Drug Design, Development and Therapy downloaded from https://www.dovepress.com/

For personal use only.

Drug Design, Development and Therapy Dove

3

REVIEW

Anacetrapib as a potential cardioprotective strategy

Belinda A Di Bartolo
Stephen ] Nicholls

South Australian Health and Medical
Research Institute, University of
Adelaide, Adelaide, SA, Australia

Correspondence: Stephen ] Nicholls
South Australian Health and Medical
Research Institute, PO Box | 1060,

Adelaide, SA 5001, Australia
Tel +61 8 8128 4510

Email stephen.nicholls@sahmri.com

This article was published in the following Dove Press journal:
Drug Design, Development and Therapy

Abstract: Cholesteryl ester transfer protein (CETP) facilitates movement of esterified
cholesterol between high-density lipoproteins (HDLs) and apolipoprotein B-containing lipo-
proteins. By virtue of their ability to raise HDL cholesterol and lower low-density lipoprotein
cholesterol, pharmacological inhibitors of CETP have received considerable attention as
potential new agents in cardiovascular prevention. While early studies of CETP inhibitors
have demonstrated a lack of clinical efficacy and potential toxicity, development of the potent
CETP inhibitor, anacetrapib, has moved forward, with emerging evidence suggesting a role
in reducing cardiovascular events. The experience with anacetrapib and its potential for use in
clinical practice are reviewed here.
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Introduction

Consistent findings of cardiovascular benefit with statins have led to their widespread
use in clinical practice. However, there remains a considerable residual risk of clinical
events suggesting the need to develop additional therapeutic strategies that will further
reduce cardiovascular risk in the statin-treated patients. In addition, many patients have
difficulty tolerating statins at doses required to achieve the degree of lipid lowering
considered appropriate in cardiovascular prevention guidelines. There has been interest
in developing approaches that will achieve more effective lowering of low-density
lipoprotein cholesterol (LDL-C), the atherogenic lipid parameter associated with
cardiovascular risk. In addition, there have been major efforts to develop therapies
that elevate high-density lipoprotein cholesterol (HDL-C), which is thought to protect
against the development of atherosclerotic cardiovascular disease.

CETP

Cholesteryl ester transfer protein (CETP) is a plasma-based factor that plays an
important role in lipid metabolism, by facilitating exchange of esterified cholesterol
from high-density lipoprotein (HDL) to very low-density lipoprotein (VLDL) and low-
density lipoprotein (LDL).! It remains to be determined whether CETP acts primarily
by forming a tunnel between lipoproteins or acts as a shuttle, in order to move lipid
species between particles. Enthusiasm for developing pharmacological inhibitors was
supported by observations that raising HDL-C and lowering LDL-C? exert favorable
effects on atherosclerotic plaque in rabbit models*¢ and that polymorphisms associ-
ated with low CETP activity lead to lower cardiovascular risk.!”® While numerous
approaches have been developed to reduce CETP activity, including oligosense anti-
nucleotides and vaccines, it has been the development of small-molecule inhibitors
that has received the most attention.*®
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Experience with prior CETP
inhibitors

The early experience with CETP inhibitors that have pro-
gressed to an advanced phase of clinical development has
been disappointing (Table 1). Torcetrapib was the first
agent to proceed to a large cardiovascular outcomes trial.
However, this study was terminated prematurely due to the
finding of an excess in mortality and cardiovascular events.
This occurred despite HDL-C raising by more than 60% and
incremental lowering of LDL-C by 20% in statin-treated
patients.’ In parallel, three serial vascular imaging studies
failed to demonstrate any beneficial effect of torcetrapib in
slowing progression of either carotid intima-medial thickness
or coronary atherosclerosis.!*!2

This disappointing finding prompted concerns that CETP
inhibition might have adverse effects on HDL function.
However, a number of observations suggested that HDL
functionality was intact with torcetrapib. HDL continues to
promote cholesterol efflux in the setting of CETP deficiency
and torcetrapib treatment.!* Furthermore, plaque regres-
sion and lower cardiovascular event rates were observed in
torcetrapib-treated patients achieving the highest HDL-C
levels.!*> The findings that torcetrapib increased adrenal
synthesis of aldosterone and cortisol, and upregulated aortic
wall endothelin expression, suggested that torcetrapib pos-
sessed off-target toxicities.*!>!¢ These findings paved the way
for the development of other CETP inhibitors that lacked
such off-target effects.

Dalcetrapib is aless potent CETP inhibitor, modestly raising
HDL-C by 30% without lowering LDL-C. Phase II studies
demonstrated that dalcetrapib had no torcetrapib-associated
off-target effects and no adverse effects on endothelial
function or arterial wall inflammation.'”'® However, a large
outcomes trial, performed in patients treated from 8 weeks
following an acute coronary syndrome, demonstrated no
effect on cardiovascular events.'” Subsequent studies have

revealed that patients harboring the ADCY9 polymorphism
demonstrated favorable effects on cholesterol efflux activ-
ity and lesser increases in inflammatory markers associated
with a favorable reduction in cardiovascular events and
progression of carotid intima-medial thickness.?® This has led
to the performance of an innovative clinical trial, in which
patients harboring this polymorphism will be prospectively
randomized to treatment with dalcetrapib or placebo, in order
to determine whether this pharmacogenomic approach to
patient selection will result in a clinically meaningful benefit
in terms of event reduction.

Evacetrapib is a potent CETP inhibitor, which produced
increases in HDL-C greater than 125% and LDL-C lowering
by more than 30%, as monotherapy or in addition to com-
monly prescribed doses of statin therapy.?! However, the
large cardiovascular outcomes trial of this agent was termi-
nated due to lack of clinical benefit.?? Despite favorable lipid
changes and no evidence of torcetrapib-associated toxicity,
there was no patient subgroup that demonstrated a reduction
in cardiovascular events.?? Additional lipid studies demon-
strated increases in C-reactive protein and apolipoprotein
(apo) E and apoC-III, correlating with changes in HDL-C.*
Whether the lack of clinical benefit despite favorable lipid
effects reflects a potential proinflammatory state or ability
of larger HDL particles to carry atherogenic factors such as
apoC-III remains to be determined. Of particular interest,
in all of these studies of CETP inhibitors to date, ex vivo
measures of cellular cholesterol efflux appeared to increase
in association with treatment with a CETP inhibitor.”® As a
result, there is considerable confusion as to why CETP inhibi-
tors have not produced cardiovascular benefit to date.

Anacetrapib

Anacetrapib is a lipophilic and potent CETP inhibitor, which
has been extensively investigated across the translational
spectrum. In addition to robust increases in HDL-C levels,

Table | Properties of CETP inhibitors that have proceeded to advanced stages of clinical development

Parameter Torcetrapib Dalcetrapib Evacetrapib Anacetrapib TA-8995
Molecular weight (Da) 600.4 389.6 638.6 673.5 722.6
Adipose tissue None None None Demonstrated with None
accumulation terminal half-life >1 year

HDL-C +70% +30% +125% +130% >+76%
LDL-C —20% 0% —25% —25% >-27%
Cholesterol efflux Increase Increase Increase Increase Increase
Blood pressure 3—-6 mmHg increase No effect No effect No effect No effect
Clinical outcomes Adverse effects on Clinical futility Clinical futility 9% reduction in CV Unknown

mortality and CV events

events

Abbreviations: CETP, cholesteryl ester transfer protein; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; CV, cardiovascular.
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anacetrapib also produces concentration-dependent lowering
of LDL-C, apoB and lipoprotein(a) (Lp(a)).>* These effects
have been consistently demonstrated in preclinical and
human studies, which have formed the basis of the evalu-
ation of its impact on cardiovascular outcomes in a large,
randomized clinical trial. The confidence to pursue this
clinical development program was derived from studies that
suggested that anacetrapib was unlikely to possess the toxic
effects observed with torcetrapib. In addition to establishing
the efficacy and safety profile, studies of anacetrapib have
enabled characterization of the impact of potent CETP inhibi-
tors on the factors regulating lipid metabolism.

Experience from animal studies
The use of animal models in studies of CETP inhibitors is
challenged by the observation that mouse models commonly
employed in the study of atherosclerosis do not endogenously
express CETP. In contrast, rabbits constitutively express
CETP in a similar manner to humans. Mouse models have
been important in their ability to demonstrate that the adverse
effects of torcetrapib on blood pressure and the vasculature
are observed in the absence of CETP, supporting the likeli-
hood that this reflects an off-target effect.”> Genetic expres-
sion of CETP, using the ApoE*3Leiden. CETP-TG mouse,
has enabled study of the impact of anacetrapib treatment on
atherosclerosis, with evidence of dose-dependent favorable
effects on lesion size and composition, whether administered
as monotherapy or in combination with atorvastatin.?® This
was observed, despite additional reports that anacetrapib
treatment was associated with impairment in endothelial
function in this model.”” More recent examinations have
revealed prolonged storage of anacetrapib within white adi-
pose tissue, with only minimal reduction in adipose concen-
trations more than 1 year following administration.?® This has
been important to understand as there has been ongoing work
to study the long-term disposition of anacetrapib following
administration. Studies in the Syrian golden hamster have
demonstrated an increase in measures of in vivo reverse cho-
lesterol transport with anacetrapib.?’ Whether this contributes
to potential anti-atherosclerotic effects is unknown.
Additional studies performed in the rabbit model have
demonstrated contrasting results with regard to the effect
of anacetrapib on the endothelium. Studies within the aorta
demonstrated that anacetrapib treatment enhances endothelial
repair following denudation injury and improves endothelial
function,*® in contrast to observations in mouse models. In a
hindlimb ischemia model, anacetrapib treatment was associ-
ated with an increase in collateral blood vessel formation, in

aprocess that is dependent on the scavenger receptor, SR-BI,
and PI3K/Akt pathways.?! This suggests a potentially favor-
able effect on angiogenesis.

Experience from metabolic studies
Increasing use of stable isotopes has permitted investigation
of production and catabolism of individual lipoproteins,
with the opportunity to characterize the impact of a range
of disease settings and therapeutic interventions. Using
these techniques, a number of important insights into the
impact of anacetrapib, and therefore potentially potent CETP
inhibition, on lipoprotein metabolism have been made.
Increases in HDL-C and apoA-I result from a reduction in
the fractional catabolic rate of each parameter, without any
discernible change in production.* In contrast, the observed
reduction in apoB and LDL-C results from an increase in the
fractional catabolic rate of apoB.* Similarly, an increase in
the fractional catabolic rate of VLDL triglyceride appears to
underscore observed reductions in triglyceride levels with
anacetrapib.** These effects of anacetrapib on lipoprotein
metabolism contrast with its demonstrated reduction in
Lp(a) production.’* Accordingly, these metabolic studies
have provided important insights into the impact of CETP
inhibition on lipoprotein metabolism.

Effect on lipid parameters in clinical

studies
Multiple studies have consistently demonstrated that potent
CETP inhibition produces robust changes in lipid param-
eters, including HDL-C elevation by more than 130%,
reductions in LDL-C by 35%—40% and Lp(a) by 25% and
increases in systemic cholesterol efflux capacity and anti-
inflammatory potential of HDL.* These lipid effects have
been demonstrated across a broad range of cardiovascular
risk and baseline lipid levels. The Randomized Evaluation
of Anacetrapib Lipid-Modifying Therapy in Patients with
Heterozygous Familial Hypercholesterolemia (REALIZE)
study evaluated the impact of treatment with anacetrapib
for 52 weeks in patients with either genetically or clinically
diagnosed heterozygous familial hypercholesterolemia with
baseline LDL-C levels greater than treatment targets. This
study demonstrated a 36% reduction in LDL-C, suggesting
that CETP inhibition might provide an additional thera-
peutic approach to lipid lowering in patients who remain at
unacceptably high LDL-C levels, despite use of established
medical therapies.*

The Determining the Efficacy and Tolerability of CETP
Inhibition with Anacetrapib (DEFINE) study evaluated the
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efficacy and safety of longer-term administration of anace-
trapib in 1,623 patients with high vascular risk. This study
was performed following the termination of the torcetrapib
program, enabling the opportunity to establish the risk of
demonstrating a similar degree of clinical toxicity. Bayesian
analysis determined that there was a 94% likelihood that
anacetrapib did not possess such effects, which was reas-
suring and gave the impetus for embarking on a large
cardiovascular outcomes trial. A reduction in adjudicated
cardiovascular events, predominantly due to less coronary
revascularization procedures, was observed in this study.*
Subsequent analysis revealed persistent lipid changes fol-
lowing cessation of anacetrapib administration, which led to
more extensive characterization of adipose tissue distribution
and a long terminal half-life of anacetrapib, which was found
to be detectable in the circulation for several years.”’

Effect on cardiovascular outcomes
The Randomized Evaluation of the Effects of Anacetrapib
through Lipid Modification (REVEAL) study evaluated the
impact of anacetrapib on cardiovascular events in high-risk
patients. In this clinical trial, 30,449 patients with established
atherosclerotic cardiovascular disease (myocardial infarction,
cerebrovascular atherosclerotic disease, peripheral arterial
disease or diabetes with symptomatic coronary disease and
no acute event in the last 3 months) greater than 50 years of
age were treated with anacetrapib 100 mg daily or matching
placebo daily for a median follow-up period of 4.1 years.
At baseline, mean levels of LDL-C of 61 mg/dL, non-HDL-C
of 92 mg/dL and HDL-C of 40 mg/dL were observed, sug-
gesting that patients were well treated by contemporary
standards.*®

Compared with placebo, anacetrapib-treated patients
demonstrated a higher level of HDL-C by 104% and lower
level of non-HDL-C by 18%. The incidence of the com-
posite primary end point of coronary death, myocardial
infarction or coronary revascularization was reduced by
9% in the anacetrapib group (10.8% vs 11.8%, P=0.004).
Anacetrapib was associated with significant reductions in
myocardial infarction by 13% (6.1% vs 6.9%, P=0.007) and
coronary revascularization by 10% (7.1% vs 7.9%, P=0.01),
and no reduction in coronary death (2.5% vs 2.8%, P=0.25)
or ischemic stroke (3.2% vs 3.2%). Importantly, it took
greater than 2 years before there was any separation of the
event curves. Consistent with prior observations of CETP
inhibitors, anacetrapib treatment was associated with a lower
incidence of new-onset diabetes mellitus (5.3% vs 6.0%,

P=0.0496). There were no significant differences between
the groups with regard to the risk of cancer or other serious
adverse events.*®

This is an important finding. For the first time, a large
cardiovascular outcomes trial demonstrated that administra-
tion of a potent CETP inhibitor produced a reduction in major
adverse cardiovascular events. This finding was observed
in a clinical trial incorporating a larger study cohort with
much longer treatment duration than employed in outcomes
trials of previous CETP inhibitors. Subsequent analysis has
demonstrated that the degree of reduction in clinical events
associated with the decrease in non-HDL-C, confirming
a similar relationship in other lipid-lowering trials.*® The
results are consistent with reports from Mendelian random-
ization studies that predicted that pharmacological inhibition
of CETP would result in a cardiovascular event reduction
by 8%—12%.3° Of particular interest, these genetic studies
suggest potential discord between lowering of LDL-C and
apoB and CETP inhibitors in the setting of concomitant
statin therapy, suggesting potentially greater benefit of CETP
inhibition when administered as monotherapy.* The impact
of this form of administration has not yet been evaluated in
large clinical outcomes trial. The results of REVEAL were
also observed in a cohort who were very well treated estab-
lished cardioprotective agents. Whether a greater benefit
would have been demonstrated in a cohort with less optimally
controlled LDL-C at baseline remains to be determined.

The next question in the anacetrapib story will be whether
this agent is translated to clinical practice. While anacetrapib
did result in a significant reduction in cardiovascular events,
the 9.1% decrease is relatively modest. It is uncertain whether
this benefit will be deemed sufficient to warrant introduction
of a new therapeutic. Further analysis that determines the cost
effectiveness of this agent will be important in guiding such
decisions. Whether the long terminal half-life of anacetrapib,
which to date has not been demonstrated to produce any
concerning safety issues, will influence the ability to use it
in clinical practice also remains to be established.

Summary and future directions

For two decades, there has been considerable interest in the
development of CETP inhibition as an approach to cardio-
vascular prevention. Despite sequential disappointments in
number of development programs, the ability to translate
favorable effects of anacetrapib on lipid parameters to
cardiovascular events provides hope that CETP inhibition
will be of use in the clinic. Whether the long-term adipose
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accumulation of this agent has contributed to the decision not
to pursue regulatory approval for use of anacetrapib remains
to be determined. Similarly, whether an additional potent
CETP inhibitor, TA-8995, will proceed in clinical develop-
ment is unknown. Regardless, these studies have shed new
light on the potential of CETP inhibitors to provide clinical
benefit for patients with high vascular risk.
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