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Familial Hypercholesterolemia-An Undeniable Unmet Need
Etiology

FH determines a phenotype characterized by LDL cholesterol levels 
≥ 200 mg/dL (≥ 5.2 mmol/L), cholesterol deposition in extravascular 
tissues, xanthomas, xanthelasmas, corneal arch and early ASCVD [1]. 
Goldstein and Brown documented for the first time that mutations in 
the LDLR gene -located on chromosome 19 - were the cause of the FH 
phenotype; these mutations can occur in both alleles of the LDLR gene 
encoding the receptor, giving rise to the homozygous genotype of FH or in 
a single allele, giving rise to the heterozygous genotype of FH [2].

More than one thousand mutations have been described in the LDLR 
gene [3]. From a functional point of view these mutations have been 
classified as type 1 with total failure in the synthesis of LDLR; type 2 
with failure in the migration of LDLR from the ER/GA system to the cell 
membrane; Type 3 with failure in apoB100 recognition (LDLR ligand); 
Type 4 with failure in the internalization of the binomial LDLR/LDL and 
type 5 with failure in the dissociation of the binomial LDLR/LDL [3]. While 
approximately 90%-95% of the mutations causing the FH-phenotype are 

“classical” mutations of the LDLR gene, mutations have been documented 
in genes encoding other molecules involved in cellular cholesterol 
metabolism. In order of frequency: mutations in the APOB gene (~5%), 
located on chromosome 2 encoding apoB100 synthesis (LDLR ligand) [4]; 
mutations in the PCSK9 gene (~1%), located on chromosome 1 encoding 
PCSK9 synthesis with “gain of function” (protease facilitating intracellular 
proteolysis of LDLR) [5], and mutations in the LDLRAP1 gene (<1%), 
located on chromosome 1 encoding AP1 synthesis (LDLR adaptor protein 
1 to cell membrane) [6]. The combination of these mutations may give 
rise to different FH genotypes, including: true HoFH by mutation of the 
same gene in both alleles (e.g., LDLR/LDLR), compound HoFH by 
mutation of a different gene in each allele (e.g., LDLR/PCSK9 “gain 
of function”), simple HeFH by mutation of a gene in one allele (e.g., 
APOB) and double HeFH by mutation of two genes in one allele (e.g., 
LDLR/APOB). The “malignancy” of the FH-phenotype is determined 
primarily by the affected number of alleles, the number and type of 
affected genes and the functional repercussion of the mutation as a 
whole [7]. Currently, these seemingly theoretical considerations are of 
great importance in the therapeutic efficacy and selection, especially in 
individual with HoFH [8-9].
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Abstract
This review analyses three of the most relevant statins therapeutic limitations, named familial hypercholesterolemia, high risk and statins 

therapeutic variability and statins muscular-intolerance. Familial hypercholesterolemia has been the engine for important discoveries such as 
LDLR and statins; the use of these has changed the natural history of ASCVD in these individuals. However, for subjects with the homozygous 
and to a lesser extent for individuals with the heterozygous forms, the therapeutic effect of statins is not sufficient to achieve optimal levels of LDL-
cholesterol; in this paper, we will review the etiology, prevalence, diagnosis, evolution, treatment and new therapeutic options for this disease. 
Therapeutic variability is a very common clinical issue, in a given population, the administration of a statin of medium or high intensity reduces 
on average 30% or 50% the level of LDL-cholesterol. However, there is wide inter-individual and intra-individual variability in treatment with any 
HMGCoAR inhibitor. Both types of variability have prognostic implications and therefore their knowledge is important. The transcendence of the 
inter- and intra-individual therapeutic variability of statins supports the personalized approach in their use and justifies in a variable percentage 
the potential use of the MAbs-PCSK9, especially in high and very high risk individuals. Finally, since statin intolerance is a nonspecific concept 
wich may include muscle (myalgias and CPK increase) or non-muscle related (AST-ALT increase, neurocognitive abnormalities, gastrointestinal 
symptoms, etc.) adverse events associated with HMGCoAR inhibitors; in order to be more specific, the term Statin-Associated Muscle Symptoms 
or SAMS has been proposed. The reported prevalence of this problem varies widely from 30% in observational studies to <10% in “double-blind” 
studies. Statin muscle-intolerance is the most common cause for treatment discontinuation and is in turn an important risk factor for ASCVD, 
because that, it is essential to establish a correct diagnosis of SAMS and efficient alternative therapeutic strategies; thus, SAMS is another 
important and potential therapeutic “niche” for MAbs-PCSK9 commented in this review.
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Prevalence
Traditionally it has been established that the average prevalence of HoFH 

and HeFH is 1 case in 1 million and 1 case in 500 inhabitants, respectively 
[2]. These statistics have recently been “challenged” by the Dutch school 
of FH, who have reported that the prevalence of HoFH and HeFH can be 
up to 1 case in 160,000 and 1 case in 200 inhabitants, respectively [10-11]. 
Regardless of the actual prevalence of FH, as discussed below, the main 
problem in this pathology is the very low detection of cases [12].

Diagnosis
According to a recent FH registry, in countries like Holland or 

Norway, between 50% and 70% of individuals with FH are diagnosed, 
in contrast, in countries like Mexico or Brazil, this figure is less than 1% 
[12]. The diagnosis of HoFH is established by the genetic typing of two 
mutant alleles or the presence of severe hypercholesterolemia with LDL-
cholesterol levels ≥ 500 mg/dL (≥ 13 mmol/L) in the absence of treatment 
or ≥ 300 mg/dL ( ≥ 7.2 mmol/L) on treatment plus xanthomas before age 
10 and/or when both parents have HeFH. The diagnosis of HeFH is also 
established with the genetic typing of a mutant allele or with the sum of 
criteria of family history, personal history, exploratory signs, laboratory 
data and genetic typing (Dutch Lipid Clinic Network criteria or Simon 
Broome criteria) [10-12].

Evolution
The evolution of FH is determined by the level of hypercholesterolemia; 

in average terms, the “naïve” phenotypes of HoFH and HeFH are 
characterized respectively by LDL-cholesterol levels ≥ 500 mg/dL (≥ 13 
mmol/L) and between 200-500 mg/dL (5.2-13 mmol/L), this determines 
that the burden of circulating LDL-cholesterol for the onset of an ASCVD 
(clinical threshold for ASCVD) is on average at 12.5 years and at 35 years 
of age, respectively; unlike FH, in Non-FH, even in the presence of other 
risk factors, the LDL-cholesterol level is <200 mg/dL (<5.2 mmol/L) and 
the occurrence of an ASCVD presents on average between 55-65 years of 
age [7,10-12].

Treatment
Although FH has a genetic etiology, to date its treatment is focused on 

the control of its biochemical subrogate, hypercholesterolemia. Without 
denying the contribution of indispensable hygienic-dietary measures, 
potent HMGCoR inhibitors or statins as atorvastatin and rosuvastatin 
have been the mainstay of treatment in FH. Vermissen reported in a 
cohort of more than two thousand individuals with FH followed for 10 
years, a risk reduction for coronary heart disease of 76% (82-70% with 
P<0.001) in individuals treated with statins versus no-statins [13]. Even in 
individuals with HoFH, statins have been very important. Raal reported 
that statin therapy, since 1990, significantly increased the clinical threshold 
for cardiovascular death and for any type of ASCVD in individuals 
with HoFH, this apparently paradoxical event in HoFH is explained by 
the presence of residual LDLR (>2% to 25%) function in a significant 
percentage of these individuals, in addition to the statins inhibitory effect 
of VLDL synthesis and therefore the reduction effect of the IDL and LDL 
level, as well as by the potential pleiotropic actions of statins [14].

Pharmacological treatment for HoFH
As complementary therapies for statins, for non-statins lipid-lowering 

drugs (ezetimibe, resins, niacin) and even for apheresis, the following 
molecules have been investigated and approved in the HoFH for clinical use.

a) Mipomersen: It is an OAS silencing the messenger RNA encoding 
the synthesis of apoB100; this way by preferentially inhibiting hepatic 
synthesis of apoB100, inhibits the lipidation and synthesis of VLDL and 
in consequence reduces significantly the IDL and LDL circulatory level 
[15]. Mipomersen 200 mg S.C/week reduces on average 25% the level of 

LDL-cholesterol and other lipoproteins with apoB100, including Lp(a). 
The main adverse effects of mipomersen are, injection site skin reaction 
(76%), flu-like syndrome (29%) and elevated transaminases associated 
with fatty infiltration of the liver (12%); its prescription is approved under 
the REMS system [15-17].

b) Lomitapide: It is a small molecule inhibiting MTP, a lipid-transfer 
protein, especially triglycerides towards the apoprotein structure of 
chylomicrons (apoB48) and VLDL (apoB100); thus, by inhibiting its 
lipidation, it inhibits the synthesis of chylomicrons and VLDL, precursor 
lipoproteins of chylomicrons remmanents, IDL and LDL [18]. Under a 
strict diet with a very low fat content, oral lomitapide 5-60 mg/day reduces 
on average 40% the level of LDL-cholesterol and other lipoproteins with 
apoB100 without a significant reduction of Lp(a). The main adverse effects 
of lomitapide are gastrointestinal, associated with fatty gastrointestinal 
infiltration (>50%), flu-like syndrome (7%) and elevated transaminases 
associated with fatty infiltration of the liver (7%); like mipomersen, 
lomitapide prescription is approved under the REMS system [18].

c) Evolocumab: The MAb-PCSK9 evolocumab at 420 mg S.C/4 weeks 
is approved in the United States, the European Union and Mexico for 
clinical use in individuals ≥ 12 years of age with HoFH [19-20]. In this 
population, evolocumab reduces LDL-cholesterol and other lipoproteins 
with apoB100 significantly, especially in individuals with HoFH with 
residual LDLR function (>2% to 25%); the safety and tolerability profile of 
evolocumab is similar to placebo [8-9].

In the TESLA-B trial [9], individuals with HoFH receiving lipid-
lowering treatment and not on apheresis, evolocumab compared to 
placebo reduced ultracentrifugation LDL-cholesterol by 30.9% (95% 
CI 43.9% to 18.0%: P<0.0001) and apolipoprotein-B100 by 23.1% (95% 
CI 34.8 to 11.5%: P 0.002). It is relevant to note that LDL-cholesterol 
responses were according to LDLR residual function; patients with 
LDLR negative mutations in both alleles and one patient with autosomal 
recessive HoFH showed no response to evolocumab, whereas in patients 
with LDLR mutations in both alleles of which at least one was defective 
the LDL-cholesterol reduction was 40.8%. In this cohort of patients with 
very high levels of Lp(a), the overall reduction in this lipoprotein did not 
reach statistical significance (11.8% with 95% CI -25.5% to 1.8: P 0.09). 
The safety and tolerability profile of evolocumab was similar to placebo. 

Pharmacological treatment for HeFH
As complementary therapies for statins, for non-statins lipid-lowering 

drugs (ezetimibe, resins and niacin), the following molecules have been 
investigated and approved in the HeFH for clinical use.

a) Evolocumab: It is approved in the United States, the European 
Union and Mexico [19-20] for therapeutic use in HeFH at doses of 140 
mg S.C/2 weeks or 420 mg S.C/4 weeks as an adjuvant therapy to statins 
and/or other non-statins lipid-lowering drugs when LDL-cholesterol is 
not in the therapeutic target [19]. Currently, a level of LDL- cholesterol 
<100 mg/dL (<2.6 mmol/L) in primary prevention and <70 mg/dL (<1.8 
mmol/L) in secondary prevention is accepted as a therapeutic target in 
HeFH [21,22]. Based on the positive results from evolocumab phase I and 
II studies, study RUTHERFORD-2 [23], included 331 individuals with 
HeFH on steady-dose statin therapy with or without other non-statins 
lipid-lowering drugs with LDL-cholesterol ≥ 100 mg/dl (≥ 2.6 mmol/L). 
The authors reported that evolocumab 140 mg S.C/2 weeks and 420 mg 
S.C/4 weeks versus placebo determined a reduction of LDL-cholesterol of 
59.2% and 61.3% respectively, both with a P value of <0.0001. Compared 
with 2% in the placebo group, in the evolocumab 140 mg S.C/2 weeks and 
420 mg S.C/4 weeks groups, 68.0% and 63% of the individuals achieved 
LDL-cholesterol levels <70 mg/dL (<1.8 mmol/L). Adverse events of 
treatment with evolocumab, including injection site reaction as a reason 
for discontinuation, did not differ significantly from those reported with 
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placebo. The response to evolocumab was not influenced by the type of 
mutation associated with HeFH [23].

b) Alirocumab: It is approved in the United States, the European 
Union and Mexico [20,24] for therapeutic use in HeFH at doses of 75 
or 150 mg S.C/2 weeks as an adjuvant therapy to statins and/or other 
non-statins lipid-lowering drugs when LDL-cholesterol is not in the 
therapeutic target. Based on the positive results of Phase I and II studies 
with alirocumab, study ODYSSEY FH I and study ODYSSEY FH II [25], 
included 486 and 246 individuals with HeFH on high-intensity statins at 
a high-dose or a maximum tolerated dose with LDL-cholesterol levels 
≥ 70 mg/dl (≥ 1.8 mmol/L) (secondary prevention) or ≥ 100 mg dL (≥ 
2.6 mmol/L) (primary prevention). The authors of ODYSSEY FH I and 
II respectively reported that alirocumab 75-150 mg S.C/2 weeks versus 
placebo determined a reduction of LDL-cholesterol from 144.7 mg/dL to 
71.3 mg/dL, equivalent to a reduction of 57.9% and 134.6 mg/dL to 67.7 
mg/dL, equivalent to a reduction of 51.4%, both with a P value of <0.0001. 
This therapeutic effect was sustained during the 78 weeks of follow-up; 
72.2% versus 2.4% and 81.4% versus 11.3% of individuals reached an 
LDL-cholesterol level <100 or <70 mg/dL (<2.8 or <1.8 mmol/L) (primary 
or secondary prevention) and 59.8% versus 0.8% and 68.2% versus 1.2% 
reached an LDL-cholesterol level of <70 mg/dL (<1.8 mmol/L). Adverse 
events of treatment with alirocumab, including injection site reaction as a 
reason for discontinuation, did not differ significantly from those reported 
with placebo. This court of individuals is being followed for 3 years in a 
voluntary and open design [25].

An “in vitro” study with alirocumab in lymphocytes of individuals with 
autosomal recessive familial hypercholesterolemia (ARH) was recently 
published; the results of this study demonstrated a favorable potential 
effect on LDLR expression in this population [26].

As can be derived from the RUTHERFORD-2 and ODYSSEY FH-I-II 
studies in HeFH, a condition in which only 25% of individuals achieve 
the therapeutic targets with statin-based therapy and/or other non-statins 
lipid-lowering drugs, the addition of a MAb-PCSK9 such as evolocumab 
or alirocumab allows those numbers to be reversed. On average 75% and 
60% of HeFH individuals reach LDL-cholesterol levels <100 mg/dL (<2.6 
mmol/L) and <70 mg/dL (<1.8 mmol/L) respectively when a MAb-PCSK9 is 
added to the treatment; this response is not influenced by the type of mutation 
associated, so in HeFH, genotyping has no therapeutic relevance [23,25].

c) Other molecules in clinical research: Inclisiran, a lipid nano-
particle (ALN-PCS) conjugated with N-acetyl-galactosamine is a small 
molecule avidly captured by hepatic asialo-glycoprotein receptors [27]. 
This molecule currently in phase III, inhibits by interference the mRNA 
dictating the translation for the PCSK9 synthesis and thus reducing 
its circulating levels significantly, until now with a significant efficacy 
(LDL-cholesterol reduction 35% to 50%) and very favorable safety and 
tolerability profile [28-29]. Bempedoic acid (ETC-1002), an inhibitor 
of sterol and fatty-acid synthesis and enhancer of fatty-acid oxidation 
by inhibition of adenosine-triphosphate citrate lyase and activation of 
adenosine monophosphate-activated protein kinase [30], is a molecule 
currently in phase III. ETC-1002 reduces efficiently the LDL-cholesterol 
level (25-30%) with a favorable safety and tolerability profile [31-33].

High Risk and Therapeutic Variability-Another Risk Factor
Although the CTT meta-analyzes 2005 [34] and 2010 [35] established 

that a medium- or high- intensity statin determines an average LDL-
cholesterol reduction of 30% and 50% respectively, the individual response 
has wide inter- and intra-individual variability [36,37]. The first implies 
that between individuals the therapeutic response to the same statin and 
dose is different and the second implies that in the same individual the 
therapeutic response to the same statin and dose may vary throughout 
the treatment.

Inter-individual variability
In 2014, Boekholdt, Kastelein et al. [36]. published an “individual-by-

individual” meta-analysis of eight RCTs with statins. This meta-analysis 
included 38,153 individuals treated with statins, 155,573 person-years 
of follow-up, and 5,387 major incident cardiovascular events -14.1%-
. The meta-analysis objectives were, to determine the inter-individual 
variability in the treatment with statins, to determine the percentage 
of individuals achieving the target for LDL-cholesterol, non-HDL-
cholesterol and apolipoprotein-B100 during high intensity-statin therapy 
and to determine the therapeutic benefit of different LDL-cholesterol 
levels during treatment with statins.

The inter-individual variability analysis with the statin therapy showed 
a “waterfall” distribution. Regardless of the statin and/or its intensity, 
the therapeutic response to a same statin and dose was characterized by 
a continuum, from minimal to maximum individual response, for both 
LDL-cholesterol and non-HDL-cholesterol and for apolipoprotein-B100. 
In the analysis of the percentage of individuals achieving the target for 
LDL-cholesterol during treatment with high-intensity statins, 12, 40 
and 78% of individuals did not achieve values of <100, <70 and <50 mg/
dL; these figures were similar and proportional when the non-HDL-
cholesterol and apolipoprotein-B100 were analyzed. Finally, in the 
analysis of the therapeutic benefit of different levels of LDL-cholesterol, 
the maximum therapeutic benefit was observed for the level of <50 mg/dL 
with 0.44 and 0.81 HR for any major cardiovascular event, compared to 
levels of 175 and 75-100 mg/dL respectively; in the same line, these figures 
were similar when the non-HDL-cholesterol and apolipoprotein-B100 
were analyzed.

In their discussion, the authors review the potential causes for the 
large interindividual variability in the response to statin therapy, among 
others sex, age, smoking status, body weight, diet, physical activity, genetic 
variants and the multifactorial and very prevalent non-adherence. Finally, 
they conclude that their results support the guidelines recommendation 
to monitor the response of each individual throughout the treatment with 
a given statin [37-39], and justify the research of adjuvant therapies to 
statins facilitating the achievement and maintenance of stable and 
appropriate LDL-cholesterol levels for each individual, currently in 
development [40].

Intra-individual variability
With the aim of knowing if visit-to-visit variability in LDL-cholesterol 

affects future cardiovascular outcomes, in 2015, Bangalore and colleagues 
published their “post-hoc” analysis of the TNT study cohort on intra-
individual variability during treatment with atorvastatin in individuals 
with ASCVD [41]. In this analysis of 9,572 individuals with ASCVD 
treated with atorvastatin 10 or 80 mg/day, the authors reported that 
variation greater than one standard deviation in LDL-cholesterol during 
treatment with atorvastatin determines a significant increase in the risk of 
any major cardiovascular event: 23% death, 17% stroke, 16% any coronary 
event, 11% any cardiovascular event, and 10% myocardial infarction. 
Intra-individual variability quantified by different methods and after 
multivariate adjustment proved to be an independent variable with an 
inversely proportional relation to treatment intensity -atorvastatin 80 
mg has lower intra-individual variability than atorvastatin 10 mg- and is 
probably related to the pleiotropism of HMGCoAR inhibitors [41].

Based on this analysis and beyond the reported intra-individual 
variability variability explained by statin treatment non-adherence [42], 
the authors argue that regardless of LDL-cholesterol lowering efficacy, 
consistency in LDL-cholesterol reduction should be a parallel goal. As 
for inter-individual variability, these observations justify the need to 
monitor the response of each individual throughout the treatment with 
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a given statin [37-39], justify the research of adjuvant therapies to statins 
facilitating the achievement and maintenance of stable and appropriate 
LDL-cholesterol levels for each individual [40], and also support the re-
analysis of some recommended strategies for intermittent statin therapy, 
especially for suspected statin intolerance [43].

Muscle Statin Intolerance or SAMS-Frequent Cause for 
Discontinuation

Statin intolerance is a nonspecific concept since it may include muscle 
(myalgias and CPK increase) or non-muscle related (AST-ALT increase, 
neurocognitive abnormalities, gastrointestinal symptoms, etc.) adverse 
events associated with HMGCoAR inhibitors; therefore, in order to be 
more specific, the term Statin-Associated Muscle Symptoms or SAMS has 
been proposed [44]. The prevalence of SAMS is variable; in observational 
studies, the prevalence ranges from 15 to 30% [45,46]; however, in the only 
“double-blind” study designed to assess the impact of statins on muscle 
function -STOMP-, the prevalence is <10%, with a marginally significant 
difference compared to placebo, similar to that reported in statin clinical 
studies [47].

Even in populations such as the European or American, non-adherence 
to treatment with statins is a frequent situation -46%- and SAMS are 
the most common cause -60%- [48]. In developing countries, non-
adherence to statins is greater than 90% [49]. This situation is of great 
clinical importance since the non-adherence to the treatment with statins 
is associated to a significant increase of cardiovascular morbidity and 
mortality -HR up to 1.45- [48]. Therefore, avoiding treatment interruption 
of statins for “pseudo-intolerance” is a task to be fulfilled by all prescribing 
physicians and for this purpose in Lat-Am we have updated the most 
important clinical concepts of this construct called SAMS [50].

Diagnosis
For the diagnosis of SAMS, three criteria are fundamental. The criterion 

defining construct, muscular symptoms, which are generally symmetrical, 
proximal and large muscle group myalgias; the one defining severity, CPK 
elevation, for which there are different cut points: <3x uln or mild, 3-7x uln 
or moderate and >7x uln or severe; the one defining causality, chronology, 
which is generally a criterion not considered, but it is of great relevance; 
SAMS usually occur 4-12 weeks after initiation of statin therapy, they are 
associated or increased with intense muscle activity and have a positive 
pattern to challenge - initiated administration -, to challenge suspension 
- interruption - and to counterchallenge - resumed administration – [50]. 
There are multiple risk factors or conditions favoring SAMS, among them 
the most frequent are, pharmacological interaction, fragility syndrome, 
low body mass index, female sex, smoking, alcoholism, cocaine use, 
thyroid, renal, hepatic and/or muscular diseases (myopathy). Together 
with the clinical history of basal musculoskeletal and articular conditions, 
the documentation of such predisposing factors of SAMS is fundamental 
in every individual candidate for treatment with statins [43,44,50].

Classification
Based on the clinical presentation and CPK level, the following SAMS 

classification has been proposed. Grade 0: asymptomatic and CPK <3x uln; 
Grade I: tolerable myalgia and CPK <3x uln; Grade 2: intolerable myalgia 
and CPK <3x uln; Grade 4: myalgia and CPK between 3-7x uln; Grade 
5: rhabdomyolysis and Grade 6: necrotizing autoimmune myositis. This 
classification is useful for homogenizing criteria and regulating therapeutic 
strategies. Accepted criteria for the diagnosis of rhabdomyolysis are: 
asymptomatic increase of CPK >50x uln or symptomatic increase of CPK 
>10x uln, both with increased creatinine >0.5 mg/dL and myoglobinuria; 
necrotizing autoimmune myositis is a very rare pathology associated with 
antibodies against HMGCoAR [43,44,50]. The term statin intolerance 

secondary to SAMS should include the following characteristics: a) SAMS 
with at least two statins at any dose or at doses lower than 5, 10, 20, 20, 
20 or 40 mg/day of rosuvastatin, atorvastatin, simvastatin, pravastatin, 
lovastatin or fluvastatin, respectively; b) intolerable myalgia even with 
mild elevated CPK or tolerable myalgia with CPK elevation >7x 
uln, and c) a positive pattern to challenge, challenge suspension and 
counterchallenge [43,44,50].

Treatment

Once the actual intolerance to statins by SAMS has been confirmed, 
its treatment is the interruption of HMGCoAR inhibitors or the use 
of the minimum tolerated dose; the treatment of rhabdomyolysis and 
necrotizing autoimmune myositis is out of the focus of this review. On the 
other hand, hypercholesterolemia treatment and control of atherosclerotic 
cardiovascular risk leading to the use of statins, will be in function of 
the magnitude of the SAMS and the atherosclerotic cardiovascular 
risk; for a 0-1 degree SAMS with a high cardiovascular risk, the use 
of the statin at the maximum tolerated dose and, where appropriate, 
an adjuvant non-statin drug, would be an appropriate approach; for 
a grade 2 or higher SAMS, statin discontinuation is required and the 
alternative use of non-statin drugs will be based on the availability and 
level of atherosclerotic cardiovascular risk -ezetimibe, fibrates, exchange 
resins, etc. [43,44,50].

MAbs-PCSK9 in SAMS
In individuals with actual statin intolerance by SAMS and high 

atherosclerotic cardiovascular risk, MAbs-PCSK9 have one of their most 
important therapeutic “niches”. In individuals with statin intolerance 
by SAMS under the criterion of intolerance to any dose of two statins 
or the inability to tolerate increases at the minimal therapeutic doses of 
two statins, the ODYSSEY Alternative studies with alirocumab 150 mg 
S.C/2 weeks [51] and GAUSS-2 and GAUSS-3 [52-53], with evolocumab 
140 mg S.C/2 weeks or 420 mg S.C/4 weeks, showed a high efficacy in 
this population - >50% - and superior to ezetimibe for LDL-cholesterol 
reduction with an excellent safety and tolerability profile. Thus, MAbs-
PCSK9 are outlined as one of the most important options to meet this 
therapeutic need, especially in individuals with a high and very high 
atherosclerotic cardiovascular risk [37,38].
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