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Abstract
Over the last decade, a substantial increase in the prevalence of Hypercholesterolaemia
induced Atherosclerotic cardiovascular events have been reported globally. This
suggests that prevention and treatment of Hypercholesterolaemia should be considered
as an integral part of cardiovascular disease (CVD) prevention, particularly among
high-risk patients. Lowering serum low-density lipoprotein cholesterol (LDL-C) is one
of the key treatment strategies for the prevention of CVD. Until the last decade, Statins,
Ezetimibe, Fibrates, Niacin, Bile acid sequestrants and Nicotinic acids were considered
as the first-line lipid-lowering options. However, due to the increase in resistance,
tolerance and non- adherence to these conventional lipid-lowering options, high-risk
patients can no longer achieve and maintain the optimum LDL-C level. Thus, exposing
themselves at constant risk of developing cardiovascular diseases. This resulted in a need
for newer and more effective lipid-lowering strategies to achieve better treatment
outcome and reduce the overall risk of developing cardiovascular events. Several newer
lipid-lowering strategies have emerged as a solution for better lipid management. Such
newer strategies include the inhibition of proprotein convertase subtilisin/kexin type
9(PCSK9); inhibition of Apolipoprotein (apo-B), ApoC-III synthesis and inhibition of
microsomal triglyceride transfer protein (MTP). However, these newer strategies have
their own distinct shortcomings. The aim of this literature review is to focus on the
evaluation and analysis of the therapeutic efficacy and safety profile of these newer
strategies in the treatment of Hypercholesterolaemia among high-risk patients who were
previously treated with conventional lipid-lowering agents based on the evidence
available in current literature.
Keywords: Proprotein convertase subtilisin/kexin type 9, Microsomal triglyceride
transfer protein, Alirocumab, Lomitapide, Mipomersen, Evolocumab
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Introduction
Atherosclerotic cardiovascular events account for nearly 17 million deaths in the world every year[1],
and it is believed that it will turn out to be one of the main cause of death and disability worldwide by
the year 2021[1, 2]. Based on research, it is believed that the rapid increase in the prevalence of
Hypercholesterolemia is one of the main alarming risk factors for developing Atherosclerotic
cardiovascular events [3]and lately it has become a global health concern[4]. Lipids are macronutrients
mandatory for the proper functioning of the body[5], and it is transported through the blood via
lipoproteins[6]. Among the various types of lipoproteins, low-density lipoproteins (LDL) are often
referred to as “bad cholesterol” [7]as it is responsible for causing atherosclerotic cardiovascular events
when they are present in excessive amounts[7]. Hypercholesterolemia is characterised by highly
elevated LDL-C levels which increases the risk of premature Atherosclerotic cardiovascular events
among high-risk patients[8]. Traditional lipid-lowering therapies used in the treatment of
Hypercholesterolemia have significant limitations which cannot be overlooked due to the increased
incidence of Hypercholesterolemia despite the increased consumption of lipid- lowering agents
worldwide[1]. Therefore, there is a substantial need for newer lipid- lowering therapies for the
treatment of Hypercholesterolemia among individuals who remain at a high risk of developing
Atherosclerotic cardiovascular events despite being on regular treatment with traditional lipid lowing
strategies. The aim of this literature review is to focus on the evaluation and analysis of the therapeutic
efficacy and safety profile of newer lipid- lowering strategies in the treatment of
Hypercholesterolaemia among patients who were previously treated with conventional lipidmodifying agents based on the evidence available in current literature.

Traditional LDL-Lowering Drugs
Traditional LDL-Lowering drugs include Statins, Ezetimibe and Bile Acid Sequestrants [9-12]. Each
one has its own distinct major limitations which affect their therapeutic efficacy and markedly decline
their safety profile, particularly in long-term usage. Thus, creating room for further research into the
development of newer generation lipid-lowing drugs. Among the conventional ones, Statins are the
most widely prescribed one, which reduces elevated LDL-C in Hypercholesterolaemia patients [13].
However, many patients are intolerant to statins and become nonadherent to the therapy because of
side effects like the statin-associated musculoskeletal system disorders like myopathy [14]. Any
condition that increases serum statin levels also increases the risks of statin intolerance which is
multifactorial, and dose related [15]. This suggests that although statins have been the most frequently
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prescribed lipid- lowering agent, it is gradually losing its therapeutic potentials as more and more highrisk patients are either becoming resistant or intolerant to statins in the course of treatment. This
indicates that statin- intolerant or statin-resistant high-risk patients are in need of safer and effective
therapeutic alternatives for better lipid management.
Fibrates, on the other hand, is another major LDL-lowering agent and is also known to be associated
with severe side effects related to the musculoskeletal system such as fibrate induced skeletal muscle
toxicity [16] and loss of vascular smooth muscle contractility [16]. It is also known to cause
hepatotoxicity as it gets metabolised through the Liver [17]. These sides effects following treatment
with fibrates can no longer be overlooked because of the recent increase in the incidence of
Hypercholesterolemia and increased consumption of Fibrates worldwide, similar to statins. Ezetimibe
is another traditional lipid lowering strategy which is comparatively a safer alternative medication for
high-risk patients, intolerant or resistant to other traditional lipid-lowering agents like Statins and
Fibrates[18].
However, similar to Statins and Fibrates, Ezetimibe also causes adverse effects related to the
musculoskeletal system like muscle tenderness, wasting or weakness [18]. As for Bile Acid
Sequestrants which is also a traditional lipid-lowering strategy is comparatively a less common choice
among physicians for lipid management as its long term intake is associated with chronic complication
like, gall-stone formation which requires surgical intervention to be cured [19]. Thus, considering the
therapeutic efficacy and safety-related shortcomings of these traditional LDL-lowering strategies and
its adverse impact on health, there is a strong need for newer LDL-lowering agents, and this literature
review focuses on a few on such newer strategies.

Newer LDL-lowering strategies: PCSK9 Inhibition for management of Hypercholesterolemia
Proprotein convertase subtilisin/kexin type 9 (PCSK9) is a protein-based enzyme encrypted by the
PCSK9 gene in human chromosome [20]. The evidence available in relevant literature [20] regarding
the mechanism of PCSK9 enzyme states that this enzyme is produced in the Liver and binds to lowdensity lipoprotein receptors (LDLR) present on the surface of hepatocytes and promote degradation
of these LDLR within the Liver [20, 21]. Since LDL-R is the main receptor that eliminates circulating
LDL-C from blood, degradation of the LDLR by the enzyme PCSK9, results in higher levels of
circulating LDL-C in blood [22]. High level of circulating LDL-C in the blood increases the risks of
atherosclerotic cardiovascular events [23]. Therefore, inhibition of the activity of the PCSK9 enzyme,
as shown in Figure 1, could be a new therapeutic strategy for the management of
Citation: Dr. Mahmood Hasan Khan “Novel lipid-lowering strategies for prevention of Atherosclerotic events among
Hypercholesteremic patients” MAR Cardiology Volume 4 Issue 5
www.medicalandresearch.com (pg. 4)

Journal of MAR Cardiology (Volume 4 Issue 5)
Hypercholesterolaemia among high-risk patients. Based on theory of PCSK9 enzyme inhibition for
lipid management, a newer group of LDL- lowering drugs known as PCSK9 inhibitors were developed
over the recent years. Alirocumab and Evolocumab are the drugs of this new group which have
received FDA approval [23]. Alirocumab and Evolocumab are produced by recombinant DNA
technology and lowers LDL-C by Inhibition of the PCSK9 enzymes and halts the degradation of the
LDL receptors (LDL-R) within the Liver [24, 25]. Thereby increasing the number of LDL receptors
available to eliminate the circulating LDL-C from blood and reduce the risks of stroke and other
Atherosclerotic cardiovascular events like Myocardial infarction.

Comparison of therapeutic efficacy and safety profile of PCSK9 Inhibitors against traditional
LDL-Lowering strategies
Unlike Statins which only lowers LDL-C, PCSK9 Inhibitors also improves the lipid profile by other
means [23, 26]. This is because due to the inhibition of degradation of LDL receptors by PCSK9
inhibitor, LDL receptors are now available insufficient amount in the Liver to bind with other residues
of Low-Density Lipoproteins which are rich in triglycerides (VLDL) and intermediate-density
lipoproteins (IDL) and eliminates them from blood circulation [26]. Therefore, treatment with PSCK9
inhibitors not only lowers LDL-C but also reduces VLDL, ILD and triglycerides. This indicates a
better therapeutic efficacy of PSCK9 inhibitors compared to traditional Statins. In lights of such
improved therapeutic efficacy of PSCK9 inhibitors compared to Statins, it can be a potential lipid
management option for Hypercholesterolemia [22] among patients who are unable to reach the
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optimum LDL- C targets even with the maximum tolerated dose of statins[23]. It can also be a potential
alternative lipid management strategy for statin-intolerant, statin resistant, and Statin contraindicated
high-risk patients of Hypercholesterolemia [23].
Alirocumab has nearly 90% bioavailability and a long half-life of around 17–20 days which is 50%
higher compared to Statins and other traditional lipid- lowering agents. [22, 27]. This suggests that
nearly twice the amount of PSCK9 inhibitors is absorbed in the intestines and are eventually available
for producing its therapeutic effects in the liver cells, blood circulation and tissues in the body. This
once again translates to a better therapeutic efficacy over the conventional strategies. The
recommended dose of PSCK9 inhibitors is 75 mg which is to be administered subcutaneously once
every two weeks [27] unlike Statins and other traditional lipid-lowering agents which must be taken
once daily. Such convenient and infrequent dosing are more likely to result in better treatment
compliance among patients and help to avoid drug tolerance and resistance resulting from missed
dosages. Although the subcutaneous route of administration of PSCK9 inhibitors [28] over the oral
route for traditional lipid- lowering agents might be a potential negative factor against better treatment
compliance among a certain category of patients who prefer oral medication over a needle prick.
Besides the recommended dose, an initial dose of 150 mg, can be safely given once every two weeks
to patients requiring a major 60% reduction in LDL-C [27, 28]. This suggests that the dose of PSCK9
inhibitors can be tailored according to the patient’s needs and their baseline LDL-C levels, without
resulting in any drug- related adverse reactions. This also indicates a significantly improved safety
profile over the traditional lipid-lowering strategies even at a double concentration of the
recommended dosage.
According to evidence in the relevant literature [29], statins, and other traditional lipid-lowering agent
like Ezetimibe may inhibit the production of PCSK9 enzyme in the human body as well[29]. This
suggests that if PSCK9 inhibitors are used in combination with other traditional Lipid- lowering agents,
then there is a higher likelihood to achieve an improved therapeutic effect due to the synergism of the
combination therapy. This synergistic effect is more likely to produce a more targeted effect on PCSK9
enzyme inhibition rather than an overall systemic effect observed in treatment with traditional lipidlowering agents[29]. With the replacement of the overall systemic exposure with a more targeted lipidlowering approach, the likelihood of PSCK9 inhibitor-associated systematic adverse effects like the
development of Type 2 Diabetes Mellitus is also likely to be minimised [30]. Thus, this indicates that
PSCK9 inhibitors offers a significantly better safety profile when used in combination with traditional
agents rather than as a monotherapy. Further evaluation of the safety profile of PSCK9 inhibitors is
shown in Figure 2. Recently, conducted studies[30, 31] evaluating the pharmacokinetic interactions
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between Statins and PSCK9 inhibitors[30, 31] reported 20% increase in the clearance of PSCK9
enzymes after addition of PSCK9 inhibitors among patients who were on a statin - based lipid
management. This once again proves a better therapeutic response due to the effect of synergism.

Evidence of safety profile and therapeutic efficacy of PSCK9 inhibitors from clinical trials
Based on findings of recent clinical trials[25, 32, 33] as shown in Table 1, both Alirocumab and
Evolocumab in doses ranging between 140 - 420mg produced a significant 30-75% reduction in LDLC levels among patients with baseline LDL-C >100 mg/dL as shown in Table 1. According to the
report of the study conducted by Raal et al.,2015[25] Evolocumab, showed a similar rate of reduction
in LDL-C level irrespective of whether the patients were suffering from Familial or non-familial
Hypercholesterolaemia and whether the patients were on statin therapy or on diet modification
alone[25]. RCT by Kiyosue et al.,2016 [32] was conducted with patients of Primary
Hypercholesterolemia with statin-intolerance. Evolocumab in combination with Atorvastatin used as
an intervention strategy, reduced LDL-C by 75% more compared to the control group which received
Atorvastatin only. This is significant evidence of the improved therapeutic response produced by the
synergistic effect of the combination therapy. According to the report of the study conducted by
Cannon et al.,2015 [33] Alirocumab in combination with Atorvastatin also induced a greater LDL-C
reduction of over 29.8 % than the group of patients that received a combination of two traditional lipidlowering agents like Ezetimibe and Atorvastatin. This once again suggests that PSCK9 inhibitors,
when used in combination with any traditional lipid lowering strategy, results in a significantly higher
reduction in LDL-C compared to the combination of any two traditional lipid-lowering strategies.
Thus, based on the reports of the clinical trials[25, 32, 33], it can be stated that PSCK9 inhibitor is a
new category of lipid-lowering drugs that is expected to be a potential treatment option in reducing the
incidence of stroke and other Atherosclerotic cardiovascular events like Myocardial infarction among
patients suffering from Hypercholesterolaemia. Nevertheless, there are gaps in existing evidence
regarding the therapeutic potentials of PSCK9 Inhibitors as a monotherapy in the treatment of
Hypercholesterolaemia which needs to be addressed in the future clinical trials.

Citation: Dr. Mahmood Hasan Khan “Novel lipid-lowering strategies for prevention of Atherosclerotic events among
Hypercholesteremic patients” MAR Cardiology Volume 4 Issue 5
www.medicalandresearch.com (pg. 7)

Journal of MAR Cardiology (Volume 4 Issue 5)

30
27
Alirocumab

25

Ezetimibe

24.6
23.4

20

15

10
7.3

7.9

7.9

5.6
5

5.6
4

5

4.5
2.8

4.8
2.4

1.6

0
Myalgia

Arthalgia

Back pain
reaction

elevation

Fig 2. Comparing the percentage of patients who experienced each type of

Citation: Dr. Mahmood Hasan Khan “Novel lipid-lowering strategies for prevention of Atherosclerotic events among
Hypercholesteremic patients” MAR Cardiology Volume 4 Issue 5
www.medicalandresearch.com (pg. 8)

Journal of MAR Cardiology (Volume 4 Issue 5)

Citation: Dr. Mahmood Hasan Khan “Novel lipid-lowering strategies for prevention of Atherosclerotic events among
Hypercholesteremic patients” MAR Cardiology Volume 4 Issue 5
www.medicalandresearch.com (pg. 9)

Journal of MAR Cardiology (Volume 4 Issue 5)

Microsomal transport protein (MTP) Inhibitor – Lomitapide for management of
Hypercholesteremia
Lomitapide
Apolipoprotein B-100 (apo B-100) is the main apolipoprotein necessary for the assembly and secretion
of LDL and VLDL[34], and it carries LDL and VLDL around the body to all cells and tissues[34, 35].
Microsomal Triglyceride Transfer Protein (MTP) is an important intracellular protein found in the
liver and intestine cells which are necessary for the production of the Apolipoprotein B -100
(apoB)[34]. Lomitapide is a drug that belongs to a new generation of lipid-lowering agents which
selectively inhibits these microsomal transport protein (MTP)[36]. Therefore, by inhibiting MTP,
Lomitapide blocks the production of apo B[36] as shown in Figure
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Adapted from [46-47].

3. In the absence of apo B, the assembly and secretion of LDL and VLDL in blood circulation are
halted[37]. Thereby reducing LDL and VLDL concentration in blood. Lomitapide is administered as
an oral medication and can be used as a monotherapy [36]or even in combination therapy as an adjunct
to other traditional lipid-lowering therapies like Statin for treatment of Hypercholesterolaemia[37, 38]
among patients who, despite being on traditional lipid-lowering therapies like Statins, do not reach the
optimum target level of LDL and remains at constant risk of developing cardiovascular disease[37,
39].
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Pharmacokinetic and pharmacodynamic properties of Lomitapide affecting its therapeutic
efficacy and safety profile
Lomitapide has several limitations surrounding its pharmacokinetic and pharmacodynamic
properties[40]. It has a very low oral bioavailability of only 7% due to an extensive first-pass effect[40,
41]. An extensive first-pass effect suggests that a high concentration of Lomitapide gets metabolised
before reaching the systemic circulation and exerting its therapeutic effects. According to the basic
rules of pharmacology[42], this extensive first-pass effect is supposed to reduce its efficacy.
According to the guideline[41], Lomitapide has to be taken in an empty stomach, specifically two
hours after the meal[41, 43]. This suggests that the presence of food adversely affects the
gastrointestinal tolerability of Lomitapide. This strict and specific time limitation regarding its
administration often affects its potency and efficacy, as research[43] has shown that patients often tend
to be ignorant about maintaining such timely intake of medications. As per guideline, the starting dose
of Lomitapide is 5 mg/day[40], which must be increased gradually up to the maximum dose of 60 mg
after several weeks in the course of treatment to achieve the optimum therapeutic effect[40, 44].
However, this regulation of dosage via consultation with a physician often becomes a potential reason
for patient non-compliance. According to research[45], a vast majority of patients often finds it
cumbersome to check their lipid profile weekly and consult their physician for dose regulation
throughout the course of treatment with Lomitaptide. This results in treatment failure and the
development of tolerance. However, there is a noticeable gap in research concerning the drug
interaction of Lomitapide. Little is mentioned about its interactions with Warfarin[41, 46] in relevant
literature which states that Lomitapide increases the plasma concentration of Warfarin[40, 41]. This
suggests that if a patient who is currently on Warfarin therapy has the risk of suffering from adverse
effects like over coagulation if prescribed with Lomitapide. To avoid this, patients taking Warfarin
along with Lomitapide should always have their INR monitored regularly [43].

Evidence of therapeutic efficacy and safety profile of Lomitapide from Clinical trials
The therapeutic efficacy of Lomitapide was evaluated in this review based on findings from a
randomised controlled trial and two retrospective observational studies [46-48] comprising a total of
61 patients

suffering

from hypercholesterolemia as shown in Table 2. These patients were on

ongoing treatment with traditional lipid-lowering agents like statins or ezetimibe. Following the
addition of Lomitapide in combination with either statins or ezetimibe, a marked dose- dependent
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increase in reduction of LDL and Apo B-100 levels were observed as shown in Table 2. At 10 mg [47],
30 mg[48] and 40 mg[46] of Lomitapide, a reduction of 30%[47], 34%[48] and 50%[46] LDL-C and
24%[47], 42%[48] and 49%[49] reduction of Apo B-100 level respectively were reported. This
suggests that with an increase in dose, the therapeutic efficacy of Lomitapide increases. A similar trend
was observed between the duration of treatment and therapeutic efficacy of Lomitapide as the
reduction in the percentage of LDL and Apo B-100 increased with increase in the duration of treatment
as shown in Table 2. These studies[46-48] also reported minor improvement in HDL-C levels
following Lomitapide intervention. The overall findings of the studies [47-49] reviewed suggest that
Lomitaptide when used in combination with other traditional lipid- lowering drugs like Statins or
Ezetimide, reduces LDL and Apo B-100 significantly.
Unlike most traditional lipid-lowering strategies, Lomitapide has a comparatively better safety profile,
as shown in Figure 4. Based on findings of the studies [46, 47] the most commonly reported adverseeffects of Lomitapide are minor gastrointestinal disorder observed among 93.1%[46] and 64.3% [47]
patients as shown in Figure 4. However, there are fewer reports of serious ones like abnormal increase
in liver transaminases leading to transaminitis among 34.5%[46]and 32.1% [47] patients following the
addition of Lomitapide. Increased

hepatic triglyceride levels leading to hepatic steatosis was the

least common adverse effects experienced by only 5.6% of patients [46]from long term usage, as
shown in Figure 4. Therefore, based on the findings of the studies reviewed, it can be suggested that
unlike other traditional lipid-lowering agents, Lomitapide is the least hepatotoxic and contributes least
to the development of hepatic steatosis. However, there is an ongoing debate regarding the balance
between benefits and risks of adding Lomitapide as an additional lipid-lowering medication with
ongoing traditional agents due to the ever-increasing concerns of hepatic complications among
clinicians and patients [44].
As a concluding thought regarding Lomitapide based on evidence from studies reviewed, it can be
suggested that Lomitapide, in combination with other lipid- lowering agents, have a significant role in
the

management of Hypercholesterolaemia. Its therapeutic potentials far outweighed the risks of

Lomitaptide induced adverse events. Although its effect on different clinical subtypes of
Hypercholesterolaemia was not analysed in this review. Furthermore, there are potential gaps in
research regarding the serious adverse effects of Lomitaptide like hepatic steatosis, transaminitis and
elevation of hepatic enzymes and its effect on mortality and morbidity of patients.
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Mipomersen
Similar to Lomitaptide, Mipomersen is also a Microsomal transport protein (MTP) Inhibitor [50,
51]but it exerts its therapeutic actions in the management of Hypercholesterolaemia via a slightly
different mechanism[52]as shown in Figure
5. As discussed earlier, Apolipoprotein B-100 (apo B-100), is the main protein constituent of VLDL
and LDL, and it is necessary for the assembly and secretion of LDL and VLDL[52]. Apo B-100 carries
LDL and VLDL around the body to various cells and tissues[52]. Similar to Apo B-100, Apo-C III is
another Apolipoprotein also secreted by the Liver and the small intestine[53, 54]. Like Apo B-100,
Apo-C III also forms a major structural component of VLDL and LDL and promotes its hepatic
assembly and secretion[52]. Apo C-III is also responsible for the Inhibition of the hepatic uptake of
circulating LDL and VLDL in blood[53]. High plasma concentrations of Apo C-III in the body is
associated with high plasma triglyceride concentrations[55].
Mipomersen is an MTP inhibitor which by nature is an antisense oligonucleotide. It acts on Liver and
inhibits the production of both ApoB-100 and Apo-C III by inhibiting the process of translation of the
mRNA responsible for the synthesis of ApoB-100 and Apo-C III[56, 57]. Thus, by Inhibition the
synthesis of Apo B-100 and Apo C III, Mipomersen reduces the assembly and secretion of LDL and
VLDL in blood circulation, as shown in Figure 5.

Fig 5. Mechanism of action of MTP Inhibitor -Mipomersen. Adapted from [52-55].
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Based on evidence from current literature[58], Mipomersen, when it is used in combination with other
traditional lipid- lowering agents like Statins has proven to be an efficacious lipid-lowering agent for
reducing up to 20 % of LDL level from baseline in patients suffering from uncontrolled
Hypercholesterolaemia [58,
59] with LDL levels above 500 mg/dL [60]. This category of Hypercholesteraemic patients suffers
from the severe cardiac consequences resulting from such elevated levels of LDL in blood circulation
despite being on regular lipid-lowering management with traditional drugs like Statins. This is because
this category of patients has developed tolerance and resistance against Statins[61, 62]. Thus, even a
reduction of 20 % in LDL levels following treatment with Mipomersen can prove to be a lifesaving
therapeutic option for such high-risk patients.

Pharmacokinetic and pharmacodynamic properties of Mipomersen affecting its therapeutic
efficacy and safety profile
Mipomersen reduces LDL in a dose- dependent manner[57]. The dose- dependent relationship
suggests that the effects of the drug changes with alteration in dosage. This indicates that the dose of
the drug varies between patients depending on the extent of abnormalities in their lipid status and needs
to be tailored as per advice of the clinician to achieve the optimum therapeutic effect. Thus, the absence
of a fixed recommended dose, unlike other traditional lipid-lowering agents, often makes the
therapeutic outcome of the treatment using Mipomersen heavily dependent on the expertise of the
doctor in regulating the dose appropriately. This suggests the possibilities of an inadequate therapeutic
response of Mipomersen among patients in case of incorrect dose regulation.
Mipomersen by nature is a protein- bound drug and has an elimination half-life ranging between one
to two months[57, 63]. This suggests that the drug remains in blood circulation for months after
discontinuing the treatment. Such prolonged therapeutic effect of a lipid- lowering drug in the human
body has both a positive and negative impact on patient’s health. From a positive aspect, a longer
elimination half-life ensures that the drug provides a long-term therapeutic coverage of lipid
management. This shortens the overall duration and cost of treatment, enhancing patient compliance.
This prolongs therapeutic effect also ensures long-term protection against sudden death due to cardiac
cause. From the negative aspect, a long-lasting therapeutic effect indicates the possibilities of longterm Mipomersen induced side effects [55] even after discontinuing the treatment.
Based on the evidence available in the current literature[62, 64, 65], Mipomersen seems to be welltolerated among the majority of patients. However, studies[62, 64, 65] reported several minor adverse
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effects like injection site reaction in the form of an erythema, haematoma or inflamed nodules causing
pain, swelling discolouration and itching at the site of injection[55]. Other minor side effects include
fatigue, dizziness, diarrhoea, constipation, headache, low back pain, muscle stiffness, cough and flulike symptoms [55] Major adverse effects include Urinary Tract infection, Fatty Liver, elevation of
liver enzymes, serum creatinine and C-reactive protein [55]. However, the severity of these adverse
effects was never intense enough to discontinue the treatment as the studies [62, 64, 65] did not report
any significant drop out of participants as a result of any Mipomersen induced adverse effects.
Moreover, the elevated liver enzymes, serum creatinine and C-reactive protein levels soon returned to
normal baseline values following a period of treatment discontinuation [55]. Nevertheless, the effect
of Mipomersen induced side effects on health from long- term usage is yet unknown.

Evidence of the therapeutic efficacy and safety profile of Mipomersen from clinical trials
The lipid-lowering effects of Mipomersen have been evaluated in this review based on findings from
three randomised, double- blind placebo-controlled clinical trials[62, 64, 65] involving a total of 222
patients suffering from Hypercholesterolaemia with LDL-C levels above 100 mg/dL despite taking the
maximum tolerated dose of statins as shown in Table 3 below. Mipomersen was added as add-on
therapy with the ongoing lipid-lowering medication. Twenty-six weeks after the addition of
Mipomersen as add-on therapy with the maximum tolerated dose of Statin, a reduction of 37%[62],
28%[65], and 24.7%[64] in levels of LDL was observed as shown in Table 3. More than half of the
Mipomersen-treated patients were able to reach the optimum target level of LDL after completion of
the treatment. Considering the effectiveness of Mipomersen as an add-on therapy, it was approved in
the United States by the FDA for treatment of Hypercholesterolaemia[66] among high- risk statinresistant patients with uncontrolled lipid status.
However, few major side-effects following intervention with Mipomersen have been reported among
participants of the study conducted by Akdim et al., 2010 [55] as shown in Figure 6. Such adverse
effects include the elevation of liver enzymes like the plasma alanine aminotransferase (ALT),
Aspartate Aminotransferase (AST), Alkaline phosphatase and total bilirubin level. Hepatic fat
accumulation leading to hepatic steatosis was observed among 17% of patients, as shown in Figure 6.
Thus, making it contraindicated for patients with existing hepatic dysfunction. These side- effects were
also associated with treatment with Lompatide, as discussed earlier in the review. However, these sideeffects were related to the drug’s core mode of action[67] as shown in Figure 3.
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Minor adverse effect like injection site reactions was the only adverse effect which was most
predominantly experienced by patients on Mipomersen therapy[55].This indicates a satisfactory safety
profile of the drug for large-scale usage among a wider population of Hypercholesteraemic patients.
However, similar to Lomitapide, little is known about the long-term prognosis of Mipomerseninduced transaminase elevations and hepatic steatosis from the evidence available in current literature.
Thus, there is a significant gap in knowledge regarding the liver-related adverse effects induced by
Mipomersen which needs to be addressed through large clinical trials in future.

Conclusion
Based on the evaluation of evidence available in the current literature, it can be concluded that PSCK9
inhibitor is a novel category of lipid-lowering agents with a satisfactory safety profile that is expected
to be a potential treatment option for maintaining an optimum lipid status and reducing the risks of
cardiovascular events among high-risk patients of hypercholesterolaemia. Among the two MTP
inhibitors - Lomitapide and Mipomersen evaluated and analysed in this review, Mipomersen can be
used cautiously to treat Statin-resistant patients of Hypercholesterolaemia under regular monitoring of
Hepatic enzyme status. Lomitapide, on the other hand, portrayed a satisfactory therapeutic efficacy
when used in combination with traditional lipid lowering agents like Statins or Ezetimibe. Lomitapide
had the potentials for reducing LDL levels among high-risk statin-intolerant Hypercholesteraemic
patients with uncontrolled lipid status despite being on regular treatment with traditional lipid lowering
agents. However, there is a significant gap in knowledge from the evidence available in current
literature regarding the exact mechanism of the action responsible for the synergistic effects which
occur when these novel lipid- lowering therapies - PSCK9 and MTP inhibitors are used in combination
with traditional lipid-lowering agents like Statins Ezetimibe or Fenofibrate. The exact mechanism of
synergism needs to be addressed in future research carried out in this area. In addition, to consider
Lomitapide as a potential therapeutic agent for the treatment of Hypercholesterolaemia, a systematic
review needs to be carried out in future based on recently published randomised control trials and
observational studies for further evaluation and analysis of its therapeutic potentials in treatment of
different subtypes of Hypercholesterolaemia such as Homozygous and Heterozygous Familial
Hypercholesterolaemia. Specifically, in Homozygous Familial Hypercholesterolaemia (HoFH). Since
still today, patients of HoFH worldwide are still constantly facing an enhanced risk of sudden cardiac
death resulting from severely elevated and yet uncontrolled lipid profile parameters. Future systematic
reviews should also focus on a detailed analysis of Lomitapide induced adverse effects in different age
group, gender and ethnicity to settle the existing controversies surrounding the liver damaging adverse
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effects associated with treatment using Lomitapide. Perhaps future research will fill in the existing gap
in knowledge regarding these novel lipid lowering strategies and create hope for a better tomorrow for
patients suffering from Hypercholesterolaemia.

References
1. Kim H, Kim S, Han S, Rane PP, Fox KM, Qian Y, Suh HS: Prevalence and incidence of
atherosclerotic cardiovascular disease and its risk factors in Korea: a nationwide population-based
study. BMC public health 2019, 19(1):1112.
2. Manuel DG, Tuna M, Hennessy D, Bennett C, Okhmatovskaia A, Finès P, Tanuseputro P, Tu JV,
Flanagan W, Team STfAR: Projections of preventable risks for cardiovascular disease in Canada to
2021: a microsimulation modelling approach. CMAJ open 2014, 2(2):E94.
3. Cimminiello C, Zambon A, Polo HF: Hypercholesterolemia and cardiovascular risk: Advantages
and limitations of current treatment options. Giornale italiano di cardiologia (2006) 2016, 17(4 Suppl
1):6S-13.
4. Greenberg H, Raymond SU, Leeder SR: Cardiovascular Disease And Global Health: Threat And
Opportunity: Cardiovascular disease is a new problem for the less developed world to contemplate.
Health affairs 2005, 24(Suppl1):W5-31-W35-41.
5. Houston M: Lipid replacement as an adjunct to therapy for chronic fatigue, anti-aging and
restoration of mitochondrial function. 2003.
6. Gordon SM, Hofmann S, Askew DS, Davidson WS: High density lipoprotein: it's not just about
lipid transport anymore. Trends in Endocrinology & Metabolism 2011, 22(1):9-15.
7. Ma H, Shieh K-J: Cholesterol and human health. The Journal of American Science 2006, 2(1):4650.
8. Ference BA, Ginsberg HN, Graham I, Ray KK, Packard CJ, Bruckert E, Hegele RA, Krauss RM,
Raal FJ, Schunkert H: Low-density lipoproteins cause atherosclerotic cardiovascular disease. 1.
Evidence from genetic, epidemiologic, and clinical studies. A consensus statement from the European
Atherosclerosis Society Consensus Panel. European heart journal 2017, 38(32):2459-2472.
9. Guyton JR: Combination regimens with statin, niacin, and intestinally active LDL-lowering drugs:
alternatives to high-dose statin therapy? Current opinion in lipidology 2010, 21(4):372- 377.
Citation: Dr. Mahmood Hasan Khan “Novel lipid-lowering strategies for prevention of Atherosclerotic events among
Hypercholesteremic patients” MAR Cardiology Volume 4 Issue 5
www.medicalandresearch.com (pg. 18)

Journal of MAR Cardiology (Volume 4 Issue 5)
10. Staels B, Handelsman Y, Fonseca V: Bile acid sequestrants for lipid and glucose control. Current
diabetes reports 2010, 10(1):70-77.
11. Cannon CP, Blazing MA, Giugliano RP, McCagg A, White JA, Theroux P, Darius H, Lewis BS,
Ophuis TO, Jukema JW: Ezetimibe added to statin therapy after acute coronary syndromes. New
England Journal of Medicine 2015, 372(25):2387-2397.
12. Hou R, Goldberg AC: Lowering low- density lipoprotein cholesterol: statins, ezetimibe, bile acid
sequestrants, and combinations: comparative efficacy and safety. Endocrinology and metabolism
clinics of North America 2009, 38(1):79-97.
13. Babelova A, Sedding DG, Brandes RP: Anti-atherosclerotic mechanisms of statin therapy. Current
opinion in pharmacology 2013, 13(2):260-264.
14. Beltowski J, Wojcicka G, Jamroz- Wisniewska A: Adverse effects of statins-mechanisms and
consequences. Current drug safety 2009, 4(3):209-228.
15. Ahmad Z: Statin intolerance. The American journal of cardiology 2014, 113(10):1765-1771.
16. Elisaf M, Florentin M, Liberopoulos E, Mikhailidis D: Fibrate-associated adverse effects beyond
muscle and liver toxicity. Current pharmaceutical design 2008, 14(6):574.
17. Demyen M, Alkhalloufi K, Pyrsopoulos NT: Lipid-lowering agents and hepatotoxicity. Clinics in
liver disease 2013, 17(4):699-714.
18. Florentin M, Liberopoulos E, Elisaf M: Ezetimibe‐associated adverse effects: what the clinician
needs to know. International journal of clinical practice 2008, 62(1):88-96.
19. Scaldaferri F, Pizzoferrato M, Ponziani FR, Gasbarrini G, Gasbarrini A: Use and indications of
cholestyramine and bile acid sequestrants. Internal and emergency medicine 2013, 8(3):205- 210.
20. Page MM, Watts GF: PCSK9 inhibitors– mechanisms of action. Australian prescriber 2016,
39(5):164.
21. Della Badia LA, Elshourbagy NA, Mousa SA: Targeting PCSK9 as a promising new mechanism
for lowering low- density lipoprotein cholesterol. Pharmacology & therapeutics 2016, 164:183-194.
22. Roth EM, Davidson MH: PCSK9 inhibitors: mechanism of action, efficacy, and safety. Reviews
in cardiovascular medicine 2018, 19(S1):31-46.
23. Giugliano RP, Sabatine MS: Are PCSK9 Inhibitors the Next Breakthrough in the Cardiovascular
Field? Journal of the American College of Cardiology 2015, 65(24):2638-2651.
Citation: Dr. Mahmood Hasan Khan “Novel lipid-lowering strategies for prevention of Atherosclerotic events among
Hypercholesteremic patients” MAR Cardiology Volume 4 Issue 5
www.medicalandresearch.com (pg. 19)

Journal of MAR Cardiology (Volume 4 Issue 5)
24. Everett BM, Smith RJ, Hiatt WR: Reducing LDL with PCSK9 Inhibitors-- The Clinical Benefit of
Lipid Drugs. N Engl J Med 2015, 373(17):1588-1591.
25. Raal FJ, Stein EA, Dufour R, Turner T, Civeira F, Burgess L, Langslet G, Scott R, Olsson AG,
Sullivan D et al: PCSK9 inhibition with evolocumab (AMG 145) in heterozygous familial
hypercholesterolaemia (RUTHERFORD- 2): a randomised, double-blind, placebo-controlled trial.
Lancet 2015, 385(9965):331-340.
26. Filippatos TD, Kei A, Rizos CV, Elisaf MS: Effects of PCSK9 inhibitors on other than low-density
lipoprotein cholesterol lipid variables. Journal of cardiovascular pharmacology and therapeutics 2018,
23(1):3-12.
27. Kasichayanula S, Grover A, Emery MG, Gibbs MA, Somaratne R, Wasserman SM, Gibbs JP:
Clinical Pharmacokinetics and Pharmacodynamics of Evolocumab, a PCSK9 Inhibitor. Clinical
Pharmacokinetics 2018, 57(7):769-779.
28. Scherer N, Dings C, Böhm M, Laufs U, Lehr T: Alternative Treatment Regimens With the PCSK9
Inhibitors Alirocumab and Evolocumab: A Pharmacokinetic and Pharmacodynamic Modeling
Approach. The Journal of Clinical Pharmacology 2017, 57(7):846-854.
29. Vavlukis M, Vavlukis A: Statins Alone or in Combination with Ezetimibe or PCSK9 Inhibitors in
Atherosclerotic Cardiovascular Disease Protection. In., edn.; 2019.
30. Farnier M, Jones P, Severance R, Averna M, Steinhagen-Thiessen E, Colhoun HM, Du Y, Hanotin
C, Donahue S: Efficacy and safety of adding alirocumab to rosuvastatin versus adding ezetimibe or
doubling the rosuvastatin dose in high cardiovascular-risk patients: The ODYSSEY OPTIONS II
randomized trial. Atherosclerosis 2016, 244:138-146.
31. Auer J, Berent R: Alirocumab as add- on therapy to statins: current evidence and clinical potential.
Ther Adv Cardiovasc Dis 2018, 12(7):191-202.
32. Kiyosue A, Honarpour N, Kurtz C, Xue A, Wasserman SM, Hirayama A: A Phase 3 Study of
Evolocumab (AMG 145) in Statin-Treated Japanese Patients at High Cardiovascular Risk. Am J
Cardiol 2016, 117(1):40-47.
33. Cannon CP, Cariou B, Blom D, McKenney JM, Lorenzato C, Pordy R, Chaudhari U, Colhoun
HM: Efficacy and safety of alirocumab in high cardiovascular risk patients with inadequately
controlled hypercholesterolaemia on maximally tolerated doses of statins: the ODYSSEY COMBO II
randomized controlled trial. Eur Heart J 2015, 36(19):1186-1194.
Citation: Dr. Mahmood Hasan Khan “Novel lipid-lowering strategies for prevention of Atherosclerotic events among
Hypercholesteremic patients” MAR Cardiology Volume 4 Issue 5
www.medicalandresearch.com (pg. 20)

Journal of MAR Cardiology (Volume 4 Issue 5)
34. Segrest JP, Jones MK, De Loof H, Dashti N: Structure of apolipoprotein B-100 in low density
lipoproteins. J Lipid Res 2001, 42(9):1346-1367.
35. Yang CY, Gu ZW, Weng SA, Kim TW, Chen SH, Pownall HJ, Sharp PM, Liu SW, Li WH, Gotto
AM: Structure of apolipoprotein B-100 of human low density lipoproteins. Arteriosclerosis: An
Official Journal of the American Heart Association, Inc 1989, 9(1):96-108.
36. Goulooze SC, Cohen AF, Rissmann R: Lomitapide. British Journal of Clinical Pharmacology
2015, 80(2):179-181.
37. Berberich A, Hegele R: Lomitapide for the treatment of hypertriglyceridemia. Expert opinion on
investigational drugs 2016, 25.
38. Roeters van Lennep J, Averna M, Alonso R: Treating homozygous familial hypercholesterolemia
in a real-world setting: Experiences with lomitapide. Journal of Clinical Lipidology 2015, 9(4):607617.
39. Blom DJ, Cuchel M, Ager M, Phillips H: Target achievement and cardiovascular event rates with
Lomitapide in homozygous Familial Hypercholesterolaemia. Orphanet Journal of Rare Diseases 2018,
13(1):96.
40. Cicero AFG, Bove M, Borghi C: Pharmacokinetics, pharmacodynamics and clinical efficacy of
non-statin treatments for hypercholesterolemia. Expert Opin Drug Metab Toxicol 2018, 14(1):9-15.
41. Taubel J, Sumeray M, Lorch U, McLean A: Pharmacokinetics and Pharmacodynamics of
Lomitapide in Japanese Subjects. Journal of Atherosclerosis and Thrombosis 2015, advpub.
42. Gibaldi M, Boyes RN, Feldman S: Influence of first-pass effect on availability of drugs on oral
administration. Journal of Pharmaceutical Sciences 1971, 60(9):1338-1340.
43. Blom DJ, Averna MR, Meagher EA, Theron HdT, Sirtori CR, Hegele RA, Shah PK, Gaudet D,
Stefanutti C, Vigna GB et al: Long-Term Efficacy and Safety of the Microsomal Triglyceride Transfer
Protein Inhibitor Lomitapide in Patients With Homozygous Familial Hypercholesterolemia.
Circulation 2017, 136(3):332-335.
44. Cuchel M, Blom DJ, Averna MR: Clinical experience of lomitapide therapy in patients with
homozygous familial hypercholesterolaemia. Atherosclerosis Supplements 2014, 15(2):33-45.
45. Leitch AG, Parker S, Currie A, King T, McHardy GJ: Evaluation of the need for follow-up in an
out-patient clinic. Respir Med 1990, 84(2):119-122.
Citation: Dr. Mahmood Hasan Khan “Novel lipid-lowering strategies for prevention of Atherosclerotic events among
Hypercholesteremic patients” MAR Cardiology Volume 4 Issue 5
www.medicalandresearch.com (pg. 21)

Journal of MAR Cardiology (Volume 4 Issue 5)
46. Cuchel M, Meagher EA, du Toit Theron H, Blom DJ, Marais AD, Hegele RA, Averna MR, Sirtori
CR, Shah PK, Gaudet D et al: Efficacy and safety of a microsomal triglyceride transfer protein inhibitor
in patients with homozygous familial hypercholesterolaemia: a single-arm, open-label, phase 3 study.
The Lancet 2013, 381(9860):40-46.
47. Samaha FF, McKenney J, Bloedon LT, Sasiela WJ, Rader DJ: Inhibition of microsomal
triglyceride transfer protein alone or with ezetimibe in patients with moderate hypercholesterolemia.
Nature Clinical Practice Cardiovascular Medicine 2008, 5(8):497-505.
48. Yahya R, Favari E, Calabresi L, Verhoeven AJM, Zimetti F, Adorni MP, Gomaraschi M, Averna
M, Cefalù AB, Bernini F et al: Lomitapide affects HDL composition and function. Atherosclerosis
2016, 251:15-18.
49. Cuchel M, Meagher EA, du Toit Theron H, Blom DJ, Marais AD, Hegele RA, Averna MR, Sirtori
CR, Shah PK, Gaudet D et al: Efficacy and safety of a microsomal triglyceride transfer protein inhibitor
in patients with homozygous familial hypercholesterolaemia: a single-arm, open-label, phase 3 study.
Lancet 2013, 381(9860):40-46.
50. Jane I. Won JZ, Kristen M. Tecson , Peter A. McCullough: Balancing Low-density Lipoprotein
Cholesterol Reduction and Hepatotoxicity With Lomitapide Mesylate and Mipomersen in Patients
With Homozygous Familial Hypercholesterolemia. Reviews in Cardiovascular Medicine 2017,
18(1):21-28.
51. Gouni-Berthold I, Berthold HK: Mipomersen and lomitapide: Two new drugs for the treatment of
homozygous familial hypercholesterolemia. Atherosclerosis Supplements 2015, 18:28-34.
52. Bell DA, Hooper AJ, Burnett JR: Mipomersen, an antisense apolipoprotein B synthesis inhibitor.
Expert Opin Investig Drugs 2011, 20(2):265-272.
53. Gouni-Berthold I, Rizzo M, Berthold H: Mipomersen: A lipid-lowering agent with a novel
mechanism of action. Clinical Lipidology 2013, 8:279-282.
54. Dallinga-Thie GM, Bu XD, van Linde- Sibenius Trip M, Rotter JI, Lusis AJ, de Bruin TW:
Apolipoprotein A-I/C-III/A-IV gene cluster in familial combined hyperlipidemia: effects on LDLcholesterol and apolipoproteins B and C-III. J Lipid Res 1996, 37(1):136-147.
55. Akdim F, Stroes ESG, Sijbrands EJG, Tribble DL, Trip MD, Jukema JW, Flaim JD, Su J, Yu R,
Baker BF et al: Efficacy and Safety of Mipomersen, an Antisense Inhibitor of Apolipoprotein B, in

Citation: Dr. Mahmood Hasan Khan “Novel lipid-lowering strategies for prevention of Atherosclerotic events among
Hypercholesteremic patients” MAR Cardiology Volume 4 Issue 5
www.medicalandresearch.com (pg. 22)

Journal of MAR Cardiology (Volume 4 Issue 5)
Hypercholesterolemic Subjects Receiving Stable Statin Therapy. Journal of the American College of
Cardiology 2010, 55(15):1611-1618.
56. Ricotta DN, Frishman W: Mipomersen: A Safe and Effective Antisense Therapy Adjunct to Statins
in Patients With Hypercholesterolemia. Cardiology in Review 2012, 20(2).
57. Crooke ST, Geary RS: Clinical pharmacological properties of mipomersen (Kynamro), a second
generation antisense inhibitor of apolipoprotein B. British Journal of Clinical Pharmacology 2013,
76(2):269- 276.
58. Hovingh K, Besseling J, Kastelein J: Efficacy and safety of mipomersen sodium (Kynamro).
Expert Opinion on Drug Safety 2013, 12(4):569-579.
59. Parhofer KG: Mipomersen: evidence- based review of its potential in the treatment of homozygous
and severe heterozygous familial hypercholesterolemia. Core Evid 2012, 7:29-38.
60. Gelsinger C, Steinhagen-Thiessen E, Kassner U: Therapeutic Potential of Mipomersen in the
Management of Familial Hypercholesterolaemia. Drugs 2012, 72(11):1445-1455.
61. Reeskamp LF, Kastelein JJP, Moriarty PM, Duell PB, Catapano AL, Santos RD, Ballantyne CM:
Safety and efficacy of mipomersen in patients with heterozygous familial hypercholesterolemia.
Atherosclerosis 2019, 280:109-117.
62. Thomas GS, Cromwell WC, Ali S, Chin W, Flaim JD, Davidson M: Mipomersen, an
Apolipoprotein B Synthesis Inhibitor, Reduces Atherogenic Lipoproteins in Patients With Severe
Hypercholesterolemia at High Cardiovascular Risk. A Randomized, Double-Blind, PlaceboControlled Trial 2013, 62(23):2178-2184.
63. Pang J, Chan D, Watts G: Statins and Mipomersen: Mechanisms of Action and Patient Tolerability.
In., edn.; 2015: 73.
64. Raal FJ, Santos RD, Blom DJ, Marais AD, Charng MJ, Cromwell WC, Lachmann RH, Gaudet D,
Tan JL, Chasan-Taber S et al: Mipomersen, an apolipoprotein B synthesis inhibitor, for lowering of
LDL cholesterol concentrations in patients with homozygous familial hypercholesterolaemia: a
randomised, double-blind, placebo-controlled trial. Lancet 2010, 375(9719):998-1006.
65. Stein EA, Dufour R, Gagne C, Gaudet D, East C, Donovan JM, Chin W, Tribble DL, McGowan
M:

Apolipoprotein

B

synthesis

inhibition

with

mipomersen

in

heterozygous

familial

hypercholesterolemia: results of a randomized, double-blind, placebo- controlled trial to assess
Citation: Dr. Mahmood Hasan Khan “Novel lipid-lowering strategies for prevention of Atherosclerotic events among
Hypercholesteremic patients” MAR Cardiology Volume 4 Issue 5
www.medicalandresearch.com (pg. 23)

Journal of MAR Cardiology (Volume 4 Issue 5)
efficacy and safety as add-on therapy in patients with coronary artery disease. Circulation 2012,
126(19):2283-2292.
66. Hair P, Cameron F, McKeage K: Mipomersen Sodium: First Global Approval. Drugs 2013,
73(5):487-493.
67. Akdim F, Visser ME, Tribble DL, Baker BF, Stroes ESG, Yu R, Flaim JD, Su J, Stein EA,
Kastelein JJP: Effect of Mipomersen, an Apolipoprotein B Synthesis Inhibitor, on Low-Density
Lipoprotein Cholesterol in Patients With Familial Hypercholesterolemia. The American Journal of
Cardiology 2010, 105(10):1413-1419.

Citation: Dr. Mahmood Hasan Khan “Novel lipid-lowering strategies for prevention of Atherosclerotic events among
Hypercholesteremic patients” MAR Cardiology Volume 4 Issue 5
www.medicalandresearch.com (pg. 24)

