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ABSTRACT
Dyslipidemia contributes to 50% of atherogenic cardiovascular events (CVEs). Statins decrease low-density lipoprotein
cholesterol (LDL-C) on an average of 1 mmol and this is transformed into 20 to 25% reduction in CVE. Proprotein convertase
subtilisin/kexin type 9 (PCSK9) fully humanized monoclonal
antibodies (MoAbs) decrease LDL-C by another 1 to 1½ mmol
on top of statins and this decreases CVE by another 20%.
Therefore, the era has come when we are able to minimize the
dyslipidemia-related atherogenic risk to a very great extent.
The PCSK9 MoAbs require 12 to 26 injections per year. Inclisiran, which is a small interfering ribonucleic acid (siRNA),
has shown to decrease LDL-C consistently for 6 months after
a single injection. It is therefore emerging as a very important
competitor to PCSK9 MoAbs. The future ongoing trials will tell
us more about this molecule.
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INTRODUCTION
Dyslipidemia is a major modifiable risk factor for atherosclerotic CVD (ASCVD). As per the World Health
Organization, 50% of CVEs are attributed to dyslipidemia
(Graph 1) and the rest 50% is related to nonlipid atherogenic risk factors.
Figure 1 shows the evolution of lipid guidelines
during the last 29 years ever since Adult Treatment
Panel-1 (ATP-1) came into existence in 1987.
Among lipids, LDL-C and nonhigh-density lipoprotein cholesterol (HDL-C) are the principal targets.
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Graph 1: Relation of lipid to coronary heart disease

Apolipoprotein B (ApoB) is also a target but usually it
is not utilized due to lack of facilities for estimating it,
and an idea about its level is obtained from non-HDL-C.
All trials of HDL-C elevation on top of statins have been
negative and there is no evidence-based target for it. In
fact, HDL-C is fallen angel.
For several years LDL-C goal <70 has been recommended for the very high risk group. The Lipid Association of India has slashed down this goal to <501 and
the American Association of Clinical Endocrinologists
(AACE) guidelines 20172 to <55 mL/dL (Tables 1 and 2).
The goals for non-HDL-C are 30 mg/dL more than the
LDL-C goal.

TRIGLYCERIDES
Triglycerides (TGs) may be playing an important role
in Indian dyslipidemia but this has not been properly
investigated in the Indian context. Data on TGs show that
low TG levels with loss of function mutation ApoC3)3 and
angiopoietin-like protein 4 (ANGPTL4)4 are associated
with decreased coronary heart disease, so increased TG
levels are associated with increased cardiovascular and
all-cause mortality. But we do not have any randomized
controlled trial which has shown benefit of lowering TG
on top of statins. The Action to Control Cardiovascular
Risk in Diabetes (ACCORD) trial,5 which tested efficacy
of fibrates on top of statins in diabetic patients, failed to

147

Prabhash C Manoria, Nidhi Mishra

Fig. 1: Evolution of lipid treatment guidelines during last 29 years after ATP-1
Table 1: Treatment goals for LDL-C and non-LDL-C as per Lipid Association of India
Treatment Goal
Risk category
  LDL-C (mg/dL)
  Non-HDL-C (mg/dL)
Very high risk
<50
<80
High risk
<70
<100
Moderate risk
<100
<130
Low risk
<100
<130
*After an initial adequate nonpharmacological intervention for at least 3 months

Consider drug therapy
  LDL-C (mg/dL)
  Non-HDL-C (mg/dL)
≥50 (preferably in all)
≥80 (preferably in all)
≥70 (preferably in all)
≥100 (preferably in all)
≥100
≥130
≥130*
≥160*

Table 2: American association of clinical endocrinologists guidelines 2017
Risk levels

  High desirable levels*

  Very high desirable levels**

  Extreme desirable levels***

LDL-C (mg/dL)

<100

<70

<55

Non-HDL-C (mg/dL)

<130

<100

<80

TG (mg/dL)

<150

<150

<150

ApoB (mg/dL)

<90

<80

<70

DM: Diabetes mellitus; *High: DM but no other major risk and/or age <40; **Very high: DM + major ASCVD risk(s) (HTN, Fam Hx,
low HDL-C, smoking, CKD3,4); ***Extreme: DM plus established clinical CVD

show any benefit. Diabetologists often use fibrates based
on subgroup analysis of the ACCORD trial5 and metaanalysis of fibrate trials but the problem with this data is
that subgroup analysis of ACCORD trial in patients with
raised TG >204 mg/dL and low HDL-C <34 mg/dL did
show a benefit but subgroup analysis is only hypothesis
generating and the finding needs to be confirmed in a
large randomized trial which is nonexistent at the present
state of time. Likewise, in the meta-analysis of fibrate
trials,6 these drugs were not used on top of statins in all
trials. It is important to realize that it is ApoB particles
which enter the vessel wall and not TG per se. The risk of
atherosclerosis is related to the number of atherogenic
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particles and each atherogenic lipoprotein particle contains a single molecule of ApoB. Therefore, the concentration of ApoB provides a direct measure of the number of
circulating atherogenic particles. In most hypertriglyceridemic (HyperTG) patients including diabetics, LDL
particles make up 85 to 90% of total ApoB particles and
the contribution of very low density lipoprotein is only
10 to 15%. Fibrates lower LDL particles by only about
10% and therefore fibrates at most may only play a minor
role. The Quebec cardiovascular study also showed that
if there is HyperTG with normal ApoB levels, there is no
increase in odds ratio of ischemic heart disease (IHD)
but if there is HyperTG with increased ApoB levels, the
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Table 3: Drugs for treatment of dyslipidemia
LDL-C

Non-HDL-C

TG

HDL

Statins

Intensify statin

Fibrate

No drug recommended

Ezetimibe

Fibrates

Omega 3 fatty acid

PCSK9 inhibitors

Omega 3 fatty acid

Saroglitazar#

• Evolocumab
• Aliorocumab
Colesevelam
Lomitapide (for FH)
Mipomersen (for FH)
siRNA inclisiran+
Available only in India, not approved by the FDA; +Under evaluation

#

odds ratio of IHD are significantly increased. Dietary
intake of fish and omega-3 fish oil is associated with
reductions in the risks of total mortality, sudden death,
and CAD through various mechanisms of action other
than lowering of LDL-C.
Besides statins, several other drugs are used for the
treatment of dyslipidemia. The drugs utilized for modulating dyslipidemia are outlined in Table 3.
Statins are the first line agents for targeting dyslipidemia. The Cholesterol Treatment Trialists (CTT) Metaanalysis Collaboration has shown that high-intensity
statins on an average decrease LDL-C by 1 mmol and
this reduction is seen across the range of LDL-C and this
translates into reduction of CVE by 20 to 25% approximately irrespective of baseline LDL-C.
We have already witnessed the revolutionary era of
statins for last 30 years and indeed statins have emerged
as uncontested king for lipid management. We have
voluminous data on statins and they are class IA recommendation for primary as well as secondary prevention
of coronary artery disease. They are highly effective
drugs and have minimal side effects. The year 2015
came with breaking news when two PCSK9 inhibitors,
evolocumab and alirocumab, were approved for clinical use by the European Medicines Agency (EMA) and
United States Food and Drug Administration (USFDA).
With this a new era has started in lipid management.
The PCSK9 inhibitors decrease LDL-C by another 1 to 1½
mmol and this is expected to decrease CVE by another
20 to 25% as per the analysis of Further Cardiovascular
Outcomes Research with PCSK9 Inhibition in Subjects
with Elevated Risk (FOURIER), Studies of PCSK9 Inhibition and the Reduction of Vascular Events (SPIRE),
and Mendelian randomization study. Therefore, with
combination of both drugs the dyslipidemia-related
atherogenicity can be minimized to a great extent.
The effect of reduction in LDL-C on CVEs is shown in
Table 4.
Hypertension Journal, July-September 2017;3(3):147-153

Table 4: Effect of LDL-C reduction on atherogenic CVEs
Atherogenic risk
Nonlipid Lipid
related
related
50%
50%

Reduction
in LDL-C
1 mmol
2 mmol

Decrease
Drug utilized
in CVEs
High-intensity
25%
statins
Statins + PCSK9 45%
inhibitors

NONSTATIN DRUGS
In selected high-risk patients, such as those with
existing ASCVD or patients with familial hypercholesterolemia (FH) not achieving LDL goals, use of
nonstatins may be considered if maximally tolerated
statin therapy has not shown >50% reduction in LDL-C
from baseline.
Ezetimibe is the first nonstatin medication that should
be considered in most of such patient scenarios, given
its safety and tolerability, though modest efficacy, when
added to moderate-dose statin as shown in the IMPROVE
IT Trial.7
Bile acid sequestrants (BASs) may be considered as
second-line therapy for patients in whom ezetimibe is
not tolerated, but they should be avoided in patients with
TGs >300 mg/dL.

Familial Hypercholesterolemia
For patients with homozygous hypercholesterolemia
the goals are difficult to achieve. Statins, and nonstatins drugs, including ezetimibe, BASs, are utilized.
The new drugs like lomitapide8 and mipomersen9 are
used if necessary. Low-density lipoprotein-apheresis
is approved for heterozygous FH.
The PCSK9 inhibitors, like evolocumab and alirocumab, may be considered if the goals of therapy have
not been achieved on maximally tolerated statin and
ezetimibe in FH. The PCSK9 inhibitors are also used in
high-risk patients with clinical ASCVD.
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What is PCSK9?
Proprotein convertase subtilisin/kexin type 9 is a protein
that regulates LDL-C levels in the blood by regulating
low-density lipoprotein receptors (LDL-R). It is secreted
from the liver, goes into the blood, circulates back to liver,
and directly binds to LDL-R increasing their degradation and thereby reducing the rate at which LDL-C is
removed from circulation10 and thus increasing LDL-C
levels in blood. Thus, PCSK9 is an important regulator of
LDL metabolism. The PCSK9 is also affected by genetic
mutation. There are two types of mutation: Loss of function mutation which results in decrease in LDL-C and
provides atheroprotection; the gain of function mutation11
causes FH and predisposes to ASCVD.
Both statins and ezetimibe12 increase secretion of
PCSK9, which could attenuate their efficacy by reducing
the amount of cholesterol cleared from circulation. This
explains the limitation of statin therapy and may be the
best explanation regarding the classic rule of 6 observed
with statin therapy. This rule refers to the fact that every
time the statin dose is doubled, there is only an approximately 6% complementary decrease in LDL-C levels.
Therefore, the combination of PCSK9 inhibition with a
statin would be a sensible and logical approach and will
cause a dramatic decrease in LDL-C levels.

Proprotein Convertase Subtilisin/Kexin
Type 9 Inhibition
PCSK9 inhibition is now a validated therapeutic option
for modulating LDL-C after the results of the FOURIER
trial in 2017. Its inhibition can be achieved by MoAbs,
gene silencing, and small peptides.13 The MoAbs are
commonly used to inhibit PCSK9. Both evolocumab and
alirocumab have been approved for clinical use in 2015
by EMA and USFDA.

Evolocumab
This has already been approved for clinical use and is
available commercially as 1 mL pen containing 140 mg.
It is given in doses of 140 mg biweekly/420 mg monthly
subcutaneously. It was tested in the Program to Reduce
LDL-C and Cardiovascular Outcomes (PROFICIO) Global
Program, which had 14 trials and roughly 30,000 patients.
Most of the trials have been completed and the results
of FOURIER were presented in 2017. Most of these trials
have shown significant reduction in LDL-C by 40 to 60%
on top of statins. There is also consistent and robust
reduction in other lipoproteins. The lipoprotein Lp(a) is
reduced by approximately 25%, TG and non-HDL-C are
also decreased. The HDL-C and Apo-A1 are increased.
The drug is used in the doses of 120 mg biweekly or
420 mg monthly subcutaneously.
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Interestingly, when both statins and PCSK9 MoAbs
are combined together, they decrease LDL to very low
levels, as low as 25 mg/dL in a substantial number of
cases. Two questions automatically erupt out of this. Is
very low LDL-C safe and is it powered to produce incremental benefits on top of statins? The answer to both
questions is yes because the FOURIER trial14 has proved
both safety and efficacy of evolocumab. We had safety
data from earlier trials also, like Open-Label Study of
Long-Term Evaluation against LDL Cholesterol (OSLER),
Evaluation of Cardiovascular Outcomes after an Acute
Coronary Syndrome during Treatment with Alirocumab
(ODYSSEY) long-term trials. In FOURIER study, LDL-C
decreased from median baseline value 92 to 30 mg/dL,
i.e., approximately by 60% (p < 0.001), 42% had LDL-C
<25 mg/dL. Despite such low levels of LDL-C, there was
no evidence of muscle or liver toxicity, diabetogenicity or neurocognitive decline. The dedicated substudy,
Evaluating PCSK9 Binding antiBody Influence oN
coGnitive HeAlth in High cardiovascUlar Risk Subjects
(EBBINGHAUS), also confirmed lack of neurocognitive
decline with its use. The side effects which were more
common with evolocumab were injection site reactions,
2.1% (evolocumab) vs 1.6% (placebo). Upper respiratory
tract infections, nasopharyngitis, flu, back pain were
observed in small number of patients. However, longterm use of these agents in future will further clarify
regarding their safety.
We had the initial efficacy data from the OSLER and
ODDYSEY long-term, and recently from the FOURIER
trial. The OSLER trial showed 53% relative risk reduction
(RRR) in the composite endpoint of death, myocardial
infarction (MI), unstable angina hospitalization, coronary
revascularization, stroke, transient ischemic attack, or
congestive heart failure hospitalization [heart rate (HR)
= 0.47; 95% confidence interval (CI) 0.28–0.78, p = 0.003]
and the post hoc analysis of long-term ODYSSEY showed
a 48% RRR reduction in mean adverse cardiac events (HR
= 0.52; CI 0.31–0.90; p = 0.02). This year the FOURIER trial
showed a statistically significant 15% risk reduction in the
primary endpoint of CV death, MI, stroke, hospitalization
for unstable angina, and revascularization (HR = 0.85;
95% CI, 0.79–0.92, p < 0.001). The secondary endpoint of
CV death and stroke showed a statistically significant
reduction of 20% reduction (HR = 0.80; 95% CI, 0.73–0.88,
p < 0.001) (Graph 2).
The curves are divergent so that the risk reduction
at 2 years translated to number needed to treat of 74 to
prevent CVD, MI, stroke but at 3 years it decreased to 50.
It seems that the future is brighter than the present, and
long-term follow-up may lead to more fruitful results. The
target of <70 for the high-risk patients has been scrapped
by the FOURIER trial. There was no J curve, so lower is
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B
Graphs 2A and B: Primary and secondary efficacy endpoint in the FOURIER trial

better is also validated for very low LDL. The reduction
in primary and key secondary endpoint was consistent
across all key subgroups, including age, sex, different
types of CVD, intensity of statin therapy, dosing regimen
of evolocumab, and baseline LDL levels, including those
with the lowest quartile of LDL-C starting at 74 mg/dL in
whom evolocumab reduced LDL down to 22 mg/dL. The
FOURIER trial showed reduction in MI by 27%, p ≤ 0.001,
stroke by 21%, p = 0.01, and coronary revascularization
by 22%, p ≤ 0.001. There was no significant decrease in
all-cause or CV mortality.

Alirocumab
This is approved for clinical use in the United States and
is commercially available as 1 mL pen containing 75 or
150 mg. It is given in doses of 75 mg biweekly or 150 mg
subcutaneously. It was evaluated in ODYSSEY Global
Program, which included 11 trials and roughly has 22,000
patients. Most of the trials have been completed except
ODYSSEY outcome trial in post ACS patients, the results
of which are keenly awaited.
Hypertension Journal, July-September 2017;3(3):147-153

Bococizumab
The SPIRE 1 and 2 with bococizumab was prematurely
terminated because of the presence of neutralizing antibody in 29% and antidrug antibodies in 48% of patients
taking the drug. This is because bococizumab is a partially murine MoAb unlike evolocumab and alirocumab,
which are fully humanized MoAbs. The incidence of
antidrug antibody and neutralizing antibody to various
PCSK9 MoAbs is mentioned in Table 5.
Although both SPIRE I and SPIRE II trials were prematurely terminated, the SPIRE II which had LDL-C >
100 mg/dL showed a reduction in CVEs by 21% at
12 months, hinting that the drug is also useful for primary
Table 5: Incidence of neutralizing antibodies to PCSK9 MoAbs
Drug

Antidrug
antibody (%)

Neutralizing
antibody (%)

Bococizumab

48

29

Evolocumab

0

0.3

Alirocumab

5

1.3
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Table 6: Indications of PCSK9
Failure to achieve LDL-C goals despite optimal doses of statins
in patients with ASCVD
Statin intolerance

inclisiran may emerge as a strong competitor for evolocumab and alirocumab in future.

CONCLUSION

FH

prevention. The SPIRE I trial which enrolled cooperatively lower risk population (LDL-C > 70) did not show
any benefit.
The current indications of PCSK9 MoAbs are outlined
in Table 6.
Given the lack of long-term safety and efficacy data
on these agents, they are not recommended for use for
primary prevention except in patients with FH. The data
of PCSK9 for primary prevention like high-risk diabetics
are yet to evolve out.

Future Developments in PCSK9 Inhibition
Despite exciting results of FOURIER trials, the trialists
realized two problems with PCSK9 MoAbs, i.e., the drug
requires 12 to 26 injections per year and adherence data
with PCSK9 MoAbs showed no substantial improvement
over statins. Due to this, attempts were made to explore
other ways of inhibiting PCSK9. Inhibiting the synthesis
of PCSK9 by siRNA (inclisiran) targeted to PCSK9 showed
sustained reduction of LDL-C >50% (Graph 3) lasting for
6 months (mean LDL reduction of 52.6% at 180 days and
48% of patients had LDL-C below 50 mg/dL).15 The side
effects are seen only in minority of patients and include
cough, musculoskeletal pain, nasopharyngitis, headache,
backache, and diarrhea.
After the exciting results of this molecule, the FDA
has cleared Phase III trials for inclisiran. It seems that

Dyslipidemia is a major modifiable risk factor for ASCVD.
Statin trials have validated LDL-C; the lower is better and
they decrease lipid-related CVEs by 20 to 25%. The new
drug PCSK9 MoAbs has validated that further lowering of
LDL-C as low as 25 mg/dL produces incremental benefit
with incredible safety as shown in the FOURIER trial. It
therefore seems that the goal of LDL-C will be further
slashed down in future.
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