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Abstract

Aim: Prior to the discontinuation of bococizumab's clinical development, it was

considered advantageous to develop an infrequent dosing regimen (eg, monthly).

Therefore, we conducted a phase 1 study to evaluate the pharmacokinetics,

pharmacodynamics, and safety of bococizumab when administered in co‐mixture with

recombinant human hyaluronidase (rHuPH20).

Method: Healthy subjects (N = 60) were randomized equally among 4 groups that

received a single subcutaneous dose of either bococizumab 150, 300, or 450 mg co‐

mixed with rHuPH20 or bococizumab 300 mg alone. Bioavailability and lipid‐lowering

effect of bococizumab were evaluated by using ANCOVA models.

Results: In the groups administered bococizumab co‐mixed with rHuPH20,

dose‐normalized Cmax and AUCinf were 26.6 to 39.1% and 18.3 to 36.6% greater,

respectively, compared with bococizumab 300 mg alone. Despite these increases,

mean percent reductions from baseline in low‐density lipoprotein cholesterol were

smaller in the bococizumab 300 mg + rHuPH20 group than in the bococizumab

300‐mg group at Day 21 (52.2% and 59.5%, respectively) and were similar at Day

29 (51.7% and 49.6%, respectively). Compared with the group administered

bococizumab 300 mg alone, the bococizumab 300 mg + rHuPH20 group did not show

a significantly altered AUEC85 (ratio of adjusted means: 102.5%, 90% confidence

interval: 96.1‐109.3%) but did show a higher MaxELDL‐C (ratio of adjusted means:

125.4%, 90% confidence interval: 103.3‐152.2%), indicating diminution of efficacy.

The most frequent adverse events were injection‐site erythema, injection‐site

bruising, and nasopharyngitis; all injection‐site adverse events were mild.
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Conclusion: Co‐mixture with rHuPH20 increased the bioavailability of

bococizumab without proportional increase in pharmacodynamic effect.

Trial Registration: ClinicalTrials.gov, NCT02667223.
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1 | INTRODUCTION

Atherosclerotic cardiovascular disease (ASCVD) is the leading cause of

death in industrialized countries.1 Epidemiologic studies have shown

that hypercholesterolemia, and especially hypercholesterolemia caused

by elevated levels of low‐density lipoprotein cholesterol (LDL‐C), is a

direct and strong risk factor for ASCVD.2-4 Despite the widespread

availability of effective lipid‐lowering agents, such as statins, a significant

proportion of patients at high risk of ASCVD continue to be managed

suboptimally due to insufficient therapeutic efficacy, safety concerns

regarding higher doses of statins, and poor compliance.5,6 Therefore,

there is a medical need for additional lipid‐lowering options capable of

minimizing the residual cardiovascular risk of patients who display a sub-

optimal response and/or intolerance to current first‐line agents.7

Bococizumab is a humanized monoclonal antibody against

proprotein convertase subtilisin/kexin type 9 (PCSK9),8-17 which is a

protein that regulates the availability of the LDL receptor (LDLR)

expressed predominantly on hepatocytes. Binding of PCSK9 to the

LDLR leads to the receptor's internalization for degradation, which ulti-

mately results in elevated circulating levels of LDL‐C due to a reduction

in LDLR‐mediated uptake.18-20 By binding to PCSK9 and preventing its

interaction with the LDLR, bococizumab and other anti‐PCSK9 anti-

bodies are able to prevent LDLR internalization and consequently

reduce the level of circulating LDL‐C via enhanced receptor‐mediated

clearance. Phase 2 studies showed bococizumab to be well tolerated

and capable of providing substantial reductions in fasting LDL‐C levels

when administered as single or multiple doses, either alone or against a

background of ongoing lipid‐lowering therapy.12-14 The drug was sub-

sequently investigated in the multinational phase 3 SPIRE (Studies of

PCSK9 Inhibition and the Reduction of vascular Events) clinical devel-

opment program as an add‐on therapy for primary hyperlipidemia

and mixed dyslipidemia in patients at high and very high risk of cardio-

vascular events.15-17 The dosing regimen investigated in the SPIRE pro-

gram was a 1.5‐mL subcutaneous injection of bococizumab 150 mg

every 2 weeks. From a patient compliance and convenience perspec-

tive, however, it was also desirable to develop a less frequent dosing

regimen. To achieve this goal, we proposed concurrent delivery of

bococizumab with recombinant human hyaluronidase (rHuPH20),

which is the 61‐kDa active ingredient in the commercial product

Hylenex® recombinant (hyaluronidase human injection) and an enzyme

that transiently and locally increases the dispersion and absorption of

subcutaneously delivered therapeutic agents via degradation of

hyaluronan, which is a major glycosaminoglycan constituent of the

extracellular matrix.21,22 We hypothesized that administering

bococizumab in co‐mixture with rHuPH20 would enable delivery of a
larger volume in a single subcutaneous injection, thus allowing an

increase in dose and potentially improving the bioavailability of

bococizumab. We further hypothesized that an increase in the

bioavailability of bococizumab or the delivery of a higher dose would,

in turn, lead to a greater reduction in LDL‐C of sufficient magnitude

to support a dosing interval less frequent than every 2 weeks.

The aims of the current study were to characterize the pharmaco-

kinetic (PK), pharmacodynamic (PD), and safety profiles of a single

subcutaneous dose of bococizumab 150, 300, or 450 mg in co‐mixture

with rHuPH20, as well as a single subcutaneous dose of bococizumab

300 mg alone, in healthy adult subjects, and to compare the bioavail-

ability and PD effect of bococizumab when administered alone or in

co‐mixture with rHuPH20.
2 | MATERIALS AND METHODS

2.1 | Study design

This was a phase 1, open‐label, single‐dose, randomized,

dose‐escalation study in healthy adult volunteers (http://clinicaltrials.

gov identifier: NCT02667223). A total of 60 subjects were random-

ized equally among 4 dosing groups (15 subjects/group) that received

bococizumab 150 mg in co‐mixture with 2 kU of rHuPH20 in a total

injection volume of 1.2 mL, bococizumab 300 mg in co‐mixture with

4 kU of rHuPH20 in a total injection volume of 2.3 mL, bococizumab

450 mg in co‐mixture with 6 kU of rHuPH20 in a total injection

volume of 3.4 mL, or bococizumab 300 mg in a total injection volume

of 2 mL. The clinical study protocol also planned to enroll a dosing

group of 15 subjects with hypercholesterolemia and on statin therapy,

but this group was not recruited at the sponsor's discretion because

prohibitive operational challenges were encountered and because

the scientific objectives of the study were adequately addressed

without the inclusion of this group.

Complete lists of the inclusion and exclusion criteria for this study

are included in the supplementary material. The main inclusion criteria

were healthy men and women aged 18 to 65 years, total body weight

from 60 to 120 kg and body mass index (BMI) ≤35 kg/m2, fasting LDL‐

C from 70 to 190 mg/dL at both screening visits and with the 2

screening values within 20% of one another, and fasting triglycerides

≤400 mg/dL at the first screening visit.
2.1.1 | Sample size calculations

A total of 15 evaluable subjects in each group were estimated as

sufficient to provide 90% confidence intervals (CIs) for intergroup

http://clinicaltrials.gov
http://clinicaltrials.gov
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differences of ±0.3795 in the estimated, natural log‐transformed, total

plasma exposure to bococizumab (AUCinf) and ±0.3686 in the natural

log‐transformed, maximal plasma concentration of bococizumab (Cmax)

with 90% coverage probability. These calculations were based on

standard deviation (SD) estimates of 0.525 and 0.510 for AUCinf and

Cmax, respectively, which were obtained from a previous phase 1 study

of bococizumab.11 A total of 15 evaluable subjects in each dosing

group were also estimated as sufficient to provide 90% CIs for inter-

group differences of ±0.0983 in the natural log‐transformed area

under the LDL‐C concentration‐time profile from time zero to Day

85 (AUEC85) and of ±0.2024 in the natural log‐transformed maximal

reduction in LDL‐C (MaxELDL‐C) with 90% coverage probability. These

calculations were based on SD estimates of 0.136 and 0.280 for

AUEC85 and MaxELDL‐C, respectively, which were obtained from the

previous phase 1 study of bococizumab mentioned above.
2.2 | Study conduct

The study protocol and informed consent documentation were

reviewed and approved by the independent ethics committee at the

participating investigational center, which was the Pfizer clinical

research unit (CRU) in Brussels, Belgium. The CRU was responsible

for medical and clinical monitoring and, in addition to following all

local regulatory requirements, the study was conducted in compliance

with the ethical principles originating in or derived from the Declara-

tion of Helsinki and in compliance with all International Conference

on Harmonization Good Clinical Practice guidelines. The principal

investigator explained the nature, purpose, and risks of the study to

each participating subject. A signed and dated informed consent was

required before any screening procedures were undertaken.

The initial screening of subjects took place 14 to 28 days prior to

dosing, with additional screening procedures performed 7 days before

dosing. Enrolled subjects were given a unique electronic data capture

and management system identification and, prior to dosing, were also

allocated a randomization number that was retained throughout the

study. Each subject's randomization number corresponded to a treat-

ment schedule determined by a sponsor‐generated randomization

code. Subjects reported to the CRU on Day 0, received a single subcu-

taneous dose of bococizumab on Day 1, and remained confined

through the completion of study procedures on Day 2. The subjects

then returned to the CRU as outpatients on Days 3, 4, 5, 6, 8, 15,

22, 29, 36, 43, 50, 57, 64, 71, and 85 for follow‐up safety assessments

and collection of blood or urine samples for safety laboratory tests and

PK, PD, and immunogenicity evaluations. The first visit of the first sub-

ject occurred on February 2, 2016, and the final visit of the final sub-

ject took place on July 13, 2016. Clinical laboratory evaluations were

performed by DCL Medical Laboratories, Inc. (Indianapolis, IN, USA).
2.3 | Study treatment, sampling, and measurement
of analytes

2.3.1 | Treatment and sampling

Following an overnight fast of at least 12 hours, the subjects were

administered the study medication by qualified and trained CRU per-

sonnel as a subcutaneous injection within a radius of approximately
10 cm around the center of the abdominal periumbilical region at

approximately 08:00 AM (±2 h). Blood samples for all assessments

were taken prior to dosing on Day 1 and in the morning following a

fast of at least 12 hours on subsequent visits. Every effort was made

to obtain samples at the exact nominal time relative to dosing, but

samples could be taken within a window of ±1 day for the Day 15,

22, 29, 36, 43, 50, 57, 64, and 71 samples and within a window of

±2 days for the Day 85 sample.
2.3.2 | Bococizumab analysis

Plasma samples were stored at −70°C until analysis. Bococizumab

plasma concentrations were measured by ICON Laboratory Services,

Inc. (Whitesboro, NY, USA) by using a validated, sensitive, and specific

enzyme‐linked immunosorbent assay, which has been described previ-

ously.16 The lower limit of quantification for the assay was 400 ng/mL.

Samples with bococizumab concentrations above the upper limit of

quantification (12 800 ng/mL) were adequately diluted into the range

of quantification. The overall interassay accuracy, expressed as per-

cent relative error, in the measurement of control samples ranged

from 0.625 to 8.36%, and the overall interassay precision, expressed

as percent coefficient of variation (%CV) of the mean estimated

concentrations of control samples, was ≤6.54%.
2.3.3 | LDL‐C analysis

Low‐density lipoprotein cholesterol concentrations used to character-

ize lipid‐lowering effects were obtained by a direct‐measurement

assay (not calculated). Blood samples were analyzed for LDL‐C

concentrations by using the ADVIA® Chemistry LDL Cholesterol

Direct (DLDL) assay (catalogue number: 74028; Siemens Healthineers,

Huizingen, Belgium) on the ADVIA Chemistry XPT System (Siemens

Healthineers, Huizingen, Belgium) at the Institut de Biologie Clinique

(Watermael‐Boitsfort, Belgium). Baseline values for lipid parameters

were defined as the average of the values obtained on Day 7 and

before bococizumab administration on Day 1.
2.3.4 | Analysis of anti‐bococizumab and anti‐
rHuPH20 antibodies and nAbs

Titers of bococizumab antidrug antibodies (ADAs) within blood

samples were determined by using a semiquantitative

electrochemiluminescence immunoassay with a %CV of ≤8.21% for

control samples, while anti‐bococizumab neutralizing antibodies

(nAbs) were measured by using an immunoassay with a %CV of

≤12.5% for control samples. Analyses of bococizumab ADAs and

bococizumab nAbs were provided by ICON Laboratory Services, Inc.

(Whitesboro, NY, USA). The methodologies for these assays have

been described previously.16 Samples with a bococizumab concentra-

tion > 1 μg/mL were not analyzed by using the nAb assay due to

potential interference and were instead classified as “inconclusive.”

Titers of anti‐rHuPH20 antibodies within blood samples were deter-

mined by using a semiquantitative electrochemiluminescence immu-

noassay with a %CV of ≤16.9% for control samples, while anti‐

rHuPH20 nAbs were measured by using a semiquantitative, in vitro

hyaluronidase enzymatic immunoassay. Analyses of anti‐rHuPH20

antibodies were provided by Eurofins Pharma Bioanalytics Services
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US, Inc. (St. Charles, MO, USA), and analyses of anti‐rHuPH20 nAbs

were provided by MicroConstants, Inc. (San Diego, CA, USA). The

methodologies for these assays have been described previously.23

2.4 | Data analysis

2.4.1 | PK parameters

Parameters serving as PK endpoints were the AUCinf, Cmax, median time

to Cmax (Tmax), terminal half‐life (t½), apparent clearance (CL/F), and

apparent volume of distribution (Vz/F) of bococizumab. All randomized

and dosed subjects who had at least 1 recorded value for these PK

parameterswere included in the PK analysis population. Plasma samples

with bococizumab concentrations below the lower limit of

quantification were assigned a value of 0 for the statistical analysis.

Dose‐normalized AUCinf, AUClast, and Cmax were analyzed by using an

ANCOVAmodelwith treatment as a fixed effect andBMI as a covariate.

Estimates of the adjusted means and corresponding 90% CIs were

obtained from the model and exponentiated to provide estimates of

the ratios between test and reference groups. Calculation of PK param-

eters was performed by using an internally validated software system

(electronic noncompartmental analysis version 2.2.4), and statistical

analysis was performed by using SAS® 9.4.

2.4.2 | PD parameters

Parameters serving as PD endpoints were the absolute and percent

changes from baseline in LDL‐C at Day 29 following administration

of bococizumab, as well as the AUEC85 for LDL‐C. Additional
TABLE 1 Baseline demographics

Variable

Bococizumab
150 mg + rHuPH20
(N = 15)

Bococizumab
300 mg
(N = 15)

B
3
(N

Sex, n (%)

Male 15 (100) 9 (60.0) 9

Female 0 (0.0) 6 (40.0) 6

Age, years

Mean (SD) 46.5 (12.8) 40.5 (11.7) 4

Range 26‐64 25‐61 2

Raceb, n (%)

White 13 (86.7) 14 (93.3) 1

Black 1 (6.7) 1 (6.7) 0

Asian 1 (6.7) 0 (0.0) 0

Weight, kg

Mean (SD) 79.3 (8.4) 78.3 (11.9) 7

Range 65.5‐96.3 62.1‐97.0 6

Body mass
indexa, kg/m2

Mean (SD) 24.8 (1.9) 26.0 (2.3) 2

Range 22.7‐29.1 21.1‐30.0 2

Baseline LDL‐C,
mg/dL

Mean (SD) 121.2 (21.49) 125.2 (22.92) 1

Range 86‐158 92‐176 7

LDL‐C, low‐density lipoprotein cholesterol; rHuPH20, recombinant human hya
aDefined as weight/(height × 0.01)2.
bSelf‐reported.
measures included MaxELDL‐C and the time taken to reach MaxELDL‐C

(Tmax,LDL‐C). PD parameters were analyzed by using an ANCOVA model

with treatment as a fixed effect, and baseline LDL‐C and BMI as covar-

iates. Estimates of the adjusted means and corresponding 90% CIs

were obtained from the model and exponentiated to provide estimates

of the ratios between test and reference groups. Calculation of PD

parameters and statistical analysis was performed by using SAS 9.4.
2.5 | Safety evaluations

Safety evaluations included the incidence and severity of treatment‐

emergent adverse events (AEs) and serious AEs (SAEs), the relationship

of AEs and SAEs to studymedication, and the incidence of abnormal and

clinically relevant results from clinical laboratory tests, vital signs mea-

surements, electrocardiograms, and physical examinations. Immunoge-

nicity was assessed by monitoring the incidence and titer of

bococizumab ADAs and rHuPH20ADAs. A tiered ADA‐testing strategy

was used: All samples that were positive in the screening assay were

confirmed for antibody specificity, with confirmed‐positive samples fur-

ther characterized for titer and tested in the nAb assay if appropriate.
2.6 | Ethics statement

The final study protocol and informed consent documentation were

reviewed and approved by the independent ethics committee at the

participating investigational center. In addition to following all local

regulatory requirements, the study was conducted in compliance with
ococizumab
00 mg + rHuPH20
= 15)

Bococizumab
450 mg + rHuPH20
(N = 15)

Total
(N = 60)

(60.0) 7 (46.7) 40 (66.7)

(40.0) 8 (53.3) 20 (33.3)

0.2 (13.4) 38.8 (11.2) 41.5 (12.4)

0‐59 20‐56 20‐64

5 (100) 13 (86.7) 55 (91.7)

(0.0) 1 (6.7) 3 (5.0)

(0.0) 1 (6.7) 2 (3.3)

3.0 (12.5) 74.6 (13.3) 76.3 (11.7)

0.0‐104.6 60.6‐104.4 60.0‐104.6

4.4 (3.2) 25.0 (3.1) 25.1 (2.7)

0.2‐32.3 20.9‐30.2 20.2‐32.3

21.0 (23.87) 116.0 (20.98) Not calculated

4‐167 73‐140 73‐176

luronidase; SD, standard deviation.
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the ethical principles originating in or derived from the Declaration of

Helsinki and in compliance with all International Conference on

Harmonization Good Clinical Practice guidelines.
3 | RESULTS

3.1 | Study population

Sixty healthy adult subjects were recruited and randomized equally

among the 4 dosing groups (Table 1). All randomized subjects com-

pleted the study, and data from all 60 subjects were included in the

PK, PD, and safety analyses. The study included more men than

women (66.7% vs 33.3%), and most were of white race (91.7%). The

mean (SD) age and mean (SD) BMI of all subjects were 41.5 (12.4)

years and 25.1 (2.7) kg/m2, respectively. Mean baseline LDL‐C levels

ranged from 116.0 to 125.2 mg/dL across the 4 dosing groups.
FIGURE 1 Linear and semilogarithmic (inset) concentration‐time profiles

alone or in co‐mixture with rHuPH20. rHuPH20, recombinant human hyal

TABLE 2 Descriptive statistical summary of pharmacokinetic parameters
mixture with rHuPH20

Pharmacokinetic
Parametera

Bococizumab
150 mg + rHuPH20
(N = 15)

Bococ
300 m
(N = 1

AUCinf, μg. day/mL 187.5 (29) 294.6

AUCinf (DN), μg. day/mL/mg 1.251 (29) 0.981

Cmax, μg/mL 11.95 (27) 16.54

Cmax (DN), μg/mL/mg 0.07958 (27) 0.055

Tmax, days 4.05 (1.99‐6.98) 4.06 (

t½, days 6.589 ± 1.099 6.952

CL/F, L/day 0.7997 (29) 1.018

Vz/F, L 7.504 (28) 10.15

AUCinf, area under the plasma concentration‐time profile from time zero extra
concentration; DN; dose‐normalized to a 300‐mg dose; rHuPH20, recombinant
bution; t½, terminal half‐life.
aData are presented as geometric mean (% coefficient of variation), except Tmax d
dard deviation.
3.2 | PK profile of bococizumab with and without
rHuPH20 co‐mixture

The rate of absorption of bococizumab into the systemic circulation

was similar across the 4 dosing groups, with median Tmax from 4.00

to 5.05 days (Figure 1 and Table 2). The t½ of bococizumab ranged

from 6.59 to 7.77 days across the 4 dosing groups. The CL/F ranged

from 0.67 to 0.80 L/day across the 3 dosing groups that received

bococizumab co‐mixed with rHuPH20, which was lower than the

value observed in the group administered bococizumab 300 mg alone

(1.02 L/day). The Vz/F ranged from 7.04 to 7.59 L across the dosing

groups that received bococizumab co‐mixed with rHuPH20, which

was also lower than the value observed in the group administered

bococizumab 300 mg alone (10.15 L).

There was a dose‐dependent increase in total plasma exposure to

bococizumab across the dosing groups: Dose‐normalized AUCinf

showed a slightly supraproportional increase across the dosing groups

that received bococizumab in co‐mixture with rHuPH20, whereas
of bococizumab following a single subcutaneous dose of bococizumab

uronidase

following a single subcutaneous dose of bococizumab alone or in co‐

izumab
g
5)

Bococizumab
300 mg + rHuPH20
(N = 15)

Bococizumab
450 mg + rHuPH20
(N = 15)

(37) 449.0 (40) 648.2 (40)

0 (37) 1.498 (40) 1.440 (40)

(29) 22.66 (32) 32.58 (34)

14 (29) 0.07553 (32) 0.07238 (34)

2.94‐7.04) 5.05 (2.97‐7.02) 4.00 (2.96‐6.99)

± 0.7996 7.342 ± 0.8102 7.765 ± 1.848

(37) 0.6681 (40) 0.6938 (40)

(31) 7.035 (39) 7.593 (43)

polated to infinite time; CL/F, apparent clearance; Cmax, maximum plasma
human hyaluronidase; Tmax, time to Cmax; Vz/F, apparent volume of distri-

ata which are median (range) and t½ data which are arithmetic mean ± stan-



TABLE 3 Comparison of the dose‐normalized pharmacokinetic parameters of bococizumab when administered alone or in co‐mixture with rHuPH20

Comparison and Pharmacokinetic Parameters Testa Referencea Test/Reference Ratio, % (90% Confidence Interval)

Test: Bococizumab 150 mg + rHuPH20
Reference: Bococizumab 300 mg

AUCinf (DN), μg. day/mL/mg 1.238 1.047 118.32 (97.93‐142.95)

AUClast (DN), μg. day/mL/mg 1.197 1.023 117.03 (96.59‐141.81)

Cmax (DN), μg/mL/mg 0.07919 0.05691 139.14 (116.67‐165.95)

Test: bococizumab 300 mg + rHuPH20
Reference: bococizumab 300 mg

AUCinf (DN), μg. day/mL/mg 1.430 1.047 136.64 (112.81‐165.50)

AUClast (DN), μg. day/mL/mg 1.405 1.023 137.37 (113.09‐166.86)

Cmax (DN), μg/mL/mg 0.07385 0.05691 129.76 (108.55‐155.11)

Test: bococizumab 450 mg + rHuPH20
Reference: bococizumab 300 mg

AUCinf (DN), μg. day/mL/mg 1.428 1.047 136.42 (112.92‐164.81)

AUClast (DN), μg. day/mL/mg 1.407 1.023 137.56 (113.54‐166.67)

Cmax (DN), μg/mL/mg 0.07208 0.05691 126.64 (106.19‐151.03)

AUCinf, area under the plasma concentration‐time profile from time zero extrapolated to infinite time; AUClast, area under the plasma concentration‐time
profile from time zero to the time of the last quantifiable concentration; Cmax, maximum plasma concentration; DN; dose‐normalized to a 300‐mg dose;
rHuPH20, recombinant human hyaluronidase.
aData are presented as natural log‐transformed, adjusted geometric means obtained from an ANCOVA model with body mass index as a covariate.
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dose‐normalized Cmax showed a slightly subproportional increase

across these groups (Table 2). Based on the dose‐normalized AUCinf

and Cmax values, plasma exposure to bococizumab was higher in the

dosing groups that received bococizumab in co‐mixture with rHuPH20

compared with the group administered bococizumab 300 mg alone.

Model‐based estimates of the ratios between test and reference

dosing groups in dose‐normalized AUCinf, AUClast, and Cmax are shown in

Table 3. Relative to the dosing group administered bococizumab 300 mg

alone (the reference group), the ratios (90% CI) for dose‐normalized

AUCinf in the groups that received bococizumab 150, 300, or 450 mg

in co‐mixture with rHuPH20 (the test groups) were 118.3% (97.9‐

143.0%), 136.6% (112.8‐165.5%), and 136.4% (112.9‐164.8%), respec-

tively, while the ratios for dose‐normalized Cmax were 139.1% (116.7‐

166.0%), 129.8% (108.6‐155.1%), and 126.6% (106.2‐151.0%), respec-

tively. Ratios for AUClast were similar to those for AUCinf.

3.3 | PD effect of bococizumab with and without
rHuPH20 co‐mixture

The time at which the reduction in LDL‐C was maximal (Tmax,LDL‐C)

was approximately 21 days in the 3 dosing groups that received
bococizumab 150 or 300 mg, while it was 28 days in the group admin-

istered bococizumab 450 mg + rHuPH20 (Figure 2). At Day 21, the

group administered bococizumab 300 mg alone showed a greater

mean percent reduction in LDL‐C from baseline compared with the

bococizumab 300 mg + rHuPH20 group (59.5% vs 52.2%, respec-

tively; Table 4), but the mean percent reductions observed in these

2 groups at Day 29 were similar (49.6% vs 51.7%, respectively).

Ratios of the exponentiated means for AUEC85 and MaxELDL‐C

between test and reference groups are shown in Table 5. The dosing

group administered bococizumab 300 mg + rHuPH20 did not show a

significantly altered AUEC85 (ratio of adjusted means: 102.5%, 90%

CI: 96.1‐109.3%) but did show a higher MaxELDL‐C, indicating a

diminution of efficacy in reducing LDL‐C compared with the group

administered bococizumab 300 mg alone (ratio of adjusted means:

125.4%, 90% CI: 103.3‐152.2%).
3.4 | Safety

There were no deaths, severe AEs, or discontinuations due to an AE in

this study (Table 6). Two SAEs of “arthralgia” and “condition aggra-

vated,” both of which were considered to be unrelated to study
FIGURE 2 Time course of percent change in
LDL‐C from baseline following a single
subcutaneous dose of bococizumab alone or
in co‐mixture with rHuPH20. LDL‐C, low‐
density lipoprotein cholesterol; rHuPH20,
recombinant human hyaluronidase; SEM,
standard error of the mean



TABLE 5 Comparison of the pharmacodynamic parameters of bococizumab 300 mg when administered alone or in co‐mixture with rHuPH20

Pharmacodynamic Parameter Bococizumab 300 mg + rHuPH20a Bococizumab 300 mga Ratio of Adjusted Means, % (90% Confidence Interval)

AUEC85, mg. day/dL 7822.75 7634.94 102.46 (96.08‐109.26)

MaxELDL‐C, mg/dL 50.80 40.52 125.37 (103.27‐152.20)

AUEC85, area under the LDL‐C concentration‐time profile from time zero to Day 85; LDL‐C, low‐density lipoprotein cholesterol; MaxELDL‐C, maximum
reduction in LDL‐C; rHuPH20, recombinant human hyaluronidase.
aData are natural log‐transformed, adjusted geometric means obtained from an ANCOVA model with baseline LDL‐C and body mass index as covariates.

TABLE 4 Descriptive statistical summary of pharmacodynamic parameters following a single subcutaneous dose of bococizumab alone or in co‐
mixture with rHuPH20

Pharmacodynamic
Parametera

Bococizumab
150 mg + rHuPH20 (N = 15)

Bococizumab 300 mg
(N = 15)

Bococizumab
300 mg + rHuPH20 (N = 15)

Bococizumab
450 mg + rHuPH20 (N = 15)

Change in LDL‐C From Baseline at Day 21

Absolute, mg/dL −69.47 (17.02) −74.77 (21.75) −63.50 (21.78) −72.23 (17.06)

Percent −57.6 (11.47) −59.5 (10.05) −52.2 (11.38) −62.2 (10.04)

Change in LDL‐C from baseline at Day 29

Absolute, mg/dL −41.53 (19.50) −62.63 (24.09) −62.83 (20.19) −72.63 (16.67)

Percent −34.3 (16.19) −49.6 (15.28) −51.7 (11.29) −62.6 (8.81)

AUEC85 (absolute), mg. Day/dL 8,447.48 (22) 7,984.11 (18) 7,837.87 (26) 6,698.05 (20)

MaxELDL‐C (absolute), mg/dL 47.21 (35) 42.80 (35) 52.73 (30) 40.27 (32)

Tmax,LDL‐C (absolute), day 20.94 (13.9–21.0) 20.95 (13.9–35.0) 21.00 (14.0–42.0) 27.95 (20.9–41.9)

AUEClast, area under the LDL‐C concentration‐time profile from time zero to Day 85; LDL‐C, low‐density lipoprotein cholesterol; MaxELDL‐C, maximum
reduction in LDL‐C; rHuPH20, recombinant human hyaluronidase; Tmax,LDL‐C, time to MaxELDL‐C.
aData for changes in LDL‐C from baseline are presented as arithmetic mean (standard deviation), data for MaxELDL‐C and AUEC85 are arithmetic mean (per-
cent coefficient of variation), and data for Tmax,LDL‐C are median (range).
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medication by the investigator, were reported in one subject in the

bococizumab 300‐mg group. Overall, AEs were reported most fre-

quently in subjects receiving bococizumab 450 mg + rHuPH20 (14/15

subjects; 93.3%) and least frequently in subjects receiving bococizumab

150 mg + rHuPH20 (8/15 subjects; 53.3%). Most (121/147; 82.3%) of

the reported AEs were mild in severity, with the remaining 26 catego-

rized as moderate. Most (99/147; 67.3%) of the treatment‐emergent

AEs were considered treatment‐related by the investigator. Overall,

the most frequently reported AEs were injection‐site erythema (21/60

subjects; 35.0%), injection‐site bruising (14/60 subjects; 23.3%), and

nasopharyngitis (14/60 subjects; 23.3%). The most frequently reported

AE within a single dosing group was injection‐site erythema, which

occurred in 10/15 subjects (66.7%) in both the bococizumab

300 mg + rHuPH20 and bococizumab 450 mg + rHuPH20 dosing

groups. All injection‐site AEs were consideredmild in severity, and their

overall incidence was highest in the group receiving bococizumab

450mg+ rHuPH20 (13/15 subjects; 86.7%). Therewere no results from

laboratory tests, vital signs measurements, electrocardiograms, or phys-

ical examinations that were considered clinically significant or reported

as AEs by the investigator.
3.4.1 | Immunogenicity

A total of 13 subjects (21.7% of those exposed) developed

bococizumab ADAs (4 [26.7%] in the bococizumab 300 mg group, 6

[40.0%] in the bococizumab 300 mg + rHuPH20 group, and 3

[20.0%] in the bococizumab 450 mg + rHuPH20 group). Of the

subjects with detectable ADAs, 7 had nAbs (3 [20.0%] in the

bococizumab 300‐mg group and 4 [26.7%] in the bococizumab
300 mg + rHuPH20 group; 11.7% of the total number of subjects

exposed to bococizumab). There were 4 subjects (8.9% of those

exposed) who developed anti‐rHuPH20 antibodies (2 [13.3%] each

in the bococizumab 300 mg + rHuPH20 and bococizumab

450 mg + rHuPH20 groups), with none of these found to be neutral-

izing. No subjects in the bococizumab 150 mg + rHuPH20 group

developed bococizumab ADAs or anti‐rHuPH20 antibodies. The small

numbers of ADA‐positive and nAb‐positive subjects precluded

meaningful comparisons with the antibody‐negative subjects, but the

AEs observed did not suggest any marked imbalance between these

groups for either anti‐bococizumab or anti‐rHuPH20 antibodies.
4 | DISCUSSION

Our data demonstrate that the subcutaneous administration of

bococizumab in co‐mixture with rHuPH20 increased the bioavailabil-

ity (both Cmax and AUCinf) of bococizumab compared with the admin-

istration of bococizumab alone. Despite the observed increase in

bioavailability, however, co‐mixture with rHuPH20 did not enhance

the lipid‐lowering PD effect of a 150‐ or 300‐mg dose of bococizumab

by an extent considered sufficient to support a dosing regimen less

frequent than every 2 weeks. The reason why the increase in bioavail-

ability of bococizumab did not translate into an enhanced LDL‐C

response is not known at this time. Comparing the time course profiles

of LDL‐C reductions in the two 300‐mg dosing groups showed that

co‐mixture with rHuPH20 appeared to reduce the nadir of LDL‐C

reduction but prolong the duration of effect. Our data also show that



TABLE 6 Summary of safety data (treatment‐emergent, all‐cause adverse events)

Variablea
Bococizumab
150 mg + rHuPH20 (N = 15)

Bococizumab
300 mg (N = 15)

Bococizumab
300 mg + rHuPH20 (N = 15)

Bococizumab
450 mg + rHuPH20 (N = 15)

Number of deaths 0 (0) 0 (0) 0 (0) 0 (0)

Subjects experiencing a serious adverse
event

0 (0.0) 0 (0.0)b 0 (0.0) 0 (0.0)

Subjects experiencing a severe adverse
event

0 (0) 0 (0) 0 (0) 0 (0)

Total number of adverse events 21 41 43 42

Number of subjects experiencing an
adverse event

8 (53.3) 12 (80.0) 12 (80.0) 14 (93.3)

Subjects discontinuing treatment due
to adverse events

0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Most frequent adverse events (≥2 subjects in any dosing group)

Injection site erythema 0 (0.0) 1 (6.7) 10 (66.7) 10 (66.7)

Injection site bruising 1 (6.7) 3 (20.0) 2 (13.3) 8 (53.3)

Nasopharyngitis 3 (20.0) 5 (33.3) 3 (20.0) 3 (20.0)

Headache 0 (0.0) 7 (46.7) 2 (13.3) 0 (0.0)

Injection site pain 2 (13.3) 3 (20.0) 2 (13.3) 0 (0.0)

Injection site pruritus 0 (0.0) 3 (20.0) 1 (6.7) 3 (20.0)

Injection site swelling 0 (0.0) 0 (0.0) 3 (20.0) 3 (20.0)

Diarrhea 2 (13.3) 0 (0.0) 2 (13.3) 0 (0.0)

Vomiting 1 (6.7) 2 (13.3) 0 (0.0) 0 (0.0)

Abdominal pain 2 (13.3) 0 (0.0) 0 (0.0) 0 (0.0)

Back pain 0 (0.0) 0 (0.0) 2 (13.3) 0 (0.0)

Dry skin 0 (0.0) 0 (0.0) 2 (13.3) 0 (0.0)

aData are n (%).
bA 36‐year‐old man in the bococizumab 300‐mg group reported 2 nontreatment‐emergent serious adverse events (SAEs) of “arthralgia” and “condition
aggravated” (investigator reported terms: worsening knee pain due to previous meniscus tear). The subject had experienced intermittent knee pain since
a knee injury more than 3 months prior to the administration of study medication and went on to have an arthroscopic meniscus repair. Both SAEs were
considered unrelated to study medication by the investigator.
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a larger‐volume, 450‐mg dose of bococizumab co‐mixed with

rHuPH20 was tolerable and reduced LDL‐C by 62.6% at Day 29 fol-

lowing a single injection. A similar magnitude and duration of LDL‐C

response was observed following the administration of a 420‐mg dose

of evolocumab when given as 3 separate 1‐mL subcutaneous

injections,24 which is a dosing method that would seem suboptimal

with regard to patient compliance.

Prior simulations using a population PK/PD model predicted

that, following a 300‐mg dose, an increase in the bioavailability of

bococizumab of approximately 30% or greater would result in an

LDL‐C reduction of approximately 65% at Day 29 (our unpublished

data). Based on the AUC ratios we observed, rHuPH20 increased

the bioavailability of bococizumab by approximately 18 to 37%

across the dose range studied, with the bococizumab

300 mg + rHuPH20 dosing group displaying a 36.6% increase. This

did not translate into an enhanced reduction in LDL‐C, however,

with the observed mean percent reduction from baseline in LDL‐C

at Day 29 being approximately 50% for both the bococizumab

300 mg and bococizumab 300 mg + rHuPH20 groups. The extent

of LDL‐C reduction we observed in the bococizumab

150 mg + rHuPH20 dosing group of the current study was similar

to data from other phase 1, single‐dose studies of bococizumab

alone.9,11 A study investigating 3 different injection sites reported

LDL‐C reductions from baseline of 30 to 35% at Day 29 following
a single subcutaneous dose of bococizumab 150 mg,11 whereas we

observed a reduction of 34.3% in our bococizumab

150 mg + rHuPH20 dosing group. A similar LDL‐C reduction of

approximately 30% was reported in another single‐dose phase 1

study that included a slightly higher subcutaneous bococizumab dose

of 200 mg.9 The dosing group that received bococizumab

450 mg + rHuPH20 also showed increased bioavailability, but the

magnitude and duration of the LDL‐C response observed were con-

sistent with what could be expected for this size of dose without

rHuPH20 co‐mixture, which indicated that the observed effect on

PD parameters was not due to enhanced bioavailability.

The safety profile of bococizumab in the current study was

consistent with that seen in previous studies and showed that a

co‐mixture of bococizumab and rHuPH20 was generally safe and

well tolerated by healthy adults.9,11-14,16,17 Overall, the most fre-

quently reported AEs were injection‐site erythema, injection‐site

bruising, and nasopharyngitis. All injection‐site AEs were considered

mild in severity, with their overall incidence being highest in the

bococizumab 450 mg + rHuPH20 dosing group. The incidence of

ADAs in our study was similar to the rate observed in the phase 1

study of bococizumab that investigated 3 different injection sites:

The incidence in this previous study was 30.7% (23/75 subjects),11

while the rate we observed was 21.7%. The incidence of nAbs to

bococizumab in the present study was higher than previously
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observed in the single‐dose study that investigated 3 different injec-

tion sites (11.7% vs 5.3%), but it is important to note several differ-

ences in methodology: The injection‐site study only included

subjects with fasting LDL‐C ≥ 130 mg/dL, only investigated

bococizumab administered alone, and only involved a bococizumab

dose of 150 mg, which was the dose level with which we observed

no incidence of ADA development at all. The dosing groups and the

number of subjects who developed ADAs were not of sufficient size

to support a meaningful evaluation of the impact of immunogenicity

on PK or PD parameters.

Our phase 1 study has some limitations. First, the participants in

our study were not hypercholesterolemic and did not receive the

study medication against a background of lipid‐lowering therapy.

Therefore, the PK/PD behavior of bococizumab in our study may

not have fully reflected the situation in patients eligible for treat-

ment with a PCSK9 inhibitor. Second, the participating subjects

received only a single dose of study treatment, and this does not

reflect the PK, PD, or safety profiles that a chronic dosing paradigm

would induce. Third, our results may not be representative for

broader patient groups because the study was conducted at a single

European center where more than 90% of the participants were of

white race. Fourth, while the aim of including the bococizumab

450 mg + rHuPH20 dosing group was to assess the overall tolerabil-

ity of this size of subcutaneous injection, one that is usually consid-

ered too large for clinical practice, the absence of a dosing group

that received bococizumab 450 mg alone prevented a direct compar-

ison and limited interpretation of the impact of rHuPH20 at this

dose level.

On November 1, 2016, Pfizer Inc. announced the discontinua-

tion of the global clinical development program for bococizumab.25

This decision was based on the totality of clinical information for

bococizumab, as well as the evolving treatment and market

landscape for lipid‐lowering agents. Pfizer observed an unanticipated

attenuation of the LDL‐C–lowering effect over time, as well as a

higher level of immunogenicity and higher rate of injection‐site

reactions than shown with the other agents in this class.16 Further

analysis of data from the SPIRE trials showed that the extent of

LDL‐C reduction at weeks 12 to 14, as well as at study completion,

in patients with or without familial hypercholesterolemia (FH;

n = 1,578 and n = 15,959, respectively) was similar, that the

incidence of bococizumab ADAs was slightly higher in patients with

FH compared with trial participants without FH (43.2% vs 35.8%,

respectively), and that the risk of a patient with FH experiencing a

major adverse cardiovascular event was not significantly different

from the risk observed in participants without FH.26
5 | CONCLUSION

Co‐mixture of bococizumab with rHuPH20 increased the bioavailabil-

ity of bococizumab following a single subcutaneous dose. Administra-

tion of a 300‐mg dose of bococizumab in co‐mixture with rHuPH20

did not result in enhanced LDL‐C reductions at Day 29, with time‐

course profiles suggesting that co‐mixture with rHuPH20 reduced

the nadir of LDL‐C reduction but prolonged the duration of effect. A
larger‐volume, 450‐mg dose of bococizumab co‐mixed with rHuPH20,

was found to be tolerable and had a dose‐proportional effect on LDL‐

C. The co‐mixture of bococizumab and rHuPH20 was well tolerated

and showed a safety profile that was consistent with previous studies

of bococizumab.
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