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Abstract

Purpose of Review Since the clinical benefit of proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors occurs in
a setting of reducing low-density lipoprotein-cholesterol (LDL-C) to unprecedentedly low levels, it becomes of interest to
investigate possible adverse effects pertaining to the risk of new-onset diabetes (NOD).

Recent Findings While safety results reported in either meta-analyses or cardiovascular outcome trials FOURIER (with
evolocumab) and ODYSSEY (with alirocumab) did not rise the incidence of NOD, Mendelian randomization analyses were
almost concordant in showing an increased risk of NOD. This evidence was in line with post-marketing safety reports high-
lighting that evolocumab and alirocumab were primarily related to mild hyperglycaemia rather than diabetes, with most of
the hyperglycaemic events occurring during the first 6 months of treatment.

Summary Considering the different nature of genetic studies and of randomized controlled trials, with careful monitoring
of patients, particularly in the earlier phases of treatment, and the identification of those more susceptible to develop NOD,

treatment with PCSK9 inhibitors should be of minimal concern.
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Introduction

Atherosclerotic cardiovascular disease (ASCVD), contribut-
ing to more than 30% of the total global burden of disease,
is still the leading cause of death and disability worldwide
despite excellent pharmacological approaches and revascu-
larizations [1]. Clinical and genetic studies unequivocally
demonstrate that elevated low-density lipoprotein choles-
terol (LDL-C) plays a causal role in the development and
progression of ASCVD [2]. Thus, maintaining optimal lipid
levels throughout life by keeping concentrations of LDL-C
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low to minimize the rate of progression of atherosclerotic
plaques is a major strategy to reduce the risk of events [3].
The relationship between the extent of LDL-C lowering and
ensuing cardiovascular (CV) risk reduction has been proven
across different statin and non-statin therapies [4]. The rela-
tive risk reduction of major vascular events is proportional
to LDL-C lowering for all drug classes, namely, statins,
bile acid sequestrants, ezetimibe, proprotein convertase
subtilisin/kexin type 9 (PCSKD9) inhibitors and fibrates. The
achieved lowering of LDL-C is directly linked to a reduced
incidence of major ASCVD events [4]. However, although
more than 30 years of clinical studies have shown that statin
(in particular high-intensity statin) therapy reduces major
vascular events in ASCVD patients, it is fundamental to
bear in mind that combination therapies are advocated when
LDL-C levels are not adequately controlled [5, 6].

A major therapeutic boost in the field of lipidology
came from the approval of two fully human monoclonal
antibodies (alirocumab (IgG1) and evolocumab (IgG2))
and, more recently, by a gene-silencing agent (inclisiran)
against PCSK9 [7, 8]. Alirocumab and evolocumab robustly
decrease LDL-C by 50-60% on top of statins as well as the
risk of major atherosclerotic vascular events [9, 10], with a
continued effectiveness even with LDL-C below 40 mg/dL
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[11]. PCSKO9 inhibitors and statins show similar effects on
CV risk reduction per mmol/L reduction in LDL-C when
the same duration of therapy is considered, namely, 14%
(between 0 and 1 year of treatment), 17% (between 1 and
2 years of treatment) and 20% (between 2 and 3 years of
treatment) [12]. This clinical trial evidence prompted a
change in the LDL-C goals in Guidelines such as those from
ESC/EAS, now recommending more stringent goals for high
and very high-risk patients (e.g. <55 mg/dL) [6] and those
from ACC/AHA with an LDL-C target of <70 mg/dL in
patients with high-risk ASCVD [5].

Since these therapeutic instruments allow to reach
unprecedented low levels of LDL-C, namely, < 30 mg/dL, it
is of paramount importance to evaluate the long-term safety
of very low LDL-C levels [13]. Indeed, the median follow-
up of clinical trial participants in the two dedicated cardio-
vascular outcome trials testing evolocumab and alirocumab
has been relatively short, respectively, 2.2 years [14] and
2.8 years [15]. Conversely, in statin trials, the median follow-
up duration for cardiovascular outcome trials was between
4 and 5 years [16]. Since new-onset diabetes (NOD) with
statins was evident many years after regulatory approval
through meta-analyses of multiple trials [17], the present
review will address the evidence pertaining to the risk of
NOD associated with PCSKO9 inhibition. To pursue this goal,
preclinical, genetic and clinical evidence has been taken into
consideration.

Lesson Learnt from Statins

While there is a generally held view that the CV benefit
of statins outweighs the risk of newly occurring NOD [18,
19], a hazard ratio (HR) of ~1.1 has been found in the case
of moderate dose and 1.2 for intensive statin therapy over
a period of 5 years [19]. While a meta-analysis of 13 sta-
tin trials reported a 9% (95%CI: 1.02—1.17) increase in the
odds ratio of developing NOD with a higher risk in older
patients, it should be reminded that pre-diabetes represents a
strong predictor of the development of NOD during a 5-year
follow-up and that, compared to moderate-intensity statin
therapy, the high-intensity statin approach raises the risk of
NOD only in patients with pre-diabetes [20]. Genetic studies
have provided significant help, in establishing the associa-
tion between 3-Hydroxy-3-Methylglutaryl-CoA Reductase
(HMGCR) inhibition and odds of developing NOD. Indeed,
individuals carrying an LDL-lowering allele in the HMGCR
gene have a higher risk of NOD compared to non-carriers
[21]. Mechanistically speaking, among possible hypotheses
(reviewed elsewhere) [17, 22], the most accepted ones are:
(a) raised insulin resistance, (b) reduction in insulin medi-
ated glucose uptake in skeletal muscle and (c) antagonism
on calcium channels in p-cells [23].
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Which Role Does PCSK9 Play in 3-Cells?

In pancreatic § cells, the accumulation of cholesterol
occurs mainly via LDL receptor (LDLR). Any genetic
predisposition or pharmacological intervention raising the
expression of LDLR is virtually associated with choles-
terol overload in P cells, a process hypothetically dampen-
ing glucose-stimulated insulin secretion [24-26]. Excess
cholesterol in B cells is then removed through the reverse
cholesterol transport, a process mediated by different car-
riers, including the ATP-binding cassette transporter Al
[27].

Being mainly synthetized and released by the liver,
PCSKO9 represents one of the key regulators of LDL-C.
Briefly, PCSK9 contains 3 distinct structural domains:
the prodomain (aa 31-152), the catalytic subunit (aa
152-421) and the C-terminal Cys/His-rich domain (aa
453-692), each playing critical roles in the regulation of
PCSK9 and of its intracellular traffic [28]. By means of
the catalytic domain, PCSK®9 interacts directly with the
epidermal growth factor repeat A domain of the LDLR, a
process favouring its degradation through an extracellular
route implicating clathrin heavy chain—mediated endocy-
tosis [29]. In recent years, however, molecular mechanisms
beyond cholesterol lowering have been described. In par-
ticular Mendelian randomization analyses [30-32] and a
phenome-wide association study [33] have highlighted
a higher risk of developing NOD in carriers of genetic
variants at the PCSK9 locus that recapitulate the effects
of therapeutic inhibition of PCSK9 on major blood lipid
fractions and myocardial infarction.

Preclinical Studies

If it is true that the use of murine models can help to dis-
sect out some of the molecular mechanisms associated to
a pathophysiological state, in the case of the link between
PCSK9 and pancreatic f-cell function some contrasting
results may be dependent upon the age and/or the genetic
background of the models. While there is consensus on
the identification of PCSK9 in the Langerhans’ islets
[34], uncertainty remains relative to the exact location,
some studies reporting protein expression of PCSK9 in
o-cells, with no detectable expression in a- and p-cells
of Pesk9™~ mice [35], and others indicating that murine
fB-cells do express PCSK9 [34, 36]. In line with this latter,
not only the expression of PCSK9 was found in human
pancreatic B-cells [37, 38], but these cells were reported
to secrete PCSKO.

Looking at the physiological role played by PCSK9, in
fully Pcsk9™~ mice, the expression of LDLR was raised
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in p cells [39], although it is important to note that PCSK9
regulates multiple cell surface receptors in pancreatic
B-cells, namely, very low-density lipoprotein receptor
levels, as well as levels of cluster of differentiation 36
(CD36), a fatty acid transporter [38].

Concerning glucose homeostasis, Pcsk9™~ mice exhibit
impaired glucose tolerance with an altered glucose-stimu-
lated insulin secretion [40]. The defective glucose homeo-
stasis subsequent to Pcsk9 genetic deletion was due to an
impaired insulin secretion rather than peripheral resistance;
plasma insulin and C-peptide levels were significantly
reduced, and the pancreatic insulin content was raised.
This study highlighted the crucial role of LDLR in medi-
ating such effects since the morphological and functional
alterations of p-cells were normalized when analyses were
repeated in double knockout mice for Lidr and Pcsk9 [39].
Different conclusions were reached by Peyot et al. who gen-
erated a p-cell-specific KO Pcsk9 mice [36], noting that
these animals displayed an increased basal and stimulated
insulin secretion compared to controls. However, the dele-
tion of PCSK9 in endocrine pancreas precursors and mature
B- and &-cells in PdxICre* mice led to an impairment in
insulin secretion, an effect mediated by the reorganization
of the secretory machinery of p-cells via the involvement of
LDLR-cholesterol axis [34].

Does PCSK9 Raise the Risk of NOD? Genetic
and Clinical Evidence

Mendelian Randomization Analyses and Genetic
Tools

Out of four studies evaluating the impact of inherited vari-
ants in the genes encoding PCSKO9 that recapitulate the effect
of PCSK9 pharmacological inhibition, three found a rise
in the risk of NOD [30-32] and one a neutral effect [41].
Variants in PCSK9 had approximately the same effect as
variants in 3-hydroxy-3-methylglutaryl-coenzyme A reduc-
tase (HMGCR) on the risk of diabetes per unit decrease in
the LDL-C [30]. For each 10 mg/dL drop in LDL-C, OR
was 1.11 (95% CI, 1.04-1.19) for PCSK9 and 1.13 (95%
CI, 1.06-1.20) for HMGCR [30]. PCSK9 variants associ-
ated with lower LDL-C were also associated with higher
fasting glucose concentrations and an increased risk of
NOD. Each 38.7 mg/dL lower LDL-C corresponded to
0.09 mmol/L (1.62 mg/dL) higher fasting glucose (95%CI
0.02-0.15) and a 29% rise in the odds of NOD (OR =1.29,
95%CI 1.11-1.50) [31]. A more recent phenome-wide asso-
ciation study resulting in a sample size of 320,170 individu-
als indicated an increased risk of NOD (OR =1.29; 95%CI
1.11-1.50) [33]. Overall, these conclusions were confirmed
in a meta-analysis of genetic association studies including

50,775 individuals with type 2 diabetes and 270,269 con-
trols. LDL-C lowering alleles at PCSK9 were associated
with a higher risk of diabetes, namely, each 1 mmol/L
(38.7 mg/dL) genetically predicted reduction in LDL-C led
to an odds ratio of 1.19 (95% CI, 1.02—-1.38) [32]. Simi-
lar conclusions were reached in a cohort of 75,441 indi-
viduals of Asian descent. Analysis of seven PCSK9 vari-
ants showed an inverse association between genetically
determined LDL-C levels and the prevalence of NOD. A
reduction of 38.7 mg/dL of LDL-C was associated with an
increased odds ratio of 1.61 (95%CI 1.04-1.29) [42]. Con-
versely, a 2 X2 factorial Mendelian randomization study
including 425,354 participants from the UK Biobank did
not observe an association between lower PCSK9 concen-
trations and type 2 diabetes [41]. Similar conclusions were
reached by a Mendelian randomization analysis evaluating
the causal effect of various lipid traits on type 2 diabetes
liability in roughly 70,000 individuals of African ancestry
(odds ratio=0.94; 95%CI 0.82—-1.08) [43].

Clinical Evidence

Since the clinical benefit of PCSK?9 inhibitors seen in the
FOURIER (Further cardiovascular OUtcomes Research
with PCSKO9 Inhibition in subjects with Elevated Risk) and
ODYSSEY (ODYSSEY Outcomes: Evaluation of Cardio-
vascular Outcomes After an Acute Coronary Syndrome Dur-
ing Treatment With Alirocumab) outcome trials occurred in
a setting of reducing LDL-C to unprecedentedly low levels
(e.g. <15 mg/dL), it has become of interest to investigate
offsetting adverse effects (Table 1) [44].

Evolocumab

In a secondary prespecified analysis of the FOURIER (Fur-
ther cardiovascular OUtcomes Research with PCSK9 Inhi-
bition in subjects with Elevated Risk) study, among 25,982
patients of the trial, the impact of progressively lower
LDL-C concentrations achieved, and clinical efficacy and
safety were assessed. While a monotonic relationship was
found between achieved LDL-C and major cardiovascular
outcomes, pertaining safety no differences were noted in
NOD [45]. A confirmation came also by the results of a
further post hoc analysis aimed at assessing the efficacy
and safety of evolocumab in patients with and without dia-
betes [46]. Overall, the trial showed that there was neither
an increment in the cumulative incidence of NOD in the
evolocumab and placebo treatment groups at the end of 1,
2 and 3 years of follow-up (Fig. 1A) nor changes in fast-
ing plasma glucose and HbA . overtime. Specifically, evo-
locumab did not increase the risk of NOD in patients without
diabetes at baseline (hazard ratio (HR)=1.05, 95%CI 1.05
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Table 1 Risk of new-onset diabetes

Mendelian randomization analyses
Ference [30]

Schmidt [31]
Lotta [32]
Cupido [41]
Cardiovascular outcome trials
Sabatine [46]
O’Donoghue [4799]
Ray [52]
FDA adverse event reporting system

Goldman [65]

Ji [66]

OR 1.11 (95% CI, 1.04 to 1.19) for each 10 mg/dL decrease in LDL-C in carriers of PCSK9 loss-of-
function variants

Combined analyses of four independent PCSK9 variants (rs11583680, rs11591147, rs2479409 and
rs11206510) scaled to 1 mmol/L lower LDL-C showed an OR for type 2 diabetes of 1-29 (1.11 to 1.50)

LDL-C-lowering alleles in or near PCSK9 the OR for type 2 diabetes
per 1-mmol/L genetically predicted reduction in LDL-C was 1.19 (95%CI, 1.02-1.38)

OR 1.00 (95%CI 0.97-1.02)

HR 1.05 (95%CI 0.94-1.17) in patients without diabetes at baseline (FOURIER). 8% (663 of 8256) in the
evolocumab group developed diabetes after randomization vs 7.6% (631 of 8254) in the placebo group
FOURIER-OLE evaluated the long-term safety of evolocumab (for over > 8 years). Placebo phase FOU-
RIER (2.3%); Evolocumab phase FOURIER (1.8%) and Evolocumab phase FOURIER and OLE (1.2%)
HR 1.00 (95%C1 0.89-1.11) among patients without diabetes at baseline (ODYSSEY OUTCOMES).

Overall, 648 patients (9.6%) in the alirocumab group developed diabetes after randomization vs 676
patients (10.1%) in the placebo group

Treatment with PCSK9 inhibitors was associated with increased reporting of hyperglycaemia; adjusted
ROR=1.14 (95%CI 1.07-1.22)

PCSKO inhibitors raise blood glucose (ROR=1.86 (95%CI 1.68-2.05))

1 mmol/L of LDL-C corresponds to 38.7 mg/dL

FOURIER Further cardiovascular OUtcomes Research with PCSK9 Inhibition in subjects with Elevated Risk, FOURIER-OLE FOURIER open-
label extension program, ODYSSEY OUTCOMES Evaluation of Cardiovascular Outcomes After an Acute Coronary Syndrome During Treat-
ment With Alirocumab, LDL-C low-density lipoprotein cholesterol, HR hazard ratio, OR odds ratio, PCSK9 proprotein convertase subtilisin/

kexin type 9, ROR reporting odds ratio
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Fig.1 (A) Cumulative incidence of new-onset diabetes at the end of
1, 2 and 3 years of follow-up in the FOURIER study, among patients
without diabetes at baseline. Error bars are 95% Cis. (Fig. 1A Repro-
duced from: Sabatine MS et al. Lancet Diabetes Endocrinol 2017,
5(12):941-950, with permission from Elsevier) [46]. B) Post-rand-

(0.94-1.17)), including those with prediabetes (HR =1.00,
95%CI 0.89-1.13). Of note, the safety of a longer expo-
sure to evolocumab (median follow-up was 7.1 years) was
the aim of the FOURIER open-label extension program
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omization new-onset diabetes in ODYSSEY OUTCOME trial. Error
bars are 95% Cls. (Fig. 1B Reproduced from: Ray KK et al. Lancet
Diabetes Endocrinol 2019, 7(8):618-628, with permission from Else-
vier) [52]

(FOURIER-OLE). The trial enrolled 6635 patients of
whom 3355 (50.6%) originally randomized in the parent
trial to evolocumab and 3280 to placebo. Maximum expo-
sure to evolocumab during parent plus FOURIER-OLE was
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8.4 years. The overall annualized incidence rate of NOD was
not higher among patients in the OLE (1.2%) compared to
those in the placebo arm of the original trial (2.3%) [47ee].
The absence of NOD risk was also found in the BANT-
ING (EvolocumaB efficAcy aNd safeTy IN type 2 diabetes
mellitus on backGround statin therapy) study showing that
among participants with type 2 diabetes there were no nota-
ble differences in fasting glucose or HbA, levels between
those randomized to evolocumab or to placebo [48]. A fur-
ther reassurance on glucose homeostasis came from pooled
1-year (48-week) data evaluating participants who had com-
pleted an evolocumab parent study before entering an open-
label extension trial [49]. Among these, the HAUSER-OLE
(Safety, Tolerability and Efficacy of Evolocumab (AMG
145) in Children With Inherited Elevated Low-density Lipo-
protein Cholesterol (Familial Hypercholesterolemia)) study
showed that paediatric patients with heterozygous familial
hypercholesterolaemia did not develop diabetes during a
follow-up of 80 weeks [50ee].

Alirocumab

A pooled analysis of 14 trials (both phase 2 and phase 3
studies) in which LDL-C levels reached <25 or <15 mg/
dL was run to test the association between LDL-C with the
increase in overall treatment emergent rate of adverse events.
Propensity analysis of the risk of NOD in alirocumab-
treated patients with two or more consecutive LDL-C
values < 25 mg/dL showed no risk of diabetes or diabetic
complications event (regardless of baseline status), namely,
HR =1.09 (95%CI 0.72-1.65) for LDL-C <25 vs >25 mg/
dL [51]. Glycaemic safety of alirocumab was confirmed in
a secondary analysis of the ODYSSEY OUTCOME trial
showing that the risk of developing NOD in patients without
diabetes at baseline did not differ between alirocumab and
placebo (Fig. 1B). The HR for NOD for patients with normo-
glycemia or prediabetes was 0.95 (95%CI 0.85-1.05) [52].

A further post hoc analysis evaluating the efficacy of ali-
rocumab according to metabolic risk factors concluded that
the incidence of NOD was similar in the alirocumab and
placebo groups [53]. The administration of alirocumab did
not show clinically meaningful effect on HbA, or change
in number of glucose-lowering agents in ODYSSEY DM-
DYSLIPIDEMIA trial enrolling individuals with type 2 dia-
betes and mixed dyslipidaemia not optimally managed by
maximally tolerated statins [54].

Meta-Analyses of Clinical Studies

A meta-analysis of 20 clinical trials (phase 2 and phase 3
studies) including 68,123 participants within median fol-
low-up of 78 weeks showed a significantly increased fast-
ing blood glucose (1.88 mg/dL; 0.1 mmol/L) and HbA,,

(0.032%) in patients given PCSK9 inhibitors. In particu-
lar, the imbalance in glucose homeostasis rose stepwise
according to the duration of treatment starting to be evident
at mean follow-up of 1.5 years. Despite this, the incidence
of diabetes appeared not to be raised (relative risk =1.04;
95%CI 0.96-1.13) as was for the worsening of diabetes
[55]. However, these findings were quite disputable since
in the analyses the authors included SPIRE trial with bocu-
cizumab, a monoclonal antibody which was withdrawn due
to the development of antidrug antibodies [56]. Indeed, it
seems that when the analysis is performed without SPIRE
trials, PCSK9 inhibitors have no effect on circulating fast-
ing plasma glucose FBG or HbA | levels with no impact of
treatment duration or percent change of LDL-C cholesterol
[57].

Reassuring the growing number of patients that need
to take potent lipid-lowering medications, there are data
of a meta-analysis of RCTs evaluating statins and statins/
PCSKD9 inhibitors as intervention in 163,688 nondiabetic
patients randomly assigned to more intensive (n=_83,123)
or less intensive (n=80,565) lipid lowering therapy. Nei-
ther LDL-C lowering (38.7 mg/dL) nor the use of PCSK9
inhibitors was associated with the incidence of diabetes,
respectively, risk ratio=1.07 (95%CI 1.03-1.11) and risk
ratio=1.00 (95%CI 0.93—1.07) [58]. In line with this evi-
dence, other meta-analyses failed to detect a raised risk of
hyperglycaemia or diabetes [S9-61]. To quantify the safety
of PCSKO inhibitors with a specific focus on type 2 dia-
betes was also the topic of a Cochrane analysis. The fol-
lowing comparisons were assessed: alirocumab vs placebo
(odds ratio=0.96, 95%CI 0.86—1.07), evolocumab vs pla-
cebo (odds ratio=1.05, 95%CI 0.94—1.17), alirocumab vs
other lipid lowering treatments (odds ratio=0.28, 95%CI
0.05-1.55) and evolocumab vs alternative lipid lowering
treatments (odds ratio=3.52, 95%CI 0.18-68.33) [62]. In
line with this topic, later studies, comparing treatment with
alirocumab or evolocumab vs placebo or other lipid lower-
ing therapies, did not appear to determine a clear-cut rise
of NOD. This risk was 1.92 vs 1.93 per 100 patients-years,
risk ratio=1.00 (95%CI 0.93-1.07; p=0.97) [63]. Similar
conclusions were reached when the analysis was repeated
comparing alirocumab or evolocumab to placebo with con-
sistent and maximally tolerated background lipid-lowering
therapy. No differences were observed in the risk of diabetes
or worsening of pre-existing diabetes (relative risk =0.85;
95%CI 0.28-2.60) (Fig. 2) [64].

Post-Marketing Safety Reports
Real-world experience with PCSK9 inhibitors is still in
its infancy, with neurocognitive adverse events and diabe-

tes remaining debated long-term safety issues. The most
significant large-scale evaluation on the association of
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Fig.2 Indirect comparisons

of the safety of evolocumab

and alirocumab. (Reproduced
from: Guedeney P et al.: Eur
Heart J Cardiovasc Pharmaco-
ther 2021, 7(3):225-235, by
permission of Oxford University
Press) [64]

Injection site reactions

Systemic allergic reactions —gi—

Neurocognitive events —j——

Safety Events

Treatment discontinuations

Risk Ratio (95%Cl)

—,— 0.98 (0.79 - 1.22)

—B— 1.27 (1.04 - 1.55)

0.96 (0.82 - 1.13)

0.82 (0.62 — 1.08)

Diabetes mellitus (-1 —) 0.85 (0.28—2.60)

hyperglycaemic disorders with PCSK9 inhibitors has been
carried out by accessing the Food and Drug Administration
Adverse Event Reporting System (FAERS), a database pro-
viding reliable data for the early detection of rare adverse
events and continuous monitoring of recently marketed
medications, especially monoclonal antibodies. Among the
7,295,624 patients retained in the analysis (after appropri-
ate filtering, e.g. unclear adverse effect reporting), 87,724
reports were identified from PCSK9 inhibitors recipients and
similar numbers from statin or ezetimibe-treated patients
[65]. There was a raised reporting of hyperglycaemias asso-
ciated with PCSKO9 inhibitors treatment compared to the full
database (n=1841/87,274 (2.1%); adjusted-reporting odds
ratio (ROR)=1.14 (1.07-1.22). However, when a head-to-
head comparison was conducted between evolocumab and
alirocumab, a disproportionate reporting of hyperglycae-
mia was found with evolocumab (n=1587/71748 (2.1%),
adjusted ROR 1.24 (1.15-1.32), not with alirocumab
(n=254/15,976; adjusted ROR=0.73 (0.60-0.88)) [65].
However, PCSK9 inhibitors were primarily related to mild
hyperglycaemias (n=1587/87,724 (1.67%), adjusted ROR
1.48 (1.36-1.62)) rather than to diabetes (n=372/87,724
(0.42%), adjusted ROR 0.67 (0.67-0.074)) [65]. A further
analysis on the same database, but extended to March 2021,
reported a blood glucose increase associated to PCSK9
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Evolocumab

Alirocumab
safer

safer

inhibitors: a ROR of 1.86 (1.68-2.05) was found when evo-
locumab and alirocumab were considered as a whole; a ROR
of 1.55 (1.29-1.85) was found in the case of alirocumab and
a ROR of 2.03 (1.80-2.29) in the case of evolocumab [66].
Interestingly, diabetic patients given PCSK?9 inhibitors expe-
rienced hyperglycaemia more frequently than non-diabetic
patients, namely, 11.3% vs 2.1% in the case of evolocumab
and 9.9% vs 1.3% in the case of alirocumab.

Besides the evaluation of the relationship between
PCSKO inhibitors and the risk of NOD, it is of interest to
understand the lag frame required to diabetes to manifest.
Most of the hyperglycaemic events occurred during the
first 6 months of treatment, with a median time to onset of
1 month vs 3 months when statins were considered (Fig. 3)
[65]. It seems that this difference is related to the known
time of LDL-C reduction which is between 14 and 21 days
with PCSK9 inhibitors and 4-6 weeks with statins [67].
Finally, improvement or resolution after drug withdrawal
was found, whereas the rechallenge led to a reoccurrence of
the adverse event [65].
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Fig.3 Clinical characteristics of
hyperglycaemic adverse events o/ l\
with PCSKO inhibitor and statin 40% it
treatments. Months from treat- by
ment initiation to hyperglycae- ‘
mic adverse event onset. IQR,
interquartile range. (Reproduced == Alirocumab
from: Goldman A et al. Eur J 30%-
Prev Cardiol 2022, 29(9):1334— e == Evolocumab
1342, by permission of Oxford :
University Press) [65] == Statins
Median (IQR), months
20% - _
Alirocumab 1.5 (0.0-4.4)
Evolocumab 1.3 (0.0-5.9)
10% _
Statins 3.0 (0.1-11.7)
0% ~—

Conclusions

In the complex metabolic control of patients with ASCVD
presenting with lipid/lipoprotein abnormalities, the pos-
sibly increased incidence of diabetes frequently raises
concern among cardiologists and attending general prac-
titioners. Although the genetics was concordant in show-
ing an increased risk of NOD, this evidence needs to
be interpreted in the strict context of this tool. Indeed,
loss-of-function variants in PCSK9 are used as proxies
to understand safety and efficacy of living with very low
levels of LDL-C in the long term, an exchangeability that
is not guaranteed in clinical trials [68]. Despite sometimes
being referred to as “nature’s randomized trial,” a Mende-
lian randomization study cannot be used to replace a rand-
omized trial but instead provides complementary informa-
tion [69]. Moreover, data extrapolated from Biobanks, e.g.
the UK Biobank, refer to a healthy population with a low
prevalence of glycaemic abnormality at baseline, whereas
in clinical trials the effects of pharmacological PCSK9
inhibition on incident diabetes are estimated in patients
that could already suffer from hyperglycaemia or diabetes.
These inherited differences could partially explain the rea-
son why clinical trials have not shown any effect of PCSK9
inhibitors on increasing the fasting plasma glucose or
NOD whereas real-world experience found an association

01234567891012 14 16 18
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between the use of PCSK9 inhibitors and hyperglycaemia,
although primarily related to mild hyperglycaemia rather
than diabetes. In line with this hypothesis are the data of a
prospective analysis of 2 cohorts one from France (100%
with pre-diabetes; follow-up 4 years) and another from
Brazil (27% with pre-diabetes; follow-up 5 years) that
reported no association between PCSK9 plasma concen-
trations with NOD [70]. Overall, the careful monitoring of
patients, particularly in the earlier phases of treatment, as
well as the identification of individuals more susceptible to
develop NOD, should render PCSK9 inhibitors of minimal
worry to both physicians and patients.
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