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Commentaries on Cutting Edge Science

PCSK9 Inhibition to Reduce Cardiovascular Risk

Tempering Expectations

David D. Waters, Priscilla Y. Hsue

Evolocumab and clinical outcomes in patients with
cardiovascular disease
Sabatine et al
N Engl J Med. Published online ahead of print March 17, 2017.

Cardiovascular efficacy and safety of bococizumab in
high-risk patients
Ridker et al
N Engl J Med. 2017;376:1527-1539.

he first large clinical outcomes trials of proprotein

convertase subtilisin—kexin type 9 (PCSK9) inhibi-
tors have demonstrated that these drugs, when taken
with statins, reduce cardiovascular events by 15% to 20%
more than statins alone. However, this event reduction is
less than expected for such a large decrease in low-den-
sity lipoprotein cholesterol (LDL-C), and the reasons for
this disconnect between LDL-C lowering and cardiovas-
cular events remain unclear. Future trials should clarify
the degree of clinical benefit to be expected from PCSK9
inhibitors.

Two years ago, in these pages, we discussed the results of
very early clinical outcome trials of the PCSK9 monoclonal
antibodies evolocumab and alirocumab.! These drugs both re-
duced LDL-C levels by slightly >60% on top of statin therapy
and reduced cardiovascular events by =50%.>* We noted that
although these results engendered great expectations, both of
these studies were preliminary, with a small number of end
points, short follow-up, and other important limitations.!

As often happens with life in general, our great expecta-
tions have been tempered by 2 recent reports. The FOURIER
trial (Further Cardiovascular Outcomes Research With PCSK9
Inhibition in Subjects With Elevated Risk) enrolled 27 564 pa-
tients with atherosclerotic cardiovascular disease and LDL-C
levels 270 mg/dL who were receiving statin therapy.* Patients
were randomly assigned to receive double-blind treatment
with evolocumab (either 140 mg every 2 weeks or 420 mg
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monthly) or placebo as subcutaneous injections. The primary
composite end point was cardiovascular death, myocardial in-
farction, stroke, hospitalization for unstable angina, or coro-
nary revascularization and the median duration of follow-up
was 2.2 years. At 48 weeks, LDL-C levels were reduced by
59%, from a median of 92 to 30 mg/dL.

The primary end point was reduced by evolocumab, 9.8%
compared with 11.3% (hazard ratio, 0.85; 95% confidence in-
terval, 0.79-0.92; P<0.001). For the key secondary end point
of cardiovascular death, myocardial infarction, or stroke, the
corresponding event rates were 5.9% and 7.4% (hazard ratio,
0.80; 95% confidence interval, 0.73-0.88; P<0.001).

Unlike evolocumab and alirocumab, which are fully hu-
manized monoclonal antibodies, bococizumab is a humanized
monoclonal antibody with =3% murine sequence remaining
in the antigen-binding complementarity-determining regions.’
The bococizumab program consisted of 6 trials with LDL-C
end points, the SPIRE (Studies of PCSK9 Inhibition and the
Reduction of Vascular Events) program, and 2 large trials,
SPIRE-1 and SPIRE-2, with cardiovascular event end points.

In the lipid-lowering trials, bococizumab lowered LDL-C
by 54.2% at 12 weeks, but by 52 weeks, this reduction was
attenuated to 40.4%. At 1 year, 48% of bococizumab-treated
patients had detectable antidrug antibodies, and a titer-depen-
dent attenuation in LDL-C reduction was noted, along with
wide variability in the amount of LDL-C—lowering irrespec-
tive of antidrug antibody status. Faced with these results, the
sponsor discontinued the development of bococizumab on
November 1, 2016.

The demise of bococizumab resulted in the very early ter-
mination of SPIRE-1 and SPIRE-2.° These were 2 parallel,
double-blinded trials where 27438 patients were randomized
to bococizumab 150 mg subcutaneously or placebo every 2
weeks. The primary composite end point consisted of cardio-
vascular death, myocardial infarction, stroke, or hospitaliza-
tion for unstable angina requiring urgent revascularization.

In SPIRE-1, which involved lower-risk patients, an LDL-C
inclusion of 270 mg/dL and a median follow-up of 7 months,
the primary end point occurred in 3% of patients in both treat-
ment groups. In SPIRE-2, which involved higher-risk patients,
an LDL-C inclusion of 2100 mg/dL, and a median follow-up
of 12 months, the primary end point occurred in 179 and 224
patients, respectively (hazard ratio, 0.79; 95% confidence in-
terval, 0.65-0.97; P=0.02).

Expectations and Explanations
Expectations for cholesterol-lowering trials were set by the
Cholesterol Treatment Trialists’ Collaborators, who reported
in 2005 that for each 1 mmol/L (38.6 mg/dL) reduction in
LDL-C, cardiovascular events were reduced by a mean of
229% across 14 large statin trials.” This relationship, depicted
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in the Figure, holds true for most other interventions that low-
er LDL-C, including ezetimibe, niacin, fibrates, diet, bile acid
sequestrants, and ileal bypass surgery.®

PCSKO inhibitors also reduce cardiovascular events; how-
ever, as shown in the Figure, the reductions in FOURIER and
SPIRE fall well below what would be expected, based on the
degree of LDL-C lowering. Potential explanations for these
less-than-anticipated results are listed in the Table.

The most obvious and likely explanation is that the dura-
tion of follow-up in FOURIER and SPIRE was too short. In 27
statin trials, the reduction in vascular events per mmol/L reduc-
tion in LDL-C in the first year was 9%, compared with 24%
in years 1 to 5. It is possible that with longer follow-up, the
relative risk reduction from PCSK9 inhibitors would increase.
Inspection of the Kaplan—-Meier curves from FOURIER does
not entirely support this assertion because the relative risk re-
duction at years 1, 2, and 3 for the primary end point is ap-
proximately the same. (For the key secondary end point, some
increase in the relative risk reduction is seen, as the authors
note.) In contrast, risk reductions of =50% were observed in
OSLER (Open-Label Study of Long-Term Evaluation Against
LDL Cholesterol) and ODYSSEY (Long-Term Safety and
Tolerability of Alirocumab in High Cardiovascular Risk Patients
With Hypercholesterolemia Not Adequately Controlled With
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Figure. Relationship between reduction in LDL-C in mmol/L
(x axis) and percentage reduction in vascular events (y axis)
in 14 clinical trials with statins (black), 1 trial with ezetimibe
(blue) and 5 trials with PCSK9 inhibitors. The sizes of the
boxes are proportional to the number of cardiovascular (CV)
events in each trial. The statin and ezetimibe trials exhibit a
relationship where each mmol/L reduction in LDL-C is associated
with a 22% reduction in CV events. The FOURIER and the SPIRE
trials do not conform to this pattern. Adapted from Baigent et al”
with permission of the publisher. Copyright ©2005, Elsevier.
Authorization for this adaptation has been obtained both from the
owner of the copyright in the original work and from the owner

of copyright in the translation or adaptation. LDL-C indicates
low-density lipoprotein cholesterol; and PCSK9, proprotein
convertase subitilisin-kexin type 9.

Table. Potential Reasons for the Less-Than-Expected CV
Event Rate Reduction in FOURIER (Further Cardiovascular
Outcomes Research With PCSK9 Inhibition in Subjects With
Elevated Risk) and SPIRE (Studies of PCSK9 Inhibition and the
Reduction of Vascular Events)

Short follow-up period

Less benefit at lower on-treatment LDL-C levels

Less benefit in statin-treated patients

PCSK9 inhibitors lack the potent anti-inflammatory effects of statins
Increased LDL-C variability with PCSK9 inhibitors

Suboptimal choice of trial end points

Antidrug antibodies (bococizumab)

CV indicates cardiovascular; LDL-C, low-density lipoprotein cholesterol; and
PCSK9, proprotein convertase subtilisin—kexin type 9.

Their Lipid Modifying Therapy), where the duration of follow-
up was shorter than in FOURIER.

Inflammation contributes to atherogenesis and to the ini-
tiation of cardiovascular events, and statins reduce inflamma-
tion, as evidenced by a reduction in inflammatory markers,
including C-reactive protein. PCSK9 inhibitors do not reduce
C-reactive protein levels. Anti-inflammatory effects possibly
explain why statins might reduce events more or have an ear-
lier benefit, compared with PCSK9 inhibitors. A large clinical
trial nearing completion with canakinumab, a human mono-
clonal antibody that targets interleukin-1f, and subsequent
trials of other specific anti-inflammatory drugs will be infor-
mative in this regard.'

Cardiovascular event reduction with statins is independent
of baseline LDL-C level,” and in FOURIER event, reduction
was similar across quartiles of baseline LDL-C ranging from
74 to 126 mg/dL. However, in SPIRE-1 and SPIRE-2, mean
LDL-C levels at baseline were 94 and 134 mg/dL, respective-
ly, and cardiovascular event reduction was seen only in the
trial with higher baseline LDL-C levels.

At the other end of the scale, incremental reductions in
LDL-C at very low LDL-C levels may not produce incre-
mental reductions in cardiovascular events. Across statin
trials, cardiovascular event reduction has been observed at on-
treatment LDL-C levels <50 mg/dL'"; however, in FOURIER,
42% of patients had an LDL-C level <25 mg/dL at 48 weeks,*
and in SPIRE, the corresponding rate at 14 weeks was 28%.°
With LDL-C levels this low, it may be unrealistic to expect a
further reduction in event rates.

Almost all patients in FOURIER and SPIRE were receiv-
ing statins during the trial, usually at moderate or high doses,
and many patients had probably been treated with these drugs
for years. Another possibility is that cardiovascular event re-
duction achieved by LDL-C reduction is attenuated among
individuals whose atherosclerotic plaques have already been
stabilized by long-term statin therapy.

Although a mechanism has not been established, variabil-
ity in LDL-C levels has been associated with an increase in
cardiovascular events in 2 large statin trials.'>!> Administration
of PCSKD9 inhibitors results in a saw-tooth pattern of LDL-C
levels, with high LDL-C variability that could theoretically
lead to an increase in cardiovascular events.
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A combination of these explanations, and others, could ac-
count for the less-than-expected cardiovascular event reduc-
tion in FOURIER and SPIRE. Although these drugs reduce
cardiovascular events, the relationship between LDL-C low-
ering and event reduction has now been uncoupled, at least
for PCSK9 inhibitors, so that the degree of benefit with these
drugs is no longer predictable.

Safety
The adverse event that had drawn the most scrutiny in ear-
lier PCSK9 inhibitor studies was neurocognitive defects.
This term covers an array of symptoms, including amnesia,
memory impairment, delirium, confusion, and other related
conditions.

To further investigate potential neurocognitive issues,
EBBINGHAUS (Evaluating PCSK9 Binding Antibody
Influence on Cognitive Health in High Cardiovascular Risk
Subjects) was a noninferiority trial assessing cognitive func-
tion embedded in FOURIER. EBBINGHAUS enrolled 1974
FOURIER patients without cognitive problems at baseline.'
The Cambridge Neuropsychological Test Automated Battery
was applied at baseline and multiple times during a mean
follow-up of about 19 months. No differences were detected
between the treatment groups (P for noninferiority <0.0001),
and exploratory analyses found no differences for patients
who attained very low LDL-C levels.

Although these findings are reassuring, longer trials with
PCSKO9 inhibitors are needed to address safety definitively. In
comparison, several reports of long-term follow-up after statin
trials have raised no safety issues and indeed indicate that a
legacy effect of this class of drugs continues to confer benefit
<20 years.’

Next Steps

The ODYSSEY Outcomes trial, in which 18 000 statin-treated
patients with a recent acute coronary syndrome have been
randomized to alirocumab or placebo, is nearing completion.
Inclisiran, a small interfering RNA that targets PCSK9 mes-
senger RNA has recently been reported in a phase 2 trial to
reduce LDL-C at 180 days by 27.9% to 41.9% after a single
dose and by 35.5% to 52.6% after 2 doses."” Inclisiran has the
advantages of a very long dosing interval and stable LDL-C
levels compared with the monoclonal antibodies. A large out-
comes trial with inclisiran is expected to begin later this year.
Other monoclonal antibodies to PCSK9 are in earlier stages
of development.

Acknowledgments

We thank Jon Edwards and Shirley Smith from Engage Scientific for
preparing the Figure.

Disclosures

D.D. Waters has received honoraria from Sanofi-Aventis, Pfizer,
Regeneron, and the Medicines Company for participating in

Clinical Trials of PCSK9 Inhibitors 1539

clinical trial committees. P.Y. Hsue has received honoraria from
Amgen and Pfizer.

References

1. Waters DD, Hsue PY. PCSKO9 inhibition to lower LDL-cholesterol and
reduce cardiovascular risk: great expectations. Circ Res. 2015;116:1643—
1645. doi: 10.1161/CIRCRESAHA.115.306493.

2. Sabatine MS, Giugliano RP, Wiviott SD, Raal FJ, Blom DJ, Robinson J,
Ballantyne CM, Somaratne R, Legg J, Wasserman SM, Scott R, Koren
MJ, Stein EA; Open-Label Study of Long-Term Evaluation against LDL
Cholesterol (OSLER) Investigators. Efficacy and safety of evolocumab in
reducing lipids and cardiovascular events. N Engl J Med. 2015;372:1500—
1509. doi: 10.1056/NEJMoal500858.

3. Robinson JG, Farnier M, Krempf M, et al.; ODYSSEY LONG TERM
Investigators. Efficacy and safety of alirocumab in reducing lipids and
cardiovascular events. N Engl J Med. 2015;372:1489-1499. doi: 10.1056/
NEJMoal501031.

4. Sabatine MS, Giugliano RP, Keech AC, Honarpour N, Wiviott SD,
Murphy SA, Kuder JF, Wang H, Liu T, Wasserman SM, Sever PS,
Pedersen TR; FOURIER Steering Committee and Investigators.
Evolocumab and clinical outcomes in patients with cardiovascular dis-
ease [published online ahead of print March 17, 2017]. N Engl J Med.
doi: 10.1056/NEJMoal615664.

5. Ridker PM, Tardif JC, Amarenco P, et al. Lipid-reduction variabil-
ity and antidrug-antibody formation with bococizumab. N Engl J Med.
2017;376:1517-1526. doi: 10.1056/NEJMoal614062.

6. Ridker PM, Revkin J, Amarenco P, et al; SPIRE Cardiovascular Outcome
Investigators. Cardiovascular efficacy and safety of bococizumab in
high-risk patients. N Engl J Med. 2017;376:1527-1539. doi: 10.1056/
NEJMoal701488.

7. Baigent C, Keech A, Kearney PM, Blackwell L, Buck G, Pollicino C,
Kirby A, Sourjina T, Peto R, Collins R, Simes R; Cholesterol Treatment
Trialists’ (CTT) Collaborators. Efficacy and safety of cholesterol-lower-
ing treatment: prospective meta-analysis of data from 90,056 participants
in 14 randomised trials of statins. Lancet. 2005;366:1267—-1278. doi:
10.1016/S0140-6736(05)67394-1.

8. Silverman MG, Ference BA, Im K, Wiviott SD, Giugliano RP, Grundy
SM, Braunwald E, Sabatine MS. Association between lowering LDL-C
and cardiovascular risk reduction among different therapeutic interven-
tions: a systematic review and meta-analysis. JAMA. 2016;316:1289—
1297. doi: 10.1001/jama.2016.13985.

9. Collins R, Reith C, Emberson J, et al. Interpretation of the evidence for the
efficacy and safety of statin therapy. Lancer. 2016;388:2532-2561. doi:
10.1016/S0140-6736(16)31357-5.

10. Ridker PM. From C-reactive protein to interleukin-6 to interleukin-1:
moving upstream to identify novel targets for atheroprotection. Circ Res.
2016;118:145-156. doi: 10.1161/CIRCRESAHA.115.306656.

11. Boekholdt SM, Hovingh GK, Mora S, et al. Very low levels of athero-
genic lipoproteins and the risk for cardiovascular events: a meta-analy-
sis of statin trials. J Am Coll Cardiol. 2014;64:485-494. doi: 10.1016/j.
jacc.2014.02.615.

12. Bangalore S, Breazna A, DeMicco DA, Wun CC, Messerli FH; TNT
Steering Committee and Investigators. Visit-to-visit low-density lipo-
protein cholesterol variability and risk of cardiovascular outcomes: in-
sights from the TNT trial. J Am Coll Cardiol. 2015;65:1539-1548. doi:
10.1016/j.jacc.2015.02.017.

13. Bangalore S, Fayyad R, Messerli FH, Laskey R, DeMicco DA, Kastelein
1], Waters DD. Relation of variability of low-density lipoprotein choles-
terol and blood pressure to events in patients with previous myocardial
infarction from the IDEAL trial. Am J Cardiol. 2017;119:379-387. doi:
10.1016/j.amjcard.2016.10.037.

14. Giugliano RP, Presentation at American College of Cardiology 2017
Scientific ~ Sessions.  http://www.medscape.com/viewarticle/877504.
Accessed March 23, 2017.

15. Ray KK, Landmesser U, Leiter LA, Kallend D, Dufour R, Karakas M, Hall
T, Troquay RP, Turner T, Visseren FL, Wijngaard P, Wright RS, Kastelein
JJ. Inclisiran in patients at high cardiovascular risk with elevated LDL cho-
lesterol. N Engl J Med. 376:1430-1440. doi: 10.1056/NEJMoal615758.


http://circres.ahajournals.org/

1102 ‘TT AN uo 159nb Aq /Bio'sfeuno feye salolio//.dny wouy pepeojumoq

Circulation G e
Research

JOURNAL OF THE AMERICAN HEART ASSOCIATION

PCSK9 Inhibition to Reduce Cardiovascular Risk: Tempering Expectations
David D. Waters and PriscillaY. Hsue

Circ Res. 2017;120:1537-1539

doi: 10.1161/CIRCRESAHA.117.311015
Circulation Research is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231
Copyright © 2017 American Heart Association, Inc. All rights reserved.
Print ISSN: 0009-7330. Online ISSN: 1524-4571

The online version of this article, along with updated information and services, islocated on the
World Wide Web at:
http://circres.ahajournal s.org/content/120/10/1537

Permissions: Requests for permissions to reproduce figures, tables, or portions of articles originally published
in Circulation Research can be obtained via RightsLink, a service of the Copyright Clearance Center, not the
Editorial Office. Once the online version of the published article for which permission is being requested is
located, click Request Permissions in the middle column of the Web page under Services. Further information
about this process is available in the Permissions and Rights Question and Answer document.

Reprints: Information about reprints can be found online at:
http://mww.Ilww.com/reprints

Subscriptions: Information about subscribing to Circulation Research is online at:
http://circres.ahajournal s.org//subscriptions/



http://circres.ahajournals.org/content/120/10/1537
http://www.ahajournals.org/site/rights/
http://www.lww.com/reprints
http://circres.ahajournals.org//subscriptions/
http://circres.ahajournals.org/



