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Abstract ALX-0081 is a novel nano-antibody inhibiting von
Willebrand factor (VWF). We evaluated whether direct inhi-
bition of vWF by ALX-0081 improves endothelial function.
Stable patients (pts, n=55) with single vessel disease under-
going percutaneous coronary intervention (PCI) were ran-
domized to ALX-0081 (»=38) or placebo (n=17). vWF
inhibition was assessed by vWF antigen level (vVWF:Ag) and
activity by ristocetin test (VWF:RiCo). Endothelial function
was assessed before (BL), 6 h and 24 h after PCI by: (a)
endothelial peripheral arterial tonometry (Endoscore); (b) en-
dothelial microparticles (EMPs) by flow cytometry. vWF:Ag
and vWF:RiCo decreased within 1 h from ALX-0081. In the
placebo group, no significant Endoscore changes occurred
from BL to 24 h. In ALX-0081 group, Endoscore increased
from BL to 24 h (p=0.014). A decrease in EMPs was ob-
served after ALX-0081 (p<0.01), while no changes occurred
in placebo pts. An inhibition of vVWF with ALX-0081 signif-
icantly improves peripheral endothelial function.
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Introduction

Risk factors for cardiovascular disease have been associated
with a chronic inflammatory process leading to loss of vaso-
dilatory and antithrombotic properties of the vascular endo-
thelium [1-4]. Impaired endothelial function is one of the
initial steps in the atherosclerotic plaque formation and its
presence represents one of the most powerful predictor of
cardiovascular events [5, 6]. Improving endothelial function
or preventing its worsening with different therapeutic strat-
egies is associated with a reduction in cardiovascular events
[7-10].

von Willebrand factor (vWF) is a marker of endothelial
dysfunction [11, 12]. Improvement of endothelial function
with aggressive medical therapy is associated with a signif-
icant reduction in VWF levels [13]. ALX-0081 (Ablynx,
Belgium) is a novel nano-antibody directly inhibiting
vWEF. More specifically, ALX-0081 inhibits the interaction
between VWF with the platelet glycoprotein GPIb receptor
complex, which is the first step in platelet adhesion to the
vessel wall [14]. The aim of the present study is to investi-
gate whether direct inhibition of vVWF by ALX-0081 is
associated with an improvement in endothelial function.

Methods

The present investigation represents a sub-study of the phase
Ib, double-blind, randomized, placebo-controlled study of
ALX-0081 multiple dose administrations conducted in stable
angina patients undergoing percutaneous coronary interven-
tion [EUDRACT n. 2007-007263-24] [14].
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Patient Population

Fifty-five stable angina patients aged >18 years old with
single de novo vessel disease undergoing elective percuta-
neous coronary intervention were consecutively and pro-
spectively included in the study. Exclusion criteria were as
follows: previous by-pass surgery; history of disseminated
intravascular coagulation, thrombotic microangiopathy, coa-
gulopathy; severe hemorrhage <3 months requiring blood
transfusions; stroke, transient ischemic attack, myocardial
infarction within 3 months prior to screening; chronic con-
gestive heart failure; major organ dysfunction; known hy-
persensitivity to human/humanized antibodies; infections;
pregnant or lactating women; allergy; use of vitamin K
antagonists and/or Factor X inhibitors within 2 weeks prior
to inclusion.

Study Protocol

The study protocol is shown in Table 1 and Fig. 1. Briefly,
patients were randomly assigned (3:1) to receive doses of
either the von Willebrand factor inhibitor ALX-0081 or
placebo.

The study was performed in three stages:

— Stage A: a single dose (2, 4, 6 or 9 mg, 3 patients for
each dose) of either ALX-0081 or placebo (0.9 % NaCl)
was administrated as IV infusion at the time of PCL

— Stage B: a single dose of either ALX-0081 (6 mg) or
placebo (0.9 % NaCl) was administrated as IV infusion
at the time of PCI, followed by three boluses IV injec-
tion of ALX-0081 (4 mg each) or placebo (0.9 % NaCl)
every 6 h.

— Stage C: a single dose of either ALX-0081 (6 mg) or
placebo (0.9 % NaCl) was administrated as IV bolus
(instead of the infusion) at the time of PCI, always
followed by three boluses IV injection of ALX-0081
(4 mg each) or placebo (0.9 % NaCl) every 6 h.

Of note, we included in the present sub-study all 46
patients (38 actively treated with vWF inhibitor, and

Table 1 Study design and dosages of ALX-0081 according to the
stage A, B and C

Phase Ib Patients receiving Delivery dose of ALX-0081 [mg]
ALX-0081 [n]

Stage A 3 2

Stage A 3 4

Stage A 3 6

Stage A 3 9

Stage B 6 6+4+4+4 (6 mg IV infusion)

Stage C 20 6+4+4+4 (6 mg IV bolus)

8 receiving placebo) recruited in the randomized trial, plus
additional 9 placebo patients to comply with sample size
analysis calculation.

All vasoactive medications were withheld >24 h before
the endothelial function measurement. All patients were on
chronic aspirin and clopidogrel. After a 12-h fasting period,
peripheral endothelial function and blood withdrawal were
performed (baseline). Patients were then randomized into
ALX-0081 group (n=38) or placebo group (n=17). PCI was
performed according to current practice [15], and peripheral
endothelial function measurements and blood sampling
were performed again 6 h post-PCI for all patients (stage
A, stage B and C) and 24 h post-PCI for patients of stage B
and C only (ALX-0081 group, n=26; placebo group, n=9).

Measurements of Peripheral Endothelial Function

Peripheral endothelial function was measured by digital
pulse amplitude with the Endothelial Peripheral Arterial
Tonometry (Endo-PAT2000, Itamar Medical, Caesarea,
Israel), as previously described [12]. In brief, the device
measures the distal finger blood volume changes that ac-
company pulse waves. A peripheral arterial tonometry fin-
ger probe was placed at the tip of each index finger, and a
blood pressure cuff was placed at the level of the study arm.
After a 5-min resting period (baseline), the blood pressure
cuff was inflated to 20 mmHg greater than the systolic
pressure for 5 min (occlusion). Next, the blood pressure cuff
was deflated, and the peripheral arterial tonometry recording
was continued for an additional 5 min. The endothelial
responses were assessed using the recently validated
Framingham Reactive Hyperemia Index (Endoscore), as
previously described [12, 16].

Inhibition of von Willebrand Factor and Platelet P2Y 12
Pathway

Since treatment with biologics can affect circulating target
levels, to monitor the effect of ALX-0081 in the inhibition
of von Willebrand factor, we measured: (a) the levels of von
Willebrand factor antigen (VWF:Ag, %) and factor VIII:
chromogene (FVII:C, %); (b) the inhibition of ristocetin
co-factor activity (vVWF:RICO, % max aggregation). The
vWEF:RICO explores the interaction of vVWF with the platelet
receptor glycoprotein Ib and subendothelial collagen. It is
based on the property of the antibiotic ristocetin to aggluti-
nate formalin-fixed normal platelets in the presence of plas-
ma VWF. vWF:RICO was measured using the vWF
ristocetin co-factor assay (Trinity Biotech, Bray, Ireland).
The degree of clopidogrel inhibition of P2Y12 pathway
was assessed in a blood sample collected in a 2-mL tube
containing 3.2 % sodium citrate. The point-of-care
VerifyNow assay (Accumetrics, San Diego, California)
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e ’ 38 Patients ALX-0081 group ‘

| 1hour before PCI | —> | Treatmentwith ALX-0081 |

6 hour after PCI _—

24 hour after PCI —_—

Fig. 1 Flow diagram of the study

Table 2 Patients’ characteristics

Values are presented as mean+
SEM for quantitative variables

and % of total number for cate-
gorical variables

CAD coronary artery disease,
PTT partial thromboplastin time,
GFR glomerular filtration rate
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’ Treatment with placebo ‘

Stage A
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Endothelial Peripheral Arterial Tonometry

Phase Ib

| 26 Patients ALX-0081 group |

’ 8 Patients placebo group ‘

- Endoscore
Blood sample
- Ristocetin Test, microparticles

Endothelial Peripheral Arterial Tonometry

StageB + C

Placebo (n=17) ALX-0081 (n=38) p value
Age [years] 67.7£11.5 64.08+8.9 0.226
Male gender [%)] 82.4 57.8 0.125
Body mass index [kg/m?] 27.3£4.0 27.8+£3.8 0.657
Diabetes mellitus [%] 26.3 17.6 0.733
Hypertension [%] 68.4 41.1 0.077
Hyperlipidemia [%)] 78.9 47 0.027
Family history of CAD [%)] 342 11.7 0.109
Smoker [%)] 18.4 11.7 0.705
White blood cell [g/L] 6.0+0.6 6.8+0.3 0.308
Hemoglobin [g/L] 148.2+4.7 142.2+2.5 0.366
Platelets [g/L] 204.7+13.6 227.3+10.3 0.391
PTT [s] 25.8+0.6 27.2+0.6 0.398
Fibrinogen [g/L] 2.9+0.1 3.4+0.1 0.164
GFR [mL/min/1.73 m?] 80.8+3.8 77.5+2.6 0.624
Ejection fraction [%] 75.7+£3.9 69.6+2.7 0.321
Vessel disease 1.5+0.2 1.5+0.1 0.806
Left ventricle end-diastolic pressure [mmHg] 9.2+1.8 12.8+1.1 0.167
Fractional flow reserve pre-PCI 0.63+0.09 0.64+0.02 0.839
Fractional flow reserve post-PCI 0.89+0.02 0.87+0.01 0.585
P2Y12 reaction unit (PRU) 246.9+18.79 213.5+15.01 0.286
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was used to assess the platelet response to clopidogrel, as
previously described [17, 18].

Endothelial Microparticles

Endothelial microparticles (EMPs) are sub-microscopic mem-
brane vesicles shed from endothelial cells during activation
and/or apoptosis and can be measured as a marker for endo-
thelial injury. The levels of EMPs before and after ALX-0081
treatment were analyzed by flow cytometry [19]. Blood sam-
ples were drawn into Monovette® collection tubes containing
K2-EDTA (Sarstedt). Plasma was obtained by centrifugation
for 10 min at 2,500xg. Further centrifugation for 25 min at
13,500xg was performed to obtain platelet free plasma (PFP).
The PFP was stored at -80 °C and thawed once before anal-
ysis. A volume of 50 pl of PFP was incubated with 5 pl of
CD42a-FITC, CD31-PE and CD45-PerCP (3-D) for 30 min,
respectively, in the dark at room temperature after which 2 ml
of filtered (22 um) FACSFlow™™ solution (Becton Dickinson)
was added. Finally, in each sample, 50 pl of SPHERO™
AccuCount particles (Spherotech Inc.) was added as reference
particles with known number of particles per milliliter used to
calculate the number of microparticles per microliter detected
in the samples. Microparticles were analyzed on a BD
FACSCanto™ and were defined as particles <I um on a
fluorescence/forward light scatter plot with the use of 1 pum
diameter precision particles (microparticles GmbH,
Germany). The EMP population was characterized as
CD31"/CD42a" microparticles.

Statistical Analysis

The primary endpoint of the study was the Endoscore im-
provement with vWF inhibition. In previous preclinical
studies, at least an 80 % vWEF:RICO reduction (reflecting
the degree of vWF inhibition) was reported with the admin-
istration of ALX-0081 [20]. In the present study, we hy-
pothesized that a 25 % improvement in Endoscore can be
expected in patients receiving ALX-0081 as compared with
patients receiving placebo. With this assumption, we calcu-
lated that at least 17 patients per group are needed for an
80 % power and two-sided p value of 0.05.

Statistical analysis was performed using the GraphPad
Prism software, version 5. Continuous data are summarized
as mean=standard deviation or as median (interquartile
ranges). Categorical variables are reported as frequencies
and percentages. Two-tailed Student’s ¢ test was used to com-
pare continuous variables. Fisher’s exact or Mantel-Haenszel
chi-square tests were used to assess the differences in categor-
ical variables between groups. One-way ANOVA analysis of
variance was used to compare changes in Endoscore and
EMPs before and after ALX-0081 administration. A p value
of <0.05 was considered statistically significant.

a
n.s. p=0.067
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Fig. 2 Panel a Levels of von Willebrand factor antigen (VWF:Ag [%])
and factor VIII:chromogene (FVIII:C [%]) at baseline and 6 h post-PCI
in both placebo- (white bars) and ALX-0081- (black bars) treated
patients. Panel b Inhibition of ristocetin co-factor activity (VWF:RICO,
% max aggregation) at baseline and 6 h post-PCI in both placebo-
(white bars) and ALX-0081- (black bars) treated patients

Results

Patients’ characteristics are shown in Table 2. There were no
differences in baseline clinical characteristics, with the ex-
ception of higher rate of hyperlipidemia in the placebo

201 * T
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o
o
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o
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<
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Baseline 6 hours 24 hours

Fig. 3 Endoscore changes (A) at baseline, 6 and 24 h after PCI in the
ALX-0081 (filled boxes) and placebo group (filled circles). *p<0.05
vs. placebo; p<0.05 vs. baseline
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group. Likewise, no difference was observed in the rate of
statin between ALX-0081 and placebo group (n=29 [76 %]
vs. N=14 [82 %], p=0.73, respectively).

von Willebrand Factor and Factor VIII

At baseline, no differences were observed in vWF:Ag
(106£5 vs. 12147 %, p=0.39, respectively), FVIIIL:C
(126+14 vs. 1437 %, p=0.35, respectively) and
vWF:RICO (96+15 vs. 12046 %, p=0.13, respectively)
between placebo and ALX-0081 groups (Fig. 2a and b).
At 6 h, compared with placebo, a significant decrease in
vWF:Ag (107£9 vs. 75+4 %, p<0.01, respectively),
FVIIL:C (135£18 vs. 103+6 %, p=0.067, respectively)
and vVWF:RICO (113+13 vs. 12+1 %, p<0.001, respec-
tively) was observed in the ALX-0081 group. This
decrease was transient and levels of vWF:Ag and
FVII:C returned to baseline in all patients at 48 h,
while the time to normalization for vVWF:RICO was
different according to duration of treatment as per pro-
tocol (data not shown).

Peripheral Endothelial Function

The average Endoscore for placebo group at baseline, 6
and 24 h were 0.40+0.04, 0.38+0.07 and 0.41+0.09,
respectively. The average Endoscore for ALX-0081
group at baseline, 6 and 24 h were 0.35+0.06, 0.35+
0.07 and 0.47+0.05. Changes in Endoscore along the
study protocol are shown in Fig. 3. In the placebo
group, there were no significant changes in Endoscore
from baseline to 24 h (AEndoscore —0.05+0.14 at 6 h
and —0.39+0.17 at 24 h; ANOVA p=0.09). In the ALX-
0081 group, significant changes in Endoscore were ob-
served from baseline to 24 h (AEndoscore 8.51+3.77 at
6 h; 11.11+4.16 at 24 h; ANOVA p=0.014). With
respect to placebo, ALX-0081 is associated with a sig-
nificant increase in AEndoscore at 6 h (p<0.05), and at
24 h (p<0.05) from the first administration.

Fig. 4 Endothelial

ANOVA p=0.204

Endothelial Microparticles

A significant decrease in EMPs was observed after ALX-0081
administration (ANOVA p=0.0002): from baseline to 6 h
(129 [114-258] to 122 [80-243] /ul, p<0.001), then after
24 h (113 [87-225], p<0.01 vs. baseline) (Fig. 4). No signif-
icant differences were observed in EMPs along the study
protocol in the placebo group (ANOVA p=0.204): from base-
line to 6 h (131 [74-171] to 165 [131-211]), then after 24 h
(164 [118-215]).

Discussion

In this prospective study conducted in patients with stable
angina undergoing elective PCI, we observed that a direct
inhibition of vWF with ALX-0081 nanobody was associat-
ed with a significant improvement in peripheral endothelial
function as assessed by endothelial pulse amplitude tonom-
etry and endothelial microparticles.

Endothelium modulates the interaction between the cir-
culating blood, the vascular wall, and the surrounding tissue
[21]. With dysfunctional endothelium this interaction is
altered, triggering a cascade of events leading to atheroscle-
rotic plaque formation and increased thrombogenicity [22].
von Willebrand factor plays a primary role in these events.
In fact, a close correlation between platelet reactivity, vWF
activity and endothelial function was previously reported
[12]. The release of vWF in humans is enhanced by block-
ade of endothelial nitric oxide [23, 24]. In addition, the
cyclic flow variations observed in severe coronary artery
stenoses, potentially leading to the thrombotic occlusion of
the vessel [25-27], are prevented by inhibiting the interac-
tion between platelet glycoprotein Ib receptor and surface-
bound von Willebrand factor [28].

The present study shows for the first time that a decrease in
vWF serum level and activity is associated with an improve-
ment of peripheral endothelial function. Endothelial function
was assessed by using (1) endothelial pulse amplitude

ANOVA p=0.0002

microparticles (EMPs—events I
per microliter) at baseline, 6 h

and 24 h post-PCI in both pla- 08 Ly * *
cebo and ALX-0081 treated ive Aie.
patients. *p<0.01 vs. baseline. r i _| g o
Friedman test (ANOVA for 2 200 2 300
non-parametric variables) with = =
post-hoc analysis performed o 200- —I— IJ__I o 200
with Dunn’s multiple compari- 5 | E
son test 1004 —1 1004

— — ;

" Baseline 6 hours 24 hours " Baseline 6 hours 24 hours
PLACEBO ALX-0081
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tonometry (Endo-PAT), and by measuring (2) endothelial
microparticles, biomarkers related to endothelium turnover.
Endo-PAT is a noninvasive technique to assess peripheral
microvascular endothelial function by measuring amplitude
of digital pulse volume during a shear stress induced by
reactive hyperemia (RH) [29]. Assessment of pulse-wave am-
plitude response during RH has been shown to be correlated
with gold standard flow-mediated dilation [30], and has been
validated in different population [31-33]. In a Framingham
cohort of patients, the Framingham Reactive Hyperemia
Index, equivalent to the Endoscore index used in the present
study, was related with traditional cardiovascular risk factor
[16], and was found to predict cardiovascular events in an
intermediate risk patient population [34]. In our study, we
found no significant changes of Endoscore at either time point
after percutaneous coronary intervention in the placebo group.
In contrast, in patients receiving ALX-0081, we observed an
early increase in Endoscore at 6 h that was preserved at 24 h
post-PCI in parallel with the marked reduction in vWF levels
and activity. The increase was also associated with a significant
decrease in circulating endothelial microparticles, biomarker of
endothelial cell damage and endothelium turnover [19, 35, 36].
Thus, based on these data as well as on our previous study
showing correlation between vWF activity and endothelial
function [12], we hypothesize that improved endothelial func-
tion is secondary to the direct inhibition of the vVWF pathway.
Yet, it remains unclear whether the improvement of the endo-
thelial function extends beyond the immediate post-PCI period
treatment. This should be addressed in larger clinical studies.

Our results might be clinically relevant if considering that
transient endothelial impairment has been reported at the
time of percutaneous coronary intervention [37]. The ad-
ministration of ALX-0081 before PCI by directly modulat-
ing vWF levels could contribute to prevent this impairment
or even improve endothelial function.

Conclusion

The inhibition of the von Willebrand factor pathway with
the nanobody ALX-0081 is associated with an improvement
in peripheral endothelial function. Our study provides an
efficacy signal that should be further explored in a larger
patient population with clinical end points.
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