7%
university of 5%,
groningen % %

i

University Medical Center Groningen

University of Groningen

Serious adverse events and deaths in PCSK9 inhibitor trials reported on ClinicalTrials.gov
van Bruggen, F H; Nijhuis, G B J; Zuidema, S U; Luijendijk, H J

Published in:
Expert Review of Clinical Pharmacology

DOI:
10.1080/17512433.2020.1787832

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2020

Link to publication in University of Groningen/lUMCG research database

Citation for published version (APA):

van Bruggen, F. H., Nijhuis, G. B. J., Zuidema, S. U., & Luijendijk, H. J. (2020). Serious adverse events and
deaths in PCSKQ inhibitor trials reported on ClinicalTrials.gov: a systematic review. Expert Review of
Clinical Pharmacology, 13(7), 787-796. https://doi.org/10.1080/17512433.2020.1787832

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/lUMCG research database (Pure): http.//www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 05-06-2022


https://doi.org/10.1080/17512433.2020.1787832
https://research.rug.nl/en/publications/1f291125-eb1d-4e3d-b540-ebedd8a5e808
https://doi.org/10.1080/17512433.2020.1787832

— Taylor & Francis
Taylor & Francis Group

EXPERT

REVIEW Expert Review of Clinical Pharmacology

OF CLINICAL PHARMACOLDGY

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/ierj20

Serious adverse events and deaths in PCSK9
inhibitor trials reported on ClinicalTrials.gov: a
systematic review

F. H. van Bruggen, G. B. J. Nijhuis, S. U. Zuidema & Hendrika Luijendijk

To cite this article: F. H. van Bruggen , G. B. J. Nijhuis , S. U. Zuidema & Hendrika

Luijendijk (2020) Serious adverse events and deaths in PCSK9 inhibitor trials reported on
ClinicalTrials.gov: a systematic review, Expert Review of Clinical Pharmacology, 13:7, 787-796,
DOI: 10.1080/17512433.2020.1787832

To link to this article: https://doi.org/10.1080/17512433.2020.1787832

A
© 2020 The Author(s). Published by Informa h View supplementary material (&'
UK Limited, trading as Taylor & Francis

Group.

N
% Accepted author version posted online: 29 C,/ Submit your article to this journal &'
Jun 2020.
Published online: 13 Jul 2020.

[N
||I| Article views: 470 & View related articles '

o

(&) View Crossmark data &'

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=ierj20


https://www.tandfonline.com/action/journalInformation?journalCode=ierj20
https://www.tandfonline.com/loi/ierj20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/17512433.2020.1787832
https://doi.org/10.1080/17512433.2020.1787832
https://www.tandfonline.com/doi/suppl/10.1080/17512433.2020.1787832
https://www.tandfonline.com/doi/suppl/10.1080/17512433.2020.1787832
https://www.tandfonline.com/action/authorSubmission?journalCode=ierj20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=ierj20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/17512433.2020.1787832
https://www.tandfonline.com/doi/mlt/10.1080/17512433.2020.1787832
http://crossmark.crossref.org/dialog/?doi=10.1080/17512433.2020.1787832&domain=pdf&date_stamp=2020-06-29
http://crossmark.crossref.org/dialog/?doi=10.1080/17512433.2020.1787832&domain=pdf&date_stamp=2020-06-29

EXPERT REVIEW OF CLINICAL PHARMACOLOGY
2020, VOL. 13, NO. 7, 787-796
https://doi.org/10.1080/17512433.2020.1787832

Taylor & Francis
Taylor &Francis Group

ORIGINAL RESEARCH

a OPEN ACCESS W) Check for updates

Serious adverse events and deaths in PCSK9 inhibitor trials reported on

ClinicalTrials.gov: a systematic review

F. H. van Bruggen, G. B. J. Nijhuis, S. U. Zuidema and H. J. Luijendijk

University of Groningen, University Medical Center Groningen, Department of General Practice and Elderly Care Medicine, Groningen, The

Netherlands

ABSTRACT

Background: Previous reviews of PCSK9 inhibitor trials are limited by a focus on composite cardiovas-
cular outcomes. ClinicalTrials.gov provides trial results for individual clinical outcomes. Aim of this
systematic review was to assess the effect of PCSK9 inhibitors on the risk of myocardial infarction,
stroke/TIA, heart failure, diabetes mellitus, neurocognitive events, all-cause serious adverse events (SAE),
and all-cause deaths as registered on ClinicalTrials.gov.

Methods: PubMed, regulatory reports, ClinicalTrials.gov, and company websites were used to search
studies. Randomized trials comparing PCSK9 inhibitor with placebo in participants with hypercholester-
olemia were eligible. Study characteristics, risk of bias, and numbers of participants with the outcomes
of interest were collected.

Results: We identified 33 lipid-lowering and 4 clinical outcomes trials with results on ClinicalTrials.gov
(n = 16,958 and n = 73,836, respectively). Risk of bias was generally high. PCSK9 inhibitors did not affect
the risk of any of the investigated outcomes in either type of trial. However, in clinical outcomes studies,
alirocumab decreased the risk of all-cause SAE (OR 0.92; 95% Cl 0.86-0.98), and evolocumab probably
increased the risk of mortality (OR 1.12; 95% Cl 1.00-1.25).

Conclusions: Our meta-analysis of clinical events registered on ClinicalTrials.gov did not show that
PCSK9 inhibitors improve cardiovascular health. Evolocumab increased the risk of all-cause mortality.
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1. Introduction

Proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibi-
tors are effective lipid-lowering drugs. Evolocumab and aliro-
cumab, the two PCSK9 inhibitors that are currently on the
market, reduce LDL cholesterol by 53-59%. This has been
shown in at least 25 trials that investigated the lipid-
lowering effects of PCSK9 inhibitors [1-6].

However, the effect of these drugs on clinical outcomes is
unclear because prior reviews showed a number of limitations.
First, reviews have focussed on the composite outcome ‘major
adverse cardiovascular events’ (MACE) [7,8]. MACE includes
a varying combination of cardiovascular diseases, revascular-
isation procedures, and hospitalizations. The substantial het-
erogeneity in this endpoint between trials makes it hard to
interpret the results of reviews. Additionally, efficacy may be
overestimated because patients with high blood cholesterol
(in the placebo groups) might receive revascularisation proce-
dures more often [9].

Second, prior systematic reviews about PCSK9 inhibitors
included non-atherosclerotic types of myocardial infarction
(MI) [10-12]. Besides spontaneous MI, clinical outcome trials
have included MI due to supply-demand imbalance, cardiac
death suggestive of Ml without increased biomarkers, and Ml

related to revascularisation procedures [13,14]. These non-
atherosclerotic subtypes may not be relevant outcomes of
lipid-lowering treatment.

Third, unblinded (open-label) studies were included in pre-
vious reviews, whereas lipid-lowering trials were excluded
[11,15]. Some lipid-lowering trials had not been published at
the time, had a relatively small sample size and short follow-up,
and did not report the investigated composite clinical outcomes.
Nevertheless, these trials might represent a substantial number
of patients and thus provide useful information.

Trial results registered on ClinicalTrials.gov offer a unique
opportunity to investigate outcomes of PSCK9 inhibitors inde-
pendent of a study’s publication status [16]. Since 2007, ‘all
anticipated and unanticipated’ serious adverse events (SAE)
that occurred in a trial of a registered drug need to be documen-
ted on ClinicalTrials.gov as mandated by the FDA (2016 22129
FDA ruling). An SAE is potentially fatal or causes permanent
health damage. SAE are diagnosed and registered by the
patients’ clinicians as part of the trial in a standardized way
according to FDA ruling [16]. All-cause mortality was added to
the standard format of the website in 2017 [17]. No systematic
review about clinical outcomes of PCSK9 inhibitors with
ClinicalTrial.gov data has been published before. The aim of our
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Article highlights

o This is the first systematic review of individual cardiovascular out-
comes in placebo-controlled trials of PCSK9 inhibitors with
ClinicalTrial.gov data.

¢ C(linicalTrials.gov provides the number of cardiovascular events diag-
nosed by the attending physicians of participants in trials.

¢ C(linicalTrials.gov enables the use of published and unpublished
PCSK9 inhibitor trials in a meta-analysis.

e PCSK9 inhibitors did not reduce the risk of myocardial infarction or
stroke/TIA compared to placebo as reported on ClinicalTrials.gov.

¢ Evolocumab probably increased the risk of all-cause mortality com-
pared to placebo in a large clinical outcomes study.

review was to assess the risk of myocardial infarction, stroke/TIA,
heart failure, diabetes mellitus, neurocognitive events, all-cause
SAE and all-cause mortality for PCSK9 inhibitors compared to
placebo using data registered on ClinicalTrial.gov.

2. Methods

We performed a systematic review of randomized trials
among adult patients with hypercholesterolemia, a history
of cardiovascular disease, and no contra-indications for
PCSK9 inhibitor use (P). A PCSK9 inhibitor (l) needed to be
tested against placebo (C). Our primary outcomes (O) were
myocardial infarction, stroke/TIA, heart failure, diabetes mel-
litus, neurocognitive events, and all-cause SAE. Additional
outcomes were any adverse events and all-cause mortality.
The protocol has been registered on PROSPERO
(CRD42018104676).

2.1. Search and selection

Two independent reviewers performed the search and selec-
tion of the trials. Five PCSK9 inhibitors have been tested in
patients at risk of cardiovascular disease: evolocumab, alirocu-
mab, bococizumab, LY3015014, and RG7652. We used three
sources to find phase 2 and phase 3 randomized placebo-
controlled trials of these drugs. First, we searched Pubmed
with the terms ‘evolocumab, alirocumab, bococizumab,
LY3015014, RG7652" and ‘placebo.” In addition, we hand-
searched the references of the FDA reports and EMA reports
about evolocumab and alirocumab, and two systematic
reviews [3,15,18-20]. Finally, we looked for trials that were
registered on clinicaltrials.gov and mentioned in online
reports of the pharmaceutical companies. We reran our search
in June 2019.

When title and abstract suggested a potentially eligible
trial, we assessed the full-text publication or protocol. We
selected trials that were randomized, placebo-controlled, and
performed among adult patients at an increased risk of cardi-
ovascular disease. Language and publication date were not
exclusion criteria.

2.2. Risk of bias assessment

Two independent reviewers (HJL and FvB or GBJN) assessed
the risk of bias. In line with the revised Cochrane risk of bias

tool, we scored five domains of bias that can affect the
measured effect of the intended treatment: randomization,
blinding of outcome assessment, drop-out during follow-up
/handling of missing data, selective reporting, and other
sources of bias [21,22]. A domain was considered as a low
risk of bias, if the related design, conduct, and results did
not indicate that bias might have occurred, a high risk if
there were indications for bias, and unclear risk if informa-
tion was missing. Disagreements were resolved in consen-
sus meetings.

2.3. Data extraction

Two independent reviewers (HJL and FvB or GBJN) extracted
the data with a standardized data form. First, we abstracted
general study characteristics: investigated drug, type of
hypercholesterolemia (familial, non-familial), number of par-
ticipants, background lipid-lowering therapy, and study dura-
tion [9,23]. We included all patients randomized except those
in PCSK9 inhibiting groups that differed from the placebo
group in another way than just the randomized treatment.

Next, we extracted the number of participants with arterio-
sclerotic myocardial infarction, stroke, TIA, and heart failure
(see Supplementary Table 1 for the definitions). The rationale
for investigating heart failure lies in its pathophysiology. It is
often caused by ischemic cardiomyopathy after a (silent) myo-
cardial infarction [24-27]. Furthermore, heart failure is consid-
ered to be a cardiovascular disease in itself and sometimes
included in MACE too [28]. Moreover, it had been adopted as
a cause of cardiovascular death in the PCSK9 inhibitor trials.

We also recorded the number of participants with diabetes
mellitus and neurocognitive disorders — unintended SAE that
regulatory agencies were especially interested in [18-20,29] -
as well as all-cause SAE and all-cause deaths. Our source of
information for these outcomes was ClinicalTrials.gov. If SAE
were reported on this website but a disease of our interest
was not, we assumed that it had not occurred. Additionally,
we planned to extract the outcome ‘any adverse event.
However, we found that this outcome is not registered on
ClinicalTrials.gov.

If multiple drug groups were present in a trial because
multiple dosages were tested, the number of participants
and events was combined. The same applied to multiple
placebo groups. Disagreements about abstracted data were
also resolved in consensus meetings. We checked the website
for new trial results until June 2019.

2.4. Statistical analysis

We calculated the pooled odds ratios (OR) for myocardial
infarction, stroke/TIA, heart failure, diabetes mellitus, neuro-
cognitive events, all-cause SAE, and all-cause mortality for
PCSK9 inhibitors compared to placebo use. If the event rates
were higher than 30% in one or both groups, we calculated
the risk ratio (RR) [21].

As the number of participants with individual SAE and
deaths was often zero or very low, we used the Mantel-
Haenszel weighted fixed effects model with continuity cor-
rection [30,31]. As many trials reported no events in both



arms, we used the reciprocal of the opposite group arm
size to obtain the continuity correction [32]. We used
a fixed effects model to start with. If heterogeneity
was found to be moderate to large based on Chi?
(p-value of <0.05) or I> (>40%), we used a random effects
model [21].

We generated pooled risks for all PCSK9 inhibitors, and
after receiving reviewer comments, for the registered drugs
evolocumab and alirocumab separately as well. We did not
combine the results of the smaller lipid-lowering (efficacy)
studies that focus on LDL-cholesterol reduction with those of
the ‘supersized’ clinical outcomes studies. The latter would
have a very high weight in the overall estimate due to the
sheer number of patients and events.

We pooled the results of lipid-lowering studies (8-78 weeks)
and clinical outcomes studies (40-146 weeks) independent of
study duration. The cumulative incidence curves in the regu-
latory reports and published articles show a linear risk of major
adverse events and death for the active drug and placebo
groups over time [7,19,29,33]. A previous meta-analysis
about PCSK9 inhibitors did not detect substantial differences
with or without adjustment for person-years either [34]. We
also aggregated results across doses, because phase 2 and 3
studies have not shown dose-related effects on adverse events
and deaths in a previous FDA evaluation [19].

A post hoc decision was to test whether the pooled
risks differed significantly between the lipid-lowering and
clinical outcomes studies. We calculated standard errors
from the confidence intervals of the coefficients, and
entered them in the z-formula to obtain z-scores, and
from them p-values.
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3. Results

Our search yielded 53 potentially eligible trials (Figure 1). After
application of exclusion criteria, we included 38 completed trials
that tested one of five PCSK9 inhibitors versus placebo [3,30,34-
66]. For all trials except EQUATOR, outcome data have been
reported on ClinicalTrials.gov. Hence, we performed analyses
with the data of 33 lipid-lowering studies (total n = 16,958) and
four clinical outcomes studies (n = 73,836).

3.1. Study characteristics

The trials were conducted in patients with primary, polygenic or
heterozygous familial hypercholesterolemia, and hyper- or mixed
lipidemia (Table 1). Most patients already used a statin, or were
prescribed statins before randomization. The average study dura-
tion weighted for the number of participants was 43 weeks for the
lipid-lowering trials (range 8-78 weeks), and 95 weeks for the
clinical outcomes trials (range 30-146 weeks). The lipid-lowering
studies included patients with a heterogeneous baseline risk for
cardiovascular disease, while most of the participants in the clinical
outcome studies had already experienced a cardiovascular event
(see yearly risk of cardiovascular events in supplementary Table 2).
All except two studies scored a high risk of bias on at least one
domain other than commercial funding (supplementary Table 3).

3.2. Individual serious adverse events

The risk of myocardial infarction was not lower between the
PCSK9 inhibitor and the placebo groups in the lipid-lowering
trials (OR 0.92; 95% Cl: 0.64-1.30) and clinical outcomes trials

446 Potentially relevant
hits retrieved in Pubmed
and Embase

104 references of four FDA
and EMA reports and two
systematic reviews

257 references on clinicaltrials.gov,
pfizer.com, amgentrials.com,
lilly.com and sanofi.com

| |

!

53 trial reports selected on title/abstract and full-texts reviewed (duplicates and secondary analyses removed)

.| 15 trials excluded:

2016)

- 2 phase-1 trials (Dias JACC 2012, Stein NEJM 2012)

- 7 head-to-head trials (GAUSS-3/ Nissen JAMA 2016, ODYSSEY trials
ALTERNATIVE/ Moriarty ] Clin Lipidol 2015, COMBO Il/ Cannon Eur
Heart] 2015, MONO/ Roth Future Cardiol 2015, OPTIONS I/ Bays ]
Clin Endocrinol Metab. 2015, OPTIONS II/ Farnier Atherosclerosis

- 6 not placebo-controlled (extension) trials (THOMAS-1 and 2/ Dent
Springerplus 2016, GAUSS-2/ Stroes JACC 2014, OSLER 1&2/
Sabatine NEJM 2015, NCT02867813/ ongoing)

A 4

- 13 evolocumab (1 clinical outcomes study)
- 14 alirocumab (1 clinical outcomes study)

- 9 bococizumab (2 clinical outcomes studies)
-1LY3015014

- 1RG7652

38 randomized placebo-controlled trials included:

Figure 1. Flow diagram of literature search and study selection.
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Table 1. Characteristics of included placebo-controlled PCSK9 inhibitor trials.

Duration, Patients
Study Acronym Patient population Background therapy weeks randomized, nA
Alirocumab
McKenney 2012 DFI11565 HC Statin 12 183
Roth 2012 DFI11566 HC Statin*, diet 8 61
Stein 2012 CL-1003 HeFH Diet 12 77
Kastelein 2015 ODYSSEY FH | HeFH with/without CVD Statin, diet 78 486
Kastelein 2015 ODYSSEY FH I HeFH with/without CVD Statin, diet 78 249
Kereiakes 2015 ODYSSEY COMBO | HC with high CVD risk Statin 52 316
Robinson 2015 ODYSSEY LONG TERM  HeFH with (high risk of) CVD Statin, diet 78 2338
Ginsberg 2016 ODYSSEY HIGH FH HeFH with very high LDL-D Statin, diet 78 107
Roth 2016 ODYSSEY CHOICE | HC Statin, FF or diet 48 803
Stroes 2016 ODYSSEY CHOICE Il HC, statin intolerant, moderate to very high EZ, FF or diet 24 228
CVD risk
Teramoto 2016a  DFI12361 HC Statin 12 100
Teramoto 2016b  ODYSSEY JAPAN HeFH or HC with (high risk of) CVD Statin 52 216
Teramoto 2017  ODYSSEY NIPPON HeFH or HC with coronary heart disease Statin, other lipid drug or diet 12 163
Schwartz 2014 ODYSSEY OUTCOMES  Prior ACS patients with HC Statin 146# 19,924
Bococizumab
Ballantyne 2015  NCT01592240 HC Statin 24 354
Ridker 2017a SPIRE-AI HC Statin 12 299
Ridker 2017a SPIRE-FH Heterozygous Familial Hypercholesterolemia Statin 52 370
Ridker 2017a SPIRE-HR Hyperlipidemia at high risk for CVD Statin 52 71
Ridker 2017a SPIRE-LDL Hyperlipidemia patients with risk for CVD Statin 52 2140
Ridker 2017a SPIRE-LL LDLC levels 2100 mg/dL Statin 52 750
Ridker 2017a SPIRE-SI Hyperlipidemia and statin intolerance None 26 184
Ridker 2017b SPIRE-1 HC with CVD, DM, or CKD, or PVD & CVD risk, Statin 30% 16,817
or HeFH
Ridker 2017b SPIRE-2 See SPIRE-1, but statin intolerance allowed  Statin* 52% 10,621
Evolocumab
Giugliano 2012 LAPLACE-TIMI 57 HC Statin 12 631
Koren 2012 MENDEL-1 HC and CVD risk up to 10% per 10 yrs Statin use not required 12 365
Raal 2012 RUTHERFORD-1 HeFH Statin 12 168
Sullivan 2012 GAUSS-1 HC and statin intolerant Lipid drugs not allowed 12 64
Blom 2014 DESCARTES Hyperlipidemia Statin*, diet 52 905
Hirayama 2014 YUKAWA-1 HC, and high CVD risk Statin 12 310
Koren 2014 MENDEL-2 HC and CVD risk up to 10% per 10 yrs Lipid drugs not allowed 12 461
Robinson 2014 LAPLACE-2 HC or mixed dyslipidemia Statin* 12 1678
Kiyosue 2015 YUKAWA-2 HC, mixed dyslipidemia or HeFH, high CVD  Statin 12 404
risk
Raal 2015 RUTHERFORD-2 HeFH Statin 12 331
Amgen 2016 FLOREY HC and mixed dyslipidemia Statin 10 45
Nicholls 2016 GLAGOV HC and angiographic coronary disease Statin 76 968
Sabatine 2017 FOURIER HC, with CVD Statin 11454 27,564
Other PCSK9 inhibitors
Kastelein 2016 NCT01890967** HC, or HeFH Statin*, diet 16 527
Baruch 2017 EQUATORAA HC and (high risk for) CHD Statin* 24 248

*Part of the study population used a statin; A only the groups included in our review; $ early terminated; # median follow-up; ** drug: LY3015014; AA drug: RG7652
ACS stands for acute coronary syndrome; CKD for chronic kidney disease; CVD for cardiovascular disease; DM for diabetes mellitus, EZ for ezetimibe; FF for
fenofibrate; HC for hypercholesterolemia; HeFH for heterozygous familiar hypercholesterolemia; PVD for peripheral vascular disease.

(OR 0.88; 95% Cl: 0.64-1.22) (Table 2 and Figure 2). The point
estimate for stroke/TIA indicated an increased risk for PCSK9
inhibitors in the lipid-lowering trials (OR 1.32; 95% Cl: 0.83—-
2.09), but not in the clinical outcome trials (OR 0.97; 95% Cl:
0.79-1.19), but neither risk was statistically significant. For
heart failure, the risk was not lower in the PCSK9 inhibitor
than the placebo groups of the lipid-lowering trials (OR 0.96;
95% Cl: 0.60-1.56) and clinical outcome trials (OR 0.99; 95% Cl:
0.84-1.17).

The risk for diabetes mellitus was non-statistically signifi-
cantly increased in the PCSK9 inhibitor versus placebo groups
in the lipid-lowering studies (OR 1.17; 95% Cl: 0.75-1.82) and
clinical outcomes studies (OR: 1.05; 95% Cl: 0.98-1.13).
Similarly, the risk for neurocognitive events was non-statisti-
cally significantly increased in the lipid-lowering (OR 1.19; 95%
Cl 0.76- 1.86) and clinical outcomes studies (OR 1.22; 95% Cl:
0.70-2.11).

3.3. All-cause serious adverse events and deaths

PCSK9 inhibitors lowered the risk of all-cause SAE compared to
placebo in the lipid-lowering studies: the OR was 0.89 (95% Cl:
0.80-0.99). This reduction was due to one large bococizumab
trial, which contributed a weight of 19%. Without that trial, no
difference between PCSK9 inhibitors and placebo was found.
In clinical outcomes studies, PCSK9 inhibitors, in general, did
not affect the risk of all-cause SAE compared to placebo (OR
0.98; 95% Cl: 0.91-1.05), but alirocumab decreased the risk (OR
0.92; 95% Cl 0.86-0.98) (Table 3).

The risk of death was not significantly different between the
PCSK9 inhibitor versus placebo groups in both the lipid-lowering
studies (OR 0.80; 95% Cl: 0.51-1.24) and clinical outcomes studies
(OR0.99; 95% ClI: 0.84-1.17). However, for evolocumab, the risk of
mortality was 1.18 (95% Cl 0.46-3.02) in lipid-lowering trials and
1.12 (95% Cl 1.00-1.25) in the clinical outcome trial FOURIER
(Table 3). The percentage of participants that died in the placebo



Table 2. Effect of PCSK9 inhibitors on clinical outcomes in randomized placebo-controlled trials according to data reported on ClinicalTrials.gov.
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Outcome 33 lipid lowering studies* 4 clinical outcome studies Difference
(n = 16,958, mean follow-up = 43 weeks) (n = 73,836, mean follow-up = 95 weeks) between ORs
PCSKO group, Placebo group, Odds ratio PCSK9 group, Placebo group, Odds ratio p-value
n/ N (%) n/ N (%) (95% CI) 1/ N (%) n/ N (%) (95% CI)
Mvocardial infarction® 63/10772 45/6186 0.92 190/36921 218/36915 0.88 0.85
¥ (0.6) 0.7) (0.64 - 1.30) (0.5) (0.6) (0.64 — 1.22)
Stroke/ TIA 46/10772 19/6186 1.32 185/36921 191/36915 0.97 0.30
0.4) 0.3) (0.83 - 2.09) (0.5) (0.5) (0.79 - 1.19)
Heart failure 29/10772 19/6186 0.96 292/36921 294/36915 0.99 091
(0.3) 0.3) (0.60 — 1.56) (0.8) (0.8) (0.84 - 1.17)
Diabetes mellitus” 46/6636 26/3702 1.17 1758/22576 1698/22698 1.05 0.66
0.7) 0.7) (0.75 - 1.82) (7.8) (7.5) (0.98 - 1.13)
Neurocoenitive events 48/10772 19/6186 1.19 28/36921 23/36915 1.22 0.94
& (0.4) 0.3) (0.76 - 1.86) (0.1) (0.1) (0.70 - 2.11)
ATl serious adverse events 982/10772 703/6186 0.89 7606/36921 7734/36915 0.98 0.13
©.1) (11.4) (0.80-0.99) (20.6) (21.0) (0.91- 1.05)
All-cause mortalit 31/10772 27/6186 0.80 1019/36921 994/36915 0.99 0.35
y (0.3) 0.4) (0.51- 1.24) (2.8) 2.7 (0.84-1.17)

*One trial (EQUATOR) did not report data on ClinicalTrials.gov; A For myocardial infarction and diabetes mellitus random effects models were used due to I > 40%.

Clinical outcomes of PCSK®9 inhibitors in lipid lowering trials

No. of Odds ratio |I-Squared
Serious adverse event studies (95% ClI) p-value (%)
Myocardial infarction 33 -4~ 0.92 (0.64, 1.30) 62 0
Stroke/TIA 33 < 1.32(0.83,2.09) 24 0
Heart failure 33 <& 0.96 (0.60, 1.56) 88 0
Diabetes mellitus 33 -4- 1.17 (0.75, 1.82) 48 0
Neurocognitive events 33 <& 1.19 (0.76, 1.86) 46 0
All serious adverse event 33 —_—— 0.89 (0.80, 0.99) 03 0
All cause mortality 33 < 0.80 (0.51, 1.24) 3 0
| |
5 1 2.

treatment reduces risk treatment increases risk

Clinical outcomes of PCSK?9 inhibitors in clinical outcome studies

No. of QOdds ratio |-Squared
Serious adverse event studies (95% CI) p-value %)
Myocardial infarction 4 - 0.88 (0.64, 1.22) 44 56.4
Stroke/TIA 4 —_—— 0.97 (0.79, 1.19) 76 345
Heart failure 4 ——— 0.99 (0.84, 1.17) 93 0
Diabetes mellitus 4 T 1.05(0.98, 1.13) A7 374
Neurocognitive events 4 <& 1.22(0.70, 2.11) 49 292
All serious adverse event 4 —— 0.98 (0.91, 1.05) 56 706
All cause mortality 4 —— 0.99 (0.84, 1.17) .92 58.2
| I
5 1 2

treatment reduces risk treatment increases risk

Figure 2. Risk for individual SAE, all-cause SAE, and all-cause mortality for PCSK9 inhibitors versus placebo in (a) lipid-lowering trials and (b) clinical
outcome studies.

group of FOURIER was 4.3% and in the evolocumab group 4.8%. 4. Discussion
This amounts to a number needed to harm of 213 for a median

follow-up of 2.2 years. In this study, we reviewed 38 randomized placebo-controlled

trials of PCSK9 inhibitors, and used results of 37 trials reported
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Table 3. Risk of clinical outcomes of evolocumab and alirocumab in randomized placebo-controlled trials according to data reported on ClinicalTrials.gov.

Evolocumab

Alirocumab

Outcome

12 lipid lowering studies,

OR (95% CI)

1 clinical outcome study,

OR (95% CI)

13 lipid lowering studies,

OR (95% CI)

1 clinical outcome study,

OR (95% CI)

Myocardial infarction”
Stroke/ TIA

Heart failure

Diabetes mellitus”™

Neurocognitive events
All serious adverse events

All-cause mortality

1.00 (0.48 — 2.06)
0.77 (0.31 — 1.88)

0.89 (0.33 — 2.46)
1.15 (0.40 — 3.29)

1.01 (0.47 —2.18)
0.97 (0.78 — 1.22)

1.18 (0.46 — 3.02)

0.74 (0.50 — 1.10)
1.19 (0.87 — 1.63)
1.07 (0.87 — 1.33)
1.08 (0.99 —1.17)

0.80 (0.22 — 2.98)
1.00 (0.95 — 1.06)

1.12 (1.00 — 1.25)

0.63 (0.37 - 1.06)
2.04 (0.94 —4.42)

1.23 (0.60 — 2.55)
1.24 (0.68 — 2.25)

1.55 (0.77 - 3.12)
0.91 (0.77 — 1.08)

0.79 (0.41 — 1.54)

1.14 (0.41 - 3.15)
1.75 (0.51 — 5.98)

0.90 (0.48 — 1.70)
1.04 (0.67 - 1.62)

1.89 (0.84 — 4.24)
0.92 (0.86 — 0.98)"

0.85 (0.72 — 1.02)

AFor myocardial infarction and diabetes mellitus random effects models were used due to I> > 40%; # p < 0.05.

on ClinicalTrials.gov. PCSK9 inhibitors did not reduce the risk
of major cardiovascular and non-cardiovascular diseases.
PCSK9 inhibitors in general did not affect the risk of all-cause
mortality, but evolocumab probably increased it.

4.1. Cardiovascular outcomes

Despite the effect of PCSK9 inhibitors on LDL-cholesterol, our
review found that these drugs did not improve cardiovascular
health. In contrast, previous meta-analyses have presented
a statistically significantly reduced risk of major adverse cardio-
vascular events (MACE) [11,12,15,63]. MACE is a heterogeneously
defined composite outcome that often includes interventions
and may be susceptible to bias [64,65]. Some authors have
proposed to use only the individual components relating to
morbidity [23]. Also, the previous reviews excluded (short-term)
studies that did not report MACE, thus potentially introducing
bias due to selective reporting [11,15].

Nevertheless, one previous systematic review about indivi-
dual outcomes reported that PCSK9 inhibitors decreased the
risk of Ml (RR: 0.83; 95% Cl: 0.74-0.93) and stroke (RR: 0.75;
95% Cl: 0.65-0.85) versus placebo [12]. This review pooled
clinical outcome studies and lipid-lowering studies, and it
excluded 16 zero-event studies. As a result, two trials -
FOURIER and ODYSSEY OUTCOMES - accounted for >80% of
the pooled risk. In addition, outcome data were extracted from
published articles, which reported many more events than
ClinicalTrials.gov: e.g., respectively, 2493 versus 516 MIls.
Moreover, FOURIER and ODYSSEY OUTCOMES trials included
other than spontaneous atherosclerotic Mis, which repre-
sented >30% of the events [13,14].

4.2. Non-cardiovascular outcomes

Our review did not yield an increased risk for diabetes mellitus
or neurocognitive events in PCSK9 inhibitor use compared to
placebo in line with most published reviews [3,11,66]. One
previous review showed that alirocumab had a higher risk of

neurocognitive disorders. This may be explained by the fact
that the results of the ODYSSEY OUTCOMES trial, which
showed no increased risk for neurocognitive events, were
not included in this review [2].

PCSK9 inhibitors did not decrease the risk of all-cause SAE,
i.e.,, all-cause serious morbidity. This means that the preven-
tion of cardiovascular diseases - if present at all - was annihi-
lated by an increased risk of non-cardiovascular diseases. In
other words, there is no net health gain. This interpretation
differs from those of previous reviews [1,11,67]. They con-
cluded that the lack of an increased risk of SAE indicated
that PCSK9 inhibitors were safe to use, even though this out-
come included cardiovascular diseases that PCSK9 inhibitors
are supposed to prevent. In contrast to other PCSK9 inhibitors,
alirocumab decreased the risk of all-cause SAE, but this did not
translate into a decreased risk of death.

PCSK9 inhibitors in general did not decrease the risk of all-
cause mortality in our review. Some previous reviews reported
a decreased risk of all-cause mortality, but these studies had
excluded 15 trials due to zero deaths in both arms, and
included trials with ezetimibe or (non-blinded) usual care as
control intervention [2,3,34]. Pooling placebo with other con-
trol interventions groups might have erroneously suggested
a beneficial effect of PCSK9 inhibitors versus placebo on all-
cause mortality.

Evolocumab probably increased the risk of all-cause mortality
in the FOURIER trial. The main results article presented mortality
data censored at the median follow-up (2.2 years), and this was
used in previous reviews [7]. Clinicaltrials.gov provided mortality
data for 3.0 years of follow-up. Follow-up was at least 3 years
and 2 months in some of the participants.

4.3. Strengths and limitations

The major strength of our review is the use of data registered
on ClinicalTrials.gov. Availability of primary outcome data on
this website for all but one of the 38 trials decreased bias due
to unpublished trials and selective reporting. We are




convinced that the SAE data are a valid representation of
diseases that occurred during the trials. For each site,
a blinded Primary Investigator needs to sign off all diagnoses
of anticipated and unanticipated SAE made by the attending
physicians [68]. Furthermore, cardiovascular events had been
adjudicated by an independent committee in the largest
trials [7,8,40,59], as were sometimes diabetes and neurocog-
nitive events. Finally, the investigators need to ensure that
the data submitted to ClinicalTrials.gov are accurate and
complete [69].

Nevertheless, discrepancies in numbers of individual SAE
between ClinicalTrials.gov and articles seem to have occurred
in some trials. This problem has been reported by others
before [70-72]. Mostly, the number of adjudicated events in
articles was higher than the number of unadjudicated events
on ClinicalTrials.gov, which is unexpected. What the discrepan-
cies question is who decided to present which events to the
adjudication committee and when. This process should be
described in trial protocols.

Another strength of our review is that it shows the added
value of the lipid-lowering trials, which represented 19% of
all trial participants despite their relatively small sample sizes.
The yearly baseline rate of targeted cardiovascular events (in
the placebo groups) was very similar for the lipid-lowering
and clinical outcomes studies (see supplementary Table 2). In
addition, the average follow-up periods of both types of trials
were short (0.8 and 1.8 year) compared to the usual reference
timeframe of at least 5 years for cardiovascular risk preven-
tion. Some results including the increased point estimate for
the risk of all-cause mortality in the clinical outcomes trial of
evolocumab were already consistently appearing in the early
available lipid-lowering trial.

One limitation of our study was that our analysis had less
power compared to other reviews due to the lower number of
individual cardiovascular events reported on ClinicalTrials.gov.
Another limitation of our study was that study investigators
seldom describe the process of collecting SAE data in study
protocols and articles.

4.4. Conclusions

ClinicalTrials.gov is an important open source that reports trial
results in a structured way and enables the inclusion of
unpublished data in reviews. Our review did not yield evi-
dence that PCSK9 inhibitors decreased the risk of individual
targeted and unintended serious diseases. However, in the
clinical outcomes studies, alirocumab decreased the risk of all-
cause serious morbidity but not of all-cause mortality, whereas
evolocumab did not affect the risk of all-cause serious mor-
bidity but probably increased the risk of death. Differences in
numbers of events in articles and on ClinicalTrials.gov deserve
more attention.

Preventive therapies require elaborate safety analysis
before massive use. Regulatory agencies had a special inter-
est in new-onset DM and neurocognitive disorders when
reviewing PCSK9 inhibitors. Systematic reviews based on
articles about PCSK9 inhibitor trials found no increased risk
for these conditions. In addition, no differences in all-cause
serious adverse events (SAE) and all-cause mortality
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between intervention and control groups were found.
Hence, alirocumab and evolocumab were considered to be
safe and found their way to the market and international
treatment guidelines [73,74]. The published results of two
large clinical outcomes trials later confirmed the safety
profile.

Although our review based on ClinicalTrials.gov data con-
firmed the initial findings for new-onset DM, neurocognitive
events, and all-cause SAE for evolocumab and alirocumab, we
found an increased risk of all-cause mortality for evolocumab.
ClinicalTrials.gov reported the number of deaths for 3.0 years
of follow-up of the FOURIER-trial while the article reported
deaths until 2.2 years of follow-up. The number needed to
harm was 213. For a preventive therapy, this reflects an unac-
ceptable lack of safety, which questions whether evolocumab
should be recalled from the market.

In addition to being safe, preventive medications should
also have unambiguous health benefits. Several systematic
reviews based on composite outcome data from articles
reported a reduction in the risk of cardiovascular events.
Therefore, PCSK9 inhibitors are considered to be effective in
improving cardiovascular health.

In contrast to trial results reported in articles, trial results
registered on ClinicalTrials.gov enable an analysis of individual
cardiovascular events. The attending physicians of the trial
participants need to record all SAE including (potentially
fatal) targeted cardiovascular diseases and (potentially fatal)
non-cardiovascular events. The disorders are coded according
to the regularly updated, clinically validated dictionary for
medical terminology MedDRA, which is imposed by regulatory
authorities for use in pharmaceutical trials. We found that
PCSK9 inhibitors did not reduce the risk of myocardial infarc-
tion, stroke/TIA, and heart failure.

5. Measuring safety

PCSK9 inhibitors are deemed safe because they were not
shown to increase the risk of a number of unintended SAE,
such as new-onset DM and neurocognitive dysfunction. It is
common that unintended SAE are not grouped together in
a composite outcome as are targeted cardiovascular dis-
eases. As such diseases occur less frequently than the car-
diovascular events, it is likely that power to detect an
increased risk will be insufficient. Moreover, some serious
side-effects may not yet be expected beforehand and would
be missed too.

PCKS9 inhibitors are also thought to be safe because they
did not increase the risk of all-cause SAE in trials. However, this
is a conclusion based on an inconsistent interpretation of the
outcome all-cause SAE. Previous reviews reported a positive
effect of PCSK9 inhibitors on cardiovascular health but a lack
of effect on all-cause SAE [1,11,67]. As all-cause SAE cover both
serious cardiovascular and non-cardiovascular events, no
effect on all-cause SAE implies that the reduction in cardio-
vascular events was countered by an increase in non-
cardiovascular events (Figure 3).

An outcome that leaves little room for misinterpretation is
death. All-cause deaths include (prevented) deaths due to
cardiovascular disease and (induced) deaths due to yet
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Figure 3. All-cause SAE and all-cause death as outcomes of PCSK9 inhibitors.

unknown or rare unintended serious adverse events (Figure 3).
It is also a clinically relevant outcome because most preventive
interventions have been introduced for potentially fatal dis-
eases. Moreover, the outcome death is not vulnerable to
biased measurement or participant drop-out. PCSK9 inhibitors
have not been shown to decrease the risk of mortality in our
or any previous review.

5.1. Five-year view

ClinicalTrials.gov facilitates transparency about trial results.
The posted data offer researchers the opportunity to analyze
unpublished data as well as individual rather than composite
clinical outcomes. In contrast to reviews based on published
articles, our review did not show that PCSK9 inhibitors
decreased the risk of myocardial infarction and stroke, and it
showed that evolocumab probably increased the risk of all-
cause mortality. These findings underline the relevance of
ClinicalTrials.gov.

Discrepancies in trial results between online trial registers
and articles are not confined to approved PCSK9 inhibitors.
Previous studies found that, generally, a higher number of all-
cause SAE was reported on ClinicalTrials.gov [71]. Unless par-
ticipating physicians have mistakenly coded events as an SAE,
this discrepancy suggests that the data on ClinicalTrials.gov
were more accurate. We, on the other hand, found
a (remarkably) lower number of individual cardiovascular
events on ClinicalTrials.gov than in the matching articles
about clinical outcome trials of PCSK9 inhibitors.

Whatever accounts for the discrepancies between trial data
from ClinicalTrials.gov and matching publications, it is impor-
tant that the data becomes better aligned. Several stake-
holders are involved. Investigators and sponsors are
responsible for complete and accurate data posted on online
trial registers. Regulatory agencies should include the online
data in their reviews, and question discrepancies between
online data and data provided by the sponsors, which in the
case of PCSK9 inhibitors seemed to match the article data well.

ClinicalTrials.gov is continually being updated. For instance,
the outcome all-cause mortality was included in the standard
format of the website in 2017. We advocate systematic reviews
with data from online trial registers. Such reviews may
strengthen the evidence base underlying medical care in the
upcoming years.

Stroke

Other SAE

Death due to MI
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