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ABSTRACT

levated level of low-density lipoprotein-

cholesterol (LDL-C) is a major risk factor for

cardiovascular diseases. Serum LDL-C and to-
tal cholesterol levels have been increasing in the Chi-
nese population in recent years, with hyperlipidemia-
induced cardiovascular events estimated to increase
by 9.2 million from 2010 to 2030 (1).

Statins are considered the first-line therapy for
hyperlipidemia. However, many patients fail to ach-
ieve the LDL-C goal even with maximum tolerated
statin doses (2). Efforts are needed to identify addi-
tional LDL-C-lowering strategies.

The aim of the studies was to evaluate the safety, tolerability, and efficacy of tafolecimab, a novel proprotein convertase
subtilisin/kexin type 9 (PCSK9) monoclonal antibody, in Chinese healthy volunteers and patients with hypercholester-
olemia. Fifty-eight healthy volunteers (phase 1a) were randomized to receive a single dose of 25, 75, 150, 300, 450, or
600 mg tafolecimab subcutaneously, 75 or 450 mg intravenously, or placebo. Sixty patients with hypercholesterolemia
(phase 1b) were randomized to receive 75 or 140 mg tafolecimab every 2 weeks, 300 or 420 mg every 4 weeks, or 450 or
600 mg every 6 weeks subcutaneously or placebo for 12 weeks. Tafolecimab was well tolerated. Adverse events in both
studies were either mild or moderate. In the phase 1a study, a single dose of tafolecimab reduced low-density lipopro-
tein-cholesterol (LDL-C) levels up to 72% in healthy volunteers. In the phase 1b study, tafolecimab reduced LDL-C levels
up to 71.6% and by more than 50% consistently to week 12 for all tafolecimab dose regimens. Tafolecimab is a safe
PCSK9 monoclonal antibody with significant and potential long-acting LDL-C-lowering effect. (Single Ascending Dose
Study of PCSK-9 Inhibitor [IBI306] in Healthy Subjects; NCT03366688) (Multiple Ascending Dose Study of PCSK-9 In-
hibitor [IBI306] in Chinese Patients With Hypercholesterolemia; NCTO3815812) (JACC: Asia 2021;1:411-415) © 2021 The
Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open access article
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

In the past decade, proprotein convertase subtili-
sin/kexin type 9 (PCSK9) emerged as a novel target for
the treatment of hypercholesterolemia with the
approval of 2 monoclonal antibodies, alirocumab and
evolocumab (3). Both were administered every 2-
4 weeks and reduced LDL-C levels by approximately
60% (4,5). It would be desirable to develop a PCSK9
inhibitor with durable effect to alleviate injection site
reactions and improve long-term medication compli-
ance (6).

Tafolecimab is a fully human IgG2 PCSK9 mono-
clonal antibody produced through affinity maturation
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ABBREVIATIONS
AND ACRONYMS

AE = adverse event

ALT = alanine transaminase
AST = aspartate transaminase
BMI = body mass index

HDL-C = high-density
lipoprotein-cholesterol

IV = intravenously

LDL-C = low-density
lipoprotein-cholesterol

PCSK9 = proprotein
convertase subtilisin/kexin
type 9

QxW = every x weeks
SC = subcutaneously

TEAE = treatment-emergent
adverse effect

by chain shuffling and complementarity
determining region mutagenesis on candi-
date antibodies discovered from a synthetic
human antibody library. The phase 1 studies
evaluated the safety, tolerability, and effi-
cacy of tafolecimab in healthy volunteers and
patients with hypercholesterolemia.

METHODS

ETHICS. The studies were done in accor-
dance with local laws, the International
Conference on Harmonization Good Clinical
Practice guidelines, and the ethical princi-
ples outlined in the Declaration of Helsinki.
Respective ethics committees reviewed the
study protocols and approved the studies.
These studies were registered with Clinical-
Trials.gov (NCT03366688 and NCT03815812).

PARTICIPANTS AND PROCEDURES. In the phase 1a
study, healthy volunteers aged 18-55 years with
LDL-C level 1.8-4.9 mmol/L and body mass index
(BMI) 19-28 kg/m® were enrolled. Two participants
were assigned to the sentinel cohort to receive 25 mg

open-label tafolecimab subcutaneously (SC). The
other 56 participants were sequentially assigned to 7
cohorts: 75 mg SC, 150 mg SC, 75 mg intravenously
[IV], 300 mg SC, 450 mg SC, 600 mg SC and 450 mgIV.
Two participants in the 75 mg SC cohort received

open-label tafolecimab, and the remaining 6 partici-
pants were randomized 2:1 to receive tafolecimab or
placebo. Participants in the remaining cohorts were
randomized 3:1 to receive tafolecimab or placebo.
Each cohort started dosing after the 14-day safety
evaluation of the previous cohort.

The phase 1b study enrolled 60 patients with

hypercholesterolemia aged 18-70 years, BMI 18-
30 kg/m?, fasting LDL-C 2.6-5.7 mmol/L, and fasting
triglycerides =4.5 mmol/L at screening, and on
moderate- to high-dose statins for a minimum of

4 weeks. Patients were enrolled in 6 cohorts: 75 mg
every 2 weeks (Q2W), 140 mg Q2W, 300 mg Q4W,
420 mg Q4W, 450 mg Q6W, and 600 mg Q6W. In
each cohort, patients were randomized 4:1 to
receive tafolecimab or placebo. The treatments las-

ted for 12 weeks. In addition, the efficacy assess-
ment extended to week 14 in the 600 mg Q6W

cohort.

OUTCOMES. In both studies, the primary end points
were the safety and tolerability of tafolecimab. Data
on adverse events (AEs), vital signs, laboratory tests,
and electrocardiography were obtained at each study
visit throughout the study. AEs were categorized ac-

cording to the Medical Dictionary for Regulatory
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Activities system organ classes and preferred terms.
The severity of the AEs and the association between
an AE and the study drug were assessed by in-
vestigators based on prespecified criteria.

Secondary end points included pharmacody-
namics, immunogenicity, and efficacy of tafolecimab.
Efficacy end points included change from baseline to
week 12 in LDL-C, total cholesterol, high-density li-
(HDL-C), and

poprotein-cholesterol triglycerides

levels.

STATISTICAL ANALYSIS. The sample sizes were
determined empirically to assess the safety and
tolerability of tafolecimab. Participants who received
at least 1 dose of tafolecimab or placebo were
included in the safety analysis. The efficacy analyses
included participants who received tafolecimab or
placebo and had at least 1 post-baseline evaluation.
For both studies, descriptive statistics were applied
for demographic and safety parameters. Student t test
and Fisher exact test were used for comparison of
continuous and categoric efficacy end points,
respectively. P values were provided with a signifi-
cant level of 0.05. All statistical analyses were per-
formed with the use of SAS 9.4 (SAS Institute).

RESULTS

PARTICIPANTS. In the phase 1a study, 58 healthy
volunteers were enrolled, with 44 receiving tafoleci-
mab and 14 receiving placebo. Fifty-six participants
completed the study. One participant receiving tafo-
lecimab in the 75 mg IV cohort was lost to follow-up
and 1 receiving tafolecimab in the 450 mg IV cohort
withdrew consent. In the phase 1b study, 60 patients
with hypercholesterolemia were enrolled, with 48
receiving tafolecimab and 12 receiving placebo. Fifty-
nine patients completed the study, and 1 receiving
tafolecimab in the 450 mg Q6W cohort voluntarily
discontinued the study at the safety follow-up period.
Demographics and baseline characteristics are sum-
marized in the Table 1.

SAFETY. Tafolecimab was well tolerated and showed
an overall good safety profile in both studies. All
treatment-emergent adverse effects (TEAEs) were
either mild or moderate in severity, and no serious AE
or AE leading to death or treatment discontinuation
occurred. In the phase 1a study, TEAEs were reported
in 23 participants (52.3%) receiving tafolecimab and 8
(57.1%) receiving placebo. The most common TEAEs
were upper respiratory tract infection, blood creatine
phosphokinase increase, and blood uric acid increase
(Table 1). One participant receiving tafolecimab re-
ported mild alanine transaminase (ALT) and aspartate
transaminase (AST) increase. In the placebo group, 1
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TABLE 1 Demographics, Baseline Characteristics, and Treatment-Emergent Adverse Events
D graphics and Baseline Characteristics
Phase 1a 25 mg SC 75 mg SC 75 mg IV 150mgSC 300mgSC 450mgSC 450mg IV 600 mg SC Tafolecimab Placebo
(n=2) (n=6) (n=6) (n=6) (n=6) (n=6) (n =6) (n=6) (n = 44) (n =14)
Age, y 28-30 293 +6.3 333 +37 28.7 + 6.5 27.7 +£5.8 343+ 47 29.8 £+ 6.8 29.0 +£ 6.1 - 29.8 £+ 6.0
Male 2 (100) 4 (67) 6 (100) 4 (67) 4 (67) 4 (67) 5(83) 3 (50) = 12 (86)
BMI, kg/m2 20.7-23.4 228 + 1.4 231+1.9 2524+ 27 23.8 +1.8 23.8 £+ 2.0 221+26 231+24 - 23.8 £2.7
LDL-C, mmol/L 2.0-3.0 26+ 0.6 32+0.7 31+ 0.8 27+ 0.5 28+ 0.7 25+03 3.0+ 0.7 - 3.0+ 0.6
PCSK9, ng/mL 422.7-588.6 445.3 + 134.3 500.7 £ 146.5 497.1 + 70.0 365.7 + 73.9 429.4 +107.1 432.7 +£55.2 450.4 +126.1 - 437.9 + 82.2
Phase 1b 75 mg Q2W 140 mg Q2W 300 mg Q4W 420 mg Q4W 450 mg Q6W 600 mg Q6W Tafolecimab Placebo
(n =8) (n=28) (n =8) (n =8) (n=28) (n =8) (n = 48) (n =12)
Age, y 58.8 + 6.2 545 +12.4 53.6 + 6.4 528 +13.6 471+104 559+9.8 = 443 +17.8
Male 3(38) 1(13) 0 4 (50) 4 (50) 4 (50) - 5(42)
BMI, kg/m2 262 +£1.8 244 +2.2 26.0 £ 2.2 23.0 £33 2465+ 2.1 24.0 £1.9 = 249 £33
LDL-C, mmol/L 4.4 +0.9 3.8+0.8 39+ 04 39+05 3.6 £+ 0.6 3.7+ 0.6 - 3.8+ 0.6
PCSK9, ng/mL 546.5 + 98.0 577.3 + 130.0 582.6 + 156.8 532.6 + 96.4 596.2 + 131.9 507.7 + 171.0 - 594.4 +134.0
Treatment-Emergent Adverse Events
Phase 1a 25 mg SC 75 mg SC 75 mg IV 150mgSC 300mgSC 450mgSC 450mglV 600 mg SC Tafolecimab Placebo
(n=2) (n = 6) (n = 6) (n = 6) (n = 6) (n = 6) (n =6) (n = 6) (n = 44) (n =14)
Any event 1(50) 2 (33) 4 (67) 4 (67) 3 (50) 1Q17) 4 (67) 4 (67) 23 (52) 8 (57)
Adverse events that occurred in =5%
of participants in phase 1a cohorts
(n = 58)
Upper respiratory 0 0 2 (33) 2 (33) 0 0 2 (33) 3 (50) 9 (21) 2(14)
tract infection
Blood creatine 0 107) 2(33) 1(07) 107) 0 0 107) 6 (14) 0
phosphokinase
increase
Blood uric acid increase 0 0 107) 0 0 107) 0 0 2 (5 2 (14)
Phase 1b 75 mg Q2W 140 mg Q2W 300 mg Q4W 420 mg Q4W 450 mg Q6W 600 mg Q6W Tafolecimab Placebo
(n=28) (n=28) (n=28) (n=28) (n=238) (n=28) (n = 48) (n =12)
Any event 7 (88) 7 (88) 7 (88) 5(63) 3(38) 5 (63) 34 (71) 9 (75)
Adverse events that occurred in =5%
of patients in phase 1b cohorts
(n = 60)
Upper respiratory tract infection 2 (25) 0 3(38) 3(38) 0 1(13) 9 (19) 1(8)
Blood pressure increase 0 0 2 (25) 0 1(13) 1(13) 4 (8) 1(8)
Asthenia 0 0 4 (50) 0 0 0 4 (8) 0
White blood cell count increase 0 1313) 0 0 0 1(13) 2 (4) 2(17)
Neutrophil count decrease 0 103) 0 0 1(13) 0 2(4) 1(8)
White blood cells urine positive 0 103) 0 0 2 (25) 0 3(6) (o]
Electrocardiogram QT prolonged 0 0 2 (25) 0 0 1(13) 3(6) 0
White blood cell count decrease 0 1(13) 0 0 1(13) 0 2(4) 1(8)
Arthralgia 2 (25) 0 6] 1(13) (0] 0 3(6) [0]

Values are range, mean =+ SD, or n (%).

BMI = body mass index; IV = intravenously; LDL-C = low-density lipoprotei
SC = subcutaneously.

n cholesterol; PCSK9 = proprotein convertase subtilisin/kexin type 9; Q2W, Q4W, Q6W = every 2, 4, 6 weeks;

participant reported mild ALT increase and 1 reported
mild blood bilirubin increase.

In the phase 1b study, TEAEs were reported in 34
patients (70.8%) receiving tafolecimab and 9 (75.0%)
receiving placebo. The most common TEAEs were
upper respiratory tract infection, blood pressure in-
crease, and asthenia (Table 1). One patient receiving
tafolecimab reported mild blood bilirubin increase
and 1 reported mild ALT and AST increase. In the
placebo group, 1 patient reported moderate ALT and
AST increase.

Antidrug antibody was detected in 1 participant
receiving placebo at baseline in the phase 1a study
and in 3 patients receiving tafolecimab during the
safety follow-up visit in the phase 1b study. None of
the participants developed neutralizing antibody.
LDL-C AND OTHER LIPID LEVELS. Tafolecimab
significantly reduced LDL-C levels in both studies. In
the phase 1a study, maximal reduction in LDL-C
levels was observed 2 weeks after the single dose.
The duration of reductions showed dose dependence.
At week 6, LDL-C levels were reduced from baseline
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FIGURE 1 Effects of Tafolecimab on LDL-C Levels
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Percentage changes from baseline in LDL-C levels in the (A) phase 1a and (B) phase 1b studies. Error bars indicate standard error (SE).
IV = intravenously; LDL-C = low-density lipoprotein cholesterol; Q2W, Q4W, Q6W = every 2, 4, 6 weeks; SC = subcutaneously.

by means of 55.0% + 15.6% (300 mg SC) to 67.2% +
3.0% (450 mg IV) across the range of tafolecimab
doses from 300 mg to 600 mg, whereas the placebo
group had an increase from baseline of 1.1% + 0.9%.
Furthermore, 600 mg tafolecimab reduced LDL-C
levels from baseline by a mean of 54.1% + 12.4% at
week 8 (Figure 1A).

In the phase 1b study, mean reductions of LDL-C
levels by more than 50% were achieved at week 4
and maintained though week 12 with all of the
tafolecimab dose regimens (Figure 1B). At week 12, the
mean reductions in LDL-C levels ranged from 54.3% +
14.5% (140 mg) to 72.3% + 8.5% (420 mg) (P < 0.001
for each dose vs placebo, Student t test). Moreover,
100% patients receiving tafolecimab (vs 20%

receiving placebo) achieved >15% reduction in LDL-C
levels (P = 0.001, Fisher exact test). Patients in the
600 mg Q6W cohort were monitored up to week 14,
when a mean reduction in LDL-C of 43.5% + 20.9%
was achieved in patients receiving tafolecimab, indi-
cating the long-acting LDL-C-lowering effect. In
addition, mean reductions in total cholesterol levels
from baseline to week 12 ranged from 40.7% =+ 13.6%
(140 mg) to 56.3% =+ 6.3% (420 mg) in patients
receiving tafolecimab (vs 0% =+ 0.19% in the placebo
group). Mean reductions in apolipoprotein B levels
from baseline to week 12 ranged from 52.6% =+ 19.5%
(600 mg) to 68.4 + 9.5% (420 mg) in patients
receiving tafolecimab (vs a 1.2% =+ 23.4% increase in
the placebo group). Greater improvement in HDL-C,
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triglycerides, and lipoprotein(a) were observed in
patients receiving tafolecimab compared with those
receiving placebo.

PCSK9 LEVELS. In the phase 1a study, maximum re-
ductions in PCSK9 levels, ranging from 89.6% to
100%, were observed 4-24 hours after a single dose of
tafolecimab. The duration of reductions exhibited
dose dependence. At week 6, the mean reductions in
PCSK9 levels in patients receiving tafolecimab in the
450 mg SC and 600 mg SC cohorts were 91.3% + 9.2%
and 89.4% + 11.3%, respectively. Of note, the mean
PCSK9 level in patients receiving tafolecimab in the
600 mg SC cohort was 52.4% =+ 76.0% below the
baseline at week 8.

In the phase 1b study, 75.6% to 100% reductions in
PCSK9 levels were observed across all tafolecimab
doses at 24 hours after the first dose. PCSK9 levels
remained 50% or more below baseline levels across
the range of tafolecimab doses from 140 mg to 600 mg
to week 12, when mean reductions in PCSK9 levels of
57.6% =+ 53.0% (600 mg) to 93.4% =+ 6.2% (420 mg)
were achieved.

DISCUSSION

The studies evaluated the safety and efficacy of
tafolecimab in healthy participants and patients with
hypercholesterolemia. Although PCSK9 monoclonal
antibodies have been approved in the clinic, we are
the first to report the clinical investigation of a novel
and potential long-acting PCSK9 monoclonal anti-
body developed in China.

Tafolecimab was well tolerated and showed an
overall favorable safety profile, similarly to other
PCSK9 antibodies.

In dose-ascending studies of evolocumab, a single
dose of 420 mg evolocumab SC reduced mean LDL-C
levels up to 67% at day 22, and 420 mg SC Q4W
reduced mean LDL-C levels up to 79%. However, in
both situations, rapid rebounds were observed after

Cui et al
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LDL-C levels reached nadirs (7). In our phase 1a
study, a 64% mean reduction in LDL-C was achieved
and sustained from week 2 to week 6 after a single
dose of 450 mg tafolecimab SC. In the phase 1b study,
420 mg tafolecimab Q4W achieved a mean reduction
in LDL-C level of more than 70%, which was main-
tained from week 4 to week 12, 4 weeks after the last
dose. Moreover, the Q6W regimens evaluated in our
study provided durable reductions in LDL-C levels
similar to those of the Q4W and Q2W regimens.
Although the magnitude of reductions cannot be
compared directly owing to differences in ethnic
background and baseline LDL-C levels, the long-
acting potential of tafolecimab may offer more con-
venience to the patients.

CONCLUSIONS

The safety and efficacy demonstrated in these phase
1 studies support further development and investi-
gation of tafolecimab, which is currently being
evaluated in Chinese patients with nonfamilial and
familial hypercholesterolemia in multiple phase 3
trials.
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