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Adverse Events Associated With PCSK9 
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Annette M.H. Galema-Boers3, Eric Boersma1 and Jeanine E. Roeters van Lennep3

In randomized clinical trials (RCTs) proprotein convertase subtilisin/kexin 9 (PCSK9) inhibitors showed a favorable 
safety profile, however, “real-world” data on adverse events (AEs) is scarce. Three datasets, a hospital registry 
(n = 164), and two Pharmacovigilance databases, Lareb (n = 149) and VigiLyze (n = 15,554), reporting AEs attributed 
to PCSK9 inhibitors (alirocumab or evolocumab) prescribed in clinical practice were analyzed. In the hospital registry, 
41.5% of the patients reported any AE, most often injection-site reactions (33.8%) and influenza-like illness (27.9%). 
Twelve patients (7%) discontinued PCSK9 inhibitor treatment. Most common AE reported in the Lareb and VigiLyze 
database was myalgia (12.8% and 8.3%, respectively). No clinically relevant differences in gender or between drugs 
were observed. No specific subgroup of patients could be identified at risk of developing AEs. During follow-up, AEs 
resolved in most patients (71.1%). In a real-world setting, PCSK9 inhibitors are well tolerated with an overall safety 
profile comparable to RCTs.

High low-density lipoprotein-cholesterol (LDL-C) levels are asso-
ciated with risk of cardiovascular disease (CVD).1 Lipid-lowering 
therapy (LLT), including statins and ezetimibe, proved to be very 
effective in lowering CVD events.2 Cardiovascular prevention 
guidelines provide recommendations for optimal LDL-C levels 
for patients at high risk of CVD.3 However, despite maximum 
tolerated LLT, only a minority of these patients reach the desired 
LDL-C targets.4

Proprotein convertase subtilisin/kexin 9 (PCSK9) has been 
identified as a new player within the lipid metabolism.5 PCSK9 
binds to the LDL-receptor and promotes its lysosomal degradation, 

hence increasing LDL-C plasma levels.6 People with hereditary 
high PCSK9 levels have a higher risk of cardiovascular events, 
whereas the opposite is true for people with hereditary low PCSK9 
compared to the general population.7

Monoclonal antibodies binding PCSK9 have been successfully 
developed as a new class of LLT.6 In 2015, two PCSK9 inhibi-
tors (alirocumab and evolocumab) have been approved by the US 
Food and Drug Administration and European Medicines Agency. 
In multiple large randomized placebo-controlled trials, PCSK9 
inhibitors showed reductions of LDL-C levels up to 60% and re-
cently also a decrease in cardiovascular outcomes.8,9

WHAT IS THE CURRENT KNOWLEDGE ON THE 
TOPIC?
 RCTs assessing clinical effects of PCSK9 inhibitors ali-
rocumab and evolocumab showed a favorable safety profile with 
a low rate of AEs. Most common reported AEs in RCTs are na-
sopharyngitis, upper respiratory tract infection, influenza-like 
illness, myalgia, back pain, arthralgia, headache, and ISRs.
WHAT QUESTION DID THIS STUDY ADDRESS?
 What are (the most common) AEs associated with the use of 
the PCSK9 inhibitors alirocumab and evolocumab prescribed in 
a real-world setting?

WHAT DOES THIS STUDY ADD TO OUR 
KNOWLEDGE?
 In a real-world setting, PCSK9 inhibitors are well tolerated 
with an overall safety profile comparable to RCTs. Most com-
mon AEs are influenza-like illness, nasopharyngitis, myalgia, and 
ISRs, which often resolve over time. No clinical relevant differ-
ences in gender or between drugs were observed. No specific sub-
group of patients could be identified at risk of developing AEs.
HOW MIGHT THIS CHANGE CLINICAL 
PHARMACOLOGY OR TRANSLATIONAL SCIENCE?
 Safety monitoring of PCSK9 inhibitors is indispensable to 
assess long-term effects and reactions occurring in specific sub-
groups of patients. Therefore, healthcare providers should con-
tribute to report to pharmacovigilance centers.

Study Highlights
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According to current literature, alirocumab and evolocumab 
have a favorable safety profile and are generally well tolerated.10 
However, real-word data on adverse events (AEs) of PCSK9 in-
hibitors prescribed outside clinical trials is scarce. At present, 
real-world observational studies are considered indispensable 
to provide complementary information to randomized clinical 
trials (RCTs), especially about AEs, as these studies involve a 
large and diverse population of patients in a real-world setting 
beyond the rather homogenous group of patients who partici-
pated in RCTs. This allows for detection of rare complications, 
long-term effects, and reactions occurring in specific subgroups 
of patients.11

The aim of this study is to assess the main AEs reported by pa-
tients using PCSK9 inhibitors alirocumab and evolocumab in clin-
ical practice.

RESULTS
Baseline characteristics per database are shown in Table 1 and 
Tables S1–S3 for data on alirocumab and evolocumab separately.

Erasmus Medical Centre hospital registry
Of the 183 patients registered in the database, 19 were ex-
cluded; 10 lacked follow-up data, 8 participated in PCSK9 
trials, and 1 patient had missing baseline data. Therefore, 164 
patients were included in the current analysis (Table 1). The 
median age was 58 years (interquartile range (IQR) = 48–65 
years), 55% were men. The majority of patients (90%) was di-
agnosed with familial hypercholesterolemia (FH). Sixty-six 
percent of the patients had a history of CVD. All patients used 
LLT, however, more than a third of the patients (39%) used 
ezetimibe monotherapy because of statin intolerance. Baseline 
median LDL-C was 4.28 mmol/l (166 mg/dL). Alirocumab 
and evolocumab were used by 49.4% and 50.6% of the pa-
tients, respectively. There was no difference between baseline 
characteristics of patients using alirocumab and evolocumab 
(Table S1).

Lareb database
Of the 152 patients in the database, 149 patients were included 
in the analysis (Table 1). Main reasons for exclusion were AEs 
not related to PCSK9 inhibitors (Figure S1). The median 
age was 63 years (IQR = 56–69 years) and 52% were women. 
Forty-three patients used alirocumab and 110 evolocumab 
(Table S2). Age and gender distribution was similar between 
both groups.

VigiLyze database
The VigiLyze database contained 15,554 patients of AEs as-
sociated with PCSK9 inhibitors. Most patients (31.1%) were 
65–74 years, 56.4% were women. A total of 4,650 patients used 
alirocumab and 10,931 evolocumab (Table S3). Age and gender 
distribution was similar between both groups.

Adverse events
Most common AEs are presented in Table 2 and Tables S4–S6 
for data on alirocumab and evolocumab separately.

Erasmus Medical Centre hospital registry
At first follow-up, 68 patients (41.5%) reported ≥1 AE. A total of 
116 events were reported with most patients reporting one event 
(54.4%; Table 2). Most common AEs were influenza-like illness 
(27.9%), nasopharyngitis (16.2%), abdominal discomfort (11.8%), 
and myalgia (10.3%). Twenty-three patients (33.8%) reported ≥1 
injection-site reactions (ISRs), most commonly injection-site he-
matoma. No significant gender differences in AEs were observed.

The percentage of patients reporting AEs were similar for the 
alirocumab group and the evolocumab group (43.2% and 39.8%, 
respectively; Table S4). Influenza-like illness was the most re-
ported AE for both alirocumab and evolocumab (28.6% and 
27.3%, respectively). The AE profile did not significantly differ 
between alirocumab and evolocumab.

Lareb database
A total of 375 events were reported by 149 patients of whom 38% 
reported ≥3 AEs (Table 2). The most common reported AEs were 
myalgia (12.8%), influenza-like illness (9.4%), fatigue (8.1%), and 
headache (8.1%). ISRs were infrequently reported by 2.0% of the 
patients.

No significant differences in gender were observed, except 
for men reporting headache less frequently than women (odds 
ratio (OR) = 0.20, 95% confidence interval (CI) = 0.04–0.95; 
P = 0.042). The overall AE profile for alirocumab and evolocumab 
was similar (Table S5).

VigiLyze database
A total of 29,956 AEs were collected, reported by 15,554 patients 
(Table 2). Most common documented AEs were myalgia (8.3%), 
influenza-like illness (5.3%), back pain (5.2%), and arthralgia 
(5.1%). ISRs were frequently reported (21.2%), and were most often 
injection-site pain (6.2%). Most AEs, including pain in extremity 
(P < 0.001), muscle spasms (P = 0.010), pain (P < 0.001), head-
ache (P < 0.001), diarrhea (P = 0.002), and nausea (P < 0.001), 
and the overall total of ISRs (P < 0.001) were significantly more 
often reported by women than men. Drug dose omission (7.4%) 
was not considered a drug-related AE that was relevant for this 
study.

Myalgia was the most reported AE for both alirocumab and 
evolocumab (9.4% and 7.8%, respectively; Table S6). Back pain 
was reported nearly three times as frequent for evolocumab (6.4%) 
compared to alirocumab (2.4%). ISRs were reported at a similar 
rate (21.6% vs. 21.3%).

Predictors and time course of AEs
In the Erasmus Medical Centre (EMC) hospital registry, we an-
alyzed for possible predictors of AEs, such as gender, statin use, 
or a very low LDL-C. Univariate logistic regression analyses did 
not show any significant predictors for AEs, in particular very low 
LDL-C and statin intolerance (Table 3).

To study the time course of reported AEs we compared the re-
ported AEs at the first, second, and third follow-up visits (Table 4). 
Of the 164 patients with a first follow-up visit, 131 had a second 
follow-up visit and 94 had a third follow-up visit. Nearly 60% of 
patients who reported AEs at the first follow-up visit also had AEs 
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at the second follow-up visit. Notably, the majority (74%) of these 
patients reported different AEs at the first and second follow-up 
visits. For 40.4% of the patients with AEs at the first follow-up 
visit, AEs resolved at the second follow-up. However, 22.8% of the 
patients without AEs at the first follow-up developed new AEs at 
the second follow-up. Compared to the first follow-up visit, AEs 
resolved in 71.1% at the third follow-up.

Drug discontinuation
In the EMC hospital registry, 12 patients (7%), 5 patients using 
alirocumab and 7 evolocumab, discontinued PCSK9 inhibitor 
treatment; 11 because of AEs and 1 due to nonresponse. The 
majority of patients (67%) who stopped treatment were women 
and 42% reported ≥3 events. Twenty-four AEs were reported by 
11 patients, which were most often influenza-like illness (50%), 

cognitive disorders (25%), abdominal discomfort (17%), fatigue 
(17%), and malaise (17%; Table S7). ISRs did not lead to discon-
tinuation of drug therapy. Notably, most patients with these AEs 
continued treatment.

In the Lareb database, 60 patients (40%) discontinued treatment 
due to AEs; 12 patients (20%) were using alirocumab and 48 pa-
tients (80%) evolocumab. In line with the hospital registry, most 
patients discontinued treatment due to ≥3 AEs (57%) and ISRs 
were not associated with discontinuation (Table S7). For aliro-
cumab, discontinuation was higher in women compared to men 
(67% vs. 33%), whereas the women to men ratio was similar for 
those who stopped evolocumab treatment. The main reason for 
drug discontinuation was myalgia; in patients with myalgia 100% 
were alirocumab users and 70% of evolocumab users discontinued 
therapy (Figure 1).

Table 1  Patient characteristics

Characteristics EMC, n = 164a Lareb, n = 149 VigiLyze, n = 15,554

Age (year), median (IQR) 58 (48–65) 63 (56–69)

Age groups, n (%)

0–17 years 0 (0) 0 (0.0) 8 (0.1) d

18–44 years 24 (15) 5 (3.4) 289 (1.9)

45–64 years 91 (56) 71 (47.7) 4,210 (27.1)

65–74 years 46 (28) 56 (37.6) 4,835 (31.1)

≥ 75 years 3 (2) 8 (5.4) 2,670 (17.2)

Age unknown, n (%) 0 (0) 9 (6) c 3,542 (22.8)

Gender, n (%)

Male 90 (55) 70 (47) 5,975 (38.4)

Female 74 (45) 78 (52) 8,772 (56.4)

Unknown 0 (0) 1 (1) 807 (5.2)

BMI (kg/m2), median (IQR) 27.4 (24.4–30.2)

Diabetes, n (%) 29 (18)

Hypertension, n (%) 75 (46)

Ever smoker, n (%) 78 (48)

Current smoker, n (%) 24 (15)

History of CVD, n (%) 108 (66)

Familial hypercholesterolemia, n (%) 148 (90)

Heterozygous 98 (60)

Homozygousb 7 (4)

Clinical 43 (26)

Lipid-lowering therapy, n (%)

Statin use 100 (61)

High intensity 63 (38)

Moderate intensity 30 (18)

Low intensity 7 (4)

Ezetimibe 164 (100)

Ezetimibe monotherapy 64 (39)

LDL-C (mmol/L), median (IQR) 4.28 (3.34–5.14)

BMI, body mass index; CVD, cardiovascular disease; EMC, Erasmus Medical Centre; IQR, interquartile range; LDL-C, low-density lipoprotein-cholesterol.
aBaseline characteristics before starting proprotein convertase subtilisin/kexin 9 (PCSK9) inhibitor. bDouble heterozygous LDLR/APOB gene mutation (n = 1), 
compound heterozygous LDLR gene mutation (n = 6). cOne patient was reported to be 114 years old, which was put as missing value. dThese reports are 
considered either incorrect or due to off-label use.
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DISCUSSION
In this analysis, based on a hospital registry and two pharmacovig-
ilance databases, the most reported AEs associated with PCSK9 
inhibitors prescribed in a clinical setting were influenza-like ill-
ness, nasopharyngitis, myalgia, and ISRs. There were no signifi-
cant differences between alirocumab and evolocumab or between 
both genders. The AEs were usually mild and most AEs resolved 
during follow-up. The rate of drug discontinuation was infre-
quent. No specific category of patients could be identified at in-
creased risk of developing AEs.

Pharmacovigilance databases in general contain fewer reports 
of nonserious AEs or AEs not associated with drug discontinua-
tion because of the threshold to report. Furthermore, it is known 
that women are at higher risk of developing AEs12 and more often 
report to pharmacovigilance centers compared to men.13 In our 
study, we found that women represented 52% of Lareb and 56% 
of VigiLyze reports. In the Netherlands, 42% of all patients using 
PCSK9 inhibitors were women14 leading to an AE report ratio 
of 1.23 supporting that women report AEs more often than men. 
This is in line with the women to men ratio of AE reports of 1.18 
observed in the hospital registry.

RCTs assessing clinical effects of PCSK9 inhibitors showed a fa-
vorable safety profile with a low rate of AEs. The most common re-
ported AEs are nasopharyngitis, upper respiratory tract infection, 
influenza-like illness, myalgia, back pain, arthralgia, headache, and 
ISRs.10,15,16 Despite these findings, the application of PCSK9 in-
hibitors might be limited by their high costs, even in patients with 
FH. Hence, in daily clinical practice, cost and benefit need to be 
weighed against potential AEs.10,15,16Although meta-analyses of  
published RCTs showed no significant difference in (serious) AE 
occurrence between patients receiving PCSK9 inhibitors and con-
trol,10,17,18 real-world data are limited. Five studies published data 
of AEs associated with PCSK9 inhibitors in a limited number 
of patients.19–23 These previous studies described a similar set of 
AEs associated with PCSK9 inhibitors in 15–39% of the patients. 
The method of acquisition of AEs was often not described in de-
tail. Only Saborowski et al.23 indicated that AEs were acquired by 
self-reported questionnaires available in 31 of 38 patients (82%). 
We observed a higher (41.5%) incidence of AEs, which might be 
explained by the fact that patients were systematically questioned 
about AEs specifically attributed to PCSK9 inhibitors at every 
visit.

AEs related to monoclonal antibodies (mAbs) can be distin-
guished in nonspecific AEs and AEs specifically related to the mAb 
target, for example, infections with infliximab due to reduced ac-
tivity of immune cells.24 The use of mAbs can lead to an immune 
response and even immunogenicity such as the development of 
neutralizing antibodies, depending on the type of mAb.24 The ef-
fect of a mAb on the immune system can range from immune sup-
pression to immune stimulation leading to a wide variety of AEs.25 
The cytokine-mediated type alpha immune response is likely to be 
the main mechanism for common AEs associated with mAbs, such 
as flu-like symptoms and ISRs.26

Alirocumab and evolocumab are fully humanized, which sub-
stantially reduces the risk of immunogenicity.24 The use of PCSK9 
inhibitors is not related to target-specific AEs. Very low LDL-C ER
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levels achieved with PCSK9 inhibitors were not significantly as-
sociated with an increase in overall AE rates27,28 or neurocognitive 
AEs.29,30 Moreover, levels of vitamin E, steroid, or gonadal hor-
mones were not affected in patients using PCSK9 inhibitors even 
at very low LDL-C levels of <0.4 mmol/L (15 mg/dL).31

In RCTs, among the most reported AEs were nasopharyngitis 
(5.9–12.2%) and influenza (2.1–7.3%) in patients randomized 
to PCSK9 inhibitors.10,15,16 In the EMC registry, influenza-like 
illness and nasopharyngitis were reported by 27.9% and 16.2%, 
respectively, and often resolved during follow-up. Influenza-like ill-
ness was also among the most frequent reported reactions in both 
the Lareb and VigiLyze databases.

ISRs were reported by 3.1–7.4% of patients randomized to 
PCSK9 inhibitors and in general occurred more often in patients 
randomized to a PCSK9 inhibitor compared to placebo.10,15,16 
Overall, ISRs in RCTs were mild and transient and did not lead 
to drug discontinuation. In the EMC registry, ISRs were reported 
more frequently (33.8%) compared to RCTs, and were also mild 
and did not lead to drug discontinuation. Remarkably, ISRs were 
reported much more frequently in the VigiLyze database than in 
the Lareb database, which might be explained by differences in the 
types of information source between different countries.

In RCTs, myalgia was reported by 3.5–7.2% of patients random-
ized to a PCSK9 inhibitor.10,15,16 No significant differences were 
observed in myalgia between PCSK9 inhibitor and comparator 
arm.10,17,18 In the EMC hospital registry, myalgia was reported 

more frequently, whereas in the Lareb and the VigiLyze databases 
it was the most commonly reported AE. In the Lareb database, my-
algia was a major reason for drug discontinuation. The number of 
reports in these databases reflects the reporting behavior and not 
incidence on a suspected AE. We do not have a conclusive expla-
nation for the differences concerning myalgia between the RCTs 
and the hospital registry. A possible pathogenic mechanism of the 
development of myalgia as a result of the use of a PCSK9 inhibitor 
is unclear.

Two meta-analyses showed that the use of PCSK9 inhibitors 
was associated with a significantly increased incidence of neu-
rocognitive AEs compared to controls.32,33 These results raised 
initial concern about the effect of PCSK9 inhibitors and led to 
a recommendation of the US Food and Drug Administration in 
2014 to perform a long-term trial prospectively evaluating neu-
rocognitive function.34 The evaluating PCSK9 binding antibody 
influence on cognitive health in high cardiovascular risk subjects 
(EBBINGHAUS) study prospectively assessed cognitive function 
using formal tests and showed no effect on cognitive function 
in patients randomized to evolocumab compared to placebo.29 
Moreover, no significant differences in neurocognitive AE rates 
were found between alirocumab vs. controls.30 Finally, a recent 
meta-analysis, including a larger number of trials, showed no sig-
nificant differences between the PCSK9 inhibitor and the control 
arm on neurocognitive outcomes.

In our study, cognitive disorders were reported more fre-
quently (3.7%) than in RCTs and were one of the main reasons 
for drug discontinuation. An explanation could be that, in con-
trast to the placebo-controlled trials, patients were unblinded to 
treatment and were aware of possible negative cognitive effects 
attributed to PCSK9 inhibitors via the media. Cognitive AEs re-
ported were mainly mental dullness and forgetfulness and were 
nonspecific. No formal screening tools have been used in these 
patients.

Until now, it is not known whether the reported AEs are caused 
by the PCSK9 inhibition or are specific for the monoclonal an-
tibody that is administered. A novel PCSK9-based therapy is 

Table 4  Comparison of adverse events occurrence at 
follow-up

Follow-up 2 (n = 131) Follow-up 3 (n = 94)

AEs No AEs AEs No AEs

Follow-up 1

AEs 31 
59.6%

21 
40.4%

11 
28.9%

27 
71.1%

No AEs 18 
22.8%

61 
77.2%

7 
12.5%

49 
87.5%

Follow-up 2

AEs 11 
33.3%

22 
66.7%

No AEs 7 
11.5%

54 
88.5%

AEs, adverse events.
Follow-up (FU)1 vs. FU2: McNemar’s P = 0.749; FU2 vs. FU3: McNemar’s 
P = 0.009; FU1 vs. FU3: McNemar’s P = 0.001.

Table 3  Univariate logistic regression of possible predictors 
of adverse events at follow-up 1

OR (95% CI) P value

Age 0.98 (0.96–1.01) 0.202

Gender (male) 0.58 (0.31–1.09) 0.091

BMI 0.99 (0.92–1.07) 0.740

Hypertension (yes) 1.34 (0.72–2.50) 0.356

Current smoker (yes) 0.63 (0.25–1.57) 0.320

Diabetes (yes) 1.00 (0.44–2.25) 0.992

History of CVD (yes) 1.44 (0.74–2.80) 0.283

FH (yes) 0.90 (0.32–2.56) 0.845

FH – Genetic mutation 
(yes)

1.46 (0.70–3.04) 0.318

Statin use (yes) 1.18 (0.62–2.23) 0.618

Statin intensity (high vs. 
low + mod)

1.68 (0.73–3.88) 0.225

Statin intolerance 0.85 (0.45–1.61) 0.618

LDL-C at baseline 1.05 (0.88–1.24) 0.590

LDL-C at follow-up 1 1.14 (0.94–1.38) 0.187

LDL-C <0.5 mmol/La at 
follow-up 1

1.83 (0.47–7.07) 0.383

PCSK9 inhibitor (EVO vs. 
ALI)

0.87 (0.47–1.62) 0.654

ALI, alirocumab; BMI, body mass index; CI, confidence interval; CVD, 
cardiovascular disease; EVO, evolocumab; FH, familial hypercholesterolemia; 
LDL-C, low-density lipoprotein-cholesterol; OR, odds ratio; PCSK9, proprotein 
convertase subtilisin/kexin 9.
a0.5 mmol/L = 19.3 mg/dL.
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inclisiran, a small interfering RNA that inhibits translation of the 
PCSK9 protein. A phase II trial showed a maximum LDL-C de-
crease of 41.9% after a single-dose of 500 mg and 52.6% after two 
doses of 500 mg.35 The most common AEs of inclisiran were com-
parable to PCSK9 mAbs, namely myalgia, headache, fatigue, naso-
pharyngitis, back pain, hypertension, diarrhea, and dizziness. The 
overall AE rate in the patients who received inclisiran was similar 
to the patients who received placebo.10,15,35

To our knowledge, this is the largest in-depth study of AEs of 
PCSK9 inhibitors prescribed in a clinical setting to date. Our 
study has several strengths. First, in the EMC hospital registry, 
the treating healthcare professionals enquired about AEs at every 
visit and only AEs considered to be directly related to the use of 
the PCSK9 inhibitor were included. Therefore, we consider that 
reporting bias is prevented as much as possible. We provide data 
up to a follow-up duration of 42 weeks, which provides insight 
on how AEs develop over time. As we combined different data 
sources utilizing different methods of AE monitoring, a complete 
overview of possible AEs is provided. General limitations of using 
real-world data, such as selection bias, confounding, the lack of a 
control group, and variable physician-scheduled appointments, 
also apply for our study.11 Specific limitations are that the power 
of the EMC hospital registry was too low to detect significant dif-
ferences in AEs between genders. A limitation of the Lareb and 
VigiLyze data was that the amount of available information var-
ied between cases. Moreover, except for the VigiLyze data, this is a 
single-country study and experience with these agents is limited. In 
conclusion, in a real-world setting, PCSK9 inhibitors are well tol-
erated. Most common AEs are influenza-like illness, nasopharyngi-
tis, myalgia, and ISRs, which often resolve over time. ISRs are mild 
and do not lead to drug discontinuation. However, despite these 
findings, cost-effectiveness has still to be taken in account regard-
ing both patients with FH and those without.36 Long-term safety 
monitoring of PCSK9 inhibitors prescribed in clinical practice to a 
diverse population is indispensable to discover new or rare AEs and 
to assess AE risk in specific subgroups. All healthcare professionals 
prescribing these medications should contribute to monitor AEs 
by reporting these to pharmacovigilance agencies and if possible 
by collecting long-term data in a local, national, and ultimately an 
international database.

METHODS
Patients and study design
Three different data sources were analyzed: (i) the EMC hospital registry; 
(ii) the Netherlands Pharmacovigilance Centre Lareb database37; 
and (iii)  VigiLyze38 pharmacovigilance database maintained by the 
World Health Organization collaborating center for international drug 
monitoring Uppsala Monitoring Centre (UMC) in Sweden.

EMC hospital registry
Full details of this registry have been published before.20 Briefly, patients 
with hypercholesterolemia, mostly patients with FH not reaching target 
LDL-C levels despite maximally tolerated statin and ezetimibe therapy who 
were eligible for treatment with PCSK9 inhibitors were recruited from the 
outpatient clinic in a tertiary university hospital setting. All patients fulfilled 
the Dutch criteria for reimbursement of PCSK9 inhibitors.39

Patients started with a PCSK9 inhibitor (evolocumab 140  mg 
subcutaneously every 2 weeks (heterozygous familial hypercholesterolemia) 
or 420  mg subcutaneously every 2  weeks (homozygous familial 
hypercholesterolemia) or alirocumab 75, or 150 mg subcutaneously every 
2  weeks (heterozygous familial hypercholesterolemia)) between June 
2015 and November 2017 as part of clinical care. There was no preference 
for alirocumab or evolocumab. All patients had at least two PCSK9 
inhibitor subcutaneous injections between baseline and on-treatment 
measurements. Only patients of whom at least one follow-up visit was 
available were included in the analysis. Patients who participated in a 
PCSK9 trial were excluded from analysis.

Baseline date was defined as the date when the first injection of the 
PCSK9 inhibitor was administered. Routine laboratory investigations 
were performed before and after start of PCSK9 inhibitor to monitor 
treatment effects. Patients had regular appointments for follow-up at 
6 weeks, 18 weeks, and 42 weeks at the outpatient clinic. AEs, including 
ISRs and adherence to LLT, were systematically discussed during each 
consultation. Only PCSK9 inhibitor-related AEs were included, which 
were defined as AEs not present prior to the start of PCSK9 inhibitor 
therapy, or an already present symptom that changed or worsened 
following treatment. AEs were classified using Medical Dictionary for 
Regulatory Activities terms. One patient may report multiple events. 
Clinical data, such as age, gender, body mass index (BMI), diabetes 
mellitus, hypertension, history of CVD, familial hypercholesterolemia, 
LLT, laboratory values, and AEs were collected from patients’ files and 
entered into a database.

According to the Medical Ethical Research Committee, this study 
(MEC-2016-698) was not subject to the Medical Research involving 
Human Subjects Act. We only used data of patients who provided 
written consent for research and anonymous publication of their clinical 
information.

Figure 1  Drug action taken for alirocumab and evolocumab in Lareb database. Drug action taken per reported adverse event (AE) by patients 
who discontinued alirocumab (left) and evolocumab (right) in the Lareb database compared to patients who continued or for whom drug action 
was unknown. Axis shows number of patients who reported a specific AE. AEs with a frequency of n = 1 have been excluded for evolocumab to 
allow for better overview and visualization of the most common AEs.
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Lareb database
The Netherlands Pharmacovigilance Centre Lareb37 identifies risks 
associated with the use of drugs in daily practice in the Netherlands. This 
database contains individual case safety reports of suspected AEs reported 
by healthcare professionals, manufacturers, patients, or others. The 
submitted reports are reviewed case-by-case by Lareb and AEs are defined 
with the use of Medical Dictionary for Regulatory Activities terms. One 
single report may refer to multiple AEs. It must be emphasized that the 
number of reports reflects reporting behavior and not the incidence of 
a reaction. Furthermore, it must be noted that the likelihood of a causal 
relationship can differ between cases, because the aim is to collect all 
reports of suspicions of AEs and reports may be incomplete concerning 
the provided information. The database was accessed on September 26, 
2017, and contained all AE reports for alirocumab and evolocumab since 
its inception.

VigiLyze database
VigiLyze38 contains individual case safety reports of suspected AEs 
collected by national drug authorities in over 110 countries, including 
Lareb data. Similar to the Lareb database, one single report may refer to 
multiple AEs, the number of reports reflects reporting behavior and not 
the incidence of a reaction, and causality is not ensured. Collection of data 
is heterogeneous between countries, due to, for example, differing national 
legislation and policies. The database was accessed on November 21, 2017, 
and contained the dataset from inception to November 19, 2017, of all AE 
reports on alirocumab and evolocumab.

Statistical analysis
Dichotomous variables are reported as numbers and percentages. 
Continuous variables are presented as mean ± SD or median and IQR. 
Normality of data was assessed by visually exploring the distribution in 
normal plots, checking for skewness, and using The Shapiro-Wilk test. 
Differences between categorical variables were evaluated using the χ2 or 
Fisher’s exact test as appropriate. Differences between numeric variables 
were evaluated using The Student’s t test or Mann-Whitney U test as 
appropriate. Gender differences were assessed using ORs, which were 
obtained using binary logistic regression. Covariates were analyzed using 
univariate logistic regression to determine possible predictors. McNemar’s 
test was performed to assess asymmetry in the distribution of AE 
occurrence during follow-up. For all tests, a P value < 0.05 was considered 
statistically significant. Data were analyzed using IBM SPSS Statistics 
for Windows, version 21. When individual cases were not available for 
analysis, SAS Statistics version 9.4 was used to obtain ORs from counts.

SUPPORTING INFORMATION
Supplementary information accompanies this paper on the Clinical 
Pharmacology & Therapeutics website (www.cpt-journal.com)
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Table S4. AEs split by PCSK9 inhibitor for EMC database.
Table S5. Adverse events split by PCSK9 inhibitor for Lareb database.
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