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Background Injection site reactions (ISRs) are known side effects of the proprotein convertase subtilisin kexin 9 (PCSK9) inhibitor alirocu-
mab. Transient ISR to alirocumab after a long phase of good tolerability have not been reported previously.

Case summary A 55-year-old woman (Patient 1) and a 77-year-old man (Patient 2) were treated with alirocumab for the management of dys-
lipidaemia. Both patients tolerated the treatment without side effects for 7 and 2 months, respectively. After an upper respira-
tory tract infection in Patient 1 and a first COVID-19 vaccination in Patient 2, both patients suddenly developed ISR with
erythema, calor, and itching upon 2 (Patient 1) and 1 (Patient 2) subsequent injection(s), respectively. Symptoms resolved
with local steroids, oral antihistamines, and cooling. After termination of the presumed immune system activated state, aliro-
cumab was well tolerated again in both patients without recurrence of any ISR upon repeated applications.

Discussion These are the first cases to report transient ISR to a PCSK9 inhibitor, possibly triggered by activation of the immune system,
after prolonged good tolerability. Based on the transient and benign nature of the reaction, such patients should be encouraged
to continue supervised treatment, as tolerability may return after resolution of the pro-inflammatory state.
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Graphical Abstract

ISR, injection site reaction.
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Learning Points
• Injection site reactions to proprotein convertase subtilisin kexin 9 inhibitors may occur transiently during immune system activation (trig-

gered by infection or vaccination), even after initial good tolerability.

• Following proper treatment, tolerability may return after resolution of the pro-inflammatory state and patients should therefore be en-
couraged to continue treatment.

Introduction
Proprotein convertase subtilisin kexin 9 (PCSK9) inhibitors are ap-
proved for the treatment of dyslipidaemia in patients with inad-
equately treated low-density lipoprotein cholesterol (LDL-C) levels
on maximally tolerated statin doses and ezetimibe.1,2 Proprotein
convertase subtilisin kexin 9 inhibitors are being prescribed to an in-
creasing number of patients globally, since current European Society
of Cardiology (ESC) guidelines recommend more stringent LDL-C
goals across higher risk categories for atherosclerotic cardiovascular
disease.1,2 Proprotein convertase subtilisin kexin 9 inhibitors are gen-
erally well tolerated with an excellent safety profile.3–5 However,

potential side effects include injection site reactions (ISR), which oc-
cur in �2.4–4.9% of patients.3 Injection site reaction to biological
therapies such as antibody treatment consists of localized erythema
at the injection site, which can be accompanied by warming, swelling,
and itching.6,7

We report the cases of two patients who tolerated the PCSK9 in-
hibitor alirocumab well for several months but developed transient
ISR during a presumed activation of the immune system; following
appropriate treatment, the reaction did not reoccur after termin-
ation of the suspected pro-inflammatory state. To our knowledge,
these are the first cases to report a potential association between im-
mune system activation and transient ISR to alirocumab.

Timeline
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Patient 1 Patient 2

Timepoint Event Timepoint Event

0 Initiation of alirocumab 150 mg s.c. biweekly on the top of

rosuvastatin 20 mg after STEMI and LDL-C above target

0 Initiation of alirocumab 150 mg s.c. biweekly for

secondary ischemic stroke prohpylaxis in addition to

Continued
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Patient 1
A 55-year-old woman was treated with daily rosuvastatin 20 mg and bi-
weekly subcutaneous (s.c.) alirocumab 150 mg for secondary preven-
tion after ST-segment elevation myocardial infarction and marked
dyslipidaemia [total cholesterol (TC) 5.8 mmol/l, LDL-C 4.1 mmol/l)
in a clinical trial setting (PACMAN-AMI trial, NCT03067844). Her
past medical history was notable for recurrent unprovoked pulmonary
embolism. Allergic and atopic anamnesis was unremarkable. Besides
lipid-lowering therapy, the patient received angiotensin-II-receptor-
antagonist, metoprolol, clopidogrel, and phenprocoumon.

The lipid-lowering therapy was initially well tolerated without any
side effects. After 7 months, the patient suffered from an upper re-
spiratory tract infection with cough, rhinitis, and fever. A COVID-19
polymerase chain reaction test was negative. At the next alirocumab
injection during the recovery phase of the upper respiratory tract in-
fection, a localized erythema with diffuse borders, warming, and

itching occurred at the alirocumab injection site at the right thigh
within a few hours after drug administration (Figure 1). No other
skin lesions were present, vital signs were stable, and there were
no signs of systemic allergic reaction.
The main differential diagnoses of sudden onset local itching ery-

thema include irritative contact dermatitis, allergic contact derma-
titis, and skin infections. The patient denied any new clothes,
washing powders, shower gels, body lotions, or other cosmetic
agents, potentially causative for the skin reaction. She denied recent
travelling, or other affected persons in her environment. The regional
and temporal relationship with alirocumab injection favoured the
diagnosis of ISR, an established side effect of PCSK9 inhibitors.3–5

The patient was treated with local mometason (corticosteroid
class III), which led to resolution of the symptoms within 7 days.
At the timepoint of the next alirocumab injection 14 days afterwards,
the patient still suffered from persisting mild cough and fatigue. Upon
alirocumab injection, repeated ISR with larger erythema, swelling,
slight pain, and strong itching occurred within minutes. The second
episode of ISR was treated with local clobetasol (corticosteroid class
IV), oral cetirizin, and cooling. Symptoms resolved again within 7
days. Treatment with alirocumab was not discontinued, as, also dur-
ing the second episode, no signs of systemic allergic reaction had
been present. For the next alirocumab application, an in-patient visit
was scheduled to perform the injection under medical observation.
At the scheduled visit, the patient was free of any infectious symp-
toms. She injected alirocumab s.c. at the lower abdomen immediately
followed by application of local clobetasol and cooling. Vital signs re-
mained stable and there were no signs of local or systemic allergic
reaction during 30 min of observation. The patient was discharged
and followed-up by daily phone calls for the next 3 days. No allergic
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Continued

Patient 1 Patient 2

Timepoint Event Timepoint Event

value (4.1 mmol/L) within the PACMAN-AMI RCT

(NCT03067844)

ezetimibe 10 mg due to statin intolerance and LDL-C

above target value (4.2 mmol/L)

0–7 months Good tolerability of alirocumab 0–2 months Good tolerability of alirocumab

7 months Upper respiratory tract infection 2 months First COVID-19 vaccination into the right deltoid

muscle

7 months First ISR to alirocomab at the right thigh (Figure 1)

Treatment with local mometason

2 months

2 days

ISR to alirocumab at the left deltoid muscle (Figure 2)

No specific treatment

7 months

7 days

Resolution of ISR symptoms, persistence of mild cough and

fatigue

2 months

4 days

Spontaneous resolution of ISR symptoms

7 months 14 days Second ISR to alirocumab at the left thigh

Treatment with local clobetasol, oral cetirizine, and cooling

2 months

16 days

Alirocumab injection at the right deltoid muscle without

any adverse event

7 months

21 days

Resolution of ISR and respiratory symptoms 3 months Second COVID-19 vaccination into left deltoid muscle

8 months In-patient visit for alirocumab injection at the abdomen with

immediate application of local clobetasol and cooling with

no subsequent reaction

3 months

6 days

Alirocumab injection at right deltoid muscle without

any adverse event

8 months 14 days

to 9 months

2 alirocumab injections at home into right thigh and left

thigh, respectively, without any adverse event

3 months 20

days

Alirocumab injection at left deltoid muscle without any

adverse event

ISR, injection site reaction; LDL-C, low-density lipoprotein cholesterol; RCT, randomized-controlled trial; STEMI, ST-elevation myocardial infarction.

Figure 1 Injection site reaction of Patient 1.
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reaction occurred. The patient continued alirocumab at the regular
biweekly intervals without any prophylactic post-injection treatment,
and subsequent alirocumab administrations were not followed by
any adverse local or systemic reaction.

Patient 2
A 77-year-old man with recurrent ischaemic cerebrovascular events
and dyslipidemia developed statin intolerance with myalgias and had a
TC of 5.8 mmol/l and an LDL-C of 4.2 mmol/L under ezetimibe
10 mg. PSCK9 inhibitor therapy with biweekly alirocumab 150 mg
s.c. was initialized and tolerated well throughout 2 months. Allergic
and atopic anamnesis was unremarkable.

After 2months, the patient received the first dose of COVID-19 vac-
cination (tozinameran 0.3 ml, ©Pfizer) administered into to the right
deltoid muscle. He experienced no signs of local or systemic symptoms
upon vaccination. Two days later, he routinely injected alirocumab at
the left deltoid muscle. An itching erythema occurred within a few min-
utes upon drug administration (Figure 2). No other skin lesions were
present, and vital signs were stable, and there were no signs of systemic
allergic reaction. He denied any new clothes, washing powders, shower
gels, body lotions, or other cosmetic agents, denied recent travelling,
signs of systemic infection, or other affected persons in his environment.
Therefore, an alirocumab-induced ISR was postulated.

The patient did not apply any specific treatment and did not seek
medical attention for his condition. Symptoms resolved spontaneously
within 2 days. The next injection at the right deltoidmuscle was well tol-
erated without any adverse effect. After the 2nd COVID-19 vaccination
(tozinameran 0.3 ml,©Pfizer), the patientwaited 6 days before injection
of the next dose of alirocumab, and no ISR occurred. Thereafter, con-
tinued treatment with alirocumab did not cause further ISR.

Discussion
Injection site reaction are established side effects of PCSK9 inhibitors
occurring in 2.4–4.9% of patients.3–5 In the largest trial of alirocumab,

ODYSSEY OUTCOMES, ISR occurred in 3.8% of alirocumab-
treated patients, leading to drug discontinuation in 7.2% of affected
patients.4 Pathophysiologically, ISR can be divided into two groups
according to the mechanism of reaction to excipient(s) or the drug
itself: irritative reactions and allergic reactions.6,7 In irritative reac-
tions, the causative agent triggers an unspecific activation of the in-
nate immune system, leading to a rapid response, usually within
minutes/hours after contact with the irritant.6–8 In allergic reactions,
the immune system responds to non-self-antigens or to
self-proteins/-peptides, which have been modified by exogenous
chemicals rendering them immunogenic (haptenization). This is fol-
lowed by activation of both the innate and adaptive immune system
involving IgE, IgG, complement, or T cells and can be divided into two
phases: the initial sensitization phase, where the skin comes into con-
tact with the chemical for the first time, and the elicitation phase oc-
curring after a second encounter with the causative agent.8 Type I
allergic reactions are immediate (within minutes) reaction mediated
by mast cells, IgE, and histamine. Type IV allergic reactions are de-
layed (within .12–24 h) reactions mediated by T cells, cytokines,
and cytotoxicity.6–8 Injection site reaction to other biological drugs
have been reported to manifest during the first 1–2 months of treat-
ment initiation and up to 1 week after injection.9 The mean duration
of reaction is 3–5 days.10 Clinically, it is difficult to differentiate irrita-
tive from allergic ISR without further laboratory analyses or hist-
ology. However, ‘recall ISR’ at previous injection sites upon
repeated stimuli by the agent at other locations is a typical hallmark
of allergic ISR.11

For both types of ISR, the presence of a pro-inflammatory milieu,
e.g. in the context of concomitant infections, can substantially lower
the threshold for local immune reactions.8,12 As both of our patients
tolerated alirocumab initially well and showed only transient ISR dur-
ing an acute activation of the immune system (upper respiratory tract
infection and COVID-19 vaccination), we hypothesize that the pres-
ence of a pro-inflammatory milieu during alirocumab injection might
have facilitated immune reaction against the drug (or excipients) re-
sulting in transient ISR. Epicutaneous patch testing would be neces-
sary to further investigate cutaneous contact sensitization to the
drug or its excipients. Since both patients were able to continue ther-
apy, we refrained from a further allergic work-up. Notwithstanding
this limitation, the clinical course in both patients supports our as-
sumptions. Patient 1 had an ISR after injecting alirocumab during
an upper respiratory tract infection, which was still to some extent
ongoing (mild cough, fatigue) during the second ISR but was no long-
er present at the time of the next (third) injection, upon which no ISR
occurred. During the third alirocumab administration, immediate ap-
plication of clobetasol and cooling after the injection might have pre-
vented a third ISR;6 however upon subsequent injections without any
post-injection treatment after complete resolution of infection
symptoms, no ISR recurred. Patient 2 showed an ISR upon injecting
alirocumab 2 days after the first COVID-19 vaccination but not upon
prolonging the interval between the second COVID-19 vaccination
and alirocumab administration to 6 days. Thus, a temporal relation-
ship between activated immune system and ISR can be established in
both patients.
Injection site reactions are generally managed with local steroids,

cooling, as well as oral antihistamines and systemic steroids, as
needed.6,13 Furthermore, it was shown that the incidence of ISR

Figure 2 Injection site reaction of Patient 2.
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can be reduced by proper skin sterilization techniques, room tem-
perature of the injective agent, alternation of injection sites, and
avoidance of sensitive skin locations,6 all of which were applied in
the presented patients at all time points. Therefore, the only changing
condition was the presence of a pro-inflammatory state.

Proprotein convertase subtilisin kexin 9 inhibitors are expected to
be prescribed to an increasing number of patients globally, as recent-
ly, LDL-C goals in patients with dyslipidemia have been lowered, ne-
cessitating more frequently the addition of PCSK9 inhibitors.1,2 As
ISR is one of the most frequent complications of PCSK9 inhibitors4,5

and immune activation states occur frequently, this case series may ad-
dress an important topic that should raise awareness among physicians
managing patients on PCSK9 inhibitors by highlighting that unneces-
sary treatment cessation with these intensive LDL-lowering drugs
(with associated increase in residual cardiovascular risk) should be
avoided in the context of transient, and fully reversible ISR.

The strengths of the current case series are the clear temporal re-
lationship between ISR and immune system activation in two individ-
ual patients and the close follow-up of both patients. Limitations are
the lack of allergic work-up, laboratory analyses of immune para-
meters such as complement activation or circulating immune com-
plexes, and histological investigations of the ISR; therefore, a
definite causal relationship between presumed immune system acti-
vation and ISR cannot be firmly established, and the distinction be-
tween irritative and allergic ISR was not possible. Furthermore,
widespread clinical extrapolations cannot be made on the basis of
this small case series and our findings merit further large-scale inves-
tigation in the future, including immunological and histological profil-
ing of patients with transient ISRs in the context of immune system
activation. This should also be performed for the second clinically ap-
proved and widely used PCSK9 inhibitor, evolocumab.

To the best of our knowledge, these are the first two cases to re-
port on transient ISR to alirocumab during presumed immune sys-
tem activation after initial good tolerability for several (up to 7)
months. Based on the transient and benign nature of the reactions,
such patients should be encouraged to continue treatment under
proper supervision and following appropriate therapy, as tolerability
may return after resolution of the pro-inflammatory state.
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