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Abstract
Aims/hypothesis Cardiovascular disease is the leading cause of morbidity and mortality in people with type 2 diabetes.
MEDI4166 is a proprotein convertase subtilisin/kexin type 9 (PCSK9) antibody and glucagon-like peptide-1 (GLP-1) analogue
fusionmolecule designed to treat patientswith type 2 diabeteswho are at risk for cardiovascular disease. In this completed, first-in-
human study, we evaluated the safety and efficacy of single or multiple doses of MEDI4166 in participants with type 2 diabetes.
Methods In this phase 1 study that was conducted across 11 clinics in the USA, eligible adults had type 2 diabetes, a BMI of
≥25 kg/m2 to ≤42 kg/m2, and LDL-cholesterol levels ≥1.81 mmol/l. Participants were randomised 3:1 to receive MEDI4166 or
placebo using an interactive voice/web response system, which blinded all participants, investigators and study site personnel to
the study drug administered. In ‘Part A’ of the study, five cohorts of participants received a single s.c. injection of MEDI4166 at
10 mg, 30 mg, 100 mg, 200 mg or 400 mg, or placebo. ‘Part B’ of the study consisted of three cohorts of participants who
received an s.c. dose of MEDI4166 once weekly for 5 weeks at 50 mg, 200 mg or 400 mg, or placebo. The primary endpoint in
Part Awas safety. The co-primary endpoints in Part B were change in LDL-cholesterol levels and area under the plasma glucose
concentration–time curve (AUC0–4h) post-mixed-meal tolerance test (MMTT) from baseline to day 36. The pharmacokinetics
and immunogenicity of MEDI4166 were also evaluated.
Results MEDI4166 or placebo was administered to n = 30 or n = 10 participants, respectively, in Part A of the study, and n = 48
or n = 15 participants, respectively, in Part B. The incidence of treatment-emergent adverse events (TEAEs) were comparable
between MEDI4166 and placebo in both Part A (60% vs 50%) and Part B (79% vs 87%) of the study. Common TEAEs with
MEDI4166 included injection-site reactions, diarrhoea and headache; there was no evidence for dose-related increases in TEAEs.
In Part B of the study, at all tested doses of MEDI4166, there was a significant decrease in LDL-cholesterol levels vs placebo
(least squares mean [95% CI]; MEDI4166 50 mg, −1.25 [−1.66, −0.84]; MEDI4166 200 mg, −1.97 [−2.26, −1.68]; MEDI4166
400 mg, −1.96 [−2.23, −1.70]; placebo, −0.03 [−0.35, 0.28]; all p < 0.0001). However, there were no clinically relevant reduc-
tions or significant differences between MEDI4166 vs placebo in glucose AUC0–4h post-MMTT (least squares mean [95% CI];
MEDI4166 50 mg, −10.86 [−17.69, −4.02]; MEDI4166 200 mg, −4.23 [−8.73, 0.28]; MEDI4166 400 mg, −2.59 [−7.14, 1.95];
placebo, −4.84 [−9.95, 0.28]; all p > 0.05). MEDI4166 was associated with a pharmacokinetic profile supportive of weekly
dosing and an overall treatment-induced anti-drug antibody-positive rate of 22%.
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Conclusions/interpretation MEDI4166 was associated with an acceptable tolerability profile and significantly decreased LDL-
cholesterol levels in a dose-dependent manner in overweight or obese patients with type 2 diabetes. However, there were no
significant reductions in postprandial glucose levels at any dose of MEDI4166.
Trial registration ClinicalTrials.gov NCT02524782
Funding This study was funded by MedImmune LLC, Gaithersburg, MD, USA.
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Abbreviations
CHO Chinese hamster ovary
DPP-4 Dipeptidyl peptidase-4
GLP-1 Glucagon-like peptide-1
HTRF Homogenous time-resolved fluorescence
MMTT Mixed-meal tolerance test
PCSK9 Proprotein convertase subtilisin/kexin type 9
TEAE Treatment-emergent adverse event

Introduction

Diabetes is estimated to affect 425 million people and to cost
US$727 billion in healthcare worldwide [1]. The growing
pandemic of type 2 diabetes accounts for approximately

90% of this burden [1]. Type 2 diabetes is often associated
with an increased risk for cardiovascular disease, which is the
leading cause of morbidity and mortality in individuals with
diabetes [2–5]. Other common coexisting conditions, such as
hypertension, dyslipidaemia and obesity, further exacerbate
the risk for cardiovascular disease [5]. Hence, guidelines for
type 2 diabetes recommend that, in addition to controlling
glucose levels, any risk factors for cardiovascular disease
should be treated [5].

Blood glucose-lowering agents, in combination with life-
style intervention, lipid-lowering drugs and/or antihyperten-
sives, are often used to manage individuals with type 2 diabetes
who are at risk for cardiovascular disease [5, 6].More than 40%
of patients receiving statin therapy for dyslipidaemia in type 2
diabetes fail to achieve a reduction in LDL-cholesterol levels by
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a target decrease of 30–50% [5, 7, 8]. Similarly, more than 40%
of patients with type 2 diabetes treated with blood glucose-
lowering agents do not reach their glycaemic goals [9, 10].
Therefore, many individuals with type 2 diabetes have a resid-
ual risk for cardiovascular disease, despite receiving the recom-
mended therapies for dyslipidaemia and hyperglycaemia.

Proprotein convertase subtilisin/kexin type 9 (PCSK9) is an
endogenous enzyme that promotes the degradation of LDL re-
ceptors on hepatocytes [11]. Inhibiting PCSK9 activity has been
shown to maintain the expression of LDL receptors, which, in
turn, decreases serum levels of LDL-cholesterol [11]. Currently,
alirocumab and evolocumab are the only PCSK9 inhibitor an-
tibodies approved for clinical use [12, 13]. In type 2 diabetes,
PCSK9 inhibitors are recommended as adjuncts to maximally
tolerated statin therapy in patients with atherosclerotic cardio-
vascular disease who require additional lowering of LDL-
cholesterol levels [5]. Moreover, inhibition of PCSK9 has been
shown to significantly decrease cardiovascular outcomes in pa-
tients with type 2 diabetes and atherosclerotic disease [14].
Glucagon-like peptide-1 (GLP-1) is an endogenous hormone
that stimulates insulin secretion in response to postprandial in-
creases in glucose levels (i.e. the incretin effect) and slows gas-
tric emptying [15]. Approved GLP-1 receptor agonists or
GLP-1 analogues, such as liraglutide and exenatide, are resistant
to degradation by dipeptidyl peptidase-4 (DPP-4) and thus pro-
vide robust and longer-acting efficacy [16]. GLP-1 receptor
agonists or GLP-1 analogues are an attractive and recommend-
ed therapeutic option for type 2 diabetes because of their dem-
onstrated effects on glycaemic control and weight loss, and
positive impact on cardiovascular outcomes [6, 17–19].

MEDI4166 is an antibody–peptide fusion molecule com-
prised of a PCSK9 antibody and a GLP-1 analogue linked to
the N-terminus of the antibody light chain using a peptide
linker (M. Chodorge, MedImmune, Cambridge, UK, personal
communication). MEDI4166 was designed to combine the
mechanisms of action of PCSK9 inhibitors and GLP-1 ago-
nists/analogues, described above, to treat patients with type 2
diabetes who require additional control of blood glucose and
LDL-cholesterol levels, with the goal of reducing overall car-
diovascular risk. Here, we report results from a phase 1, first-
in-human, combined single ascending dose and multiple as-
cending dose study that evaluated the safety, efficacy, phar-
macokinetics and immunogenicity of MEDI4166 in over-
weight or obese participants with type 2 diabetes.

Methods

Study design and procedures This was a phase 1, randomised,
placebo-controlled, double-blind, combined single ascending
dose (‘Part A’) and multiple ascending dose (‘Part B’) study
conducted in overweight or obese participants with type 2
diabetes (ClinicalTrials.gov registration no. NCT02524782).

All participants provided written, informed consent prior to
participation in the study. The trial was conducted across 11
study sites in the USA and was approved by each respective
institutional review board. The study was performed in
accordance with the Declaration of Helsinki and the
International Council for Harmonisation Guidance for Good
Clinical Practice.

Eligible participants were randomised 3:1, using an inter-
active voice/web response system (PAREXEL International,
Billerica, MA, USA), to receive MEDI4166 or placebo. The
study drug/placebo were identical in appearance and all par-
ticipants, investigators and study site personnel were blinded
to the investigational product. Part A of the study consisted of
five cohorts of participants who received a single s.c. admin-
istration of MEDI4166 (10 mg, 30 mg, 100 mg, 200 mg or
400 mg) or placebo (Fig. 1a). Part B of the study consisted of
three cohorts of participants who received once-weekly s.c.
administration of MEDI4166 for 5 weeks (50 mg, 200 mg
or 400 mg) or placebo (Fig. 1b). A dose-escalation committee,
which was not blinded to treatment allocation, reviewed all
safety data and made decisions on escalating to the next dose
level. For safety, all participants were followed for ≥6 weeks
after the last dose was administered.

Participants Eligible participants (aged 18–65 years) present-
ed with type 2 diabetes and had a BMI of ≥25 kg/m2 to
≤42 kg/m2 and LDL-cholesterol level ≥1.81 mmol/l at screen-
ing. Metformin monotherapy was allowed during Part A and
was required during Part B of the study. Participants who were
taking sulfonylureas, DPP-4 inhibitors, α-glucosidase inhibi-
tors or sodium–glucose cotransporter-2 inhibitors as adjuncts
to metformin were eligible for the study after a washout period
of 28 days. Statin therapy was allowed but it could not be
initiated or adjusted within 6 weeks of screening. Individuals
were excluded if they received a GLP-1 receptor agonist with-
in 3 months prior to screening or they had taken a PCSK9
inhibitor at any time. Individuals with major complications
of type 2 diabetes or who displayed evidence of cardiovascu-
lar disease were also excluded.

Study assessments The primary endpoint of Part Awas safety.
The incidence of treatment-emergent adverse events (TEAEs)
and serious adverse events was recorded. Analyses of TEAEs
included the type, severity and relationship to the study drug
as summarised by the Medical Dictionary for Regulatory
Activities, version 19.1 (www.meddra.org). The co-primary
endpoints of Part B were change from baseline (day 1 pre-
dose) to day 36 in LDL-cholesterol levels and glucose area
under the plasma concentration–time curve from 0 h to 4 h
(AUC0–4h) post-mixed-meal tolerance test (MMTT).

In Part A, secondary efficacy endpoints included LDL-
cholesterol levels and glucose AUC0–4h post-MMTT. In Part
B, drug safety and the change in fructosamine levels from
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baseline were evaluated as secondary objectives. The pharma-
cokinetics and immunogenicity of MEDI4166 were assessed
as secondary objectives in both parts of the study. The follow-
ing pharmacokinetic variables were assessed: maximum ob-
served plasma concentration (Cmax); time to Cmax (Tmax); ter-
minal phase elimination half-life (T½); AUC from time 0 ex-
trapolated to infinity (AUC0–inf); AUC from time 0 to the last
measurable plasma concentration (Part A) or the end of the
dosing interval (Part B) and apparent clearance (Part A) or
apparent clearance at steady state (Part B). A sequential
flow-through sandwich method on the Gyrolab System
(Gyros Protein Technologies, Uppsala, Sweden), validated to
current regulatory guidelines, was used to quantify serum
levels of MEDI4166 in participants with type 2 diabetes.
The method was specific and selective for MEDI4166, using
anti-idiotype antibodies to MEDI4166 to capture and detect
the analyte. Immunogenicity was evaluated by the incidence
of treatment-emergent anti-drug antibodies to MEDI4166,
which was defined as the sum of treatment-induced and
treatment-boosted anti-drug antibody-positive responses. To
test immunogenicity, blood samples were collected on days
1, 15, 29 and 43 in Part A and on days 1, 15, 29, 43 and 71 in
Part B.

Safety was analysed in a subgroup of participants who had
LDL-cholesterol levels <0.65 mmol/l at any point during ei-
ther portion of the study. Exploratory endpoints assessed in
Part B included free PCSK9 levels, fasting GLP-1 activity,
insulin AUC post-MMTT, HbA1c levels, fasting blood glu-
cose levels, body weight and other lipid variables (total cho-
lesterol, HDL-cholesterol, triacylglycerols, lipoprotein[a] and
apolipoproteins A1 and B).

Fasting GLP-1 activity was determined ex vivo against a
human GLP-1 receptor-expressing Chinese hamster ovary
(CHO) cell line (AstraZeneca, Cambridge, UK; mycoplasma
free) in serum samples following an overnight fast of ≥8 h.

Using a competitive homogenous time-resolved fluorescence
(HTRF) assay (Cisbio, Codolet, France), changes in CHO
intracellular cAMP levels resulting from MEDI4166-
receptor interaction, were assessed following cellular lysis.
Within the assay, unlabelled cAMP produced from the CHO
cell line competes with a known concentration of cAMP–d2 to
bind to anti-cAMP–cryptate. The level of HTRF between the
d2 and cryptate molecules was indirectly proportional to the
concentration of intracellular cAMP and, therefore,
MEDI4166 levels. Unknown levels of MEDI4166 in samples
were then quantified from a MEDI4166–agonist curve. This
validated method [20, 21] was selective and specific for
MEDI4166 and presented acceptable accuracy (within 25%)
and precision (with 30%) for cell-based bioassays
(MedImmune, data not shown).

Experiments in cells were replicated more than 5 times. No
randomisation was carried out and experimenters were not
blinded.

Statistical analyses A sample size of 40 individuals was
planned for use in Part A. Participants were randomised 3:1
to receive MEDI4166 (n = 6 per cohort) or placebo (n = 2 per
cohort). For all analyses in Part A, the respective placebo arm
was pooled. This sample size is consistent with those typically
used for first-in-human studies and was empirically deter-
mined as sufficient to obtain initial safety and pharmacokinet-
ic data.

In Part B, individuals were randomised 3:1 to receive
MEDI4166 or placebo. Accounting for a dropout rate of
20%, a sample size of 12 participants for the 50 mg dose level
(MEDI4166, n = 9; placebo, n = 3)was required to sufficiently
assess safety. A sample size of 24 participants per cohort was
required for the 200 mg (MEDI4166, n = 18; placebo, n = 6)
and 400 mg (MEDI4166, n = 18; placebo, n = 6) dose levels.
Accounting for a dropout rate of 20%, the planned sample

6 weeks
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1 day

s.c.

MEDI4166 400 mg

or placebo

MEDI4166 200 mg

or placebo

MEDI4166 100 mg

or placebo

MEDI4166 30 mg
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MEDI4166 10 mg

or placebo

DEC

Safety follow-up

6 weeks 6 weeks
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s.c.; once weekly

Fig. 1 Study design for (a) Part A and (b) Part B of the study. The dose-escalation committee reviewed all safety data andmade decisions on escalating to
the next dose level. DEC, dose escalation committee
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sizes (MEDI4166, n = 14 per cohort; placebo, n = 7 per co-
hort) provided a two-sided significance level of 0.05 with 80%
power to detect a 25% relative decrease in glucose AUC (as-
suming CV 0.2) and 85% power to detect a 50% relative
decrease in LDL-cholesterol levels (assuming CV 0.5) at
week 5 between treatment groups. For all analyses in Part B,
data from the respective placebo arms were pooled.

Safety data were summarised in each category and treat-
ment group. The co-primary endpoints and exploratory end-
points in Part B were analysed using ANCOVA adjusted for
baseline and treatment group, with a two-sided significance
level of 0.05. There was no pre-specified plan to split the α or
test the two primary endpoints in a hierarchical manner.
Pharmacokinetic variables were evaluated by non-
compartmental analysis using Phoenix WinNonlin 6.3
(Certara USA, Princeton, NJ, USA). Anti-drug antibody re-
sponses to MEDI4166 were assessed using tiered analysis to
include screening, confirmatory and titre assay components.
The positive and negative cut points were statistically deter-
mined from drug-naive validation samples taken from a pop-
ulation with type 2 diabetes (validation study: 2016-
MEDI4166-0116 [data not shown]) [22]. Data analyses were
conducted using SAS 9.3, or higher, software (SAS Institute,
Cary, NC, USA). Data are expressed as mean ± SEM.

Results

Participants Between 7 October 2015 and 14 April 2017,
458 individuals were assessed for eligibility. Of those
screened, 40 participants were randomised in Part A
(consisting of five cohorts) to receive MEDI4166 (n = 30)
or placebo (n = 10) and 63 participants were randomised in
Part B (consisting of three cohorts) to receive MEDI4166
(n = 48) or placebo (n = 15) (Fig. 2). Participant demo-
graphics and baseline characteristics were well balanced
between treatment groups and among dosing levels in
Part A (Table 1) and Part B (Table 2) of the study.

Safety In Part A, the incidence of TEAEs were comparable at
all tested doses of MEDI4166 vs placebo (primary endpoint;
Table 3). The most common TEAEs in participants treated
with MEDI4166 in Part A were nausea and headache. Most
TEAEs were mild to moderate in severity and none led to
treatment discontinuations in Part A of the study. There were
no serious adverse events or deaths in either part of the study.

In Part B, the incidence of TEAEs was comparable at all
tested doses of MEDI4166 vs placebo (Table 4). Injection-site
reaction and diarrhoea were the most common TEAEs ob-
served with MEDI4166 in Part B. Most events were mild or

Screened

(N=458)

Part B  

Randomised (n=63)

Part A  

Randomised (n=40)

Placebo (n=15)

Discontinued

• 200 mg: met exclusion

criteria (n=1)

Placebo (n=10)

Discontinued

• Adverse event (n=1)

MEDI4166 (n=30)

• 10 mg (n=6)

• 30 mg (n=6)

• 100 mg (n=6)

• 200 mg (n=6)

• 400 mg (n=6)

MEDI4166 (n=48)

• 50 mg (n=9)

• 200 mg (n=18) 

• 400 mg (n=21) 

Completed placebo

(n=14; 93%)

Completed MEDI4166

(n=41; 85%)

• 50 mg (n=8)

• 200 mg (n=17)

• 400 mg (n=16)

Completed MEDI4166

(n=29; 97%)

• 10 mg (n=6)

• 30 mg (n=6)

• 100 mg (n=6)

• 200 mg (n=5)

• 400 mg (n=6)

Completed placebo 

(n=10; 100%)

Discontinued

• 50 mg: hyperglycaemiaa
 
(n=1)

• 200 mg: adverse event (n=1)

• 400 mg: hyperglycaemiaa (n=3);

met exclusion criteria (n=1);

lost to follow-up (n=1)

Fig. 2 Participant disposition. aNot considered to be an adverse event
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moderate in severity; however, one participant treated with
multiple doses of MEDI4166 at 50 mg experienced a severe
TEAE of headache. This event was considered by the investi-
gator to be unrelated to the study drug. TEAEs leading to study
discontinuations in Part B included mild hyperglycaemia with
multiple doses of MEDI4166 200 mg (n = 1; considered unre-
lated to the study drug) and moderately severe dyspepsia with
placebo (n = 1; considered related to the study drug). With the
exception of injection-site reactions, (Table 4), there was no
evidence for a dose-related increase in the incidence or severity
of TEAEs in either part of the study.

A subgroup analysis of participants with LDL-cholesterol
levels <0.65 mmol/l during the study showed no increased
incidence or severity of TEAEs (Tables 3 and 4).
Furthermore, there were no clinically relevant changes in heart
rate or blood pressure with MEDI4166 in either part of the
study (data not shown).

Efficacy In Part B, treatment with multiple doses of
MEDI4166 resulted in significant, dose-dependent decreases
from baseline to day 36 in LDL-cholesterol levels compared
with placebo (co-primary endpoint; p < 0.0001 at all tested

doses; Table 5). However, no significant effect in the change
from baseline to day 36 in glucose AUC0–4h post-MMTTwas
observed with multiple doses of MEDI4166 vs placebo (co-
primary endpoint; p > 0.05 at all tested doses; Table 5).
Similarly, in Part A, single administration of MEDI4166 re-
sulted in dose-dependent decreases from baseline in LDL-
cholesterol levels (Fig. 3a) but not glucose AUC0–4h post-
MMTT (Fig. 3b).

In Part B, a dose-dependent decrease in free PCSK9 levels
was observed with MEDI4166 at 200 mg and 400 mg vs
placebo (Fig. 4a). In parallel with the decreased PCSK9 levels,
there was a dose-dependent decrease from baseline in percent-
age of LDL-cholesterol levels with MEDI4166 (Fig. 4b). An
appreciable increase in GLP-1 activity was only observedwith
MEDI4166 at 400 mg vs placebo in Part B of the study (ESM
Fig. 1). This increase in GLP-1 activity was, however, not
reflected in the observed changes from baseline in percentage
of glucose AUC0–4 post-MMTT, even at the 400 mg dose
level (Fig. 4c).

In Part B, significant decreases in total cholesterol and apo-
lipoprotein B levels from baseline to day 36 were observed at
all tested doses of MEDI4166 vs placebo (Table 6). At higher

Table 1 Participant demographics and baseline characteristics in Part A of the study

Variable MEDI4166 Placebo

10 mg (n = 6) 30 mg (n = 6) 100 mg (n = 6) 200 mg (n = 6) 400 mg (n = 6) (n = 10)

Age, years 54.3 (6.4) 58.7 (5.2) 55.2 (7.9) 55.7 (6.4) 57.3 (5.0) 58.7 (3.8)

Sex, n (%)

Male 3 (50) 2 (33) 5 (83) 1 (17) 4 (67) 4 (40)

Female 3 (50) 4 (67) 1 (17) 5 (83) 2 (33) 6 (60)

Race, n (%)

Black 3 (50) 0 0 1 (17) 0 3 (30)

White 3 (50) 6 (100) 6 (100) 5 (83) 6 (100) 7 (70)

BMI, kg/m2 32.5 (4.1) 31.5 (2.0) 31.0 (3.2) 32.7 (3.5) 31.6 (3.1) 33.0 (3.7)

Heart rate, bpm 73.8 (6.8) 69.5 (5.3) 64.2 (9.5) 71.0 (11.0) 58.5 (7.7) 71.9 (9.5)

BP, mmHg

Systolic 129.8 (8.7) 123.8 (9.6) 123.0 (3.4) 121.5 (17.4) 121.3 (11.2) 124.8 (7.8)

Diastolic 81.8 (4.3) 71.0 (6.9) 71.3 (8.6) 75.0 (6.4) 75.3 (5.9) 77.1 (5.9)

Duration of T2DM, years 11.8 (10.0) 8.8 (6.4) 8.2 (2.9) 9.3 (4.0) 12.2 (4.4) 7.8 (5.7)

HbA1c

mmol/mol 66.8 (7.7) 65.7 (5.6) 61.8 (9.6) 64.2 (11.4) 68.7 (10.4) 60.2 (6.9)

% 8.3 (0.7) 8.2 (0.5) 7.8 (0.9) 8.0 (1.0) 8.4 (1.0) 7.7 (0.6)

Fasting glucose, mmol/l 11.8 (3.2) 10.2 (2.0) 11.7 (3.1) 10.4 (5.5) 12.3 (2.8) 9.3 (3.2)

Fasting insulin, pmol/l 278.1 (144.6) 157.2 (47.0) 183.9 (79.1) 168.5 (158.1) 118.1 (56.3) 208.9 (109.5)

LDL-cholesterol, mmol/l 2.52 (0.53) 2.41 (0.81) 3.39 (1.65) 3.41 (0.95) 2.71 (0.53) 3.17 (0.61)

Concomitant medications, n (%)

Metformin 6 (100) 6 (100) 5 (83) 6 (100) 6 (100) 10 (100)

Statins 6 (100) 3 (50) 1 (17) 2 (33) 1 (17) 6 (60)

Data are shown as mean (SD) unless otherwise specified

bpm, beats per min; T2DM, type 2 diabetes mellitus
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doses of MEDI4166, significant reductions in triacylglycerol
and lipoprotein(a) and increases in HDL-cholesterol levels
were observed compared with placebo (Table 6). No
clinically relevant impact on apolipoprotein A1 levels was
observed with MEDI4166 at any dose level (Table 6).
Similarly, MEDI4166 had no effect on insulin AUC, HbA1c,
body weight or fasting plasma glucose levels (ESM Table 1).
Moreover, no significant change from baseline to day 36 in
fructosamine levels was observed at any tested dose of
MEDI4166 vs placebo in Part B of the study (ESM Table 1).

Pharmacokinetics There was a dose-dependent increase in
mean serum concentrations of MEDI4166 after a single dose
(Fig. 5a) and at week 5 of multiple weekly dosing (Fig. 5b).
MEDI4166 was absorbed with a Tmax of 2.0–5.5 days and had
a T½ of 3.8–7.0 days (Tables 7 and 8). Exposure to a single
dose or multiple doses of MEDI4166 (as measured by Cmax

and AUC0–inf) appeared to be nonlinear. In Part B, however,
MEDI4166 showed exposure that was greater than propor-
tional to dose increases and demonstrated high interindividual
variability (Tables 7 and 8).

Immunogenicity In Part A, 20% (6/30) of participants receiv-
ing MEDI4166 had treatment-emergent anti-drug antibody-
positive responses. Of these participants, 17% (5/30) present-
ed with treatment-induced responses and 3% (1/30) presented
with treatment-boosted responses. In Part B, 23% (11/48) of
participants treated with MEDI4166 had treatment-emergent
anti-drug antibody-positive responses; all events were treat-
ment-induced. Of participants who received placebo, 10%
(1/10) in Part A and 7% (1/15) in Part B had treatment-
emergent anti-drug antibody-positive responses; all events
were treatment-induced. Visual analyses of pharmacokinetic
profiles of individuals who were anti-drug antibody-positive
vs those who were anti-drug antibody-negative did not sug-
gest a major impact of immunogenicity on MEDI4166 phar-
macokinetics or pharmacodynamics (data not shown).

Discussion

In this phase 1, randomised, placebo-controlled, double-blind
study in overweight or obese participants with type 2 diabetes,

Table 2 Participant demo-
graphics and baseline characteris-
tics in Part B of the study

Variable MEDI4166 Placebo

50 mg (n = 9) 200 mg (n = 18) 400 mg (n = 21) (n = 15)

Age, years 58.0 (7.4) 55.7 (5.4) 55.9 (7.3) 56.4 (4.4)

Sex, n (%)

Male 1 (11) 12 (67) 13 (62) 5 (33)

Female 8 (89) 6 (33) 8 (38) 10 (67)

Race, n (%)

Black 1 (11) 2 (11) 4 (19) 7 (47)

White 7 (78) 16 (89) 17 (81) 8 (53)

Multiple categories 1 (11) 0 0 0

BMI, kg/m2 32.2 (4.0) 32.2 (4.8) 30.9 (3.9) 32.7 (4.0)

Heart rate, bpm 72.8 (11.2) 68.3 (6.0) 72.2 (10.4) 69.5 (7.6)

BP, mmHg

Systolic 127.4 (13.7) 119.5 (13.1) 122.2 (10.7) 122.7 (11.8)

Diastolic 70.0 (12.6) 75.3 (5.9) 77.5 (6.1) 74.3 (7.7)

Duration of T2DM, years 10.2 (4.9) 9.1 (4.5) 9.7 (6.3) 9.5 (5.3)

HbA1c

mmol/mol 69.9 (9.0) 65.6 (9.1) 65.8 (8.5) 67.4 (9.5)

% 8.6 (0.8) 8.2 (0.8) 8.2 (0.8) 8.3 (0.9)

Fasting glucose, mmol/l 13.7 (2.7) 11.2 (2.2) 11.5 (3.2) 11.2 (3.0)

Fasting insulin, pmol/l 151.8 (84.8) 190.8 (80.0) 375.7 (570.1) 184.5 (154.8)

LDL-cholesterol, mmol/l 2.94 (0.76) 2.95 (0.95) 2.81 (0.80) 2.89 (1.08)

Concomitant medications, n (%)

Metformin 9 (100) 18 (100) 21 (100) 15 (100)

Statins 2 (22) 4 (22) 9 (43) 6 (40)

Data are shown as mean (SD), unless otherwise specified

bpm, beats per min; T2DM, type 2 diabetes mellitus
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Table 3 Summary of safety in
Part A of the study (primary
endpoint)

Safety variable MEDI4166 Placebo

10 mg
(n = 6)

30 mg
(n = 6)

100 mg
(n = 6)

200 mg
(n = 6)

400 mg
(n = 6)

(n = 10)

TEAE 5 (83) 4 (67) 4 (67) 1 (17) 4 (67) 5 (50)

Treatment-related
AE

2 (33) 2 (33) 1 (17) 0 3 (50) 3 (30)

Leading to
discontinuation

0 0 0 0 0 0

Serious AE 0 0 0 0 0 0

≥Grade 3 severity 0 0 0 0 0 0

Deaths 0 0 0 0 0 0

TEAEs by PT if reported in ≥2 participants

Nausea 2 (33) 0 1 (17) 1 (17) 1 (17) 5 (50)

Headache 0 3 (50) 1 (17) 0 0 2 (20)

Vomitinga 2 (33) 0 0 0 0 1 (10)

Hot flush 2 (33) 0 0 0 0 0

Subgroup analysis in those with LDL-cholesterol <0.65 mmol/l

Participants (n) 0 0 1 (17) 1 (17) 2 (33) 0

TEAEs 0 0 0 0 1 (50) 0

Data are shown as n (%)
a Adverse event of special interest

AE, adverse event; PT, preferred term

Table 4 Summary of safety in
Part B of the study Safety variable MEDI4166 Placebo

50 mg (n = 9) 200 mg (n = 18) 400 mg (n = 21) (n = 15)

TEAE 7 (78) 13 (72) 18 (86) 13 (87)

Treatment-related AE 4 (44) 9 (50) 13 (62) 11 (73)

Leading to discontinuation 0 1 (6) 0 1 (7)

Serious AE 0 0 0 0

≥Grade 3 severity 1 (11) 0 0 0

Deaths 0 0 0 0

TEAEs by PT if reported in ≥2 participants

Injection-site reaction 1 (11) 5 (28) 7 (33) 4 (27)

Injection-site erythema 0 4 (22) 3 (14) 0

Diarrhoea 4 (44) 2 (11) 4 (19) 3 (20)

Headache 3 (33) 1 (6) 3 (14) 4 (27)

Dyspepsia 0 3 (17) 1 (5) 1 (7)

Nausea 1 (11) 0 2 (10) 1 (7)

Constipation 1 (11) 0 0 3 (20)

Urinary-tract infection 0 2 (11) 0 0

Pruritus 0 0 2 (10) 0

Tachycardia 0 0 0 2 (13)

Cough 0 0 0 2 (13)

Subgroup analysis in those with LDL-cholesterol <0.65 mmol/l

Participants (n) 2 8 15 1

TEAEs 2 (100) 5 (63) 13 (87) 0

Data are shown as n (%)

AE, adverse event; PT, preferred term
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the primary endpoint of Part Awas met, but only one of the
two co-primary endpoints in Part B was met. In Part A, the
incidences of TEAEs were comparable between treatment
arms and MEDI4166 was generally well tolerated at all
tested doses. In Part B, a significant decrease from baseline
to day 36 in LDL-cholesterol levels was observed at all
tested doses of MEDI4166 vs placebo but no significant
differences in glucose AUC0–4h post-MMTTwere observed
between treatment groups. Based on these results, further
clinical development of MEDI4166 as a dual-targeted therapy
for patients with type 2 diabetes who are at risk for cardiovas-
cular disease was discontinued.

Most TEAEs observed withMEDI4166 were mild or mod-
erate in severity. The incidence of gastrointestinal-related
TEAEs with MEDI4166, such as vomiting and nausea, is
consistent with the safety profile of other GLP-1 receptor ag-
onists approved for type 2 diabetes [23]. Furthermore, the
TEAE of injection-site reactions aligns with results from

previous clinical trials with approved GLP-1 receptor agonists
[24] and PCSK9-antibody inhibitors [25]. No potential safety
concerns with MEDI4166 were identified in the subgroup
analysis of participants exhibiting very low levels of
LDL-cholesterol following treatment. These results should,
however, be interpreted with caution due to the relatively
small sample sizes (typical of early-phase clinical trials).

The observed exposures to MEDI4166 at all tested doses
were much lower compared with predictions based on preclin-
ical studies in rats and cynomolgus monkeys. For example, in
the preclinical studies, the observed vs predicted exposure fol-
lowing a single dose of MEDI4166 at 400 mg by AUC was
824.1 μmol/l × day vs 2228.1 μmol/l × day and by Cmax was
65.2 μmol/l vs 176.3 μmol/l (M. Chodorge, MedImmune, per-
sonal communication). The presence of anti-drug antibodies
did not affect the safety, pharmacokinetics or pharmacodynam-
ics ofMEDI4166 compared with participants who did not have
anti-drug antibody-positive responses. Overall, MEDI4166

Table 5 Change from baseline to day 36 in LDL-cholesterol and glucose AUC0-4h post-MMTT in Part B of the study (co-primary endpoints)

Lipid variable MEDI4166 Placebo

50 mg (n = 9) 200 mg (n = 18) 400 mg (n = 21) (n = 15)

LDL-cholesterol

LS mean (95% CI), mmol/l −1.25 (−1.66, −0.84) −1.97 (−2.26, −1.68) −1.96 (−2.23, −1.70) −0.03 (−0.35, 0.28)
p valuea <0.0001 <0.0001 <0.0001 –

Mean change, % (SD) −37.8 (43.7) −70.8 (13.2) −66.1 (27.4) 1.4 (15.8)

Glucose AUC0–4h post-MMTT

LS mean (95% CI), mmol/l × h −10.86 (−17.69, −4.02) −4.23 (−8.73, 0.28) −2.59 (−7.14, 1.95) −4.84 (−9.95, 0.28)
p valuea 0.1617 0.8589 0.5145 –

Mean change, % (SD) −20.25 (7.06) −10.13 (14.77) −3.65 (18.17) −8.32 (16.05)

a p values are vs placebo

LS, least squares
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MMTT in Part A of the study with
MEDI4166 at 10 mg, 30 mg,
100 mg, 200 mg or 400 mg (n = 6
for each dosing level) or placebo
(n = 10). Data are means ± SEM.
BL, baseline
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was well tolerated and was associated with a pharmacokinetic
profile potentially suitable for a once-weekly dosing regimen,
despite being associated with a high degree of interindividual
variability.

Robust and significant dose-dependent decreases in LDL-
cholesterol levels were observed with single (33–63%) and
multiple doses (44–68%) of MEDI4166. In addition to re-
duced LDL-cholesterol levels, at the higher dose levels of
MEDI4166 there were significant decreases from baseline in
total cholesterol, apolipoprotein B and lipoprotein(a) levels in
Part B. The effect of MEDI4166 on LDL-cholesterol levels is
comparable to effects seen in early-phase trials with other
PCSK9 inhibitors. Specifically, dose-dependent decreases
from baseline in LDL-cholesterol levels were observed with
alirocumab (25–75%) in individuals with primary hypercho-
lesterolaemia [26] and with evolocumab (66%) in individuals

with heterozygous familial hypercholesterolaemia [27].
Moreover, both alirocumab and evolocumab significantly de-
creased other lipid variables, including total cholesterol, apo-
lipoprotein B and lipoprotein(a) levels [26, 27]. The efficacy
of GLP-1 receptor agonists in improving glycaemic control
and decreasing body weight has been clearly demonstrated in
type 2 diabetes [19, 28]. Treatment withMEDI4166, however,
had no clinically relevant impact on postprandial glucose
levels, fasting glucose levels, HbA1c levels or body weight
at any of the doses used in our study. The ability of
MEDI4166 treatment to decrease LDL-cholesterol levels but
not glucose levels may be explained by the decrease in free
PCSK9 levels and lack of sufficient GLP-1 activity, respec-
tively. Our results suggest that the effects of MEDI4166 on
GLP-1 activity were inadequate for improving glycaemic con-
trol as measured by glucose AUC0–4h post-MMTT.
Conversely, the clear impact of MEDI4166 treatment on de-
creasing free PCSK9 levels parallels its robust effect of reduc-
ing LDL-cholesterol levels. It is unclear why MEDI4166 dif-
ferentially affects LDL-cholesterol and glucose levels but this
may be related to insufficient potency at the GLP-1 receptor
combined with lower-than-expected exposure, as described
below.

The tested doses ofMEDI4166 in this studywere based on a
target-mediated drug disposition pharmacokinetic–
pharmacodynamic model tailored for the study drug. Based
on simulations using this model, MEDI4166 at the tested doses
was expected to achieve ≥90% suppression of endogenous
levels of PCSK9 levels, similar to that observed with
alirocumab 150 mg (M. Chodorge, MedImmune, personal
communication) [29]. Moreover, these doses were chosen to
obtain GLP-1 activity similar to that observed with daily
liraglutide 1.8 mg and weekly dulaglutide 1.5 mg (M.
Chodorge, MedImmune, personal communication) [30].
Multiple doses of MEDI4166 at the highest dose tested
(400 mg) suppressed PCSK9 almost completely and durably,
and this translated to a sustained decrease in plasma LDL-
cholesterol levels. However, the increase in GLP-1 activity
observed with MEDI4166 did not lead to a clinically meaning-
ful effect on glucose control. These results suggest an unbal-
anced dual pharmacology of MEDI4166 in humans that was
not expected from early preclinical data. The pharmacokinetic–
pharmacodynamic model was updated during the clinical study
to determine feasibility for dose escalation. The lower-than-
expected exposure, high interindividual variability, nonlinear
pharmacokinetics and lack of glucose-lowering effects with
MEDI4166 introduced a high level of uncertainty into simulat-
ed scenarios and did not support further dose escalation in the
clinic (MedImmune, data not shown).

The original pharmacokinetic–pharmacodynamic model
that was used to predict study doses was based, in part, on
potency assessments conducted in the GLP-1 receptor cAMP
accumulation CHO cell assay (for a brief description, please
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MMTT over time in Part B of the study with MEDI4166 at 50 mg (n =
9), 200 mg (n = 18) or 400 mg (n = 21) or placebo (n = 15). Data are
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382 Diabetologia (2019) 62:373–386



Table 6 Change from baseline to day 36 in lipid variables in Part B of the study

Lipid variable MEDI4166 Placebo

50 mg (n = 9) 200 mg (n = 18) 400 mg (n = 21) (n = 15)

Total cholesterol

LS mean (95% CI), mmol/l −1.45 (−1.95, −0.96) −2.49 (−2.84, −2.14) −2.28 (−2.61, −1.96) −0.21 (−0.60, 0.17)
p valuea 0.0002 <0.0001 <0.0001 –

Mean change, % (SD) −26.0 (29.8) −52.3 (8.5) −45.4 (20.3) −2.6 (12.4)

Apolipoprotein B

LS mean (95% CI), g/l −0.38 (−0.50, −0.27) −0.60 (−0.68, −0.51) −0.59 (−0.67, −0.52) −0.05 (−0.14, 0.04)
p valuea <0.0001 <0.0001 <0.0001 –

Mean change, % (SD) −35.1 (31.0) −60.7 (11.6) −56.8 (21.5) −2.5 (12.3)

Triacylglycerols

LS mean (95% CI), mmol/l −0.59 (−0.91, −0.27) −0.89 (−1.11, −0.67) −0.73 (−0.94, −0.52) −0.43 (−0.67, −0.18)
p valuea 0.4211 0.0078 0.0677 –

Mean change, % (SD) −13.6 (26.5) −36.2 (22.8) −30.0 (19.9) 0 (41.0)

Lipoprotein(a)

LS mean (95% CI), nmol/l 3.5 (−7.4, 14.4) −10.8 (−18.4, −3.1) −8.0 (−15.2, −0.7) 21.9 (13.2, 30.5)

p valuea 0.0101 <0.0001 <0.0001 –

Mean change, % (SD) 18.9 (71.2) −33.5 (29.3) −17.4 (27.5) 33.8 (42.9)

HDL-cholesterol

LS mean (95% CI), mmol/l −0.02 (−0.10, 0.07) 0.05 (−0.01, 0.11) 0.12 (0.07, 0.18) −0.02 (−0.08, 0.05)
p valuea 0.9653 0.1286 0.0017 –

Mean change, % (SD) −3.0 (17.3) 11.1 (11.7) 13.1 (17.9) −1.8 (9.7)

Apolipoprotein A1

LS mean (95% CI), g/l −0.05 (−0.13, 0.03) −0.04 (−0.10, 0.01) −0.04 (−0.09, 0.02) −0.08 (−0.14, −0.02)
p valuea 0.5783 0.4243 0.3162 –

Mean change, % (SD) −3.3 (13.9) −0.2 (8.7) −4.0 (11.6) −5.8 (8.0)

a p values are vs placebo

LS, least squares
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see ESM Methods) [31]. As MEDI4166 is an antibody–
peptide fusion molecule, the measurements and dose–
response relationship were compared with a GLP-1-Fc(γ4)
fusion protein, synthesised in-house. In this GLP-1 receptor
overexpressing CHO cell line, MEDI4166 demonstrated a
half maximal effective concentration of 2560 pmol/l com-
pared with 10.4 pmol/l for the reference compound GLP-1-
Fc(γ4) (based on the half-maximal effective concentration;
ESM Table 2). This corresponds to a 246-fold difference in
potency between the two compounds (ESM Fig. 2a).
However, in the EndoC-βH1 (human insulinoma) cell line,
which express endogenous GLP-1 receptors, the potency of
MEDI4166 at the human GLP-1 receptor was 472-fold lower
than the GLP-1-Fc(γ4) (ESM Table 2 and ESM Fig. 2b). This
suggests that the transfected GLP-1 receptor cAMP accumu-
lation CHO cell assay, in which the original potency assess-
ments were made and on which the pharmacokinetic–
pharmacodynamic modelling was based, overestimated the
potency of MEDI4166 due to a high level of GLP-1 receptor

expression. The relatively more physiological cell line,
EndoC-βH1, may have provided a more accurate estimate
for the dose predictions in relation to GLP-1 activity. Taken
together, these results suggest that, at the doses tested in this
study, MEDI4166 demonstrated insufficient GLP-1 receptor
stimulation and that substantially higher doses of MEDI4166
would be required to achieve clinical efficacy in terms of
glycaemic control. Such high doses, however, would not be
feasible in humans and, hence, further clinical development of
MEDI4166 was terminated.

Overall, the safety and pharmacokinetic profiles of
MEDI4166 supported once-weekly dosing. Although treat-
ment with MEDI4166 robustly and significantly decreased
LDL-cholesterol levels, there were no significant or clinically
relevant reductions in postprandial glucose levels or sufficient
increases in GLP-1 activity. A particular strength of this study
was the inclusion of individuals with type 2 diabetes in both
parts of the study, allowing efficient conclusions on the
potential clinical utility of MEDI4166 in the target population

Table 7 Summary of pharmacokinetics in Part A of the study

Variable MEDI4166

10 mg (n = 6) 30 mg (n = 6) 100 mg (n = 6) 200 mg (n = 6) 400 mg (n = 6)

Cmax, nmol/l 0.83 (0.12, 4.35) 3.14 (1.34, 7.50) 8.01 (3.40, 18.78) 35.83 (17.69, 72.56) 65.19 (32.63, 130.06)

Tmax, days
a 3.0 (2.0–6.0) 3.5 (2.0–6.0) 2.5 (2.0–5.0) 4.0 (2.0–5.0) 5.5 (5.0–6.0)

T½, days NC 3.8 (0.1, 94.2) 5.0 (1.4, 18.5) 5.1 (4.4, 6.0) 4.5 (4.2, 4.8)

AUC0–last, nmol/l × day 6.28 (0.83, 48.84) 30.90 (14.04, 68.27) 75.64 (35.96, 158.97) 334.49 (158.40, 706.15) 824.10 (388.20, 1749.42)

AUC0–inf, nmol/l × day NC 28.72 (18.97, 43.46) 91.86 (39.04, 216.15) 339.42 (161.47, 713.40) 828.33 (390.83, 1755.58)

CL/F, l/day NC 6.7 (4.4, 10.1) 7.0 (3.0, 16.4) 3.8 (1.8, 7.9) 3.1 (1.5, 6.6)

Data are geometric means (95% CIs), unless otherwise specified
aMedian (range)

AUC0–inf, area under the plasma concentration–time curve extrapolated to infinity; AUC0-last, area under the plasma concentration–time curve from time
0 to the time of the last measurable plasma concentration; CL/F; apparent clearance; Cmax, maximum observed plasma concentration; NC, not calculated;
T½, terminal phase elimination half-life; Tmax, time to observed plasma concentration

Table 8 Summary of pharmaco-
kinetics in Part B of the study Variable MEDI4166

50 mg (n = 8) 200 mg (n = 17) 400 mg (n = 19)

Cmax, nmol/l 4.94 (2.37, 10.26) 112.18 (71.09, 177.18) 351.54 (237.05, 521.35)

Tmax, day
a 2.0 (0.0–4.0) 3.0 (0.0–6.0) 3.0 (1.0–7.0)

T½, day 7.0 (4.4, 11.2) 4.9 (4.1, 5.8) 4.6 (3.7, 5.8)

AUC0–tau, nmol/l × day 34.94 (21.15, 57.69) 633.21 (388.46, 1032.24) 2126.73 (1471.73, 3073.33)

AUC0–inf, nmol/l × day 86.28 (42.37, 175.77) 1263.85 (720.51, 2216.79) 4509.55 (2736.92, 7430.32)

CLss/F, l/day 7.3 (2.6, 20.3) 2.0 (1.2, 3.3) 1.3 (0.9, 1.9)

Data are geometric means (95% CIs), unless otherwise specified
aMedian (range)

AUC0–inf, area under the plasma concentration–time curve extrapolated to infinity; AUC0-tau area under the
plasma concentration–time curve from time 0 to the end of the dosing interval; CLss/F; apparent clearance at
steady state; Cmax, maximum observed plasma concentration; NC, not calculated; T½, terminal phase elimination
half-life; Tmax, time to observed plasma concentration
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to be made. Based on the results from this phase 1 combined
single and multiple ascending dose study, further clinical de-
velopment of MEDI4166 as a dual-targeted therapy for pa-
tients with type 2 diabetes who are at risk for cardiovascular
disease was discontinued.
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