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Abstract. Objective: Bococizumab, a 
monoclonal antibody targeting proprotein 
convertase subtilisin/kexin type 9, has been 
shown to reduce low-density lipoprotein 
cholesterol (LDL-C). Here, we describe the 
pharmacokinetics and pharmacodynamics 
of bococizumab and its effect on lipoprotein 
particle composition and other biomarkers, 
based on a double-blind, placebo-controlled, 
randomized, dose-ranging study. Materials 
and methods: The study consisted of two 
populations: Japanese subjects with uncon-
trolled LDL-C (LDL-C ≥  100  mg/dL) de-
spite treatment with atorvastatin (n  =  121) 
and Japanese subjects naïve to lipid-lowering 
agents with LDL-C ≥ 130 mg/dL (n = 97). 
Subjects were randomized to receive either 
bococizumab 50, 100, or 150  mg or place-
bo, every 2  weeks. One arm of subjects in 
the atorvastatin-treated population received 
ezetimibe 10  mg instead of bococizumab. 
Results: In both populations, bococizumab 
exposure increased with increasing dose, and 
subjects with lower body weights tended to 
have higher exposures. Bococizumab treat-
ment was associated with a dose-dependent 
reduction in LDL particles and a small in-
crease in total high-density lipoprotein 
(HDL) particles. Significant reductions in li-
poprotein-associated phospholipase A2 (Lp-
PLA2) were observed for bococizumab-treat-
ed subjects but not for subjects treated with 
placebo or ezetimibe. Conclusion: Increased 
bococizumab dosage resulted in increased 
exposure. Levels of LDL and HDL particles 
and biomarkers such as Lp-PLA2 were also 
altered with bococizumab treatment. (Clini-
calTrials.gov identifier: NCT02055976).

What is known about this subject

–– Elevated levels of low-density lipopro-
tein cholesterol (LDL-C) have been cor-

related with an increased risk of cardio-
vascular disease.

–– Inhibition of PCSK9 has emerged as a ef-
fective means of reducing serum LDL-C 
levels.

–– Bococizumab is an investigational 
PCSK9 inhibitor that has been shown 
to reduce LDL-C levels in hypercholes-
terolemic subjects, when administered 
alone or in combination with other lipid-
lowering treatments.

What this study adds

–– Increasing doses of bococizumab result-
ed in increased bococizumab exposure, 
in both atorvastatin-treated and treat-
ment-naïve Japanese subjects; higher 
exposures were observed in subjects with 
lower body weights.

–– A dose-dependent reduction in LDL par-
ticles and an increase in total high-den-
sity lipoprotein particles were observed 
in Japanese subjects following bococi-
zumab treatment; these changes were not 
observed in subjects treated with placebo

–– Japanese subjects treated with bococi-
zumab also exhibited reduced levels (rel-
ative to baseline) of lipoprotein-associat-
ed phospholipase A2 (Lp-PLA2).

Introduction

Epidemiologic studies have demonstrat-
ed a strong correlation between hypercho-
lesterolemia, especially elevated levels of 
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low-density lipoprotein cholesterol (LDL-
C), and the risk of cardiovascular disease 
[1, 2]. Statins and ezetimibe are among the 
most widely prescribed treatments for low-
ering LDL-C levels, which has been shown 
to reduce the risk of heart attack and stroke 
[3, 4]. However, many patients are unable 
to achieve optimal levels of LDL-C despite 
treatment with statins and are still at risk of 
cardiovascular events [5, 6].

Serum LDL-C levels can also be effec-
tively regulated by modulating the cellular 
uptake of LDL particles, which is medi-
ated by the low-density lipoprotein receptor 
(LDLR). Proprotein convertase subtilisin/
kexin type 9 (PCSK9), a member of the sub-
tilisin family of kexin-like proconvertases, 
binds to the LDLR and targets it for degra-
dation, resulting in reduced cellular uptake 
of LDL-C and, consequently, higher serum 
levels of LDL-C [7]. Bococizumab (RN316, 
PF-04950615) is a humanized monoclonal 
antibody that targets PCSK9 and binds with 
high affinity to the LDLR-binding domain of 
PCSK9 [8]. By binding PCSK9, bococizum-
ab is thought to prevent the enzyme from in-
teracting with the LDLR, thereby increasing 
LDLR levels and LDL particle uptake, lead-
ing to a reduction in serum LDL-C levels.

Phase I and phase IIa studies demonstrat-
ed that bococizumab treatment was well tol-
erated and led to sizeable reductions in LDL-
C levels when administered as either single 
or multiple doses, both alone and in combi-
nation with current lipid-lowering agents [9, 
10]. We recently reported that, in a phase II 
study with Japanese subjects, bococizumab 
was well tolerated and significantly reduced 
fasting LDL-C in hypercholesterolemic 
subjects who were either naïve to treatment 
with lipid-lowering agents or were currently 
receiving atorvastatin [11]. Although LDL-
C levels are a well-established measure of 
cardiovascular disease risk, there is growing 
recognition that LDL particle (LDL-P) levels 
may also be useful biomarkers for the pre-
diction of cardiovascular events [12, 13]. For 
patients with discordant levels of LDL-C and 
LDL-P, levels of LDL-P were more strongly 
correlated with the risk of cardiovascular 
events than LDL-C [14]. Another biomarker 
of interest is lipoprotein-associated phospho-
lipase A2 (Lp-PLA2), an enzyme produced 
by inflammatory cells in atherosclerotic 

plaques that has been associated with the 
risk of coronary heart disease [15]. In the 
blood, Lp-PLA2 is associated predominantly 
with LDL [16] and given the effect of bo-
cocizumab on levels of LDL-C, it is thought 
that Lp-PLA2 levels may also be affected by 
bococizumab administration. While the ef-
ficacy and safety of bococizumab and other 
PCSK9 inhibitors have been well character-
ized, relatively few studies [17, 18, 19, 20, 
21] have focused on the pharmacokinetics 
(PK) and the pharmacodynamics (PD) of 
these molecules. The specific objectives of 
the current analysis were to evaluate the PK 
and PD of bococizumab in atorvastatin-treat-
ed and treatment-naïve subjects and to assess 
the effect of bococizumab on LDL-P levels 
and Lp-PLA2.

On November 1, 2016, Pfizer decided 
to terminate further development of boco-
cizumab as an anti-hypercholesterolemic 
drug, due in part to the high level of immu-
nogenicity and the wide variation in LDL-
C reduction observed in subjects from six 
multinational trials [22]. Specifically, a large 
proportion of subjects in these trials devel-
oped antidrug antibodies to bococizumab, 
which is a humanized monoclonal antibody 
[22]. These antidrug antibodies were associ-
ated with an attenuation of LDL-C reduction 
[22]. In contrast, little immunogenicity was 
observed in subjects receiving the PCSK9 
inhibitors evolocumab or alirocumab, both 
of which are fully human monoclonal anti-
bodies [23]. Further, both evolocumab and 
alirocumab were associated with sustained 
reductions in levels of LDL-C following 
long-term treatment [24, 25]. Despite the de-
cision to terminate development of bococi-
zumab, PCSK9 continues to be an important 
target for lipid-lowering drugs, and studies 
of bococizumab may prove helpful for other 
PCSK9 inhibitors. For instance, the large 
variation in cholesterol reduction observed 
among subjects who received bococizumab 
[22] suggests that other PCSK9 inhibitors 
may also need to be examined for the same 
effect. We believe that the findings reported 
in this manuscript may prove useful for un-
derstanding the mechanisms that underpin 
the reduction of LDL-C and cardiovascular 
events by PCSK9 inhibitors and provide im-
portant information on the PK properties of 
one of these agents. This information may 
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assist with the development of new agents 
for the treatment of dyslipidemia.

Materials and methods

Subjects

Men and women aged ≥  20 years were 
enrolled in the study. Subjects whose LDL-
C levels were not sufficiently controlled by a 
stable dose of atorvastatin (> 6 weeks before 

screening) as assessed using the Japan Athero-
sclerosis Society Guideline for prevention of 
atherosclerotic cardiovascular diseases [26], 
with fasting LDL-C ≥  100  mg/dL and tri-
glycerides (TG) ≤ 400 mg/dL, were enrolled 
into the atorvastatin-treated study population. 
Subjects who had not received any lipid-low-
ering agents, with fasting LDL-C ≥ 130 mg/
dL and TG ≤ 400 mg/dL, were enrolled into 
the treatment-naïve study population. Further 
details of the inclusion and exclusion criteria 
were reported previously [11].

Figure 1.  Subject disposition for the atorvastatin-treated study population (A) and the treatment-naïve 
study population (B). The number of subjects allocated for full PK sampling is indicated in square brackets. 
PK = pharmacokinetic; LDL-C = low-density lipoprotein cholesterol; AE = adverse event.
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Study design

This double-blind, parallel-group, pla-
cebo-controlled, randomized, dose-ranging 
study was carried out in two different study 
populations (“atorvastatin-treated subjects” 
and “treatment-naïve subjects”) for 16 weeks 
(4 months). A total of nine parallel treatment 
arms with 24 subjects per arm were planned, 
and subjects were randomized to a treatment 
arm using a computer-generated randomization 
schedule. Atorvastatin-treated subjects were 
randomized 1 : 1 : 1 : 1 : 1 to receive 50 mg, 
100 mg, or 150 mg bococizumab, placebo, or 
10  mg ezetimibe according to the prescribed 
treatment schedule (Figure 1A). Treatment-
naïve subjects were randomized 1  : 1  : 1  : 1 
to receive 50 mg, 100 mg, or 150 mg bococi-
zumab, or placebo according to the prescribed 
treatment schedule (Figure 1B). Approximate-
ly half (n = 12) of the subjects in each treatment 
arm (except for the ezetimibe arm) were allo-
cated to undergo full PK sampling (Figure 1A, 
B). Additional details of the study design were 
reported previously [11].

The study was conducted at nine clinical 
sites in Japan, and the study protocol was ap-
proved by the institutional review board at 
each site. The study was conducted in accor-
dance with the Declaration of Helsinki and 
the Good Clinical Practice guidelines. All 
subjects provided written informed consent 
before any study-specific procedures com-
menced. The subjects, study investigators, 
site staff, sponsor (excluding pre-specified, 
unblinded sponsor members and site person-
nel such as unblinded site pharmacists who 
prepared the drug), and sponsor members 
were blinded to the study drug and the lipid 
results (except TG).

Study treatment

Subjects randomized to the bococizumab 
treatment arms were administered the drug 
subcutaneously every 2  weeks (Q14D) for 
the first 12  weeks. Subjects who met the 
dose-adjustment criteria had their dose of 
bococizumab adjusted on or after week  12 
(Supplemental Figure S1A). The dose-
adjustment criteria and the planned adjust-
ments (Supplemental Figure S1B) were de-
scribed previously [11]. All subjects in the 
atorvastatin-treated study population were 

maintained on the same dose of atorvastatin 
that they received at enrollment as back-
ground therapy for the duration of the study.

Endpoints

The primary and secondary efficacy 
endpoints of this study were described pre-
viously [11]. The PK properties of bococi-
zumab and PCSK9 levels were also evalu-
ated. The tertiary efficacy endpoint explored 
in this manuscript was LDL-C composition. 
Investigating Lp-PLA2 was an exploratory 
efficacy endpoint.

Pharmacokinetics

For PK analysis of bococizumab and 
total PCSK9, blood samples were collected 
from all subjects (except those in the ezeti-
mibe arm) on days 1, 5, 8, 15, 22, 29, 36, 43, 
50, 57, 71, 85, 99, 106, 113, 127, and 141. 
On days when subjects were to receive boco-
cizumab (days 1, 15, 29, 43, 57, 71, and 99), 
blood samples were collected prior to drug 
administration. Subjects allocated to un-
dergo full PK sampling had additional blood 
samples collected on days 2, 3, 4, 6, 7, 100, 
102, 104, and 120.

Analytical methods

Bococizumab and total PCSK9 concen-
trations in blood plasma samples were de-
termined by ICON Laboratory Services, Inc. 
(formerly ICON Development Solutions, LLC 
Whitesboro, NY, USA). Plasma samples were 
stored at approximately –70 °C until analysis. 
Bococizumab concentrations were quanti-
fied using a validated, sensitive, and specific 
semi-quantitative enzyme-linked immunosor-
bent assay (ELISA), which had a lower limit 
of quantification (LLQ) of 400 ng/mL. Total 
PCSK9 consists of free PCSK9 and bococi-
zumab-bound PCSK9. Total PCSK9 concen-
trations were quantified using a validated, 
sensitive, and specific electrochemilumines-
cence assay, which had an LLQ of 6.99 ng/
mL. Lipoprotein composition and particle size 
were determined by nuclear magnetic reso-
nance spectroscopy using the LipoProfile-II 
test at LipoScience Inc. (Raleigh, NC, USA). 
Lp-PLA2 concentrations in plasma samples 



Pharmacokinetics and exploratory efficacy biomarkers of bococizumab	 579

were determined by Pacific Biomarkers, Inc. 
(Seattle, WA, USA). Lp-PLA2 samples were 
assayed using a validated, sensitive, and spe-
cific semi-quantitative ELISA method with 
the diaDexus PLAC® test kit.

Statistical analyses

The analyses of PK and biomarker data 
are summarized and presented descriptively. 
PK parameters were calculated for each sub-
ject and treatment using noncompartmental 
analysis of plasma concentration-time data 
with electronic noncompartmental analysis 
(eNCA, version 2.2.4), a software system 
developed and validated by Pfizer. For the 
analyses of PK parameters, subjects with 
full PK sampling who had at least one of the 
bococizumab PK parameters were included. 
All analys es were performed using SAS ver-
sion 9.4 (SAS Institute, Cary, NC, USA).

Results

Subject disposition

The subject disposition for the overall 
study population is shown in Figure 1 and 
was described previously [11]. Approximate-
ly half the subjects (n = 11 – 13) in each treat-
ment group (excluding the ezetimibe group) 
were allocated to undergo full PK sampling.

Study population demographics

The demographic and clinical charac-
teristics for the overall study population at 
baseline were presented previously [11]. 

Subjects treated with bococizumab and who 
underwent full PK sampling had similar de-
mographic characteristics (Table 1). Across 
the treatment arms, the mean age of sub-
jects ranged from 53.7 to 62.2 years, and 
27.3 – 83.3% of subjects were male. Simi-
lar mean (standard deviation (SD)) base-
line plasma PCSK9 concentrations were 
observed across placebo and bococizumab-
treated subjects, with values ranging from 
234.3 (59.8) to 274.2 (53.2) ng/mL for the 
atorvastatin-treated study population and 
211.1 (59.1) to 239.2 (28.3) ng/mL for the 
treatment-naïve study population.

Pharmacokinetic profile 
of bococizumab

In the following section, the results of PK 
studies conducted in the full PK sampling pop-
ulation are presented, unless otherwise noted.

Single dose (day 1)

Absorption of bococizumab into the sys-
temic circulation was slow, with mean maxi-
mum plasma concentrations (Cmax) achieved 
within a median tmax of ~  4  –  7 days post 
dose, for both the atorvastatin-treated and 
treatment-naïve study populations across 
all doses (Table 2) (Supplemental Figure 
S2). There were no marked differences be-
tween the PK profiles of the atorvastatin-
treated and treatment-naïve study popula-
tions. Based on the mean values of AUCτ 
and Cmax, bococizumab exposure increased 
slightly less than dose-proportionally across 
the 50- to 150-mg dose range in both study 
populations. However, this observed dose-

Table 1.  Baseline demographics of atorvastatin-treated and treatment-naïve subjects that underwent full PK sampling.

Atorvastatin-treated study population Treatment-naïve study population
Variablea 50 mg

(n = 12)
100 mg
(n = 12)

150 mg
(n = 13)

50 mg
(n = 11)

100 mg
(n = 12)

150 mg
(n = 12)

Age (years) 55.3 ± 10.4 55.3 ± 10.9 62.2 ± 6.1 58.3 ± 8.1 60.9 ± 12.2 53.7 ± 8.8
Male gender 10 (83.3) 8 (66.7) 7 (53.8) 3 (27.3) 5 (41.7) 10 (83.3)
Weight (kg) 66.1 ± 12.6 65.2 ± 10.6 63.9 ± 12.1 60.4 ± 12.7 62.4 ± 9.1 67.7 ± 17.8
BMI (kg/m2) 23.1 ± 3.6 24.1 ± 3.7 24.1 ± 3.1 24.3 ± 4.0 25.1 ± 2.8 24.3 ± 4.7
PCSK9 (ng/mL) 234.3 ± 59.8 252.5 ± 85.1 274.2 ± 53.2 239.2 ± 28.3 219.8 ± 46.1 211.1 ± 59.1

aValues are mean ± standard deviation or n (%). BMI = body mass index; PCSK9 = proprotein convertase subtilisin/kexin type 9; 
PK = pharmacokinetic.
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related exposure should be interpreted with 
caution due to the small sample size and 
the large variability in bococizumab levels 
observed in both subject groups at all dos-
es (Supplemental Figure  S3). Based on the 
geometric coefficient of variation (CV), the 
inter-subject variability in bococizumab ex-
posure ranged from 42 to 57% for AUCτ and 
42 to 61% for Cmax, with the atorvastatin-
treated study population exhibiting slightly 
higher variability than the treatment-naïve 
subject population.

Multiple doses (day 99)

The mean Cmax was achieved within a 
median tmax of ~  3 – 5 days post dose for 
both study populations across all dose levels 
(Table 2) (Supplemental Figure S2). Follow-
ing attainment of Cmax, plasma concentra-
tions appeared to decline in a mono-phasic 
manner, with mean terminal T1/2 values from 
~ 8 to 11 days. The PK profiles for both study 
populations were generally similar across all 
doses. Based on the mean values of AUCτ and 
Cmax, bococizumab exposure appeared to in-
crease greater than dose-proportionally in 

both study populations. Similar to the single-
dose observations, this dose-related expo-
sure should be interpreted with caution due 
to the large variability in bococizumab levels 
observed in both subject groups at all doses 
(Supplemental Figure S3).

Mean accumulation ratios (Rac) on day 
99 ranged from 1.89 to 3.18 and from 1.92 
to 3.33 for the atorvastatin-treated and treat-
ment-naïve study populations, respectively. 
The highest values were observed for the 
150-mg dose, indicating some bococizum-
ab accumulation at higher doses, following 
multiple doses every 2 weeks. The apparent 
clearance (CL/F) and volume of distribu-
tion (Vz/F) of bococizumab on day 99 were 
similar between the two study populations. 
The mean CL/F values ranged from 0.62 to 
1.08 L/day and from 0.55 to 0.78 L/day for 
the atorvastatin-treated and treatment-naïve 
study populations, respectively (Table  2). 
The mean values for Vz/F ranged from 8.55 
to 12.48 L and from 9.87 to 12.77 L for the 
atorvastatin-treated and treatment-naïve 
study populations, respectively (Table 2).

The lowest mean CL/F values in each 
study population were observed for the groups 
prescribed the highest dose (150 mg) of boco-

Table 2.  Summary of plasma pharmacokinetic parameters following single and multiple subcutaneous doses of bocozicumab (ator-
vastatin-treated and treatment-naïve study populations).

Atorvastatin-treated study population Treatment-naïve study population
Parameter (units)a 50 mg 100 mg 150 mg 50 mg 100 mg 150 mg
Day 1 (single dose)
  N 12 12 13 11 12 12
  AUCτ, (µg×day/mL) 32.98 (57) 52.33 (49) 77.11 (43) 32.97 (42) 51.49 (46) 82.05 (45)
  Cmax (µg/mL) 3.173 (61) 5.074 (50) 7.382 (45) 2.994 (44) 4.744 (47) 7.726 (42)
  tmax (day) 4.01 

(3.00 – 5.96)
4.97 

(3.94 – 7.00)
5.94 

(1.94 – 7.00)
5.94 

(3.94 – 6.95)
5.45 

(2.95 – 6.94)
6.94 

(2.96 – 14.0)
Day 99 (multiple dose)
  N, n 10, 10 8, 7 8, 8 10, 9 11, 11 12, 7
  AUCτ (µg×day/mL) 63.54 (40) 92.46 (127) 242.5 (81) 63.74 (57) 136.6 (32) 273.5 (100)
  Cmax (µg/mL) 6.197(36) 8.343 (119) 21.91 (76) 5.874 (55) 12.22 (29) 23.64 (88)
  Cmin (µg/mL) 2.176 (65) 4.041 (147) 12.95 (94) 2.858 (64) 6.571 (40) 13.47 (139)
  tmax (day) 3.03 

(2.92 – 6.98)
2.98 

(1.00 – 4.97)
2.97 

(0.964 – 4.99)
2.99 

(0.985 – 7.06)
2.98 

(0.988 – 4.98)
4.98 

(2.97 – 7.00)
  T1/2 (day) 7.716 ± 1.759 9.471 ± 2.289 10.56 ± 1.593 9.404 ± 2.145 9.570 ± 2.234 9.333 ± 2.754
  Rac 2.027 (47) 1.889 (60) 3.176 (56) 1.920 (35) 2.665 (46) 3.330 (57)
  CL/F (L/day) 0.7870 (40) 1.082 (127) 0.6184 (81) 0.7845 (57) 0.7317 (32) 0.5490 (100)
  Vz/F (L) 8.552 (48) 12.48 (107) 9.330 (94) 9.866 (65) 9.881 (39) 12.77 (45)

aGeometric mean (geometric %CV) for all except: median (range) for tmax; arithmetic mean ± SD for T1/2. N = Number of subjects in 
the treatment group and contributing to the mean; n = number of subjects where T1/2, and Vz/F, were reported. AUCτ = area under the 
plasma concentration-time curve over the dosage interval (τ = 2 weeks); CL/F = apparent total clearance; Cmax = maximum concentra-
tion; Cmin = minimum concentration; PK = pharmacokinetic; Rac = accumulation ratio; T1/2 = terminal half-life; tmax = time to reach 
maximum concentration; Vz/F = apparent volume of distribution.
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cizumab. For all subjects treated with bococi-
zumab 100 mg or 150 mg (irrespective of PK 
sampling frequency), the minimum plasma 
concentrations (Cmin) observed for the ator-
vastatin-treated population were lower than 
those of the treatment-naïve study population 
(Supplemental Figure S4). In subjects treated 
with the 50-mg or 100-mg dose, steady state 
appears to have been reached by the third dose 
(day 43) for both study populations. However, 
for subjects treated with the 150-mg dose, bo-
cocizumab levels still had not reached steady 
state at day 113 (2 weeks after administration 
of the last dose on day 99).

Overall, there was substantial variability 
in the Cmin of bococizumab as measured on 
day 99 (Figure 2). Exposure was particularly 
high for subjects in the treatment-naïve study 
population with lower body weights who 
were prescribed 150  mg of bococizumab. 
Notably, in both study populations, subjects 
with lower body weights tended to have 
higher exposures. Due to the small sample 
size and large variability, these data should 
be interpreted with caution.

PCSK9 analysis

The mean (SD) plasma concentration 
of PCSK9 at baseline for all subjects was 
similar across the placebo and bococizumab 
treatment groups within each study popula-
tion. PCSK9 levels ranged from 261.2 (72.4) 
to 286.0 (75.8) ng/mL for the atorvastatin-
treated study population and from 210.2 
(48.6) to 234.4 (77.5) ng/mL for the treat-
ment-naïve study population, as reported 
previously [11]. At baseline, plasma levels of 
PCSK9 in subjects receiving 10 mg atorvas-
tatin were higher than those receiving 5 mg 
atorvastatin (Figure 3). In addition, at base-
line, both atorvastatin treatment groups (5 
and 10 mg) showed a trend towards higher 
plasma levels of PCSK9 compared with the 
treatment-naïve study population (0 mg ator-
vastatin), although a direct comparison be-
tween these subjects may not be appropriate 
given the differences in the enrollment crite-
ria with respect to LDL-C levels.

By day 85 of bococizumab treatment, the 
mean concentration of total PCSK9 had in-

Figure 2.  Relationship between treatment and trough level (day 99). The upper whisker extends from the 
hinge to the highest value that is within 1.5 × IQR of the hinge, where IQR is the inter-quartile range, or 
distance between the first and third quartiles. The lower whisker extends from the hinge to the lowest value 
within 1.5 × IQR of the hinge. Data beyond the end of the whiskers are outliers and are plotted as points. 
IQR = inter-quartile range.
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creased by ~ 10- to 15-fold from baseline in 
the atorvastatin-treated study population and 
by ~  11- to 13-fold in the treatment-naïve 
study population (Supplemental Figure S5). 
For the atorvastatin-treated study population, 
the 100-mg dose group had the largest percent 
change from baseline in total PCSK9 levels 
(up to day 99) when compared with the 50-
mg and 150-mg groups. However, this was 
mostly due to one atorvastatin-treated sub-
ject in the 100-mg dose group having a much 
lower baseline PCSK9 value (29.6  ng/mL), 
which resulted in a larger percent change from 
baseline for this group overall. When this 
outlier is removed, the percent change from 
baseline in total PCSK9 levels are similar for 
all three doses of bococizumab amongst the 
atorvastatin-treated study population. In the 
treatment-naïve study population, the percent 
change from baseline in total PCSK9 levels 
was also similar for all three doses of boco-
cizumab. At all doses in both study popula-
tions, the percent change in total PCSK9 had 
reached a steady state by day 22; for some 
doses, steady state was reached by day 15. In 
both study populations, total PCSK9 levels at 
day 141 remained close to steady-state con-
centrations for the 150-mg groups.

Figure 3.  Baseline PCSK9 concentration (ng/mL) 
by atorvastatin dose. PCSK9 = proprotein conver-
tase subtilisin/kexin type 9. The bottom and top of 
the box are the 25th and 75th percentiles, and the 
band inside the box is the median. The ends of the 
whiskers represent the lowest value within 1.5 × 
IQR of the lower quartile, and the highest value 
within 1.5 × IQR of the upper quartile. IQR = inter-
quartile range.

Figure 4.  Relationship between treatment and percent change from baseline in the concentration of LDL 
particles (A), large LDL particles (B), and small LDL particles (C) and in LDL particle size (D) (week 12). 
LDL = low-density lipoprotein; PBO = placebo; EZ = ezetimibe. Whiskers represent the 5th and 95th per-
centiles, while boxes represent the 25th and 75th percentiles. Diamonds represent the median.



Pharmacokinetics and exploratory efficacy biomarkers of bococizumab	 583

Lipoprotein composition

Concentration and size of LDL-P

Following bococizumab treatment, a 
dose-response relationship was observed 
for the reduction of LDL-P in both study 
populations when compared with baseline 
(Figure 4) (Supplemental Table S1). A dose-
response relationship was not observed for 
large or small LDL-P in either study popu-
lation (Figure 4) (Supplemental Table S1). 
There were no marked changes in the con-
centrations of any of the LDL-P values in 
subjects treated with placebo (both study 
populations) or ezetimibe (atorvastatin-
treated study population only). Following 
bococizumab treatment, a small decrease 
in LDL-P size was observed in some dose 
groups when compared with baseline, par-

ticularly in the treatment-naïve study popu-
lation. There were no marked changes in the 
size of LDL-P in subjects treated with pla-
cebo (both study populations) or ezetimibe 
(atorvastatin-treated study population only).

HDL particles

Following treatment with bococizumab, 
there was an increase in the concentration 
of total high-density lipoprotein (HDL) 
particles as well as large and medium HDL 
particles in both study populations when 
compared with baseline, but a dose-response 
relationship was not observed (Figure 5) 
(Supplemental Table S1). There were no 
marked changes in the concentrations of any 
of the HDL particles in subjects treated with 

Figure 5.  Relationship between treatment and per-
cent change from baseline in the concentration of 
HDL particles (A), large HDL particles (B), medium 
HDL particles (C), and small HDL particles (D), and 
in HDL particle size (E) (week 12). HDL = high-den-
sity lipoprotein; PBO = placebo; EZ = ezetimibe. 
Whiskers represent the 5th and 95th percentiles, 
while boxes represent the 25th and 75th percentiles. 
Diamonds represent the median.
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placebo (both study populations) (Supple-
mental Table S1) but subjects treated with 
ezetimibe (atorvastatin-treated study popula-
tion only) (Supplemental Table S1) showed 
an increase in the concentration of total HDL 
particles. There was a small increase in the 
size of HDL particles following bococizum-
ab treatment when compared with baseline. 
In contrast, there were no marked changes in 
the size of HDL particles in subjects treat-
ed with placebo (both study populations) 
or ezetimibe (the atorvastatin-treated study 
population only).

VLDL and IDL particles

Due to large variations observed in the 
concentration and size of very-low-density 
lipoprotein (VLDL) and intermediate-densi-
ty lipoprotein (IDL) particles, it was difficult 
to observe any trends in these data.

Correlation between LDL-P  
concentration and lipoprotein(a)

A post-hoc analysis of the correlation 
between LDL-P and lipoprotein(a) (Lp(a)) 
concentrations was also performed. In both 
study populations, subjects prescribed boco-
cizumab were observed to have larger per-
cent changes in Lp(a), when compared with 
subjects prescribed placebo (Supplemental 
Figures S6A, B). This resulted from the fact 
that Lp(a) was reduced in subjects in the bo-
cocizumab treatment arms, when compared 

with subjects prescribed placebo, as reported 
previously [11]. An analysis incorporating all 
three bococizumab treatment groups and the 
placebo group revealed a weak positive cor-
relation between the change in LDL-P con-
centration and the change in Lp(a), in both 
study populations (Supplemental Figures 
S6A, B). No correlation was observed be-
tween changes in LDL-P concentration and 
changes in Lp(a) when analyzing only the 
atorvastatin-treated study population treated 
with bococizumab (Pearson correlation coef-
ficient = 0.23) (Supplemental Figure S6C). 
Similarly, there was no correlation observed 
in the treatment-naïve study populations 
treated with bococizumab when the placebo 
group was excluded (Pearson correlation co-
efficient = 0.29) (Supplemental Figure S6D).

Lp-PLA2

In the atorvastatin-treated study popula-
tion, treatment with bococizumab was associ-
ated with significant reductions in Lp-PLA2 
at week 12 and week 16 when compared 
with baseline (Figure 6). The mean (SD) per-
cent changes from baseline at week 12 in the 
atorvastatin-treated study population were 
–28.96 (14.25), –29.37 (13.45), and –37.54 
(11.50) in the 50-mg, 100-mg, and 150-mg 
treatment groups, respectively. The cor-
responding values at week 16 were –23.38 
(15.41), –25.17 (22.56), and –34.41 (13.90), 
respectively. Similarly, reductions in Lp-
PLA2 were also observed in the treatment-

Figure 6.  Percent change from baseline in Lp-PLA2 in the atorvastatin treatment groups (A) and the 
treatment-naïve groups (B). Lp-PLA2 = lipoprotein-associated phospholipase A2; AT = atorvastatin; 
B = bococizumab, PBO = placebo; EZ = ezetimibe. Error bars represent standard deviation.
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naïve study population at week 12 and week 
16 following bococizumab treatment (Figure 
6). The mean (SD) percent changes from 
baseline in the atorvastatin-naïve study pop-
ulation were –17.10 (15.59), –27.91 (10.78), 
and –34.35 (19.08) in the 50-mg, 100-mg, 
and 150-mg treatment groups, respectively. 
The corresponding values at week 16 were 
–20.54 (14.74), –23.05 (17.40), and –33.89 
(17.22), respectively. There were no signifi-
cant changes in Lp-PLA2 in subjects treated 
with placebo (both study populations) or 
ezetimibe (atorvastatin-treated study popula-
tion only).

Immunogenicity

As reported previously, 50.3% (74/147) 
of subjects who received bococizumab were 
found to be positive for anti-drug antibod-
ies (ADAs) [11]. The proportion of ADA-
positive subjects was similar between the 
atorvastatin-treated population (46.6%) and 
the treatment-naïve population (54.1%), and 
there did not appear to be a dose-dependent 
relationship in either group (Supplemental 
Table S2). Of the 74 ADA-positive subjects, 
samples from 55 subjects were also tested 
for the presence of neutralizing antibodies 
(nAb). Samples from the remaining subjects 
were not tested, due to interference from 
PF-04950615 concentration and/or PCSK9. 
Overall, 35 of the 55 ADA-positive subjects 
(63.6%) who were tested were found to have 
positive nAb titers (Supplemental Table S2); 
the overall incidence of nAb positivity was 
at least 23.8% (35/147) across all subjects. 
However, as samples from 19 ADA-positive 
subjects were not tested in the nAb assay, 
the true incidence of nAb positivity may 
have been underestimated. The incidence of 
nAb positivity across the three dose groups 
ranged from 8.3 to 34.0% across all subjects 
(Supplemental Table S2). There was no ap-
parent difference in the incidence of nAbs 
between the atorvastatin-treated population 
and the treatment-naïve population.

As previously reported, there seemed to 
be no difference in bococizumab efficacy 
(lowering LDL-C) between subjects who 
were positive for ADAs compared with sub-
jects who were negative for ADAs in this 
study [11]. However, as previously noted 
[11], one subject experienced an attenua-

tion of the LDL-C lowering response and a 
reduction in the plasma concentration of bo-
cocizumab that coincided with an increase in 
ADA titer (Supplemental Figure S7).

Discussion

This double-blind, parallel-group, pla-
cebo-controlled, randomized, dose-ranging 
study provides insights into the PK and 
PD properties of bococizumab and the ef-
fect of bococizumab treatment on lipopro-
tein composition in atorvastatin-treated 
and treatment-naïve subjects in Japan. In-
creasing doses of bococizumab resulted in 
higher bococizumab exposure in both study 
populations. Reductions in total LDL-P con-
centrations and increases in HDL particle 
concentrations were observed following bo-
cocizumab treatment. Significant reductions 
in the cardiac biomarker Lp-PLA2 were also 
observed for bococizumab-treated subjects. 
Evaluating the effects of bococizumab ad-
ministration beyond its LDL-C-lowering 
properties is of clinical relevance given the 
limited information available on the PK and 
PD properties of PCSK9 inhibitors and the 
growing interest in different biomarkers for 
assessing the risk of cardiovascular events as 
well as the effects of lipid-lowering agents 
on these biomarkers.

Bococizumab exposure increased with 
increasing dose, with the highest exposures 
observed for subjects treated with bococi-
zumab 150 mg, particularly in the treatment-
naïve study population. The greater than 
dose proportional increase of bococizumab 
exposure was also reported in previous phase 
1 studies following administration of single 
and multiple doses [27]. When stratified ac-
cording to body weight, subjects with lower 
body weights had higher exposure. This is 
consistent with body weight being a signifi-
cant predictor of LDL response, as observed 
previously [28] and also discussed in the pri-
mary manuscript. Terminal T1/2 values fol-
lowing multiple doses of bococizumab were 
estimated to be from 8 to 11 days in this study, 
which are similar to the 7 to 9 days reported 
from the study of a single 150-mg subcutane-
ous dose of bococizumab administered to un-
treated subjects with LDL ≥ 130 mg/dL [21]. 
Given that the last PK sampling point after 
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the day 1 dose was on day 15, there was no 
time period of sufficient length to estimate 
the half-life accurately in order to extrapolate 
AUC and calculate AUCinf.

Bococizumab exposure was lower in the 
atorvastatin-treated study population com-
pared with the treatment-naïve study popula-
tion, for subjects treated with bococizumab 
100 mg or 150 mg. The atorvastatin-treated 
study population had higher concentra-
tions of plasma PCSK9 at baseline when 
compared with the treatment-naïve study 
population. Atorvastatin has been shown to 
increase PCSK9 expression by modulating 
the sterol regulatory element-binding pro-
tein-2 (SREBP-2) [29, 30]. Although the two 
study populations were subject to different 
enrollment criteria with respect to LDL-C 
levels, which could have contributed to the 
increased plasma PCSK9 levels observed 
in the atorvastatin-treated study population 
at baseline, this increase could also be rea-
sonably attributed to atorvastatin treatment. 
Upregulation of PCSK9 by atorvastatin (via 
SREBP-2) in the atorvastatin-treated study 
population may have resulted in greater 
clearance of PCSK9-bound bococizumab, 
leading to reduced bococizumab exposure 
when compared with the treatment-naïve 
study population. The use of statins has been 
associated with increased clearance of boco-
cizumab, as its elimination is known to be 
target-mediated [20].

Following bococizumab treatment, a 
clear dose-dependent reduction in the con-
centration of total LDL particles was ob-
served in both the atorvastatin-treated and 
treatment-naïve study populations. A number 
of other studies have also shown that PCSK9 
inhibition results in significant reductions in 
LDL particle concentration [31, 32]. For ex-
ample, treatment with the PCSK9 inhibitor 
alirocumab has also been shown to reduce 
the concentration of LDL particles [32]. The 
reductions observed in this and other stud-
ies are consistent with the mode of action 
of PCSK9 inhibitors, which disrupt LDLR 
degradation, leading to an increase in LDLR 
concentration on the surface of hepatocytes. 
In this study, bococizumab treatment re-
sulted in a small, non-significant increase in 
the concentration of HDL particles, similar 
to that which has been observed in previous 
studies of bococizumab [31] and alirocumab 

[32], which showed that PCSK9 inhibition 
did result in a significant increase in HDL 
particle concentration. Although a number of 
other studies [31, 32] reported a reduction in 
VLDL particles following PCSK9 inhibition, 
this was not observed in our study. Given the 
growing recognition of the importance of 
lipoprotein particles in promoting athero-
genesis, the ability of PCSK9 inhibitors to 
modulate lipoprotein particle levels (in addi-
tion to LDL-C) may constitute an important 
therapeutic advance.

While bococizumab treatment resulted 
in a marked reduction in Lp(a) [11], there 
was only a weak correlation observed be-
tween a reduction in Lp(a) and a reduction 
in LDL-P concentration. Furthermore, there 
is no correlation between the reduction in 
Lp(a) and the reduction in LDL-P concen-
tration when subjects prescribed placebo 
are excluded from the analysis. This is not 
surprising given that dose dependence was 
observed for the reduction in LDL particles 
but not for Lp(a) [11]. While it is known that 
Lp(a) levels are reduced following treatment 
with PCSK9 inhibitors, the exact mechanism 
by which this occurs is not fully understood 
[33]. Our results may indicate that Lp(a) 
reduction following PCSK9 inhibitor treat-
ment involves mechanisms other than uptake 
by upregulated LDL receptors. It is hoped 
that the findings of this study may shed fur-
ther light on the relationship between PCSK9 
inhibition and Lp(a) levels. Treatment with 
bococizumab also resulted in substantial re-
ductions in Lp-PLA2 at weeks 4, 12, and 16 
in both subject groups. Given that Lp-PLA2 
circulates in the blood bound mostly to LDL-
P [34], this observation is consistent with the 
observed reduction in LDL particles and with 
bococizumab’s mechanism of action.

This is one of the few studies to report on 
the PK of a PCSK9 inhibitor and to charac-
terize the effect of PCSK9 inhibition on lipid 
particle size. Another strength of this study is 
the fact that it is specific to the Japanese pop-
ulation. The weaknesses of this study include 
its small sample size and the fact that only 
half of the subjects were selected to undergo 
full PK sampling. Given that 19 ADA-posi-
tive subjects were not tested for nAbs due to 
interference by bococizumab concentration 
and/or PCSK9, the true incidence of nAb-
positivity may have been underestimated.
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Conclusion

Following the administration of multiple 
doses of bococizumab to atorvastatin-treated 
and treatment-naïve subjects, PK analysis 
showed that drug exposure increased with 
increasing dose and that a steady state was 
reached by the third dose in subjects pre-
scribed bococizumab 50  mg or 100  mg. In 
both subject groups, bococizumab treatment 
also led to a clear reduction in the concen-
tration of LDL-P and Lp-PLA2, as well as 
a small increase in HDL particles. Although 
further development of bococizumab has 
been discontinued by the sponsor, studies of 
this drug may prove instructive for the future 
development of other humanized antibodies. 
Previous work on bococizumab highlights 
the need for long-term studies to monitor the 
potential emergence of antidrug antibodies 
and the resulting effects on efficacy, which 
may not be observable over a shorter dura-
tion. We also hope that the effects of PCSK9 
inhibition on lipoprotein particle composi-
tion, Lp(a), and Lp-PLA2 will provide fur-
ther mechanistic insights into this promising 
class of therapeutics.
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