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Caplacizumab for treating subacute intra-stent
thrombus occurring despite efficacious double
anti-platelet treatment and anticoagulation:

a case report
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Acute and subacute stent thromboses are a rare complication associated with high mortality and morbidity occurring in ~1.5% of
patients treated with primary percutaneous intervention for ST-elevation myocardial infarction (STEMI). Recent publications de-
scribe a potential role of the von Willebrand factor (VWF) in thrombus formation at sites of critical coronary stenosis in STEMI.

We describe a 58-year-old woman with STEMI at initial presentation, who suffered subacute stent thrombosis despite good stent
expansion, efficacious dual antiplatelet therapy, and therapeutic anticoagulation. Because of very high VWF values, we administered
N-acetylcysteine in order to depolymerize VWEF, but the drug was not well tolerated. Since the patient was still symptomatic, we
used caplacizumab in order to prevent VWF from interacting with platelets. Under this treatment, the clinical and angiographic
course was favourable.

Considering a modern view of intracoronary thrombus pathophysiology, we describe an innovative treatment approach, which
eventually ended in a favourable outcome.

Subacute stent thrombosis ® STEMI e von Willebrand factor ® N-acetylcysteine ® Caplacizumab ® Case Report

3.1 Coronary artery disease ® 3.4 Coronary angiography

e A prothrombotic state induced by highly increased levels of von Willebrand factor may be a cause of intra-stent thrombosis.
e von Willebrand factor plays a key role in thrombus formation and its pathologically increased ability to agglutinate platelets can be in-
hibited by caplacizumab.
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Acute and subacute stent thromboses are a rare complication asso-
ciated with high mortality and morbidity that occur in ~1.5% of patients
treated with primary percutaneous intervention for ST-elevation myo-
cardial infarction (STEMI)." The causes of intra-stent thrombosis are
classified into those related to the anatomical characteristics of the le-
sions, those related to the procedure (in particular malpositioning of
the stent), those related to resistance to antiaggregant or anticoagulant
treatment, and finally those related to the patient, for example, a pro-
thrombotic state.? Recent publications describe a potential role of the
von Willebrand factor (VWF) in thrombus formation at sites of critical
coronary stenosis in STEMI.?

We present the case of a 58-year-old patient with STEMI who suf-
fered subacute stent thrombosis despite good stent expansion, effica-
cious dual antiplatelet therapy, and therapeutic anticoagulation. The
patient showed marked VWEF elevation and the evolution was favour-
able after treatment with caplacizumab, which inhibits the interaction
between platelets and VWF.

Initial presentation A 58-year-old woman presented with acute chest
(DO) pain, ventricular fibrillation, and cardiac arrest.

After successful reanimation, a coronary
angiography (CA) revealed bitroncular coronary
disease with an acute occlusion of the left anterior
descending (LAD) artery treated by a drug-eluting
stent. A significant (70-90%) stenosis of the
circumflex artery that was left to be treated later

D5 While on aspirin 100 mg o.d,, ticagrelor 90 mg b.i.d.,
and prophylactic unfractionated heparin (UFH), the
patient presented acute-onset chest pain
aggravated by breathing, and a new swelling of the
left leg. Duplex ultrasonography confirmed a deep
vein thrombosis of the left popliteal vein. Start of
therapeutic UFH

D7 CA demonstrated a large filling defect within the stent
in the LAD artery compatible with early intra-stent
thrombosis. Eptifibatide administration

D8 Start of N-acetylcysteine (NAC)

D19 CA showed persistence of known lesions with only
minimal thrombus regression. Persistence of daily
chest pain. NAC arrest

D21 Start of caplacizumab. Cessation of chest pain

D27 CA showed thrombus size reduction in the LAD.
LAD lesion and the circumflex artery stenosis were
both treated with drug-eluting stents

D33 Caplacizumab arrest

D40 Patient discharged

A 58-year-old woman, known for seropositive arthritis and premature
ventricular complexes, without other comorbidity, in particular cardio-
vascular risk factors, and without known coronary artery disease,
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presented with acute chest pain, ventricular fibrillation, and cardiac ar-
rest. After the return of spontaneous circulation, the patient was trans-
ferred to the emergency department of our tertiary care hospital.

The electrocardiogram (Figure 1) showed an anterior ST-segment eleva-
tion myocardial infarction. Coronary angiography (CA) revealed coronary
artery disease with an acute occlusion of the left anterior descending
(LAD) artery, which was treated with a drug-eluting stent (Orsiro mission
3.0 X 18 mm, Biotronik, Berlin, Germany) and a significant (70-90%) sten-
osis of the circumflex artery that was left to be treated later (Figure 7).

After a 4-day stay in the intensive care unit, she was extubated and trans-
ferred to the cardiovascular intermediate-care unit. On Day 5, while on as-
pirin 100 mg o.d, ticagrelor 90 mg b.i.d, and prophylactic unfractionated
heparin (UFH), the patient experienced acute onset of chest pain aggra-
vated by breathing, and a new swelling of the left leg. Duplex ultrasonog-
raphy confirmed a deep vein thrombosis of the left popliteal vein.
Therapeutic anticoagulation with UFH was started. In the evening of
Day 5, she developed respiratory distress. Computed tomography angiog-
raphy excluded pulmonary embolism and showed bilateral pleural effusion
with septal thickening compatible with cardiac overload. She improved
with oxygen, non-invasive ventilation, and diuretics.

A second CA performed on Day 7 because of persistent chest pain
and a failure of troponin levels to decrease™ demonstrated a large fill-
ing defect within the stent in the LAD artery compatible with subacute
intra-stent thrombosis (Figure 2). Antithrombotic treatment was com-
pleted with glycoprotein (GP) lIb—llla inhibition (eptifibatide 180 mcg/kg
IV bolus followed by 2 mcg/kg/min infusion for 12 h).

We considered the following possible causes of subacute intra-stent
thrombosis: (i) mechanical: stent malapposition/underexpansion; (ii)
functional:  antiplatelet-treatment  resistance,  platelet-activating
anti-PF4/heparin-antibodies, or severe thrombophilia.

Correct stent deployment was determined during the procedure
based on high-pressure non-compliant balloon angioplasty performed
with a 3 mm balloon at 18 atm and the subsequent analysis of X-ray en-
hancement imaging. Since the visual assessment was unequivocal, inva-
sive imaging by intravascular ultrasound (IVUS) was not performed.

Owing to the recurrent thrombosis despite good stent expansion, on-
going dual antiplatelet therapy, and therapeutic anticoagulation, extensive
haematological investigations were performed. Platelet function testing
with VASP/P2Y 1,®, and multiple electrode aggregometry (MEA) showed
no argument for ticagrelor resistance and resistance to aspirin was ex-
cluded by MEA and light transmission aggregometry (LTA).® Blood test
showed raised high-sensitive cardiac troponin T (hs-cTnT) at 7546 ng/L
(cut-off: < 14 ng/L) and b-dimers at 4047 ng/mL (cut-off: < 500 ng/mL)
despite therapeutic UFH anti-Xa activity 045 U anti-Xa/mL (in-house
therapeutic range: 0.3-0.6 U anti-Xa/mL). Possible prothrombotic causes
were excluded by negative results for anti-PF4/heparin-antibodies, anti-
phospholipid antibodies, ADAMTS13 activity, factor V Leiden, and
G20210A prothrombin mutations. Polymerase chain reactions for
SARS-CoV-2 on nasopharyngeal swabs performed at DO and D5 were
negative. Of note, we observed markedly raised values for factor VIII
385% (reference range: 65-170%), VWF activity 208% (50-150%), and
antigen 372% (50-150%). Considering the laboratory results showing
good platelet inhibition by aspirin and ticagrelor and UFH anti-factor Xa
activity within the therapeutic range, in view of the good stent expansion,
and in the absence of alternative explanations, subacute intra-stent throm-
bosis was attributed to the markedly high levels of VWF.

N-acetylcysteine (NAC) is a molecule composed of L-cysteine with an
acetyl moiety attached to an amine group, which contains a free thiol
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Figure 1 Electrocardiogram and coronarography on Day 0 with acute myocardial infarction. Electrocardiogram showing an anterior ST-segment
elevation myocardial infarction (left panel). Coronary angiography showing occlusion of the left anterior descending artery and significant stenosis
of the circumflex artery (middle panel). Coronary angiography just after angioplasty and stenting of the left anterior descending (right panel).

Coronarography on day 7

Thrombus in LAD

Slight amelioration

of thrombus after 10
days of NAC

Coronarography on day 19 after 10 days of NAC

Coronarography on day 27 after 6 days of caplacizumab
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Figure 2 Evolution of thrombus under N-acetylcysteine and caplacizumab. Coronary angiography with intra-stent thrombosis in the left anterior
descending (LAD) artery (left panel). Coronary angiography after 10 days of N-acetylcysteine treatment with partial thrombus regression (middle pa-
nel). Coronary angiography after 6 days of caplacizumab with thrombus size diminution in the LAD (right panel).

and is capable of reducing the size of polymeric proteins.” lts ability to
decrease the size of VWF-multimers has been demonstrated in vitro as
well as in mouse models of thrombocytopenic thrombotic purpura
(TTP) and arterial thrombosis.”® N-acetylcysteine has also been used
in at least eight patients with TTP,” and clinical trials are underway in
patients with TTP'® (NACInTTP") and ischaemic stroke (‘Booster’).

Based on this knowledge, a treatment of NAC 150 mg/kg/day was
started on Day 8. Unfortunately, the high dose of NAC (10 g/day)
was not well tolerated by the patient, resulting in several digestive
symptoms (nausea, vomiting, and diarrhoea). Blood tests showed no
significant improvement in VWF activity (Figure 3). During NAC treat-
ment, hs-cTnT progressively decreased to levels around 450 ng/mL
(Figure 4). However, the patient remained symptomatic with recurrent
daily chest pain and a control CA performed on Day 19, after 10 days of
NAC treatment, showed the persistence of known lesions with only
minimal thrombus regression (Figure 2). Given the poor tolerance
and lack of clear response observed with NAC, this molecule was
stopped.

Therapeutic approach 2: inhibition
of platelet GPIba-von Willebrand
factor A1 domain interaction

Caplacizumab is a nanobody directed against the A1 domain of VWF,
which inhibits the interaction of VWF with the platelet GPIba recep-
tor.> A Phase 1b study in patients with coronary angioplasty showed
a decrease in VWEF activity and antigen under this treatment, without
bleeding complications."’

Based on these data and given the critical situation of the patient,
after a multidisciplinary discussion and patient agreement, we decided
to employ caplacizumab. We administered a first IV dose of 10 mg
on Day 21 post-acute myocardial infarction (AMI), followed by daily
subcutaneous doses of 10 mg. The treatment was rapidly efficacious
from a biological point of view, with suppression of VWF activity, re-
duction of VWF antigen, and Factor VIII activity (Figure 3). Of note,
hs-cTnT, which after Day 5 failed to decrease further as expected,“‘5
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Figure 3 Evolution of coagulation parameters through time. Evolution over time of the patient’s von Willebrand activity (blue), von Willebrand anti-
gen (orange), factor VIII (grey), and p-dimer (yellow) levels, under treatment with N-acetylcysteine (NAC) and then caplacizumab.
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Figure 4 Evolution of hs-cTnT through time. Evolution over time of troponin levels and under treatment with N-acetylcysteine (NAC) and then

caplacizumab.

dropped from persistently elevated levels from 450 to 139 ng/mL After 6 days of positive evolution, CA was performed showing throm-
(Figure 4). Caplacizumab was also efficient from a clinical point of bus size reduction in the LAD (Figure 2). This lesion and the circumflex
view, with no recurrence of chest pain and improvement of dyspnoea. artery stenosis had both been treated with drug-eluting stents.
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Caplacizumab was stopped after 12 days of use. Aspirin was discontin-
ued after 1 month and the patient was finally discharged after 40 days of
hospitalization on prasugrel 10 mg o.d. (interrupted after 1 year) and
long-term acenocoumarol. Her cardiac function is reduced with a left
ventricular ejection fraction (LVEF) of 37% under guideline-directed
medical therapy for heart failure (Entresto®, metoprolol, sprionolac-
tone, and dapagliflozin). Since LVEF was >35% on follow-up controls,
an implantable cardioverter defibrillator (ICD) was not considered
for primary prevention.'? At the last visit, 2.5 years after discharge,
the patient was progressing well with no recurrent chest pain and no
recurrent deep vein thrombosis.

The von Willebrand factor is a plasma glycoprotein secreted by endo-
thelial cells and platelets that circulates in multimers of various length.
The von Willebrand factor has a central role in initiating haemostasis
and thrombus formation via the interaction of its A1 domain with the
GPIba-receptor at the platelet surface.’® This interaction is made pos-
sible by the adhesion of VWF-multimers to exposed collagen fibres at
the site of vascular wall lesion. In addition, the presence of hydro-
dynamic variations with high shear stress and acceleration of blood
flow can also directly induce the opening of VWF multimeric chains,
thus exposing their A1 domains eventually promoting platelet agglu-
tination.™ Moreover, the ability of VWF to bind platelets is propor-
tional to the size of its multimers. The latter is regulated by
ADAMTS13, a metalloprotease that cleaves VWF within its
A2-domain, reducing the multimers’ size and thus decreasing VWF
adhesiveness. It has been shown that during acute ST-segment eleva-
tion myocardial infarction, the intracoronary levels of ADAMTS13
were decreased compared with the systemic levels with a decreased
ADAMTS13/VWF activity ratio.”® This relative intracoronary reduction
of ADAMTS13 activity would allow for the presence of very long and
active VWF-multimers that can be deposited at the site of critical sten-
osis and mediate platelet adhesion and incorporation in the growing
thrombus. This may explain the significant gradient of VWF antigen
and activity observed across the coronary occlusion.”® With this back-
ground, very high levels of VWF activity are a possible pathogenic mech-
anism of intracoronary thrombosis. In the appropriate clinical setting, it is
reasonable to consider treatments aimed at decreasing VVWF adhesive-
ness, such as VWF-multimer reduction with NAC or recombinant
ADAMTS13, or inhibition of VWF—platelet interaction with caplacizu-
mab. Moreover, the highly increased VWF levels may also have contrib-
uted to the DVT diagnosed on Day 5, either directly’® or indirectly by
means of the increased Factor VIII activity."”

The major limitation of our Case Report is the absence of IVUS to
document good stent deployment. However, the level of evidence
for considering the use of intravascular imaging in the case of subacute
stent thrombosis is low'® and in our patient, the per-procedure ana-
lysis, with routine high-pressure non-compliant balloon angioplasty
and subsequent X-ray imaging enhancement, was considered unequivo-
cal about good stent expansion.

Two other cardiologic management decisions deserve a brief
comment. During CA on Day 7, because of normal TIMI flow,
the thrombus was not aspirated but treated with GPIIb—llla inhibi-
tors instead.”?° At discharge, because of the multiple drugs pre-
scribed, ticagrelor was switched to prasugrel in order to
minimize the risk of recurrence in the case of suboptimal treatment
adherence."*

We report the occurrence of subacute intra-stent thrombosis despite ef-
ficacious double antiplatelet treatment and therapeutic anticoagulation.

Caplacizumab, a bivalent single-domain antibody inhibiting the interaction
between VWF and its receptor on platelets, led to the improvement of
clinical symptoms, decrease of laboratory signs of myocardial ischaemia,
and possibly reduction of intracoronary thrombus.

Our observations support the pathogenic role of very high levels of
VWEF in coronary stent thrombosis by their potential to sustain platelet
incorporation into the growing thrombus. In nuce, these data suggest
that caplacizumab may have a relevant potential therapeutic utility,
which should be investigated in the critical context of unexplained
intra-stent thrombosis.
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Supplementary material is available at European Heart Journal — Case
Reports.
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