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Abstract

Immune-mediated thrombotic thrombocytopenic purpura (iTTP) is an ultra-rare,

blood-clotting disorder. Management historically relies on plasma exchange and

immunosuppression; however, a 10%–20% mortality rate is still observed. Capla-

cizumab binds to vonWillebrand factor and directly inhibits platelet aggregation; addi-

tion of caplacizumab to historical treatment induced faster resolution of platelet count

in clinical trials. In 2019, a modified-Delphi study was conducted with UK experts, to

develop consensus statements on management of acute TTP and the potential role of

caplacizumab. An unmet need was acknowledged, and areas requiring improvement

included: time to diagnosis and treatment initiation; time to platelet normalisation

(TTPN) during which patients remain at risk of persistent microvascular thrombosis

and organ damage; and incidence of subsequent exacerbations and relapses. Capla-

cizumab addition to historical treatment within 24 h (after confirmatory ADAMTS13

[a disintegrin and metalloproteinase with thrombospondin type 1 motif, member 13]

assay)would significantly reduceTTPN,whichdirectly influences acuteoutcomes,with

manageable bleeding risk and reduced burden on healthcare systems. Expert panel-

lists agree that poor outcomes in iTTP largely result from failure to rapidly control

microvascular thrombosis. Use of caplacizumab during a confirmed iTTP episode could

offer better control andmayplausibly improve long-termoutcomes.However, this con-

sensus must be validated with further clinical trials and robust real-world evidence.
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1 INTRODUCTION

Immune-mediated thrombotic thrombocytopenic purpura (iTTP), also

known as acquired TTP (aTTP), is due to a deficiency in the activ-

ity of ADAMTS13 (a disintegrin and metalloproteinase with throm-
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the original work is properly cited.
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bospondin type 1motif, member 13), caused by an autoantibody to the

enzyme. iTTP is a life-threatening and extremely rare blood-clotting

disorder, with an approximate incidence of 600 suspected cases in the

UK in the last 10 years [1]. National Health Service (NHS) England esti-

mate 100–150 acute admissions for TTP per year in England [2]. The
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620 SCULLY ET AL.

What is the new aspect of thework?

This research establishes a clinical consensus on mod-

ern treatment pathways for immune-mediated thrombotic

thrombocytopenic purpura (iTTP), an ultra-rare condition.

What is the central finding of thework?

Anunmetneedexists in iTTP in termsof time todiagnosis and

treatment initiation (and subsequent outcomes, including

relapse risk); addition of caplacizumab to historical treat-

ment options would significantly reduce time to platelet nor-

malisation, and therefore improve acute outcomes in iTTP.

What is the specific clinical relevance of thework?

The rarity of iTTP can translate to limited clinical experience;

however, this modified-Delphi study provides a clinical con-

sensus on iTTPmanagement fromconsultant haematologists

and pharmacists in the UK (N = 10), according to a robust

qualitative and quantitative methodology.

rarity of the condition and its typically sudden onset make iTTP partic-

ularly challenging tomanage, which can lead to fatal outcomes [3, 4].

The pathological mechanism of iTTP is a severe deficiency in

the activity of the von Willebrand factor (VWF) cleaving enzyme,

ADAMTS13 [5, 6]. Autoantibodies bind to ADAMTS13, increasing

its clearance and inhibiting its function, allowing VWF to circu-

late uncleaved, leading to the persistence of ultra-large von Wille-

brand factor (ULVWF) multimers in plasma [3]. ULVWF multimers are

extremely adhesive to platelets in the circulation, resulting in the spon-

taneous formation ofmicrovascular thrombi [5, 7–9]. This leads to par-

tial vessel occlusion, which can ultimately result in microangiopathic

haemolytic anaemia (MAHA), organ ischaemia and widespread organ

damage [10].

The risk of mortality associated with iTTP makes it crucial that clin-

icians act rapidly. Patients who newly present with the disease are

treated as a medical emergency as without intervention the survival

rate is less than 10% [4, 7, 10–12]. However, diagnosis is challenging

as patients can present with non-specific clinical symptoms [4]. Tis-

sue ischaemia and organ dysfunction often involves the brain, heart

and kidneys, and therefore the immediate concern is to prevent severe

acute consequences associated with myocardial and cerebral dam-

age [13–15]. The rarity of the condition and limited follow-up data

means the specific long-term outcomes remain poorly defined, but

survivors of acute episodes often describe problems associated with

cognitive impairment, such as difficulty with memory, concentration

and endurance [16, 17]. Furthermore, survivors are at lifetime risk of

relapse, with each acute episode carrying similar risk of organ damage,

mortality andmorbidity [7].

The primary treatment goal of acute TTP is inducing remission,

defined as a normal platelet count, through control of microvascu-

lar thrombosis [10]. Historical treatment consists of plasma exchange

(PEX) and immunosuppression, which aims to remove ULVWF and

autoantibodies, replace functional ADAMTS13, and prevent fur-

ther formation of autoantibodies [3]. Caplacizumab, a humanised

Nanobody (Nanobody is a trademark of Ablynx, a Sanofi company)

has recently been evaluated in combination with historical treatment

in a Phase III study, and is now reimbursed by the UK NHS fol-

lowing health technology assessment in England and Scotland [18].

Caplacizumab targets the A1 domain of VWF and inhibits bind-

ing to platelets, thus rapidly inhibiting platelet aggregation to pre-

vent the formation of microthrombi and subsequent ischaemic organ

damage [19, 20].

While clinical studies and guidelines for iTTP management exist,

the rarity of iTTP can translate to limited clinical experience. Evidence

generation in rare diseases often requires use of alternative methods,

including expert consensus, to gain a fully comprehensive overview of

the disease. Therefore, we present the results of a modified-Delphi

panel with UK experts in iTTP, which verifies and adds to the exist-

ing literature. The specific aims were to develop a deeper under-

standing of the current management and unmet need for patients

experiencing an iTTP episode, while considering the potential role for

caplacizumab.

2 METHODOLOGY

A three-step modified-Delphi panel was conducted between February

andMarch 2019,which incorporated two rounds of anonymised online

surveys and a face-to-face consensus meeting (Figure 1). The process

was designed to understand panel perceptions on the unmet need in

patients experiencing an acute iTTP episode in terms of diagnosis, cur-

rent treatment strategies and the impact upon health consequences,

and to define the potential role of caplacizumab. Although this condi-

tion was referred to as aTTP during the panel, the term iTTP is used

throughout this report to reflect that iTTP is now the more frequently

used terminology.

The first survey round comprised closed statements and open ques-

tions, based on data available in the literature or clinical trials. Panel-

lists were asked to rate all closed statements and were encouraged to

provide rationale for their answers, and any additional comments. The

second round clarified areas nearing consensus and identified aspects

that requireddiscussion in the consensusmeeting. The results from the

second-round surveywere consolidated, analysedandpresentedat the

consensus meeting.

Both survey rounds took 30–60 min to complete online survey

and panellists were given 2 weeks to complete each one. The iter-

ative nature of the process meant surveys were adapted between

rounds based on panellist feedback; statements that reached consen-

sus and areas deemed illogical to take forward were excluded. State-

ments that did not reach consensusweremodified based on qualitative

responses.

For closed statements, panellistswereasked to rate their agreement

based upon a nine-point Likert scale; with 1 considered ’completely
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SCULLY ET AL. 621

F IGURE 1 Modified-Delphi panel process

disagree’ and 9 considered ’completely agree’. Consensus was defined

as: ≥80% of panellists rated their ‘agreement’ between 7 and 9

(Figure 2).

The objective of the face-to-face meeting was to gain agreement

on the remaining areas of conflict and to confirm the areas of con-

sensus. The panel was provided with a brief overview of state-

ments that had reached consensus and the Delphi round results

for the areas of conflict. During the meeting, statements could be

adapted based on consolidated feedback and the panel were asked

to rate their agreement with the modified statements at numerous

checkpoints.

As this was a modified-Delphi process, it was critical that mea-

sures were taken to minimise bias. Anonymity was maintained

throughout the first two Delphi rounds to ensure initial per-

spectives were not influenced by other panellists. The consen-

sus meeting and discussions were facilitated by a third-party to

ensure all opinions were heard and the sponsor company was not

present.
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622 SCULLY ET AL.

F IGURE 2 The nine-point Likert scale used to determine consensus

3 RESULTS

3.1 Expert panel

Eleven experts comprising consultant haematologists (N=9) and phar-

macists (N=2) across theUK (England:N=10, Scotland:N=1), agreed

to participate and were recruited. One pharmacist withdrew from the

process after the first round, and thus 10 panellists completed the pro-

cess (England:N= 9, Scotland:N= 1).

3.2 Overview of consensus

Following the consensus meeting, the statements were revised to

achieve14 final consensus statements.While thedefinition for consen-

sus, as described in themethods, was used throughout the study, 100%

(N= 10) of the final panel agreed to all finalised statements—therefore

ratings of consensus are not provided.

3.3 Diagnosis

Diagnosis of iTTP can be challenging given the complex and vari-

able clinical presentations, which can be indicative of other conditions

[7, 10]. iTTP is characterised by thrombocytopaenia, MAHA and the

formation ofmicrothrombi [10, 11], but patientsmay also present with

fluctuating neurological signs, renal impairment and fever depending

on the individual case [10]. Diagnostic criteria state that when patients

presentwith thrombocytopaenia andMAHAalone, with no other iden-

tifiable clinical cause, iTTPmust be considered [10, 11]. As ADAMTS13

activity is crucial to the disease mechanism, it is important that an

ADAMTS13 assay is conducted to assess baseline ADAMTS13 activ-

ity; severely reduced activity can be used to confirm iTTPdiagnosis and

monitor the disease (Figure 3) [10].

3.3.1 Expert consensus

1. If a patient presented with severe thrombocytopaenia and MAHA,

I would diagnose probable iTTP, initiate PEX and aim to initi-

ate caplacizumab within 24 h subject to receiving a confirmatory

ADAMTS13 assay.

ADAMTS13 assay result of <10% confirms a diagnosis of TTP. This

would be expected to be processedwithin 24 h.

2. Lower platelet count is often related to greater disease severity

(which can also be indicated by the biochemical marker troponin

and neurological symptoms), but this is subject to the variable clini-

cal situation.

3. The difficulty and time taken for diagnosis and initiation of treat-

ment contribute to an unmet treatment need.

3.4 Current treatment

Historical treatment for iTTP involves a combination of PEX and

immunosuppression [3]. PEX is the most important acute interven-

tion and works by replenishing functional ADAMTS13 while also

removing the ADAMTS13 autoantibodies and ULVWF multimers [3].

Immunosuppression with corticosteroids inhibits further autoanti-

body formation and has demonstrated improved patient outcomes

(e.g. reductions in the number of PEX required to achieve remis-

sion, the length of inpatient stays and relapse rates) [3, 20–22].

With prompt initiation of PEX and immunosuppression, the sur-

vival rate improves substantially to 80%–90%, compared to less

than 10% with no treatment [7]. However, despite the greatly

improved outlook for patients, the remaining mortality rate and

other associated health consequences indicate a need for treatment

improvement [23].
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SCULLY ET AL. 623

F IGURE 3 The diagnostic and treatment pathway for immune-mediated thrombotic thrombocytopenic purpura (iTTP). (A) Take blood before
starting plasma exchange (PEX): full blood count (FBC), blood film reticulocytes, clotting, fibrinogen, urea and creatinine, troponin I/troponin T,
liver function tests (LFTs), amylase, thyroid function tests (TFTs), calcium, lactate dehydrogenase (LDH), pregnancy test, direct antiglobulin test,
blood pressure, blood groupwith antibody screen, ADAMTS13 (a disintegrin andmetalloproteinase with thrombospondin type 1motif, member
13), hepatitis A/B/C, human immunodeficiency virus (HIV) serology and autoantibody screen. (B) Other investigations should be performed
promptly but can be delayed until after starting PEX: urinalysis, stool culture (if diarrhoea), echocardiogram, computerised tomography (CT) brain
(if neurological signs), and CT chest/abdomen/pelvis to check for underlyingmalignancy (if indicated). (C) Patients should be counselled about
symptoms, signs and risk of relapse before discharge with verbal andwritten information. Abbreviations: IV, intravenous; MAHA,
microangiopathic haemolytic anaemia; RTX, rituximab; SC, subcutaneous; TTP, thrombotic thrombocytopenic purpura. Adapted from Scully et al.
[10]; rituximab recommendations adapted fromDutt et al. [29] and Zheng et al. [32]

3.4.1 Expert consensus

1. PEX and immunosuppression are routinemanagement for iTTP and

reduce the risk of mortality and severe organ damage (vs. no treat-

ment) but may not eliminate long-term consequences.

2. Following PEX and immunosuppression patients may experi-

ence exacerbations and/or relapses* and a subset of patients

do not respond, all of which contribute to an unmet treatment

need.

Exacerbation: defined as a reduction in platelet count to below the

lower limit of the established reference range (e.g. <150 × 109 L−1),

an increased lactate dehydrogenase level, and the need to restart

PEX within 30 days of the last PEX after a clinical response to

PEX [24].

Relapse: defined as a fall in platelet count to below the lower limit

of the established reference range (e.g. <150 × 109 L−1), with or

without clinical symptoms,>30 days after stopping of PEX for an acute

TTP episode, requiring re-initiation of therapy [24].

3.5 Current treatment impact: Acute and
long-term health consequences

Acutely, iTTP patients are at risk of cardiac and cerebral tissue

ischaemia, and potentially catastrophic thromboembolic events such

as myocardial infarction or stroke [25, 26]. The longer it takes

for a treatment response, the longer a patient remains at risk of

microthrombotic complications, tissue ischaemia and potential organ

damage [20]. There is limited clinical evidence that evaluates long-term

health consequences, but patients that recover from an acute episode

often describe problems associated with neurocognitive impairment

and neuropsychological symptoms [17]. While PEX and immunosup-

pression greatly improves mortality rates for iTTP patients, it is also
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624 SCULLY ET AL.

important to understand the impact on other acute and long-term

health consequences.

3.5.1 Expert consensus

There is an unmet treatment need in iTTP,mostly associatedwith a fail-

ure to achieve rapid control of microvascular thrombosis.

1. The time taken forplatelet normalisationwithPEXand immunosup-

pression results in patients remaining at risk of persistentmicrovas-

cular thrombi and organ damage during the acute phase of iTTP.

2. The longer a low platelet count persists, the longer the patient

remains at risk of acute and long-term complications as a conse-

quence of microvascular thrombosis.

3. Some iTTPsurvivors followingPEXand immunosuppressionare left

with long-term health consequences—likely due to delay in diagno-

sis and failure to achieve normalisation of platelet count.

3.6 Potential benefits of a novel therapy,
caplacizumab

Two randomised placebo-controlled trials, TITAN (Phase 2) and HER-

CULES (Phase3), investigated theeffect of adding caplacizumab toPEX

and immunosuppression during an acute iTTP episode [18, 20]. These

studies demonstrated that caplacizumab, in combination with PEX and

immunosuppression, rapidly inhibitsmicrovascular thrombosis, signifi-

cantly reducing the time to platelet count normalisation (TTPN) versus

PEX and immunosuppression alone [18, 20]. Through rapidly prevent-

ingmicrothrombi formation caplacizumab prevents further ischaemia-

induced organ injury [20], but the potential long-term benefits are yet

to be evaluated. Therefore, it was important to gather panel insights

on how caplacizumab’smechanismof actionmay impact patients in the

short and long term.

3.6.1 Expert consensus

1. TTPN is directly related to the acute outcomes and it is biologically

plausible that it is directly related to long-term consequences.

2. Caplacizumab plus PEX and immunosuppression significantly

reduces TTPN compared to PEX and immunosuppression alone,

reducing the risk of acute ischaemic events. Through a reduction in

the thrombotic burden associatedwith an acute episodeof TTP, this

has the potential to prevent someof the long-term consequences of

such episodes, although this requires further study and follow-up.

TITAN indicated that caplacizumab, through a faster platelet

count normalisation, prevents further platelet aggregation into

microthrombi and the consequent tissue ischaemia [20]. Post hoc

analysis of the TITAN study found that fewer caplacizumab-treated

patients had a major thromboembolic event, an exacerbation or

died versus placebo [27]. Based on this the authors concluded that

caplacizumab has the potential to reduce the acute morbidity and

mortality associated with iTTP [27]. Following this, the HERCULES

trial demonstrated that during the treatment period, caplacizumab

was associated with a more rapid normalisation of platelet count

than PEX and immunosuppression alone, and a lower incidence of a

composite of TTP-related death, major thromboembolic events, and

recurrence of iTTP [18]. In addition, there were no patients in the

caplacizumab arm of the HERCULES trial with refractory disease,

compared to three patients in the placebo group [18]. Furthermore,

treatment with caplacizumab reduced the mean number of PEX days

and plasma volume administered compared to the placebo group,

which ultimately resulted in a shorter hospital stay [18, 20]. Based on

the available evidence and experts’ experience, further understanding

of the role caplacizumab could play in the management of iTTP was

sought.

3.6.2 Expert consensus

1. Based on its mode of action, caplacizumab plus PEX and immuno-

suppression (compared to PEX and immunosuppression without

caplacizumab) would substantially reduce the relative risk of:

i. Mortality

ii. Organ damage

iii. Myocardial ischaemia

iv. Cerebral ischaemia

v. Length of ICU/hospital stay

vi. PEX

vii. Exacerbations

2. Based on its mode of action, it is biologically plausible that capla-

cizumab plus PEX and immunosuppression (compared to PEX and

immunosuppression without caplacizumab) would reduce the risk

of long-term consequences associated with acute organ damage,

such as neurocognitive complications, which are prevalent in this

population.

3. Caplacizumab plus PEX and immunosuppression would improve

the management of an iTTP episode, reducing the burden on the

healthcare system (length of stay, ICU days, use of PEX, early re-

admission).

On the basis of caplacizumab’s pharmacological effect, interfering

with VWF binding to platelets, it can be associated with mucocuta-

neous bleeding [18]. During the randomised controlled trials, bleeding

events were observed more frequently in the caplacizumab treatment

group compared to placebo, but these were generally mild and did not

require intervention [18, 20]. Therefore, it was important to further

understand expert perceptions on the tolerability of caplacizumab.

3.6.3 Expert consensus

The bleeding risk associated with caplacizumab is usually minor and

generally manageable; however, drug costs and the need for national

guidelines are potential barriers for caplacizumab use.
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SCULLY ET AL. 625

4 DISCUSSION

iTTP is challenging to diagnose and demanding to treat, and the rar-

ity of the condition means evidence on the disease must also be gath-

ered in routes outside of traditional clinical studies. There are limited

numbers of healthcare practitionerswith extensive experiencemanag-

ing iTTP, making it crucial to consolidate and communicate their clin-

ical knowledge. An unmet need for iTTP patients was acknowledged,

and the areas requiring improvement to achieve the best possible care

were indicated.Overall, the consensus statements supported the infor-

mation available in the literature and clinical trials, but also added

to the current knowledge base regarding the expected impact capla-

cizumabmay have on iTTPmanagement.

During this modified-Delphi process, certain aspects, such as the

diagnosis and unmet need in iTTP, reached consensus quickly, but

areas where further discussion was needed highlighted the need to

generate additional clinical evidence. Areas relating to the long-term

outcomes associated with iTTP were discussed in detail. The panel-

lists acknowledged that until remission is achieved, patients remain

at risk of microthrombotic complications and tissue ischaemia, poten-

tially leading to long-term and irreversible health consequences. Neu-

rocognitive complications are prevalent in iTTP survivors. Anxiety and

depression have also been reported as potential long-term outcomes—

these may be linked directly or be the consequence of survivors living

with a chronic, life-threatening condition, susceptible to relapse. Ulti-

mately, more data are required to reliably define the specific outcomes

associated with iTTP and to evaluate the long-term impact of treat-

ment with caplacizumab in patients with iTTP.

All patients who suffer from a life-threatening condition deserve

to receive the best possible care, but this is often challenging for rare

conditions where there is less clinical knowledge and fewer treat-

ment options [4]. Caplacizumab is the first treatment specifically devel-

oped to treat iTTP, thus it was important to gather expert insights on

how the availability of this therapy may alter the treatment landscape.

Overall, the expert panel expressed that use of caplacizumab during

a confirmed iTTP episode would offer better control of microvascular

thrombosis and potentially improve the long-termoutlook for patients.

However, it was acknowledged that these opinions are hypothesis-

generating and need to be validated with further clinical trials and

robust real-world evidence.

Long-term evidence, incorporating follow-up of iTTP survivors

and development of prospective registries, is required to accurately

understand the long-term health outcomes associated with ongo-

ing tissue ischaemia during an acute iTTP episode. Extended clini-

cal studies to evaluate the long-term benefits of caplacizumab will

provide a more comprehensive picture—a 3-year follow-up study is

underway for patients who completed the HERCULES trial with an

aim to characterise the long-term impact of iTTP and caplacizumab

treatment [28].

Since the conduct of thismodified-Delphi study, further evidence on

caplacizumab has been published [29–31]. A 2021 retrospective study

of 85 patients receiving caplacizumab in UK hospitals demonstrated

that use of this treatment in the real world is associatedwith compara-

ble outcomes to the trial setting in terms of parameters such as TTPN

and length of PEX, both of which were superior to historical treatment

alone (p<0.05) [29]. In addition, in four of five fatal cases, caplacizumab

was introduced more than 48 h after initiation of historical treatment

[29]. A 2021 study of 90 caplacizumab-treated patients in France rein-

forced these findings, showing that the combination of caplacizumab,

PEX and rituximab as front-line therapies led to a significantly reduced

rate of unresolved disease or death by Day 30, a significantly reduced

rate of exacerbation, and significantly reduced TTPN (all p< 0.01), ver-

sus a historical control group [30]. A further 2020 retrospective study

(without a comparative element) of 60 patients receiving caplacizumab

in Germany reported that TTPN occurred within a median of 3 days; in

one fatal case, caplacizumab initiation was late [31].

Of note, in December 2020, caplacizumab was recommended by

the UK National Institute for Health and Care Excellence (NICE) as

an option for the treatment of aTTP, in combination with PEX and

immunosuppression. The conclusions of this project formed part of the

dossier submitted for review byNICE.

5 LIMITATIONS

Although thismodified-Delphi processwas conducted in a robustman-

ner, limitations were apparent. Amodified approach utilising a consen-

sus meeting was deemed beneficial for obtaining expert insights, but

this removed anonymity. A lack of anonymity could inadvertently lead

to the suppression of less popular views among the panellists; how-

ever, every effort was made to encourage balanced participation from

all panellists and consensuswas repeatedly sought throughout and fol-

lowing the meeting. Additionally, as the panel were aware this was a

sponsored study, a level of bias might be expected. However, the spon-

sor was excluded from all discussions tominimise this potential bias.

6 CONCLUSIONS

The consensus statements presented reflect the clinical opinion of

experts in the management of iTTP across England and Scotland.

Historical treatment of iTTP with PEX and immunosuppression has

demonstrable effect and improves mortality rates, but there remains

an unmet treatment need for patients with iTTP. This unmet need com-

prises difficulties with diagnosis and immediate initiation of treatment,

failure to achieve rapid control of microvascular thrombosis, and the

potential for no response to treatment or disease exacerbations after

an initial response. These complications can lead to fatal consequences

acutely, andpotential long-termmorbidity, such as neurological impair-

ment, for thosewho survive. In the opinion of the panel, there is poten-

tial for caplacizumab, in combination with PEX and immunosuppres-

sion, to improve the lives of patients and reduce the burden on the

healthcare system, through reducing the risk of detrimental health

outcomes compared to PEX and immunosuppression alone. Early data

from national cohorts published in 2020 and 2021 indicate a positive

effect of themorewidespread use of caplacizumab in themanagement
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of acute iTTP; however, robust follow-upwill be crucial tobetter under-

stand the long-term impact of caplacizumab.
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