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Abstract Proprotein convertase subtilisin/kexin type 9

(PCSK9) increases plasma low-density lipoprotein

cholesterol (LDL-C) by decreasing expression of the LDL

receptor on hepatic cells. Evolocumab is a human mono-

clonal immunoglobulin G2 that binds specifically to human

PCSK9 to reduce LDL-C. Evolocumab exhibits nonlinear

kinetics as a result of binding to PCSK9. Elimination is

predominantly through saturable binding to PCSK9 at

lower concentrations and a nonsaturable proteolytic path-

way at higher concentrations. The effective half-life of

evolocumab is 11–17 days. The pharmacodynamic effects

of evolocumab on PCSK9 are rapid, with maximum sup-

pression within 4 h. At steady state, peak reduction of

LDL-C occurs approximately 1 week after a subcutaneous

dose of 140 mg every 2 weeks (Q2W) and 2 weeks after a

subcutaneous dose 420 mg once monthly (QM), and

returns towards baseline over the dosing interval. In several

clinical studies, these doses of evolocumab reduced LDL-C

by approximately 55–75% compared with placebo. Evo-

locumab also reduced lipoprotein(a) [Lp(a)] levels and

improved those of other lipids in clinical studies. No

clinically meaningful differences in pharmacodynamic

effects on LDL-C were observed in adult subjects regard-

less of mild/moderate hepatic impairment, renal impair-

ment or renal failure, body weight, race, sex, or age. No

clinically meaningful differences were observed for the

pharmacodynamic effects of evolocumab on LDL-C

between patients who received evolocumab alone or in

combination with a statin, resulting in additional lowering

of LDL-C when evolocumab was combined with a statin.

No dose adjustment is necessary based on patient-specific

factors or concomitant medication use.

Key Points

Evolocumab, a human monoclonal immunoglobulin

that binds specifically to human proprotein

convertase subtilisin/kexin type 9 (PCSK9) on

hepatic cells to reduce low-density lipoprotein

cholesterol (LDL-C), exhibits nonlinear kinetics and

a half-life of 11–17 days.

Maximal suppression of PCSK9 occurs within 4 h,

and peak reduction of LDL-C, ranging from 55 to

75%, occurs approximately 1–2 weeks after a dose

of evolocumab.

Patient-specific factors do not have a clinically

meaningful effect on the pharmacodynamic effects

of evolocumab; thus, no dose adjustment is

necessary based on patient-specific factors or

concomitant medication use.
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1 Introduction

Cardiovascular disease is the leading cause of death and

disability globally [1, 2]. Dyslipidemia is a major, com-

mon, and modifiable risk factor for cardiovascular disease

[1, 2]. Randomized clinical studies aimed at lowering low-

density lipoprotein cholesterol (LDL-C) show a consistent

relationship between LDL-C reduction and cardiovascular

risk reduction [3], particularly for treatments that act

through the LDL-C receptor (LDLR) [4]. The relationship

between lower LDL-C and reduction of major cardiovas-

cular events extends to the lowest limit of LDL-C tested,

with no evidence of attenuation of cardiovascular benefits

at very low levels of LDL-C [4].

Statins, the first-line treatment for primary hyperlipi-

demia and mixed dyslipidemia, reduce both LDL-C

(30–40% with standard doses [5]) and cardiovascular

events [3, 4]. However, in clinical practice, approximately

one in four patients with hyperlipidemia, including one in

six low-risk patients and one in three high-risk patients,

continues to have elevated LDL-C and does not achieve

traditional treatment goals with statin therapy [6]. Less

than 50% of patients are adherent to statin therapy at 1 year

[7]. Some of the nonadherence in clinical practice is

attributable to statin intolerance, most commonly because

of myopathy, which can lead to either lower doses or

complete discontinuation of statin therapy [8].

Few established medical treatment options significantly

reduce cardiovascular events among patients who require

additional LDL-C lowering after an adequate trial of statin

therapy. Among patients with a history of acute coronary

syndromes, adding a second lipid-lowering therapy (eze-

timibe) to a statin lowered mean LDL-C to 53.7 mg/dl

compared with 69.5 mg/dl with a statin alone (a relative

LDL-C reduction of 23%), and the combination signifi-

cantly reduced the incidence of cardiovascular outcomes

compared with a statin alone [9].

An enhanced understanding of the regulation of LDL-C

led to the development of targeted therapy to lower LDL-C

via novel mechanisms. Recycling of the LDLR to the

surface of normal hepatic cells regulates plasma LDL-C

[10, 11]. Proprotein convertase subtilisin/kexin type 9

(PCSK9) is a serine protease that decreases expression of

LDLRs on hepatic cells, leading to increased plasma LDL-

C (Fig. 1) [12, 13]. Human genetic studies identified gain-

of-function mutations in the PCSK9 gene that are associ-

ated with elevated serum LDL-C levels and premature

coronary heart disease and also identified other loss-of-

function mutations in the PCSK9 gene that are associated

with low serum LDL-C levels [14–17].

Evolocumab (REPATHA�, Amgen, Inc.) is a human

monoclonal immunoglobulin G2 (IgG2) that binds

specifically to human PCSK9 to inhibit its effects on

LDLR, resulting in reduction of LDL-C. In randomized

placebo-controlled clinical studies, evolocumab doses of

140 mg every 2 weeks (Q2W) or 420 mg once monthly

(QM) for 12 weeks reduced LDL-C by approximately

55–75%, compared with placebo, at the mean of weeks 10

and 12 among patients with primary hyperlipidemia and

mixed dyslipidemia who received evolocumab either as

monotherapy [18, 19] or in combination with a statin

[20, 21] and in patients with heterozygous familial hyper-

cholesterolemia (HeFH) who received evolocumab with a

statin [22, 23]. In randomized active-control studies, these

doses of evolocumab for 12–24 weeks reduced LDL-C by

approximately 35–45% compared with ezetimibe in

patients with primary hyperlipidemia and mixed dyslipi-

demia [18, 19], including patients with documented statin

intolerance [24–26]. Robust reductions in LDL-C persisted

through 1 year of evolocumab therapy in a placebo-con-

trolled study [27] and two active-controlled studies versus

standard of care [28]. Evolocumab also reduced LDL-C

compared with placebo when added to other lipid-lowering

therapy in patients with homozygous familial hyperc-

holesterolemia (HoFH) [29, 30]. The safety profile for

evolocumab was generally similar to that for control (pla-

cebo or ezetimibe) in each of these studies, and in a pooled

analysis of efficacy and safety across four studies [31]. A

randomized, double-blinded study of patients with coro-

nary disease who were treated with evolocumab 420 mg

QM or placebo for 18 months showed that a 60% mean

reduction in LDL-C in the evolocumab group was associ-

ated with regression of coronary atherosclerosis on

intravascular ultrasound [32].

Evolocumab was approved in the EU in July 2015 for

use in the following populations: in combination with a

statin, with or without other lipid-lowering therapies, in

adults with primary hypercholesterolemia (HeFH or non-

familial hypercholesterolemia) or mixed dyslipidemia who

are unable to reach LDL-C goals with the maximum tol-

erated dose of a statin; or alone or in combination with

other lipid-lowering therapies in patients who are statin

intolerant or for whom a statin is contraindicated. Evolo-

cumab was also approved for use in the EU in adults and

adolescents agedC 12 years with HoFH in combination

with other lipid-lowering therapies. In the USA, evolocu-

mab was approved in August 2015 for use in combination

with maximally tolerated statin therapy for adults with

HeFH or clinical atherosclerotic cardiovascular disease

who require additional lowering of LDL-C, or in combi-

nation with other LDL-lowering therapies (e.g., statins,

ezetimibe, LDL apheresis) in patients with HoFH who

require additional lowering of LDL-C. This review sum-

marizes the clinical pharmacokinetic and pharmacody-

namic properties of evolocumab.
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2 Clinical Pharmacology

2.1 Structure and Physicochemical Properties

Evolocumab is a human monoclonal IgG2 directed against

human PCSK9 [33]. Binding of evolocumab to PCSK9

inhibits circulating PCSK9 from binding to the LDLR. This

prevents PCSK9-mediated LDLR degradation and allows

LDLR to recycle back to the hepatic cell surface, thereby

lowering serum LDL-C concentrations (Fig. 1).

2.2 Nonclinical Pharmacology

Nonclinical studies were conducted to assess the pharma-

cokinetics and pharmacodynamics of evolocumab [33].

In vitro, evolocumab bound PCSK9 with high affinity, with

equilibrium dissociation constants of 4, 4, and 160 pM, for

human, cynomolgus, and mouse PCSK9, respectively.

Evolocumab sterically hindered binding of PCSK9 to

LDLR, with a half-maximal inhibition (IC50) of

2.08± 1.21 nM. Incubation of the statin mevinolin with

HepG2 cells increased LDLR protein levels 1.6- to 2.3-fold

compared with untreated cells; when evolocumab was

added to mevinolin, LDLR protein levels increased 5.3- to

9.2-fold compared with untreated cells.

In mice, a single intravenous injection of evolocumab

10 mg/kg reduced total cholesterol by 20, 26, and 28% at

24, 72, and 144 h after injection, respectively [33]. The

magnitude and duration of the effects of evolocumab were

dose related: total cholesterol at 3 days after an injection of

evolocumab 3, 6, or 10 mg/kg was reduced from baseline

by 26, 28, and 36%, respectively. By day 12, total

cholesterol levels in all treatment groups were similar to

those in control animals. Administration of evolocumab in

mice without LDLR did not significantly alter LDL-C

Fig. 1 Mechanism of action: PCSK9 inhibition with evolocumab

increases LDL-R and decreases serum concentrations of LDL-C

[10, 12, 13, 33, 52–55]. a The liver is responsible for catabolism of

plasma LDL. Hepatocytes express LDL-R that bind LDL and remove

it from the plasma. Upon internalization, vesicles containing the

LDL–LDL-R complex fuse with endosomes. LDL-R cycles back to

the hepatocyte surface to bind additional LDL. Free LDL in

endosomes is degraded into lipids, free fatty acids, and amino acids.

b PCSK9 is a protein that regulates the expression of LDL-R in the

liver. Hepatocytes produce a precursor of PCSK9 that undergoes self-

cleavage in the endoplasmic reticulum and ultimately is secreted into

plasma as functional PCSK9. Extracellular PCSK9 binds to LDL-Rs

on the surface of the hepatocyte and is internalized with the LDL–

LDL-R complex. The LDL-R–PCSK9 complex is routed to the

lysosome for degradation, thereby preventing the cycling of LDL-R

back to the hepatocyte surface. The reduced concentration of LDL-R

on the surface of hepatocytes results in a lower rate of plasma LDL

elimination. c A monoclonal antibody directed against PCSK9 could

lower LDL if binding to circulating PCSK9 blocks the interaction of

PCSK9 with cell surface LDL-R. Internalized LDL-R could cycle

back to the cell surface instead of being degraded in lysosomes,

leading to increased concentrations of LDL-R on the cell surface.

This could result in a higher LDL elimination rate by hepatocytes and

an overall reduction in plasma LDL. LDL-C low-density lipoprotein

cholesterol, LDL-R low-density lipoprotein receptor, PCSK9 propro-

tein convertase subtilisin/kexin type 9
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concentrations, indicating that presence of the LDLR is

required for lipid lowering with evolocumab therapy.

In cynomolgus monkeys with an average predose serum

LDL-C of 72 mg/dl, a single intravenous dose of evolo-

cumab at 3 mg/kg lowered total cholesterol by a maximum

of 48% at day 10 compared with an increase of 5% in

control animals who received a single dose of a control

antibody against keyhole limpet hemocyanin [33]. A larger

treatment effect was seen for LDL-C, which decreased by

80% at day 10 in the evolocumab group and increased by

17% in the control group. Unbound PCSK9 decreased

by[97% by 15 min after the evolocumab injection,

remained at this level through 3 days, and then gradually

returned to baseline by 14 days.

3 Clinical Pharmacokinetics

3.1 Data Sources

A total of 26 global clinical studies provided information

on the pharmacokinetic and pharmacodynamic properties

of evolocumab in vivo. Eight were clinical pharmacoki-

netic studies with frequent sampling after a single dose or

multiple doses of evolocumab by intravenous or subcuta-

neous administration in healthy subjects or patients with

primary hyperlipidemia and mixed dyslipidemia [34, 35],

in patients with hepatic impairment [36], or in patients with

renal impairment [37]. Two were clinical biopharmaceutics

studies of evolocumab by subcutaneous administration to

demonstrate the pharmacokinetic equivalence of different

product presentations. Supportive pharmacokinetics results

were obtained from 16 phase II or phase III efficacy/safety

studies with infrequent sampling in which evolocumab was

administered subcutaneously Q2W or QM [18–30, 38]. The

phase II studies generally collected samples for pharma-

cokinetics and pharmacodynamics at weeks 0, 2, 4, 6, 8,

10, and 12; a subset of patients in two of these studies

[18, 20] participated in a pharmacokinetics/pharmacody-

namics substudy and provided additional samples at weeks

9 and 11. The phase III studies generally collected samples

for pharmacokinetics and pharmacodynamics only at

weeks 0, 2, 10, and 12.

3.2 Sampling and Assays

Venous blood samples for pharmacokinetic measurements

were collected into tubes containing no anticoagulant and

allowed to clot at room temperature for 30–60 min. Sam-

ples were then centrifuged, and serum aliquots were pre-

pared and stored at - 80 �C. Unbound evolocumab was

measured in serum using a validated enzyme-linked

immunosorbent assay with highly specific anti-idiotype

antibodies for capture and detection of evolocumab. The

validated procedure required accuracy and precision

of± 15 andB 15%, respectively, for the standard, and± 20

andB 15%, respectively, for the quality control samples.

3.3 Pharmacokinetic Overview

Evolocumab exhibits nonlinear kinetics as a result of binding

to PCSK9, predominantly evident at doses\140 mg

[39, 40]. Subcutaneous administration of evolocumab

140 mg in healthy volunteers resulted in a mean± standard

deviation (SD) maximum drug serum concentration (Cmax)

of 18.6± 7.3 lg/ml and mean ± SD area under the con-

centration–time curve (AUClast) of 188± 98.6 day�lg/ml.

Subcutaneous administration of evolocumab 420 mg in

healthy volunteers resulted in a mean ± SD Cmax of

59.0± 17.2 lg/ml and mean ± SD AUClast of

924± 346 day�lg/ml. Following a single intravenous dose

of 420 mg, themean± SD systemic clearance was estimated

to be 12± 2 ml/h. An approximate two- to threefold accu-

mulation was observed in mean ± SD trough serum con-

centrations following subcutaneous administration of

evolocumab 140 mg Q2W (Cmin 7.21± 6.6) or 420 mg QM

(Cmin 11.2± 10.8), and trough serum concentrations

approached steady state by 12 weeks of dosing.

3.4 Absorption

Following a single subcutaneous dose of evolocumab

140 mg or 420 mg administered to healthy adults, median

peak serum concentrations were attained in 3–4 days, and

estimated absolute bioavailability was 72%. Dose propor-

tional increases in exposure were observed with dose reg-

imens ofC 140 mg.

3.5 Distribution

Following a single intravenous dose of evolocumab

420 mg, the mean± SD steady-state volume of distribution

was estimated to be 3.3± 0.5 l, suggesting evolocumab has

limited tissue distribution.

3.6 Metabolism and Elimination

Following a single intravenous dose of evolocumab

420 mg, the mean± SD systemic clearance was estimated

to be 12± 2 ml/h. Evolocumab appeared to have two

elimination phases [40]. At low concentrations, the elimi-

nation was predominately through saturable binding to the

target (PCSK9). At higher concentrations, elimination was

largely through a nonsaturable proteolytic pathway. Evo-

locumab was estimated to have an effective half-life of

11–17 days.
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3.7 Immunogenicity

Across 26 placebo-controlled and active-controlled clinical

trials, 0.1% of patients treated with at least one dose of

evolocumab tested positive for binding antibody develop-

ment. None of these patients tested positive for neutralizing

antibodies. There was no evidence that anti-drug binding

antibodies affected the pharmacokinetic profile, clinical

response, or safety of evolocumab. No dose adjustment is

necessary based on immunogenicity. The long-term con-

sequences of continuing evolocumab treatment in the

presence of anti-drug binding antibodies are unknown.

4 Pharmacodynamics

4.1 Inhibition of PCSK9

A quantitative enzyme-linked immunosorbent assay

(ELISA) was developed to evaluate the effects of evolo-

cumab on unbound PCSK9 in human serum [41]. The

precision and accuracy of the assay to detect endogenous

PCSK9 was demonstrated, with coefficients of variation

ofB 15% and bias ofB 20%. Following single subcuta-

neous administration of evolocumab 140 mg or 420 mg,

maximum suppression of circulating unbound PCSK9

occurred by 4 h (Fig. 2). Unbound PCSK9 concentrations

returned toward baseline when evolocumab concentrations

decreased below the limit of quantitation. No increase in

PCSK9 above baseline was observed during the washout of

evolocumab (Fig. 2).

4.2 Effects on Low-Density Lipoprotein Cholesterol

(LDL-C) and Other Lipids

A single subcutaneous administration of evolocumab

140 mg or 420 mg resulted in a reduction in LDL-C, with

peak LDL-C reduction by 14 and 21 days, respectively

(Fig. 2). No increase in LDL-C above baseline was

observed during the washout of evolocumab (Fig. 2). With

repeated doses, LDL-C levels declined and returned

towards baseline over the dosing interval. The magnitude

was dependent on both the dose and the dose interval; the

nadir for LDL-C occurred at approximately 1 week after

Q2W dosing and approximately 2 weeks after QM dosing

[42].

In phase II and phase III clinical studies of patients with

primary hyperlipidemia (familial or nonfamilial) and

mixed dyslipidemia, evolocumab significantly reduced

LDL-C [18–30, 38]. Evolocumab also increased high-

density lipoprotein cholesterol (HDL-C) and apolipopro-

tein A1 (ApoA1), and decreased total cholesterol and other

lipids, in patients with primary hyperlipidemia and mixed

dyslipidemia [18–21, 24–28, 38] or HeFH [22, 23]. Across

those studies, evolocumab reduced triglycerides less

effectively than it reduced other lipids, but evolocumab has

similar effects on LDL-C in patients with or without mixed

dyslipidemia due to elevated triglycerides [43]. A pooled

analysis of data across ten clinical studies determined that

evolocumab reduced Lp(a) by approximately 20–25% in

the randomized studies, and the reductions were main-

tained through week 52 of the open-label extension studies

[44]. The reduction in Lp(a) was mediated in part by

LDLR-mediated uptake [45]. The mechanism of action of

PCSK9 monoclonal antibodies on lipoprotein metabolism

was investigated in healthy volunteers using stable isotope

tracer kinetics [46]. Evolocumab decreased the concentra-

tion of atherogenic lipoproteins, particularly LDL-C, by

accelerating their catabolism.

a

b

µ
µ

Fig. 2 Mean unbound evolocumab serum concentrations and geo-

metric mean percent change from baseline in ultracentrifugation

LDL-C and unbound PCSK9 in healthy subjects. a Single-dose SC

evolocumab 140 mg. b Single-dose SC evolocumab 420 mg. LDL-C

low-density lipoprotein cholesterol, PCSK9 proprotein convertase

subtilisin/kexin type 9, SC subcutaneous. Amgen data on file

Clinical Pharmacokinetics and Pharmacodynamics of Evolocumab 773



4.3 Dose Selection

The pharmacokinetic/pharmacodynamic relationship for

evolocumab was described using a mathematical model

that captured evolocumab binding and removal of unbound

PCSK9 as well as reduction in LDL-C [40]. Data for this

analysis were pooled from the first two phase I studies,

including a single-dose study in healthy subjects and a

multiple-dose escalation study in statin-treated patients

with hypercholesterolemia. A target-mediated drug dispo-

sition model described the time course of unbound evolo-

cumab concentrations and removal of unbound PCSK9.

The estimated linear clearance and volume of distribution

for evolocumab were 0.256 l/day and 2.66 l, respectively.

In this model, PCSK9 inhibited the elimination of LDL-C

in a concentration-dependent manner. The concentration of

unbound PCSK9 associated with IC50 of LDL-C elimina-

tion was 1.46 nM. Thus, after administration of evolocu-

mab, reduced levels of circulating PCSK9 led to enhanced

elimination of LDL-C and an overall reduction in circu-

lating LDL-C in serum. Based on simulations, 140 mg

Q2W and 420 mg QM were predicted to achieve similar

reductions in LDL-C, suggesting that an approximate

threefold dose increase is required for a twofold extension

in the dosing interval.

In an analysis of pooled data from two phase II studies,

each of which included a pharmacokinetic and pharmaco-

dynamic substudy with weekly blood samples at steady

state (weeks 8–12), higher doses of evolocumab (140 mg

or 420 mg) produced a greater and more sustained LDL-C

response over the dosing interval than did a lower dose

(70 mg) [42]. The higher doses of evolocumab also pro-

duced a greater and more sustained reduction in unbound

PCSK9 than the lower dose, consistent with the time course

of LDL-C. Because a single measurement of lipids does not

represent lipid-lowering accurately for an inhibitory mon-

oclonal antibody administered Q2W or QM, the pooled

analysis included lipid-lowering results from the end of

study (week 12), the average of weeks 10 and 12, and the

time-averaged effect (TAE) from weeks 8, 9, 10, 11, and

12. In these analyses, evolocumab 140 mg Q2W and

420 mg QM were therapeutically equivalent in LDL-C

lowering and improvement in other lipids (Fig. 3), as well

as safety and tolerability. Higher doses also reduced the

variability in LDL-C response over the dosing interval than

did lower doses. Thus, subcutaneous evolocumab 140 mg

Q2W and 420 mg QM were chosen for the pivotal phase

III studies.

4.4 Effect of Baseline PCSK9 on LDL-C Response

The effect of baseline PCSK9 on reductions in LDL-C

were evaluated using pooled data from four phase III

randomized clinical studies [47]. Across all quartiles of

baseline PCSK9 concentrations, evolocumab 140 mg Q2W

and 420 mg QM suppressed circulating PCSK9 levels by

90–100% within 1 week of administration. Regardless of

baseline PCSK9, both evolocumab 140 mg Q2W and

420 mg QM were associated with significant and consistent

reductions in LDL-C.

4.5 Effect on Cardiovascular Disease

In a randomized placebo-controlled study of 27,564

patients with atherosclerotic cardiovascular disease and

LDL-CC 70 mg/dl who were receiving statin therapy,

adding evolocumab 140 mg Q2W or 420 mg QM for a

median of 2.2 years lowered LDL-C and significantly

reduced the risk of the primary endpoint, which was a

composite of cardiovascular death, myocardial infarction,

stroke, hospitalization for unstable angina, or coronary

revascularization [48]. A separate randomized placebo-

controlled study of 968 patients with angiographic coro-

nary disease showed that the addition of evolocumab

resulted in a greater decrease in percent atheroma volume

compared with placebo after 76 weeks of treatment [32].

5 Pharmacokinetics and Pharmacodynamics
in Specific Populations

5.1 Hyperlipidemic Patients vs Healthy Subjects

In a cross-study comparison of pharmacokinetics among

healthy subjects after a single dose of evolocumab and

patients with hyperlipidemia after two doses of evolocu-

mab, the Cmax of unbound evolocumab was comparable

between the two populations (Table 1). After adjustment

for the number of doses, the AUC for unbound evolocumab

was also comparable between healthy subjects and patients

with hyperlipidemia (Table 1).

5.2 Familial vs Non-Familial Hyperlipidemia

The Cmax and AUC for unbound evolocumab were not

determined for patients with HeFH because the phase II

study in this population [22] did not include a pharma-

cokinetics substudy. In phase III studies, similar serum

evolocumab concentrations and pharmacodynamic effects

were observed for patients with HeFH compared with the

overall population of patients with primary hyperlipidemia

and mixed dyslipidemia who were treated with a statin and

evolocumab.

Patients with HoFH who did not require lipid apheresis

could participate in a 12-week phase II/III study in which

they received either evolocumab 420 mg or placebo QM

774 S. Kasichayanula et al.



[29, 30]. After the 12-week study, these patients could

enroll in a long-term extension study in which they

received open-label evolocumab 420 mg QM [44].

Mean± SD unbound evolocumab serum concentrations at

open-label weeks 4, 8, and 12 (i.e., trough concentrations)

were 9.31± 6.92, 12.7± 11.1, and 13.1± 11.5 lg/ml,

respectively. Mean±SD unbound evolocumab serum

concentrations at weeks 2, 6, and 10 (i.e., peak concen-

trations) were 38.6 (n = 1), 33.7 (n = 20.1), and 44.6

(n = 19.3) lg/ml, respectively. Patients with HoFH who

required lipid apheresis were not enrolled in the 12-week

study but could enroll directly in the long-term extension

study. These patients received a more frequent dose of

evolocumab 420 mg Q2W. Mean± SD unbound evolocu-

mab serum concentrations pre-apheresis at open-label

weeks 2, 4, 6, 8, 10, and 12 (i.e., trough concentrations)

ranged from 31.1± 13.1 to 77.0± 27.2 lg/ml for these

patients.

5.3 Hepatic Impairment

No dose adjustment is necessary in patients with

mild/moderate hepatic impairment. Exposure to evolocu-

mab after a single dose of 140 mg was approximately

40–50% lower in patients with mild to moderate hepatic

impairment (Child–Pugh A or B) than in patients with

normal hepatic function [36]. Possible mechanisms for this

observation are not known, and no statistically significant

trends in evolocumab pharmacokinetics with advancing

degree of hepatic impairment were noted. The pharmaco-

dynamic profiles (LDL-C and PCSK9) and safety profile in

patients with mild or moderate hepatic impairment were

similar to those in patients with normal hepatic function.

5.4 Renal Impairment

No dose adjustment is necessary in patients with renal

impairment. In a phase I single-dose study, exposure to

evolocumab after a single dose of 140 mg appeared to

decrease in patients with severe renal impairment or end-

stage renal disease compared with patients with normal

renal function [49]. Possible mechanisms for this obser-

vation are not known. The pharmacodynamic profiles

(LDL-C and PCSK9) and safety profile in patients with

severe renal impairment or end-stage renal disease were

similar to those in patients with normal renal function.

Fig. 3 Percent change (mean

and 95% confidence interval)

from baseline for lipid

parameters: time-averaged

effect, mean of weeks 10 and

12, and week 12. ApoA1

apolipoprotein A1, ApoB

apolipoprotein B, HDL-C high-

density lipoprotein cholesterol,

LDL-C low-density lipoprotein

cholesterol, Q2W once every

2 weeks
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5.5 Body weight

No dose adjustment is necessary based on body weight.

Evolocumab exposure tends to be lower in heavier patients

than in lighter patients, but due to large inter-subject

variability in exposure, there was extensive overlap in

evolocumab exposures across the weight range of patients

included in clinical studies (Fig. S1 in the Electronic

Supplementary Material [ESM]). In cross-study compar-

isons across the initial phase II and III studies, no effect of

body weight on LDL-C reduction was observed (Fig. S2 in

the ESM).

5.6 Race

No dose adjustment is necessary based on race. In a phase I

comparative study, healthy Japanese and healthy White

subjects had similar pharmacokinetics and pharmacody-

namics [35]. Across the initial phase II and III studies,

pharmacokinetics and pharmacodynamics were similar

across racial groups (Fig. S3 in the ESM).

5.7 Sex

No dose adjustment is necessary based on sex. Across the

phase II and III studies, differences between female and

male patients in median trough serum concentrations were

approximately 48 and 18% higher for female patients who

received subcutaneous evolocumab 140 mg Q2W and

subcutaneous evolocumab 420 mg QM, respectively.

Female patients had lower body weight than male patients

and were therefore expected to have higher trough con-

centrations (Fig. S4 in the ESM). Pharmacodynamic effects

(LDL-C reductions) were similar between men and women

at these doses.

5.8 Age

No dose adjustment is necessary based on age. Across the

initial phase II and III studies, no relationship was observed

between age and pharmacokinetics or pharmacodynamics

in patients aged 18–80 years (Fig. S5 in the ESM).

5.9 Population Pharmacokinetics and Exposure-

Response Relationships

Data were pooled for 5468 patients in 11 clinical studies

who received evolocumab to characterize population

pharmacokinetics and predict LDL-C response in relation

to exposure. Modeling confirmed evolocumab has nonlin-

ear pharmacokinetics, and predictions suggested similar

maximal LDL-C reduction of 66% at the mean of weeks 10

Table 1 Unbound evolocumab

pharmacokinetic parameters for

evolocumab monotherapy

across patient populations in

clinical studies [18, 20, 34]

Variables Cmax (lg/ml) AUC (lg�day/ml)

Evolocumab 140 mg Q2W

Monotherapy

Healthy (phase I single-dose) 46; 18.8± 7.45 42; 188± 95.6a

Healthy (phase I multiple-dose) – 0b; –

Hyperlipidemia (phase II substudy) 21; 23.7± 14.7 21; 387± 271a

Combination therapy with a statin

Hyperlipidemia (phase II substudy) 19; 17.6± 9.06 19; 304± 200a

Evolocumab 420 mg QM

Monotherapy

Healthy (phase I single-dose) 6; 46.0± 17.2 6; 842± 333c

Healthy (phase I multiple-dose) 130; 59.0± 17.2 118; 924± 346c

Hyperlipidemia (phase II substudy) 21; 62.9± 24.3 21; 962± 459c

Combination therapy with a statin

Hyperlipidemia (phase II substudy) 21; 54.6± 23.8 21; 746± 342

Data are presented as n; mean± standard deviation

AUC area under the concentration–time curve, Cmax maximum observed concentration, QM once monthly,

Q2W every 2 weeks, SD standard deviation
aAUC for evolocumab 140 mg included one dose in healthy patients and two doses in patients with primary

hyperlipidemia and mixed dyslipidemia; thus, the AUC for this dose was expected to be approximately

doubled in the phase II substudies compared with the phase I single-dose study
bAll patients in the phase I multiple-dose study received evolocumab 420 mg
cAUC for evolocumab 420 mg included one dose in each study; thus, the AUC was expected to be

comparable between studies for this dose
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and 12 for the 140 mg Q2W and 420 mg QM doses, as

observed. The pharmacodynamic response at the extremes

of intrinsic and extrinsic patient factors such as body

weight and concomitant lipid-lowering therapy was pre-

dicted to be within 26% of the reference patient, which

supported no dose adjustments for evolocumab therapy

based on patient-specific factors. An exposure–response

analysis was conducted to determine the relationships

between evolocumab AUC over weeks 8–12 and mean of

weeks 10 and 12 calculated LDL-C. The recommended

doses of 140 mg Q2W or 420 mg QM led to a response

near the plateau of the exposure–response relationship.

6 Statin Drug–Drug Interactions

Treatment with statins of differing doses and intensities

was associated with lower exposure to unbound evolocu-

mab, with an approximate 20% reduction in Cmax and AUC

compared with monotherapy (Table 1). This finding was

consistent with evidence from other studies that statin

treatment upregulates PCSK9 concentrations [50, 51],

leading to increased binding of evolocumab and thus lower

concentrations of unbound evolocumab. The pharmaco-

dynamic effects of evolocumab on LDL-C are comparable

between evolocumab monotherapy and adding evolocumab

to a statin. Thus, the observed difference in pharmacoki-

netics among patients who receive evolocumab with a

high-intensity statin regimen is not clinically meaningful

and does not affect dosing recommendations.

7 Summary

Cardiovascular disease and dyslipidemia are highly

prevalent causes of death and disability globally. Recent

updates to clinical treatment guidelines recommended

increased use of statin therapy in patients with dyslipi-

demia, but many patients need additional lipid lowering,

are nonadherent to statin therapy, or are statin intolerant.

Evolocumab, a human monoclonal IgG2 that binds

specifically to PCSK9, exhibits nonlinear kinetics. Peak

serum concentrations are reached in 3–4 days. Approxi-

mately two- to threefold accumulation is observed in

trough serum concentrations, which reach steady state by

week 12 (i.e., after three 420 mg QM doses or six 140 mg

Q2W doses). Evolocumab appears to have limited tissue

distribution. Concentration-dependent binding between

drug and target and subsequent elimination of the drug–

target complex augment the elimination of the drug over

the endogenous elimination pathways such as catabolism

by the reticuloendothelial system [40]. Elimination is pre-

dominantly through saturable binding to PCSK9 at lower

concentrations and a non-saturable proteolytic pathway at

higher concentrations. The effective half-life is

11–17 days.

Evolocumab is injected subcutaneously at a dose of

either 140 mg Q2W or 420 mg QM. The pharmacody-

namic effects of evolocumab on PCSK9 are rapid, with

maximum suppression within 4 h of a single dose, whereas

the nadir for LDL-C is more prolonged and occurs by

14 days for a single 140-mg dose and by 21 days for a

single 420-mg dose. At steady state, the LDL-C nadir

occurs approximately 1 week after a 140-mg Q2W dose

and 2 weeks after a 420-mg QM dose. Neither PCSK9 nor

LDL-C rebounds to a level above baseline after evolocu-

mab washout. In numerous clinical studies, evolocumab

reduced LDL-C by approximately 55–75% compared with

placebo at the mean of weeks 10 and 12. The treatment

effect was consistent across a variety of patient populations

with dyslipidemia that received evolocumab for

12–52 weeks, either as monotherapy or added to another

lipid-lowering therapy. A target-mediated drug disposition

model further supported the therapeutic equivalence of

140 mg Q2W or 420 mg QM for LDL-C reduction.

No clinically meaningful differences in pharmacody-

namic effects on LDL-C were observed in adult subjects

regardless of mild/moderate hepatic impairment, renal

impairment or renal failure, body weight, race, sex, or age.

Concomitant use with a statin may decrease exposure to

evolocumab, but no clinically meaningful differences were

observed for the pharmacodynamic effects of evolocumab

on LDL-C between patients who received evolocumab

alone or in combination with a statin. No dose adjustment

is necessary based on patient-specific factors or concomi-

tant medication use. A recently completed placebo-con-

trolled study of approximately 27,500 patients provided

definitive evidence of the efficacy and safety of these doses

of evolocumab to reduce the risk of cardiovascular events

[48].

In conclusion, pharmacokinetic and pharmacodynamic

data from 24 global clinical studies of evolocumab support

the use of either 140 mg Q2W or 420 mg QM, based on

prescriber and patient preference, to reduce LDL-C in

patients with primary hyperlipidemia (familial or nonfa-

milial) and mixed dyslipidemia without the need for dose

adjustment or titration.
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