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Abstract: Thrombotic thrombocytopenic purpura (TTP) is a rare disease with a mortality rate
of over 90% if left untreated. Therapeutic plasma exchange (PEX) is the mainstay of treatment
of acquired TTP (aTTP), and with the introduction of PEX, the mortality rate declined dramati-
cally below 20%. Although PEX together with corticosteroids are the backbone of the upfront
management of patients with aTTP with successful outcomes, patients may remain refractory
and/or relapse following an initial response to this treatment. There are some therapeutic options,
which can be used among these patients, helping in improving outcomes of aTTP. Caplacizumab
(formerly ALX-0081 or ALX-0681) is a humanized single-variable domain immunoglobulin that
recognizes the human von Willebrand factor (vWF) A1 domain and inhibits the vWF—platelet
glycoprotein 1b-alpha (GP1b-a) interaction. The drug was first developed for the prevention
of thrombosis in high-risk patients with acute coronary syndrome undergoing percutaneous
coronary intervention; however, drug development for this indication has been discontinued.
Recently, caplacizumab received its first approval following Phase II TITAN and Phase III
HERCULES trials in the European Union (EU) for the treatment of acute episode of aTTP in
adult patients, in addition to PEX and immunosuppression. This review focuses on the use of
caplacizumab as an emerging treatment option in patients with aTTP.

Keywords: acquired thrombotic thrombocytopenic purpura, ADAMTS13, aTTP, caplacizumab,
ultra-large von Willebrand factor multimers

Introduction

Thrombotic thrombocytopenic purpura (TTP) is a rare disease with a mortality rate of
over 90% if left untreated.! TTP is a prototype of the thrombotic microangiopathies
(TMAs), and it is characterized by disseminated formation of platelet-rich thrombi in
arterioles and capillaries resulting in microangiopathic hemolytic anemia (MAHA),
thrombocytopenia, and potential end organ injury mainly involving the brain, heart,
and kidneys leading to significant morbidity/mortality. TTP can either be hereditary or
acquired, and the pathogenesis of the latter consists of autoimmune antibodies against
the metalloproteinase “a disintegrin and metalloproteinase with a thrombospondin
type 1 motif (ADAMTS13)”, and ADAMTSI13 is responsible for the cleavage of
ultra-large multimers of von Willebrand factor (vWF), which induces aggregation
of platelets through glycoprotein 1b-alpha (GP1b-0) receptors and the activated Al
domain of the vWF multimers without a trigger-like endothelial damage or tissue
factor (Figure 1A). Acquired TTP (aTTP) can be primary (idiopathic) or secondary
to some underlying disorders.? Therapeutic plasma exchange (PEX) is the mainstay
of treatment of aTTP, and with the introduction of PEX, the mortality rate declined
dramatically below 20%.' The rationale of PEX is the replacement of ADAMTS13
and removal of ultra-large vWF and anti-ADAMTS13 antibodies.
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Figure | The mechanism of action of caplacizumab.

Notes: (A) The pathogenesis of aTTP; the presence of anti-ADAMTS |3 autoantibodies inhibits the proteolytic cleavage of ultra-large VWF multimers by ADAMTS|I 3, which
results in the aggregation of platelets through GPIb-ot receptors and the activated Al domain of the VWF causing microvascular thrombosis and ischemic organ damage.
(B) Caplacizumab blocks the platelet and ultra-large VWF interaction by binding to Al domain of VWF.

Abbreviations: aTPP, acquired thrombotic thrombocytopenic purpura; GP1b-0, glycoprotein Ib-alpha; vWF, von Willebrand factor.

In newly diagnosed patients with aTTP, PEX and cor-
ticosteroids are usually started upfront together.> However,
a subset of patients may remain refractory to this treatment
or have an initial response but relapse after the discontinua-
tion of PEX during the follow-up. There is limited informa-
tion or consensus available on the management of relapsed/
refractory aTTP. While managing PEX refractory patients,
PEX may be intensified to 1.5 plasma volume (PV), and
even twice-daily PEX can be used.* In cases who remain
refractory to PEX plus corticosteroids, the administration
of high-dose methylprednisolone 1 g per day for 3 days
can be the choice of treatment.’ Other treatment options in
patients with relapsed/refractory TTP may include ritux-
imab, vincristine, cyclophosphamide, cyclosporine A, and
splenectomy.®!! Rituximab was shown to be effective as
a second-line therapy,'? as well as in the upfront setting as
an adjunct to PEX and corticosteroids.’*'* In addition to
these indications, rituximab can be used in the setting of
ongoing high anti-ADAMTS13 antibody titers and/or low
ADAMTS13 activity without laboratory and clinical features
resembling recurrence of aTTP.!¢

There are emerging therapies that can be used in patients
with aTTP, including N-acetylcysteine (NAC), bortezomib,
and recombinant ADAMTS13 (rADAMTS13). NAC can be
used in the salvage setting as it inhibits platelet adherence to
endothelial cell-anchored soluble ultra-large vWF multimers
by reducing their size.!” Bortezomib was shown to be benefi-
cial in patients with relapsed/refractory aTTP; however, the
number of cases in the literature treated with bortezomib is

limited."® rADAMTS13 has shown some questionable activity
among patients with aTTP, and its main indication will most
likely be hereditary TTP, where it will substitute the lacking
enzyme and replace regular plasma infusions. The main prob-
lem concerning rADAMTS13 is the allergic reactions, which
would most probably prevent it from being widely used."’

Recently, caplacizumab was introduced, and the drug
received its first approval in the European Union (EU) for
the treatment of adult patients with aTTP, in addition to
PEX and immunosuppression.” This study mainly focuses
on the use of caplacizumab as an emerging treatment option
in patients with aTTP.

General information about

caplacizumab

Caplacizumab (formerly ALX-0081 or ALX-0681) is a
humanized single-variable domain immunoglobulin that
recognizes the human vWF Al domain and inhibits the
vWF-platelet GP1b-at interaction.?! It consists of two identi-
cal humanized building blocks that are genetically linked by
athree-alanine linker.? In preclinical models, by targeting the
A1 domain of the ultra-large vWF, it inhibits the interaction
between vWF and platelets, and as a result, prevents platelet
adhesion and thus microvascular thrombosis and enables
normalization of the platelet count (Figure 1B).*'** Caplaci-
zumab was first developed for the prevention of thrombosis in
high-risk patients with acute coronary syndrome undergoing
percutaneous coronary intervention; however, drug develop-
ment for this indication has been discontinued.?
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Caplacizumab can be used either intravenously
or subcutancously. In healthy individuals, following
intravenous administration, the drug displays a non-
linear pharmacokinetics and follows a two-compartment
model, characteristic of target-mediated drug disposition.?
Following administration of subcutaneous caplacizumab
10 mg once daily in healthy volunteers, maximum serum
concentration (C_ ) was reached 6-7 h post-dose, with steady
state reached following the first administration. The drug is
rapidly and almost completely absorbed in the systemic circu-
lation following subcutaneous administration, with a central
volume of distribution of 6.33 L in patients with aTTP. The

elimination half-life of caplacizumab is concentration- and
target-level dependent; the level of VWF antigen present
determines the level of caplacizumab target complex retained
in the circulation. Target-bound caplacizumab is thought to
be catabolized hepatically, whereas unbound caplacizumab
is thought to undergo renal clearance.?*

Caplacizumab in aTTP

The clinical efficacy of caplacizumab in patients with aTTP
was tested in the TITAN and HERCULES trials, which are
going to be evaluated in detail.*? These studies are sum-
marized in Table 1.

Table | The efficacy and safety data of both Phase Il TITAN and Phase Il HERCULES trials

Phase Il TITAN trial* Phase Ill HERCULES trial*
Study arm Placebo arm Study arm Placebo arm
Number of patients, n 36 39 73 72
Primary outcome (platelet normalization, days) 2.97 (p=0.005)* 479 2.95 (p=0.01)* 4.5
Key secondary outcomes
CR, n (%) 29 (81) 18 (46) NA NA
Exacerbation, n (%) 3(8) 11 (28) 34 28 (38)
TTP-related death, n (%) 0 2 (5) 0 34
MTE during study period, n (%) 1 (2) 6 (15) 6(8) 6 (8)
Recurrence after double-blind treatment period, n (%) NA NA 6 (8) 0
Recurrence after | month of follow-up, n (%) 8(22) 0 NA NA
Recurrence after 12 months of follow-up, n (%) I @3lI) 3(8) NA NA
Refractory TTP, n 0 4 (10) 0 3
Median time to normalization of end organ parameters, days 3 4 2.86 3.36
Other secondary outcomes
Mean PEX, days 5.9 7.9 5 7
Mean PV, L 19.9 28.3 18.1 26.9
Hospital stay, days NA NA 9 12
Patients followed in ICU, n NA NA 28 27
Number of days in ICU NA NA 3 5
AEs
Therapy-related AEs, n (%) 6 (17) 4(11) 41 (57.7) 32 (43.8)
Possibly related AEs, n (%) 19 (54) 3(8) NA NA
Serious TEAEs, n (%) 13 (37) 12 (32) 29 (39.4) 39 (53.4)
Therapy-related serious AEs, n (%) NA NA 10 (14.1) 4 (5.5)
Drug discontinuation, n (%) 4(11) 2(5) 5(7) 9 (12.3)
Bleeding, n (%) 19 (54) 14 (38) 49 (65) 35 (48)
Serious bleeding, n (%) 2 (5) 2 (5) 8 (10) (1)
Post hoc analysis (TITAN+HERCULES trials)*'
Patients receiving Patients receiving placebo
caplacizumab (n=109) (n=111)
TTP-related death, n (%) 0 4 (3.6)
MTEs, n (%) 8 (7.4) 14 (12.4)
Exacerbation, n (%) 6 (5.6) 39 (34.8)
Recurrence (whole study period), n (%) 17 (15) 3(2)
Refractoriness, n (%) 0 7 (6.8)
Death, n (%) 1 (3.9) 5(4.5)

Note: *These p-values indicate the differences between the study arms and the placebo arms of each study.

Abbreviations: AE, adverse event; CR, complete remission; ICU, intensive care unit; MTE, major thromboembolic event; NA, not available; PEX, plasma exchange;
PV, plasma volume; TEAE, treatment-emergent adverse event; TTP, thrombotic thrombocytopenic purpura.
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TITAN study

Study design
TITAN study (ClinicalTrials.gov Identifier: NCT01151423)
is a single-blind, parallel-design, randomized, placebo-

controlled multinational Phase II trial, in which adult patients
with an acute episode of aTTP were recruited if they had a
platelet count of <100 x 10°/L, without active bleeding and
required PEX.?* Seventy-five patients were assigned in a
1:1 ratio to caplacizumab (n=36) or placebo (n=39), in addi-
tion to daily PEX and immunosuppressive therapy, which is
the standard-of-care treatment for aTTP. Patients received
an intravenous loading dose of caplacizumab (10 mg) or
placebo prior to the start of the first PEX. Throughout the
PEX period, the study drug was administered subcutane-
ously 10 mg daily within 30 minutes after the end of each
exchange. Once-daily subcutaneous administration of the
study drug (10 mg) was continued for 30 days after the last
PEX. The maximum duration of study drug administration
was 90 days (Table 1).

Evaluation of efficacy

The primary end point was the time to confirmed normal-
ization of the platelet count, which was defined as a platelet
count that was =150 x 10°/L and a lactate dehydrogenase
(LDH) level that was not higher than twice the upper limit
of normal, and caplacizumab 10 mg significantly reduced
the time to confirmed normalization of the platelet count
by 39% compared with placebo (median 2.97 vs 4.79 days;
p=0.005).>* As indicated by faster platelet count normaliza-
tion, caplacizumab prevented further consumption of plate-
lets into microthrombi and the consequent tissue ischemia,
which led to a more rapid resolution of TTP episodes.

In terms of secondary end points, complete remission
was more frequently observed in the caplacizumab arm
(81% vs 46%). Three patients (8.3%) receiving caplaci-
zumab had exacerbations, whereas 11 patients (28.2%) in
the placebo arm had experienced an exacerbation. During
the 1-month follow-up period, after cessation of treatment,
eight patients in the caplacizumab arm had relapsed (seven
of them within 10 days) with no relapse observed among
patients receiving placebo treatment.?* In the seven patients
who experienced a relapse within 10 days after the study
drug had been stopped, ADAMTSI13 activity was <10%
shortly before the end of treatment. The mean number of
PEX days and the mean volume of plasma administered
were lower in the caplacizumab arm (5.9 vs 7.9 days and
19.9 vs 28.3 L, respectively) during the overall treatment
period, including exacerbations (7.7 vs 11.7 days and 25.8

vs 41.8 L, respectively) than those of the placebo arm. Also,
biomarkers reflecting ischemic organ damage tended to
normalize more rapidly in patients receiving caplacizumab
than those receiving placebo (Table 1).

Supporting the fact that caplacizumab does not address the
underlying autoimmune pathophysiology in aTTP, there was
a high rate of relapse after stopping caplacizumab 30 days
after the last PEX session. These results might indicate
that, as the relapsing patients had low ADAMTS13 activity
(<10%), ADAMTSI13 activity could potentially guide deci-
sions about the duration and timing of caplacizumab and
immunosuppressive treatment. These results also support
the use of ADAMTSI13 activity as a predictive marker to
identify patients at risk for relapse. ADAMTS13 assays help
to confirm the diagnosis and monitor the course of the disease
and possible need for additional treatments. It was shown
that a reduction in the enzyme level (<10%) is a marker
to consider elective rituximab treatment, which results in
normalization of ADAMTS13 activity and prevents an acute
episode.?* Also, patients with ADAMTS13 activity <10% or
an anti-ADAMTS 13 autoantibody detected during remission
had a threefold increase in relapse over 1 year.”’ In another
study, if ADAMTSI13 was <5% in remission, relapse
occurred in 38.5%, but if ADAMTSI3 activity was >15%,
only 5% relapsed.” Sometimes, patients may require and
benefit from long-term monitoring of ADAMTS13 activity
and anti-ADAMTS13 autoantibody.! Maybe, it can be
concluded that the drug should better not be stopped until
ADAMTSI13 levels increase (eg, =10%), similar to that done
in the HERCULES trial,>?¢ or continuing caplacizumab
until a response to a second-line treatment (eg, rituximab)
is achieved (not only clinical response but also an increase
in the ADAMTSI3 levels) can be reasonable therapeutic

maneuver.’+?

Adverse events

In the TITAN study, treatment-emergent adverse events
(TEAEs) were reported in six patients (17%) receiving
caplacizumab and four patients (11%) receiving placebo,
and events that were possibly related to the study drug were
reported in 19 (54%) and three patients (8%) in the capla-
cizumab and placebo arms, respectively.* Serious TEAEs
were reported in 13 patients (37%) in the caplacizumab group
and 12 patients (32%) in the placebo group. Bleeding-related
TEAESs, most of which were mild to moderate in severity,
were more common in the caplacizumab group than in the
placebo group (54% — 19 patients vs 38% — 14 patients).?*
Eighty-four (83%) of the 101 bleeding-related TEAEs were
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reported as mild, 14 (14%) as moderate, and three events
(3%) as severe. Serious bleeding-related adverse events
(AEs) were reported in two patients in each study group:
subarachnoid and retinal hemorrhage and metrorrhagia in the
caplacizumab arm and cerebral hemorrhage and hematuria
in the placebo arm. No patient received factor VIII or vWF
for a bleeding event. Drug discontinuation due to the therapy
was reported in four and two patients in the caplacizumab
and placebo groups, respectively (Table 1). Inmune-related
TEAEs were reported in 17 patients (49%) in the caplaci-
zumab arm and 12 patients (32%) receiving placebo had
an immune-related AE. One caplacizumab-treated patient
had a moderate allergic dermatitis that was reported as a
serious AE.

Post hoc analysis of TITAN study

The clinical benefit of caplacizumab was further investigated
in a post hoc analysis of the incidence of major thrombo-
embolic events (MTEs) and exacerbations during the study
drug treatment period and TTP-related death during the
study.*® Four events (one pulmonary embolism and three
TTP exacerbations) were reported in four patients receiv-
ing caplacizumab, and 14 patients in the placebo arm had
experienced 20 events (two acute myocardial infarctions,
one ischemic stroke, one hemorrhagic stroke, one pulmonary
embolism, one deep vein thrombosis, one venous thrombosis,
and 13 TTP exacerbations). Two patients in the placebo
arm died from TTP during the study. In total, 11.4% of the
caplacizumab-treated patients and 43.2% of the placebo-
treated patients experienced one or more MTEs, experienced
an exacerbation, or died, which underlines the potential for
caplacizumab to reduce the risk of MTEs and mortality
associated with aTTP.

HERCULES study

Study design

Caplacizumab was currently further evaluated in the
HERCULES trial, which is a double-blind, placebo-
controlled, multicenter Phase III study (ClinicalTrials.gov
Identifier: NCT02553317), which was first presented at the
59th American Society of Hematology (ASH) meeting® and

then was published recently.?® One-hundred and forty-five
patients with an acute episode of aTTP who had received
one PEX treatment were randomized 1:1 to placebo (n=73)
or 10 mg caplacizumab (n=72), in addition to daily PEX
and corticosteroids. Similar to the TITAN trial, a single
intravenous dose of caplacizumab was given before the first
on-study PEX and a subcutaneous dose was given daily

during the PEX period and 30 days thereafter. With the
evidence gathered from the TITAN trial,>* in patients with
low (<10%) ADAMTSI13 activity at the end of this period,
which was thought to be a possible sign of ongoing disease,
investigators were encouraged to extend the blinded treat-
ment for a maximum of 4 weeks together with optimization
of immunosuppression (Table 1).22 Primary end point was
time to platelet count response, defined as a platelet count
of =150 x 10°/L with stop of daily PEX within 5 days. There
were four secondary end points; first one was a composite
of aTTP-related death, aTTP recurrence, or MTE during the
study drug treatment period, second one was recurrences dur-
ing the entire study period, third one evaluated refractoriness
to therapy, and the last one was the time to normalization of
the following three organ damage markers: LDH, cardiac
troponin I, and serum creatinine.

Evaluation of efficacy

During the study drug treatment period, caplacizumab ther-
apy resulted in a 74% reduction in TTP-related death, recur-
rence of TTP, or an MTE (either one of these three outcomes
occurred in nine patients [12%] in the caplacizumab group
vs 36 [45%] in the placebo group [p<<0.0001]).22¢ During
the overall study period, 28 patients (38%) receiving placebo
experienced a recurrence versus nine patients (12%) in the
caplacizumab arm, showing a 67% reduction (»p<<0.001). In
all six caplacizumab-treated patients who had a relapse during
the follow-up period, ADAMTSI3 activity was still <10%
at the time of the discontinuation of the study drug, reflecting
ongoing disease. A total of 31 patients experienced exacerba-
tions in both arms, of which 28 had an ADAMTS13 activity
below 10% measured after the last PEX. Nine out of the
29 patients with an ADAMTSI13 activity <10% after drug/
placebo discontinuation had a relapse. No caplacizumab-
treated patients remained refractory, whereas three patients
on placebo were (p=0.057). Treatment with caplacizumab
was associated with a trend toward faster normalization of
the three organ damage markers. Patients in the caplacizumab
arm had fewer days on PEX, required less volume of plasma,
and had shorter hospital stay (Table 1).

Adverse events

In the caplacizumab group, the most common TEAEs were
epistaxis, gingival bleeding, and bruising. Treatment-related
serious bleeding events were reported in eight patients with
caplacizumab (11%) and three placebo-treated patients (4%).
Mucocutaneous bleedings were more common in patients
receiving caplacizumab than that of the placebo arm as
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expected (65% vs 48%). The frequency of at least one study
drug-related AE was 57.7% for caplacizumab arm and 43.8%
in patients receiving placebo, whereas the frequency of at
least one drug-related AE leading to study drug discontinu-
ation was 7% and 12.3% for the caplacizumab and placebo
arms, respectively. At least one serious TEAE was reported
in 39.4% of the caplacizumab and 53.4% of the placebo
recipients, with at least 14% and 6%, respectively, considered
possibly therapy-related. During the study drug treatment
period, three patients on placebo died. One caplacizumab-
treated patient died during the follow-up period, and it was
thought not to be related to the study drug (Table 1).

ASH 2018 meeting abstracts

At the most recent ASH meeting, there were four abstracts

regarding caplacizumab and aTTP.?!"** These abstracts were

summarized as follows:

1. In this oral abstract (Abstract No: 373), the authors pre-
sented the results of the integrated efficacy analyses of
both Phase II TITAN and Phase IIl HERCULES.*' The
authors concluded that treatment with caplacizumab
significantly reduced the time to platelet count response
compared to treatment with placebo. In addition to
that, caplacizumab treatment produced statistically sig-
nificant reductions in 1) the percentage of patients with
TTP-related death, a recurrence of TTP, or at least one
treatment-emergent MTE; 2) the percentage of patients
who died from TTP during the study drug treatment
period; 3) the percentage of patients with a recurrence
of TTP during treatment and overall; 4) the number of
patients who remain refractory to therapy; and 5) the
mean number of days of PEX (Table 1).3! The post hoc
analysis of both TITAN and HERCULES trials, which
were presented in this abstract, is summarized in Table 1.

2. In this poster presentation (Abstract No: 1142), the
authors presented the risk factors and manageability of
the bleeding events observed in the HERCULES study.*
As aresult, the authors concluded that the safety profile of
caplacizumab was favorable. As expected, caplacizumab
was associated with an increased risk of mucocutaneous
bleeding. These events were generally mild to moderate,
and the majority did not require therapeutic intervention.
The authors also evaluated the bleeding events in relation
to the use of concomitant antithrombotic therapy and direct
oral anticoagulants (DOACs), and although the number
of patients receiving DOACs was low, no increased risk
for bleeding with antithrombotic therapy was observed.*

3. In this poster presentation (Abstract No: 3739), the
authors overviewed the safety and tolerability data from

Phase II and Phase I1I studies of caplacizumab,** know-
ing the fact that the main expected safety risk of the drug
is bleeding. The results showed that bleeding TEAEs,
mainly epistaxis and gingival bleeding, were the most
common TEAEs in patients treated with caplacizumab.
No new safety signals were identified in the other popu-
lations studied, and the authors concluded that capla-
cizumab was well tolerated and had a favorable safety
profile.®

4. Inthelastabstractregarding caplacizumab, the HERCULES
study collaborators evaluated the trial data and performed
a post hoc analysis of the safety results normalized to
time of exposure during the double-blind treatment
period (Abstract No: 3744).3* The results showed that
the TEAEs, which occurred more frequently in the
caplacizumab group were epistaxis and gingival bleeding,
whereas TTP, hypokalemia, contusion, rash, insomnia,
and hypertension occurred more frequently in the placebo
arm. This post hoc analysis confirmed that caplacizumab
was tolerated well, with the overall good tolerability for
the treatment of aTTP with mucocutaneous bleeding
being the most relevant risk.*

Conclusion

Although PEX together with corticosteroids are the back-
bone of the upfront management of patients with aTTP with
successful outcomes, patients may remain refractory and/or
relapse following an initial response to this treatment. There
are some therapeutic options, which can be used among
these patients and help in improving outcomes of aTTP.
Caplacizumab has recently been approved in adult patients
experiencing an episode of aTTP in the EU. The drug mainly
has a protective effect in the acute phase aTTP; however, it
does not modify the underlying immune pathophysiology
of aTTP and patients still need to use it in combination with
immunosuppression. Future studies are needed, which will
focus on the risk factors for relapse including ADAMTS13
activity and anti-ADAMTS13 autoantibodies, which can
stop caplacizumab activity and to evaluate whether these
tests can be used to guide the duration of therapy, together
with the potential role of caplacizumab in refractory aTTP.
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