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Introduction

Overview of Homozygous Familial Hypercholesterolemia (HoFH)


HoFH is a rare and life-threatening disease originally characterized by plasma cholesterol levels > 500mg/dl, extensive xanthomas, and marked premature and progressive atherosclerotic cardiovascular disease [1]. Genetic defects in the LDL receptor causing the inability to internalize LDL was first identified by Brown and Goldstein [2]. There are two types of familial hypercholesterolemia: the heterozygous and homozygous forms. The heterozygous form, in which the patient has one normal allele and one mutated allele, the most common form, is considered to have prevalence as high as of 1 out 2003. The homozygous form, in which the patient has two mutated alleles, has a prevalence as high as 1 in 160, 0003.

Beginning with the fetus, sustained exposure of the arterial wall to elevated LDL-C levels accelerates cholesterol deposition and vascular inflammation, resulting in the development of atherosclerosis, especially in the coronary arteries and aorta, and premature CHD [4,5]. Patients with homozygous FH are often diagnosed early in childhood, do not respond well to medical therapy, and can progress rapidly to premature coronary artery disease [6]. Early cardiovascular symptoms and signs are typically related to aortic stenos is and regurgitation due to massive accumulation of cholesterol in the valvular and supravalvular regions of the aortic valve, and coronary ostial stenosis [7]. Untreated, most patients with markedly elevated LDL-C levels develop overt atherosclerosis before the age of 20 years, and generally do not survive past 30 years [1]. Unfortunately, FH remains under diagnosed and undertreated despite widespread cholesterol screening [8].

Genetics of HoFH

The most common genetic defect leading to FH is loss-of- function mutations in the low-density lipoprotein receptor (LDLR) alleles, with more than 1600 mutations having been identified [9]. True homozygous FH, with the same mutation in both alleles, is less common than compound heterozygous FH, with different mutations in each allele of the same gene, or double heterozygous FH, with mutations in two different genes affecting LDL receptor function [1].

Less commonly, about 5-10% of individuals with an FH phenotype are found to carry mutations in the ligand-binding domain of apolipoprotes in B (ApoB, 2-5%), the protein component of the LDL particle that interacts with the LDLR. Gain-of-function mutations in the production of proprotein convertase subtilisin/kexin type9 serine protease (PCSK9) also account for a small percentage of FH patients. (<1%) as do loss-of-function mutations in the low-density lipoprotein receptor Adaptor Protein 1 (LDLRAP1, <1%)) [10-12]. All of these abnormalities result in a reduced ability to clear LDL-C from the circulation increased LDL-C from birth, and the above noted early cardiovascular disease [1].

Need for treatment in HoFH patients


 Table 1:     Recommended LDL cholesterol targets in FH guidelines
[3].
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The primary goals of management are prevention of atherosclerotic coronary artery disease by early and comprehensive controlofhypercholesterolemia and early detection ofcomplications, with specific focus on ostial occlusion and aortic stenosis. Substantial improvements in the treatment of familial hypercholesterolemia have been achieved over the last 25 years with statins, ezetimibe, more potentbile acidsequestrants, VLDL synthesis inhibitors and PCSK9 antibodies. Unfortunately, many HoFH patients still do not achieve targeted LDL-C levels. [1] Randomized placebo-controlled trials to assess clinical outcomes, specifically in familial hypercholesterolemia, have not been done because of the ethical considerations of denying effective LDL-Cowering drugs to these very-high-risk patients. Still, long-term observational data from registries and specialized lipid centers demonstrate that aggressive LDL-C reduction in familial hypercholesterolemia, including the homozygous form, is associated with improved, although still high, rates of cardiovascular disease. Cholesterol reduction achieved with statin therapy, furthermore, is associated with delayed cardiovascular events and prolonged survival in patients with homozygous familial hypercholesterolemia [13]. Nonetheless, it is now apparent that the current LDL cholesterol guidelines for HoFH are not optimal for high risk patients [14], and even those LDL cholesterol levels remain difficult to achieve in HoFH with available pharmacotherapy [1] (Table 1).

Given the unmet need for further LDL-C lowering in this patient population, several newer non-statin therapeutics recently have been approved for the treatment of HoFH. While these new strategies all report significant lowering of LDL-C, each raises questions regarding utility and the risk/benefit profile.

Two recently approved drugs, Kynamro®(mipomersen), and Juxtapid®(lomitapide), inhibit the synthesis and secretion of VLDLin the liver:

a)	Kynamro® a second generation antisense oligonucleotide, prevents the synthesis of apolipoprotein B-100 in the liver, thereby inhibiting the formation and secretion of apolipoprotein B lipoproteins by the liver. Studies have shown that Kynamro treatment results in a sustained 25% reduction in serum cholesterol levels. Given the risk/benefit profile of Kynamro, however, its role in treatment of patients in this population may be limited to only those with a very high risk. Of particular concern is the observation of the side effect of fatty liver; larger and longer studies may be required to determine if this is a relatively benign and reversible side effect or something more serious [15,16].

b)	Juxtapid® is a small molecule microsomal triglyceride transfer protein inhibitor (MTP-I) approved as a daily oral therapeutic for the FH population. Inhibition of MTP lowers LDL-C by inhibiting apoB lipidation and reducing apoB containing lipoprotein secretion. Juxtapid, given as monotherapy or in combination with ezetimibe, lowered LDL cholesterol and apoB levels by ~50% in patients with familial hypercholesterolemia (FH) or moderate hypercholesterolemia, but the clinical utility of MTP inhibitors may be restricted by their potential to induce elevation of liver enzymes and hepatic steatosis and patient toleration due to GI side effects [15].

Most recently two antibodies that inhibit PCSK9 have demonstrated efficacy by increasing residual LDL receptor activity Significant and substantial reductions in LDL-C have been observed following subcutaneous injections of a monoclonal antibody to PCSK9 to patients with severe heterozygous FH, including those with coronary artery disease and baseline LDL-C levels over 100mg/dL on high dose statin with or without ezetimibe [16]. The mechanism of action for PCSK9 inhibitors, however, requires the patient to have a functional LDL receptor pathway, without loss-of-function mutations in either the receptor or the LDL binding domain. The recent TESLA-B study demonstrated that Repatha® (evolocumab) reduced LDL-C from 355mg/dl to 270mg/dl [16] in HoFH patients already on optimal statin and ezetimibe therapy. As a result, Repatha has been approved by the FDA as adjunctive treatment in HoFH. Despite these new drug approvals, LDL-apheresis, every 1-2 weeks, remains an important option for patients with HoFH. The importance of apheresis in HoFH treatment is illustrated in Figure 1, below. In this patient population, the rate of future cardiovascular events appears to be reduced upon profound lowering of LDL-C concentrations with LDL apheresis [17]. Because of the early development of atherosclerosis and premature CVD, the Consensus Panel on Familial Hypercholesterolemia of the European Atherosclerosis Society, recommends that children with HoFH should start LDL apheresis by age 5 and not later than age 8 [1]. (Figure 1)
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Figure 1:    Cumulative LDL cholesterol lowering effects of statin, ezetimibe, adjunctive mipomersen, lomitapide or evolocumab, plus LDL-apheresis [1].



Unfortunately, LDL-apheresis is an invasive, time-consuming, and expensive intervention that is not universally available or affordable. LDL apheresis is particularly challenging for children, who often require venous access ports [18]. As a result, an unmet medical need for additional, effective, accessible and better tolerated LDL-C lowering therapies remains for many patients with HoFH [19].

Conclusion

Despite the recent approvals of new therapies, the ability to decrease LDL-C in HoFH patients remains difficult. Newer, more potent and better tolerated LDL lowering therapies are needed to prevent the atherosclerotic cardiovascular disease in these genetically challenged patients.
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