American Journal of Cardiovascular Drugs (2022) 22:5-8
https://doi.org/10.1007/540256-021-00480-y

COMMENTARY t‘)

Check for
updates

Evolocumab’s Long-Term Mortality Risk Unclear Due to Shortened
Follow-Up of FOURIER

Folkert H. van Bruggen'® - Hendrika J. Luijendijk’

Accepted: 12 April 2021 / Published online: 19 May 2021
©The Author(s) 2021

Abstract

The FOURIER (Further Cardiovascular Outcomes Research with PCSK®9 inhibition in Subjects with Elevated Risk) trial was
conducted to study cardiovascular outcomes of treatment with evolocumab. The trial was terminated after a median follow-up
of 2.2 years instead of the planned 3.6 years. We question this decision. According to the investigators, the event rate was 50%
higher than expected. However, the accrued number of key secondary events (1829) was only 12% higher than the targeted
number (1630). Also, around one-third of the events consisted of non-atherosclerotic myocardial infarctions, hemorrhagic
strokes, and cardiovascular deaths unrelated to myocardial infarction or stroke. Moreover, halfway through the trial, the sam-
ple size changed from 22,500 to 27,500, even though the accrual of the targeted number of events was on track. Finally, the
rate of all-cause mortality had started to diverge in favor of placebo after 2 years of follow-up. It was 4.8% for evolocumab
and 4.3% for placebo in participants with > 2.5 years of follow-up. A long-term follow-up would have yielded more events
and thus more power to evaluate the effect of evolocumab on all-cause mortality. We conclude that adaptive designs carry a
recognized risk of false-positive efficacy results, but the risk of false-negative safety results is underappreciated.

Over recent years, monoclonal antibodies that inhibit pro-
protein convertase subtilisin-kexin type 9 (PCSK9) have
been introduced as a new class of drugs that lower low-den-
sity lipoprotein cholesterol (LDL-C). One of these PCSK9
inhibitors is evolocumab, which reduces LDL-C by 60%

The FOURIER (Further Cardiovascular Outcomes
Research with PCSK9 inhibition in Subjects with
Elevated Risk) trial included many cardiovascular events
that might be unrelated to atherosclerosis.

The adaptive design allowed an intermediate increase when used with a statin [1]. In addition, some relatively
in the targeted sample size, which resulted in a faster small phase IT and III trials demonstrated a statistically sig-
accrual of events and therefore the possibility of shorten- nificant reduction in cardiovascular outcomes [1]. To further
ing the follow-up. investigate the effects of evolocumab on cardiovascular out-

comes, the large clinical outcomes trial FOURIER (Further
Cardiovascular Outcomes Research with PCSK9 inhibition
in Subjects with Elevated Risk) was conducted [2].

The rate of all-cause mortality was growing for evo-
locumab versus placebo after 2 years of follow-up.

The originally planned follow-up of FOURIER would FOURIER was a randomized, double-blind, placebo-con-
have yielded the necessary evidence about this potential trolled, multicenter, event-driven trial. It included 27,564
safety issue with evolocumab. patients with atherosclerotic cardiovascular disease and

LDL-C levels > 70 mg/dl who were already receiving sta-
tin therapy. Patients were randomly assigned to evolocumab
(140 mg every 2 weeks or 420 mg monthly) or a matching
D4 Hendrika J. Luijendijk placebo. The sample size calculation indicated that 1630
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and stroke [2]. These events were expected to accrue during
a median follow-up of 3.6 years [3]. The trial’s adaptive
design allowed modifications to the trial protocol and sta-
tistical plan during the conduct of the trial based on interim
review of accrued data.

The study was terminated after a median follow-up of 2.2
years (26 months) when “an event rate that was approximately
50% higher than postulated” had occurred [2]. At that time,
the number of key secondary events was 1829, which is only
12% more than required [2]. We question the decision to stop
the trial earlier than planned. First, non-atherosclerotic MIs
and hemorrhagic strokes were included in the key secondary
endpoint. Also, an unusually large number of cardiovascular
deaths unrelated to MI or stroke was found. Second, halfway
through the trial, the sample size was enlarged, even though the
accrual of the targeted number of events was on track. Finally,
the increasing rate of all-cause mortality for evolocumab ver-
sus placebo after 2 years of follow-up required longer follow-
up. We provide evidence that supports our arguments.

2 Large Number of Non-Atherosclerotic
Myocardial Infarctions and Strokes

In FOURIER, MI, which was included in the composite key
secondary endpoint, was a composite outcome by itself [2].
The composite outcome MI comprised both spontaneous ath-
erosclerotic MI (type 1) and types of MI that are not always
directly related to atherosclerosis, including MI due to a sup-
ply—demand imbalance (type 2), cardiac death suggestive of
MI without increased biomarkers (type 3), and MI related to
revascularization (type 4) and surgical procedures (type 5) [2,
4]. The non-atherosclerotic types might not be relevant in the
context of LDL-C-lowering therapy but contributed substan-
tially to the total number of MIs in FOURIER. An analysis of
MI subtypes in FOURIER reported a total of 1288 MIs, and
412 (32%) were not type 1 MI [5].

Stroke was also a composite outcome in FOURIER. It
encompassed ischemic stroke, hemorrhagic stroke, and stroke
of unknown origin [2]. Ischemic stroke is considered to be due
to atherosclerotic disease, whereas hemorrhagic stroke seems
to be associated with lower rather than higher levels of LDL-C,
especially in patients with a history of stroke [6—8]. Hemor-
rhagic stroke accounted for 54 of 469 strokes (11.5%).

3 Many Other Cardiovascular Deaths

Additionally, a relatively large number of cardiovascu-
lar deaths not caused by MI or stroke were included, i.e.,
372 of 491 (76%) cardiovascular deaths [2]. In contrast,
in the general population of the USA, cardiovascular
deaths not due to MI and stroke account for 40% of annual
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cardiovascular deaths [9]. In the ODYSSEY OUTCOMES
(Evaluation of Cardiovascular Outcomes After an Acute
Coronary Syndrome During Treatment With Alirocumab)
trial investigating the clinical outcomes of alirocumab,
16% of cardiovascular deaths were attributed to causes
other than MI or stroke [10], and 13% in clinical outcomes
trials of statins [11]. Thus, the 76% in FOURIER seems
fairly high and was not explained by the authors. If it had
been 13-40%, there would have been 174-235 fewer car-
diovascular deaths unrelated to MI and stroke.

Without the non-atherosclerotic MIs, hemorrhagic
strokes, and cardiovascular deaths unrelated to MI and
stroke, terminating FOURIER earlier than planned would
have been unjustified. The non-atherosclerotic MIs (412),
hemorrhagic strokes (54), and cardiovascular deaths
unrelated to MI and stroke (175-235) formed 35-38% of
the reported 1829 key secondary events. Without these
641-701 events, there were just 1128—1188 events when
the trial was stopped, which is around 69-73% of the tar-
geted events (1630). Obviously, this number was insuf-
ficient, and the trial should have been continued.

4 Change in Sample Size

The number of accrued key secondary endpoints also indi-
cates that there was no need for protocol changes that would
increase the rate of accruing events. The adaptive design
had left room for such changes [12, 13], as reported in the
original protocol (see the appendix of the main results by
Sabatine et al. [2]). It read that Amgen could decide to
increase the sample size so that the trial could be completed
with at least 1630 key secondary events observed in approxi-
mately 58 months. Alternatively, the study duration could be
lengthened to ensure the required number of events.

After 1.5 years of follow-up, the planned sample size was
increased from 22,500 to 27,500 patients (22% extra) [2, 14].
This protocol change would enable a faster accrual of the
targeted number of events, even though that accrual seemed
to be on track. Hence, the change made it possible to shorten
the follow-up. Remarkably, the change was not mentioned
in the main results paper [2] and was not substantiated with
new assumptions underlying the sample size calculation in
the amended protocol.

5 Increased Rate of All-Cause Mortality

We also question the decision to stop FOURIER earlier
than planned because the risk of all-cause mortality in the
evolocumab group was growing. Although the main results
paper reported a rate of deaths from any cause of 3.2% in the
evolocumab group versus 3.1% in the placebo group (hazard
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Fig. 1 Cumulative incidence of
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ratio [HR] 1.04; 95% confidence interval [CI] 0.91-1.19)
[2], cumulative all-cause mortality rates on ClinicalTrials.
gov demonstrated that the rate in the evolocumab group was
starting to diverge from that in the placebo group after 2
years of follow-up (Fig. 1). It was 4.8% for evolocumab and
4.3% for placebo in participants with >2.5 years of follow-
up. A possible problem with all-cause mortality had already
been shown in the preceding lipid-lowering trials: the pooled
odds ratio was 1.18 (95% CI 0.46-3.02) [15].

The originally planned follow-up of FOURIER would
have yielded the necessary evidence about this potential
safety issue with evolocumab. The median and complete
follow-up duration would have been longer and the number
of deaths higher. Subsequently, the power to detect a differ-
ence in the risk of mortality between the treatment groups
would have become sufficient. The risk of false-negative
findings also applies to other secondary endpoints of FOU-
RIER, such as cardiovascular death not due to MI or stroke
(HR 1.10; 95% CI 0.90-1.35), hemorrhagic stroke (HR
1.16; 95% CI 0.68-1.98), new-onset diabetes mellitus (OR
1.05; 95% CI 0.94-1.17), and death in patients with diabetes
mellitus at baseline (HR 1.10; 95% CI 0.91-1.32) [2, 16].
If future research confirms the increased risk of mortality,
an explanation may be found in a number of these serious
adverse events.

6 Discussion

Termination of the FOURIER trial was explained by the
investigators as required because of a larger than expected
rate of cardiovascular events, but these consisted of many
non-atherosclerotic MIs, hemorrhagic strokes, and cardio-
vascular deaths unrelated to MI or stroke. The trial results on

ClinicalTrials.gov show an increasing rate of all-cause mor-
tality after 2 years of follow-up for evolocumab versus pla-
cebo. A longer follow-up of FOURIER would have yielded
the necessary evidence about this and other potential safety
issues with evolocumab.

Adaptive designs legitimize protocol changes in response
to unfavorable intermediate results. Consequently, they carry
a risk of false-positive efficacy results, which is recognized
in the literature [12, 13]. The risk of false-negative safety
results seems to be underappreciated, and it makes clinical
outcomes trials with an adaptive design less appropriate to
address safety issues. Adaptive designs of trials should be
mentioned explicitly in the abstracts of publications, and
essential changes to the protocol should be explained in the
main text.
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