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Abstract
Ablynx, a Sanofi Company, has developed the anti-von Willebrand factor  Nanobody® caplacizumab (Cablivi™) for the treat-
ment of acquired thrombotic thrombocytopenic purpura (aTTP). Based on positive results in phase II and III trials in patients 
with aTTP, caplacizumab was recently approved in the EU for the treatment of adults experiencing an episode of aTTP, in 
conjunction with plasma exchange and immunosuppression. This article summarizes the milestones in the development of 
caplacizumab leading to this first approval.

1 Introduction

Caplacizumab (Cablivi™), a humanised single-variable-
domain immunoglobulin  (Nanobody®) targeting von 
Willebrand factor, has been developed by Ablynx, a Sanofi 
Company, for the treatment of acquired thrombotic throm-
bocytopenic purpura (aTTP). Caplacizumab received its first 
approval in the EU for the treatment of adults experiencing 
an episode of aTTP, in conjunction with plasma exchange 
and immunosuppression and is undergoing priority review in 
the USA for the treatment of patients aged ≥ 18 years experi-
encing an episode of aTTP [1, 2]. Caplacizumab was under 
development for the prevention of thrombosis in high risk 
patients with acute coronary syndrome (ACS) undergoing 
percutaneous coronary intervention (PCI); however, devel-
opment for this indication has been discontinued.

aTTP is a rare and potentially life-threatening autoim-
mune blood clotting disorder that is characterised by micro-
vascular occlusions, and consequently thrombocytopenia, 
haemolytic anaemia, tissue ischemia and organ dysfunction 
[3]. It is caused by a severe deficiency of ADAMTS13 (a 
von Willebrand factor-cleaving metalloproteinase) due to the 
presence of anti-ADAMTS13 autoantibodies. Deficiency in 

ADAMTS13 activity leads to an accumulation of ultra-large 
von Willebrand factor multimers in the blood, which bind to 
platelets and thereby lead to the formation of platelet-rich 
microthrombi in the microvasculature. Standard therapy for 
aTTP includes plasma exchange until platelet counts nor-
malise in addition to concurrent immunosuppression (e.g., 
corticosteroids and/or rituximab) [4].

The recommended caplacizumab dosage regimen in patients 
with aTTP is an initial intravenous (IV) injection of caplaci-
zumab 10 mg prior to plasma exchange, and then daily sub-
cutaneous (SC) caplacizumab 10 mg after completion of each 
plasma exchange for the duration of daily plasma exchange 
treatment, followed by daily SC injection of 10 mg of caplaci-
zumab for 30 days after stopping daily plasma exchange treat-
ment [1]. If at the end of this period there is evidence of unre-
solved immunological disease, it is recommended to optimise 
the immunosuppression regimen and continue daily SC admin-
istration of caplacizumab 10 mg until the signs of underlying 
immunological disease are resolved (e.g. sustained normalisa-
tion of ADAMTS13 activity level) [1]. This article summarizes 
the milestones in the development of caplacizumab leading to 
this first approval for the treatment of patients with aTTP.

2  Scientific Summary

2.1  Pharmacodynamics

Caplacizumab has been developed as part of Ablynx’s 
 Nanobody® programme;  Nanobodies® are therapeutic pro-
teins based on single-domain antibody fragments that contain 
the unique structural and functional properties of the naturally 
occurring heavy chain antibody [5]. Caplacizumab consists of 
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two identical humanised building blocks that are genetically 
linked by a three-alanine linker [1]. The drug acts by targeting the 
A1-domain of the ultra-large von Willebrand factor, inhibiting 
the interaction between von Willebrand factor and platelets and 
thereby preventing the platelet adhesion [1]. In preclinical models 
of aTTP, caplacizumab was shown to target the A1-domain of 
von Willebrand factor, preventing its binding to the platelet gly-
coprotein Ib-IX-V receptor and inhibiting the interaction between 
von Willebrand factor and platelets [6, 7]. In in vitro collagen 
perfusion studies, caplacizumab completely inhibited platelet 
adhesion in blood obtained from patients undergoing PCI [7].

In a phase II trial in patients with aTTP (TITAN; 
NCT01151423), caplacizumab treatment resulted in a rapid 
suppression of von Willebrand factor–ristocetin cofactor (a bio-
marker for von Willebrand factor activity) activity to < 20% at 
day 1, with this effect sustained with once-daily caplacizumab 
throughout the 30 day treatment period [1, 8]. Levels of von 

Willebrand factor antigen and factor VIII were also transiently 
reduced with caplacizumab treatment compared with placebo, 
which is assumed to be linked with an increased clearance of the 
caplacizumab–von Willebrand factor complex versus unbound 
von Willebrand factor [8]. These parameters returned to baseline 
levels within 1 week of cessation of caplacizumab treatment [8].

2.2  Pharmacokinetics

Following IV administration in healthy volunteers, caplaci-
zumab displayed non-linear pharmacokinetics and followed 
a two-compartment model, characteristic of target-mediated 
drug disposition (i.e. the pharmacokinetics of caplacizumab are 
dependent on the expression of the target von Willebrand factor) 
[1]. Following administration of SC caplacizumab 10 mg once-
daily in healthy volunteers,  Cmax was reached 6–7 h post-dose, 
with steady-state reached following the first administration.
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Key milestones in the development of caplacizumab, leading to its first global approval in acquired thrombotic thrombocytopenic purpura

Features and properties of caplacizumab

Alternative names ALX-0081; ALX-0681; Anti-von Willebrand factor  Nanobody®

Class Anticoagulants, antithrombotics, proteins, recombinant proteins, single-domain antibodies
Mechanism of Action Platelet aggregation inhibitors; Von Willebrand factor inhibitors
Route of Administration Intravenous, subcutaneous
Pharmacodynamics Targets the A1-domain of the von Willebrand factor and inhibits the interaction between von Willebrand factor and platelets
Pharmacokinetics Displays non-linear pharmacokinetics following a two-compartment model. Maximum plasma concentrations 

reached 6–7 h post-dose, with steady-state reached following the first administration. Rapidly absorbed, with a 
central volume of distribution of 6.33 L. Elimination half-life is concentration- and target-level dependent

Adverse events
 Most frequent Gingival bleeding, epistaxis, headache
 Occasional Fatigue, urticaria, injection site reaction

ATC codes
 WHO ATC code B01A-X07 (Caplacizumab)
 EphMRA ATC code B1C (Platelet Aggregation Inhibitors)

Chemical name Immunoglobulin, anti-(human von Willebrand’s blood-coagulation factor VIII domain A1) (human-Lama glama 
dimeric heavy chain fragment PMP12A2h1)
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Caplacizumab is rapidly and almost completely absorbed 
in the systemic circulation following SC administration, with a 
central volume of distribution of 6.33 L in patients with aTTP 
[1]. The elimination half-life of caplacizumab is concentra-
tion- and target-level dependent; the level of von Willebrand 
factor antigen present determines the level of caplacizumab-
target complex retained in the circulation. Target-bound 
caplacizumab is thought to be catabolised hepatically, while 
unbound caplacizumab is thought to undergo renal clearance.

2.3  Therapeutic Trials

2.3.1  Phase III Trial

In the phase III, double-blind, placebo-controlled HERCULES 
(NCT02553317) trial, a significant reduction in time to platelet 
count response was seen in patients treated with daily capla-
cizumab 10 mg compared with placebo, with caplacizumab 
10 mg recipients > 50% more likely to achieve a platelet count 
response (platelet count normalisation rate ratio 1.55; 95% 
CI 1.10–2.20 vs. placebo; p = 0.0099) [3, 9]. Caplacizumab 
10 mg treatment also resulted in a significant reduction in the 
incidence of the composite endpoint of aTTP-related death, 
recurrence of aTTP (including exacerbation and relapse), 
or ≥ 1 major thromboembolic event during the study treatment 
period compared with placebo (incidence rate 12.7 vs. 49.3%, 
corresponding to a 74% reduction; p < 0.0001). A significant 
reduction in the incidence of aTTP recurrence was seen with 
caplacizumab 10 mg during the overall study period (12.7 vs. 
38.4%, corresponding to a 67% reduction; p < 0.001) [9].

Caplacizumab recipients also experienced clinically 
meaningful reductions in plasma exchange use (mean 5.8 vs. 
9.4 days for placebo), and length of stay in the intensive care 
unit (3.4 vs. 9.7 days) and the hospital (9.9 vs. 14.4 days) 
compared with placebo [1, 9].

In HERCULES, patients with an acute episode of aTTP who 
had received one plasma exchange treatment were eligible for 
the trial [1, 9]. Patients were randomised 1:1 to treatment with 
daily caplacizumab 10 mg (n = 72) or placebo (n = 73) in addi-
tion to daily plasma exchange and immunosuppression treatment 

with corticosteroids [9]. Patients received the initial dose of 
IV caplacizumab 10 mg or placebo prior to the first plasma 
exchange and then received once-daily SC caplacizumab 10 mg 
or placebo following completion of each daily plasma exchange 
for the duration of the plasma exchange period, and for 30 days 
thereafter [1, 9]. If after 30 days there was evidence of ongoing 
disease (suppressed ADAMTS13 activity), extension of treat-
ment for up to 4 weeks was encouraged. The primary endpoint 
was the time to platelet count response, which was defined as 
an initial platelet count of ≥ 150 × 109/L with subsequent stop of 
daily plasma exchange within 5 days.

2.3.2  Phase II Trial

In the phase II TITAN trial (NCT01151423), treatment with 
caplacizumab 10 mg significantly reduced the time to con-
firmed normalization of the platelet count (time to response) 
by 39% compared with placebo (median 2.97 vs. 4.79 days; 
event rate ratio 2.2 [95% CI 1.28–3.78], p = 0.005) in the 
overall intent-to-treat population (n = 75) [3, 8].

In terms of secondary endpoints, caplacizumab was associ-
ated with a higher frequency of complete remission after the 
initial course of daily plasma exchange compared with placebo 
(81 vs. 46%), according to data from a 1-month follow-up visit 
(n = 63). Three caplacizumab recipients (8.3%) experienced 
exacerbations compared with 11 placebo recipients (28.2%). 
During the 1-month follow-up period, eight patients in the 
caplacizumab treatment group had a relapse after cessation of 
treatment compared with no patients in the placebo treatment 
group (22.2 vs. 0%) [8]. In 7 of the 8 caplacizumab recipients 
with a relapse during this period, the recurrence occurred within 
4–10 days of treatment cessation. ADAMTS13 activity levels 
were persistently < 10% in these patients, indicating that resolu-
tion of the underlying autoimmune disorder was incomplete [8].

In TITAN, patients with an acute episode of aTTP were 
randomised to an IV loading dose of caplacizumab 10 mg 
(n = 36) or placebo (n = 39) prior to the first plasma exchange 
following study enrolment, in addition to standard-of-care 
treatment [8]. Patients received once-daily SC caplacizumab 
10 mg or placebo throughout the plasma exchange period, 

Key clinical trials of caplacizumab (Ablynx)

Drug(s) Indication Phase Status Location(s) Identifier

Caplacizumab Bioequivalence Phase I Completed United Kingdom NCT02189733
Caplacizumab Thrombotic thrombocytopenic purpura Phase II Completed Multinational NCT01151423, EudraCT2010-019375 

(TITAN)
Caplacizumab Thrombotic thrombocytopenic purpura Phase III Completed Multinational NCT02553317; EudraCT2015-001098-42 

(HERCULES)
Caplacizumab Thrombotic thrombocytopenic purpura Phase IIIb Ongoing Multinational NCT02878603; EudraCT2016-001503-23 

(Post-HERCULES)
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with treatment continuing for 30 days thereafter (maximum 
duration of treatment of 90 days). The primary endpoint was 
the time to a response, defined as an initial platelet count 
of ≥ 150 × 109/L and a lactate dehydrogenase level of 2 times 
the upper limit of normal.

2.4  Adverse Events

During the overall study period in the phase III HERCU-
LES trial, the most frequently reported treatment-emergent 
adverse events (TEAEs) with caplacizumab that occurred at 
a greater frequency than with placebo were gingival bleeding, 
epistaxis and headache [3]. Other adverse reactions observed 
with caplacizumab treatment were pyrexia, fatigue, urticaria 
(all frequency ≥ 1/10), injection site reaction, myalgia, injec-
tion site pruritus, injection site erythema, cerebral infarction 
and dyspnoea (all frequency ≥ 1/100 to < 1/10) [1].

In HERCULES, the frequency of bleeding-related TEAEs 
(as assessed by Standardised MedDRA Queries) was 45.6% 
(n = 33) in the caplacizumab treatment group compared 
with 23.3% (n = 17) with placebo, with the most commonly 
reported (frequency > 5%) being epistaxis (23.9 vs. 1.4%), 
gingival bleeding (11.3 vs. 0%), bruising (7.0 vs. 4.1%) and 
haematuria (5.6 vs. 1.4%) [9]. Treatment-related serious 
bleeding events were reported in eight caplacizumab recipi-
ents (11%) and three placebo recipients (4%) [3]. Results 
from clinical trials have shown that bleeding events with 
caplacizumab occurred in different body systems and this 
was independent of duration of treatment; although some 
of these bleeding events were serious and required medical 
attention, most were self-limited or resolved [1].

In HERCULES, the frequency of patients experiencing 
at least one study drug-related TEAE was 57.7% for capla-
cizumab and 43.8% with placebo, while the corresponding 
frequency of at least one TEAE leading to study drug discon-
tinuation was 7.0% and 12.3%, respectively [9]. At least one 
serious adverse event was reported in 39.4% of caplacizumab 
recipients and 53.4% of placebo recipients, with 14% and 6% 
considered at least possibly related to treatment [3, 9].

2.5  Ongoing Clinical Trials

There is currently one ongoing clinical trial for 
caplacizumab; the open label, phase IIIb, prospec-
tive follow-up Post-HERCULES (NCT02878603, 
EudraCT2016-001503-23) study to evaluate the long-term 
safety and efficacy of caplacizumab in patients with aTTP 
who have completed the HERCULES study.

3  Current Status

Caplacizumab received its first global approval on 3 Septem-
ber 2018 in the EU for the treatment of adults experiencing 
an episode of aTTP, in conjunction with plasma exchange 
and immunosuppression.
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