elevation including addition of a strong CYP 3A4 inhibitor, clarithromycin, and cetirizine four days prior for treatment of an influenza-like illness.
Baseline liver function tests (e.g., ALT, AST, alkaline phosphatase and total bilirubin) are recommended prior to starting therapy with lomitapide. Liver function tests (LFTs), at least ALT and AST, should be measured prior to dose escalation or at least monthly for the first year. After the first year, they should be measured at least every three months and/or prior to dose escalation. If LFTs become abnormal, reduce the dose of lomitapide, as detailed in table 4. If LFT elevation is clinically significant or if LFTs remain persistently elevated, lomitapide should be stopped. If signs and/or symptoms of liver injury accompany the transaminase elevation, lomitapide should be discontinued and the cause of the injury or symptoms explored.
Fatty Liver
Hepatic fat accumulation was anticipated because the lomitapide’s mechanism of action. Therefore, the change from baseline in hepatic fat was determined; data were available for 23 of the 29 patients in the HoFH pivotal trial. The mean absolute percentage of hepatic fat increased by 8.1% at 26 weeks and 7.4% at 78 weeks. Of the patients with hepatic fat data, 78% (n=18/23) of patients experienced a maximum increase of >5% and 13% (n=3/23) had an increase of >20%. Hepatic steatosis is a known risk factor for steatohepatitis and cirrhosis. Although clinical trial data show hepatic steatosis is reversible upon discontinuation of lomitapide therapy, it is unknown whether there will be long-term consequences of lomitapide therapy. Liver biopsies were not performed.
Reduced Absorption of Fat-Soluble Vitamins and Serum Fatty Acids
Use of lomitapide can lead to impaired absorption of fat-soluble vitamins and fatty acids. During the pivotal clinical trial, supplements containing Vitamin E, linoleic acid, alpha-linoleic acid (ALA), eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) were provided. Median levels of these substances were reduced from baseline but were within the lower limits of the normal reference range. Patients receiving lomitapide should take daily supplements containing at least 400 international units of Vitamin E, 200 mg linoleic acid, 210 mg ALA, 110 mg EPA and 80 mg DHA to prevent deficiencies. 
Tolerability
Although most patients taking lomitapide experience adverse GI events, tolerability can be improved by instituting a low fat diet in which <20% of daily calories are consumed as fat; initiate a dose of 5 mg daily and gradually titrate the dose as tolerated. 
In the HoFH pivotal trial, 21% (n=6/29) of patients experienced severe adverse GI events and 14% (n=4/29) withdrew from the study citing adverse GI events as a contributor.

Contraindications3
Lomitapide is contraindicated for use in 1) pregnancy, 2) in those patients receiving moderate or strong inhibitors of CYP 3A4 metabolism and 3) in those patients with moderate to severe liver impairment (Child-Pugh category B or C), including those patients with unexplained, persistent abnormal liver function tests (LFTs)

Warnings and Precautions3
The prescribing information for lomitapide includes a boxed warning regarding the risk for hepatotoxicity, see below for the full warning:
WARNING: RISK OF HEPATOTOXICITY

JUXTAPID can cause elevations in transaminases. In the JUXTAPID clinical trial, 10 (34%) of the 29 patients treated with JUXTAPID had at least one elevation in alanine aminotransferase (ALT) or aspartate aminotransferase (AST) ≥3x upper limit of normal (ULN). There were no concomitant clinically meaningful elevations of total bilirubin, international normalized ratio (INR), or alkaline phosphatase [see Warnings and Precautions (5.1)].

JUXTAPID also increases hepatic fat, with or without concomitant increases in transaminases. The median absolute increase in hepatic fat was 6% after both 26 and 78 weeks of treatment, from 1% at baseline, measured by magnetic resonance spectroscopy. Hepatic steatosis associated with JUXTAPID treatment may be a risk factor for progressive liver disease, including steatohepatitis and cirrhosis [see Warnings and Precautions (5.1)].

Measure ALT, AST, alkaline phosphatase, and total bilirubin before initiating treatment and then ALT and AST regularly as recommended. During treatment, adjust the dose of JUXTAPID if the ALT or AST are ≥3x ULN. Discontinue JUXTAPID for clinically significant liver toxicity [see Dosage and Administration (2.4) and Warnings and Precautions (5.1)].
Because of the risk of hepatotoxicity, JUXTAPID is available only through a restricted program under a Risk Evaluation and Mitigation Strategy (REMS) called the JUXTAPID REMS PROGRAM [see Warnings and Precautions (5.2)].

Elevated Transaminases/Steatosis (See boxed warning)
Baseline liver function tests (e.g., ALT, AST, alkaline phosphatase and total bilirubin) are recommended prior to starting therapy with lomitapide. Liver function tests (LFTs), at least ALT and AST, should be measured prior to dose escalation or at least monthly for the first year. After the first year, LFTs should be measured at least every three months and/or prior to any dose escalation. If LFTs become abnormal, reduce the dose of lomitapide, as detailed in table 3. If LFT elevation is clinically significant or if LFTs remain persistently elevated, lomitapide should be stopped. If signs and/or symptoms of liver injury accompany the transaminase elevation, lomitapide should be discontinued and the cause of the injury or symptoms explored. Patients should be instructed to limit intake of alcohol containing beverages to no more than one drink per day while taking lomitapide.

Teratogenicity
Lomitapide was found to be teratogenic in animal studies. Therefore, a negative pregnancy test must be confirmed prior to starting therapy with lomitapide in female of reproductive potential. During lomitapide therapy, effective contraception should be used. If oral contraceptives are used, the maximum daily dose of lomitapide should not exceed 30 mg daily.

Reduced Absorption of Fat-Soluble Vitamins and Fatty Acids
Because lomitapide can reduce absorption of fat-soluble vitamins and fatty acids, daily supplements containing at least 400 international units of Vitamin E, 200 mg linoleic acid, 210 mg ALA, 110 mg EPA and 80 mg DHA should be taken to prevent deficiencies. 
Gastrointestinal Adverse Events
The most common adverse events related to lomitapide use are GI in nature. Gastrointestinal adverse events can be minimized by instituting a low fat diet consisting of <20% of daily calories as fat, starting with a low dose of lomitapide (5 mg daily) and gradually titrating the dose upward as tolerated.
Drug-Drug Interactions (See Drug-Drug Interaction section)

Special Populations3
Renal Impairment
The pharmacokinetics of a single 60 mg oral dose of lomitapide were compared between patients with end-stage renal disease receiving dialysis and healthy volunteers with normal renal function. In patients with end-stage renal failure on dialysis, the lomitapide area-under the curve (AUC0-inf) was increased by 40% and maximum concentration (Cmax) by 50% compared to healthy volunteers. At this time, there are no studies examining the pharmacokinetics of lomitapide in patients with mild, moderate or severe renal impairment or those with end-stage renal disease not receiving dialysis. In patients with end-stage renal disease on dialysis, the maximum daily dose of lomitapide should not exceed 40 mg. 

Hepatic Impairment
The pharmacokinetics of a single 60 mg oral dose of lomitapide were compared between patients with mild (Child-Pugh A) to moderate (Child-Pugh B) liver impairment and healthy volunteers with normal liver function. In patients with mild hepatic impairment, lomitapide’s AUC increased by 47% and Cmax by 4% compared to healthy controls. In patients with moderate hepatic impairment, lomitapide’s AUC increased by 164% and Cmax by 361% compared to healthy volunteers. Lomitapide has not been studied in patients with severe liver disease. In patients with mild hepatic disease (Child-Pugh A), a daily dose of lomitapide 40 mg should not be exceeded. Lomitapide is contraindicated in patients with moderate or severe hepatic disease. 
Pregnancy
In animal studies, lomitapide has been found to be teratogenic. As a result, lomitapide is contraindicated for use in pregnancy. It has been categorized as a pregnancy category X drug. A negative pregnancy test should be confirmed prior to initiation of treatment with lomitapide in females of childbearing potential and effective contraception should be used during treatment. If an oral contraceptive is used, lomitapide doses should not exceed 30 mg daily.
Nursing
Data are lacking with regard to whether lomitapide is excreted in breast milk. However due to the potential for adverse events (e.g., tumorigenicity in animal study), a decision should be made whether to discontinue nursing or discontinue therapy with lomitapide. 

Post-marketing Safety Experience
No post-marketing data to date. 
[bookmark: _GoBack]Sentinel Events
There was one death in the lomitapide clinical development program. The death occurred in a phase 2 clinical trial comparing lomitapide alone, ezetimibe+lomitapide and ezetimibe alone in 85 patients with non-HoFH. A 54-year-old gentleman died of a myocardial infarction seven days after stopping therapy with lomitapide. He had received 84 days of lomitapide monotherapy. Although he had significant risk factors for cardiovascular disease, his death was deemed unrelated to lomitapide by the investigator; but the FDA reviewer felt that a possible association could not be completely ruled out due to the small safety database. 

There were seven serious adverse events reported in the lomitapide phase 2 clinical trials, including the death described above. One patient developed diverticulitis before being randomized and therefore is not included in the table. In the HoFH pivotal trial, there were three serious events reported and four in the extension study. (See table 6 for details)

Look-Alike/Sound-Alike (LA/SA) Error Risk Potential
As part of a Joint Commission standard, LASA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LASA information from three data sources (Lexi-Comp, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LA/SA confusion:
LA/SA for generic name: lomitapide  (loperamide, lodoxamide)
LA/SA for trade name: Juxtapid  (none)

Drug Interactions3
Lomitapide is metabolized primarily by CYP 3A4 and therefore is vulnerable to interactions involving drugs that inhibit or induce metabolism of CYP 3A4. Lomitapide is an inhibitor of P-glycoprotein (P-gp) and therefore concomitant administration of lomitapide may increase exposure of the P-gp substrate drug.

Table 7: Lomitapide Drug-Drug Interactions
	Co-Administered Drug*
	Effect on Exposure
	Recommendation

	Strong CYP 3A4 Inhibitors: bocepravir, clarithromycin, conivaptan, indinavir, intraconazole, ketoconazole, lopinavir/ritonavir, mibefradil, nefazodone, nelfinavir, posoconazole, ritonavir, saquinavir, telapravir, telithromycin, voriconazole
	Exposure of lomitapide is increased approximately 27-fold
	Use of lomatipide in the presence of a strong CYP 3A4 inhibitor is CONTRAINDICATED

	Moderate CYP 3A4 Inhibitors: amprenavir, aprepitant, atazanavir, ciprofloxacin, crizotinib, darunavir/ritonavir, diltiazem, erythromycin, fluconazole, fosamprenavir, imatinib, verapamil
	Has not been studied but lomitapide exposure is predicted to be increase significantly
	Use of lomatipide in the presence of a moderate CYP 3A4 inhibitor is CONTRAINDICATED

	Weak CYP 3A4 Inhibitors: alprazolam, amiodarone, amlodipine, atorvastatin, bicalutamide, cilostazol, cimetidine, cyclosporine, fluoxetine, fluvoxamine, ginko, goldenseal, isoniazid, lapatinib, nilotinib, oral contraceptives, pazopanib, ranitidine, ranolazine, tipranavir/ritonavir, ticagrelor, zileuton
	Exposure of lomitapide is increased approximately 2-fold 
	Limit maximum daily dose of lomitapide to 30 mg

	Warfarin
	Lomitapide increases plasma concentrations of both warfarin isomers by 30% and increases INR about 22%.
	Close monitoring of INR is indicated when initiating therapy with lomitapide and after changing lomitapide dose. Warfarin dose should be adjusted, as clinically indicated.

	Simvastatin and Lovastatin
	Lomitapide doubles the exposure to simvastatin
	Simvastatin dose should be ½ of the usual maximum dose. If receiving 40 mg daily, dose of simva should be limited to 20 mg daily while on lomitapide. If receiving 80 mg daily without muscle symptoms for >1 year, dose should be limited to 40 mg daily while on lomitapide. 
Combinations of lovastatin and lomitapide have not been examined in clinical trials. But, since metabolism of lovastatin is similar to simvastatin, consider a lower dose of lovastatin if therapy with lomitapide is initiated.

	P-Glycoprotein (P-gp) Substrates: aliskiren, ambrisentan, colchicine, dabigatran etexilate, digoxin, everolimus, fexofenadine, imatinib, lapatinib, maraviroc, nilotinib, posaconazole, ranolazine, saxagliptin, sirolimus, sitagliptin, talinolol, tolvaptan, topotecan
	Lomitapide is an inhibitor of P-gp. Lomitapide may increase the absorption of P-gp substrates
	Consider reducing dose of P-gp substrate when combined with lomitapide

	Bile Acid Sequestrants
	Data are lacking. Reduced absorption of lomitapide is predicted when given concomitantly
	Separate administration of bile acid sequestrants from lomitapide by at least 4 hours


*List may not be all-inclusive

Drug-Food Interactions
Grapefruit juice must be avoided during therapy with lomitapide since grapefruit juice can significantly increase exposure to lomitapide. 

Acquisition Costs
Refer to VA pricing sources for updated information.

Pharmacoeconomic Analysis
There are no published pharmacoeconomic analyses available. 

Conclusions
Lomitapide is the first in a new class of drugs indicated as an adjunct to a low-fat diet and other lipid-lowering therapies to improve lipoproteins (total cholesterol, low-density lipoprotein and non high-density lipoprotein cholesterol and apolipoprotein B [apo B]) in patients with homozygous familial hypercholesterolemia (HoFH). Lomitapide works by inhibiting microsomal triglyceride transfer protein (MTP), preventing synthesis of apo B containing lipoproteins (e,g, very-low-density lipoprotein and chylomicrons) in the liver and intestine. Inhibiting formation of very-low-density lipoprotein (VLDL) cholesterol results in significantly reduced levels of low-density lipoprotein cholesterol (LDL-C), and other lipoproteins. Lomitapide was FDA approved in December 2012. 
Lomitapide is initiated at a dose of 5 mg once daily and slowly titrated upward to a maximum dose of 60 mg daily, as tolerated and based upon individual goals of therapy. Prior to initiation of lomitapide, liver function tests (ALT, AST, alkaline phosphatase and bilirubin) should be measured; a negative pregnancy test should be confirmed and a low fat diet (<20% of total daily calories as fat) should be instituted. Daily supplements containing at least 400 international units of Vitamin E, 200 mg linoleic acid, 210 mg ALA, 110 mg EPA and 80 mg DHA should be used to prevent fat-soluble vitamin and fatty acid deficiency since lomitapide can impair their absorption. Lomitapide dosing should occur at least 2 hours after the evening meal with a glass of water to minimize the risk for gastrointestinal adverse events.
There are two published clinical trials (N=1 phase 2, N=1 phase 3) examining the efficacy and safety of lomitapide in a small number of patients with homozygous familial hypercholesterolemia. In both trials, lomitapide reduced total cholesterol, LDL cholesterol, VLDL cholesterol, ApoB and triglycerides by at least 45% in the first 16 to 26 weeks. In the phase 3 clinical trial, HDL was also reduced significantly by 26 weeks but returned close to baseline by 56 weeks. During the safety phase (27-78 weeks) of the phase 3 trial, the magnitude of lipid reductions lessened to some extent after 26 weeks but remained significantly reduced from baseline through 78 weeks. Three patients were able to discontinue LDL apheresis treatments and three other patients reduced frequency of their treatments. Overall, 83% of patients had >25% reduction in LDL and 52% had >50% reduction in LDL. Most patients received a maximum daily dose ranging from 20mg to 60 mg. There are no data to support lomitapide’s ability to reduce important cardiovascular adverse events in patients with HoFH. 
Because lomitapide has been studied in very few patients, the possibility for developing uncommon but severe adverse events with lomitapide is unknown. Although there were three serious adverse events reported in patients taking lomitapide (see table 5), the events were considered to be unrelated or unlikely to be related to lomitapide in the phase 3 clinical trial. Elevated AST, ALT or both were reported in ten patients; four patients had ALT of >5 times the upper limit of normal. No patients permanently discontinued treatment with lomitapide due to transaminase elevation during the phase 3 trial. No patients had elevated bilirubin or alkaline phosphatase. Mean hepatic fat increased from 1% at baseline to 8.6% at 26 weeks, 5.8% at 56 weeks and 8.3% at 78 weeks. High-density lipoprotein (HDL) was significantly reduced from baseline but returned towards baseline levels by 56 and 78 weeks. Three patients discontinued lomitapide due to gastrointestinal adverse events. The safety of lomitapide beyond 78 weeks is unknown since very few patients received lomitapide beyond this time period (n=15 patients for 2 years, n=5 patients for 3 years).
There was one death that occurred during the clinical development program in a 54-year-old male without HoFH. Although the individual had significant risk factors for a myocardial infarction and the manufacturer considered the death unrelated to lomitapide, the FDA reviewer felt that a possible association could not be ruled out. There were six other serious adverse events reported with lomitapide (see table 6 for details). 
As a consequence of the mechanism of action of lomitapide, the most common drug related adverse events are gastrointestinal (GI) in nature with approximately 93% (n=27/29) of patients in the pivotal trial reporting GI events but with fewer reported GI events in the safety extension study. Lomitapide inhibits formation of chylomicrons, which reduces dietary fat absorption resulting in steatorrhea and other gastrointestinal symptoms. Adverse GI events can be minimized by instituting a low-fat diet (<20% of daily calories as fat); initiating therapy with a low dose of lomitapide (5 mg daily) and gradually increasing the dose as tolerated.
Lomitapide can cause an increase in transaminases and hepatic steatosis. To date, there have been no reported cases of liver impairment or failure in patients taking lomitapide. However, there is concern that steatohepatitis could develop in association with lomitapide and gradually progress to cirrhosis. Because of the concern for liver injury developing in patients receiving lomitapide, the FDA has instituted a Risk Evaluation and Mitigation Strategy (REMS) program restricting its prescribing and distribution to only certified providers and pharmacies.
Lomitapide is metabolized primarily by CYP 3A4 and therefore is vulnerable to interactions involving drugs that inhibit or induce metabolism of CYP 3A4. Lomitapide is an inhibitor of P-glycoprotein (P-gp) and therefore concomitant administration of lomitapide may increase exposure of the P-gp substrate drug. Refer to table 7 for a list of potential drug-drug interactions and recommendations for avoidance of combinations with lomitapide or dose modifications. 
Lomitapide is contraindicated for use in 1) pregnancy, 2) in those patients receiving moderate or strong inhibitors of CYP 3A4 metabolism and 3) in those patients with moderate or severe liver impairment (Child-Pugh category B or C), including those patients with unexplained, persistent abnormal liver function tests.
Lomitapide is approved for use in patients diagnosed with HoFH as adjunct to a low fat diet and other lipid-lowering therapies. Patients with HoFH are at a very high risk of developing premature cardiovascular disease and death. Existing therapy for lowering LDL in these patients, including statins, are often insufficient and patients may require specialized treatments including LDL apheresis. Lomitapide is associated with elevated transaminases and increased hepatic steatosis. Although there is concern that steatohepatitis could develop in association with lomitapide and gradually progress to cirrhosis, the benefit/risk profile in patients with HoFH was judged to be favorable by the FDA because of the severe consequences of the disease. However, because of the concern for liver injury developing in patients receiving lomitapide, the risk of using lomitapide in patients without a diagnosis of HoFH (e.g., heterozygous hypercholesterolemia, statin intolerant patients) is considered unfavorable and therefore lomitapide treatment should be restricted to patients with HoFH. 
Finally, the safety database of lomitapide is very limited due to the very small numbers of patients who were studied in the clinical trials leading to FDA approval. Thus, because of the unknown risk for less common but severe adverse events, all patients receiving lomitapide should be carefully monitored for adverse events and events should be reported to the FDA.
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Appendix: Clinical Trials
A literature search using PubMed/Medline and Google Scholar was conducted using the following search terms: lomitapide, Juxtapid, homozygous familial hypercholesterolemia, and severe hypercholesterolemia. Reference lists of selected articles related to lomitapide were also used to identify additional sources of data.  Published clinical trials examining the efficacy and/or safety of lomitapide in humans and for approved indications were included.  Included studies were limited to English language.  The FDA medical officer’s review of lomitapide was also closely examined.

	Clinical Trial
	Population
	Intervention/Outcome Measures
	Results
	Adverse Events/ Comments

	Cuchel, et al6
Phase 2, open-label, dose-ranging study
N=6

16 weeks of treatment
	Inclusion Criteria: Patients with HoFH. Diagnosis was suspected clinically, confirmed by genetic analysis.
Exclusion Criteria: 
Major surgery in past 3 months, CHF, history of liver disease or aminotransferases >3xULN, cancer in past 5 years, SCr 2.5 mg/dL (221 mol/L) or history of alcohol or drug abuse.
	Patients receiving the following doses, escalated at 4 week- intervals: 0.03 mg/kg, 0.1 mg/kg, 0.3 mg/kg, 1 mg/kg of body weight/day. Each subject received the 4 different doses for 4 weeks each. 

All other lipid-lowering therapies, including LDL apheresis were stopped at least 4 weeks prior to baseline visit and through study completion.

Low fat diet was initiated after study eligibility was determined. Diet consisted of <10% of daily calories from fat.

All patients received a multiple vitamin supplying 100% of reference intake for vitamins and minerals.

Primary endpoint: Change in lipoprotein values from baseline (TC, LDL, VLDL, triglycerides, ApoB, HDL and ApoA-1

Secondary: Safety and tolerability. MRI to assess changes in liver fat, LFT, monitoring
	Patients aged 18-40 years. Two with clinically significant heart disease (prosthetic valve replacement/anticoagulation)

Highest 2 doses of lomitapide (mean dose: 0.3 mg/kg=20.1 mg and 1 mg/kg=67 mg) produced significant reductions in TC, LDL, VLDL, Triglycerides and Apo B. However, the 0.3 mg/kg dose did not significantly reduce VLDL. No significant changes were observed for HDL or Apo A-1. See below:

Mean reduction with 1 mg/kg dose (highest dose):
TC: 851 mg/dL 349 mg/dL=58.4% reduction
LDL: 614 mg/dL  303 mg/dL=50.9% reduction
Trig: 283 mg/dL  88 mg/dL=65.2% reduction
VLDL: 210 mg/dL  102 mg/dL=51.4% reduction
ApoB: 310 mg/dL 136 mg/dL=55.6% reduction
	No patient withdrew due to ADEs. Increased stool frequency was noted in 5/6 patients; noted to be of mild to moderate intensity. Most of the episodes were temporary and associated with consumption of a high fat mean.

Elevation in liver transaminases was noted in 4/6 patients. Hepatic fat was increased markedly in 4 patients. Two/six patients had no AST or ALT elevation and hepatic fat increased less than 10%. Of the 4 patients with elevation of transaminases, elevation appeared to be dose dependent in 2 patients and their hepatic fat increased to 18-24%. In the other 2 patients, transaminases markedly increased and hepatic fat increased to greater than 30%. Dose of lomitapide was reduced with subsequent reduction in transaminases. Hepatic fat and transaminase elevation returned to baseline levels 4 weeks after lomitapide was stopped in all but 1 patient. In that patient, transaminase levels and hepatic fat returned to baseline 14 weeks after discontinuing therapy with lomitapide. 

Authors comment that despite varied range of lipoprotein values at baseline, similar percent reductions were noted in all patients. 

Lipoprotein kinetics studies were performed in 3/6 patients. The rate of production of LDL Apo B during the 4 weeks of treatment at the highest dose of lomitapide (1 mg/kg, mean dose 67 mg) was reduced by 70%. This was done to support the presumed mechanism of action of reducing production of ApoB and consequently reduction in ApoB containing lipoproteins. 

	Cuchel, et al7
Phase 3, open label design
N=29

26 week efficacy phase, 52 week safety phase=78 weeks

Subjects served as their own control
	Inclusion Criteria: Patients with HoFH. Diagnosis was suspected clinically (TC>13 mmol/L or 500 mg/dL and Trig <3.4 mmol/L or 300 mg/dL and both parents with an untreated TC of >6.5 mmol/L) or documented mutation(s) in both alleles of the LDL receptor or other genes effecting LDL receptor function, confirmed by genetic analysis.
Exclusion Criteria: 
Major surgery in past 3 months, CHF, history of liver disease or aminotransferases >2xULN, recent malignancy, SCr 2.5 mg/dL (221 mol/L) or history of alcohol or drug abuse, known bowel disease or malabsorption or chronic lung disease.
	Eligible patients entered a 6-week run in phase in which other lipid-lowering therapies, including LDL apheresis, were continued. Supplementation with Vitamin E and essential fatty acids were started and the low fat diet was begun and stabilized. No changes in other lipid lowering therapies including LDL apheresis were allowed during the 26-week efficacy phase. 

Lomitapide 5 mg was initiated and given for 2 weeks, then the dose increased as follows: 10, 20, 40 and 60 mg per day at 4-week intervals or until an individually determined maximum dose, based upon safety and efficacy, was achieved.  

Primary endpoint: 
Percent change in LDL on maximum dose after 26 weeks of lomitapide treatment

Secondary endpoints: Percent change in other lipid parameters, long-term safety, changes in hepatic fat content

Fasting lipid profiles and LFTs were obtained at baseline and every 4 weeks through 26 weeks. After 26 weeks, other lipid lowering therapies could be altered at the discretion of the investigator. After 26 weeks, patients were followed every 5-10 weeks for safety up to 78 weeks and a final follow up visit at 84 weeks if they chose not to continue in the next long-term study. 

If patients had elevation in AST or ALT of 5-9.9xULN (>100 U/L or <200 U/L) the dose of lomitapide was reduced to the prior dose and the dose titrated once the elevation resolved.
Hepatic fat content was measured using nuclear magnetic resonance spectroscopy (NMRS)
	32 patients with HoFH were screened, 31 entered the run-in phase and 29 were enrolled in the efficacy phase. All patients were 18 or older and 23/29 (79.3%) completed the 26-week efficacy phase.

All patients were homozygotes or compound heterozygotes for mutations in the LDLR gene or genes affecting LDL-receptor function.

27 patients were treated with statins, 22 with ezetimibe, 3 with niacin, one with a fibrate, one with a bile acid sequestrant. 18 patients underwent regular LDL apheresis ranging from weekly to every 6 weeks. Despite the aggressive lipid therapies, baseline lipoprotein values were markedly elevated.

HDL, lipoprotein A and ApoA-1 were all reduced significantly at 26 weeks. No significant changes were noted in HDL or ApoA-1 during therapy with lomitapide at 56 and 78 weeks. Apolipoprotein (a) was reduced from baseline at weeks 26 and 56 but not at week 78. 

Significant changes listed in table below (n=23 patients).

	Lipid*
	Baseline
	Week 26
	Week 56
	Week 78

	TC
	11.1/429
	6.1/236
 46%
	7.1/275
 39%
	7.3/282
 35%

	LDL
	8.7/336
	4.3/166
 50%
	5.1/197
 44%
	5.4/209
 38%

	VLDL
	0.5/
	0.3/17.7
 45%
	0.4/12.4
 28%
	0.4/12.4
 31%

	Non-HDL
	10/387
	5.1/197
 50%
	5.9/229
 44%
	6.2/240
 39%

	Trigs
	1/88.5
	0.5/44
 45%
	0.7/62
 29%
	0.7/62
 31%


*Lipid levels are means and expressed as mmol/L/mg/dL
All changes are statistically significant reductions from baseline

Overall, 19/23 patients had reduced LDL levels of 25% or > and 12 patients had >50% reduction. Eight patients had LDL <100 at week 26 and one patient <70 mg/dl.

Three patients discontinued their LDL apheresis permanently and 3 patients reduced the frequency of apheresis during the safety phase.

Compliance, defined as 80% of capsules taken, was 28/29 (93%) during efficacy phase (26 weeks) and 22/23 (93%) of the safety phase. 

Maximum daily doses of lomitapide during the study:
5 mg, n=1
20 mg, n=5
40 mg, n=6
60 mg, n=11
	Most patients reported at least one ADE while receiving lomitapide; most events were rated as mild to moderate in intensity.

Three patients stopped therapy due to gastrointestinal ADEs and one due to headache. One withdrew due to noncompliance with the protocol and with for personal reasons. 

Three patients had a serious ADE: *ACS with angina, and lower respiratory tract infection, n=1
*Elective hysterectomy for menorrhagia, n=1
*Chest pain, n=1
Rated as unrelated or unlikely to be related to study treatment

AST or ALT or both were increased more than 3xULN in 10 patients, 4 of these patients had ALT increases >5xULN. No patient stopped therapy with lomitapide permanently because of elevated LFTs. Elevated LFTs were managed by reducing dose or temporary cessation. More significant elevations were observed in patients consuming more alcohol than permitted by the protocol. No patient had increased bilirubin or alkaline phosphatase

Hepatic fat was 1% at baseline, 8.6% at 26 weeks, 5.8% at 56 weeks and 8.3% at 78 weeks. 

Authors comments:
Magnitude of lipoprotein reductions decreased during the safety phase (27-78 weeks). Possible explanations including changes in other lipid-lowering therapies depending upon patients response to lomitapide, withdrawal of or reduction in frequency of LDL apheresis or reductions in lomitapide dose due to elevated LFTs or gastrointestinal ADEs. 



ACS=acute coronary syndrome, CHF=congestive heart failure, LFTs=liver function tests, HoFH=homozygous familial hypercholesterolemia, MRI=magnetic resonance imaging, SCr=serum creatinine, ULN=upper limit of normal






























